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SUMMARY

STATEMENT TYPE : Final Environmental Impact Statement
PREPARED BY: Department of State

(Attention: Mr. William Mansfield, III
Office of Environmental Affairs

(Room 7820)
Department of State
Washington, D. C. 20520)

1. Type of Action: Negotiation of a treaty

2. Brief Description of Proposed Action:

The United States will participate in the negotiation
of a regime to conserve Antarctic marine living resources.
All living resources in waters south of the Antarctic

Convergence, except whales and except seals south of 60

degrees south latitude, are affected. The purpose of the

regime would be to ensure that any harvesting of Antarctic
marine living resources take place in accordance with
sound conservation principles. There are no present or

proposed commercial fishing operations by the United States
in Antarctic waters.

3. Summary of Environmental Impacts and Adverse Environ-
mental Effects:

Commercial harvesting will result in the continuing
and increasing removal of fish and krill from Antarctic
waters. Future harvesting may include squid, birds and
seals as well. It is anticipated that krill will be the

most heavily exploited resource. Populations of organisms
which feed on krill and are themselves potentially harvest-
able resources will be reduced as krill availability de-

clines due to harvesting. The recovery rate of protected
baleen whale species may be slowed. Under the proposed
conservation regime, harvesting would be regulated to

minimize the impact on the Antarctic ecosystem. The
adverse impacts of a controlled harvest would be consider-

ably less than impacts of uncontrolled harvesting which
is anticipated in the absence of an international agree-
ment on a conservation regime. Increased harvesting will
increase shipping traffic in the Antarctic region. Ship
or shore based factory facilities may cause local pollu-
tion problems. Increasing human activity will increase
disturbance of the Antarctic marine ecosystem which is of
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scientific interest in part because it is the least dis-
turbed of marine habitats. The proposed conservation
regime, if effective, will moderate adverse environmental
impacts in accordance with the objective of maintaining
the health and long term productivity of the Antarctic
marine ecosystem.

4. Summary of Major Alternatives Considered:

Alternatives to the proposed negotiation of a complete
conservation regime are: (a) to seek no action to conserve
Antarctic living resources, (b) to pursue national action
for conservation of Antarctic resources with coordination
among nations, (c) to negotiate an international agreement
to collect, exchange and analyze data on the Antarctic
ecosystem with a commitment to later establishment of a
conservation regime, (d) negotiation of a conservation
regime, plus imposition of specific conservation measures
in the language of the agreement or imposition of a mora-
torium on harvesting until such measures are developed,
and (e) to negotiate an agreement prohibiting all harvest-
ing of living resources in Antarctic waters.

5. Agencies and Parties from Which Comments Have Been
Requested;

Comments on the draft statement were received from
the following:

Federal agencies and Offices ;

U.S. Arms Control and Disarmament Agency
Central Intelligence Agency
Department of Commerce

National Oceanic and
Atmospheric Administration

Council on Environmental Quality
Department of Energy
Department of the Interior
Marine Mammal Commission
National Science Foundation
Department of Transportation

U.S. Coast Guard
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Private Organizations ;

American Cetacean Society, Orange County, Ca. Chapter
Center for Law and Social Policy
Committee for Humane Legislation, Inc.
International Institute for Environment
and Development

Monitor (Comments endorsed by:
Society for Animal Protection Legislation
Animal Welfare Institute
Humane Society of the United States
International Fund for Animal Relief
Rare Animal Relief Effort
Washington Humane Society
International Private Protection League
Fund for Animals
Defenders of Wildlife
Sierra Club
Let Live)

National Audubon Society
New York Zoological Society

Individual Comments :

David G. Ainley, Ph.D., Point Reyes Bird Observatory
J.R. Beddington, University of York, England
Hugh H. DeWitt, University of Maine
M.D. McWhinnie, Ph.D., DePaul University
Donald A. Scott, Oceanographic Services, Inc.
Drs. Rudiger Wolfrum and Frederick S. Tipson,
University of Virginia

6. Date Draft Statement made available: February 1, 1978
Date Final Statement made available: June 17, 1978

7. Preparation: The draft and final environmental impact
statements were prepared by Katherine A. Green, Ph.D.
in cooperation with officials of the Department of State,
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I. PROPOSED FEDERAL ACTION

A. Description

The proposed Federal action is the negotiation of a

regime to conserve Antarctic marine living resources through
conclusion of an international agreement. The international
agreement, anticipated to be a treaty, would set forth the

objectives of the regime and provide the obligations, func-
tions and machinery necessary to fulfill them.

The international agreement would provide that:

-- the purpose of the regime to be the conservation,
including rational utilization, of Antarctic marine living
resources ;

-- the regime apply to the populations of all living
resources of the Antarctic marine ecosystem, defined as all

species, including birds, found in marine areas south of the
Antarctic Convergence, and their relations with each other and
with their physical environment;

— the regime not provide for direct regulation of
whales and seals already regulated by the International Whal-
ing Convention and the Convention for the Conservation of
Antarctic Seals;

-- any harvesting of Antarctic marine living resources
be conducted in accordance with a conservation standard, in-

corporating an ecosystem approach, and reflecting the follow-
ing elements:

a) maintenance of populations or species of
Antarctic marine living resources at
levels which offer maximum annual produc-
tion on a continuing basis;

b) maintenance of the balance among the
species composing the Antaractic marine
ecosystem, taking into account the rela-
tionships between harvested and non-
harvested species;

c) prevention of irreversible changes in
the Antarctic marine ecosystem.



-2-

-- a commission of the Contracting Parties be estab-
lished, with an effective decision-making system, to imple-
ment the conservation standard and undertake actions neces-
sary to ensure the effective operation of the regime,

— the commission develop, adopt and revise conserva-
tion measures, including total catches in the area as a whole
or in subareas defined on the basis of the range of specific
populations of Antarctic marine living resources; open and
closed seasons and areas, protected species; gear and effort
regulation and other steps necessary to fulfill the purposes
of the regime;

-- a scientific committee be established to provide
the commission with independent and expert advice, analyses
and recommendations to the commission;

— the scientific committee's functions include assess-
ment of the status and trends of the populations of Antarctic
marine living resources, analysis of data on the effects of
harvesting on populations of Antarctic marine living re-
sources, assessment of the effects of changes in harvesting
levels and proposed conservation measures and identification
of research needs and development of proposals to meet such
needs;

-- the commission publish the reports of the scientific
committee;

-- a secretariat be established to serve the commis-
sion and scientific committee;

— contracting parties be obligated to provide data
required by the commission and the scientific committee to
carry out their functions, including regular and detailed re-
porting on harvesting activities carried out by their nationals
and vessels;

— any harvesting activities be carried out in such
fashion to take advantage of opportunities to collect needed
data on the impact of harvesting;

— contracting parties be obligated to ensure compli-
ance with the provisions of the convention and measures
adopted by the commission;

-- a system of international observation and inspec-
tion be established to oversee compliance with provisions of
the convention and measures adopted by the commission;
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— the commission and scientific committee ensure
close coordination between their activities and those of the
International Whaling Commission and those pursuant to the
Convention for the Conservation of Antarctic seals;

-- the commission and scientific committee establish
cooperative relationships with other international inter-

governmental and non-governmental bodies which have responsi-
bilities for Antarctic marine living resources, such as FAO,
SCAR, and lUCN;

-- the budgetary expenses of the commission and other

organs of the regime be apportioned equitably among the Con-

tracting Parties;

— accession to the regime be open to states engaged
in research on, or harvesting of, Antarctic marine living re-
sources ;

-- issues relating to the existence and nature of
maritime jurisdiction be treated in such fashion as to permit
and encourage participation in the regime by all states en-

gaged in research on or in harvesting of Antarctic marine
living resources and as to protect the position of the United
States regarding non-recognition of claims to territorial
sovereignty in Antarctica.

B. Concepts Underlying the Proposed Action

1, Health of the Ecosystem

One of the purposes of the proposed conservation regime
is to ensure that any harvesting of Antarctic marine living
resources is conducted in such a fashion as to maintain the
health of the Antarctic marine ecosystem. Maintaining the
health of the ecosystem implies preserving its overall pro-
ductivity over the long term. The structure of the system
should be protected by maintaining balance among component
populations. The resilience of the ecosystem, or its ability
to recover from unusual disturbances such as bad years,
should not be reduced.

Given the crucial role of krill in the ecosystem,
care must be taken that a krill harvest does not cause
crashes in the populations of predators which depend on it
for food. Of particular concern are baleen whale populations,
Increases in those populations depend on reproductive cap-
ability and physiological condition of the animals which in
turn depend on the abundance of their food supply.
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All of the breeding stocks for each species of concern
should be maintained in a robust condition. In the Antarctic
as in other ocean areas, there are natural variations in
climate which have negative effects on populations. Unusually
warm years, in which pack ice extent is very limited, occur
occasionally. These may affect the productivity of plants,
and the food supply for zooplankton, fish and birds. In
addition some populations may become more vulnerable to

predators. Acceptable breeding habitat for seals may
be limited. Unusually severe weather, such as prolonged
blizzards, may kill all the young of the year for an
entire bird rookery. In an undistrubed state, populations
can recover from bad years. The size of the breeding
stocks of each species should not be reduced to marginal
levels where recovery from an unusual year would be slow.

For the Antarctic marine ecosystem to remain healthy,
its overall productivity should be maintained. The balance
between populations and hence the structure of the
ecosystem should be maintained both in the system as a whole
and in local areas. The inherent resilience of the system,
that is its ability to recover from bad years, should not
be endangered.

2. Conservation Objectives

In addition to maintaining the health of the Antarctic
marine ecosystem, other tenets of the proposed federal
action include preventing the overexploitation of any
Antarctic marine living resource and ensuring that any
harvesting of one species does not adversely affect the
health of dependent or related species.

Understanding of the biology of the Antarctic marine
ecosystem is incomplete. Populations of whales are best
known , although information is by no means complete.
Estimates of abundance, growth and reproduction, and mor-
tality rates are available for the harvested species.

There is less current information on protected
species in the absence of data provided by commercial
catches. Abundance estimates are available for seals, but
vary over wide ranges. Some information on reproductive
rates is also available. However, very little is known
of the distribution or survival rates of juveniles, and
consequently recruitment into the breeding population
cannot be predicted. Since most birds congregate on
islands or the coast of the Antarctic continent for breeding,
abundance estimates are available for the species and
rookeries which have been studied.



-5-

Fish and squid are known to inhabit the waters, but
there is no quantitative information on their abundance
or productivity. Even krill, which have been the subject
of much scientific and commercial interest, are not well
known. Estimates of abundance and of potential yield vary
widely. Breeding stocks have not been identified. Some

aspects of the physiology of krill such as life span, age
of attainment of sexual maturity, and number of reproduc-
tive seasons are debated.

It is necessary to recognize that information on the
Antarctic marine ecosystem is incomplete and to proceed
with extreme care in harvesting of any of the resources.
Continual monitoring of both the harvested resource and
related species is necessary to be able to understand and
observe impacts on target stocks and on the rest of the

ecosystem.

The proposed federal action would require that data
from commercial harvesting be both collected and analyzed.
It would also encourage scientific investigation.

The Antarctic marine ecosystem does have great
resource potential and the resources are renewable. Another
important objective of the proposed federal action is the
maintenance of this potential productivity over a very
long term.

In managing Antarctic resources there will be trade
offs between long term and short term objectives. Inten-
sive harvesting to produce high yields for a few years is

possible with all the resource stocks, but is inconsistent
with a dependable harvest over many decades.

There is a real possibility of overexploitation of
fish and seal stocks given present technology. As tech-

nology for krill harvesting becomes more efficieint, there
is also a real possibility of overexploitation of krill
even though they are very abundant. In addition, public
expectation for krill harvesting is high. The most widely
discussed popular estimates of potential krill harvesting
are considerably higher than yields which the system could
sustain over the long term (Green, 1977) . It is possible
that public pressure for a large short term harvest to the
detriment of long term yield would be great.

One purpose for negotiating a conservation regime for
Antarctic living resources is to manage for long term yield
of the whole ecosystem. That will entail keeping short
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term harvesting below the rates which technologically
are possible, in order to protect the biology of the

system. Since unregulated harvesting would tend to
maximize yields in the near future to the detriment of
the long term productivity of Antarctic waters, a treaty
or regime for long term conservation is needed.

3. Management Options

The proposed conservation regime will cover all species
of the Antarctic ecosystem except whales which are already
covered by the International Whaling Convention and seals
south of 60°S latitude which will fall under the Convention
for the Conservation of Antarctic Seals now that it is
in force. The proposed regime will undertake management
of the ecosystem as a whole, i.e. all species together, in

cooperation with the bodies governing sealing and whaling.
This management approach will be much more effective in

maintaining the health of the ecosystem than would be man-
agement of the krill population alone. A single species
management approach for krill entails a risk of endangering
populations of other species which are dependent on krill
for food. In addition, it would lack inform.ation on krill
losses to predation which will be dependent on the sizes of

predator populations. It is possible to undertake an eco-
system level approach to resource management in the Antarctic
because the ecosystem is relatively simple and the food
relationships and interactions among species are understood.

Similarly a separate maximum sustainable yield (MSY)
determination of potential harvest for each species of
commercial interest in Antarctic waters would probably
overestimate the total sustainable harvest because of the
close interactions among the potentially harvestable
resources. Such an approach would not be compatible with
maintaining balance among populations or long term pro-
ductivity of the ecosystem. Instead the proposed federal
action will incorporate an ecosystem management approach
in which management goals will include maintaining the
long term productivity of the total system and considering
balances among the different resource populations.

The Antarctic marine ecosystem is defined biologically
by species distributions south of the Antarctic Convergence.
All waters between the continent and the Convergence are
part of the ecosystem. The proposed conservation regime
already specifies all waters south of the Convergence as
the geographic region to be covered.

One alternative would be an agreement on conservation
of resources south of 60°S latitude corresponding to the
region covered by the Antarctic Treaty and the Convention
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for the Conservation of Antarctic Seals. However, the
Antarctic Convergence falls north of 60°S latitude for
most of its extent. There are areas of intense krill con-
centrations north of 60°S latitude in the Weddell and
Scotia Seas. There are also concentrations of some fish
species, elephant and fur seals, and probably some squid
species between 60°S latitude and the Convergence. Effec-
tive conservation of species not restricted to the pack
ice zone must include waters north of 60°S latitude.

A second alternative geographic area for a conser-
vation regime is choice of a more northern latitude line,
such as 50°S latitude, for the northern boundary. That
region would include almost all of the waters south of
the Convergence. However, it would include subantarctic
regions as well and greatly increase the difficulties of
negotiating a regime.

Although the exact position of the Antarctic Conver-
gence does vary, it can be located with simple physical
oceanographic measurements. It also has biological mean-
ing as a boundary. Of the species which would be included
in the proposed management regime only some migratory fish
(M. australis and possible some Nototheniids) , fur seals,
and probably some squid have distributions which cross the
Convergence. For most populations covered by the proposed
regime, finding the species would indicate a position south
of the Convergence, so that the need to pinpoint its
location would be eliminated. Thus the use of the Antarctic
Convergence as a boundary for the proposed conservation
regime is feasible even though the boundary moves.

Within the area to be covered by the regime, it may be
possible to manage populations in geographic sectors such
as the six whaling regions used by the International
Wahling Commission (Chapman, 1974). However, this will not
be possible until more information is available on
distribution and breeding stocks of the various resource
populations. A management approach covering the entire
southern ocean, that is all waters south of the Antarctic
Convergence, as one region is the best starting point.

The proposed conservation regime includes the estab-
lishment of a body with the authority to determine conser-
vation needs and to regulate harvesting accordingly. Some
management techniques which could be used to regulate
harvesting include limiting the catch of each species by
total catch, by age or size class taken, by geographic area
and by season. Allowable gear, total effort or total time
spent in harvesting might also be regulated. A concomitant
harvest of several species might be contemplated to main-
tain balance between populations. Introduction of a har-
vestable fish such as salmon into the Antarctic ecosystem
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to feed on krill and then in turn be harvested has been
discussed (Everson, 1977). Such an introduction of species
would be subject to regulation by the conservation regime.
Requirements to collect and report specific kinds of
catch data as well as monitoring of oceanographic para-
meters or population sizes, of other than target species
might be established. This list of potential management
techniques is intended only to provide examples. It is
not exhaustive, nor are all the techniques mentioned
necessarily to be used.
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II. ALTERNATIVES TO THE PROPOSED ACTION

Negotiation of the proposed conservation regime may-
be viewed as one point on a continuum of possible ap-
proaches to Antarctic marine living resources. Six gen-
eral options can be identified on this continuum. One of
these includes the proposed action, the other five repre-
sent alternatives to it. They range from a no regime
option to seeking a ban on all harvesting, and can be de-
scribed as follows :

1. No action to seek to conserve Antarctic marine
living resources .

2. National action to conserve Antarctic marine
living resources, with coordination among nations taking
such action.

3. Negotiation of an international agreement setting
forth the obligations and means to collect, exchange and
analyze data on Antarctic marine living resources, coupled
with a commitment to later establishment of a mechanism to

develop and implement necessary conservation measures.

4. Negotiation of an international agreement estab-
lishing a complete conservation regime, setting forth
the objectives of the regime and providing the obligations,
functions and machinery necessary to fulfill them.

5. Negotiation of an international agreement estab-
lishing a complete conservation regime and imposing from
the beginning specific conservation measures or a moratori-
um on harvesting until conservation measures are developed.

6. Negotiation of an international agreement flatly
prohibiting all harvesting of Antarctic marine living
resources .

The proposed federal action under consideration is
the fourth alternative. The implications of the six
alternatives are discussed below.

A. No Action

This alternative reflects an assumption that no regu-
lation of the harvesting of Antarctic marine living resources
is necessary, other than that which takes place or will take
place under the International Whaling Convention or the
Convention for the Conservation of Antarctic Seals. There
is, for instance, no present information that U.S. fishermen
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plan to fish in Antarctic waters. The presumed potential
resources, at least that of krill, are large. Economic
factors and operating conditions may serve to limit the
extent of commercial harvesting.

However, such a laissez-faire approach to harvesting
of Antarctic marine living resources would pose the max-
imum risks to the Antarctic marine ecosystem and to the

long term potential of that ecosystem as a source of sus-
tained protein yields. The approach would provide neither
for controls on harvesting nor for the means of developing
data on the potential resources themselves. The direct
dependence on krill for food by most other potential re-
source populations makes the dangers of overexploitation
particularly acute.

A variant of the no action approach would be the post-
ponement of efforts to deal with exploitation of Antarctic
marine living resources, a no-action-now approach. This
option rests on either or both of two premises. One is
that the magnitude of the resource is so great that har-
vesting need not be regulated for some time to come. The
other is that the incentives for an effective system of
conservation will be greatest at some point in the future,
specifically when large scale harvesting, and its implica-
tions, become a reality.

There is, however, extensive evidence, based on expe-
rience in efforts to conserve marine resources in other
areas of the world, that "after-the-fact" regulation is
not effective. Sustained unregulated harvesting could have
unforeseen, perhaps irreversible impacts on the Antarctic
marine ecosystem. Initiation of effective regulation would
likely be more difficult once substantial economic stakes
in uncontrolled methods of harvesting are created.

B. National Action

This alternative rests on the assumption that regula-
tion by individual countries of vessels and nationals under
their jurisdiction engaged in exploitation of Antarctic
marine living resources can provide the basis for adequate
conservation of the resources.

National action could be coordinated through negotia-
tion of commitments among the nations involved to regulate
harvesting, ranging from a simple undertaking to control
harvesting to an obligation to follow specific guidelines
in regulating the nationals and vessels under their juris-
diction. This alternative could also incorporate informal
commitments to share scientific and catch data and to
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report on harvesting activities with a view to ensuring
sufficient coordination to prevent conflicts or overhar-
vesting.

This alternative would seek to build an essentially
voluntary system of conservation in which no nation would
be bound internationally. The kinds of obligations this
alternative involves could be relatively easy to negotiate.

There are, however, a number of practical difficulties
inherent in this approach. It would tend to limit effec-
tive influence upon the development and implementation of
conservation measures to those nations actually engaged in
commercial harvesting. The voluntary nature of the system
would mean that it would be less stable and could lead to

application of inconsistent conservation standards to har-
vesting. Its impacts upon the Antarctic marine ecosystem
could be quite adverse.

C. Negotiation of an International Agreement for
Collection, Exchange and Analysis of Data

This alternative would concentrate upon the first
necessary steps toward providing for adequate conservation
of Antarctic marine living resources : establishment of
the necessary obligations and means for creating an ade-
quate data base. It would involve setting up a scientific
and information collecting organization. The alternative
is based upon the assumption that it is possible to obtain
early agreement on those aspects of a regime which would
build the needed data base, with the corollary assumption
that negotiation of a full-scale regime could prove suffi-
ciently difficult to justify a gradualist approach.

This option would satisfy one of the major prereq-
uisites for adequate conservation of Antarctic marine
living resources, the acquisition of basic scientific
data. It might set forth a commitment to establish a

system for developing and implementing specific conserva-
tion measures at some point in the future. Harvesting
would not be regulated until the information gathering
system was set up. It could involve a high level of risk
to the Antarctic marine ecosystem since there would be no
firm guarantees that the necessary standards and machinery
to provide for conservation measures would in fact be
developed. Delay in addressing the development of conser-
vation measures could well make it more difficult to
achieve agreement on an effective mechanism.
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D. Negotiation of an International Agreement
Establishing a Complete Conservation Regime

This alternative represents the proposed federal
action, described in Section I, and rests on the con-
clusion that it is urgent to establish an effective
system to ensure conservation of Antarctic marine living
resources. It also reflects the assumption that the
requirements of effective conservation are not incom-
patible with properly controlled harvesting of Antarctic
marine living resources. In addition, under this
approach, harvesting could take place in the interim
period after the conclusion of the regime and prior
to the development of conservation measures pursuant
to the regime.

The question of the treatment of harvesting in this
interim period can be dealt with in two ways, which com-
prise variants or sub-options of the proposed federal
action. The first sub-option would be not to address
specifically the interim period. This variant assumes
that technological and other limitations will ensure
low harvesting levels for the next several years. It
rests on the view that a comparison of projected initial
levels of harvesting with projected potential of stocks
of commercial interest indicates that specific limita-
tions in the interim period are not required. In other
words, this sub-option assumes that harvesting will not
reach levels which would pose threats to target species,
to dependent species or to the ecosystein as a whole
prior to the development of the regime's full capability
to identify conservation needs and apply conservation
measures. In the event that development of the conser-
vation machinery requires many more years than presently
anticipated, this variant would involve some risk of
overexploitation .

The second sub-option involves negotiation, as a

supplement to the international agreement, of interim
measures to apply during the period after conclusion of
the regime and prior to its becoming operational.
Interim measures would include mechanisms for beginning
to build the data base necessary for effective operation
of the regime and possible interim ceilings on harvesting,
at least for krill. These interim measures would be

designed to reflect a conservative approach to harvesting
activities during the period prior to the full operation
of the system set forth in the conservation regime.
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The first of these sub-options would likely
provide the necessary margin of safety in avoiding
harmful impacts upon the Antarctic marine ecosystem,
and would be the easier to negotiate. The second
sub-option would be more difficult to negotiate but
would reflect a more cautious and conservative approach
to exploitation of resources, such as krill, with which
there is little international experience. For this
reason, the second sub-option or variant, providing
for the interim measures approach described above, is
preferred.

E. Negotiation of an International Agreement
Establishing Specific Conservation Measures or a
Temporary Moratorium

This alternative would involve negotiation in the
international agreement of specific conservation measures
for some or all Antarctic marine living resources or a
moratorium on harvesting until such measures can be devel-
oped. It would imply a conservation regime similar to
that in the proposed federal action. The alternative
would differ from the proposed federal action in one of
two ways :

-- the agreement would set forth detailed conser-
vation measures for some or all species, rather than
provide for interim catch limitations or for other
specific initial conservation measures to be developed
by the organization established pursuant to the regime,
or

— the agreement would impose an obligation to
abstain from harvesting until the conservation regime
became fully operative rather than permit harvesting
to take place while conservation measures were being
developed.

This approach would pose fewer risks to the
Antarctic marine ecosystem than the previous alter-
natives, including the proposed federal action. However,
it suffers from several major drawbacks. There is
insufficient data upon which to base specific conser-
vation measures. An attempt to do so ab initio could
significantly decrease incentives for nations with
harvesting interests to participate in the conservation
regime. A moratorium on harvesting until sufficient
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data is developed suffers to an even greater degree
from the same negotiating disadvantages. Since a small
controlled catch of krill and other species would
provide data on size and distribution of stocks which
are required for proper management but not presently
available, a moratorium would increase the difficulty
of determining necessary conservation measures. It
would be extremely difficult to determine when sufficient
information existed to justify lifting the moratorium.
A fixed time period for the moratorium might be
considered equally arbitrary.

An effective conservation regime should include
all states engaged in harvesting. This alternative risks
losing the participation of such countries, thus leading
to a less effective system than that of the proposed
federal action.

F. A Total Ban on Harvesting

Maintenance of the Antarctic ecosystem in its
present state would require a prohibition on all har-
vesting of Antarctic marine living resources. From
the conceptual point of view, this approach obviously
offers the maximum degree of protection to that
ecosystem.

Seeking a ban on harvesting would ultimately
represent a judgement that the health of the Antarctic
marine ecosystem can be ensured only by its total
insulation from human activity. By contrast, the
proposed federal action is based upon the assumption
that properly controlled harvesting of Antarctic marine
living resources is consistent with maintenance of the
health of the Antarctic marine ecosystem.

Further, a total ban on harvesting stands
no chance of being negotiated. States interested in
commercial harvesting would have no incentive to accept
this alternative, and as a practical matter, it would
be equivalent to no regulation whatsoever.

Preservation of the Antarctic marine ecosystem
as a sanctuary or a relatively undisturbed natural
habitat free from commercial harvesting is an unobtain-
able objective.
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G. Area Covered by the Regime

There is a subsidiary set of alternatives concern-
ing the geographic area to be covered by the regime.
The conservation regime of the proposed federal action
would apply to the species which comprise the Antarctic
marine ecosystem. The Antarctic marine ecosystem is

generally considered to be geographically defined by
the Antarctic Convergence which shifts in space on a
seasonal basis. Linking the regime to the species which
are found south of the Convergence best provides for
coverage of the full ecosystem.

There are two alternatives to this approach based
on geographic limits, which would provide for enforce-
ment of conservation measures. The first is to limit
the regime to the area of the Antarctic Treaty, south
of 60°S latitude. Such a result could be the easiest
to negotiate, at least among the Antarctic Treaty
Parties. However, it would seriously compromise the
effectiveness of conservation measures. Since the
Antarctic Convergence lies significantly north of the
Treaty area in a number of places, areas of important
concentrations of Antarctic marine living resources
would not be covered.

A second possibility would be to fix a geographic
limit for the applicability of the regime sufficiently
far north to ensure that all areas south of the
Convergence were covered. The difficulty with this
approach is that it would cover species not part of the
Antarctic marine ecosystem and thus create difficult
technical and political obstacles to negotiating the

regime .
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III. RELATIONSHIP OF THE PROPOSED FEDERAL ACTION TO
INTERNATIONAL AGREEMENTS WITH IMPLICATIONS FOR
THE ANTARCTIC ENVIRONMENT

A. Agreements Pertaining to the Antarctic Region

The Antarctic Treaty reserved for peaceful uses the
Antarctic continent and ice shelves, south of 60°S latitude.
It encourages scientific investigation and provides for
exchange of information. It further provides nothing in
the treaty shall prejudice or in any way affect the rights,
or the exercise of rights of any State under international
law with regard to the high seas within the Treaty area.

In addition to the Antarctic Treaty itself, the United
States is a party to several agreements which directly con-
cern the environment of Antarctica. The Agreed Measures
for the Conservation of Antarctic Fauna and Flora (not
yet in force, but effectively adhered to as voluntary
guidelines by the Treaty Parties) provide a stringent system
of protection of native mammals, birds and plants and
establish certain "Specially Protected Areas" which are
to be accorded special protection in order to preserve their
unique natural ecological characteristics. The Agreed
Measures pertain to areas and species on the Antarctic
continent and pack ice. The International Whaling Conven-
tion regulates whaling in Antarctic waters. The Convention
for the Conservation of Antarctic Seals, opened for signa-
ture in 1972, entered into force on March 11, 197 8.

It applies south of 60° latitude.

The Convention on International Trade in Endangered
Species of Wild Fauna and Flora entered into force 2

June 1975. The Convention provides for the identification
of endangered species and the prohibition in international
trade in such species or products made therefrom. It

applies to two species of whale — the blue and humpback
whale -- found in Antarctic waters. These whales are also
protected species (no commercial harvesting) under the
International Whaling Convention.

B. Agreements Pertaining to the Marine Environment

In addition to the foregoing international agreements ,

a number of international conventions dealing with protec-
tion of marine environment, primarily from vessel-source
pollution, would apply to Antarctic waters. Regulation
of discharges from vessels and provision of liability for
damages and clean-up costs for spillages of oil into the
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the marine environment are the subjects of the following
conventions negotiated within the Inter-governmental
Maritime Consultative Organization (IMCO) :

— The International Convention for the Prevention
of Pollution of the Sea by Oil, 1954 as amended in 1962 and
1969. (Ratified by the U.S., entered into force 20 January
1978) .

— The International Convention for the Prevention of
Pollution from Ships, 1973. (Not ratified by the U.S., not
yet in force) .

— The International Convention on Civil Liability
for Oil Pollution Damage, 1969. (Not ratified by the U.S.,
entered into force 19 June 197 5) .

— Protocol to the International Convention on Civil
Liability for Oil Pollution Damage, 1979. (Not ratified
by the U.S., not yet in force).

— International Convention Relating to Civil Liability
in the Field of Maritime Carriage of Nuclear Material, 1971.
(Not ratified by the U.S., entered into force 15 July 1975).

— The International Convention on the Establishment
of an International Fund for Compensation for Oil Pollution
Damage, 1971. (Not ratified by the U.S., not yet in force).

— Protocol to the International Convention on the
Establishment of an International Fund for Compensation for
Oil Pollution Damage, 1971. (Not ratified by the U.S., not
yet in force) .

International regulations of the intentional disposal
of matter at sea (which again applies to Antarctic waters)
is provided for in the Ocean Dumping Convention (the Conven-
tion on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter, of 1972) which the U.S. has ratified
and which entered into force on August 30, 197 5.

The commitments which would be undertaken by parties
to the regime proposed in the federal action would be entirely
consistent with the obligations under the international
agreements listed above. The legal instrument setting forth
activities pursuant to the regime with those pursuant to
the International Whaling Convention and the Convention for
the Conservation of Antarctic Seals (when in force) . In
addition, it would be desirable to provide specific refer-
ence to the Agreed Measures for the Conservation of Antarctic
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Flora and Fauna in the legal instrument to ensure that
measures pursuant to the Agreed Measures are properly
taken into account.

C. Fisheries Bodies

There are several fisheries bodies with which a

regime to conserve Antarctic marine living resources might
have specific relationships. These include the Regional
Fisheries Advisory Commission for the Southwest Atlantic,
the Indian Ocean Fishery Commission, the Indo-Pacific
Fisheries Council, the International Commission for the
Southeast Atlantic Fisheries, and the Permanent Commission
of the Conference on the Use and Conservation of the
Marine Resources of the South Pacific. The first three
bodies were created under the auspices of the United
Nations Food and Agriculture Organization (FAO) , the other
two purusant to separate international agreements.

The proposed federal action would provide for estab-
lishment of cooperative relationships, where appropriate,
with those bodies. This could be accomplished through the
close working relationship anticipated with FAO, supplemented
if and where necessary with ties to any of the individual
fisheries bodies.
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IV. RELATIONSHIP OF THE PROPOSED FEDERAL ACTION TO
DOMESTIC LEGISLATION WITH IMPLICATIONS FOR THE
ANTARCTIC ENVIRONMENT

There are two domestic acts which bear upon species
covered by the conservation regime set forth in the pro-
posed Federal action: the Endangered Species Act of
1973 and the Marine Mammal Protection Act of 1972.

The Endangered Species Act of 1973 incorporates and
expands authority under previous endangered species legis-
lation to identify fish and wildlife threatened with
extinction and to prohibit their importation into the
coastal States. The 1973 legislation gives consideration
to all animal life, not only the vertebrates, mullusks and
crustaceans included under the previous law, and recognizes
the importance of wild plants as well as animal species.
It provides for protection of "threatened" as well as
"endangered" species, permitting preventive action before
a critical stage is reached and thereby enhancing the like-
lihood of successful recovery. It authorizes a grant
program to assist state endangered species programs, and
provides for Federal protection of resident species where
states are unable to do so. It requires coordination among
all Federal agencies whose activities may impact threatened
or endangered species or their habitats, and directs
these agencies to use their other authorities in further-
ance of the purposes of the Act.

Species found in Antarctic waters listed as endangered
under the U.S. Endangered Species Act are the blue whale,
humpback whale, sei whale and sperm whale. (The sperm
whale is not listed as endangered in the Convention on
International Trade in Endangered Species of Wild Fauna
and Flora (CITES) . Sei whales other than the North Pacific
stock, are not listed as endangered under CITES, but are
listed as stocks to which special controls should apply.)

The Marine Mammal Protection Act of 1972 gives
special domestic protection to marine mammals, including
whales. The Act prohibits the taking or importation of
such mammals and their products by U.S. citizens. The
Secretary of Commerce or Interior, depending on the species,
can waive this prohibition only if he receives scientific
evidence that the waiver and the regulations on takings
that he must develop after a formal hearing, will not be
to the disadvantage of the species or stock to be taken.
The Act calls for negotiations to develop international
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programs for the protection and conservation of marine
mammals covered by the Act.

The conservation regime set forth in the proposed
Federal action would be consistent with the purposes of
both the Endangered Species Act and the Marine Mammal
Protection Act.
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V. DESCRIPTION OF ENVIRONMENT

A. Physical Environment

Surrounding the Antarctic continent is a ring of
ocean contiguous with the Atlantic, Pacific and Indian
Oceans to the north. The Antarctic Convergence is the
northern boundary of Antarctic waters. Waters north of
the Convergence are subantarctic . The average ocean area
south of the Convergence is 38 x 10^ km^ (El-Sayed, in

press) .

1. Antarctic Convergence

The Antarctic Convergence is a boundary between
different water masses. South of the Convergence water
surface temperature drops 2 to 3°C. The exact geographic
location of the Convergence varies with changing thermo-
cline and wind stress conditions, but it can be located
with temperature and salinity measurements.

The Antarctic Convergence also known as the Antarctic
Polar Front Zone, is not a very sharp boundary, but actually
is a transitional zone between water masses. It is a charac-
teristic of surface water masses, having a depth of up to
600 meters. The deep northward flowing Antarctic bottom
water flows underneath the Convergence (Gordon, 1971) . The
Antarctic Convergence is not a boundary for deep living
organisms such as bathypelagic fishes.

A map of the southern ocean showing the position of the

Convergence and other features is given in Figure 1. The

Convergence lies approximately along 50 S latitude in the
Indian and Atlantic Ocean sectors. In the Drake Passage it
lies approximately halfway between the tip of the Antarctic
peninsula and the tip of South America. In the Pacific
sector it lies approximately between 55°S and 60°S latitude
(Mackintosh, 1972) . The Convergence is a physical oceano-
graphic boundary. It is also a faunal boundary. Biological
communities south of the Convergence are distinct from those
north of it (Marr, 1962; Hasle, 1968).

2. Currents

Surface currents flow latitudinally in the southern
ocean. Near the continent water flows toward the west and
is known as the East Wind Drift. North of approximately
60OS latitude water flows toward the east and is known as
the West Wind Drift or the Circumpolar Current. There is a
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gyre circulation pattern in the Weddell Sea extending from
the Antarctic peninsula to almost 30°E longitude (Foster,
in press) which seems to coincide with some species distri-
butions (Everson, 1977) . There are other gyres in the
Bellingshausen and Ross Seas. .Plankton are transported by
water currents.

3. Ice

Seasonal variation in the ice cover characterizes the
southern ocean. Large icebergs form from calving of the
tongues of glaciers. Since bergs extend deep into the
water, their movements are determined by patterns of
water currents. The much more extensive sea ice which
covers enormous areas of ocean surface is formed by the
freezing of sea water and is known as pack ice. It averages
about 1 meter in thickness, and its movements are determined
by wind patterns.

The pack ice extends northward from the continent with
a maximum areal extent of approximately 25.5 x 10" km'^ in
the winter and a minimum of about half that or 13 x 10 km
in the summer (Mackintosh and Brown, 1956). Thus the Antarctic
continent appears to pulsate. The total extent of the pack
ice varies from year to year. The outer edge of the pack ice
is always several degrees of latitude inside the Antarctic
Convergence (Mackintosh, 1972).

The pack ice provides habitat for seals and penguins.
Most of the pack ice melts during the summer and so has a
maximum age of one year. Some multi-year ice is found in the
Weddell Sea where gyre circulation prevents it from moving
northward. Areas of pack ice in February and March (late
summer in the southern hemisphere) in the eastern Ross Sea
and along much of the coast of the Antarctic continent presum-
ably are population centers for pelagic seals (Gilbert and
Erickson, 1977) .

As the pack ice expands and contracts, it covers and un-
covers krill and other nonmigrating populations. There is
intense biological activity at the edge of the pack ice
where primary productivity is high. Herbivores are active
and feeding on plankton is intense (Andriashev, 1968).

Whale migration routes are related to pack ice distri-
bution. In the summer whales are found in open water, with
the most southern portions of the stocks approaching the
edge of the pack ice.



South Atlantic Ocea
Antarctic Con

}iergence

Falkland Islandi

/B^)ingshiusenb; Sed,

\\

Antarctica

-^^

The
Southern
Ocean

k

TT
A
\

\
Oes de Ke'goe'en ti-. \

McDonald Islands . \

Heard Isfand

y

J

Indian Ocean

A- Ice Limit

^Wacoua'ie Island

South Pacific Ocean
CampbelUsland

'

Auckland Islands

'Aniifyides Islands

Boundary represenladon is

nol necessarily aiithoMaliwe

Bounty Islands
'

180

So

New
/Zealand Australia







-24-

4. Factors Affecting Primary Production

Antarctic waters are rich in nutrients. Circumpolar
upwelling introduces nutrients into the euphotic zone
throughout the year (Gordon, 1971) . Water temperature is

uniformly cold. The available light varies seasonally with
the polar light regime and is closely correlated with
primary production (El-Sayed and Mandelli, 1965).

Primary production is concentrated in the summer season,
along the ice edge and in coastal regions (Balech, et al, 1968;
El-Sayed, 1970) . Because the early scientific investigations
were concentrated in the most productive areas, a misleading
picture of very high productivity for Antarctic waters was
developed. Estimates have since been revised downward. On
a yearly average basis over all southern ocean waters, in-
cluding the less productive open ocean regions, total pro-
ductivity is similar to that in other oceans (Holm-Hansen
et al, 1977) .

Food chains are shorter in the Antarctic than in other
oceanic regions. Plants are consumed by krill (the dominant
herbivores), which are in turn eaten by fish, birds, and
mammals. But because food chains are shorter, a greater
proportion of the productivity reaches the vertebrate
trophic levels, and there is an unusually high density of
birds and mammals in Antarctic waters.

Variation in sea ice cover affects light available to the
water column because ice screens out light. Primary produc-
tion in the winter is extremely low.

B. Species in the Antarctic Marine Ecosystem

There is a distinct fauna south of the Antarctic Con-
vergence. Phytoplankton consist primarily of diatoms south
of the Convergence, but include a great many dinof lagellates
north of it. Zooplankton species are different north and
south of the Antarctic Convergence. Euphausia superba and
E. crystallorophias are only found south of the Convergence,
E. superba in oceanic regions and E_^ crystallorophias near
the continent (Marr, 1962) .

The term krill refers to the group of euphausiid crusta-
ceans which are the food of large baleen whales. Species of
krill are listed in Table 1. By far the most abundant of
these species is E_^ superba .
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Krill are omnivores, eating other zooplankton as well as
phytoplankton. Krill are usually considered to be about
half of the zooplankton population (Gulland, 1970) . Other
zooplankton include copepods, araphipods , and chaetognaths
(Hopkins, 1971) . Krill play a crucial role in the Antarctic
marine food web because of their great abundance and because
they are the main prey item for most of the predators in the
ecosystem.

Squid are probably abundant in the Antarctic (Appendix
F. BIOMASS, 1977). Squid eat krill and fish. Many fish
eat krill. Birds, predominatly Adelie penguins, also eat
krill (Prevost, in press) . Other Antarctic birds include
other penguins, petrels, albatrosses, and skuas.

Crabeater seals, a krill eating species, are the most
abundant of Antarctic seals. Leopard, Ross, Weddell,
elephant and fur seals are also present. The baleen whales
which migrate into the Antarctic, fin, blue, sei, humpback,
and minke whales, feed extensively on krill. Southern right
whales are occasionally found south of the Convergence. The
toothed whales, sperm and killer whales and some small ceta-
ceans, are probably resident throughout the year.

Common and scientific names for species discussed in
describing the Antarctic marine ecosystem are listed in
Table 1.

At the present state of biological knowledge, standing
stocks of resource populations other than whales in Antarctic
waters are not well known. Abundance estimates for seals
and penguins still vary considerably among investigators.
The overall abundance of fish and cephalopods is virtually
unknown. Abundance estimates and educated guesses on stock
sizes for potential resource populations are discussed in
Appendices E, F, G and H.

1. Krill

Krill have a circumpolar distribution, but are most abun-
dant in the Weddell Sea, the East Wind Drift, the Weddell
Drift and the South Georgia region (Nemoto, 1968; Marr, 1962;
Mackintosh, 1973) . Krill are found both under ice and in
open waters.

E. superba collect in large amorphous swarms varying
from a few to several hundred meters across. Swarms are ap-
parently composed of individuals of a single age class.
Swarms occur at varying depths from the water surface down to
about 100 m. Not all krill are found in swarms. Even in
regions of greatest abundance krill distribution is patchy
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Table 1. Common and scientific names of some species
occurring south of the Antarctic Convergence.

Zooplankton

Krill Euphausia superba

E. cry stal lorophias

E . tria can tha

E . fri gi da

Thysanoessa macrura

T . vicina

Fish

Antarctic cod Notothenia rossii

N. gibber i frons

N . cor i i ceps

N . magel lanica

N . negl ecta

Antarctic tooth fish Dissost ichus mawsoni

Patagonian tooth fish D. eleginoides

southern blue whiting Micromesistius australi s

or southern poutassou

Antarctic silverfish Pleuragramma anta ret icum

icefish Channichthys rhinoceratus

Chaenocepha lus aceratus

Champsocephalus gunnari

Pseudochaenichthy s georgianus
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Table 1 (Continued)

Squid

giant squid

other squid

Birds

Adelie penguin

Seals

crabeater seal

leopard seal

Ross seal

Weddell seal

elephant seal

fur seal

Whales

fin whale

blue whale

sei whale

minke whale

humpback whale

southern right whale

sperm whale

killer whale

Mesonychoteuthi s hami Itoni

Moroteuthi s ingens

Conatus fabricii

Pareledone sp .

Pygoscel is adeliae

Lohodon card nophagus

Hydrurga leptonyx

Omatophoca rossi

Leptonychotes wedde 1 1 i

Mirounga leonina

Arctocephalus gazella

Ba 1 aenoptera phy sa 1 us

B . musculus

B . boreal i s

B. acutorostrata

Megaptera novaeangl iae

Euba laena aus tra 1 i s

Physeter catodon

Orel nus orca
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(Appendix D, Everson, 1977; Tetra Tech, 1978) . Because of
its swarming habit, E_^ superba is the predominant krill
species in the diets of mammals and penguins, and is the
only krill species of commercial importance.

Estimates for krill standing stock vary almost tenfold,
from about 180 to 1350 million metric tons (Appendix E,

Green, 1977) .

The circumpolar krill population may be a single breed-
ing stock or may be composed of several separate stocks
(Mackintosh, 1973; Makarov, 1974). More recent studies indi-
cate that the breeding area has spread geographically since
spawning females have been taken from the Scotia Sea, Belling-
shausen Sea and Bransfield Straits. Spawning occurs at the
surface from late November through late March. Early larvae
are found in the East Wind Drift, the Bransfield Strait,
the Scotia Sea, and the Weddell Drift (Everson, 1977; Tetra
Tech, 1978). The Discovery expeditions collected very few
eggs, and those only in the Scotia Sea (Marr, 1962).

Krill are long lived in comparison with zooplankton in
warmer waters. However, there is still considerable doubt
about total life span and age at which sexual maturity is
attained. Krill may not breed until the beginning of their
third or fourth summer and may breed for one or two seasons
(Eraser, 1937; Bargmann, 1945; Ivanov, 1970; Everson, 1977) .

Even though there is considerable scientific and commer-
cial interest in krill, knowledge of physiology, breeding
stocks, replacement rate and abundance is still incomplete.

2. Squid

It is possible that squid in the southern ocean are con-
centrated near the Antarctic Convergence (Appendix Hf BIOMASS,
1977). However, squid serve as food for sperm whales, seals
and fish whose distribution extends south toward the continent.

No direct abundance estimates for squid or other cepha-
lopods are available for Antarctic waters, mainly due to

inadequate sampling techniques (Everson, 1977) .

There are squid fisheries in the waters near New Zealand
and South America, but none in Antarctic waters. The "giant
squid" Mesonychoteuthis hamiltoni may be of commercial potential
(Everson, 1977) .

Squid are major predators on krill. Larger individuals
feed on fish or other squid.
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The squid group, like the fish group, are krill predators
and themselves serve as food for other predatory species as
well as potentially harvestable resources. The presence of

potentially harvestable populations are several trophic levels
i.e., herbivores and primary and secondary carnivores, is a

characteristic of the Antarctic ecosystem.

3. Fish
I

Fish stocks are thought to be low in the Antarctic
(Gulland, 1970) . In contrast to other oceans, there are not
dense shoals of obligate pelagic fish in Antarctic waters.
Pelagic fish present in the waters are Myctophidae, the Noto-
theniid genera Pleuragramma and Dissostichus , and the Gadoid
genus Micromesistius . Although the Myctophidae may be abun-
dant in the open ocean, they apparently do not form dense

enough concentrations to support a fishery (Appendix H,

Everson, 1977) .

The Antarctic cod or Nototheniids are distributed in
coastal areas around islands such as the Scotia Arc, Ker-

guelens, Crozet, Bouvet, and in the Magellanic and New Zealand
regions. The latter may migrate south to the Ross and
Scotia Seas in the summer, but most of the fish populations
are probably resident in Antarctic waters. The southern
blue whiting Micromesistius australis from the Magellanic and
New Zealand regions does migrate into the Antarctic zone only
during the summer to feed. The Antarctic tooth fish and
Antarctic silverfish are found around the continent over
continental shelves. Antarctic cod and some ice fish are

being harvested commercially. Other fish species may consti-
tute potentially harvestable resources.

4. Birds

The Antarctic Convergence is not a barrier for birds
because of their mobility. However, breeding of penguins,
albatrosses and petrels, cormorants, skuas, ducks, gulls and
terns occurs along the coast of the Antarctic continent or
on islands between 50°S and 65°S latitude. South Georgia
and Kerguelen have the greatest diversity of breeding birds
(Watson, et al, 1971; Everson, 1977) .

Migratory birds are present in the Antarctic ecosystem,
either south of the Convergence or on subantarctic islands,
for only part of the year for feeding and breeding. The eco-

system provides habitat for such bird populations. When they
move northward, they export some material from the Antarctic

ecosystem.
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Birds eat krill, squid, and fish. Adelie penguins are
the most abundant species (measured by biomass) south of
the Convergence. They consume very large amounts of krill
in proportion to their body weight (Prevost and Sapin-
Jaloustre, 1965; Prevost, in press) . They are eaten by
leopard seals and killer whales (Gilbert and Erickson,
1977) .

5. Seals

The crabeater seals, whose population may be as high as
30 million individuals, are the most abundant seal in the
Antarctic region and the most abundant seal in the world.
They are residents of the pack ice region and feed mainly on
krill. Other pack ice seals are the leopard and Ross seals.
Pack ice seals breed in the pack ice region, usually south
of 60°S latitude. Distribution of juveniles of these popula-
tions is unknown and they may occasionally range north of
60°S. Weddell seals inhabit coastal areas of fast ice. Ross
and Weddell seals eat fish and squid as well as some krill.
Leopard seals are predatory, eating mainly krill but also some
fish, the young of other seal populations and occasionally
penguins .

Elephant seals and fur seals breed on islands near the

Convergence. The main population of the fur seal Arctocephalus
gazella is at South Georgia. Other fur seals breed north of
the Convergence. Elephant seals eat fish and squid; fur
seals eat mainly krill. Elephant seals and fur seals are
also resident in the Antarctic region (Erickson, et a_l, 1971;
Erickson and Hofman, 1974; Appendix H, BIOMASS, 1977).

6. Whales

Whales are circumpolar in distribution. The baleen
whales, or fin, blue, sei, humpback and minke whales, migrate
into Antarctic waters during the austral summer to feed on
krill. Southern right whales are occasionally found south
of the Convergence. Baleen whales are found south of the
Convergence from November through March. Individual animals
average about four months feeding in the area. Whales feed
in open water. The larger species and larger individuals
within species penetrate further south, approaching the edge
of the pack ice. While feeding intensively in Antarctic
waters, baleen whales increase about 50% in weight during the
sumirier season (Mackintosh and Brown, 19 74; Laws, 19 77a;
Appendix H, BIOMASS, 1977) .

Sperm whales, killer whales and some small cetaceans are

probably resident in the Antarctic region. A third of the

exploitable male sperm whale stock is assumed to feed south
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of the Convergence. Toothed whales eat fish and squid,
possibly penguins and juvenile seals (Mackintosh and
Brown, 1974; Laws, 1977a; Appendix H, BIOMASS, 1977).

Fin, blue, humpback and southern right whales are pro-
tected from harvest. The present population size of fin
whales is about 20% of the original stock; blue whales are
about 5%, and humpback whales about 3%. The sperm whale
population is now about half of initial stock size and is
now harvested. Sei whales which are harvested in some
areas are presently slightly above half of initial popula-
tion size. Minke whales, also harvested, are still as
abundant as they were a century ago (Laws, 1977a).

As population size of baleen whales species has de-
creased, there have been changes in other population para-
meters. Sexual maturity is reached at a younger age now
than when stocks were larger. The pregnancy rate is also
increasing. These changes combine to increase the growth
rate of the total population at low stock levels (Everson,
1977) .

A growing population requires more food than a stable
population of the same size. Thus it is possible that if
whales were to expand populations to former levels, at some
point their food requirements would be greater than the
total food requirement of the original stock.

C. Food Web

The importance of krill in the Antarctic marine ecosystem
cannot be overemphasized. They are the most abundant zoo-
plankton species. They are the main herbivore in the Antarctic
marine ecosystem. Krill are the main food item for fish,
squid, penguins, crabeater and leopard seals, and fin, blue,
sei, humpback, and minke whales. Krill are present in the
diet of other seals as well. Killer whales and sperm whales,
in consuming fish and cephalopods and some seals, are only
one step removed from krill in the food chain. A food web
diagram for the Southern Ocean marine ecosystem is presented
in Figure 2.

The dependence of many predators on one prey group, krill,
is a very unusual ecological situation. The swarming habit
of krill allows even very large predators to feed on them
efficiently. Removal of krill from the ecosystem by commer-
cial harvesting will compete directly with those predator
populations feeding in the same geographic area and indirectly
with other predators as overall abundance changes.
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If krill should be so depleted that some other group,
such as copepods , became the most abundant zooplankton, a

difference in overall food web structure for the ecosystem
could result. Since copepod populations are dispersed, they
would not support the same kind of large predators which
krill can support by swarming. A hypothetical copepod-
myctophid food chain might contain the same amount of carbon
as the krill food web does now, but much more dispersed,
so that the resources would not be as readily available,
either to large predators or to commercial harvesting, as

they are in the present system.

Crabeater seals are the biggest consumer of krill, taking
about 106 million metric tons annually. Squid may take 100
million tons and fish 60 million tons although those esti-
mates are not reliable, since fish and squid abundance esti-
mates are speculative. Baleen whales consume about 43 million
tons annually at present, birds about 14 million tons, and
other seals about 3 million tons. Estimated annual total
predation on krill is about 340 million tons. Krill harvested
will come from the total now consumed by predators, not from
some hypothetical part of the stock which is not utilized by
predators (Appendix E, Green, 1977) .

At initial stock levels, baleen whales consumed about
150 million tons more krill than do present populations
(Laws, 1977a). The amount of krill consumed by seals, birds,
fish, and squid a century ago is unknown. There is evidence
that penguin and seal populations have increased in .response
to increasing krill availability as baleen whale populations
decreased (Conroy, 1975; Laws, 1977b) . From an ecological
standpoint it is reasonable to expect that the Antarctic
marine ecosystem has adjusted to the changing whale populations,
even though the adjustment may not yet have been completed.
It is also reasonable to expect that other populations in the

ecosystem will respond to changes in krill availability as
harvest levels increase.

D. Areas of Special Biological Importance

The Scotia Sea is one of the regions of greatest krill
abundance. Some fish species distributions are limited to
the island groups of the Scotia Arc, Kerguelens, Crozet,
Bouvet, South Georgia, the South Orkneys and the Antarctic
peninsula.

Areas of feeding and breeding for fish, birds, and mammals
should be considered for protected areas as should migratory
pathways for whales and other migratory populations.
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E. History of Commercial Harvesting

Although the southern ocean is remote, it is not un-
touched by human activity. There is a long history of
commercial harvesting there.

1. Whales

Whaling occurred in the Antarctic in the 19th and 20th
centuries. Modern whaling with factory ships began in 1904.

Species of commercial interest have been blue, fin, sei,
minke, humpback and sperm whales. Populations of all of
these except minke whales have been greatly reduced in the
last 30 years. Whaling is now regulated under the Inter-
national Whaling Convention. Fin, blue, humpback and
southern right whales are protected from harvest. Sei, minke,
and sperm whales are harvested (Everson, 1977; Mackintosh
and Brown 1974; Laws, 1977a).

Blue whales are the largest of the whales, and conse-
quently the most valuable to whalers and the earliest ex-
ploited. As blue whales declined, the smaller fin, sei, and
minke whales were fished. Changes in the proportions of
species caught have been a result of reduction in abundance
from exploitation, not from changing preferences. Until
the 1960 's, the majority of world whaling occurred in the
Antarctic. From 1945 to 1960 between 30,000 and 40,000
whales were caught in the Antarctic each year. Catches
are now substantially reduced (Everson, 1977).

2. Seals

Sealing has also taken place in the Antarctic. In the
last century the sealers contributed some scientific infor-
mation about the region (Deacon, 1977) . Except for a

Norwegian exploratory expedition (0ritsland, 1970), pack
ice seals have not been harvested for commercial purposes.
Future harvesting of seals south of 60°S latitude will be
regulated under the Convention for the Conservation of
Antarctic Seals.

In the early 19th century, fur seals were harvested until
populations declined. Then elephant seals were harvested but
harvesting became unprofitable before populations were reduced
to a critical level. After shore based whaling was established
at South Georgia, sealing again became economically feasible
and some overexploitation may have occurred prior to 1953.
There is now no commercial harvest of fur or elephant seals
(Everson, 1977) . Harvesting is now regulated south of 60°S
under the Convention for the Conservation of Antarctic Seals;
no har V e.'7 - r.g is taking place there at present.
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3. Fish

Total reported catch in FAO statistical areas for the
southern ocean (areas 48, 58, and 88) has been zero in
recent years. However South Georgia and Kerguelen, known
to be heavily fished, are included in reporting areas to
the north (41 and 51) , Only southern poutassou and Patagonian
hake are reported as separate species in FAO Yearbook of

Fishery Statistics.

It is probable that a large part of the catch of southern
poutassou by the USSR in area 51 was taken in the Scotia Sea.
Vessels of the USSR have fished near South Georgia and off
Kerguelen (estimated catch 120,000 tons during the 1971-72
season). Principal species caught are Notothenia rossi , N.

squamifrons , Channichthys rhinoceratus , and Champsocephalus
gunnari (Appendix G. Everson, 1977) .

Exploratory fishing has been done by West Germany, Japan,
and Poland.

Catches in area 41 which includes South Georgia built
rapidly to 400,000 tons and then declined rapidly to a few
thousand tons. Decline in total catch was due in part to a

great reduction in catch rate (Everson, 1977) . Thus some
fish stocks may already have been overexploited.

4. Krill

Because of their great abundance and because of the de-
cline in their major predators, baleen whales, krill have
been receiving increasing international interest as a poten-
tially harvestable resource in recent years. Exploratory fish-
ing for krill has been carried out by the USSR, Japan, Chile,
West Germany, Poland, Norway, Taiwan, East Germany, Spain,
and Korea (Appendix F, Everson, 1977; Tetra Tech, 1978) .

The most recent catch statistics available for krill (1974)
indicate a total catch of 20-40,000 tons. The estimate of an
average take of 200,000 tons per season in recent years
(McWhinnie, 1974) represents about 0.3 - 1% of estimated stand-
ing stock and about 0.3 - 0.8% of estimated annual production.

Krill harvesting research has been carried out in the
summer months, December though March, and has been concentrated
in the Weddell, Scotia, and Ross Seas, and the East Wind Drift.
Harvestable densities have been encountered most frequently
around South Georgia, the South Orkney Islands, the South
Shetland Islands, and the South Sandwich Islands (Tetra Tech, 1978)
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The only krill species of cominercial interest at present
is E_^ superba . Krill swarms are detected visually or acous-
tically. Detection and catching methods are now sufficient to
harvest more krill than can be processed with available faci-
lities. The main obstacles to expansion of the fishery are
now product development and marketing. A total catch on the
order of a million tons is possible in the immediate future.
Once a fishery of this size is established, it would tend to
expand rapidly. Both scientific information on krill stocks
and information on the effect of harvesting on krill stocks and
on krill predators are needed (Everson, 1977).

5. Penguins

Penguins have been harvested for their oil in the past.
There is no present prospect for a commercial harvest of any
Antarctic birds.

Historically, Antarctic fisheries have developed around
krill predators, thus harvesting the krill production indirectly.

In the past commercial harvesting in Antarctic waters
centered on seals and whales. Seals are no longer harvested,
and the intensity of Antarctic whaling has been reduced in
recent years. Commercial interest is now focused on fish and
krill. Many nations are engaged in exploratory krill harvest-
ing, and krill are expected to meet part of the increasing
world demand for protein. Increasing fishing pressure on
krill is anticipated in the next decade.

F. Scientific Investigation

A great deal of scientific investigation has been carried
out in Antarctic waters, mainly since the turn of the century,
e.g., the Discovery expeditions. Scientific activity has
intensified in the years since the ratification of the Antarc-
tic Treaty in accordance with the objective of peaceful uses
for the region.

Because the Antarctic marine region is relatively undis-
turbed in comparison with other ocean areas, and because it is
a polar environment, it is the subject of much scientific
interest. Studies have been carried out on the continent and
ice shelves, in open waters, in the pack ice region and on the
islands. All the original signatories of the Antarctic Treaty,
Argentina, Australia, Belgium, Chile, France, Japan, New Zealand,
Norway, South Africa, the USSR, the United Kingdom, and the
United States have participated, as well as Poland and West
Germany.
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G. Shipping Traffic

There is considerable shipping traffic in the Drake
Passage by vessels too large to pass through the Panama
Canal. Commercial shipping, including oil tankers, passes
through that area, usually north of the Antarctic Conver-
gence which lies about midway between South America and
the Antarctic Peninsula in the Drake Passage. In addition
scientific vessels and commercial fishing vessels are found
throughout the southern ocean at various times of year.
Relatively few vessels penetrate the pack ice zone.

H. Ecosystem Responses to Disturbance

Even though the Antarctic marine ecosystem is relatively
undisturbed in comparison with other oceanic regions, it is
not a pristine area by any means. There has been harvesting
of seals, whales, fish, krill, and penguins. Whaling has
had the largest impact on stocks, with the populations of baleen
whales drastically reduced from levels of a century ago.

Because baleen whales consume enormous quantities of
krill during the summer season, the reduction in whale numbers
has reduced the impact of whale predation on krill populations
and has allowed more krill to become available to other pre-
dators. There is evidence that other populations within
the ecosystem are adjusting to the changing abundance of
whales. Penguin populations are increasing (Conroy, 1975)
and there is evidence that seal populations are increasing
also (Laws, 1977b). It is clear that the whale populations
themselves are changing. Both population size and age at
sexual maturity are different from original stock levels
(Gambell, 1976; Laws, 1977a).

The Antarctic marine ecosystem as well as the Antarctic
continent have been used as a scientific laboratory. Data
on the biology of the Antarctic marine ecosystem come from both
scientific and commercial investigations. Carefully controlled
harvesting with good data reporting can create an opportunity
for a controlled experiment on the Antarctic marine ecosystem
which can provide a great deal of information about its

biology.

I . Potentially Harvestable Resources

An ecosystem viewpoint is a necessary perspective on the

ecology and management of renewable resources in Antarctic
waters. There are many potentially harvestable resources:
fish, squid, seals, whales, krill and possibly birds. These
populations are not independent but are closely related.
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All of the others depend on krill as their main food supply.
Krill are of central importance in the food web. Fluctuations
in the size of krill populations will be reflected in the

populations of its predators. In turn, fluctuations in the

populations of predators, as exemplified by changes in whale

populations, will affect the abundance of krill.

At the other end of the food chain, diatoms are abundant
south of the Convergence and there is a limited amount of
benthic macro-algae. There is no apparent interest in har-

vesting marine plants in the Antarctic at present.

An ecosystem perspective on Antarctic marine living re-
sources is feasible. Interrelationships among species have
been identified and can be taken into account. Quantitative
information is still required for most stocks and many preda-
tion rates, but the structure of the ecosystem is known.

J. No Native Peoples

There are no indigenous human populations residing or

using resources south of the Antarctic Convergence.
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VI. ENVIRONMENTAL IMPACTS OF PROPOSED ACTION AND ALTERNATIVES

The proposed federal action represents one point on
a continuum of management regimes for Antarctic living
marine resources, from totally unregulated harvesting to
a ban on all commercial harvesting. Similarly the impacts
of each of the alternatives under consideration also fall
on a continuum from greatest to least impact on the marine
environment. Future activities associated with the devel-
opment of non-living resources in Antarctic waters could
affect living resources through modifications of the en-
vironment. For conservation of living resources, the
activity of greatest concern in terms of environmental
impact on the Antarctic marine ecosystem is commercial
harvesting of renewable resources. Krill is the resource
of most immediate interest, but there are other potentially
harvestable resources as well: fish, squid, birds, and
seals. Under different management regimes there would be
different degrees of environmental impact.

There are three classes of impacts of commercial har-
vesting on the Antarctic marine ecosystem. The first and
most significant are the impacts of harvesting on the popu-
lations of the renewable resources. The impacts are both
direct, i.e. changes in abundance of any stock which is
harvested, and indirect, i.e. changes in abundance of
species which depend on the harvested stock for food. The
second are the impacts of shipping traffic and harvesting
operations on the local marine environment. The third is
the impact of increased human activity on a relatively un-
disturbed marine ecosystem. The range of possible impacts
of harvesting on stocks, on the marine environment, and on
the southern ocean as a relatively undisturbed habitat
will be discussed. Then the degrees of impact anticipated
from the proposed federal action and the alternatives will
be compared.

A. Impacts of Commercial Harvesting

1. Impacts Unaffected by Proposed Action

There are some environmental impacts of human activity
in the Antarctic Ocean which will not be affected by the
conclusion of the proposed conservation regime, specifical-
ly sealing and whaling. Sei whales, minke whales and sperm
whales are harvested in the Antarctic while fin, blue, hump-
back and southern right whales are protected under the
International Whaling Convention, Harvesting of crabeater.
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leopard, Ross and Weddell seals is regulated under the
Convention for the Conservation of Antarctic Seals, which
has recently entered into force. The Convention for
Antarctic Seals applies only south of 60°S latitude. All
breeding by pack ice and fast ice seals does occur south
of eCS although distributions of juveniles may occasional-
ly extend north of that latitude during part of the year.
Only those nations which are parties to the International
Whaling Convention and the Convention for Conservation of
Antarctic Seals are bound by the policies developed under
those conventions. The possibility of unregulated har-
vesting by other nations does exist.

2. Direct Impacts on Exploited Stocks

The greatest environmental concerns over commercial
harvesting in the Antarctic are the direct impacts of a
harvest on the resource stocks themselves.

The Scotia Sea, Weddell Sea region is the only known
area of krill ( E. superba ) spawning. At the same time it
is one of the areas of greatest abundance of krill and is

likely to be a region subject to intensive harvesting.
Overexploitation of gravid individuals before reproduction
occurs would jeopardize maintenance of a breeding stock.
The same problem may occur in other geographic regions of
krill abundance, but that cannot be determined until it is
known whether krill are one or several breeding stocks.
Geographic considerations will be important in management
of krill harvesting.

Even though krill are very abundant, the possibility
of their overexploitation is a real one. Krill abundance
is estimated at 200 to 600 million tons in the summer.
Since krill have a very long life span for zooplankton,
their productivity may also be relatively low. The rate
at which the krill population is replaced is not known at

present. Therefore it i s impossible to estimate sustain-
able yield with any accuracy. Nonetheless, expectations
for krill harvesting are high. Present total world har-
vest of marine resources is around 70 million metric tons
per year. Estimates for potential annual krill harvest
range up to 150 million tons in the scientific literature
(Everson, 1°"1) and up to 200 million tons in the popular
press (Gwynne, 1977). After consideration of possible re-
placement rates, of increases in other krill predators
with che decline of 'i.ales, and of the desirability of re-

covery of baleen whaie populations, a sustainable annual
harvest appears to be less than one-third of these esti-
mates (Green, 1977) . A potential for an enthusiastic
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unregulated harvest to overexploit the krill population is
real .

Commercial exploitation of krill may have direct im-
pacts on the stock other than a change in overall popula-
tion size.

,
Krill distribution patterns, productivity or

secondary production rates, or behavior such as swarming
patterns could also be affected.

In evaluating the potential impacts of various har-
vesting levels on krill populations, the different time
scales of krill and predator populations must be taken
into account. The life span of krill may be 2 to 4 years.
The life span of krill predators such as a crabeater seal
may be as much as 30 years. Since adjustments of predator
populations to changes in krill abundance may take a long
time, consumption by a large predator population v/hich
has not yet adjusted to a decreasing krill population must
be taken into account in estimating impacts of harvesting
on the krill population as a whole. Time lags in response
vary for different predators, and are factors to be con-
sidered.

The present level of krill harvesting in the explora-
tory phase is roughly 20,000 - 40,000 tons per year,
certainly too low for any direct impact on the krill stock.
Practical considerations limit the total krill harvest now.
Processing of krill must occur within a few hours of catch-
ing, and processing capacity is limited. Markets are not
yet extensive. However, with improving ability to locate
swarms, increasing vessel and processing capacities, and
rising demand for protein, krill harvesting operations may
soon be profitable. Considering the potential need to
redeploy long distance fishing fleets as a consequence of
extension of national fisheries limits (Eddie, 1977), the
potential capacity to overexploit krill probably exists
already.

Several fish species are already harvested in the
Antarctic. Unregulated harvesting could lead rapidly to
local overexploitation. The fishery techniques for fish
harvesting are already well developed.

The southern blue whiting, Micromesistius australis ,

is a migratory fish. It is present in the Antarctic only
during the summer season while it is feeding there. The
rest of the year it is in the Magellanic and New Zealand
regions. Harvesting of this species would not be regula-
ted while it is outside the Antarctic ecosystem under the
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proposed conservation regime. The lack of regulation
would be significant only in terms of the population of
that one species. Should numbers of southern blue whiting
decline, there would be at most a local impact on the rest
of the Antarctic ecosystem. It could be replaced by other
fish species in the diet of its predators.

There is no present commercial interest in birds or

cephalopods in the Antarctic, although that cannot be ruled
out as future possibility. Hov/ever, no immediate direct
impacts on populations of birds and squid are expected.

Harvesting of Antarctic seals under the Convention for
the Conservation of Antarctic Seals will only be regulated
south of 60°S latitude. Under the proposed conservation
regime, pelagic sealing could also be regulated between
60°S and the Convergence. Elephant and fur seals on islands
near the Convergence are not now harvested.

3. Indirect Impacts on Dependent Species

Concerns about the impacts of harvesting of one

species on others which are dependent on it are most per-
tinent to krill as the target species. Fish, squid, birds,
seals and whales depend on krill as a main food item, and
are in turn potential resources.

Overexploitation of krill would be very dangerous to
the Antarctic ecosystem. Consider the history of whaling.
Most species of baleen whales have been reduced to roughly
a tenth of their populations of a century ago. This change
in whale numbers has caused some adjustments in other popu-
lations in the Antarctic ecosystem, but because whales are
the end of a food chain, the internal structure of the eco-

system has remained essentially unchanged. However, should
krill populations be reduced to a similar extent, enormous
reductions in populations of fish, squid, seals and also
whales would follow. Because of the crucial role of krill
in the Antarctic marine food web, overexploitation would
substantially alter the structure of the marine ecosystem
and substantially damage its health.

Even without overexploitation, a large krill harvest
would affect populations of krill predators. Krill removed
by harvesting would come out of the total now consumed by
predators. With a decrease in available food, predator
populations in intensively harvested areas would drop.

Fin, blue, hiompback and minke whales are presently
protected from harvest under the International Whaling
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Convention. An increase in the populations of these
species is desired. Because the age of first reproduc-
tion for some of these species has decreased, a faster
population recovery is possible. However, since baleen
whales are entirely dependent on krill for food, a large
krill harvest potentially would compete with whales for
food supply. Probability of competition is increased
since whale feeding and commercial harvesting would occur
in the same geographic areas and at the same time of year.
A reduction in food supply could cause a deterioration in

physiological condition and in turn raise the age of first
reproduction and slow the recovery rate of the populations.
Further, a decrease in reproductive rates could contribute
to a decrease in whale populations even without harvesting
of whales.

Crabeater seals are also likely to be affected by a
krill harvest because they are very abundant and because
their diet is predominately krill. Because of their
abundance, crabeater seals are also the seal most likely
to be considered for commercial harvest. The impact of a
krill harvest should be mitigated by geographic separation.
Krill harvesting is most likely to occur in open waters
and crabeater seals inhabit the pack ice region. However,
juvenile seels, whose survival is critical to overall seal
population dynamics, may feed in open water or near the
edge of the pack ice, competing directly with the krill
fishery.

Fish, birds and cephalopods which depend on krill as
a major item of the food supply will be affected by a krill
harvest. There is already evidence that bird populations
are increasing due to increased krill abundance resulting
from reduction in whale populations. Since harvesting will
reduce krill availability, populations of predators are
expected to decrease. Responses to a small krill harvest
will be difficult to observe.

Ecosystem interactions are complex. The direct and
indirect impacts of harvesting on Antarctic populations
as discussed above reflect the dependence of population
size on food supply through a variety of mechanisms.
Because the Antarctic marine ecosystem is dynamic and has
already been under stress through harvesting of various
populations, especially baleen whales, other kinds of sys-
tem responses are possible. A change in the structure or
character of the ecosystem such as a shift to a copepod-
myctophid dominated food chain is possible.
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4. Local Impacts of Harvesting Operations

The mechanics of commercial harvesting of krill will
have local impacts on the marine environments. Krill are
caught by trawling. The processing of krill can be done
on the trawler acting autonomously, or may be carried out
by mother processing vessels at sea, or may use shore
based factory facilities. Because krill spoil within
several hours after catching, processing must be relative-
ly rapid. Trawling vessels will have to operate close to
factory facilities.

Most krill processing methods retain the soft flesh
but discard the carapace of the organism. The hard parts
of zooplankton are a normal component of detritus in sea
water. In deep water, normal decomposition processes can
handle krill parts which are dumped overboard. In shallow
waters, such as around shore based processing facilities,
discarded krill could accumulate, causing pollution prob-
lems or perhaps attracting scavenging birds.

Krill harvesting operations would also cause local
pollution from ship bilges and garbage. Pollution prob-
lems would be most pronounced in a shore based factory
facility with shallow surrounding water and would be in-
tensified if a large support staff were living in the vi-
cinity during the harvesting season.

At present, technological limitations on the rate of
krill harvesting, limited market and availability of
fishing vessels, have limited shipping traffic connected
with krill harvesting. If krill harvesting is unregulated,
shipping traffic will increase substantially within sev-
eral decades, intensifying local pollution problems asso-
ciated with harvesting and processing activities. Control
on krill harvesting will incidentally regulate the level
of shipping traffic.

5. Disturbance of the Marine Ecosystem

The Antarctic Treaty and Agreed Measures provide for
peaceful uses of the Antarctic continent, which have in-
cluded a great deal of scientific study. These agree-
ments do not apply to surrounding ocean. Even so, there
is recognition that the Antarctic marine ecosystem is

important for scientific investigation, because it is a

relatively undisturbed marine ecosystem and because there
is intrinsic interest in polar oceanography.
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The Antarctic ecosystem is not untouched by human
activity. Some harvesting of fish and seals and exten-
sive harvesting of whales have already occurred. With
increasing commercial harvesting of krill and possibly
other species, there will be increasing disturbance of
the marine ecosystem and the nature of the system will
be increasingly farther from a "natural state" for
scientific study.

On the other hand, commercial data have provided
information on stocks, abundance, reproductive and
mortality rates and distributions, which otherwise would
be unavailable. Data reported under the International
Whaling Convention are an example. Such information
cannot readily be collected on strictly scientific cruises.
From a scientific standpoint, a carefully controlled har-
vest of various species with good monitoring and data
reporting could provide an opportunity for a controlled
experiment on the Antarctic marine ecosystem. Much could
be learned about responses of the system to different
levels of harvesting. In addition, such a controlled ex-
periment could provide data which are needed for effec-
tive conservation of Antarctic living resources. More
information is necessary to be able to manage for long
term productivity of the ecosystem.

Some increase in the impact of human activities on
the Antarctic marine environment appears to be inevitable.
Commercial interest in krill harvesting is already develop-
ing, and harvesting levels are likely to increase as world
protein demand rises. An increase in harvesting south of
the Antarctic Convergence is expected even though the U.S.
has no immediate plans to participate in it. Harvesting
will increase whether a conservation regime is negotiated
or not and regardless of whether the U.S. is a party to it.
The purpose of a conservation regime and the motivation
for U.S. participation in one is the mitigation of the
impacts of uncontrolled harvesting.

B. Environmental Impacts of Proposed Federal Action
and Alternatives

The approaches to negotiating a conservation regime
for Antarctic marine living resources, as indicated in the
proposed federal action and alternatives to it, comprise
six alternatives identified as (1) no action on a conserva-
tion regime, which implies no conservation measures, (2)
individual national action on conservation policies and
some coordination between these policies, (3) agreement on
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a regime for collection and transmittal of data at present,
but postponing commitment to a conservation mechanism until
later, (4) negotiation of a complete conservation regime
providing for both data collection and an organization to
establish conservation measures and regulate harvesting,
(5) negotiation of a complete conservation regime, plus the
establishment of quotas for harvesting of all resources or
establishment of a moratorium on harvesting, and (6) prohi-
bition of all harvesting in the Antarctic region.

The feasibility of negotiating each alternative, the

ability to develop and enforce conservation measures
,
and

level of harvesting activities anticipated under each
alternative are presented in Table 2. The probabilities
of overexploiting the various resource populations under
each alternative are indicated in Table 3. Indirect im-

pacts on stocks are compared in Table 4. Anticipated im-

pacts on local marine environments and on the health of
the ecosystem are indicated in Table 5. The effects of
the alternative approaches on science are compared in
Table 6.

1. Ban on Harvesting

The sixth alternative, prohibition of all harvesting,
would imply no harvesting activities south of the Antarctic
Convergence, if such a regime could be negotiated and en-
forced. This alternative would provide for the least impact
on the Antarctic marine environment. It is the most favor-
able alternative for recovery of whale stocks. Small ad-

justments in other population sizes would be expected as
whale populations increased.

A ban on harvesting would preclude the possibility of

overexploitation of any stocks and would eliminate direct
and indirect impacts of harvesting. Since seals and whales
could be harvested under the International Whaling Convention
and the Convention for Conservation of Antarctic Seals, small

adjustments to other populations in response to sealing and

whaling could be expected.

With the ban on harvesting, no commercial data would be

available, thus eliminating a significant source of infor-
mation on the stocks of some populations.

Even though this alternative represents the least envi-
ronmental impact for the Antarctic marine ecosystem, achieve-
ment of a total ban on all harvesting is an unrealistic
expectation. Such an agreement would not have the support
of nations presently involved in exploratory krill harvesting,
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so that a total cessation of all harvesting could not be
achieved.

2. No Action

The contrasting extreme of possible alternative action
is no effort to negotiate a conservation regime and conse-
quently no conservation measures for Antarctic waters. The
consequences of this alternative are unrestricted and un-
regulated harvesting of all potentially commercial species.
In time, technical and economic limitations on the harvest-
ing of krill will be overcome. Intensive harvesting can be

expected over the next several decades. An unregulated har-
vest will result in overexploitation of all harvested species

This alternative represents the greatest impact on the
stocks of renewable resources. Direct impacts on the sepa-
rate stocks as they are harvested can be expected from over-
exploitation. In addition, indirect impacts on seals, whales
fish, birds and cephalopods from exploitation of krill would
be maximum.

With overexploitation of krill or another species, the
balance within the Antarctic system and the structure of

trophic relationships can be upset, thus seriously damaging
the health of the ecosystem. Unregulated harvesting will
operate to maximize short term gains, thus potentially
decreasing the overall productivity of the Antarctic eco-

system over the next century.
This alternative represents the greatest possibility

of local pollution problems from harvesting activities.

In the absence of an agreement it is expected that
commercial data will not be reported completely so that
this source of information will be lost. This alternative
would result in the greatest deviation from a natural or
undisturbed state for the Antarctic ecosystem.

The actions of the U.S. and other Treaty nations at
the Ninth Consultative Meeting indicate that they do not
support this alternative (see resolution IX. 2. in Appendix
A) . However it is the default alternative should negotia-
tions fail to establish a regime.

3. National Action

The second alternative is separate action on conser-
vation of Antarctic living resources by nations interested
in harvesting and some informal coordination between pol-
icies. Lacking consistent management objectives and a
procedure for establishing and enforcing conservation
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measures, harvesting would be largely unregulated under
such a system even though commercial catch data could be

reported.

Fish harvesting would remain unregulated. Krill har-

vesting would be confined to low levels for the next several

years by technical and economic limitations. However, as
these are overcome, harvesting intensity would increase and

emphasis would be on maximizing short term yields rather
than protecting long term productivity of the system. Under
such a regime, changes in populations of resource species
would initially be small, but later increase in direct
relationship to increased harvesting. Indirect impacts on

species dependent on target stocks would be very likely
within several decades.

Without a whole ecosystem perspective for management
of harvesting, the health and long term productivity of
the ecosystem would be endangered. This alternative repre-
sents almost as much negative environmental impact as does
the alternative of no action regarding conservation measures.

Separate national policies and informal agreements
between nations would be easier to reach than will be agree-
ment on the proposed conservation regime. However, the
Antarctic Treaty nations have endorsed establishment of a

conservation regime (see Appendix A) .

4. Data Reporting now, Conservation Measures
Later

The establishment of a mechanism for recording and
reporting commercial and scientific data now, with a
commitment to establish conservation measures later, is
the third alternative. The environmental impact of this
alternative would depend on the time required for even-
tual negotiation of a conservation regime. In the event
of establishment of vested economic interests in Antarctic
resources before a regime could be established, the negoti-
ation problems would be greatly increased and establishment
of a conservation regime could be delayed by many years.

Present levels of harvesting for krill are limited by
technical and economic considerations. There is no imme-
diate interest in cephalopods and birds. Immediate impacts
on the ecosystem would be small, with the exception of some
fish which may already be overexploited. However, it is

possible that overexploitation of some stocks could occur
in the interval before a conservation regime could be nego-
tiated. Overharvesting would reduce the long term potential
productivity of the ecosystem.
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Indirect impacts on the ecosystem would be expected to
increase with time as harvesting levels increased. If
stocks were damaged before the conservation regime could
be established, recovery might be effected by selective
conservation measures afterwards. However, the example of

whaling has demonstrated that recovery can be a slow pro-
cess. Proper management from the beginning is preferable.

5. Complete Conservation Regime (Proposed
Federal Action)

The fourth alternative, and that which incorporates
the proposed federal action, is that of establishment of a

complete conservation regime. The regime would provide a
mechanism for determining and enforcing necessary conserva-
tion measures. The objectives of the regime include pre-
vention of overexploitation of any Antarctic resource,
maintaining the health of the Antarctic ecosystem, ensuring
that any harvesting of one species does not adversely affect
related species, and maintaining long term productivity of
the entire system.

Some changes in the Antarctic ecosystem would be
expected as harvesting increased under a conservation
regime, but the anticipated changes are much less than
those expected with uncontrolled harvesting. Maintaining
the health of the ecosystem and retaining long term

productivity would be possible under this alternative.
Although some disturbance of the ecosystem would occur,
maintenance of balance between populations would be possi-
ble with carefully regulated harvesting.

The chance of overexploitation of any stock or
damaging of a resource population by reduction of its
food supply is minimized under this alternative. Recovery
of whale populations would be possible.

Because the potential for overharvesting krill probably
exists now, some form of limitation of harvesting during
the interim period between negotiation and ratification
of the proposed regime is desirable to prevent damage to
the Antarctic ecosystem before the regime is operating.

Both scientific and commercial data would be

reported and scientific investigations encouraged under
the regime. From a scientific standpoint, the opportu-
nity for observing and studying a relatively undisturbed
system would be decreased as harvesting levels increased.
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However, a carefully controlled catch with data collected
and reported would provide an opportionity for a con-
trolled experiment on the ecosystem which could promote
considerable advances in scientific understanding. Such
data are necessary for establishing appropriate conser-
vation measures to meet the objectives of the proposed
regime.

Although a great deal of information is available
on Antarctic living resources, there are still consid-
erable uncertainties in estimates of both standing
stocks and turnover rates or productivity of the various
resource populations. Conservation measures developed
\inder the proposed conservation regime should take these
uncertainties in information into account and minimize
risks to the environment through cautious development
of fisheries. Any harvesting should be coupled with
collection and analysis of basic biological information
as well as catch data on target and associated species.

To be completely effective, such a regime should
include all nations which are engaged in harvesting in

Antarctic waters.

The U.S. is not presently involved in commercial
harvesting in Antarctic waters, and there appears no
immediate prospect of a U.S. fishery there. However,
the U.S. is a leader in research concerning the
Antarctic marine environment, and has important inter-
ests in the conservation of Antarctic marine living
resources. These interests include the rational devel-
opment of new sources of protein in prevention of
international conflict over Antarctica as well as a

commitment to maintaining the Antarctic environment.
In the face of possible large scale harvesting by other
nations in the near future, the proposed conservation
regime offers the best alternative for implementing
these U.S. interests.

6. Conservation Regime with Specific
Conservation Measures or Interim
Harvesting Moratorium

The fifth alternative, and the last one to be

discussed, is similar to the fourth alternative favored

by the U.S. because it also entails negotiation of a

complete conservation regime. It differs from the

proposed action in that the agreement itself would



-61-

either set harvesting quotas for all species or estab-
lish an interim moratorium on all harvesting. The
environmental impacts of this alternative are very
similar to those of the fourth alternative.

The main potential adverse impact lies in setting
quotas too high for some species out of present igno-
rance of the abundance and population dynamics of some
stocks. If quotas were set too high, then overexploi-
tation and consequent adjustment of other populations
within the system would become possible.

This alternative is a much more difficult one to
negotiate than the fourth because of the necessity of
either agreeing on a moratorium or establishing har-
vesting quotas. A moratorium would prevent the gathering
of some commercial data which could be useful in estab-
lishing eventual conservation measures.
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VII. SHORT VS. LONG TERM PRODUCTIVITY

The Antarctic marine ecosystem is rich in renewable
resources and is an important potential source of protein
In addition, the system is useful for scientific study and
other peaceful activities. The ecosystem as a whole is
vulnerable to bad management and overexploitation of stocks.
Only seals, whales, and some fish populations have yet
been harvested extensively. The remaining fish, squid,
birds, and krill stocks have large standing stocks which
could be easily over harvested by maximizing short term
gains and harvesting at standing stock levels rather than
at sustainable yield levels. Unregulated harvesting would
lead to overexploitation and consequent reduction of yield.
The proposed conservation regime and the U.S. position with
regard to the negotiations seek to maintain the long term
productivity of the ecosystem. Negotiation of a complete
conservation regime is the best method of ensuring long
term productivity of the Antarctic marine ecosystem.
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VIII. UNAVOIDABLE ADVERSE IMPACTS

As commercial harvesting of krill and other species
increases, responses of the rest of the system to decreas-

ing food supply can be expected. With an increasing krill
harvest, populations of krill predators, fish, birds,
cephalopods, seals, and whales can be expected to decrease.
Reductions will be most notable in local regions where
krill harvesting is the most intense.

Recovery of protected whale species to former popula-
tion levels may be slowed or prevented by intensive har-

vesting of krill.

Harvesting represents increased human impact on a

relatively undisturbed ecosystem which is valuable for
scientific study.

Changes will occur whether or not a conservation
regime is negotiated. However, the establishment of a

regime as set forth in the proposed federal action would
have as a basic objective the minimization of adverse

impacts of anticipated commercial harvesting on the Antarc-
tic marine ecosystem.
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IX. COMMITMENT OF RESOURCES

The United States presently has no commercial fishery-
interest in Antarctic waters. No commitment of personnel
or vessels for commercial harvesting is anticipated in the
near future. However, the possibility of future harvesting
is retained.

Pursuant to a negotiated regime, the United States

expects to support the required scientific research which
will aid in the establishment of conservation policies.
The United States will continue to fund scientific research
in the Antarctic.

The United States would expect to contribute a

share of the cost of running the regulatory organiza-
tion set up by the negotiated conservation regime.

In the interim period before conservation regulations
can be established and enforced, some portion of fish and
krill populations will be removed from the ecosystem.
Limitations on harvesting ability, either technical and
economic considerations or some agreement for controls on
interim harvesting, will ensure that the impact of the
interim harvesting on the Antarctic ecosystem is minimal.
In addition, the resources which will be removed are

renewable, and so will not constitute a permanent loss
to the system.

Resources which will continually be removed from the
Antarctic ecosystem as regulated by the established con-
servation machinery are renewable. The conservation regime
will minimize the adverse impacts of harvesting.
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X. CONCLUSIONS

A total ban on harvesting of all Antarctic living
resources could not be negotiated or enforced. Therefore,
assuming that commercial harvesting in Antarctic waters
will increase in the future, the United States seeks to
minimize the adverse environmental impacts of such har-
vesting through negotiation of a conservation regime. The
proposed federal action provides for the establishment of
a complete conservation regime now, before vested economic
interests in Antarctic resources are established. A con-
servation regime will be most effective in minimizing
adverse impacts if management can begin before any stocks
have been overexploited. The regime should include pro-
visions for determining and enforcing conservation measures
Establishment of a conservation regime is the best means
of ensuring the long term productivity of the renewable
resources in the Antarctic marine ecosystem.
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XI. CONSULTATION AND COOPERATION WITH OTHERS

Preparation of the proposal of a regime for conserva-
tion of Antarctic marine living resources and the Department
of State's environmental impact statement on the regime has
involved extensive and valuable consultation and cooperation
within the United States Government, with the U.S. Congress
and public and with other nations.

Immediately after the Government of Norway proposed
that the Antarctic Treaty parties consider the conservation
of Antarctic living marine resources at the Eighth Antarctic
Treaty Party Consultative meeting in June, 1975 at Oslo,
the United States delegation offered to host an international
scientific conference on the living resources of the Southern
Ocean. The purpose of the conference was to provide nations
with the opportunity to review the existing knowledge of the

living resources of the Southern Oceansand to develop a

proposal for future cooperative studies in the area. The
conference was later held in August, 1976 in Woods Hole,
Mass. It brought together 59 scientists from 14 countries,
including the U.S., working within the Scientific Committee
for Antarctic Research (SCAR), and laid the basis for a

needed understanding of the structure and dynamic function
of the Antarctic marine ecosystems as a basis for the future
management of potential living resources there. It provided
additional scientific information on the international level
for the later decision of the Antarctic Treaty parties in
their Ninth Consultative meeting at London in December 1977
to elaborate a regime to conserve living resources in waters
surrounding the Antarctic continent. The report of the
conference is contained in Appendix H of the Final EIS.

During the development of the regime proposal, the

appropriate committees and members of the U.S. Congress
have been closely consulted. On September 12, 1977 Acting
Assistant Secretary of State for Oceans and International
Environmental and Scientific Affairs Robert C. Brewster
briefed the House of Representatives Subcommittee on

Fisheries, Wildlife Conservation and the Environment of the
Merchant Marine and Fisheries Committee and the Environment
and Atmosphere Subcommittee of the House Science and

Technology Committee on the proposed regime during testimony
on H.R. 7749. Acting Assistant Secretary Brewster updated
this information before the Subcommittee on Fisheries,
Wildlife Conservation and the Environment on October 13,
1977. In testimony on February 6, 1978 Assistant Secretary
Patsy T. Mink and Ambassador Brewster, along with other
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Government and private witnesses, informed the Senate Arms
Control, Oceans and International Environment Subcommittee
of the Senate Foreign Relations Committee on the develop-
ment of policy with respect to Antarctic resources exploi-
tation, including the negotiations for the Antarctic marine

living resources regime. On May 2, 1978 Acting Assistant
Secretary Brewster updated information on planning and

developments for the proposed conservation regime in

testimony on H.R. 10905 before the House Subcommittee on

Fisheries, Wildlife Conservation and Environment.

Department of State officials held a formal public
meeting in the Department in VJashington, D.C. on December 20,
1978. At the meeting individuals and representatives of

non-governmental organizations gave their views on a possible
conservation regime (Appendix B) .

Public participation and views were solicited again
on February 10 when the Department held a public meeting to
receive oral comments on the "Draft Environmental Impact
Statement on the Negotiation of a Regime for Conservation
of Antarctic Marine Living Resources," which the Department
had published and distributed to Federal agencies and the

public on February 1. Comments on the Draft EIS were

requested by March 2 0; the comment period was later extended
to April 14 to allow additional public comment.

The Draft EIS was distributed to all Federal agencies
with interests in the Antarctic, including all members of the
U.S. Government's Interagency Antarctic Policy Group. It was
also sent to non-governmental organizations and individuals
who were known to be interested in the proposed regime or who

requested copies of the Draft EIS. A list of the agencies
and organizations is contained in the summary section of the
Draft EIS. The draft statement was distributed as well to

principal involved U.S. Senators and Congressmen and to

U.S. Congressional Committees, including the Subcommittee
on Arms Control, Oceans and International Environment of
the Senate Foreign Relations Committee, the National Oceans

Policy Study of the Senate Commerce Committee, the Sub-
committee on Environmental Pollution of the Senate Environ-
ment and Public Works Committee, the Subcommittee on Inter-
national Security and Scientific Affairs of the House
International Relations Committee, the Subcommittee of
Fisheries and Wildlife and International Environment of the
House Merchant Marine and Fisheries Committee, and the Sub-
committee on Environment and the Atmosphere of the House
Committee on Science and Technology.
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To obtain additional benefit of the views of the
public and Congress the U.S. delegation to the international
negotiating session on the proposed regime at the Special
Consultative Meeting in February 1978 at Canberra, Australia
contained three public members and a Congressional staff
representative .

In the meantime, comments on the Draft EIS were care-
fully reviewed by appropriate Departmental officials. They
are commented upon in Appendix J of the Final EIS and
appropriate changes and amendments have been made in the
Final EIS. The Federal agency, private organization and
individual comments on the Draft EIS are published in full
in Appendix I of the Final EIS.
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REPORT OF THE NINTH AKTABCTIC TREATY CONSULTATIVE MEETING

CONTENTS .

I. Pinal Report

II. Recominendations adopted at the Ninth Antarctic Tvqrzj
Consultative Meeting

III. Annexes

1. Speeches and Statements made at the Opening
Session

2. List of Participants

3. Approval of Consultative Meeting RecommendatioT,s

4. Message from the Consultative Meeting to stations
in the Antarctic

5. Report of the Working Group of Experts on
Exploration and Exploitation of Antarctic Kinersls

5. Cociiment' on Tourism submitted to the Ninth
Consultative Meeting and referred to the Tenth
Consultative Meeting for further consideration.

FINAL REPORT OF THE NINTH ANTARCTIC TREATY CONSULTATIVE MEETING

1. In accordance with the provisions of Article K of tho

Antarctic Treaty, representatives of the Consultative Parties

(Argentina, Australia, Belgium, Chile, France, Japan, New Zealand,

Norway, Poland, the Republic of South Africa, the Union of Soviet

Socialist Republics, the United Kingdom of Great Britain and

Northern Ireland and the United States of America) met in LondTo

from 19 September to 7 October 1977 to consult together and

consider measures which might be taken to further the principles

and purposes of the Treaty and, where appropriate, make

recommendations to their Governments.
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2. Kr George Hall, Representative oi" the United Kitigdoir. ,

acted as Tenporsry Chairxaa of the Meeting pending the election

of a Chaim-tia.

3. The rCeetins -//as formally opened by Hr Ted Rowlands, M?,

Minister of State for Foreign and Commonvealth Affairs of the

United Kingdom.

4. Mr Hall was then elected Chairman, Mr John Scallwood of

the FCO was appointed Secret?. ry-Ganeral and Mr Ian Duncan of the

FCO was appointed Assistant Secretary General.

5. The Opening Session was held in public. Ooeaing statements

were made by the Heads of Delegations (Annex 1).

6. The Meeting adopted the following Agenda:

1. Opening of meeting

2. Election of officers

3. Opening statements

4-. Adoption of agenda

5. Antarctic resources - the question of mineral

exploi-ation end exploitation (Reconmendation VIII-1'i,

operative paragraph 4)

6. Antarctic carine living resources (Recorxiendation VIII-IO,

operative paragraph 5)

7. Improvement of telecomT.unications in Antarctica and of

the collection and distribution of meteorological dat»

8. Effects of tourists and non governmental expeditions

in the Antarctic Treaty Area, Completion of Annexes A

and B to Recommendation VIII- 9

9. Co-operation in transport (Recojimendation VIII-7)

10. Man's impact on the Antarctic environment

11. Activities in the Antarctic of states that are not

Contracting Parties

12. Documents of the Consultative Meetings

13. Review of conservation measures and Sites of Special

Scientific Interest

14. Date and place of next Consultative Meeting

15. Any other business

16. Adoption of Final Report

17. Closing of meeting
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7. The Meeting considered in Plenary Session all the itens

on the Agenda and appointed four rcain V.orking Groups, as well as

Working Committees, comprising members of all those Celegatiocs

wishing to participate, to assist it in reaching conclusions

on certain items. A Working Group of Experts on Exploration and

Exploitation of Antarctic Minerals was chaired by Dr Martin Holdcat-a,

Alternate Representative of the United Kingdom; a V/orking

Group on Antarctic Karine Living Resources was chaired by

HE Mr John McArthur, Representative of New Zealand; a WorkinjT

Group on Antarctic Telecommunications was chaired by

HE Mr Stephane Kessel, Representative of France; a Working Group

on the Legal end Political Aspects of Mineral Resources, was

chaired by HE Mr Juan Carlos Beltramino, Representative of

Argentina. HE Mr Keith Brennan, Representative of Australia,

chaired a Working Committee on Marine Living Resources;

Mr Jorge Berguno, Deputy Representative of Chile, chaired a

V/orking Committee on Tourism; and HE Mr Stephane Hessel,

Representative of France, chaired a Working Committee on the

Legal and Political Aspects of Mineral Resources.

8. The Meeting adopted unanimously the following Recommendations,

which are set forth in this Report:

12-1

IX- 2

EC-?

IX-4

IX- 5

IX-6

Antarctic mineral resources

Antarctic marine living resources

Improvement of telecommunications in the Antarctic

Co-operation in transport

Man's impact on the Antarctic environment

Oil contamination of the Antarctic marine environment

9. Mineral resources

The Working Group of Experts on Exploration and Exploitation of

Antarctic Minerals met from 20 September until 29 September and

had before it the report of the Scientific Committee on Antarctic

Research (SCAR) Group of Specialists entitled A preliminary

Assessment of the Environmental Impact of Mineral Exploration/

Exploitation in Antarctica (EAMRZA). Its Report was submitted

to Plenary by Dr Holdgate on 29 September. The Report was

welcomed by Representatives who decided that it should be annexed

tc the Final Report of this meeting, together with a list of the
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experts who participated iu the discussions (Annex 5).

The Working Group on the Legal and Political Aspects of Mineral

Resources, and its Working Conmitteo, met from 29 September-

6 October. Its Report, which included a draft Recommendation,

was submitted to Plenary on 7 October.

10. Livinp: resources

The Working Group on Marine Living Resources, and its Working

Committee, met from 21 September-6 October. Its Report, which

included a draft Recommendation, was submitted to Plenary on

7 October.

The Working Group agreed to include in its Report the

understanding of the Group that the word "conservation" as used

in the draft Recommendation includes rational use, in the sense

that harvesting would not be prohibited, but the regime would

exclude catch allocation and other economic regulation of

harvesting. It was similarly the understanding of the Group

that the word "resources" was not limited to commercially

exploitable species.

In connection with the Special Consultative Meeting referred

to in paragraph 2, Part III of Recommendation IX-2, the

Representatives welcomed the invitation issued by the Government

of Australia to hold the meeting in Canberra from 27 February to

16 March 1978.

11. Telecommunications

The Working Group met on 50 September and 4 October. Its

Report, which included a draft Recommendation, was submitted to

Plenary on 6 October.

12. Tourism

A draft statement of accepted practices and the relevant

provisions of the Antarctic Treaty, together with a draft
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Containing practical guidance for visitors to the Antarctic, wore

considered for inclusion in Annex A of Recommendation VIII-9 but,

owing to lack of time for full discussion, the matter was referred

to the Tenth Consultative Meeting. The drafts are reproduced

at Annex 5.

No action was taken to list or define areas of Special Tourist

Interest for inclusion in Annex B of Reconunendation VIII-9.

15. Man's impact on the Antarctic enviTonment

With the items on the agenda concerning Antarctic resources

particularly in mind, the Representatives discussed tho question

of man's impact on the Antarctic environment. They recalled

the numerous steps already taken by Consultative Parties designed

to protect the Antarctic environment from unnecessary interference,

including:

(i) The designation by the Consultative Parties of the

Treaty Area as a Special Conservation Area and the

adoption of the "Agreed Measures for the Conservation

of the Antarctic Fauna and Flora".

(ii) The designation of "Specially Protected Areas" to

preserve their unique ecological system and "Sites

of Special Scientific Interest" to enable scientific

investigations to be carried out at those sites without

interference.

(iii) The negotiation of the Convention for the Conservation

of Antarctic Seals (London 1972).

(iv) The adoption of measures to preserve and protect

from damage historic monuments situated in the

Antarctic Treaty Area.

(v) The adoption of a Code of Conduct to be observed

at their stations and by their expeditions within

the Antarctic Treaty Area.

They also recall that in close co-operation with the

Scientific Committee on Antarctic Research (SCAR) of the

International Council of Scientific Unions, and through
SCAR with other appropriate international organisations

concerned, they have developed plans for the comprehensive

study of the Antarctic marine ecosystem considered as an
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integral part of the Antarctic environiaont and have

sought to :

(a) identify the types and assess the extent of

human interference which has occurred in the

Treaty area as a rer.ult of man's activities;

(b) assess the possible impact on the environment

of the Treaty Area and other dependent ecoeystcn;r.

if mineral exploration and/or exploitation wer»

to occur there.

The Representatives, while considering the next steps to

be taken v;ith regard to questions concerning Antarctic resource:^,

decided to recomnend that their Governncutc should reaffirm

their commitment to environmental protection. Accordingly the

Representatives drew up the statement contained in Recommendation

IX- 5.

^H. Activities in the Antarctic of other states

This question was widely discussed.

In connection with possible substantial or continuing activities

in the Antarctic Treaty Area by States that are not Contracting

Parties of the Treaty, the Representatives recalled their agreed

view expressed in the Final Report of the Seventh Antarctic Treaty

Consultative Meeting that it would be advisable for Governments to

consult together as provided for by the Treaty and be ready to urge

or invite as appropriate the State or States concerned to accede to

the Treaty, pointing out the rights and benefits they would receive

and also the responsibilities and obligations of Contracting Parties.

15. Information and documents of Consultative Keetings

The question of availability of information and documents to

the public was discussed and it was generally agreed that there

should be increased efforts to make both more available to the

public.

16. Review of Conservation Measures and Sites of Special

Scientific Interest

The attention of Representatives was drawn to two errors in

Reconmendations VIII-1 and '/III-^ respectively. The

Hepresentatj.ves decided to correct the latitude shovm on the map
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attached to Recommendation VIII-1 so as to read 65° 16' S. The

Representatives decided to remove the diccrepancy between the

Management Flan for Site of Special Scientific Interest No 6

(attached to Recommendation VIII-4) and the attached map by

substituting the word "three" for the word "four" in section (i)

of the Management Plan.

The Meeting considered the question of the designation

of Marine Sites of Special Scientific Interest and the opinion

was expressed that SCAR should be invited to examine this

matter. In this connection, Representatives noted that the

Government of Chile intended to propose to SCAR, following agreed

procedures, two Marine Sites of Special Scientific Interest.

The United States Delegation submitted the following

information on its experience in Sites of Special Scientific

Interest :

Management plans for seven Sites of Special Scientific

Interest (SSSI) were accepted as interim guidelines by

Recommendation VIII-4 in 1975. The 1976-77 austral summer

provided the first opportunity to incorporate these guidelines

into Antarctic operating procedures.

The existing seven SSSI expire June 30, 1981, which date

is likely to occur before the eleventh Consultative Meeting.

The US Antarctic Program controls visits to SSSI by a

permit system and has found this to be an effective means

of reducing harmful interfereuce at SSSI 1, 2, 5 and 4 during

the 1976-1977 operating season. The posting of information

signs around SSSI has been a deterrent to unintended

interference by tourists. During this initial year of

operations, the US issued one permit for access to SSSI.

One request for access to SSSI 5 was denied on grounds that

the proposed purpose was in conflict with the Management Plan

as set forth in Recommendation VIII-4.

17. Tenth Consultative Meeting

Representatives accepted with pleasure the invitation of the

Representative of the United States to hold the Tenth Consultative

Meeting in Washington, DC in 1979.
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''8. Other business

The United States Delegation submitted documents showing the
status of approvals by Governments of Recommendations adopted at

Consultative Meetings, as received and recorded by the United
States Government as depositary Government for the Antarctic Treaty,
up to and including 15 September 1977. The documents are

reproduced at Annex 5-

During the course of the Ninth Consultative Neeting it

was unanimously agreed that the greetings of all Representatives bo

conveyed to the Antarctic Stations of the Consultative Parties.
The text is at Annex 4.

The Consultative Parties were agreed that in view of the

number of important matters requiring continuing consideration
it was desirable to meet oa a more frequent basis than in the

past. It was noted that the holding of Special Consultative

Meetings for ad hoc purposes would be a response to this

need; and it was agreed that the question of periodicity
and nature of meetings within the Treaty franework should be

included as an item on the agenda of the Tenth Consultative

Meeting.
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II

EECOMTIEHDATIONS ADOPTED AT THE NINTH ANTAfiCTE TREATY CONSULTATIVE

MEETING

IX - 1

ANTARCTIC MINERAL RESOURCES

The Representatives,

Rocallinc: the provisions of the Antarctic Treaty, which

establishes a regime for international cooperation in Antarctica,

with the objective of ensuring that Antarctica should continue

forever to be used exclusively for peaceful purposes and should

not become the scene or object of international discord;

Bearinp; in mind the provisions of Article IV of the Treaty;

Convinced that the framework established by the Antarctic

Treaty has proved effective in promoting international harmony

in furtherance of the purposes and principles of the United Nations

Charter, in ensuring the protection of the Antarctic environment,

and on promoting freedom of scientific research in Antarctica;

Notinp; with thanks the Report of the Scientific Committee on

Antarctic Research (SCAR) Group of Specialists entitled

Preliminary Assessment of the Environmental Impact of Mineral

Exploration/Exploitation in Antarctica (EAI-IREA);

Recognizing nevertheless that adequate scientific data

concerning the harmful environmental effects of activities related

to the exploration and exploitation of Antarctic mineral resources,

should they occur, are not yet available;

Concerned that vmregulated activities related to exploration

and exploitation of mineral resources could adversely affect the

unique environment of the Antarctic and other ecosystems dependent

on the Antarctic environment;

Conscious that the Consultative Pai'ties to the Antarctic Treaty

in carrying out scientific research in the area have accumulated

valuable experience and can substantially contribute to the

protection of the environment and the rational use of Antarctic

mineral resources, should exploration or exploitation thereof occur;
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Aware of the special responsibilities of Consultative Parties

to ensure that any activities in Antarctica, including comciercial

exploration and exploitation in the future, should they occur,

should not become the cause of international discord, of danger to

the unique Antarctic environment, of disruption to scientific

investigation, or be otherwise contrary to the principles or

purposes of the Antarctic Treaty;

Recomaend to their Governments that:

1. They reaffirm the basic principles set forth in Recommendation

VlII-14 of the Eighth Antarctic Treaty Consultative Meeting-;

2. They take note with appreciation of the Report of the Group of

Experts on Mineral Exploration and Exploitation annexed to

the Report of the Ninth Consultative Meeting and make the best

possible use of its conclusions and guidelines;

3. They continue to study the environmental implications of

mineral resource activities in the Antarctic Treaty Area

and hold at a time and place to be arranged through diploraatic

channels a meeting of ecological, technological and other

related experts, in accordance with Recommendation IV-24, with

a view to developing scientific programmes aimed at:

(i) irnproving predictions of the impact of possible

technologies for mineral exploration and exploitation in the

Antarctic, as outlined in Section IIB of the Report of the Group

of Experts, and in Section 5 of the SCAR EAMREA Group Report;

(ii) developing measures for the prevention of damage to the

environment or for its rehabilitation, in accordance with

Section IIC of the Report of the Group of Experts;

A-. They endorse the following principles elaborated at the

Special Preparatory Meeting held in Paris from 28 June to

10 July 1976:-

(i) The Consultative Parties will continue to play an

active and responsible role in dealing with the

question of the mineral resources of Antarctica;

(ii) the Antarctic Treaty must be maintained in its

entirety;
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(iii) protection of the unique Antarctic environment and

of its dependent ecosystems should be a basic

consideration;

(iv) the Consultative Parties, in dealing with the

question of mineral resources in Antarctica, should

not prejudice the interests of all mankind in

Antcirctica;

5. They note that the provisions of Article IV of the Antarctic

Treaty shall not be affected by the regime. It should ensure

that the principles embodied in Article IV of the Antarctic

Treaty are safeguarded in application to the area covered

by the Antarctic Treaty;

6. They study the content of a future regime based on the

principles contained in paragraphs 4 and 5 and on such

further principles, rules and arrangements as may be agreed,

taking full account of all proposals submitted to the

IXth Consultative Meeting;

7. The subject "Antarctic Resources - The Question of Mineral

Exploration and Exploitation" be the subject of intensified

consultation among them and they urge the host Government of

the Tenth Consultative Meeting to convene a meeting to consider

legal and political aspects of mineral resource issues; this

meeting to report to the Tenth Consultative Meeting on the

results of its work;

8. They urge their nationals and other states to refrain from

all exploration and exploitation of Antarctic mineral resources

while making progress towards the timely adoption of an agreed

regime concerning Antarctic mineral resource activities. They

will thus endeavour to ensure that, pending the timely adoption

of agreed solutions pertaining to exploration and exploitation

of mineral resources, no activity shall be conducted to explore

or exploit such resources. They will keep these matters under

continuing examination;

9. The subject "Antarctic Resources - The Question of Mineral

Ebq)loration and Exploitation" be placed on the Agenda of the

Tenth Antarctic Treaty Consultative Meeting.
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IX - 2

ANTAECTIC MAEINE LIVING RESOUECES

The Representatives,

Recallinp; the special responsibilities conferred upon the

Ck)nsultative parties in respect of the preservation and conservation

of living resources in the Antarctic by virtue of Article IX

paragraph 1(f) of the Antarctic Treaty;

Recalling; further the history of action taken by Consultative

Parties concerning conservation and protection of the Antarctic

ecosystem including, in particular, Recommendations III-VIII,

VIII-10, VIII-15 and IX-5;

Noting that concentrations of marine living resources are

found in the Antarctic Treaty area and adjacent waters;

Aware of the need to compile more information with a view to

developing a good scientific foundation for appropriate conservation

measures and rational management policies for all Antarctic marine

living resources;

Recoprnising the urgency of ensuring that these resources are

protected by the establishment of sound conservation measures which

will prevent overfishing and protect the integrity of the Antarctic

ecosystem;

Concerned that interim guidelines for the protection and

conservation of /Antarctic marine living resources axe desirable

until such time as a definitive regime enters into force;

Convinced that provision for effective measures to conserve

Antarctic marine living resources as well as for collection and

analysis of the data necessary to develop such measures will require

the early conclusion of a definitive conservation regime;

Recommend to their Governments that:
I

SCIENTIFIC RESEARCH

1. To the greatest extent feasible, they cooperate broadly and

comprehensively in scientific investigations, and in the

exchange of information thereon, relating to the Antarctic



A-13

marine environment and that they intensify as far as possible

scientific research related to Antsirctic marine living

resources;

2. In planning their marine activities in the Antarctic, they

have regard to the advantages that will accrue from coordination

hy them of their scientific investigations contributing to the

BIOMASS programme;

3. They give sympathetic consideration to the provision of

practical measures (such as ships, ship time, personnel and

finance) in support of the implementation of the BIOMASS

programme or other similar programmes;

4. They examine the possibility of integrating, in so far as is

practicable, research vessel programmes with the activities

of other vessels, and make available on vessels operating in

the Antarctic, other than research vessels contributing

directly to the BIOMASS programme, time and facilities for

routine observations aimed at extending the data base for

the programme.

II

INTERIM GUIDELINES FOR THE CONSERVATION
OP ANTARCTIC MARINE LIVING RESOURCES

1. They observe the following interim guidelines pending entry

into force of the definitive regime for Antarctic Marine

Living Resources:

(a) they cooperate as broadly and comprehensively as

possible in the mutual exchange of statistics relating

to catch of Antarctic Marine Living Resources;

(b) they should show the greatest possible concern and care

in the harvesting of Antarctic Marine Living Resources

so that it does not result in the depletion of stocks of

Antarctic marine species or Jeopardizing the Antarctic

marine ecosystem as a whole;
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(c) they urge those Governments which are not parties to

the Antarctic Treaty and which engage in activities

involving the use of the marine living resoxirces of

Antarctica to take account of these guidelines;

2. They review these interim guidelines as and when necessary and

in any event following the conclusion of the definitive regime

with a view to their future elaboration in the light of the

provisions of the definitive regime.

Ill

ESTABLISHMENT OF A DEFINITIVE CONSERVATION REGIME

1. A definitive regime for the Conservation of Antarctic Marine

Living Resources should be concluded before the end of 1978.

2. A Special Consultative Meeting be convened in order to

elaborate a draft definitive regime, and in particular:

(a) to determine the form of the definitive regime,

including the question as to whether an international

instrument such as a convention is necessary;

(b) to prepare, if necessary, draft rules of procedure for

a subsequent decisive meeting for the establishment

of the definitive regime;

(c) to decide on participation in such a meeting by States

other than Consultative Parties which are actively

engaged in research and exploitation of Antarctic Marine

Living Resources and the participation, on an observer

basis, of appropriate international organisations;

(d) to finalise the date and place of the decisive meeting;

(e) to take any other steps in order to facilitate the work of

the decisive meeting referred to above.

3. The Special Consultative Meeting shall base its work on this

recommendation and take account of the discussions at the

Ninth Consultative Meeting, its report and the documents

presented to it, and, in the elaboration of a draft definitive

regime, shall take into account inter alia the following

elements :
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(a) the regime should explicitly recognise the prime

responsibilities of the Consultative Parties in relation

to the protection and conservation of the environment in

the Antarctic Treaty area and the importance of the

measures recommended by the Consultative Parties to this

end;

(b) the provisions of Article 4 of the Antcirctic Treaty shall

not be affected by the regime. It should ensure that the

principles embodied in Article 4 are safeguarded in

application to the marine areas south of 60 South latitude:

(c) the regime should provide for the effective conservation

of the marine living resources of the Antarctic ecosystea

as a whole;

(d) the regime should cover the area of specific competence

of the Antarctic Treaty;

(e) the regime should, however, extend north of 60 South

latitude where that is necessary for the effective

conservation of species of the Antarctic ecosystem,

without prejudice to coastal state jurisdiction in that

area;

(f) the regime should not apply to species already regulated

pursuant to existing international agreements but should

take into account the relationship of such species to

those species covered by the regime.
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IX-3

IKPHOVEIaiOT CF TELECCMI-IUITICATIGNS IK TITE AKTAI^CTIC

The Representatives,

Considerinf- that requirements in the field of telecomnunications

as regards collection ar.d dissemination of meteorolor^ical data nnd

the need for, scientific, adrdnistrative and operational traffic have

developed substantially since the second telecomiaunications meotinfr

of exports of the Consultative Parties held in Buenos Aires in 1969 ;

Considerinf; that the implementation of Recommendation VI . 1 and

VII. 7, and participation in the progpr-amnes of the V.'orld rieteorolo.Tical

Organisation, particularly the './orld V/eather 'Jatch, require a thorouf;h

review and improverent of the network, operating in the Antarctic;

Recommend to their Governments that they:

1. Compile comprehensive date, each for its ovm part, on the types

of traffic, modes of trancmission, timing, frequencies of their

telecommunications schedules and current equipment of their

telecomnunications programmes in the Antarctic, eis v;ell as on projects

in the process of implementation and proposed improvements, in particular

by desifinating, where appropriate, stations capable of replacinr; others

in the event of breakdovm.

2. Forv/ard all such data to each of the other Consultative

Parties via diplomatic channels on the one hand and on the other by

direct despatch to the departments concerned.

3. Arrange for a meeting of telecommunications experts to be

held, on the initiative of the Government of the host country, before

the Tenth Consultative Keeting, to analyse the data thus compiled,

suggest desirable measures of harmonisation and put for'.vard

recommendations on improvements to be made in the operation of the

telecommunications network in the Antarctic.

k» Request SC/JS through their National Antarctic Committees to

undertake, at the earliest opportunity, a study of the most recert

applications of science and technology to the specific probler.s of the

Antarctic in the field of propagation of radio vmves, and to pass on

its conclusions to the Consultative Parties prior to their Tenth

Meeting or if necessary to the next Consultative Meetings.
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IX-U

CO-OPKRATION IN THAI;SPORT

The Representatives,

Recalling the appropriate provisions of the Treaty as well as

Recommendation VIII-7;

Acknov/ledf^insa; the comprehensive report on transport resources

and potential requirements delivered to the Foxrrteenth Meeting ot

the Scientific Committee on Antarctic Reseaj?ch (SCAR);

Concurring: that the most effective use of aviation assets '.•n.ll

be in coordinated air support projects (as circumstances permit)

without major additional construction or investnent ;

Notinp; that new types of aircraft, equipment, and facilities are

either being developed or likely to be introduced, and the continuirj;

need for standardization of facilities and procedures to ensure

effective coordination;

Recoranend to their Govemjnents that:

1. They request SCAR, through their national Antarctic Corjiittees,

to continue the work of the Sub-committee on Cooperative Air

Transport System for imtarctica (CATGA) of the V/orking Grour en

Logistics.

2. They request their offices responsible for the administration

of Antarctic expeditions to adopt, to the extent practicable,

such measures for improved compatibility of facilities and

procedures as SCAR might be able to suggest.
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rx-5

MAir'S IMPACT CM THE ANT/J?CTIC EI!VIRCNI1Ein?

The Representatives,

Recommend to their Governments that they approve the follov/ing

declaration on the Protection of the Antarctic Environment,

The Governments participating in the Ninth Antarctic Treaty

Consultative Keeting,

Deeply aware that the Antarctic environment is unique and

vulnerable to contamination and distxirbance
,

Determined to protect the Antarctic environment from harmful

interference ,

Having particular regard to the conservation principles

developed by the Scientific Committee on Antarctic Research (SC;lH)

of the International Council of Scientific Unions,

Recalling their obligation to exert appropriate efforts,

consistent v/ith the Charter of the United Nations
,
to the end

that no one engages in any activity in Antarctica contrary to the

principles or purposes of the Antarctic Treaty,

Declare as follows:

1. The Consultative Parties recognise their prime

responsibility for the protection of the Antarctic

environment from all forms of harmful htmian interference .

2. They will ensure in planning future activities that the

question of environmental effects and of the possible impact

of such activities on the relevant ecosystems are duly considered.

5. They will refrain from activities having an inherent tendency

to modify the Antarctic environment unless appropriate steps have

been taken to foresee the probable modifications and to exercise

appropriate controls with respect to harmful environmental effects ,
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U. They will continue to ronitor the Antarctic environnent

and to exercise their responsibility for informin," the v/orld

community of any sirnificant changes in the Antarctic Treaty

Area caused bv man's activities.

IX- 6

OIL CCNTAJJIIATICN CP THE AliT/JRCTIC I-j^IirS EI.lTIRONian/T

The Kepresentatives,

Recorjgcnd to their Governments that:

'I. They consider the possibility of preparing reports conceminj;

the pathv/ays by v;hich oil may reach the Antarctic marine

environment as a result of man's maritime activities in the

Antarctic ;

2. They include in these reports proposals relating to

practicable means, if any, by which such oil contanination

might be reduced;

3. They consider the possibility of instituting, in association

with appropriate organisations, a programme for the deterrdna^ion

of baseline levels of contamination of the Ant2irctic marine

environment by oil ;

U. They provide such reports as they may have prepared to, and

f\irther consider this matter at, the Meeting of IJcperts recommendec.

in paragraph 5 of Recommendation IX-1 , with a view to making

proposals concerning these matters for consideration at the next

Consultative Meeting.
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DEPARTMENT OF STATE

The Open Meeting on Antarctic Marine Resources conducted
by the Bureau of Oceans and International Environmental and
Scientific Affairs, Department of State, was convened on
Tuesday Afternoon, December 20, 1977, at the hour of 2:30
o'clock in Conference Room 1105, New State Building, Wash-
ington, D.C.

CHAIRMAN BREWSTER: Good afternoon and welcome to the
Department of State for the meeting on Antarctic Marine Living
Resources .

My name is Robert C. Brewster, I am the Acting Assistant
Secretary of State for Oceans and International Environmental
and Scientific Affairs.

I would like first to introduce those of us from the
various government agencies who are here and then ask one
member of this group to give a brief background on the subject
which we are discussing.

Beginning on my right. Mr. Tucker Scully, the Department
of State, Office of Oceans and Fisheries Affairs.

On his right is Mr. James Storer, the National Oceano-
graphic and Atmospheric Administration.

On my left, Ms. Jean Bailly, the Office of the Legal
Advisor, Department of State.

Mr. Ted Sellin, Polar Affairs Officer, Department of
State.

And Mr. George Llano, of the National Science Foundation.

I will ask Mr. Scully if he will give us a brief intro-
duction to the subject.

MR. SCULLY: Thank You.
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I will try to be brief, and I think what I would like
to do is to start with the Ninth Antarctic Treaty Consulta-
tive Meeting that was recently held in London, and then work
backward to show the context in which the action of the Con-
sultative Meeting on Antarctic marine living resources fits.

The representatives of the 13 Consultative Parties in

London, in the meeting which took place at the end of September
and early October, adopted a recommendation (Recommendation
IX-2) on Antarctic Marine Living Resources. The recommenda-
tion has three parts:

One, dealing with scientific research with regard to
Antarctic Marine Living Resources;

Another, dealing with interim guidelines for the con-
servation of such resources;

And the third part, which I would like to dwell on, the
establishment of a definitive regime, a "definitive conserva-
tion regime" as it is called.

In the latter part of the recommendation, the represen-
tatives there present, recommended to their governments
that a definitive regime for the conservation of Antarctic
marine living resources be established and be concluded before
the end of 1978.

The representatives further recommended that there be
convened a Special Consultative Meeting to elaborate a draft
definitive regime, and to answer a number of additional
questions including: the determination of the form of that

regime; to prepare, if necessary, rules of procedure for a

subsequent decisive meeting to conclude a definitive regime;
to decide on participation in that second decisive meeting;
and to determine the data and place of that decisive meeting.

The representatives of the consultative parties also
agreed on a number of principles which should be forwarded to
the Special Consultative Meeting for its consideration in

terms of incorporation into the work of the Special Consul-
tative Meeting — that is, elaboration of the draft definitive
regime .

Then, at the end of the Consultative Meeting, the Dele-
gation of Australia offered to host this Special Consulta-
tive Meeting to be held at the end of February. Therefore,
the next step ih the consideration of a regime to conserve
Antarctic marine living resources will take place in Canberra
at the end of February -- beginning on February 27 — for
a period of three weeks.
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Now to try to place the action of the Ninth Consultative
Meeting roughly in context, the representatives at the Consul-
tative Meeting were operating within the consultative system
which was set up under the Antarctic Treaty in which the rep-
resentatives of those states enjoying consultative status meet

periodically to discuss measures, propose measures, in

furtherance of the principles and purposes of the Treaty —
and, among other things, to consider measures or agreed rec-
ommendations to their governments on the subject, among
others, of the preservation and conservation of living re-
sources in Antarctica.

There have been nine such consultative meetings since
the Antarctic Treaty entered into force in 1961.

Among other actions that the consultative parties have
recommended to their governments have been the Agreed
Measures for the Conservation of Antarctic Fauna and Flora
which have been observed by the treaty parties as interim

guidelines pending their entry into force. (We now have

legislation pending to bring them fully into force for the
United States. )

The Consultative Parties also, back in the late '60s,

developed interim guidelines for the voluntary regulation
of Antarctic pelagic sealing, which eventually led to the
Convention for the Conservation of Antarctic Seals — which
was concluded as a separate international agreement in London
in 197-2.

Much of the work, or much of the ground work, for the
actual consultative meeting, recommendations on marine
living resources, has been laid by the nongovernmental or-

ganization which has served, informally at least, as the
scientific arm of the consultative mechanism — that is

the Scientific Committee on Antarctic Research -- "SCAR"
as it is known — which is affilitated with the Inter-
national Council of Scientific Unions -- a nongovernmental
umbrella organization.

SCAR was behind much of the work which led to the

Agreed Measures and to the Convention for the Conservation
of Antarctic Seals.

And beginning in the late •60s, SCAR's Working Group
on Biology, which had addressed many of these issues,
began to turn its attention to the question of Antarctic
marine living resources, with specific emphasis upon
questions of the resources in the Southern Ocean.
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The SCAR working group on Biology, in the early 1970's
created a subcommittee on the marine living resources of the

Southern Ocean which was later upgraded to the Working Group
on the Living Resources of the Southern Ocean.

The formation of this Working Group responded to a num-
ber of factors including the increasing interest displayed
by a number of nations in the potentially harvestable resour-
ces of the Southern Ocean -such as Japan and the Soviet Union

(and later Poland and West Germany) and specifically focusing
upon krill, and general interest in various international bod-
ies with increasing world needs for protein. The SCAR Working
Group began to recommend or to develop recommendations for the

coordination of international cooperation in the study of the

living resources of the Southern Ocean, with a view to provid-
ing an adequate data base and development and implementation
of conservation measures.

The Working Group recognized that the Southern Ocean, with
its rather short food chain and unique ecosystem, was an area
in which the conservation measures might well be needed sooner
rather than later.

This issue of the marine living resources of the Southern
Ocean was discussed at the Seventh Consultative Meeting, and

again at the Eighth Consultative Meeting in 1975, at which
time a specific recommendation was developed -- among other

things, calling for expanded efforts by the consultative par-
ties to conduct research into these resources and to further
international collaboration and cooperation in such matters.
The recommendation specifically welcomed the possible conven-

ing, under the auspices of SCAR, of a conference on marine

living resources, which was held later in 1976 at Woods Hole,
Massachusetts, data from which is providing important
contributions to our scientific knowledge of Antarctic marine

living resources.

The Eighth Consultative Meeting in 1975 recommended that
the question be kept on the agenda and be discussed at the
Ninth Consultative Meeting. It was, at the Ninth Consultative
Meeting and in several preparatory meetings leading up thereto.
At those meetings (both the preparatory meetings and the Consul-
tative itself) the representatives of the 13 Consultative Par-
ties all shared a view that the development of some arrange-
ment or measures to provide for the conservation, or steps
leading to the conservation, of Antarctic marine living resour-
ces was a matter of some urgency.

And this led to the recommendation with which I began —
Recommendation IX-2 on Antarctic Marine Living Resources.
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At that Ninth Meeting the United States, which suppor-
ted Recommendation IX-2, set forth preliminary views on a

regime to conserve Antarctic living resources in the general
statement made by Ambassador Brewster. We made five points
with regard to the development of a conservation arrangement
which, as we stated, is required:

First, that such a conservation arrangement be directed
to fishery resources, and not applied to species already regu-
lated pursuant to existing international agreements — i.e.
whales pursuant to the IWC, or seals pursuant to the Convention
for the Conservation of the Antarctic Seals — when it comes
into force — provided that such arrangements take into account
the relationship of such target species to other species and to
the Antarctic ecosystem as a whole.

Secondly, we made the point that such a conservation ar-

rangement should provide for effective conservation of the

species that it covers, throughout their entire range.

Third, that such an arrangement should provide for and en-

courage participation by all interested states.

Fourthly, that it should provide for an institutional mech-
anism, a separate institutional mechanism which would both de-
velop and implement conservation measures themselves and provide
for the necessary collection and analysis of data which would

provide the basis for effective conservation measures.

Finally, we stated the view that such a conservation ar-

rangement should provide for effective enforcement to insure

compliance with conservation measures.

Now, following the Ninth Consultative Meeting, we stand on
the verge of opening negotiations on the details of a conserva-
tion regime — such a negotiation will begin at the end of Feb-

ruary in Canberra. We are beginning the process of developing
our specific positions -- our policies on such a regime —
and it is in that context that this meeting is taking place.
It is in that context that we are moving to develop a draft
Environmental Impact Statement and taking a number of actions
to insure that we get our own house in order in the federal

government and that we have the views of the interested public
in trying, in this case, to develop policy in as rational and
as open a fashion as we can.

Having said that, I turn it back to you. Sir.
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CHAIRMAN BREWSTER: Thank you, Tucker. I open the floor
to comments.

MS. PAT SCHARLIN: Tucker, could we get into any discus-
sion at all on what the United States views as the meaning of
"conservation" in terms of its conservation regime? This is

always a question, I think, that puzzles us most.

MR. SCULLY: Well, let me start by saying that we are de-
lighted to have your views on what the concept of conservation
means, as well.

There is, as you know having been at the London meeting,
potential for a number of divergences in view as to what the

concept of conservation means.

I think that at the Consultative Meeting itself there was
some concern expressed by representatives of countries who have
an interest or potential interest in the harvesting of the re-
sources that the term "conservation" also includes an element
of what is described as "rational utilization."

In other words, there was some fear on the part of states
with exploitation interests, that the term "conservation" by
itself, could be interpreted as meaning no harvesting whatsoever
of any of the potential resources of the Southern Ocean.

I am not sure how many of you have received copies of the

report of the Ninth Consultative Meeting.

There was an agreement among the participants, which was
not included in the recommendation. Recommendation IX-2 itself
-- but in the report -- that the term "conservation" did imply
rational utilization. In other words, the term conservation
is not inconsistent with the concept of harvesting -- but that
it does mean in some fashion the application of standards and
criteria to any harvesting that might take place, so as to en-
sure that such harvesting would not result in overexploitation
of a single species or of harm to the dependent species, or
to the Antarctic ecosystem as a whole.

But I think, again, the concept of what is meant exactly by
"conservation" is certainly a subject on which we would like
to have as much advice as possible.

MR. GOTTSCHALK: Mr. Ambassador.
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CHAIRMAN BREWSTER: Yes, sir.

MR. GOTTSCHALK: My name is John Gottschalk. I am rep-
resenting the International Association of the Fish and Wild-
life Agencies; and at this point I think it might be appro-
priate for me to insert in the record our views on this sub-

ject, particularly since I am going to have t':^ leave the

meeting a little earlier -- so if I may —
CHAIRMAN BREWSTER: Please, Mr. Gottschalk.

MR. GOTTSCHALK: I will proceed. Now the International
Association of Fish and Wildlife Agencies is a voluntary
organization of state and federal agencies in the United
States, Canada and Mexico. Our charter incorporates the en-
tire Western Hemisphere but because of preoccupation with
domestic affairs in the United States we haven't been able
to attract any members in South America.

Nevertheless, our members are concerned and interested
in this whole problem.

I would like to say, to start with, that we find our-
selves in basic agreement with the position of the United
States and the countries in the last meeting — as we under-
stand them. We feel that it is essential that a conservation
program or regime be established to guarantee the future
productivity of the living resources of the area encompassed
by the Antarctic Treaty.

Further, we are pleased that the emphasis has been placed
on the acquisition of knowledge through scientific research.
These concepts are essential for any useful and effective
conservation program for a vast and vital area of the earth's
surface .

It is, of course, absolutely essential that these con-
cepts be embodied in working programs before there is any
wholesale effort launched to begin the commercial exploitation
of the resources of the area.

Perhaps it is unnecessary to point out in this group that
where there is a substantial commercial stake in resource de-
velopment there are usually powerful forces at work to frus-
trate these basic principles of conservation. Hopefully, the
United States can be a leader in promoting the rational utili-
zation of the living resources found in the Antarctic seas,
rather than a passive observer of their exploitation.
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At the very minimum, our posture should be to insist upon
a conservative approach towards the protection of these resources,

If there is to be utilization, then let us do what we
can to assure the long term viability of the resource base.

Tied in with and perhaps basic to this position is that
of advocating the principle of optimum, rather than maximum
sustainable yield.

Granted, there are real and difficult problems in de-
fining the output yield in general, but nevertheless it is

the best means of insuring prior recognition of the possibil-
ity of indirect adverse effects of exploitation.

Then certainly, any utilization of krill, for example,
must be done with one eye on the impact of such activity on
the sea bird population. Not only has that population an in-
trinsic value of its own, it may well serve as a vital
nutrient transfer mechanism that recycles krill into the
nutrients that keep the whole system producing.

The need to have these ecological considerations in the
forefront of the decisionmaking process is underscored
by the fact that the Antarctic Ocean ... is characterized
by few species but vast numbers of individuals.

In these situations, population dynamics take on proper-
ties different than those expected in more temperate climes
where there may be a greater diversity of species. The
level at which exploitation can be expected to be sustained
is apt to be underestimated in the presence of great num-
bers of individuals, as in the case of the euphausia.

In America in particular, with its history of wanton de-
struction of the bison, the passenger pigeon -- to name only
two species — we should be all too sensitive to the need
to approach utilization with consummate care.

At present, the nations signatory to the Antarctic Treaty
are essentially the only ones involved in the decisionmaking
process as it relates to the living marine resources. History
has shown time and again ^nat it is imperative to gain the
support of all those whose support will ultimately be needed
in a program, by enlisting them in the planning process at the
earliest practicable da.e.

Therefore, it seems apparent that steps should immedi-
ately be taken to bring into the purview of the protocol
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for the conservation of the Antarctic living marine resources,
those nations which have now, or shortly will have, or may
have, an interest in these resources

Furthermore, in the light of the potential interest of

many countries who have as yet ill-defined ambitions for par-
ticipating in one way or another in Antarctic affairs — it

would seem prudent to have the Food and Agricultural Organi-
zations of the United Nations, and perhaps UNESCO as well,
as full fledged partners in the endeavor. Not only would this

bring these groups into a cooperative role but would also
make possible direct contributions to research and management
by the U.N. organizations.

A few years ago an economist looking academically at the
the whale resource, concluded that for maximum economic return
it would perhaps be best to exterminate the world whale
population and exploit directly the krill and other forms
at lower trophic levels in the energy sequence.

It is being neither unrealistic nor apprehensive to say
that as the world's food sources dwindle in relation to de-
mand, we will hear more of this line of reasoning. It of
course denies the inherent right of forms of life other than
homo sapiens to exist in a natural state on this planet.

Without belaboring this point, we suggest that the world
is still some generations away from reaching such a condition.
In the meantime, therefore, it is essential to do what we can
in man's own interest, to protect and enhance the productivity
of the natural biotic systems of the earth. We have surely
learned that it is possible to use without destroying, to

manage on a sustained yield concept. We trust that it will
be the policy of the United States to do its utmost to advocate
and establish these concepts as they relate to the living
marine resources in the Antarctic.

Thank you for this opportunity to give this statemant.

CHAIRMAN BREWSTER: Thank you. Yes?

MR. JAMES BARNES: Thank you. Ambassador. I am Jim Barnes,
and I would like to turn for a few minutes to the point before,
about conservation and what that might mean.

In the report, and the pages aren't really numbered here —
but it's point number ten — it's explicitly stated: The Working
Group agreed to include in its report the understanding of
the Group, that the word "conservation" as used in the draft
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recommendation, includes rational use in the sense that harvesting
would not be prohibited. But the regime would exclude catch
allocation and other economic regulations of harvesting.

Now I think one of the principle concerns that most of

the organizations at the Center, that the Center works with
in many environmental areas, and specifically Antarctica, is

this concept of economic regulation and what is not included,
or what may be excluded from this regime we are trying to
set up.

Because it seems to us that you cannot have a sound liv-

ing resources regime without it being based on management and
some conservation principles — and we don't really see how

you can have sound conservation and management principles
embodied in a regime if you are going to exclude all catch-all
cases -- and what I am afraid might be included in this phrase
"other economic regulation of harvesting."

And specifically we would like to know, I guess, whether
in the view of the State Department the term "economic regu-
lation" includes things like catch limits -- gear restrictions— effort restrictions — closed seasons —closed areas and

things like that. Because if that phrase does include those

things, and we are excluding them from the regime, it is difficult
(in the opinion of many environmental groups anyway) to have
an effective management regime.

MR. SCULLY: Could I have just one point on that? I think
that it is not our understanding that those terms would exclude
any of the conservation measures that would or could be ap-
plied to regulate harvesting.

MR. JAMES BARNES: What about catch allocations which are

specifically delineated?

MR. SCULLY: The reason for the inclusion of catch alloca-
tions was that it was the understanding of those participating
that they would not devise, at least at this stage of the

game -- national quotas.

There would be total allowable catches.

There could be quotas but not in the regime itself.

There would not be a specific, as I understand it, di-
vision between country x, country y and country z --

MR. JAMES BARNES: But you are anticipating that the re-
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gime initially even will try to establish a total quota for
krill, for example?

MR. SCULLY: Yes, that would be one form of conservation
measure we would see as being envisaged. Yes.

MR JAMES BARNES: What was intended with this phrase
"other than economic regulation of harvesting", then?

We don't understand — I think I speak for many groups
in saying this — that we don't really understand what other
economic regulation of harvesting encompasses — and what the
intent of the people who drafted this, was — what it's in-
tended to cover, by employing that phrase.

MR. SCULLY: Well, I will speak for what my understand-
ing of what the phrase means, which is that it was not in-
tended at this stage to engage in dividing between specific
nations the allowable catches which could be set pursuant
to the regime — which the regime would envisage.

DR. AUBURN: Sorry, I'm Francis Auburn, from the Uni-
versity of Auckland.

To keep on with this I think this is a vital point.

The words used are: "catch allocation" and "economic
regulation" or "and other economic regulation."

Now "catch allocation" would clearly be excluded.

MR. SCULLY: I think your point may be well taken and
I think that, if in fact the interpretation can be that it
would preclude certain kinds of conservation regulations,
we would oppose it. We would certainly oppose that inter-
pretation of it.

It is our view, at least our preliminary view included
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in the general points that we made at the meeting itself,
that the "conservation arrangement", as it was called at
that time, to be established would in fact be specifically
called upon, or would be specifically empowered, to develop
and implement all necessary conservation regulations.

And if the interpretation — if an interpretation of that

point in the report is contrary to that, then I think we would
certainly have to be ourselves aware of it: (a) in developing
our position on this issue; (b) and then once the position
is developed, in trying to negotiate it.

MR. JAMES BARNES: Could we ask whether the United States
in the context of these recent negotiations made a commitment
of any sort to other nations in return for getting unanimous
agreement on the recommendations set up for the regime? If

they made some kind of a commitment not to push for some of
these economic -- or what I would call "economic regulations"
but maybe that's a term we should not be using because we
don't understand —

But you know — things like allocations, gear and effort
restrictions?

CHAIRMAN BREWSTER: No, it did not. Let me make two com-
ments about this phraseology, which may be helpful:

One, it appears in the report of the Working Group. It
does not appear in the recommendation itself.

Second, it had its origin in a concern expressed by sev-
eral states which are active in exploration of krill and

perhaps could be considered as moving most rapidly toward
commercialization.

The concern was that the recommendation, as it stood, did
not make clear that conservation should not be interpreted to

prohibit all catch of krill. That definition was not incorpo-
rated in the recommendation. It found its way into the report
of the Working Group because the United States, as did other
countries, agreed that the term "conservation" did not exclude
exploitation of krill.

MR. JAMES BARNES: Well, I think one of the things — and
this is really good to know because there has been an awful
lot of concern among organizations that we deal with — having
looked at the recommendations and so forth and not seeing
anything —

Seeing a lot of very nice thoughts about conservation, etc.
-- but not anything about how you actually work it out.



B-13

And that, coupled with this kind of language expressed —
has led to a lot of concern about exactly what kind of regime
is going to be set up. And I might say that some of the infor-
mation that we come across, comes from overseas where people
have access to other sources of information — from other gov-
ernments — and none of that information has been very posi-
tive in this regard.

And it is, I think, widely thought in the environmental
community that this regime is going to be a weak regime, etc,
and won't have any teeth. And that really, I think, furnishes
the major focus of our concern as we approach this critical
drafting stage in February in Canberra.

CHAIRMAN BREWSTER: We can't predict what kind of a re-

gime it will be.

I would reiterate that the five principles that we went
to the Ninth Consultative Meeting with, and which were large-
ly encompassed in this recommendation, and one of those is

certainly an enforcement system, remain the governing princi-
ples of the administration.

As Mr. Scully indicated, we have not finalized our ideas
on the nature of this regime. Indeed, we have no draft regime
and no draft convention to suggest. We will be el-oorating
those on the basis of our meeting here today, some consultations
I expect to have together with Mr. Scully later in January,
and further studies in the EIS. But our efforts are certainly
going to be devoted to achieving a legitimate conservation regime,
one with teeth in it.

MR. JAMES BARNES: Would it be the State Department's cur-
rent intention to propose to the next special session, for

example, that all the traditional elements of a sound conserva-
tion and management regime be included — such as the one
to catch limited -- for catch limits — different kinds of

gear -- and effort restriction — closed areas — all the

things that would logically be incorporated into a sound
conservation --

CHAIRMAN BREWSTER: I really haven't gotten that far.

MR, JAMES BARNES: When will the draft EIS be available?

CHAIRMAN BREWSTER: February 1st, and I hope to distribute
it within a week, and have a public meeting subsequent thereto
in order to receive initial comments on it before decisions
are taken on our negotiating position.
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Then there will be the usual 45-day period which I assume
will transpire before what we anticipate to be the conference
to draft the final definitive regime, or convention, takes place.

We use the word "definitive regime" because the term "con-
vention" was one which at least one country could not accept in
a written document.

MR. HARGROVE: I am Larry Hargrove, of the American Society
of International Law; I had a couple of questions growing out of
this discussion:

One is this: It would seem to me from the very fact that
the recommendation includes the Section 2 interim guidelines,
which are directed toward continuing exploitation activities.

And also from the explanation that has been given as to
the meaning of a conservation regime — i.e. it is interpreted
as envisaging the possibility of exploitation as opposed to
no exploitation.

It would seem to me that from these two factors one could
resonably conclude that the political judgement of the partici-
pants in the meeting was that a moratorium on exploitation of
the presently commercially interesting species was not achiev-
able — leaving aside the question of whether it might be de-
sirable .

Is that a correct appraisal? Does the United States have
any independent judgement on the desirability of the moratorium,
leaving aside the question of its political achievability?

And if so, what is your expectation as to the position you
might take in the coming negotations?

That is one question.

CHAIRMAN BREWSTER: Yes. With respect to your first ques-
tion, the idea of a moratorium was not, to my recollection,
explicitly discussed.

Was it in your Working Group?

MR, SCULLY: Not as such.

The question of a moratorium, at least a temporary mora-
torium on harvesting, is an option that we will be considering
and will be considered with the EIS. And therefore, I think
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that it's a question on which our minds are still open.

We would have to, in making and developing our policy
on our negotiating positions as we go along — try to make
some reasonable judgements as to what the negotiating situa-
tion is — make some political judgements as to what we can
can do.

And, of course, one will have to be looking at two objec-
tives, let's say, between which there may be some tension.
One of these is to establish the conservation regime which
is as effective as possible in the conceptual sense. This
would argue, perhaps, for a moratorium until all of the neces-

sary machinery etcetera is in place and working.

On the other hand, if one wants a conservation regime to

be effective, it has to include all those who engage in activi-
ties relating to the resources involved. There may well be
states which are interested in possible commercial harvesting
in the near future that would resist a moratorium very strongly.

But this is the kind of process -- making those kinds of

judgements will be the kind of process that we are beginning
now in looking toward the negotiation, or the beginning of ne-

gotiations .

MR. HARGROVE: I would gather then, from what you say,
that you haven't ruled out the possibility of putting on the

table, or discussing if somebody else puts on the table, an

interim moratorium of some sort -- notwithstanding the fact
that the Germans or the Soviets or others might find that a

distasteful component of a conservation and management regime.

CHAIRMAN BREWSTER: No, we would not.

MR. HARGROVE: Let me ask another question: The position
with which you went into the recently concluded meeting, partic-
ularly in respect of the fifth point which speaks of effective
enforcement arrangements — as well as your introduction a few
minutes ago, Mr. Scully, would seem to me to suggest that you
have in mind that a treaty is the end product of this negoti-
ating process. That certainly would be consistent with the

analogy of the sealing convention, for example.

The recommendation, however, in its Section III envisages
that the Special Consultative Meeting will, among other things,
determine the form of the definitive regime, including the ques-
tion of whether it ought to be a convention.
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Is it the U.S. position that a treaty ought to be the end
product?

And if not, how would the United States, or states which
may favor some other form, envisage putting an effective manage-
ment regime, particularly one with some enforcement measures,
into effect?

CHAIRMAN BREWSTER: It is the United States' position that
a treaty should be the end outcome of this process. As a matter
of fact, our preference was that the Antarctic Treaty powers
provide, as the next step, for the calling of a conference to
write such a treaty.

The result was instead what you see — which is a special
meeting of the Consultative Parties to do a draft, and then
to decide on the further step.

There was almost complete unanimity on the necessity for
a conference which would result in a convention or treaty.
Those were not the precise words used. The recommendation
speaks of a "definitive regime" and uses circumlocutions, but
the understanding of all of us was that that would be the
outcome and it is our hope and expectation that when we meet
in Canberra there will be unanimity on that, in proceeding
directly to that.

MR. HARGROVE: Could I add one point to that?

CHAIRMAN BREWSTER: Surely.

MR. HARGROVE: I think that it is also a logical conse-
quence of our position that a conservation regime should ap-
ply to the full range of species covered — that a treaty would
be required as the instrument in which to frame that conser-
vation regime — because, that means going more than 60 degrees
South Latitude.

CHAIRMAN BREWSTER: That is to say, if the alternative to
a treaty would be an agreed measure —

MR. SCULLY: From a practical point of view, I don't know
that any other alternatives have been put forward, other than
something like agreed measures done specifically pursuant to
the Antarctic Treaty and specifically limited to the Antarctic
Treaty area.
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CHAIRMAN BREWSTER: There was general agreement that in

fact a regime would have to go north of 60 degrees South.
We had anticipated that this might in fact be a stumbling
block, but after initial discussion it did not turn out to
be. There was, I think, unanimity on this point, was there
not?

MR. SCULLY: On that part.

CHAIRMAN BREWSTER: And by definition it would have to
be handled by the treaty.

MR. GOTTSCHALK: One Other question, if I may.

CHAIRMAN BREWSTER: Yes, sir.

MR. GOTTSCHALK: Along these lines we are obviously con-
cerned about the nature and amount of regulatory mechanisms
that might be needed and put into force, and it occurs to us
that this is going to require some kind of a management author-

ity established under any treaty that might come up.

Would this be covered in the Environmental Impact State-
ment in detail, so that we could analyze the character of the

machinery that would be established with respect to the capa-
bility for management — including enforcement? Would this
all be covered by EIS, or would it just be tacitly assumed
that there would be a system development?

MR. SCULLY: If I could make one point on that. Looking
at the question of drafting an EIS, one has to reach some

happy medium between trying to anticipate in detail all of --

MR. GOTTSCHALK: In other words there is an infinite ar-

ray of —
MR. SCULLY: Exactly, yes.

A specific or proposed management system with all of the

necessary details filled in, I think that is one extreme—

And the other extreme is just to assume a mechanism.

What we would hope to do in the EIS is to try to meet
both concerns somewhere in the middle. In other words, try to
have some description of the kind of mechanism that would be

necessary in terms of the functions it would perform — and in

a kind of general outline, without trying to get too specific
concerning the details.
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MR. GOTTSCHALK: So in effect, you would set forth a

series of management principles without being specific as
to how they' might be employed?

MR. SCULLY: I hope so.

MR. GOTTSCHALK: For example, you need to have some pop-
ulation estimates , and estimates of the impact of a parti-
cular rate of exploitation — and a lot of other things of
that nature.

Hopefully, if those could be set forth well enough so that
we get some handle on how effective they might be.

MR. SCULLY: Well on that point, if I might continue a bit— It's hard to say how far one can go in discussing population
dynamics and stock assessments or whatever because we are still

dealing in an area where we don't have the kind of data base
and establishing the means for not only assessing and assimi-
lating basic scientific data, which may already be available— but also for providing a means for incorporating and assessing
catch data or other kinds of statistics and providing an effec-
tive mechanism which would provide a digestible data base upon
which to base the necessary conservation measures.

I am not sure how far one can go in that sort of thing,
in advance —

MR. GOTTSCHALK: You certainly can't fill in the specific
figures, but there might be a general outline of the approach.

MR. STORER: Well the principles you would use and what
you would need in order to determine the management measures
-so you wouldn't include in the EIS the actual data —

MR. GOTTSCHALK: No. But you would expect that the kinds
of influences — the approaches you would use to establishing
measures, would be excelled.

But again, there is a wide array.

MR. SULLIVAN: Mr. Ambassador, my name is Carl Sullivan
and I represent the American Fisheries Society and I would
like to read a statement into the record if I might.

I do have it in letter form and will give the reporter
a copy.
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The American Fisheries Society (AFS) supports the nego-
tiation among the interested nations of the world of a re-

gime for the conservation, rational utilization and manage-
ment of fisheries in Antarctic waters. The Society's interest
stems from concern for the fisheries of Antarctica for the
Society, chartered in 1870, is the world's oldest and largest
scientific/professional organization dedicated to the advance-
ment of fisheries science and the conservation of renewable
aquatic resources.

In the negotiation of the Antarctic fisheries regime
we urge that careful consideration be given to the inclusion
of the following provisions:

1. Research . The regime should provide for an accel-
erated, fully coordinated fisheries research effort with par-
ticular emphasis given to development of an inventory of all
renewable resources plus an estimate of recruitment potential.
No utilization/management regime will have much chance of
success unless it is based upon a comprehensive understand-
ing of the resource. Every signatory nation should make a com-
mitment to this end.

2. Inter im Exploitation. During the negotiation of
a management regime it seems likely, and not unreasonable,
that some exploitation of Antarctic resources will continue.
We urge, however, that caution will be the guiding principle
in any such interim exploitation. The often tragic conse-
quence of overharvest should be familiar enough to every coun-
try so that such a scenario will not be repeated in Antarctic— the last of the world's virgin areas. A pledge of harvest
moderation from all nations would not only protect the re-
source but would improve the climate for negotiations.

3. Optimum Sustainable Yield. In the absence of a bet-
ter plan, the American Fisheries Society supports management
for OSY with particular attention given to a broad ecosystem
approach in which the stocks of all organisms are viewed not

only for their potential yield to man but in terms of their
relationship to all other organisms in the Antarctic ecosys-
tem.

4. Pollution Abatement. Even though the Antarctic may
be already somewhat contaminated by modern civilization's debris,
no effort should be spared in preventing further degradation.
From the outset of negotiations every nation should be expect-
ed to affirm a strong commitment to prevent all forms of
pollution plus a strategy for surveillance and enforcement.
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American Fisheries Society believes that it is possible
for man to make highly beneficial use of of the vast renewable
resources of the Antarctic. In utilizing these resources,
however, we see many threats to a healthy environment. Ex-

perience teaches us that even single nation management regimes
in comfortable climates are far from perfect. Implementation
of a successful management multinational management regime
in the world's harshest climate will perhaps be the toughest
challenge ever faced in fisheries diplomacy.

CHAIRMAN BREWSTER: Thank you, Mr. Sullivan.

MR. SULLIVAN: Thank you for the opportunity to be heard;
and I will pass these copies along to you.

MR. CHAPLIN BARNES: Mr. Ambassador, I am Chaplin Barnes,
of the National Audubon Society. I know that on numerous oc-
casions you have said that you favor the creation of a public
advisory committee. Since you favor the creation of a public
advisory committee, I wonder where the thinking of the Depart-
ment now is on that issue -- and whether that's the form that

you are going to go for — or what we might expect.

CHAIRMAN BREWSTER: I can very easily answer what the

thinking of the Department is. I have more difficulty in

replying what the action of the Department is. (Laughter.)

I still wish, and so does the Department wish, to estab-
lish an advisory committee. There is, as I think you are aware,
a general attempt on the part of the Administration to cut
down on the number of advisory committees, and it has to be ac-
knowledged that there are a large number of them whose purposes
and existence are perhaps questionable. So that has been the

practical impediment to our doing it.

What I am currently hoping to do is to utilize one of the

presently authorized and established committees of the Depart-
ment and to create in that an Antarctic section that obviates
the necessity for an approval at various levels both in the

Department and in other government organizations. That is

what I am attempting to do.

I am unable to say (a) whether I will be successful;
or (b ) , when .

MR. JAMES BARNES: To follow that up a little bit, one
of the other things that I think has concerned a lot of us
about our role in forums like this, is our access to data
and I would just mention one thing specifically that came up
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in the last couple of weeks:

We tried to get access so that we could comment on them
-- to the drafts by other nations of the proposed living re-
sources regimes, and we were told that we couldn't have those,
at least at this time.

It makes it a little bit difficult for us to comment in-

telligently on, you know, the real world — . which is the
world of the Antarctic consultative parties negotiating —
if we don't have access to that kind of information and data— and it is often the case in our experience that advisory
committees can circumvent that particular problem because
of the restrictions on the information.

CHAIRMAN BREWSTER: Precisely, and that is one of the rea-
sons that I had planned, beginning now a year ago — and that
was a year ago in November — to establish an advisory com-
mittee precisely for that reason.

But absent the advisory committee, we are faced with
the fact that the practice of the Antarctic Treaty is to clas-
sify, or to treat as classified, all of its documents and we
are required to so hold them. »

Those documents submitted by the United States have a dif-
ferent status, and we have made them available.

Within the Antarctic Treaty, specifically the Ninth Consul-
tative Meeting, the United States fielded a proposal to change
this system, and it was met with great approval in private
but no support in the plenary meetings whatsoever. In fact,
the references to the United States proposal for the require-
ment for greater information being made available to the pub-
lic and the fact that the declassification of documents had
been discussed was at one juncture deleted from the final re-

port. It was put back in, and it will be on the agenda of the
Tenth Consultative Meeting.

I have to add that the apprehension some of our partners
in the Antarctic forum feel is justified. There are some dele-
gations which are able to submit working papers and to discuss
ideas and proposals in the Antarctic Treaty forum which they
are unable to discuss in their own countries and, I suspect,
they may be unable to discuss with certain officials in their

foreign ministries. And they are apprehensive that a release
of documents, or a system which would require the Consulta-
tive Parties to classify those documents they wish to classify
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— would create problems for them.

MR. JAMES BARNES: Well, would it be useful to concept-
ualize this as being composed of several parts and, putting
aside all the other range of documents that we may be talking
about and letting the conventional rules apply to those at
least for the time being -- and take out as one category,
all the documents that relate to the living resource regime
(which as we all see is going to be drafted outside, at least

partly outside the context of the Antarctic Treaty anyway)
and you know without access to those documents, it makes it

rather impossible for interested members of the public, anywhere
in the world, to have the kind of input that I think you and
our government at least, feel they should have.

I think that those documents in fact, are quite differ-
ent than some of the ones you may be referring to and I can't
really see why there is such a great problem in releasing
those — unless the institution of the consultative parties
as a group, feel that by giving those documents they will
breach their general position irrevocably in some way.

CHAIRMAN BREWSTER: That is one concern, and the other
is that they may refer to other documents or other discussions
which they are unwilling to declassify or to make available.

I have to honestly state that I don't think that at this

juncture there is anything I can do about that.

MS. SCHARLIN: Mr. Ambassador, I wonder if we can talk
a little bit about the whole question of the territorial
claims raised in my letter, and which you did answer.

But I wondered if you might elaborate a little more on
how Article IV could be, perhaps utilized to deal with this
issue — especially if the conservation regime does extend
to the full range of the species.

CHAIRMAN BREWSTER: To be used with respect to marine
living resources?

MS. SCHARLIN: Yes.

MS. BAILLY: I think, Pat, that it remains to be seen
what develops in the negotiations and in consultations before
the meeting. But a possibility is sort of the way it was
treated in this agreed recommendation. There is a principle,
in Section III Number 3, Subparagraph d which is not really
terribly different that the principles that are embodied
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as well in the Antarctic Sealing Convention, which would be a

precedent .

And I think Article II in that convention has — it's
a disclaimer in fact — it goes about setting up the regime
and the mechanism — and then there is a disclaimer on it

which basically says that the provisions of Article IV are
not prejudiced by this regime.

That's a possibility, and then you would just do the
rational kind of conservation regime that you, hopefully,
could negotiate. That's a possibility.

But it remains to be seen just how it all comes out —
but that's the way it came up in the Sealing Convention.

MS. SCHARLIN: Are there other alternatives that you
might have to be worked out? In other words, in terms of the
reaction of a certain -- of the claimant states — would there
be other alternatives in dealing with this?

MS. BAILLY: Well I think that is a point.

MS. SCHARLIN: That seems to be one — I get the feeling,
you know -- "what else?"

MS. BAILLY: I think at this point we are obviously not

going to recognize some kind of 200 mile zone given the United
States position.

CHAIRMAN BREWSTER: That's one alternative which several
countries have asked us to embrace. We have declined to move
to their position — and will continue to decline.

MS. BAILLY: Well I think, given this agreed recommen-
dation, it was unanimously agreed upon, that kind of approach
could be anticipated.

DR. AUBURN: Has somebody got an idea of what the actual
annual catches were of krill -- of either the Soviet Union
or Japan — or even over the last five years? Have you any
figures on that?

COMMENT: I think they are relatively slight.

The Russian one varies from something like the recent
years of 2,000; perhaps up to 10,000.

The Japanese is perhaps one or two thousand.
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MR. JAMES BARNES: Is that tons a year?

(Confirmed , yes . )

MR. SCULLY: I think I have seen the figure of a maximum
in any of the years -- and these are fairly rough estimates
based on FAO data — of a maximum in any given year in the
vicinity of 20,000 total.

CHAIRMAN BREWSTER: I think we have to add the caveat
that we are not certain that these are precise. These are
estimates, aren't they?

MR. STORER: Right.

MR. JAMES BARNES: Could I return for just a minute to the
claims point?

Is it conceivable, or is this a problem that we have to
be aware of — that if we established a regime that had what
I would call "effective, sound conservation management prin-
ciples and enforcement mechanisms" that some of the nations
who are most aggressive in pursuing their territorial claims
would at that point, insist on a recompense of some sort, or

recognition of their claims to be effected by this regulation?
I mean, is there any kind of a linkage there at all?

Or is it your understanding and feeling that these nations
are going to agree to agree to adhere to a living resources
regime without regard to their territorial claims — and we
can just sort of leave them separate and aside?

CHAIRMAN BREWSTER: Subject to what you two gentlemen
have to say, it is not my feeling that we know the answer to
that yet.

The first idea that you mentioned has at least been sur-
faced informally in the discussions. But for myself, I don't
think I know which way I think that one is going.

Do you or Jim have a feeling?

MR. SCULLY: I think one can only look at and assess
some of the forces that are operating upon the nations in-
volved; and though it's probably difficult and a little bit
presumptuous to try to put oneself in the place of, say, a

nation which is strongly attached to its territorial claims.
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One could at least postulate that there is in such a country
a political desire to insure that its position on territorial
claims might prevail.

There also may be countervailing forces which involve
the honest recognition that there is a conservation problem
that can only be solved through some form of an effective
international agreement.

So I think that at least there is some ground for arguing
that there is hope for a consensus which will help to achieve
an acceptable objective for all concerned.

MR. JAMES BARNES: What would the U.S. do, or what do we
think we might do if it were presented in the context of
this next special session that "country x" refused to sign
onto a limited resources regime unless its claim were — you
know -- given some recognition by -- even a token payment —
for example, something that would in effect go beyond the

provisions of Article IV and actually enhance their claim.

Do we have a position on that? Are we going to have a

firm position on that?

MS. BAILLY: That's extremely unlikely to happen, given
this unanimously agreed document that specifically raises
that compromise and says that the compromise is not to be

upset. I think that would be extremely unlikely and I think
think that we would go back to this document.

I think the understanding was quite clear at the meeting
as well; so that it would be very unlikely, I think.

CHAIRMAN BREWSTER: I only said, that doesn't mean it

won't be raised.

MR. JAMES BARNES: As to a moratorium again, is this an
idea that the United States might consider presenting at the
next session?

Because I think there are a number of groups — in fact,
we have considered submitting a statement today but we don't
have it in a fashion that I think would be appropriate to
submit -- but I think there would be general concensus among
most of the environmental groups that we have talked to, that
an interim moratorium along the lines of what the American
Fisheries gentleman suggested, makes an awful lot of sense
in view of the paucity of data that we have about the area etc.
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And we recognize that there are political difficulties
with doing that, especially since we are harvesting ongoing —
and we are prepared to suggest a sort of modified moratorium
which might go along the lines of a commitment by nations
not to fish for more than they are now fishing for — until
such time as we have adequate base line data and other infor-
mation that you really need to establish a rational conser-
vation management regime.

And looking towards that concept of optimum instead of
maximum return of the resources.

CHAIRMAN BREWSTER: Certainly we would consider it.

I also would have to tell you that my present opinion —
and as I said earlier the position of the State Department
or the U.S. Government has not been determined -- but my own
present view of that is that it is in all probability something
that one could not negotiate.

To the best of our knowledge, the commercial exploitation
of krill is not yet a fact. We are aware of its appearance
in various markets in certain forms, but I don't think that
the whole process of commercialization has yet been developed.

The information we have, however, strongly suggests that
commercialization could happen rather rapidly. I would assume
that the countries that are working on that most assiduously
(of which the United States is not one) would be precisely
the countries which would have difficulty with that kind of an

approach now. That attitude is in part reflected in the words
of the working group which we previously discussed and which
we agreed to the assurance that "conservation" did not mean
no "harvest ing" .

So on the basis of what I know now, I would have to say
I think such a proposal, desirable though it might be, is

probably not negotiable. But I come back to say that we will
consider it.

MR. JAMES BARNES: Well I think the point to stress here— and I haven't heard anybody I've talked to who are here
today, suggest sort of a complete moratorium.
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CHAIRMAN BREWSTER: Yes —
MR. JAMES BARNES: What has been suggested is what we have

characterized as an "interim moratorium" which I don't person-
ally see as being inconsistent with the language necessarily
that was drafted because that looks towards, you know, the

long term.

And the point here, is that it may be impossible to es-
tablish a really rational conservation and exploitation scheme
unless you have the data and if exploitation was to take place
in a rapidly increasing scale over the next five or six years
at exactly the time that the key data is supposed to be getting
assembled -- it would be an impossible situation.

And that's where the context — I think most people I have
heard discuss an interim moratorium, have raised the idea.

Do you have the same feeling that even that formulation
is really politically tenuous?

CHAIRMAN BREWSTER: I am not sure I would accept the premise
that "if commercialization does start then regulation would
be impossible."

MR. JAMES BARNES: Well, large scale — if it really went
in a mammoth —

CHAIRMAN BREWSTER: If the regime which is negotiated
provides a mechanism for doing that, and if, let us say, it

does not provide for unanimity, I would think we might well
have the mechanism and also the scientific data for some sort
of mechanism to produce both the data and the action.

MR. STORER: Let me make a point on that comment which
is an interesting one:

One of the proposals for management put forward by a con-
sultant for FAO, his own concept, was that you might, in the
Antarctic, (once you had a convention and a mechanism),
establish a fairly low total allowable catch figures.

And then have fairly small allowable incremental margins
in any one period -- let's say a year -- so that you wouldn't
assumedly have in any one period, a doubling of the catch,
but you might allow only ten percent increase a year by any
country and be able to review this annually to see what the

impact is.
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While that is just a proposal, it is an intriguing one.

MR. JAMES BARNES: It sounds very responsible to me.

MR. STORER: Yes, and it's one of the nice things about
-- if we get this thing going in time, it would be a first
time we might be able to look at this and to consider growth
intelligently, with some ability to —

It's just an individual proposal made by a consultant.

MR. JAMES BARNES: No. I like the propsal. I think it
is very interesting and good.

And along that line, one of the things that some of the
people who have consulted with us about this, as suggested,
is that there are many ways to use krill.

For example, it — when it appears that historical stocks
of the (baleen) whales are down, you know, to ten percent of
their historical level -- and some people suggest that —
of course they eat a lot of krill — and if they were returned
through a sound management scheme to their historical levels
(which is certainly possible) — but it's not possible with
large commercial exploitation of krill arguably — that would
be an assured, and very high quality protein resource of so

many million tons.

It probably wouldn't be anything of the size that you have
heard bandied about 50 million tons a year or whatever, of
krill — but it would be a certain kind of protein resource —
and that is an option that a sound regime could consider.

And those are the kinds of interplays and considerations
we think are really important, you know, to deal with; and as
I say, we have a unique opportunity here to deal with — start-
ing from the position that we haven't already decimated the
stock, we can be intelligent about what we do.

Mr. HARGROVE: Larry Hargrove again, from the American
Society of International Law.

It would seem to me that the model, which has perhaps
implicitly been in the minds of all of the states partici-
pating in this embryonic negotiation thus far, is that of a

fairly typical high seas fishery conservation management regime
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— a negotiating model and a model that would guide the end

product (although there are some special twists that would

apply with respect to resources in the Southern Ocean.)

There are, however, some different models of recent ex-

perience as regards international negotiations for the manage-
ment of ocean resources; and in that connection I wonder —
models which might recommend themselves to certain states
either participating or not participating in the discussion
of these negotiations —

So for that reason I wonder if you feel under any pres-
sure from any source to broaden the participation in these

negotiations beyond the class of states that are mentioned in

the recommendation, which is a fairly narrow though not un-
reasonable class — namely — I gather the consultative parties
that are actively engaged in research and exploitation.

MR. SCULLY: Let me try to answer that.

Obviously that question raises a number of very broad
issues, but let me try to put forward a few ideas that occured
to me in response thereto.

First of all, I think from the juridical point of view,
the concept of the high seas basis of regulation has been a

very appealing one to the United States given its position
on territorial claims.

But leaving that aside, I think that the question you es-

sentially raise is a common heritage question, or the question
of the distribution of the potential benefits from the exploi-
tation and potential exploitation of new sources of protein in

the Southern Ocean.

It has been our view, or at least in preliminary fashion,
that what we are essentially now addressing is a conservation
regime and the requirements for conservation are what lie
behind the standard for participation in the negotiations.

In other words, these requirements are to make sure that
all those countries engaged in activities related to the re-

sources, are involved and engaged in developing the regime,
if possible, and bound by the obligations of the regime once
it is established.

Now with regard to the question of broader participation,
or some relationship to the international community as a whole,
I don't know that we have an answer.

: some relationship to tne interna
don't know that we have an answer
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One idea that appeals to me is the idea of building in the
right kind -- and I think it was suggested by Mr. Gottschalk
earlier — of building in the right kind of relationship with
international institutions that would represent the internation-
al community as a whole or which might represent the needs
of certain segments of the international community, specifi-
cally those which are most in need of — or could most bene-
fit, let's say, from the large scale development of new
sources of protein.

MR. HARGROVE: Well if I may just press this one moment,
that doesn't quite answer the question.

The question, more precisely is: Do you expect that
you will get to the so-called "decisive meeting" without hav-
ing any real pressure applied from states falling outside
this group to be allowed to crash the party.

MR. SCULLY: Which group do you mean? The group that's
other than consultative —

MR. JAMES BARNES: The Group of 77.

MR. HARGROVE: I would assume that the Section III here
at least implies that participants in this recommendation
had in mind that the group negotiating the final regime would
be the consulting parties and those who are engaged in research
and exploitation with respect to these resources -- and there
has been talk in public fora by people who don't fall into
that class, about the concept that this resource might be treat-
ed as something the economic grant of which belongs to the
international -- members of the international communities ...

ought to participate in the negotiating arrangements for the
exploitation.

Do you feel that that is a practical problem?

MR. SCULLY: I am not in a position of predicting. It's
potentially a problem, obviously.

Again, looking at it from a personal point of view, I

think the implications of accepting a premise that in seme
fashion the international community might claim economic "rent"
for resources on what we would consider to be the high seas,
that there's some obligation to share that with the inter-
national community as a whole — are interesting.

I don't know whether this probably will arise or not.
I would hope that a rational means can be found to solve it.
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Rather than having, let's say, a 150 nation negotiation which
is going to involve the political decisions on how to run a

resource management regime, it might be possible to do some-
thing that in my view would be more rational, which would be
to build the kind of institutional relationships which would,
hopefully, allow for the so-called international community
interests to be meshed with so-called conservation interests,
into something of the benefit of all. But that might be kind
of panglossian.

MR. HARGROVE: Lots of luck.

MR. JAMES BARNES: Yes —
CHAIRMAN BREWSTER: It is an obvious problem, an obvious

danger, I don't know how it will eventually come out.

At this juncture, I would like to recess the meeting for
fifteen minutes.

We will reconvene at 4:10.

(Proceedings were recessed briefly,
after which they resumed as follows:)

CHAIRMAN BREWSTER: Can we reconvene? Is there any further
discussion?

MR. KNIGHT: Oh, I guess I can start off. I just have
a question of someone which might be conceived of as fairly
important, I think. I would like to know what your thought is,
or if you have thought about possible public representation
on the delegation to Canberra.

I know that — I think Pat went to the Ninth Meeting —
CHAIRMAN BREWSTER: Yes.

MR. KNIGHT: But I was wondering if you were thinking of

having more than one.

CHAIRMAN BREWSTER: Yes, I have thought about it.

I do intend to have more than one and I intend also to a-

gain invite Congressional representation.

My thoughts and recommendations are subject to confir-
mation — "confirmation" isn't the right word -- the responsi-
bility for final decision rests with another bureau, but I
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expect to recommend more than one public representative for the
delegation.

Are there any further comments or questions?

If not, I would first like to thank you for coming and
participating in this meeting, and I hope that if you have
additional thoughts or new thoughts, you will communicate
them to us.

If you have not registered when you came in, I would
appreciate your doing so. That will provide us with a list
of people to whom we can send our notices about the second
meeting, which I anticipate in February, to discuss the En-
vironmental Impact Statement. I also hope to use the same
list to mail to those of you who have been here or otherwise
indicated an interest you a report of the Special Consulta-
tive Meeting at Canberra.

Thank you, very much.

(Proceedings ended at 4:25 p.m.)
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)EPARTMENT OF STATE

The Open Meeting on tne Draft Environmental Impact State-
ment for a Possible Regime for Conservation of Antarctic
Living Marine Resources, conducted Dv tne Bureau of Oceans and
International Environmental and Scientific Affairs, Department
of State, was convened on Friday, February 10, 1978, at the
hour of 2:12 p.m. in Conference Room 1107, New State Building,
Washington, D.C. with Deputy Assistant Secretary Robert C.

Brewster presiding as Chairman.

THE CHAIRMAN: Good afternoon, ladies and gentlemen. My
name is Robert C. Brewster. I'm Deputy Assistant Secretary
of State for Oceans and International Environmental and
Scientific Affairs.

The purpose of this meeting is to hear your comments and

suggestions with respect to the Draft Environmental Impact
Statement for a Possible Regime for Conservation of Antarctic
Living Marine Resources (EIS), which was published by the

Department on February 1.

This hearing represents, in a sense, a departure from
the ordinary EIS procedure. The specific purpose of this

meeting is to have your suggestions in advance of the final
formulation of the U.S. Government position on negotiating
the regime. The written comments, in accordance with stan-
dard procedures, are not due until mid-March.

I believe you're familiar with the draft of the subject
matter, so I will only introduce some of the people who are
here to assist in either answering your questions or to hear

your suggestions.

Beginning on my right, Dr. Katherine A. Green, bio-
logical oceanographer , who has drafted the EIS in large
part and who will be a member of the delegation in Canber

Mr. R. Tucker Scully, from our Office of Oceans and

ra

Tucker Scully, from our Office of Oceans and
Fisheries Affairs.

Mr. Theodore Sellin, who is Polar Affairs Officer.

Mr. Alan Ryan of NOAA.

There are also other U.S. Government officials here

With that I suggest we go directly to your comments
or questions.
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MR. ROBINSON: Mr. Brewster?

THE CHAIRMAN: Yes?

MR. ROBINSON: My name is John Robinson, of the Center
for Law and Social Foiicy; and my comments are tnese: It

seems to me that any regime is really only as good and only
as real as the body that regulates it. And from the draft
EIS it's extremely difficult to know a great deal about the

regulatory body. We don't know about how much money it's

going to have, where the money is going to come from. We
don't know just what it's going to regulate or how it's go-
ing to regulate it.

We know, for instance, from your discussion of last
Decemoer — the previous meeting — the language of Recom-
mentation IX-2 of the last Consultative Meeting doesn't
rule out some kind of meaningful regulation of the way it

can be fished, how much can be fished, or when it can be
fished. But we don't really know from the draft EIS what

you propose to be a minimal acceptable regulatory body.

Secondly, in a related fashion, the draft EIS makes
a great deal -- and correctly so — out of the need for

scientific data collection; and yet we don't really know
from the draft EIS what the relationship between the
scientific data-collecting body and the regulatory body
will be.

If, for instance, the regulatory body can control the

data-collecting body, there is of course the danger that
the data collected will be biased by the regulatory agency's
interests. If, however, the scientific body is totally in-

dependent of the regulatory body, there's a danger the data
will be collected and shot into a void.

We'd also need to know, I think — since this regime
will be, basically, as far as we can tell, a fishery manage-
ment body — how this regime is going to differ from other

fishery management conventions — specifically, how it's

going to avoid the failures of these previous conventions.

Thirdly — and I suppose of most concern in terms of

any success at all — is the problem of the less develop-
ed nations. As we understand the politics of this regime
and of the treaty itself, there's a real pressure that
exists on the part of the Group of 77 and the less develop-
ed nations as a whole. They're looking for — anxious
for — a piece of the action, and the Club of 13 that con-
trols Antarctica is quite reluctant to share any of the

produce out of whatever kind of living resource harvest-

ing goes on.
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ive're curious to know what the State Deoartment's
position IS, indeoendently of jargon phrases, and tnen to
aet really stronq responses on some orof it-shar mg either
oy a rent proposal -- as we suggested on December 20th —
or by capitalizing the ventures of interested Third World
nations, or by simply giving a percentage of the catch —
assuming that krill is caught and given to the less de-
veloped nations.

These are a few of the concerns the Center and
the constitutencies that it represents have initially,
and we hope that you could address them now or address
them before you go to Canberra, so that the people who do
go to Canberra are armed with the information they need to
deal with it effectively there.

MR. SCULLY: Let me, if I could, make a few pre-
liminary comments. One of the primary purposes of this
meeting is to receive views and to have our attention
drawn to areas where the EIS would need some further clari-
fication prior to negotiations.

We may not have all the definitive answers, but I

think that if I understand correctly, you raised three
points — one with regard to the lack of clarity with re-
gard to the regulatory body itself, the organizational
structure .

I would say that it's probably impossible to be com-
pletely specific about what kind of organization, what kind
of regulatory body, would come out of the negotiation of
this sort. There are probably a number of acceptable al-
ternatives, I don't think there is necessarily one road to
Rome in this instance.

It is the United States view that an effective con-
servation regime, which we have indicated we support, re-
quires an effective organization, an effective regulatory
body, to fulfill the purposes of the regime.

With regard to the question in Recommendation IX-2
of what kind of regulations an organization would apply,
we hope to write into •he Convention an ecosystem approach
as the conservation standard.

'T'hus there should be in the Convention a standard
which the organization, whatever its form, will be obligated
to follow in developing conservation measures.
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There are a nuir.ber of functions, some listed in the
EIS, to De performed oy the regulatory oody. We would see
among tnese, in applying the conservation standard, the
identification of any species or group of species which re-
quire measures and then recommendation and development of
such measures by the organization. It is our view that the

organization should not operate on the basis of unanimity;
it should operate on the basis of a qualified majority. The
conservation measures should be final and binding.

This leads us into the question of scientific data and
of scientific advice. One of the purposes we have always
felt would be served by the development of a regime would
be to establish a mechanism for acquiring the right kind of
data with regard to the Antarctic ecosystem and its marine
living resources. This would involve both catch data and
statistical data on any harvesting that's going on by na-
tions that are engaged in such harvesting, as well as basic
scientific information on the resouces themselves — and on
the ecosystem as a whole.

The regime needs to make provision for the receipt,
compilation, and analysis of data. It would include basic
scientific data; it would include catch statistics.

On the basis of such data, the regime requires a body
for making independent assessments on the basis of objective
criteria of the status of any given stocks, the marine
living resources in the area, the ecosystem as a whole and
the effects upon the ecosystem as a whole, and the stocks
of proposed conservation measures.

We don't have a specific answer at this stage of the
game as to how that scientific body would be constituted;
but it should perform those functions. Further, it should
be insulated, as far as possible, from the political de-
cision-making process in the Plenary Body of the Commission,
or what we call the Commission itself. We believe it's
essential to assure that the Commission — which will actu-
ally formally adopt any conservation measure- -- wxll have
as independent scientific advice and as independent assess-
ment of the ecosystem and the components of it, as is possi-
ble to provide. That will be the standard we will be seek-
ing to apply in the development of the organizational
machinery.

There are a number of possible ways of achieving this
objective. To cite two examples: there are a number of
fishery conventions with provision for scientific advisory
committees in which all participants in the organization,
in the regime, have the right to be represented -- to have
scientific representatives. That's one example.
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Another is tne creation of a totally indeoendent oody
responsiole only to tne Commission itself, of Duildino a

large scientific Secretariat in the body of the organiza-
tion itsel f .

It may be possible to combine these two, though in so

doing we would wish to avoid duplication of effort. We'd
like to see the organization establish the proper kinds of

relationships with other scientific bodies -- SCAR, FAO,
other bodies that are involved in doing wotk on the ecosystem
and its components.

There is no definitive answer on what the organizational
structure should be. In our view, there has to be an effec-
tive one. We have tried to elaborate this in the EIS. We'll
be elaborating further the objectives and the standards
which we believe that organizational structure should be.

And, of course, we think it should be satisfactorily funded.
As to the level of funding, I don't know that one could an-
swer that question now. Again we believe that it has to be
funded in such fashion and at such levels that it can carry
out the purposes for which it's created. We have no specific
answer on that particular item.

With regard to the question of less developed nations,
I'm not sure, with regard to Antarctic marine living re-
sources, that I agree that there's a great deal of pressure
at this stage of the game. I think there is a basic interest
of all nations — and again I think this has been expressed
by developing countries at least in the FAO context — that
no regime be concluded which in principle excludes them
from potential harvesting.

With regard to the question of profit-sharing or assis-
tance to developing countries, the United States is probably
in somewhat of an anomalous position since we ourselves are
not engaged in fishing. We might be considered to be pro-
posing to give away other people's fish catches.

I think that it's probably premature — and this is a

personal view — to assume that Antarctic krill or other
resources which are a part of the Antarctic ecosystem offer
the kind of low-cost protein that may be of real benefit to

developing countries. I'm just not sure that we can make
that assumption.

I would say that it is premature to start considering,
in the context of a conservation regime, these kinds of
distributive elements — the question of how the ultimate
products may be used and distributed. To do so at this
stage of the game might well prevent agreement on the kinds
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of conservation measures that we believe are necessary. I

do think it a valid point, tnat tnere should be m principle
no exclusion of eventual development of harvesting interests— development of interests in the resources by any country.

PROF. BUCHSBAUM: I'm Ralph Buchsbaum. I'm a retired

professor of biology, specialist in invertebrates and

ecology; and I am living now in California.

I'm here for a board meeting of the Defenders of Wild-
life.

I'm speaking now as a scientist rather than as a mem-
ber of any particular group.

I have had an opportunity to look this draft over --

not in great detail but long enough to commend the people
that wrote it as being a very reasonable sort of document— except I'd like to call attention to the possibility of

emphasizing something which seems not to be emphasized
sufficiently, in my judgment.

First of all, you're dealing with a very cold water
and a process — a biological process — that's very slow.
The temperatures are down close to zero degrees Centigrade
or below, and biological events take place at an extremely
slow pace. And so any major perturbation on the part of
Nature or Man — well, at least humans — might result in

irreparable damage or the kind of damage you get in the
Arctic tundra or on mountain tops.

We do not know sufficiently about how fast the Ant-
arctic ecosystem can recover from abuse or perturbations.
This should be mentioned in the report as an item of concern,
The term "fragile ecosystem" I wouldn't want to apply neces-
sarily at this stage. But I would predict that "fragile"
is an adjective that might well come into this whole scheme.
That is the major point.

The second point is more political. It has to do with
the principle of the Tragedy of the Commons. Any new area
opened up freely to exploitation tends to be overexploited ,

if it is of any value; and the tendency is: "If I don't
get it, somebody else will." And the result is the degra-
dation of that resource.
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Tne third point is a sniail substantive point. On oage 16
it says

"
Species in zhe Antarctic Marine Ecosysteir.

" — and
nownere do I rind, unless I naven't read it carefully, m
the list of animals and in tne paragraphs subsequently
-- except m the very last under "Whales", "Food Web" --

but generally tnere's no mention of other animals than the
mammals, the oirds, krill, squids, and fishes.

You don't have all of the other many worms, sea anemonies,
sea stars -- many other creatures that occur in very large
form. There are sponges that are seven feet tall and are a

thousand years old.

Now, that is like a redwood tree, in a way; and you
cant't just go in there and collect those thousand-year-old
sponges with immunity to damage of this ecosystem any more
than you can go out in California and cut off the redwoods
with immunity to the damage of the system.

So I would ask you, if you could — if you see it right— to put in a little more on the invertebrates to show that
the Committee is aware that there are many more animals than
indicated in this present document.

And then I end on a little levity perhaps. The word
"whale" is used in the singular. "Whale" in plural is
"whales" -- and "bird" and "birds", and "penguin" and
"penguins". But when it comes to "krill" it's "krill"; and
"squid" is "squid" rather than "squids".

Now a squid is a magnificent animal. It has a personality
and should be reckoned with and treated as an individual.
So there's one squid and two squids. And if you ever deal
with them physically, you know what I'm talking about.
( Laughter . )

Now, it is the practice — it is commonly used among
firshermen -- that if you are harvesting something, like
grass — if it has no personal value or humane value in any
way and it is a commodity, then it's treated in bulk— whereas
if the individuals are valued as individuals in their own
right, then they're given the distinction of being individuals
and treated in the plural. So you have "Squid are probably
abundant ..." when it actually should be "Squids are abundant..

Now, it makes not a tremendous difference except the
semantic reference. If you keep to a proper plural, then
you avoid criticism on the basis of "We regard these animals
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as a commodity", you see. So when little green men come from
outer space they'll speak of "human", not "humans". There
are "human" on this planet to De harvested, you see. (Laughter

So the point is merely a semantic one. Thank you very
much

THE CHAIRMAN: Thank you. You should come to Washington
more often. (Laughter.)

We will taKe not of your comments in the preparation of
the final EIS. I appreciate having them.

Yes.

MS. MITCHELL: My name is Barbara Mitchell. I'm from
the International Institute for Environment and Development.

We've prepared a statement with our preliminary comments
on the Draft Enviornmental Impact Statement and, if I may,
I'll just summarize now and submit the statement.

We feel that as the objectives of the regime are described
in the statement they are sound. We are concerned, however,
that the means by which the Government hopes to meet them are
left too vague.

There seems to be, in effect, a danger that the proposed
Government action will result in a regime which is more like
the rejected "no-act-now" approaches than the U.S. Govern-
ment actually intends. In criticizing the latter approach
on page 4, the draft EIS describes the drawbacks of the
gradualist approach. It refers to "extensive evidence"
from efforts to conserve marine resources in other areas of
the world, that "after the fact" regulation is not effective.
It notes that "initiation of effective regulation would
likely be more difficult once substantial economic stakes
in uncontrolled methods of harvesting are created".

Now, we have no objection to a degree of flexibility
in approaching this task, as long as it is backed up by the
strongest textual guarantees in the Convention. Now, some
of these will be very difficult to negotiate, but it should
be borne in mind that decisions made here will be of the
greatest and most lasting importance for the future of what
may become the world's major fishery. The following elements
of the regime would seem to require further consideration:
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rirst or a^i , mteriiT: ar r sncements

•."e feel tnat the iimnediane introduction of some tcrTr. of

regulation of the fishery is essential. We notice tnat m
tne description of prooosed federal action on page 6, tne
draft EIS suggests two ways of dealing with harvesting in

the interim period. The first would oe to assume tnat " tecn-
nological and other limitations vy'ill ensure low harvesting
levels for the next several years" . The second would be to

negotiate, as a supplement to the international agreement,
very conservative catch limitations, with provisions for

phased expansion of that lim,it. .

V^e fully endorse the statement on page 7 favoring the
latter option. Although the latter option would be far more
difficult to negotiate, it indeed reflects a more sensible
approach to the exploitation of a resource with which there
is very little international experience. We hope that this

sub-option will be adopted and we hope that it will be fully
negotiated before the Convention is signed.

Secondly, the Development of conservation measures .

We feel that the tools of conservation should be spelled
out in the Convention. We notice that the proposed federal
action would leave the development of specific conservation
measures to the decision-making body established under the

agreement .

While we do not claim that sufficient information is

already available to establish catch limits and other specific
conservation measures on a long-term, definitive basis , we
do feel that the appropriate decision-making body — the
Commission, in the Government proposal -- should be explicity
authorized in the Convention to implement controls in the

following areas:

Catch limits for each species, according to

- age or size class
- geographic area
- season

Total catch limits for each species

Allowable gear

Total effort or time spent in harvesting
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Iv'ational catch ana effort allocations

Annual increases in national effort and eaten.

At tne recent meeting in London of tne Antarctic Treaty
powers, the possioility of catch allocation was excluded.
This omission will seriously nandicap any attemots at con-
servation. The U. S. delegation _at Canoerra should reintro-
duce the principle of national catch and effort allocation
now and ensure that any institutional mechanism established
be empowered to raise the issue at a future date.

3 . Decision-making .

I'd like to stress as my closing point now in agreeing
with the Center that the Draft Environmental Impact Statement,
in describing the proposed Government action, does not ensure
that economic and other considerations will be prevented from

overriding scientific advice in decision-making. Furthermore,
we are not given sufficient guarantees as to the impartiality
of tne scientific advice which will be provided.

We feel that more details are needed on the relationship
between the Commission and any standing scientific body.
Another question is: "Who will be responsible for the
scientific work and how will it be funded?"

Another item on the decision-making is The Commission .

We feel that clarification is required on decision-making
in the Commission. Decision-making should be open and all
information on which decisions are based should be made avail-
able to the public.

Finance .

More details are needed on the projected financial
arrangements. We note that the U. S. would support the
scientific research necessary to establish conservation
policies and that it would expect to contribute a share of
the running costs of the organizations. It is vital that
the Convention should seek a similar commitment from each

contracting party. In particular — and I stress this —
there must be a guarantee that all research work, including
the monitoring of non-target species which might be affected
by harvesting but are not of immediate economic interest, be

adequately financed on a long-term basis.
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Five, Enforcement .

Provision should be made for effective enforcement and

pGlicmq of any arrangements. We feel that zhe draft EIS
does not make detailed reference to this very important
question. Tne appointment of independent ooservers and
their rignt to carry out inspections should be written into
the Convention. Flexible settlement of dispute provisions
should also be included.

Six , Links with the International Whaling Commission
and the Convention for the Conservation of Antarctic Seals .

Provision should be made in the Convention for full coordina-
tion between the activities of these agreements, if the regime
is to meet its objective of providing for the "effective con-
servation of the marine living resources of the Antarctic eco-
system as a whole". We notice that the draft EIS leaves this
task — the establishment of coordination — to a standing body
to be created under the convention. But we feel that the
coordination must be provided for in the Convention itself.

Finally, International Community interests.

Steps should be taken to protect the interests of the
broader international community in these marine living
resources .

We regret to note that the proposed federal action does
not address this point. On present indications the regime
will provide for no more than freedom of access for those
able to develop the resource.

In reference to the point that was made by Mr. Scully
earlier, I don't think that it's premature to raise this
point now because we recognize that what's being established
is a conservation regime. But as the draft EIS notes on

page 54, U.S. interests in the conservation of Antarctic
marine living resources include the rational development of
new sources of protein and the prevention of international
conflict over Antarctica as well as a commitment to maintain-
ing the Antarctic environment. If we postpone this issue,
it may make it politically impossible to negotiate any
proposal to ensure that this source of protein is used to
maximum benefit. In order to accommodate these concerns,
we feel that three steps should be taken:

- The Convention should include a general provision
recognizing the interests of the international community —
or, at least, agreeing not to jeopardize those interest —
along the lines of the recommendation on mineral resources
quoted earlier .
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- Second, a stronq institutional relarionsnio oetween
FAO and tne future living resource regiiTie should oe wrirren
into tne Convention. Althoutn the proposed federal action

anticipates a "close working relationship: with PAO, it

again leaves tne estaol isnment of this link to a standing
oody to be created pursuant to the regime.

- Tnirdly, we feel that- delegates from international

organizations, such as the United Nations Food and Agri-
culture Organization, as well as all kr ill-fishing nations,
should participate in the next meeting held to discuss the

regime after Canberra. We understand that it's, indeed, a

U.S. goal to invite other parties. But, to make this par-
ticipation meaningful, options should not be foreclosed in

Canberra and Treaty parties should not present "outsiders"
at the next meeting with a fait accompl i . Furthermore,
"outsiders" should have a full voice at this meeting --

the next meeting after Canberra.

So, in short, we feel that a good many elements of the

regime should be spelled out in greater detail -- both in

the description of proposed federal action, in the U.S.

position papers prepared for Canberra, and in the Final En-

vironmental Impact Statement — and, most importantly, in

the Convention itself. We believe that this is the only
way to ensure that this important regime is both sound and

equitable .

Thank you.

THE CHAIRMAN: Thank you.

MS. SCHARLIN: Pat Scharlin from the Sierra Club.

I won't reiterate what has been mentioned by a few of

our speakers up to this point, other than to say that I

also feel the Federal Government should pay special atten-
tion to the costs involved in such a regime — especially
in view of the rather limited sums of money that appear
available. In the case of the International Whaling Com-

mission, if it's to be similar, in view of the difficulties
in the Antarctic region, I would think that the sums of

money involved would be significant and would probably affect
the carrying out of any sensible regime.

We also are concerned about enforcement measures and
how that should be spelled out; and, in addition to that,

dispute settlement procedures should obviously be built into

any final regime to make it effective.
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is meant by
coordination with the International Whaling Commission and
the sealing Convention and now this particular region would
oe coordinated with tnose two.

In particular, we're concerned with the development at
the present time of whales as a food resource for the future.
In our view, it is a remarl^ably available resource; and the
use of krill, for its own purposes, might have a rather
serious effect. Therefore, coordination of those two par-
ticular bodies — that would be particularly important.

Finally, I will mention on this point the problem of
implementing any regime, once it's begun -- developed, es-
tablished -- it will take quite a number of years before the
instrument would be ratified. And at the same time, accord-
ing to the EIS, within 20 years' time, krill could be over-
exploited. So I think this is another problem that might
better be addressed more specifically in terms of what kind
of very strong interim measures would be taken so that we
could avoid that possibility of exploitation.

THE CHAIRMAN: Thank you.

MR. KAUFMAN: Mr. Chairman, My name is Milton Kaufman.
I'm the President of Monitor, Incorporated, a U.S. consortium
of environmentalists concerned with conservation and preser-
vation of marine mammals, and President of Monitor Inter-
national, a revolving consortium of international conserva-
tion groups.

I'd like to identify myself with the comments that have
been made by the International Institute for Environment and

Development and the Institute at the Center for Law and Social
Policy and Dr. Buchsbaum's comments.

I might add, in identification of Dr. Buchsbaura, that
he is the Chairman of Monitor International's Committee.

I won't repeat the points that have been made by the
other speakers in the interests of time. I have one point
that I would like to make, which I don't think has been
really touched on this afternoon; and that relates to the
relationship of the international program of the Marine
Mamm.al Protection Act of 1972 to the evolving United States
position we'll be taking in the negotiations on the inter-
national regime.
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As we read the internal program, the United States is

oDligated, in any international negotiations that relate to
tne conservation of marine mammals, to make every effort to
Duild into tne evolving international agreement principles
of the Marine Mammal Protection Act. And I feel that not
adequate attention has been given to that requirement in the
EIS."

Many of you are familiar with the Marine Mammal Protec-
tion Act. It requires that marine mammals be managed on an

ecosystem basis, that population levels be maintained at an

optimum state or population level.

I think that the U.S. delegation would have no choice
but to support this concept in the development of a U.S.

position, the presentation of a U.S. position. This might
well be translated in terms of, you know, what we might say
to the other negotiating nations — that we are interested
in maintaining all of the species in the Antarctic regime
at an optimum yield level.

This is a rough similarity to optimum stable population
level but not identical. Certainly I think as far as marine
mammals are concerned, I think we're obligated to use the

optimum stable population concept prescribed by law.

We will be submitting a detailed, written paper on the
EIS. We appreciate the opportunity to be here this after-
noon to discuss this.

THE CHAIRMAN: Thank you.

DR. SEGAR: Mr. Ambassador, I'm Doug Segar, represent-
ing Congressman Robert L. Leggett's office.

For a point of information of the meeting, yesterday
Congressman Forsythe, who is the ranking minority member on
the Ad Hoc Select Committee, and Mr. Leggett, co-filed a

bill in the House of Representatives, which would set up
within the National Oceanic and Atmospheric Administration
a new polar fisheries conservation program. This would be
a comprehensive conservation program for all aspects of the
marine ecosystems — both the Antarctic and the Arctic polar
regional seas.

The bill is a relatively modest one, but we bring to-

gether a number of programs that are eventually under the

auspices of NOAA and give them the relevant resources to
handle its programs. This is in response to the need that
we see for a greater focus in the overall ecosystem con-
servation needs of the two polar regions.

THE CHAIRMAN: Thank you.
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MR. ROBINSON: I wonder if I could return to a few

points .

It seems that what will be negotiated in Canberra, al-

though it will be described as a conservation regime, will

really be a management regime since conservation does not
mean no harvesting.

And I don't find in the EIS — and I think it's really
outside of Dr. Green's competence, but you can correct me
on that — just how you construct a fishery management
regime that is ecosystem-wide, covers an enormous area, that
deals with high levels of ignorance because we don't know
what the catch will be.

And I wonder if your office or the Department knows —
or if you have consultants who have worked not so much on
the scientific aspects of what the BIOMASS in the Southern
sea is like but on the other question of what an adequate
management regime is like.

Do you see the difference between the two questions?
Can you answer it? Is work being done on a management
regime so that when you go to Canberra you and the delega-
tion would really know what it is that you would get if

you'd have your druthers absolutely?

MR. SCULLY: If I can try, I'll take a crack at that.

If we assume that that high levels of ignorance were
an impediment to this operation, perhaps we wouldn't be

doing anything at all. We recognize that we're dealing
with an ecosystem in which there are many, many unknowns.
I do think we know maybe more than is sometimes thought.
One of the things that I found in Dr. Green's work is the
volume of material that is available, and that good scien-
tific studies done in this area are more extensive than I

had thought.

All the same there are enormous unknowns dealing with
the Antarctic marine ecosystem; but we do know enough, I

think, to have led us to the conclusion that uncontrolled
harvesting in that ecosystem poses a danger to the health
of the ecosystem. I'm not sure how one would define health
in the sense, but let's say in terms, of the ability of that

ecosystem to maintain long-term productivity, to maintain
the relationship between its components in a dynamic way.
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Therefore, one of the things that has led us to try to
seek an international conservation regime is to set up a

framework which will, first of all, comm.it the participants
in it to conduct their activities in such fashion as to
avoid wnat we see are the possible dangers.

Now, tnis essentially is a qualitative step. A commit-
ment to a standard. It is not a management plan. It is

nothing more than a commitment to apply a standard.

The standard we seek to apply and hope to seek agree-
ment on is an ecosystem standard — a commitment, if you
will, that the system would be managed on this basis. I

think that what we're trying to do at this stage is to
achieve the framework — establish a framework, an effective
framework — which then will apply standards we believe would
protect the ecosystem, in the long run. And then as informa-
tion is gathered, as levels of harvesting perhaps begin to
increase, there will be the mechanism in place that can
control them in proper fashion.

One of the things that we seek in a conservation regime
is an international body which will be able to develop
management programs. This will in turn require, means for

collecting, collating and analyzing scientific data, catch
data and all the rest of it.

So I guess I would say in answer to your question: Yes,
we do see very much the distinction between a conservation
regime and, let's say, actual management plan.

We think that the first step one has to take, to es-
tablish the regime, is to bind all of those who are in-
volved in potential activities — to devise management
plans when they're necessary, and to set forth the criteria
on which those management plans would be developed.

I'm not sure whether we're in a position to predict
what those management plans would involve. We would argue
that they would have to involve the full range of conserva-
tion techniques as we understand them — although I would
not want to see written into the Convention anything that's
purported to be an exhaustive list which might limit the

regime's ability to meet new circumstances.

I don't know whether that answers your question. It
seems to me that it is not possible at this particular
point in time to devise a detailed management plan to deal
with this ecosystem or with any major component subject.
What we want to do is to create a system that makes it

possible to do so prior to the time at which any large-
scale activities take place.
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l".K. ROBINSON Well, I appreciate your dilemma.

Oddly enouqn, it's a result almost of your virtue (laughter)— tnat is, in clueing in the rest of tne world on tne fact
tnat the State Department is moving towards a regime.
You're naving to meet with us prior to naving definitive

plans of all different sorts made up — especially since the

regime that you're heading towards is itself the first step
on the road.

There's a further lack of specificity of what it is

that you're proposing.

I think that the concern of
these environmental groups is two
are vague and we really don't kno
out of Canberra. Secondly, we do
Barbara Mitchell, I suppose, voic
it will be too diplomatic. That
how you get places; but if this s— that is, if this is the only o

harvesting nations — that is wha
And if it's a long way down the r

mentioned, great harm could be do

capitalization could result; and
inexorable pressure on whatever k

you have to give in. That is, if
for 50 million tons of krill a ye
bad for the whales and bad for th
and the capacity will create the
concern is that at Canberra — wh
it could be a large step — that
the signatory parties that we are
kind of pressure to build up over

the Center and many of
fold. First of all, things
w what it is that will come
have a fear — which

ed most explicitly — that
is, one step at a time is

tep becomes the only step
bligation imposed upon
t comes out of Canberra,
oad , as Ms. Scharlin
ne but also great over-
that would impost almost
ind of plenipotentiary body
there's a capacity to fish

ar , in the year 2000 it' s

e penguins, and so forth,
obligation. And our
ich is the first step;
it be really clear to all
n't going to allow that
time .

I think that Machiavelli was kind or right. People
do deal from self-interest. And it may appear right now to
nations that are harvesting that no interest of theirs is

served by restraint.

But I should think that one thing that our delegation
could do, because we aren't harvesting, is to point out to

folks who are that there is an audience — there are a hun-
dred and twenty-five nations looking on with more or less
interest right now — in that protein source. And if the

people who can afford to and who are interested in harvesting
there and for the rest of the century don't manage the re-
source conscientiously — net to mention equitably — in the

long run they'll be losers. My fear is that it will be too

diplomatic and too vague, demand too little and get even less
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THE CHAIRMAN: I wouldn't write the negotiation off
before it's oegun.

NR. ROBINSON: No, no.

MR. KAUFMANN: I totally support the comments tnat John

just made. I've been intimately associated with the inter-
national problem of tuna conditions for three years in the
U.S. delegation, and there we see the same thing that we're
concerned may very well happen unless we can build the

specificity and control that we need in the Antarctic.

Each year additional ships come into the international
fleet to fish for tuna. Each year special allocations,
special quotas are given to nations that increase their ton-
nage of fishing. Each year, empirically, the Commission
staff of the lATTC says, "Let's try a greater tonnage than
last year and see how it works." This is the way they
scientifically manage the stock.

Now, I think we m.ust come to grips in developing our
U.S. position with the problem of limited entry into the
fishery.

It's my understanding, although I'm not an expert in
this matter, that there isn't any successful example in in-
ternational fishery of limited entry. But I think we've
got to address this problem and put a great deal of effort
in developing a U.S. position that will set a ceiling on
annual harvest and on the capacity of the harvesters in
terms of the vehicles they use to achieve the harvest.

So I strongly support John's position. We have ex-
actly the same experience with the International Whaling
Commission. As some people in the room know who have been
a party to the delegation and observers to the IWC, for

years it was not a conservation regime; it was a club of
whalers. And the problem was management — "How do you
slice up the pie, boys?" — not "How do you control the
take properly?" so that the species would go on and not be
threatened .

So we're at the stage now where I think we must come
to grips with this problem and try to come up with the
answers .

MR. HOFFMANN: My name is Thomas Hoffmann. I'm also
from the International Institute for Environment and Develop-
ment. And I would like to return to one of the issues that
was first raised by John Robinson in his statement and re-
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iterated by Barbara Mitchell when she outlined our organiza-
tion's views, and that's this question of whether or not
raising the long-range issues of distributing krill for the
benefit of the developing world has anything to do with tne
conservation regime — and whetner or not it's better to
raise those issues now or to let them percolate in the hopes
that a discussion of them would avoid jeopardizing the ne-

gotiation .

I think two points have been missed. One thing that
Mr. Scully said, I confess, disturbed me a little bit. One
of the three reasons that he gave as to why it was premature
to raise the issue now was that, in response to Mr. Robinson,
there was not yet pressure from developing countries — that
was stating the case too strongly.

It seems to me that it is clearly the public position
of the Carter Administration that national aid policies,
national policies about economic development in the Third
World, have nothing to do with international beneficence;
they have to do with the long-range perception of U.S. self-
interest. He outlined that in his speech at the University
of Notre Dame; and I think that that perception should guide
what we do, not the perception of the great giveaway.

But second, and much more importantly, it's not a ques-
tion of international beneficence. I'd like to posit just as
a hypothetical the kind of thing that could happen if the
Convention takes no account of this issue at all.

But suppose, as it seems likely, it takes six or seven
years to bring the Convention into force — or it seems
possible perhaps; "likely" may be too strong a world -- and

suppose that in that time krill does become a major fishing
resource. A country like Brazil, which is not a party to
the Antarctic Treaty and has the economic wherewithal to

develop a long-range fishing fleet which it doesn't now have,
might become very interested in the resource. It might de-
velop a fishing fleet. It's not that far away from Ant-
arctica. And it might get involved down there very heavily,
for example; and then you'd have a country that's not a

part of the Treaty; and it would be in a competitive situa-
tion with a country that is a party to the Treaty interested
in fishing and probably not all that interested in conserva-
tion. (Ed. Note: Brazil acceded to the Antarctic Treary
on May 16, 1975)

I'm not saying it's going to happen; I'm saying it
could happen.
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It's the sanne Kind of situation wnere we weren't too

concerned 10 o 15 years ago aoout developing countries being

oarty to tne Non-Prol if er ation Treaty — although we wel-
comed their signing the Treaty. And now wnat's happened is

that we've run into tremendous nuclear-safeguards proDlems
in those countires that import nuclear fuels and aren't a

part to the Treaty so we can't implement safeguards.

And I really do think that that kind of hypothetical
might be, I suppose — well, I don't think it's far-
fetched and won't say it is. It could happen. So I

think these things have to be thought about now.

Second, I think — let me just restate the obvious,
which is that the U.S. does have a commercial interest
now so it is in a position to do something.

And, third, I want to answer one other of Mr. Scully's
points, which was that we might look like we were giving
away other people's resouces. I agree with that. I think
that's a valid point. And I think what we have to do is

preempt that issue by making it clear that that wouldn't
be what we were talking about, that the Antarctic — the
other Treaty powers — would not feel threatened by the
U.S. articulating some policy on this issue because it

would be clear that we weren't talking about the great
giveaway but maybe talking about international develop-
ment assistance, to help develop through the World Bank
or some form like that — helping developing countries
establish long-range fishing fleets.

And if you don't build that in now, as I said with

my Brazil hypothetical, if and when they develop a fleet
it would be very hard to get them into the Treaty because
the so-called environment/development tradeoffs are always
tough for developing countries. And if in 10 years the

developing country develops a fishing capacity and isn't
in the Convention, it's going to be pretty tough going to

get them in then.

THE CHAIRMAN: It's going to be tough going to get
them in now if we write into the proposed Convention things
which they're unable to agree with: don't forget that the

potential signatories to the Convention are not totally
without other resources.

MR. HOFFMANN: I'm afraid I don't understand your
point .
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THE CHAIRi'>'iAN : Absent 2 Convention, countries vnicn
are planning uo narvest can go anead and narvest.

MR. HOFFMANN: Sure. I
' n not saying leopardize tne

negotiation of a conservation regime m order to acnieve
tnis subsidiary, and admittedly suDsidiary, point that
I've been talking about. I'm simply saying it is more of
a proDlem tnan the attention that's been given to it in-
dicates .

MR. SCULLY: If I might just add a point in response,
or at least in comment, it seems to me that there may be
some confusion in your remarks between participation in the
Antarctic Treaty and participation in the regime. It is our
view that participation in the regime to conserve Antarctic
living marine resources should not be limited to members,
to consultative parties, or even to acceding parties to the
Antarctic Treaty. It should be open to any state that is
involved in the activities covered -- essentially, fishing
activities .

Therefore, to take the case of Brazil, and I'm quite
sure I see the analogy; but it would be our hope that a

regime could be designed to which Brazil would adhere to at
such time as it began to undertake fishing activities in the
area .

To go back to the question of distributive elements, I

think what bothers me to a certain extent is an assumption— an automatic assumption, which I think I hear, that krill
will solve world food problems or will solve developing-
country problems with regard to protein deficiencies. I'm
not sure that's true. I'm not sure we're in a position to

say that's true and to start negotiating on the basis of the
fact that it is true. Krill may offer only a very high-cost
protein for certain end uses. It may be that krill -- krills— will not compete favorably with other forms of fishmeal,
for instance, or with various kinds of vegetable protein
sources — soybeans or whatever — if it's being used as an
animal feed or something of that sort.

My reaction is that I don't know whether one should
seek to establish or to rely upon Antarctic marine living
resources as a major element in anybody's development
strategy. We can't make that decision now. I would hope
that the Convention will neither preclude that nor end up
losing its conservation effectiveness by seeking incorpora-
tion of elements that are premature.
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I would certainly hope that if it turns out that krill
offers an important source of low-cost protein tnat protein
would be applied to world food needs in some rational way.

We can't maKe that assumption yet and we can't write that
into a Convention yet. I would not like to see a Convention
which in any way precluded that or in any way asserted any
kind of exclusivity with regard to the question of resources
being limited to x number of countries.

Finally, let me close by saying that there are just a

number of legal questions, juridical questions, raised by the

point of assuming that resources in what we would consider to
be high seas automatically have a common heritage kind of

component .

MS. MITCHELL: May I make one point? I don't think you
need to proceed — or I don't think we're proceeding or sugges-
ting that you proceed -- on the assumption that krill will have
great potential for the developing countries. We just feel
that it's necessary now to leave the door open to the use of
krill later on for developing countries; and we feel that by
not stating it in the Convention, however general a provision
it may be, you are in fact precluding the option, because in-
vestment decisions are being made and capabilities are being
built up — plans are being laid — and it will be much harder
later on to introduce any form of accommodation in the
interests of the international community.

THE CHAIRMAN: I don't understand your comments. Would
you rather be more precise in an action that you desire that
we undertake now? I would associate myself with Mr. Scully's
views. I mentioned when we discussed this question before
that I had no problem in leaving the Convention open to that
kind of an arrangement, should it be decided upon later. But
I personally had difficulty with the idea of bringing it
forward now as a negotiating idea. I certainly do not pre-
clude, and would personally favor, something equivalent to
that part of Recommendation IX-1 which sets the stage for it
and would allow it later.

MS. MITCHELL: No, we're not suggesting that it be ne-
gotiated now. We're suggesting that the possibility should
be provided.

THE CHAIRMAN: That causes me no problem. I just don't
want to have to say that certain language is inserted
specifically "for the purpose of". (Laughter)

Any other comments?
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:S . DONNELLAK: Or. page 11 in the lES -- 10 and 11 --

are references to tne various conventions tnat do relate to
cne Soutnern Ocean area or could. vjould it be possiDle —
if I asK a foolisn question — somehow to include in tne

regime tne means of urging ratification of particularly
the pollution foolish type of conventions oy signatories to
the conservation regime — somehow put into it some kind of

wording that would put a bit of obligation on the part of
the signatory states? Tnese conventions are not ratified,
they are not in farce, and with increased activity in the
area it might be important.

THE CHAIRMAN: Yes.

MR. SCULLY: I think in a hortatory sense, yes. You're
not going to write a Convention that's going to have the
affect, by its ratification, of bringing in force other
conventions, but I think that certainly there will be pre-
ambular language which would be appropriate for references
to other international agreements, the desirability of their

coming into force. In this area, however, we may not be in

a position to cast too many stones. (Laughter)

THE CHAIRMAN: We're not in the best shape that we
could be on these agreements outselves.

Other comments: Yes.

MR. HOFFMANN: Maybe in closing -- I realize you might
not want to answer this directly on the public record, but
could you respond to Mr. Robinson's observation that you
might make the negotiation process difficult by the openness
of the EIS processes — what effect it might have on the

negotiations, for example, in other countries that might lay
their hands on the draft EIS?

THE CHAIRMAN: I think it would be a help to the United
States in the negotiations for others to see that the issues
with which we're dealing have been widely discussed and
that we have testified before the Congress on them. Indeed,
I have already made the point in a diplomatic exchange that
a particular U.S. view has in fact been publicly endorsed
by the United States Executive Branch. I view this public
meeting in the same way — that the attention that's given to
the Antarctic Treaty and Antarctic issues is good. So I don't
feel it will be a problem in the negotiations.

MR. BARNES: Mr. Ambassador, I'm Chaplin Barnes of the
National Audubon Society. I find myself in agreement with
most of what's been said this afternoon; but I just wonder, as
a final point: We spent a lot of time discussing the potential
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and exploitation of zhe Krill, and we're at the point
of neaotiatina this regime Dasically oecause some countries
are at a point of cmmercial development of krill. We're

responding to exploitation pressures.

I hope very much that tne U.S. delegation will write
into the Treaty its basic purpose -- which is, in fact, to

conserve the Antarctic ecosystem. This is the overriding
purpose, and this is seen to be so in the document that

you'd come back from Canberra with. I think it's very
easy to lost sight of that in the details of the exploita-
tion, limits, and so forth. i

THE CHAIRMAN: That's certainly our intention.

If there are no other comments, the meeting is adjourned

(Whereupon, at 3:16 p.m. the meetng was adjourned)





APPENDIX D

Interim Report of the Second

Special Antarctic Treaty Consultative

Meeting at Canberra and

Press Release of the Meeting



D-1
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INTERIM REPORT OF THE SECOND
SPECIAL ANTARCTIC TREATY CONSULTATIVE MEETING

1. In accordance with the rrovisions of Article IX

of the Antarctic Treaty, representatives of the Consultative

Parties (Argentina, Australia, Belgium, Chile, France,

Japan, New Zealand, Norway, Poland, the Republic of South

Africa, the Union of Soviet Socialist Republics, the United

Kingdom of Great Britain and Northern Ireland, and the

United States of America) met in Canberra from 27 February

to 16 March 1978 to consult together and consider measures

which might be taken to further the principles and purposes

of the Treaty and, where appropriate, make recommendations

to their Governments. Specifically pursuant to Recoram.endation

IX (2) of the Ninth Consultative Meeting, they met to elaborate

a draft definitive regime for the Conservation of Antarctic

Marine Living Resources.

2. The Meeting was formally opened by the Honourable

Andrew Peacock, M.P., Australian Minister for Foreign Affairs.

3. Mr J.R. Rowland, Representative of Australia,

was elected Chairman of the Special Consultative Meeting.

Mr R.H. Wyndham of the Australian Department of Foreign

Affairs was appointed Secretary-General and Mr R.L. Moncur

of the Australian Department of Science was appointed

Assistant Secretary-General o

4. The Opening Session was held in public. Opening

statements were made by the Heads of Delegations (see Annex).
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5. The Meeting adopted the following Agenda :

(1) Opening of Meeting

(2) Election of Officers

(3) Opening Statements

(4) Adoption of Agenda

(5) Elaboration of a draft definitive regime

for the conservation of Antarctic marine

living resources taking into account all

the points listed in Recommendation IX-2 ,

Section III

(6) Consideration of steps in connection with

the work of the decisive meeting for the

establishment of the definitive regime

in Recommendation IX-2 , Section III

(7) Adoption of Final Report

(8) Closure of Meeting.

6. The Meeting considered in Plenary Session the

first five items on the Agenda and appointed a Working

Group, under the Chairmanship of the Representative of the

United Kingdom, Sir Donald Logan, to consider the scope of

the Convention to be elaborated, including the definition

of the marine living resources of the area to which the

Convention would apply.

Elaboration of a Draft Definitive Regime

7. The Consultative Meeting discussed this item

on the basis of eight draft Conventions and a number of

working papers submitted by delegations and of the report

and Recommendation IX-2 of the Ninth Antarctic Treaty

Consultative Meeting held in London in September/October

1977.

8. After a full discussion of all aspects of the

subject, the Meeting decided to ask the Chairman to prepare

an informal text as a basis for its further work.
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9. As a result of detailed discussions of this

text, the Representatives considered that it would provide
a single text that would serve as a basis for further

negotiation and decided to refer it to their Governments

for study. They agreed that they would then continue

their discussions and complete consideration of the Agenda
at a resiomed session of this Second Special Consultative

Meeting. In this connection they welcomed the invitation

of the Government of Argentina to meet for this purpose in

Buenos Aires in July, 1978.

10. The Representatives recalled the recommendation

of the Ninth Consultative Meeting that a definitive regime
should be concluded before the end of 1978 and felt that

they had made very real progress to that end.
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PRESS STATEMENT

The first session of the Second Special Antarctic

Treaty Consultative Meeting, which concluded in Canberra on

16 March, made very useful progress towards the elaboration

of a draft definitive regime for Antarctic marine living

resources. The main accomplishment of the Meeting was the

production of an informal text which will be used as a

basis for further negotiations at a resumed session of the

meeting later this year.

Drawing attention to the increasing interest

being shown in the living resources found in Antarctic

waters, the Meeting stressed the importance of such an

agreement. The thirteen Consultative Parties - being those

countries primarily interested in the Antarctic - had

the main responsibility for the protection and preservation

of the Antarctic and its living resources. In the 19 years

since the Antarctic Treaty was signed, they had already

taken a number of measures within the Treaty framework for

the conservation and protection of Antarctic flora and

fauna. They renewed their commitment to establish a

definitive international regime for the conservation of

Antarctic marine living resources before the end of 1978.
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A considerable number of proposals were examined

at the Meeting, including the texts of a number of draft

Conventions. These formed the basis of its work. The

Chairman of the Meeting (Mr J.R. Rowland, Deputy Secretary
of the Department of Foreign Affairs) tabled a single

informal text reflecting the Chairman's assessment of

the main elements in the various approaches suggested.

This document was revised in the course of the Meeting to

reflect trends which emerged as the discussions proceeded.

The discussions revealed much common ground
in the positions of the Consultative Parties and a common

agreement that a Commission on the Conservation of

Antarctic Marine Living Resources should be established.

There was a wide measure of agreement on the functions of

such a body.

A common element in the positions of delegations

was the need for the Convention to contain a number of

agreed principles of conservation which should be applied

by the Commission. It was also recognised that in carrying

out its function the Commission would require the support

of a Scientific Committee which would be a source of informed

and objective advice to the Commission.

There was also agreement that the Convention

should reflect close links with the Antarctic Treaty.

There would be a need to harmonise the activities of the

Commission in the field of conservation of marine living

resources with the responsibilities of the Antarctic Treaty

Consultative Parties for the protection and preservation

of the Antarctic environment. It would also be necessary
to take account of other relevant international agreements

and of international organisations such as FAO, whose

co-operation would be important.

Work still remains to be done on important

aspects of the regime and in preparation for a decisive

meeting to adopt a Convention. The meeting welcomed the
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invitation of the Government of Argentina for the session

to continue its work at a res;amed session in Buenos Aires

in July. The Australian Representative extended an

invitation on behalf of the Australian Government to host

at an appropriate stage a definitive meeting to adopt
the Convention.
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EXECUTIVE SUMMARY

The -Antarctic marine ecosystem is considered to be all
waters south of the Antarctic Convergence with all the
plants and animals living there. The ecosystem is defined
biologically by the distribution of Euphausia superba
(krill), some phytoplankton, penguins, and fish, and seals
which are circumpolar but restricted south of the Conver-
gence. Other species, most importantly whales but also
some fish, birds, and perhaps cephalopods , migrate across
the Convergence providing a link with other ecosystems.
The Antarctic ecosystem is defined physically through the
boundary of the Convergence, circumpolar upwelling and
input of nutrients, transport by the Circumpolar Current,
a uniform low temperature, fluctuating pack ice area, and
the polar light regime.

Most of the primary production is accomplished by
phytoplankton, one celled plants. Algae in sea ice and
some seaweeds also contribute. Krill are the dominant
herbivore. Krill have an unusual ecological role since
they are the main prey for fish, squid, Adelie penguins,
fur, crabeater, and leopard seals, and baleen whales
(fin, sei, blue, humpback, and minke whales). Other
carnivores in the system not feeding on krill are toothed
whales (sperm, killer, and some small whales) and elephant
seals. Ross seals, Weddell seals, and some fish eat
krill incidentally.

Sei, minke, sperm and a few killer whales are now
harvested in Antarctic waters. Several fish species are
taken in commercial quantities. Squid, birds, and crabeater
seals are not now harvested, but are potential commercial
resources .

The earliest estimates of production in Antarctic
waters were made in coastal areas or at the pack ice edge,
the most productive regions. Extrapolating those values to
the whole southern ocean area produced unrealistlcally high
values, giving the false impression that Antarctic waters
were far more productive than other oceans. On the basis of
later measurements in open ocean waters which are more
representative of the area overall, estimates of total
annual productivity have been revised downward.

Although total annual plant production is not signifi-
cantly greater in Antarctic waters than in other ocean
areas, concentration in a short intense growing season and
at the edge of moving pack ice makes production appear very
large. Unusually short food chains allow a greater propor-
tion of annual production to be transferred to carnivores,
thus supporting very high standing stocks of mammals and
birds .
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The ecological role of krill is unique. Krill have a

longer life span than other marine zooplankton, requiring
several years to reach sexual maturity. One species pre-
dominantly, E. superb a , supports many different predators in
five major groups, fish, squid, birds, seals, and whales.

The dependence of many predators on krill as the main
food resource implies that overexploitation of krill will be
very damaging to most other populations within the ecosystem
as well. If krill populations are reduced to the same ex-
tent that whale populations have been, then the other poten-
tially harvestable resources will also become scarce. Be-
cause krill have a central place in the Antarctic marine
food web, excessive harvesting would be dangerous to the
entire system.

The reliability of data on standing stocks of various
Antarctic populations varies. The extremes of the food
chain, mammals and plants, are the best known. Primary
production averages about 25 gC/m^/year or 9500 x 10° metric
tons wet weight of plants produced annually. This produc-
tivity estimate is consistent with krill standing stock of
200 - 600 X 10° tons and an annual krill production of 350 -

400 X 10° tons. Krill population estimates are not based on
direct sampling data, but instead are inferred from esti-
mated predation on krill. Good quantitative estimates of
krill abundance are not available, in spite of great
scientific and commercial interest, but are needed.

Direct estimates of fish and squid stocks are not
available. Again population estimates are inferred from,

predation estimates, and are not reliable figures. The
estimates of 14 x 10^ tons for fish and 12 x 106 tons for
squid in this report are speculative. Squid are probably
underestimated .

A standing stock of 0.27 x 10° tons of birds, mostly
Adelie penguins, is a good estimate for Antarctic waters.
Estimated populations of 5-5 x 10° tons of crabeater seals
(25 million individuals) and 1.1 x 10° tons for all other
seals combined are reliable. Estimated whale stocks derive
from fishing data and are very reliable. Current stock
estimates for whales are 4 x 106 tons fin, 1.4 x 10° tons

minke, 0.8 x 10° tons blue, 0.7 x 10° tons sei, 0.08 x 10°
tons humpback, and 1.16 x 10° tons sperm whales.

Estimated annual predation on krill amounts to some
330 X 10 tons. Crabeater seals account for over 100 x 10°
tons of the total. Squid may consume almost as much.
Present baleen whales stocks take only about 43 x 10° tons.

A commercial harvest of krill would compete with
predators. Krill harvested will come from the 330 x 10°
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tons estimated consumption, not from some hypothetical
unused portion of the population. Potential harvest esti-
mates range from 70 to 150 x 10" tons annually. A harvest
at the higher end of that range would displace half of the
predators, causing large changes In the Antarctic ecosystem.
From an ecosystem perspective, a smaller sustainable yield,
say 30 - 60 X 10° tons, seems more reasonable.

It Is difficult to calculate potential krlll harvest
from productivity of the stock Itself because of uncertain-
ties In the life span and development rates of krlll.
Whether the clrcumpolar krlll population consists of one or
several distinct breeding stocks is also unknown.

Management and conservation concerns on a krlll harvest
from an ecosystem standpoint are a possible reduction in the
rate of recovery of baleen whale stocks and limitation of
eventual population totals, reduction in abundance of other
potentially harvestable populations such as fish, squid and
seals, and alteration of the trophic structure of the
Antarctic marine ecosystem in the event of overexploitation
because of the central position of krlll in the food web.

A controlled harvest of krlll can provide some
essential data on krlll population parameters and the
response of the rest of the ecosystem to changing krlll
abundance. In addition to usual catch and effort fishery
data, nutrients, plant productivity, and populations of
krlll predators should be monitored.



C-1

INTRODUCTION

Reviews of zoogeography of the southern ocean iden-
tify the Antarctic Convergence as the northern boundary of
the Antarctic Zone (Broch, 1961; Knox, 1968; Hedgoeth ,

1969, 1970). Waters north of the Convergence are in the
Subantarctic region. Some species of phytoplankton such
as chaetoceros flexuosus Mangin or fragi lariops is sub linear is
(van Heurck) Heiden are only found in the Antarctic zone
(Hasle, 1968). The krill Euphausia superba are only found
south of the Convergence (Marr, 1962). Antarctic seals
and penguins probably do not migrate across the Convergence.
Some fish and most whales do cross the Convergence to feed
in the Antarctic every year. The Antarctic marine ecosys-
tem is defined biologically by the species found in the
Antarctic zone.

The Antarctic marine ecosystem is also defined by
physical oceanographic conditions which strongly affect
its biology. The Antarctic Convergence is a physical fea-
ture. Seasonal changes in available light and extent of
ice cover are characteristic of the Antarctic zone. The
Circumpolar Current serves to connect waters south of the
Convergence into a single system through transport of
nutrients and plankton.
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QUALITATIVE ECOSYSTEM DESCRIPTION

A conceotual model diagram of the Antarctic marine
ecosystem is presented in Ficrure 1. Boxes indicate eco-
system components . Any organism found south of the Con-
vergence can be placed into one cf the ccrxartrr.er.ts .

Dissolved organic and inorganic nurrients and organic
detritus are also included. These nonliving components
are nuTrier." '::Is r.ecessary to comolete the nutrient
cycles .

In Figure I, bcx size is net related tc -ctal standing
stocks of the compartments. Quantitative estimates cf
standing stocks are given in Figure 3 .

Arrows show material exchange ar-d rrophic (feeding)
flows among ecosystem com.iDonents . The dark arrows repre-
sent pathways with the largest annual total flows. They
also indicate the most imDcrrant Dredator-prey relaticn-
ships .

Nurrienrs enter the sysrem through ur-.rellir.g . They
are lost through A.ntarctic Bottom. Water f zr-.^zLzr. . through
sinking to the sediments , and through harvest cr em.igra-
tion of anim.al3 . Broken arrov/s represent the conrribution
of dead organisms to organic detritus.

't::p lankten prcvice SO to 90% of the primary pro-
or carbon fixation, in Antarctic waters (El-Saved,
sen, 1375). Phytoplankton are single celled

planes. Dominant Antarctic species are diatoms (Holm-
Hanser. , ee al. , 1977). Other plants in rhe ecosystem are
algae growing in the bottom layer of one-year sea ice
which may provide 10 to 15% of annual prim.ary production
'?-r.t, 1953, 1968, 1971) and some seaweeds (BIOKiASS, 1977).

-r^f^e

Kr:

Krill are euphausiid cruseaceans which are eaeen by
baleen whales. They are classified as zooplankton or
m.icronekton. The main species are Euphausi a superba , E.

crustalloropkias , and Thysanoessa macrura (Nemotc , 1959).
Frc.- ehe Antarctic Convergence south, the predominant krill
species is Euphausia superba (Marr, 1952). Euphausia
superba is the only krill species of commercial interest.

Krill play a very important role in the dynamics of
the Ajntarctic marine ecosystem. They are the main herbi-
vore. '.-Jith zooplankton, rhe-" facilitate nuerier.e
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regeneration in the euphotic zone during the growing season.
Plankton release organic and inorganic nutrients. Organics
are decomposed into inorganics which are necessary for plant
growth. Although upwelling brings massive amounts of
nutrients into the whole Antarctic ecosystem (Gordon, 1971),
regeneration in the euphotic zone during the spring is still

apparently necessary to account for the high observed levels
of plant growth (Green, 1975)- Krill provide the main food
resource for fish, cephalopods, penguins, crabeater seals,
leopard seals, and baleen whales (Permitin and Tarverdiyeva ,

1972; Laws, 1977; Prevost, in press). Because krill are
concentrated in swarms, large animals can catch enough to
feed themselves adequately. The swarming habit also makes

harvesting feasible. The main consumers of krill are crab-
eater seals and cephalopods (Green, 1977).

Other Zooplankton

Copepods , amphipods, and chaetognaths dominate zoo-

plankton in the Pacific sector (Hopkins, 1971). In the
Antarctic ecosystem as a whole, other zooplankton may be

equal or greater in biomass to krill (Gulland, 1970).
Although other zooplankton may be as abundant as krill,
they are apparently not used as extensively by predators.
The disproportionate feeding on krill is indicated in

Figure 1, and is more striking from quantitative feeding
estimates in Figure 2. This apparent under-utilization of
non-krill zooplankton may be an artifact due to ignorance of
some aspects of Antarctic ecology. However, it is possible
that the dispersed distribution of other zooplankton, con-
trasted with krill swarms, makes them less accessible to

consumers .

Ice Invertebrates

Invertebrates associated with the sea ice algae
community are mainly amphipods (Andriashev, 1968) which are
eaten by fish fry (Knox, 1970).

Birds

Over 95% of the bird biomass in the Antarctic is

penguins. South of the Convergence, penguin populations
are dominated by Adelies, Pygoscelis adeliae, whose diet is

mainly krill (Prevost, in press).

Fish and Cephalopods

Cephalopods in the southern ocean are primarily squid.

They constitute significant portions of the diets



C-5

of sperm whales, seals, oenguins , and some fish. It is

possible that they are less abundant in Antarctic than in
subantarcti,c areas (BIOMASS, 1977).

Fish species thought to be of greatest importance in
the southern ocean are listed in Table 1. At present, fish
are not thought to contribute significantly to the Antarc-
tic marine ecosystem (BIOMASS, 1977). Some Antarctic fish
species are residents which remain south of the Convergence.
Some such as Nototheni a magellanica and Dissostichus
eleginoides occur in both subantarctic and Antarctic regions
Information to determine whether these species migrate
across the Convergence or form separate stocks in the two
regions is not yet available (H. DeWitt , conversation of
15 November 1977). However, it is unlikely that these are
of commercial interest.

The blue whiting Micromesi stius australis does
migrate across the Convergence and is harvested.

Seals

Crabeater seals are by far the most abundant species
in Antarctic waters (Erickson, et al . , 1971; Laws, 1977).
Other seals present in the system are fur, leopard, Weddell,
Ross and elephant seals (see Table 2). The crabeater,
Weddell, leopard and Ross seals inhabit the pack-ice zone.
The fur seal Arctocephalus gazella breeds on islands south
of the Antarctic Convergence, primarily South Georgia
(BIOMASS, 1977). The crabeater seal consumes mainly krill.
Other seals eat fish, cephalopods , and occasionally birds
and young seals.

Whales

Antarctic whales feed intensively in Antarctic waters
in the summer months, increasing about 5 0% in weight.
After migrating northward in the autumn, they feed rela-
tively little during the winter. Large baleen whales
feeding south of the Convergence are fin, blue, sei , hump-
back and minke whales. Sperm whales, killer whales, and
some smaller toothed whales also feed in Antarctic waters
(BIOMASS, 1977).

Distribution, abundance, and commercial use of Ant-
arctic whales are listed in Table 3. Minke whales are
assumed to feed for about six months in Antarctic waters,
while other baleen whales are present for only about four
months. About half of total sei whales and one-third of
exploitable male sperm whales feed south of the Convergence
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(Laws, 1977)- Distribution of all species is circumpolar,
with larger species and larger Individuals within species
penetrating further south (BIOMASS, 1977).

Benthos

Benthic communities occur along the Antarctic conti-
nental shelf and around islands. Energy sources for the
benthic community come from seaweed production and from
sinking of krill and other detritus from the water column.

There is no commercial harvesting of Antarctic benthos
at predeur. . Some seaweeds occur in harvestable quantities,
particularly the brown algae Macrocystis pyrifera and
DuTvillea antarctica and red algae such as the Gelidiales
or Gigartinales .

In the subantarctic , rock lobsters (janus sp.) are
harvested. Several antarctic invertebrates (the scallop
Adamussium colbecki , the clam Laternula elliptica , the

gastropod Neobuccinum eatoni ,
and sea urchins Sterechinus

sp.) are similar to species exploited elsewhere. However,
small stocks combined with logistic difficulties indicate
that commercial harvesting would not be practical.

Exchanges with Other Ecosystems

Carbon and nutrients are exported from the Antarctic
ecosystem through migration of whales, some fish, and some
birds. Nutrients are also lost through a presently small
krill harvest, fish harvesting and whaling. A much larger
krill harvest is anticipated in future years. In addition,
other fish species, squid and possibly some seals constitute
potential harvestable resources.

The Antarctic marine ecosystem is well integrated.
Component species and relationships between them have
evolved together. There do not appear to be any empty
niches. All the available resources are used within the

system. It is very difficult for an outside species to in-
vade a healthy ecosystem successfully. (Only systems under

stress, such as the polluted Great Lakes, are susceptible to

major faunal changes). Thus, importing a new species such
as salmon to migrate across the Convergence, eat krill, and
then return north to be harvested, is not expected to work
on ecological grounds. In the case of salmon, there are
also biological and physical oceanographic problems with

establishing a population north of the Convergence.
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COMPARISON WITH OTHER MARINE ECOSYSTEMS

There are several characteristics of the southern-
ocean which are shared with all other marine systems:

( 1) Both organic and inorganic nutrients are dis-
solved in the water column. This nutrient reserve is

analogous to nutrients held in soil in a terrestrial
ecosystem.

(2) In land ecosystems, plant biomass is much
greater than that of animals. This system exhibits an
inverted pyramid of biomass; i.e.,' plant plankton standing
stock at any given time is probably lower than animal
plankton standing stock. However, the rapid turnover or

replacement rate of the plant plankton allows the small
standing crop to support the larger zooplankton biomass.
As in other marine and terrestrial systems, the standing
stock of other animal groups decreases with distance from
plants in the food chain; i.e., standing stocks of primary
carnivores are lower than standing stock of herbivores,
etc .

(3) Most of the primary production in the system is
carried on by single celled plants.

(4) Nutrients are recycled within the ecosystem, but

energy is dissipated as it flows through the food chain.

(5) Distributions of organisms are three dimensional
in marine environments. Overlapping mapped distributions
of two species does not necessarily indicate that they
interact, since one may be a surface and one a bottom-
dwelling organism. Krill are found at the surface in the
southern ocean.

(6) The biology of a marine ecosystem is closely tied
to its physical environment. Light, ice cover, temperature
and current movement are the most significant physical fac-
tors in the southern ocean.

(7) Productivity is higher in upwelling and coastal
regions in the southern ocean as in other oceans.

There are some special characteristics of the southern
ocean which are not shared by other marine ecosystems and
which deserve emphasis for understanding the dynamics of
the Antarctic marine ecosystem.

(1) Extreme seasonality in the light and ice regime,
particularly below the Antarctic circle, dictate a very
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short but intense growing season. Physiological and
behavioral mechanisms have evolved to spread the production
pulse and to make food available throughout the year, even
when the plants are not growing.

(2) The southern ocean is productive, but not as much
so as initially supposed. Early observations were made in
coastal or ice edge areas during the summer. But on a per
square meter per year basis, Antarctic waters are not much
more productive than other oceans.

(3) However, the short food chains in the southern
ocean allow a greater proportion of fixed carbon to be
transferred to carnivores such as fish, birds, and mammals.
Since no group is more than three steps away from phyto-
plankton in the food chain, the southern ocean supports an

unusually dense population of carnivores.

(4) Perhaps the most significant aspect of the sou-
thern ocean ecosystem is the dependence of many predators
on one prey species, krill. At first glance, ecological
theory indicates that this situation should not occur;
different predators tend to specialize on different prey
species. However, the unusual dependence of several preda-
to;."b on one prey is possible in the Antarctic because each
pi'edator consumes a different segment or partition of the
ki'ill population. Predators feed in different geographic
locations, inside or outside the pack Ice zone, at different
times of year, and take different size classes of krill.

(5) The life span of krill is very long, compared to
that of other marine zooplankton. In warmer waters, zoo-

plankton may produce several generations per year. Krill,
Ir contrast, require several years to reach sexual maturity.
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QUANTITATIVE ECOSYSTEM DESCRIPTION

Stock Estimates

Phytoplankton . Estimates of phytoplankton standing
stock and production are derived from annual average pro-
duction values for a small region extrapolated to the whole
southern ocean. Production values are given in gC/m^/year,
but most of the primary production occurs from November
through February. The average ocean area south of the

Convergence is 38 x lO^km^ (El-Sayed, in press).

2
An average production value of about 16 eC/m /year

(Holm-Hansen, et al., 1977) gives 6080 x 10° metric tons
wet weight produced. A conversion factor of 1 gram carbon
to 10 grams wet weight for phytoplankton is used (Everson,
in press). A production average of 25 gC/m^/year .Green,
1975) based on data for the Ross Sea produces a tctal pro-
duction estimate of 9500 x 10^ tons. An estimate of 40

gC/m^/year (Currie, 1964) yields a production estimate of
15200 X 10^ tons. An average production estimate of 100

gC/m^/year was used by Ryther (1963). That value was a

purely speculative estimate based on the concept that
Antarctic waters are significantly more productive than
those of other oceans. It has been shown by field data
collection to be unrealist ically high.

All of the values given here measure net carbon fixa-
tion rates. Losses to respiration and- losses to leakage of

organic matter have already been accounted for. The num-
bers presented here are fixed carbon which becomes avail-
able to herbivores.

Krill. In spite of the commercial and scientific
interest in krill, accurate estimates of krill abundance
are not available. The lack of information is partly due
to sampling techniques. Normal zooplankton collecting nets
do not caoture krill effectively since krill are stronger
swimmers than most zooplankton. High speed trawls, such
as those used in the fishing of krill, are more appropriate
for quantitative sampling. They have not been used over a

wide enough area to provide estimates. The swarming habit
of krill makes their distribution extremely patchy. It is

difficult to extrapolate a catch inside of one swarm to the
southern ocean as a whole.

Participants at the SCAR Conference on Living
Resources of the Southern Ocean in Woods Hole. Massachusetts
in 1976 discussed total krill biomass in the 200-600 x 10^
tons range. On the basis of 75 x 10^ tons dry weight
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(Gulland, 1970) for krill, a wet weight biomass of 225 x 10
tons can be calculated. Working on a production to biomass
argument, with a production to biomass ratio of 1.8:1 (Allen,
1971) and a production estimate of 330 x 10^ tons as derived
from the chart in Figure 3, a biomass estimate of 183 x 10^
tons is calculated. High range of krill biomass estimates
is represented by 930 to 1950 x 10^ tons (Makarov and Shev-
kov, 1972).

Krill biomass estimates represent a summer or maxi-
mum standing stock. Annual average values are lower. For
the remainder of the paper, discussions and calculations
use the value of 25 x 10^ tons for an annual average and
600 X 10^ tons for a summer maximum biomass.

Figure 2 lists estimates of population sizes for the
compartments of the Antarctic marine ecosystem as in Figure
1.

Phytoplankton production values are reliable. Exten-
sive data collection over the whole southern ocean has
contributed to the estimates. Recent estimates center
around the range of 25 to 35 gC/m /year, similar to produc-
tion values in other oceanic waters. However, in the Ant-
arctic, production is concentrated in the summer season
rather than spread throughout the year.

Krill estimates are not reliable. They are based on
speculations, not quantitative data. However, an estimated
standing stock range of 250 to 600 x 10" tons and an annual
production rate of 300 x 10" tons are compatible with
phytoplankton production estimates. A primary production
estimate of 25 gC/m^/year yields 9500 x 10° tons available
to herbivores each year. If half of that is consumed by
krill with only a 10% assimilation efficiency, an annual
krill production of 450 x 10^ tons can be supported.

Other Zooplankton

Because of the difficulties of sampling zooplankton
in patches and of taking net tows in pack ice , reliable
estimates of non-krill zooplankton are not available. It
is usually assumed as in Gulland (1970) that the biomass
of other zooplankton is the same as that of krill. This
estimate is a very soft number and not reliable. However,
the lack of reliability is not significant because of low
utilization of non-krill zooplankton in the food chain.
An indication of relative abundance of krill and other
zooplankton would be useful. A specific population esti-
mate, however, is much more important for krill than it
is for other zooplankton.
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Fish . The fish abundance estimate in Figure 2 is
an indirect calculation. The amount of fish consumed by
fish predators, as in Figure 3, is 14- x 10° tons per year.
Derivation of this value will be discussed later. Assuming
conservatively that annual production is equal to standing
stock for fish, biomass is 14 x 10^ tons. If annual pro-
duction is less than the average standing stock, then the
biomass estimate should be revised upward.

From a study on fish in the South Orkney Islands
(Everson, 1970), an annual consumption rate of 6.5 times

body weight is derived. A fish stock of 14 million tons
then consumes 91 x 10" tons of food per year, about two-
thirds krill and the remainder other organisms. Values for
fish standing stock and krill consumption are educated
guesses, and are most likely to be underestimates.

Squid . The biomass estimate in Figure 2 is based on

predation on squid, another indirect estimate. Previous
estimates of Antarctic squid biomass have been based on
the population size required to support predation by sperm
whales, a major squid predator. However, from Figure 3,

seals, birds, and possibly fish together consume at least
twice as much squid as do sperm whales. Therefore, squid
population estimates have been revised upward (Green, 1977).
Estimated yearly predation on squid in the southern ocean
amounts to about 19 x 10^ tons. On the assumption that

squid populations turn over faster than fish do and that
annual production is one and a half times standing stock,
a squid standing stock of 12.4 x 10^ tons was derived.
This estimate is speculative S.nd not reliable. It is higher
than previous estimates, but may still be conservative.

An annual consumption rate of eleven times average
body weight is extrapolated from laboratory studies (Van

Heukelem, 1973; Hurley, 1976). The total consumption by
a stock of 12.4 x 10^ tons of squid would be 136 x 10^ tons
of food per year. Squid may consume 100 x 10 tons of
krill annually (D. Tranter, Woods Hole Conference).

Fish and squid estimates are the least reliable num-
bers in Figure 2 since they are not based on any direct
data. One concern expressed at the Woods Hole Conference
was the need for improved data on fish and cephalopod
stocks. This information is essential, because fish and

squid feed extensively on krill and they are potentially
harvestable resources.

Birds. From an extensive review of population and

physiological data available for Antarctic birds (Prevost,
in press), a standing stock of 0.27 x 10^ tons for waters
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south C'f the Convergence was estimated. The bulk of this
biomass is Adelie penguins which subsist primarily on krill.
Antarctic birds consume 67 times their body weight per year,
.for a total prey consumption estimate of 18 x 10 tons.

Proportions of krill and other species in bird diets were

given for the Antarctic and subantarctic regions combined.
Correcting these ratios to allow for the dominance of Adelie
penguins south of the Convergence, birds consume 14 . 4 x 10"
tons of krill annually.

Because birds are easy to census, since they breed in

colonies and in accessible land areas, the bird biomass and

consumption data are very reliable.

Birds have a relatively large impact on the ecosystem
in proportion to their standing stock because of their high
consumption rates. However, compared to seals and other
species as krill consumers, birds have a relatively small

impact. However, penguins may prove to be useful indicators
of krill abundance (Green, 1975). Data on penguin popula-
tion size and breeding success can provide an important key
to the condition of krill standing stocks. Birds are much
easier to sample than are zooplankton.

Crabeater seals . Crabeater seals are by far the most
abundant of Antarctic seals. Population estimates vary
from 15 million individuals (Laws, 1977) to between 20 and
30 million individuals (Hofman, conversations at Woods Hole
Conference) to estimates of 30-70 million individuals
(Erickson, et al . , 1971). For the rest of the paper, cal-
culations use 25 million indiiriduals or 5.5 x 10^ tons of
crabeater seals.

Using an annual consumption rate of 23.45 times ave-

rage body weight (Oritsland, 1977), total consumption by
crabeater seals is 111 x 10^ tons of food. Since their
diet is 94% krill (Laws, 1977), they eat 106 x 10^ tons of
krill annually.

Biomass estimates for other seals are from Laws (1977)
and Hofman (discussions at Woods Hole Conference). Total
biomass estimated for other seals is 0.8 x 10 tons (com-
Dared to a total of 5.5 x 10^ tons for crabeater seals
alone). Other seals consume a total of 18.7 x 10° tons

per year of which 3.1 x 10 are krill (after Laws, 1977).

Whales . Baleen whales found south of the Convergence
are blue fin, humpback, sei , and minke whales. Fin whales
are the '?:^st abundant with a total estimated biomass of 4

X 10^ tc:^. Minke vjhales , although less abundant, consume
more bec-^.:se they feed for a longer period of time in the
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Antarctic than fin whales. Present annual consumption of
krill by whales is approximately 42 x 10^ million tons
(Laws, 1977), less than half of the total consumption by
seals and also less than consumption by squid.

Sperm and killer whales are present in the Antarctic
ecosystem, but do not consume krill directly. They eat
fish and squid and are one step removed from krill in the
food chain.

Data on whales are based on fishery statistics and
are very good estimates of population size and consumption
rates. Seal information is almost reliable as that of
whales. Both aerial and shipboard techniques have been
used to estimate seal populations.

In Figure 2, phytoplankton production and bird, seal
and whale standing stocks are the most reliable numbers.
Krill and other zooplankton estimates are considerably less
reliable. Fish and squid estimates are the softest numbers
in the table, essentially educated guesses.

Predation Table

Figure 3 shows estimates of the total biomass flowing
along the arrows of the conceptual model of Figure 1.

Values are in units of 10° tons and represent annual totals
for the area south of the Convergence. Flows are located
with the donor compartment as column heading and the recei-
ver compartment as row heading. Flow from krill to penguins,
which represents consumption of krill by penguins, is in the
krill column and penguin row of the matrix and is 14.4 x 10"
tons per year.

Ice algae production is about 5% of phytoplankton pro-
duction (Green, 1977). Ice invertebrates feeding on ice

algae provide a mechanism for putting that carbon into the
water column. Zooplankton and fish larvae eat ice algae.
For the higher trophic levels , the matrix has been derived
from the predator perspective.

Estimates of predation on krill by fish, squid, pen-
guins, seals, and baleen whales were documented in the dis-
cussion of Figure 2. Consumption of other zooplankton,
fish, squid, and birds are from Green (1977), Laws (1977)
and Prevost (in press).

Bird and mammal consumption rates are based on exten-
sive data. Fish and squid consumption rates are specula-
tive .
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Figure 3 represents the best present estimates of con-

sumption within the Antarctic ecosystem. The matrix indi-
cates that squid and crabeater seals are the most important
consumers of krill. Baleen whales consume only about a
fifth of the total taken by squid and crabeaters .
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SUMMARY ECOSYSTEM DESCRIPTION

The term krill refers to several species of zoo-
plankton in the Antarctic ecosystem. The dominant species,
and the only one of commercial interest, is Euphausia
superba . Krill is sometimes used as a synonym for this
species. E. superba is rarely found north of the Antarctic
Convergence, but is abundant immediately south. Some fish,
bird, and seal species exhibit the same distribution pattern,
circumpolar south of the Convergence. All waters south of
the Antarctic Convergence belong in the Antarctic ecosystem.
The Antarctic marine food web is centered around krill.

The Antarctic ecosystem is unusual ecologically since
one species, krill, provides the major food resource for
fish, squid, birds, crabeater seals, and five baleen whales.
The timing of whale migrations, the fluctuation of the
pack ice, and the relationship of seal distribution to pack
ice type provide for some partitioning of the krill resource.
The partition taken by fish and cephalopods is not known,
although both groups are thought to be significant preda-
tors on krill.

Krill play a key role in the nutrient dynamics of the
Antarctic marine ecosystem along with other zooplankton and
phytoplankton. They facilitate nutrient regeneration in the
euphotic zone during the growing season. Harvesting of
krill, fish, and whales removes nutrients from the Antarctic
ecosystem. Nutrients are brought into the system by exten-
sive upwelling.

The biology of the Antarctic ecosystem is closely
regulated by the extreme seasonal variations in availability
of light and in areas of sea ice. The circumpolar current
unifies the system through transport of nutrients and
plankton.

Krill have a circumpolar distribution as do most
birds and mammals. The distribution of fish and squid
species is less well known. Whales and at least one fish
species migrate across the Convergence. Squid are probably
most abundant near the Convergence, and may cross it.
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KRILL PRODUCTION

Total predation on krill by fish, squid, birds and
mammals amounts to approximately 330 x 10" tons per year.
This value is an estimate of production by the krill popu-
lation .

The ratio of annual production to average biomass is

an estimate of turnover rate for the krill population. Pro-
duction estimated by predation is roughly equal to the ave-

rage standing stock and about half of the peak annual bio^
mass. Turnover of 50 to 100% of the population in a year
is slow for marine zooplankton. However, Antarctic krill
are long-lived in comparison with other zooplankton, so
this figure is not so surprising.

The questions of krill life span and age of sexual
maturity are not yet resolved. Data on size distribution
can be interpreted in several ways (Fraser, 19 37

•, Bargmann ,

1945; Ivanov, 1970). Krill do not breed until the beginning
of their third or fourth year, lengths of 28 to 45 mm, and

may breed one or two seasons (McVJhinnie, letter to K. Green,
18 October 1977).

Life span questions affect estimates of krill replace-
ment rates and consequently estimates of sustainable yield.
With present uncertainty on development rates, the propor-
tion of the population that is capable of reproducing in

any year cannot be determined.



C-25

KRILL HARVEST QUESTIONS

Surplus Argument

Mention of krill as a harvestable resource is invaria-
bly connected with an observation on the decline of whales
in this century. The argument is essentially that an amount
of krill equivalent to the difference between present con-
sumption and peak consumption by whales can be harvested.
Assumptions associated with this argument are that man can
exactly replace whales as a predator in the Antarctic eco-
system and that consequently harvesting will have no impact
on the rest of the system. This argument is no longer con-
sidered valid by scientists, but remains a part of the pub-
lic attitude on Antarctic resource potential.

There are several very strong arguments against the
assumption that krill harvesting will not affect the Antarc-
tic marine ecosystem. First, harvesting can not exactly
replace whales as a predator. The fraction of the krill
population which the whales consumed, with a specific cir-
cumpolar distribution, time of year, size of krill removed,
and relationship to pack ice, will not be duplicated by
commercial harvesting.

Second, there is evidence that the ecosystem has
already adjusted partially to the reduced whale population.
Penguins and some seal populations appear to have increased
to take advantage of more available krill (Conroy, 1975;
Laws ,

19 7 7b) .

A large commercial krill harvest will compete with
krill predators . V/ith the change in abundance of krill
available to the ecosystem, there will be changes in preda-
tor populations. It is suggested that populations will
return to 1900 levels -- i.e., to what they were when whale
populations were considerably higher (J. A. Gulland letter
to K. Green, September 1977). Population levels for fish,
cephalopods , birds and seals around 1900 are not known,
however.

Yield Estimates

The estimate of total predation on krill from Figure
3 is approximately 330 x 10 tons. Any commercial harvest
will be taken from those 330 x 10 tons. Harvesting will
displace some predators.

Literature estimates of sustainable krill harvest
range from 70 to 150 x 10^ tons per year (Moiseev,- 1970;



C-26

lyfeLCklntosh, 197O; Everson, in press). Public expectations
are even higher (e.g., 200 x 10° tons, Gwynne, 1977).

Changing the perspective from only krlll and whales to
the whole ecosystem, estimated harvesting levels appear to
be too large. A harvest of 150 x 10° tons would displace
half of the current predators, producing dramatic changes In
the ecosystem.

The estimate of 330 x 10° tons for krlll production Is
a sum over the whole southern ocean area. A local harvest,
say 10 x 10° tons In the Scotia Sea, would probably cause
observable changes In predator populations there. My
present educated guess for a sustainable yield, based on
possible replacement rates and ecosystem Interactions, Is
30 to 60 X 10° tons per year for the southern ocean, with the

larger value less likely to be sustainable over a long time.

To try to maintain balance within the food web, preda-
tors could be harvested In proportion to prey (krlll)
harvested. Sustainable harvests of seals, birds, fish and
cephalopods cannot be estimated well at present because of
lack of Information on replacement rates within each of
those stocks. As a rule of thumb for general consideration
only, a total predator blomass of about 10^ of the total
krlll harvest could be taken. Thus, 30 x 10° tons of krlll
harvested would imply a total of 3 x 10° tons for seals,
birds, fish and cephalopods. About half of that total
would be crabeater seals. A concomitant harvest would
necessitate management of all the resources, including
krlll, by one agency. To meet the objective of maintaining
a balanced ecosystem, the geographic locations of all the
harvests would have to be coordinated as closely as the
total removed. Predators should be removed from essentially
the same location as prey. Population dynamics within each
species must also be taken into account.



C-27

MANAGEMENT AND CONSERVATION CONCERNS

Management concerns from an Antarctic ecosystem per-
spective in the area of environmental sensitivity to a
krill harvest are:

(1) recovery rates of baleen whale populations.
Baleen whales are not a significant predator on krill at
present. Even when whale populations were greatest, baleen
whales probably consumed only about half of the krill avail-
able to predators (Green, 1975). Recovery rates of baleen
whale populations depend on the age ^t which whales reach
sexual maturity as well as on total population numbers.
Whales now become sexually mature sooner than they did at
the turn of the century (Gambell, 1976). This promotes a

rapid recovery of the population and may be due to good
physiological condition from abundant food supply. A reduc-
tion in krill might cause a rise in the age of first repro-
duction and, consequently, slower recovery of the baleen
whale populations. In addition, a harvest will be competi-
tion for food, limiting the potential sustainable baleen
whale population size.

(2) abundance of potentially harvestable fish and
squid. Fish and squid are potentially harvestable resources.
They are probably easier to market than are krill even though
they may be more difficult to catch. Some commercial fish-
ing is already occurring in Antarctic waters. A substantial
krill harvest could interfere with existing and potential
fisheries by reducing prey availability and consequently
overall population size,

(3) populations of penguins and seals. A large krill
harvest acting as a competitor for penguins and seals could
easily result in a reduction in penguin and seal populations.
The most affected would be crabeater seals, a potentially
harvestable resource.

(4) trophic structure of the Antarctic marine ecosys-
tem. The harvest of krill is not analogous to the harvest
of whales. A whale is a top carnivore or an end of a food
chain. Some baleen whale populations were reduced to less
than a fifth of their highest levels. While there have
been adjustments within the Antarctic ecosystem to changes
in whale populations, the basic structure of the system
remains the same. If krill populations were reduced com-
parably, the entire character of the Antarctic ecosystem
would be changed.

Some additional information is necessary for the
conservation and manapeTnp>nt n-F krill stocks. Breedinor



C-28

stocks must be identified. Data is needed on the abundance,
distribution, age structure, and reproductive physiology of
krill.

Limited commercial harvesting can provide some of the
data necessary for calculating sustainable yields. In the
event of any krill harvest, data should be collected,
reported and analyzed: location, time, search time to
locate a swarm, gear used, swarm size, shape and depth,
size composition of the catch, and breeding condition.

Monitoring the rest of the system for a response to

the krill harvest is also essential. Nutrient levels and

primary production rates in the vicinity of krill harvesting
should be measured. If possible, fish and cephalopod popu-
lations should be evaluated. Birds, particularly penguin
populations, should be monitored closely as potential
indicators of changes in krill abundance. Seal and whale
data are already being collected under existing conventions.

A controlled krill harvest can be treated as an exper-
imental manipulation of the Antarctic marine ecosystem. With
careful observations, data pertinent to the ecology of the

system as well as to management of the fishery can be

obtained.
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6. KRILL

6.1 Introduction and General Biolop;y

There are in the Southern Ocean several commonly occurring species of euphausiid crusta-
cean. These are listed below and their approximate latitudinal ranges shown in Fig. 6.1.

Euphausia superba

Euphausia vallentini

Euphauaia triacantha
'

Euphaujja frifj.da

Euphaunia crystallarophias

Thysanoesaa macrura

The distribution of these species along with an identification key are described by
Mauchline and Fisher (1969) and more detailed information is available in John (193?) and
Baker (1965) (Euphausia species), in Baker (1959) and Itorr (1962) (Euphausia triacantha )?

Marr (I962) (Euphausia superba ) and in Nemoto and Nasu (I958) ( Thr/sanoSssa ).

Of these species Ej_ superba (Fig. 6.2) is the largest and most abundant and is the spec-
ies generally considered as being synonymous with the term "Antarctic Krill". It is this

species which is of greatest interest from the fisheries point of view since its habit of

congregating into dense swanns makes it an ideal target for modem midwater trawlers. The

bulk of this section is therefore in the main restricted to infonnation on Ej_ superba althou^
other species have been occasionally found to be more abundant in some areas of the Southern
Ocean (Nemoto, Doi and Nasu, in press, found Ej_ vallentini and Thy canoe ssa macrura predomin-
ated in six out of 310 samples).

Before reviewing in detail the information on E. superba ,
a brief outline of some of the

essential features of its general biology will be given in order to assist the reader in

gaining a clear vmderstanding of the processes which are described in the sections which fol-
low.

The main part of the spawning season for _E^ superba occurs from January to March. The

eggs, about 0.7 mm in diameter, are released at the surface and then sink to considerable

depth, almost certainly to the lov/est levels of the warm deep water. During the weeks which
follow the eggs hatch into nauplii ajid, whilst rising throu^ the water column, develop
throu^ a metanaupliar stage to arrive at the surface as first calyptopes. They then develop

throu£^ two further calyptopis and six furcilia stages before being classed as adolescents.

During the subsequent two or more years the krill increase in size to a maximum length of

about 6 cm. and are to be found, for the most part, in the top 200 m of the water column.

Any diurnal vertical migration that does occur is thou^t to be within the Antarctic surface

water so that in the West V/ind Drift the krill are in vrater masses having a slight northerly
component.

The more or less total restriction of ^ superba to the surface water may well be associ-
ated with the fact that it is the only species of euphausiid which at least during the summer
feeds predominantly on phytoplankton. Other food types are however taken depending upon
availability.

The habit of Ej_ superba of congregating in dense swarms has been well known for a long
time. The swarms themselves are often several hundred metres across and within thorn the krill

may be as concentrated as several kilograms in a cubic metro of water. Thus, within a region
of above average abundance the distribution is extremely patchy.
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6.2 Distribution

In broad terms the overall geographical distribution of ^ superba may be taken as being
circunrpolar south of the Antarctic convergence (Marr 1962, Baker 1954) and is one of the

dominant macroplankton organisms. (The dominant components of the macroplankton in the

Pacific sector may be Salps and Coelenterates(Barkhatov et al. 197 3) although Mackintosh

(1973) thinks most of the krill there are in the East Wind Drift and therefore in the Pack

loe Zone). There are few records of Ej_ superba occurring north of the convergence.
Mackintosh (1973) described krill north of South Georgia in a tongue of cold water, Sasaki

et al. (1968) described a concentration at 45°S 145°E and Ball and Dunstan (1957) found fresh
krill in the stomsich of a humpback whale caught off Queensland. Marr (1957) considers such
oocurrances of minor importance. Within these very broad limits the density of krill is

extremely variable. Marr (1962) describes the major concentrations as occurring in the East

Wind Drift, Scotia Sea, Weddell Drift and South Georgia areas although Mackintosh (1973) has

shown the existence of large concentrations elsewhere. As. a result of recent sampling Nemoto

(1968) has shown the presence of large concentrations in the vicinity of the Kerguelen
Gaussberg Ridge and at Longitude 150°W (see also map in Mackintosh 1973). This area of con-

centration is also suggested hy Beklemishev (I96O, I96I) on the basis of whale catches in the

region.

Because krill concentrations tend to occur in certain clearly defined areas, it has been
suggested that these may represent several self maintaining populations (implied by Mackintosh
1973) or even distinct races (Hakarov 1974). Clearly whether or not such a system is present
will have direct effect on the way in which this resource is managed. In this review, the
distribution 6f all life stages has been considered in order to lead to an overall understanding
of the population structure.

Distribution of eggs and early larvae

In an analysis of the vast collection of material collected by Discovery Investigations, ,

Marr (I962) showed that E;_ superba spawns in the surface layers (althou^ Fraser (1936) con-
sidered that spawning occurred on the bottom in the shelf zone). The eggs then sink and begin
the processes of cleavage leading to hatching. The scarcity of cleaved eggs in the surface

samples and the fact that Bargnann (1937) records spawning in aquaria but without subsequent

cleavage implies that depth (probably pressure) may be necessary for development. Hatching
is thou^t to occur in deep water and the resultant nauplii moult throu^ the metanaupliar
stage as they rise through the water column to reach the surface as first calyptopes. This

description of the cycle of events is clear from Marr' s (1962) analysis. What is not clear
and which has been the subject of a great deal of study are the details of locality, time and
conditions under which these events take place.

Althou^ Marr (I962) recorded both gravid and spent females in the oceanic surface water,
he considered that hatching in the oceanic deep water far away from the shelf was negligible.
He did however consider that the early larvae were carried in the cold bottom water away from
the continental shelf to undergo the developmental ascent in the oceanic deep water. This is

shown diagrammatically in Fig. 6.3.

In his analysis Marr considers very carefully all the evidence both for and against this

explanation because it clearly has a great deal of bearing on the dynamics of distribution.

In this respect the important factors are the time taken over the early development and the

rates of flow of the cold bottom water and warm deep water.

There is at present no direct information on early development rates for Ej_ superba .

Marr assumed that Ej_ superba would take about half as long again as the 15 days Mefcanyctiphanes

norvegica takes to reach the first calyptopis stage (p. 207). Mackintosh (1972) also considers
three weeks to be a reasonable estimate although his analysis is based on much the same in-

formation as Marr's.
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Fig. 6. 3 Vertical distribution and migration of the early
development stages of krill on the shelf (left),
and in deep water (right), (redrawn from Marr

(1962)), Hatching in shallow water can give rise
to the occurrence of nauplii and metamorphis un-

usually close to the surface
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Little evidence is available on the rate of flow of the various deep water masses

although Marr (p. 212) does ijive evidence that in places the Antarctic Bottom Water could
flow north with considerable force.

In a recent re-examination of the distribution of efcgs and larvae ,Voronina (1974) states
that spawning occurs in oceanic waters (cites DolzhonkoT 1973 and Hakarov 1973) and also at
South Georgia, a mar.fp-nal area of its distribution range (cites Mackintosh 1973 and Makarov
1972 )i/ and suggests that spawning probably occurs over most of the range of the species.
Voronina suggests that the Antarctic Bottom Water rather than carrying the eggs and larvae
does in fact form the physical lower limit for the sinking eggs. Successful development is
assumed to be a direct fxinction of depth and a maximum depth of 1 8OO ra is ouggcsted as being
the greatest vertical distance through which the larvae can migrate using the limited food
resources in their yolk sacs.

The 1 800 m boundary layer does encompass most of the localities in which early larvae
have been found although Voronina does mention that some of the stations from which they were
taken in the Scotia Sea fall outside this limit. Another criticism is that in many cases the
larvae will not arrive in the surface water until late in the season after the peak of primary
production. Adolescent and adult E^ superba have been shovm to be capable of feeding on

detritus (Pavlov 1974) and there would seem no reason why the larvae should not do the same.
In that case there is only an advantage in being at the surface during the primary production
season. Thus althou^ the 1 8OO m boiindary layer may for the most part describe the northern

limit of successful spawning this is probably a coincidence.

In his analysis of the life cycle of E^ superba . Mackintosh (1972) to a great extent
avoids the direct issue of oceanic versus shelf area spawning and concentrates on the dis-
tribution of the subsequent developmental stages. However, the implication of his conclusions
is that he, like Voronina, considers that spaiiming occurs over much of the ocean as well as
the shelf area. He makes a strong case for the early larvae being distributed in areas where
low sea temperatures extend to great depth (see also Marr, Fig, 81 ). The major areas he
identifies as holding early larvae are the Ilhst Wind Drift, Bransfield Strait and the diver-

gence zones he describes in the Scotia Sea and IVeddell Drift.

Vertical distribution of later stages

In a long and detailed analysis of the "Discovery" samples, Marr (1962) suggests that the

major concentrations of _E^ superba occur in the top 100 m and within this stratum most fre-

quently in the top 10 m. In his analysis Marr is careful to minimise error due to avoidance,
a major problem with the 1 m .diameter and smaller nets from which his samples were obtained.

Althou^ massed in the surface waters for most of the day and night Marr does sug.gest that
there is a pattern of diurnal migration but was unable to specify the conditions under which
it occurred. The supporting evidence that Marr cites, based on the depths at which whales
and birds feed, is not particularly helpful in this context as it only confirms that krill
occur near the surfsuie at some time during the day or night (a fact known from the net hauls).
What is perhaps more important is that there is a clear indication (Marr 1962, Table 35) that
adolescent and post larval krill are not present in si^ificant numbers in the V/arm Deep Water.

Recent Russian research using echosounders has shown a tendency for sexually mature krill
to undergo diurnal vertical migration in the top 80 m of the water column (Shevtsov and Makarov

1969), and Pavlov (1969| 1974) has obtained results indicating that this vertical migration

1/ Ifekarov (1972) refers to spawning in the frontal zone between Weddell and Bellingshausen
water which would be oceanic. Mackintosh (1972) does not describe spavming as occurring near
South Georgia but considers it possible although Marr (I962) considers that no successful

spawning occurs in the region.
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is directly associated vrith feeding (although no indication is given of how widely applicable
these observBtions are). VJhon the krill are feeding actively they rise to the surface and

are dispersed. They come together as swarms when they are replete, stop feeding and then

descend. Pavlov suggests that the onset of swann formation and the duration of the swarm is

directly related to food availability. Nakaraura (1974) described a similar type of vertical

migration although he does not link this to feeding pattern directly. Assuming that availa-

bility of food is a major factor in controlling sv;arm formation it would be expected that

swarms would occur more frequently during the summer when primary production is at its maximum

than during the winter.

Feeding studies by Pavlov (1971 » 1974) have shown that detritus plays an important part
in the diet of E. superba which would allow than to feed all year round in deeper water.

Although Pavlov~~(l969) describes the guts of krill cau^t at 300 m as being empty and there-

fore not feeding, the fact that their main lipid store is not in the form of waxes (Bottino

1974) suggests they do not go v;ithouL food for long periods (see Sargeant and Lee 1975)* Also
Mauchline and Fischer (19^9) suggest by comparison with other euphausiids that Ej_ auporba

althou^ feeding on phytoplankton by preference will also feed on detritus and animal material.

In addition to this information re.-^rding migration in the surface water Shevtsov and

Makarov (1969) also describe significant concentrations at over 200 m depth although it is

not clear whether these wore detected by echosounders or solely by fishing at predetermined

depths. Confirmation of this observation may be inferred from Permitin's (1970) observation

that krill forms an important componont in the diet of several demersal fish species in the

shelf area (see also section on Fish in this paper). More recently significant deep water

concentrations of krill have been identified in shelf areas of the Scotia Arc where there was

no marked temperature discontiniiity (Fischer 1976),

The fact that those recent observations conflict with those of Marr can be attributed

to either a changing behaviour pattern by the krill or else due to the different techniques
involved in estimation. Ifarr, in considering reasons for the disparity in the daytime and

ni^t time catches finds some evidence that the difference is not due to a diurnal vertical

migration beyond the normal range of the nets, but that it is more likely to be due to avoid-

ance or the fact that subsurface swarms represent a poor target for obliquely hauled nets.

The difference may also be due to the methods employed. There is clearly a need for stand-

ardised sampling in conjunction with acoustic detection devices in order to quantify the

krill concentrations in both the surface water and also in the intermediate water.

Horizontal distribution of later stages

Prom the time tiiat they arrive in the surface waters until they spawn two years or more

later, a significant proportion of the krill must move, or be carried, to an area from which

spawning will result in maintenamce of the stock. Over most of the Southern Ocean the surface

water has a mainly easterly and to a lesser extent northerly set. The result of this is that

krill which occur in that area vri.ll be naturally carried away northwards.

Within the general area of the Ekst Wind and Weddell Drifts, which contain the major

concentration, the distribution is very patchy. In addition to this the habit of E^ superba
in forming swarms has made detailed distributional study liable to considerable error. Recent

fishing expeditions have, however, identified concentrations regularly in clearly defined

areas. These are in the area of mixing of the circumpolar and Weddell currents (Cershanovich
and Lyubimova 1971) particularly to the north of the South Orkneys (Burukovskiiand Yaragov

1967), on the loe side (in terms of dominant wind and current) of islands and submarine ridges
and also in areas of descending currents bordered by ascending currents (Elizarov 1971) and

off South Georgia (e.g., Elizarov 1971, Makarov, Naumov and Shevtsov 1970, Bogdanov and

Solyanik I970). In the Ea,ct V/ind Drift zone concentrations have been found around lOO^E

(Hasu 1974) and from I30OE to 170°W ^Ozawa et al. I968). All of these observations were made

during the summer months and also in areas of svjarms. The only major concentrations that

occur outside the East VJind and Weddell Drift zones are reported from the north of the Ross
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Fig. 6.4 Principal concentra-tions of the Antarctic krill (Marr I962).
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Sea (Hodgson 1902f Marr 1^62) and the Ker.^uelen Gaussberg Ridge area (iJonoto I968) a region
poorly sampled by Discovery Investigations (l6 stations total from November to Apri]).

The catches by commercial type operations indicate a distribution very similar to that
described by Marr (I962) on the basis of plankton net samples (his Fig. 5 and 6), (see Fig-
ure 6. 4). The limited number of lar{;:o catches in xhe Nest Wind Drift zone can be attributed
to one of two factors. Either krill in this sono do not tend to swann and althou^i present
in large quantities do not occur in dense concentrations or their total quantity in the region
is lov;er. Mackintosh (1973) sug/rests that krill concentrations in Indian Ocean sector of

the Wcr-t Wind Drift are progressively /xa7,ed dovm by the vjhalcs as they migrate south. It

is not however clear whether the whale migration south is maintained because of food require-
ments.

Theories of distribution control

There are in the literature a wide variety of theories vihich attempt to explain the

reasons for the occurrence of the various life stages around the Antarctic continent. None
of these theories is totally proven. The more plausible will therefore be considered along
with the major evidence that is available in support amd against.

Perhaps the simplest explanation is that throughout their life history krill remain more
or less in the same location (Marr 19'52). Mackintosh (1972) quotes an average surface flow
rate in the V/est Wind and Weddell Lrifts of lO era/sec. which is within the range of swimming
speeds determined by Semenov (1969) ^or adolescent and adult krill. Although! it is not known
for how long krill could maintain this speed Marr (1962, p. 155) quotes from some notes made

by E. R. Gunther who observed a swarm of krill swimming against an estimated /3 knot current
for several hours. It is also possible for krill to be maintained in more or less the same

locality by migrating between the warm deep water and surface water (they are known to occur
in significant numbers down to 4OO m (Shevtsov and Makarov I969)) althouf^ Fischer (1976) has

suggested that such a temperature discontinuity may represent a physical barrier. The eddying
effect around islands and submarine rises could also, as suggested by Makarov (1972) and

Khvatskiy (1972) hold krill in an area for a prolonged period.

The remaining theories require that the krill are carried in a wide circulation pattern
and the most frequently considered area from this point of view has been the Weddell Sea.

Ruud (1932) basing his ideas on the circulation pattern of Meyer (1923) suggests that some

larvae and adults get carried back to the hif^i latitudes in the surface stream. Marr (I962)
whilst a.greeing that there is an undoubted circulation pattern of this typo believes that

the circulation involves an area far further east and that in addition in order to complete
the cycle the larvae would need to be carried south in the intermediate water during the

developmental ascent. The easterly spreading of early larvae in the surface waters is

clearly sliown in Marr's distribution maps (Fig. 64 onwards) which gives considerable weight
to the greater part of this circulation theory.

Makarov (1972 ) using recent information from the Scotia Sea has taken the theory still
further and suggests that the main circulation pattern described above applies and the main
stock is maintained by spaivning in the vicinity of the South Orkney Islands. He suggests
that the larvae are carried around the Weddell Sea in a clock^irise direction to arrive back
at the South Orkneys a year later. Some of these krill are carried around for a second year
to spavm whilst the remainder drift out of this circulation pattern. Tliis theory requires
confirmation of the existence of the recurvature current (see Kumagori and Yanagawa 1958 and
also Fraser 1936, p I65) and also a better understanding of total circulation in the VJoddell

Drift (see Deacon 1976).

In an extension of this cyclonic circulation theory Makarov (1972) has suggested that a

similar system to that in the V/eddell Zone could operate in the Ross Sea and Kcrguelen Gauss-

berg ridge areas. Treshnikov (l97l) describes six cyclonic g>'res produced by prevailing
cyclonic winds in coastal regions around t'ne continent. Thesn may represent areas of krill

concentration as s u gested by Beklemishev (I96O).
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In his review of distributional control one of the mechanisms that Marr (1962) postulates
is the possibility that a population of krill in the Bellingshausen Sea continually releases

larvae and adolescents that seed the East Wind Drift. During the course of successive gener-
ations this process is continued around the continent (see section on zooplankton in this

paper). Such a theory althanf^ possible with water circulation pattern may not seem very
likely in view of the known higher density of krill at the end of the cycle (Weddell Sea).

However, this could be explained by the Weddell Zone itself .being a self maintaining aysteni
as described above. I-Iarr also mentions the possibility that larvae could be carried from
the Weddell to the Bellingliausen Sea via the Branafield Strait. Althougii there is no evi-

dence for a water movement the full distance, there is evidence that water does enter the

Bransfield Strait from the Weddell Sea (Clowes 1934 )• It has also been suggested (Everson
1976) that the Bransfield Strait itself might contain a self maintaining system.

The only area containing large concentrations of krill that has not so far been consid-
ered in this review is South Georgia. This has been considered as an area in which there is

no successful spawning (Marr 1962) and as a result it is suggested that the krill population
there has its origins in other regions. Because VJeddell Sea water has been considered to

flow along the northeast coast of the island (Deacon 193?) and also because the Southern
Scotia Sea has been shown to contain large concentrations of krill the Heddcll Sea is often
considered as being the origin of most of the South Georgia Krill (Marr I962). Recent

research has suggested that the frontal zone between IVeddell Drift and Wf^st Wind Drift now

passes well to the south of South Georgia (Bogdanov _et al. 1969» see also section on Hydro-

graphy in this paper). Under normal conditions therefore it would seem unlikely that Weddell
Drift krill could be carried to South Georgia. Bogdanov and Solyanik (1970) in an attempt
to explain how VJeddell Drift krill could get to South Georgia show a good correlation bet-
ween whale catches and the mean annual air temperature at South Georgia and Laurie Islands

(South Orkneys). They suggest that Weddell Drift surface water is carried to South Georgia
as a result of wind action on the surface. Unfortunately the cold years (which should have

produced largest krill concentrations and thus vjhales)were linked to low whale catches.
Maslennikov (1972) considers that krill concentrations in the vicinity of South Georgia are

present in the boundary region between a north westerly flowing coastal cvirrent and a south

easterly flowing current further offshore. In years when this circulation pattern is ill

defined, commercial krill catches have been poor (Maslennikov jet al. 1971 ). The impression
is given in their paper that the water in this area is from the Antarctic circumpolar cui^
rent and that Weddell surface water is mixed in the manner described by Bogdanov and Solyanik

(1970). It has also been suggested that the South Georgia Krill have their origins in the

Bransfield Strait or Bellingshausen Sea area (discussed by Everson 1976) although there is

only circumstantial evidence to support this idea.

It is an interesting point regarding all of the proposed theories of
' distributional

control that they all rely on fairly precise limitation in timing of development and -flow

of water masses. This is in complete contrast to the mechanisms of distributional control

proposed for other members of the macroplankton which in general rely on the southerly move-
ment of the warm deep water and northerly movement of the surface water. (Mackintosh 1937»
Foxton 1956, Voronina I968). For a mechanism such as this to be applied to krill it is

clearly necessary to prove the existence of a seasonal vertical migration. Recent evidence

has shown the existence of significant concentrations of krill dovm to 400m althou{^ as yet
there is no year round coverage of observations to suggest that a seasonal pattern of verti-
cal migration exists.

Mention has already been made of the possibility that krill could feed in deeper water
on detritus. The fact that the main lipid store is not waxes (Bottino 1974), indicating
continuous feeding (Sargeant I975), would require the krill to be in deeper water during the

winter. (With almost zero primary production in the surface water in winter the only food
at that time is likely to be detritus at greater depth).

Clearly there is a need for more research to identify which of these mechanisms are of

major importance in maintaining the enormous standing stocks of krill.
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6. 3 Growth and Life Span

Several authors have published curves of size at age for E^ superba (e.g., Ruud 1932,

Bargnann 1945i Marr 1962) (Pig 6.5) which indicate a seasonal pattern of growth during a two

year life span to a maximum size of about 6 cm. More recently Mackintosh (1972) has produced
curves of "local apparent growth" based on the catches from specific regions. His analysis
does not include a consideration of the origin of the krill S.t a given location but relies

purely on the size of individuals at the time and place of capture.

The simple two year life span has been questioned by several authors (Marr 19^2, Ivanov

1970, Hakarov 1971, Mackintosh 1972) who were all v;orking from infoimation from size frequency
distributions. Recently Hakarov (1975) has demonstrated the ability of female Ej_ superba to

spawn more than once thus indicating a longer life span than two years.

I>larr (1962) because of the presence of a few specimens of abnormal size in his samples
suggested that under certain conditions full sexual maturity and spawning may be delayed
until the third year. This phenomenon has been reported in the related Ej_ triacantha (Baker
1959)* The degree to which the odd size group vra.s present in Marr' a samples was very small
indeed, Hovjever, Ivanov (1970) with a much smaller number of samples detected an intermediate
size group in a large proportion of samples from the Scotia Sea. He discussed this in detail
sLnd concluded that the intermediate size group represented an additional year class.

At the moment there is insufficient evidence available to conclusively prove that this

intermediate size group does not represent an additional year class. Relevant information
for both points of view will therefore be considered.

At the same time that Ivanov was preparing his results Mackintosh (1972) was in the

process of reanalysing in detail the Discovery material. As a result of his analyses he
showed the presence of an intermediate size class in most of the areas of dense distribution.

For those areas where there are sufficient samples Mackintosh has drawn an expected growth
curve which shows the intermediate group as being midway between the previously accepted
first and second year groups. Mackintosh argues that since the previously accepted one and
two year classes follow on in a smooth curve with fast growth in spring and slow growth in

winter, the cause of the intermediate size group must be something other than an additional

year in the normal life liistory. On the assumption that the intermediate size fproup is real
and not an artefact of sampling. Mackintosh considers the possibility of am early or late

spawning producing the effect.' On balance he favours the theory that the intermediate group
results from a second spawning later in the year (perhaps in May) but it should be emphasized
that this conclusion is based on extrapolation from the start of the intermediate growth
curve back for over a year. Makarov (1975? 1976) has shown tha^ a significant proportion of

the population spawn more than once, first time spawners release their eggs during the later

part of the summer and second time spawners in the early part of the summer. The release of

eggs at more than one time during the season of maximtun primary production (and therefore

growth) is likely to produce considerable blurring of the peaks in any size frequency distri-
bution. Compared to

_Ej_
triacamtha the size frequency distributions for E. superba show

relatively indistinct peaks (see Baker 1959» Marr 1962, Barpjnann 1945t Ivanov 1970, etc.).

Mackintosh (1972) detected a correlation between the presence of the intermediate group
and an above average temperature in the preceding half year (but not earlier). Al thou^ it

is unlikely that a warmer year would cause a second spawning, it is possible that a warm year
could result in a greater disparity in the growth of larvae resulting from spawnings at dif-
ferent times in the production season.

Hakarov (1971 ) in a paper that also considers the conclusions of Ivanov (l970) is of the

opinion that the extra size group does not represent an extra year class, but is a result of
the mixing of krill from different sources. This suggestion is supported by the fact that
the Bransfield Strait and South Geor,gia, areas of possible mixing, show the phenomenon quite
frequently. Against the idea is the fact that the Bist Wind Drift zone also contains an
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intemiediate group, but on infrequent occasions and since the IDast Wind Drift has the slowest

growing krill of all areas, the mixing would have to be with krill growing more slowly even
than these which is clearly impossible.

Evidence on growth rate by other methods is at present inconclusive. Mackintosh (I967)
Mcl^innie (1976) and Clarke (1976) maintained several individual adolescent and adult krill
in experimental aquaria and studied growth over several moulte. In all cases growth incre-
ment was very small althou^ both authors consider that their experiments were not a true
reflection of growth in the natural state. The slow growth rate indicated by these experi-
ments may indicate a slow growth rate in the wild. However, more sophistication in experi-
mentation will be needed before this approach can be considered as giving a definitive answer
to the problem.

In an analysis of growth curves for a variety of euphausiids Mauohline and Fisher (I969)
have calculated average daily growth rates. These are summarised in Table 6.1.

Table 6.1 Calculated daily growth increment for a variety of euphausiid Crustacea

(Mauchline and Fisher I969)

Species
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A more detailed examination of the growth characteristics indicates that this hi^ figure
for daily growth increment may not be totally unexpected. In his analysis of growth in E.

triacantha , Baker (1959) suggests that the larger size of E^ superba is reached by a longer

period of growth rather than by a faster average rate. Althou^ at first sight this conclu-

sion appears to be at variance with the calculated rates of Mauchline and Pisher, whan consid-

ered in relation to season the similarities become apparent. The percentage increase in

length during each month for the two species Ej_ superba and JE^ triacantha has been plotted
in Fig. 6.6 and the seasonal changes divided up into a series of growth stanzas leading to a

first spawning. The changes occurring are tabulated in Table 6.2.

The difference in the spawning season of the two species means that by September or

October, Ej. triacantha larvae are twice the length of _Ej, superba larvae and it is only in the

second growing season that Ej_ superba become larger than Ej_ triacantha . Bearing in mind that

the _Ej. superba were only present for the last part of the productive season stanza C is

effectively the first production season that the young Ej_ superba will experience. This is

in effect the equivalent to stanza A for K. triacantha . Plotting growth during stanzas A and

B for Ej. triacantha with those of E^ superba for stanzas G and D (Fig. 6.7) show how similar

growth is for the two species during this period.

Table 6.2. Subjective analysis of growth stanzas in Fig. 6.7 leading to a first spawning in

E. superba and Ej_ triacantha

Growth
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Table 6.3. Summary of infonnation related to life epsm in EuphauBJa euperba

Observationa
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Table 6.4' (From Mackintosh 1972) Mean dates for major spawning and hatching of Ej_ superba

Locality
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that for euphausiids in general the best estimation technique is that based on the calculated
nvunber of egga whose volume is equal to half the mature ovary and that the ripe ovary occupies
about 10^ of the body volume. Makarov (1975) states that the eggs released amount to 34-39?^
of the body wei^t in E. superba which, assuming that wei^t is proportional to volume and
that eggs have a volume of 1 x lO"'^ ml, indicates a very much higher fecundity. This estimate
is in closer agreement with the results of Nauraov (1962) who counted ripening eggs present in
the ovary. The estimates are compared in Table 6.5. The fi(^e of over 11 000 detarmined

by Bargnann (1937) is probably an estimate of all the eggs at all stages present in the ovary
rather than an estimate of the number that would actually be released. This figure has there-
fore not been included in the tabulated results.

Table 6.5. Fecundity of Euphausia superba . Data from Mauchline and Fisher (l969)t Makarov

(1975)1 Haumov ( 1962) and Hemoto et al (in press).

Body Length
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In this context a swairo can be defined as a dense aggregation of individuals moving ha]>-

moniously and is probably the type of aggregation that will give a strong indication on an

echosounder. A swarm may therefore be considered as the extreme case in terms of co-ordinated

movement of individuals in a group. The other extreme would be independently random movements

by individuals. Between these two extremes there almost certainly exist concentrations that

are intennediate in terras of aggregation and organization.

Swarming has already been discussed briefly in the section on zooplankton where it was

suggested that swarming was a result of some social behaviour pattern (as yet unidentified)
working in areas of hif^ average concentration (such as discussed in the section on krill

distribution). The section which follows is a review of information on swarm formation and

disintegration.

Marr (1962) concluded on the basis of analysis of plankton net samples that

from hatching onwards the number of krill outside of swarms. was negligible. Although Marr
was well aware of the maximum density krill attained when swarming his definition of a swarm
was not nearly as restricted as that given above.

Other authors have been more evasive on the point only mentioning swarms without making
any firm commept on the proportion of the total population present in swarms. The observa-
tions of Pavlov (1969) and Shust (I969) indicate that swarming is a transient phenomenon
related to food availability. These observations were based on the state of the gut in

freshly cau^t animals, a method also used by Nemoto (1968). According to Pavlov when phyto-
plankton is abundant the krill spend part of the day actively feeding in the surface water
until they are replete at which time they aggregate into swarms and sink. In one region in

which Pavlov made his observations this cycle occurred twice in 24 hours. The cycle of swarm-

ing and dispersion was repeated in other areas although without vertical migration; Pavlov
attributes this difference to one of size; adolescent krill, he suggests, migrate vertically
whereas adult krill do not. Shevtsov and Makarov (l969)» however, note that in the course

of vertical migration the adult krill tended to be deeper and in fact on occasions formed a

separate layer (detected by echosounder) beneath the adolescent krill; they make no comment

on the causes of swarming.

Nakaraura (1973) identified several type:5 of krill aggregation and related their presence
and formation to light intensity. He found the densest svrarms at the surface on the darkest

ni^ts and when the ligti't intensity increased the density decreased as the animals migrated
down. The commonest pattern of aggregation that he identified was a layer generally within
the range 30 to 100 m depth or about 20 m above the thermocline. The results of Ozawa _et al.

(1968) conflict with these observations and indicate surface aggregations in daytime; they
were hovrever a result solely of visual observations. Shust (I969) considered that the level

of illumination (cloudiness) of the environmental factors he measured (wind, sea state, atmos-

pheric pressure) was the most important although he considered feeding also to be of major
importance.

The suggestions of Ruud (1932), Beklemishev (I96O) and Bogdanov (1974) that turbulence
and eddy currents are responsible for the formation of svrarms is probably not valid on the
above definition of a swarm but more likely applies to the formation of high average abundance.
Marr (1962) and Naumov (l962a) suggested that some swarms were in part spawning concentrations.

Althouf^ there does not appear to be any conclusive evidence (no catches have knowingly been
made of krill in the act of spawning) Makarov (1973) has shovm the presence of concentrations
of ripe individuals during the spawning period; he does not, hoifevcr, describe the concentra-
tions as swarms as defined above. It has also been suggested that swarming is a result of

increased buoyancy due to the increase in lipid content during the summer (SurukovBkii 1967 )•

Presumably this would be expected to have the effect of concentrating the krill into LanfTtiuir

cells as described by Stavn (1971) for Daphnia although there is no evidence to suggest that
for krill this does in fact occur.
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The major factors that have been positively identified as being associated with swarming
are therefore light and feeding activity. Reactions of planktonic animals to light have been
well documented by Gushing (1951)1 Stasenko (I967) and Burukovskii (196?) describe krill being
attracted to a red light source but moving away from a strong white light source while Ivanov

(1969) has drawn attention to the luminescence of krill in swarms. Fiirther information is

clearly needed to identify a possible wide variety of reactions by krill to light.

The suggestion by Pavlov (I969) that krill swarm as part of a feeding cycle implies
dependence to a great extent on food availability - the more food that is available the more

rapidly the animals become replete and swarm. As mentioned earlier a direct result would be
that swarms would tend to appear during the early summer and be most frequent in abundance

during the summer peak of primary production. Hardy and Gunther (1935) showed that in the

South Georgia area the densest concentrations of phytoplankton were not coincident with the

largest concentrations of krill (or other zooplankton) (see Table 4«l)»

This general pattern is confirmed by Avilov et al. (I969) who found the largest concen-
trations of krill in areas of the Scotia Sea where the mean biomass of phytoplankton was

I-5 ml/m^. In areas where the mean biomass of phytoplankton was less than O.5 ml/m-^ or more
than 5 ml/m they found few krill concentrations. This observation is not confirmed by Shust

(1969) who reports numerous krill swarms in areas where the phytoplankton density varied from

0.1 to 8 ml/fflJ, He does however relate duration and size of swarm to phytoplankton standing
crop — swarms persisting longer in areas of high phytoplankton standing crop. It is possible
that the inverse relationship reported by Hardy and Gunther (1935) and Avilov et al. (I969)
is due to grazing effect whereby there is a time lag before the herbivores eat down the phy-
toplankton (Gushing et al. I963 and Gushing 1975)* Tha direct relationship in that case wovild

be expected during the initial phytoplankton bloom in areas where overwintering herbivorous

zooplankton concentrations occur. Although this explanation is not proven in this instancei
it does fit the facts and therefore indicates that studies investigating this interaction, and
thus by implication other factors that might control krill raicrodistribution, should take
accovmt of short-term changes.

Swarm Size

Estimates of swarm size have been made by both visual observation and analysis of echo-
sounder records. Marr (I962) published a series of drawings of the horizontal outline of
several swarms that were observed near to the surface. These swarms were all quite amorphous
in shape and varied in size from a few to several hundred metres across and were continually
changing shape in an amoeboid fashion. Nemoto et_ al. (in press) describe surface swarms as

being generally round or oval in shape and that some changed shape as a result of wind stress

becoming more oval with the greatest axis at right angles to the wind direction.

A comparison of swarm size between areas is made by Nemoto et al. (in press) who con-
sidered that swarms in the Scotia Sea area were on average smaller than those in the Queen
Maud Land area.

In the vertical plane swann size has been mapped using echosounders. Certain of the
small swarms are so dense that it is impossible to d^efine the vertical size. However, where
density within the swarm is lower, authors have mapped the vertical distribution and size of
swarms. In an analysis of this type, Shevtsov and Makarov (I969) describe various patterns
in the changing shape of swarms observed in the Scotia Sea. From their observations it

appears that there are a few common patterns throiighout the area. The following types of
vertical movement and configuration are described in Table 6.6.

Formation of two layers (Table 6.6) during the day and amalgamation at night with a
tendency for adult krill to be at the deeper levels seem fairly standard. A much greater
vertical movement was observed "by Mohr (1976) who, using an echosounder, followed a concen-
tration of krill in the vicinity of the South Sandwich Islands for 6 days in April I976. At
midnight the krill were massed in the top 20 m but by O6OO hours they had migrated to a depth
of 70-110 m, to slowly migrate back to the surface during the following 10 to 12 hours.
Since all these observations were made in a fairly brief period of time during one season,
more information will be required to amplify these observations and conclusions.
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Table 6.6 Information on the vertical range of krill swarms

(From inforroation in Shevteov and Itokarov)

Locality
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Table 6.? Estimates of krill density in sv/arras

Density
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The only information available on diurnal feeding cycles is that of Pavlov (1969) who
related the occurrence of svjarms, feeding and food availability, (see section 6.5). It is
not however clear to what extent thcoe results are typical of the Southern Ocean as a whole

or how they vary seasonally. Since the presence of certain diatoms in the guts of krill can
have adverse effect on the quality of products made from them there is clearly a need for
more study in this field.

6.7 Production and Biomass

The extreme variability in the density of krill caused mainly by its swarming habit
has presented enormous problems in estimating biomass and production. There are quite a

large number of papers giving estimates calculated both by direct and indirect means and
these will be considered along with the major sources of error.

Based on visual observations from the deck of niiS William Scoresby and assuming a den-

sity of one individual per cubic inch in the top yard of the water column, Marr (I962)
estimated a mean biomass of 2.5 g /m'^ for krill. In the same paper he recalculates the
biomass using the results of Hoyerdahl (1932) for mean weight and gets a figure of 29-28 g/m^.
The possible error in these estimates is enormous since the area under consideration is 500
yards on either side of the ship's track and swarms are assumed to be one yard deep. These

rough calculations presented with great reserve, as I>Iarr puts it, may be» he thinksirepre—
sentative of the Sist Wind and Weddell Drift zones. Assioming that this area is about half
that described by Mackintosh and Brown (1956) as south of the Antarctic convergence the total
biomass is 521 million tons (based on 29-28 g/m^) or 44-5 million tons (based on 2.5 g/m^).
Itorr, basing his reasoning on the probable consumption of krill by whales is of the opinion
that the hi^er figure is the more reasonable. This is the only direct estimate I have so
far come across that is supported by calculation and yet even in this case the figures are

presented within very broad limits since they are calculated by extrapolation from a rela-

tively very small area that was at the time seen to be unusual.

In an analysis based on echosounder survey and fishing catches, Neraoto _et al. (in press)
have estimated standing stock as being from 0.5 kg/m-^ to 30 kg/m-* althou^ they do not indi-
cate how these figures apply to the total Southern Ocean.

Makarov and Shevtsov (1972) quote a range of 953 to 1 350 million tons for the bicmass
of krill (abstract only seen) while Gulland (197O) estimated the total zooplajikton biomass
to be about 10 g dry wei^t per square metre or I50 million tons for the whole Antarctic and
assumes that 50^^ of this is krill. Based on Gulland' s estimates the krill biomass is there-
fore 75 million tons dry weight, or perhaps 750 million tons wet wei^t. The figure of ^0%
for the proportion of krill in the zooplankton is open to question as Voronina and Naumov

(1968) found that Euphausiids made up only 7-6^ of their zoopleinkton catches. However, since
their nets may well have missed a significant proportion of the Euphausiid population this

figure cannot be taken as firm even though it is based on a large number of observations.

To estimate production from these biomass figures, a conversion rate of 1:1 has been

suggested (Gulland 1970, Hempel 1970) based on a mean life span of one year. Allen (1971 )

has questioned this ratio and by comparison with mortality rates in other Euphausiids (there
being no infoimation available for Ej_ superba ) he suggests that the production is between 1.8
and 2.1 times the biomass with the lower figure the more likely. On this basis the krill

production is 940 million ton/year from Marr's figures and 1 350 million ton/year based on

Gulland' s figure.

Indirect estimates of biomass and production have been made based on both higher and
lower trophic levels. First of all considering estimates based on primary production, Hempel
(1970) quotes results from localities all round the Antarctic continent for annual carbon
fixation of 43 g C/m2 (Currie I964), 84 g c/m2 (El-Sayed 1967) and 100 g c/m^ (Ryther I963)
and suggests that since the measurements tended to be in the richer areas a figure of

50 g c/m2 is a reasonable approximation. Taking a conversion ratio of carbon to fresh wei^t
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of 1t10 primaxy production is estimated as 10 000

does not appear in the literature any firm figure

by Euphausiids although a 10^/ figure has been use

(1974) estimate that in growing to I.5 g an indiv

gives a conversion ratio of lt40, but since this

achieve a maximum size the mean population figure

ally used \J . On the basis that krill represents
ous zooplankton, the production figures ralculate

million ton/year (Oulland 1970), There
for the conversion rate of phytoplankton

d (Oulland I970) . Chekunova and Rynkova
idual consumes 60 g of phytoplankton. This
is an average figure for an individual to

may well be nearer the 1:10 ratio gener-
between 10 and 50^ of the total herbivor-

d are given below;
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Table 6.8 Estimates of Annual Consumption of Krill by Whales

Author
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Table 6.9. Estimated consumption of krlll by maior predators \J
(for detailed breakdovm set- relevant consumer section)
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Table 6.10 Exploratory fishing by vessels of the USSR

Vessels
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Table 6.13. Catches of krill in area 58, and of unspecified Marine Crustacea by certain

countries in areas 41 1 47 1 51» 57 snd 87

metric tons

Country^-~-^__^^
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Table 6.I4. Infomation on fishing activities for krill

Vessel

Nationality



a.

b.

d.
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SounH scientific i n fo rm-i.t i on on the pbate of krill stocks.

Advice on the effect of exploitation on the stocks of krill and
its consumers ajid prediction of anticipated changes as a result

of different fishing strategies.

International agreement on management plans resulting from a and b.

Implementation of management plans.

Tlie known reliance by most of the whales, seals and birds indicated in section 6.7 plus
the probable reliance of a sigiificant proportion of the fish and squid stocks on krill

indicates that, as far as management decisions are concerned, krill cannot be considered in

isolation. These interactions are discussed later in Chapter 10 in which the conclusions

based on an assessment of each single resource are brouf^t together. The ronainder of this

section will be concerned with stock assessment as related solely to krill.

A convenient, and often used, estimate for the maximum size to which a fishery should

be permitted to develop is the maximum sustainable yield (MSY). This may be defined as the

greatest constant amount of the resource that can bo extracted annually (and therefore by

implication be replaced at the same annual rate) in the long tenn. This does not mean that

an aim of management is to achieve this level of exploitation, but rather to define an upper
limit beyond which a long terra fishery should not develop. In the case of krill because of

the wide range of consumers in addition to man that are utilizing krill the fishery could

not develop to the theoretical HSY without causing considerable imbalance in the ecosystem.

As a first approximation a "SCIIAEPER" type model can probably be used. This requires
information in two of three forms: catch, effort and biomass. Of these three the catch is

the simplest to determine. Estimation of fishing effort presents several problems in decid-

ing on a realistic index. Tlie present trend in the fishery suggests that any major expansion
will be as a pelagic trawl fishery. The fishing effort may be divided into a series of

components each of different relative importance (Table 6.15).

Table 6.15. Major components of fishing effort in a trawl fishery for

krill with their relative importance.

Fishing Effort Component Relative Importance

1. Gear

a) Size of net

b) Gear saturation

(includes saturation
of handling capacity)

Moderate importance, depends on engine power.

Likely problem since present evidence suggests
catching capability may exceed processing
capacity.

?. VesrsGl

a) oize

b) Power

lov importance. Only relatively large vessels

may be able to operate in Southern Ocean.

Moderate importance since teclinique is

essentially aimed trawling.
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Table 6.15 (continued)

Fishing Effort Component
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(so that the cpiantit.y increases as the prey stock increases). These correspond, somewhat

rou^ly, to predation hy, warm-blooded and cold-blooded predators respectively.

On the assumption that krill production is independent of fishing, the yield from a

fishery will be largely at the expense of natural mortality as is indicated in equation (A)
below:

dJJ

= -FN - C - H N - M N (A)
c d

N •= Population Size

Z = Coefficient of total mortality

P = Coefficient of mortality due to fishing

C = Consumption by vrarm blooded predators (N.B. dependent on consumer stock size.

Consumption/individual varying with consumer density)

M = Coefficient of mortality due to other predators
c

M = Coefficient of mortality leading directly to deccmposers
d

Intuitively it is to be expected that fishing will first of all be at the expense of

M, and then reduce the proportion of M . Since C is for the most part dependent on the pre-
dator population size and the duration of the feeding season, this could be the least affected

by fishing. Althouf^ this conclusion is tentative it does indicate the need for considera-
tion of the effects of predators in a predictive model of a krill fishery.

Just as predation is an important factor in considering a krill fishery, it is equally
important in studies of the predators themselves. This applies whether the predators them-
selves are likely to form the basis for a fishery (in v;hich case the need for such an

analysis is obvious) or not (in which case the information will be useful in understanding
ecosystem dynamics). In order to gain some insight and begin to understand the interspecific
interactions it is useful to consider the situation of an intensive krill fishery in one
limited area. The effect that this fishery has on the krill consumers will depend on the
size of the Unit Stock being fished. The hypothetical nature of much of the information on
the control of krill distribution shows that at this stage it is impossible to define more
than one management stock (Mackintosh 1973 indicates the possibility of there being several

although the information is not conclusive) and, bearing in mind that there may exist several
stocks it is worth considering the possible magiitude of any changes in relation to the stock
size. On the assumption that fishing would be restricted to one defined area a f^w of the
effects that it may be possible to quantify are listed in Table 6.16. The effects themselves
are described in subjective terms because the effects may differ from area to area. For the

purposes of the krill fishery these effects could indicate changes in the krill stocks which
would thus add weight to conclusions based on direct obseirvations. The changes in consumer
stocks also form part of a much largei? family of observations concerned with ecosystem model-

ling, a subject discussed in a later section.

^^ lock Assessment

Some Practical Considerations

The fragile nature of euphausiids means that ajiy individuals which pass throu^
the meshes of a trawl net are unlikely to survive so that irrespective of whether the krill
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are retained "by the net (or are of a size suitable for processing) none that enter the mouth
of the net will survive. Ilie effect of this is that unless trawls can be aimed at swanns

containing individuals of the desired size the fishery will be totally unselective as regards
size of krill caught. One of the objectives of management must clearly be to ensure that

sufficient individuals spawn to maintain the population. This implies that the fishery should

be based on the largest sized individuals in the population.

The presently developing fishery is largely based on fishing at swarms identified on

echosounders. However at the moment it seems \inlikely that the presently developed acoustic

techniques can discriminate between large and small animals and unless there is shown to be
a requirement for processing to only use large individuals it seems unfikely that sufficient
funds will be channelled in this direction for developing the necessary teclmology. There

may be behavioural characteristics of krill which segregate adult and adolescent concentra-

tions; these would need to be identified by biological campling in -conjunction with the

"learning processes" that fishing captains would inevitably go throu^. It may also be

possible to regulate fishing to within areas that do not contribute to maintaining the

population (it has been suggested that South Georgia is such an area).

Mention has already been made of the proposed use of remote sensing techniques for

estimating the standing stock of krill. The method depends on the identification of swairos

of krill either by satellite photography or acoustically and confirming the presence of

krill by field sampling. The identification of indications as being krill swarms is a

technological problem which can probably be solved. Hovjever, some caution should be exercised
in the interpretation of the results.

Presently available information indicates that krill swanns are transient phenomena
depending for their formation on a variety of oxtomal causes one of which is probably food

availability. In addition it is not known vfhat proportion of the krill population at any
one time is present in sv/arms.

On the assumption that food availability is a factor leading to sv/ann formation (the
more food, the more svjaims) it is arguable tliat consumption of krill (whether by prcdation
or fishing^ would increase the amount of krill in swaims, because the decreased grazing by
krill vrould tend to increase the relative food availability. The effect would be that obeer-
vations on the abundance or density of krill in swarms v;ould tend to underestimate the change
in total krill abundance as the season progresned. In ortler to overcome this problem it is

almost certainly necessary to gain information on the amount of krill not present in swanns

in relation to season, the presence of sv/arms and food and also environmental characteristics.

6.10. Harvesting at higher trophic levels

Duo to the supposed sensitivity of the Antarctic ecosystem it has been suggested that

a safer method of harvesting krill might be by harvesting krill consumers (either natxxral

or introduced) rather than krill. In this context natural consumers are generally considered

synonymous vjith whales although it could equally well apply to seals, fish or squid. From
the conservation viewpoint the utilization of krill via the vihalcs has several points in its

favour (e.g. exploitation of vjhales is now under international control, the catch limits are
based on scientific informc^tion that, if not as reliable as might be v/ished, is at least
much more reliable than that on krill, and the present resolve ty conservation pressure
groupr. in particular and scientists in general that overoxploitation should not recur) which

will buffer it against overexploitation. In the present situation it is more sensible to

consider the feasibility from all points of view of exploiting both krill and its consumers
and in this context the relative levels of exploitation would be considered in the context
of a multispocies fishery (Horwood, 1976).

In a paper discussing the interactions between the North Sea fisheries for do.^ish and

herring (the herring being an important food or.^^anism of the do.gfish) Gulland (1970a)
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derived the general equation below comparing the relative merits in terms of value of har-

vesting the predator or prey species:

n n

I V E' K. wi > Z V. E. V.

V,V' = Value per unit weight of prey and predators respeotiirely

E,E' = Exploitation rate of prey and predators respectively

k = Conversion ratio prey to predator

w,w = Mean wei^t of individual items eaten and in the catches respectively

The summation is over all prey species.

In the form that the equation is written here the greatest value would result from

harvesting the predator.

With only sli^t rearrangement this general ecfuation may be applied to the krill/whales
type situation. In this case there is only one prey species but several predators. Using
the same notation except that the summation is over the different predator species (whales,

seals, etc.) the equation then becomes:

n

I V! EI K . W, > V E v7

7 i 1 1 i

Implicit in this equation is the fact that, as Gullajid pointed out, the efficiency of

utilization (K) should be greater than the product of the relative value, the relative

exploitation and the probable growth of the prey.

In this equation a lot clearly depends on the relation between V and V and K. Gulland

(1974) suggeststhat the overall conversion efficiency of krill to v/hales is verj-- low and of

the order of 2/^ and suggests that if the problem facing the world were of more food at all

costs, and the choice were between 1.7 million tons of whales, and 100 million tons of krill,
there would be no doubt that preference would have to be given to harvesting krill. Clearly
this represents an extreme case which in reality seems unlikely to occur. Betv;een these two
extremes there are an infinite number of potential answers particularly if the other exploit-
able resources are included into the analysis. The problem then reduces to one of making
management decisions to utilize and at the same time safeguard the resources.

An alternative indirect method of harvesting krill has been proposed by Joyner _et al.

(1974) who suggest that the West Wind Drift is a suitable environment for salmon (see also

Hardy 1975, Joyner 1976). On the basis of published information on seasonal sea temperature
and the distribution of krill they consider that salm6n fry released from Southern South
America could search out and feed on krill in the Antarctic. Because of the known fast

growth rate of salmon they estimate that a salmon fishery of several million tons could be
established in the Tierra del Fuego area. They point out the obvious advantage of such a

system that since the salmon will probably return to their area of release the expense
involved in fishing will be minimal. However, from the inf oiTnation tliey give it seems un-

likely that the salmon will feed on krill since the main concentrations are south of the
area regarded as seasonally acceptable to salmon (Fig. 6.8 which is derived from information
in Joyner et al; 1974) •
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Areas of seasonally acceptable temperature to salmon

t:^\'^v^\^ Summer distribution of krill

Fig. 6. 8 The northern limit of krill distribution (see Fig. 6.1) compared
with that of the range of surface temperatures acceptable to
salmon (sheided area) (from Joyn«r e_t al .

, 1974 )
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8. FISH

8. 1 Introduction

In most of the world's seas the fish fauna has been a subject of special study because
of its economic importance. Although the value of Antarctic fish as food has long been

reoognised by expeditions of discovery, (one of the first fish specimens caught near to the

Antarctic continent vjas eaten by the nhip's cat before it could be properly deecribed, Schlee

1973)» it is only recently that commoroial fishing has begun. There are in the literature
several good reviews whicli include biological information outside the scope of this report

(e.g., Marshall I964, Andrias)iev l')6'h). In addition to these, Kock (1975) has prepared an

extensive reviev; which also incl^idcs an c;:tcnsivo bibliograpl;,y, of selected species of po-
tential commercial importance in the Atlantic sector of the Antarctic.

8.2 Species

Of the 20 000 kinds of modem fishon only about 100 have been discovered in the seas

south of the Antarctic Convergence. Thus, althougli the Southern Ocean is continuous with
the other major oceans of the I'/orld, it clearly represents quite a specialised environment.

The dominant group in the Antarctic ichthyofauna is tlie Nototheniiformes, a division com-

prising five families that make up nearly thrceqnarters of all coast fish species. Of these

five families only the Nototheniidao and Chamichthyidae contain representatives of potential
commercial importance. Tlie remaining groups include the follov;ing: Myxinidae, Dalatiidae,
Rajidae, Muraenolepidae, Zoarcidae, Congiopodidae, Liparidae, Bothidae, Gadidac, Merlucciidae,
of which only the Rajidae and the last two contain species of potential major commercial

importance.

In contrast to the other oceans of the v;orld the Southern Ocean does not appear to con-
tain dense shoals of obligate pelagic fish. The pelagic ichtliyofauna is largely made up of

Myctophidae in addition to the Nototheniid genera Pleura,gramma and Dissostichus and the

Gadoid genus Mlcromcsistius .

The Myctophidae and other bathypelagic groups have not been included in Table 8.1

because present indications suggest tliat although they may well be abundant in the open
ocean they do not form concentrations on which a fishery could be based. The most abundant

bathypelagic species of the Antarctic according to Andriashev (1965) are;

Electrona antarctica

QymnoBcopelus braueri

I!athyla,gu3 antarcticus

Notolepis coatsi

Cyclotliono microdon
A list of the species of potential importance is given in Table 3.1. Taxonomic informa-

tion will be found in Norman (1937, 1938) along with good identification keys.

8.3 Distribution

Ab is the case with many areas that are unfished commercially, knowledge of the distri-
bution of many species is incomplete. The information given in the maps (Fig. 8.1 a - k)
will in only few oases indicate the area of abundant distribution. The information from
the maps should be used in conjunction with the bathynetric information given in Table 8.2

along with a detailed contour chart in order to gain the best idea of the distribution.
Pleuragramma antarcticum has been excluded from the distribution maps. This species is con-
sidered to have a high latitude circumpolar distribution, it has not been recorded in the

vicinity of the Antarctic Convergence. The bathypelagic fish species have also been ex-
cluded and they are assumed to have a circumpolar distribution over more or less the whole
Southern Ocean.
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Table 8.1. Fish species of potential commercial importance in the Southern Ocean,

Group
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Table 8.2. Distribution of Antarctic Fiah

(See also Fig 8.1 a - k )

SpocieB
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References for Table 8.2.

1. DeWitt

2. Permitin

3. Bigelow and Schroeder

4. Merrett

5. Baoalaev and Petukhov

6. Shuntov

7. Mikheyev

8. 01 sen

9. Hureau

10. Yukhov

11. DeHitt and Hopkins

12. Olsen

13. Hureau

14. LiYubimova et al.

1971

1969

1965

1963

1969

1971

1967

1954

1970

1970, 1971 (a), 1972

(in Press)

1955

1966

1973

Table 8.3. Antarctic Fish Species for which there is positive evidence for

more than one discrete managoraent stock.

Species
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g,^ oize and Growth

In the Antnrctic ichthyofauna small epeoieB ire dominant, over half the epeciee do not

attain a length of 25 cm and few species attain a length of over half a metre (Andriaehev

1965). It is an interesting point that most of the larger species belong to the family

Channichthyidae, a gro\ip possessing neither Auictional erythrocytes nor any respiratory

pigment. Growth rates are, with few exceptions, slow as might be expected in an environment

of continually low temperatures. The limited information that is available is set out below,

Raja sp .

The South Georgia skate, Raja georgian\TS is one of the largest Antarctic fishes.

Permit in (I969) gives the siae/weight composition for 31 fish from a large sample caught
in the vicinity of South Georgia (Table O.4). No information ie available on growth rate.

Table 8.4. Length/Weight information for Itaja georgianus .

Total Length (cm)
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The results of Inada and Nakamura (1975) refer to fork length and the remainder

(although this is not stated) probably refer to total length. The difference in size at age
between results of Inada and Nakamura and those of the Russian workers is almost certainly
due to gear selectivity although the possibility of its being due to interpretation of the
otolith rings cannot be ruled out.

Merluccius hubbsii

Information relating size to age for this species was published by Mikheyev (1967) and
is Buminarised in Table 8.6,

Table 8.6. Size at age information for Merluccius hubbsii in the Scotia Sea

Length (cm)
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Hureau (1970) tried to fit a Bertallarify curve to his results from Terre Adelie but

could not obtain a realistic estimate for L oo . He therefore derived the follovjing altei^

native equations.

L^
= 3.2 (t) - 1.0 (5 t > 6)

\ = 1.925 (t) + 6.9 (Cf t > 5)

A Bertallanfy curve was fitted to the results from the Slgny Island fish and the

constants are set out in Table 8.0.

Table 8.8. Constants for the Bertallanfy curve derived for N. neglecta at Signy Island
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Table 8.10. Constants of the Bertallanfy curve for N. roasil rosali from Kerguelen.
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Tatle 8.13. Size at ago information for Notothenia magellanica at Kerguelen.
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Pleuivi.'^yainma ajitarcticum

No information on gi-owth is available for this species. They are reported to grow to

30-35 cm total len^rth (300 g) (Lyubimova et al .
, 1973)

Champsoc ophalus r\mnari

Olsen (1955) published information on the size at age for this species at South Georgia
and this is summarised in Table 8. 15.

Table 8.I5. Length at age information for Champooccphalua f^unnari data from Olsen (1955).
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Chaenocephalus aceratus

The results of Olsen (1955) for this species at South Georgia are svimraarised in

Table 8.17.

Table 8. 17. Information on length at age for Chaenocephalus aceratus
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S.^j Reproduction

There arc in the literature few published accountc of seaoonal reproductive cycles but
the detail that io presented in them has meant that the main patterns identified can be used
to provide a reasonable description for those Bpocies for which only limited information is

available.

Hureau (1964) used the factor "Relative Gonad Size" (conad wei^t as a perccntag^e of

total weight) from monthly samples to doncribe the gross cycle in the gonads of TromatomuB
bemacchii . From those results and the results from several other species of Nototlieniid

(Hureau 1970, Evorson 1970) it is possible to outline a poneralised pattern for the ovarian

cycle. This in indicated in Fifj. 0.2, and with only sli/^jit adjustment of the (y) axes could
be applied to most of the Notothoniids invostip;ated ( Notothenia ncKlecta (from 3cotia Arc),
N. ronsi 1 , U. ma.^iollanica , Trcmatomus bomacchii , T. hanaonl ). The exceptions are Notothonia
ne.'^'loc ta at Terra Adclit- which produces small diameter ova and therefore does not have such
a clearly defined cycle and

N_j_ cyanobrancha for which thfere are two spawning periods (those
maturing for the first time spavm in January and those that have spawned previously subse-

quently spawn in May, (llureau 1970)).

Information on egg size, fecundity and repawning period for those species of potential
commercial importance is given in Table 8.I9 and this has been combined with infonnation for
all Antarctic species to describe major spaiming ty^ies (Table 8.20).

It is a characteristic of Antarctic fish to produce large yolky eggs and this has been
discussed by several authors (Harsliall 1953, Andriashev 1965« Permitin 1971, 1973). It is

generally considered that large yolky eggs spavmod in the Autumn or early winter months will

result in the production of post larvae in the Spring coincident ^^^. th the phy toplankton bloom.

These large eg,gs are also generally considered to be pelagic (or benthopelagic in some cases).
Tlio release of large eggs in the spring by Trematomus sp. may indicate a much slower develop-
ment rate of the eggs and early larvae although there is no proof of this suggestion.

Table 8.I9. Egg size, fecundity and spavming period for Antarctic fish

Species
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A Boriea of subjeotivo stages in the gonad cycle of Nototheniids has been described

by Elverson (in press) based on the ovarian and testis cycles in Uotothenia neglecta

(Tables 8.21, 8.22).

Table 8.21 Stages in ovarian maturation of Nototheniids based on the cycle
in Notothenia neglect a

Maturity Stage
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Table 8.I9. (continued)

Species
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The eeaeonal cycle in the ovary of all fish species eo far studied, whereby there is a

steady build up of oggs all of the same size, indicates that H].)awning Beaeons of limited

duration are normal. The result of this is that it is to be expected that just prior to

and during spawning the mature fiah will be congregated together. That this occurs is

undoubtedly the case as concentrations of mature fish have frequently been caught on th«

continental shelf of some of the island groups. The approximate localities and environmental

characteristics of these localities are summarised in Table. 8t23» It should be borne in mind

that the list. only includes localities where presjawning or spawning fish have been caught
and obviously does not include all spawning areas. It is probably fair to assume that spaw-

ning concentrations will occur in similar circumstances to those described in the table over

most of the range of each individual species.

Table 8.23. Sjiawning localities and environmental characteristics of spav-ming groiinds.

Species
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Table 8.24, Age and Size at Sexual Maturity for Antarctic Pieh.

Species
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Both MerlucciuB hubbBJ anrt Microni"aJ atius austral is outside the Antarctic zone apawn

during the spring. Hai't (1946) showml that Morlucciue hubbai on the Patagonian Shelf moves

inshore during October and November and Ciechonifjki and Weiao (1973) describe spawning in

December. They also state that the eggi; cro O.O-O.9 mm diameter and are pelagic (Ciochomski
and UeisB I974). The plankton survey fi'om which the above information was derived was con-

ducted between latitudes ^?^ and 47 S ol F the Argentine coast and eggs were fovind throughout
the region. In view of the fact that sexually mature fish have been caught in the Scotia

Sea in January (Mikheyev I967) it seems highly likely that in view of the distance between

these two areas spawning occurs south of 47 although there is no direct information available.

Hart (1946) suggested that MicromeoistiuB aiistralis spawns 'during the spring and Weiss

(1974) has confirmed this from examination of a collection of larvae. Weiss (1974) also con-

siders that spawning occurs deeper than I5C m although no specific area is mentioned.

The presence of mature Micromesistius austral is in the Scotia Sea during the Antarctic

summer is assumed to indicate that this apocie:; migrates into the area fixsm the Patagonian

region. However, although this explanation fits the observed seasonal distribution of the

species in the Southwest Atlantic, it is not cotifirmed as it is possible that spawning con-

centrations in the dee]) shelf zone have as y»'t gone undetected.

The literature on larval stages of other Antarctic: fish is limited to a few papers des-

cribing small collections (e.g., Hegan ]91C>, Hybclin 1951, LVerson I96O, Bureau I970). There

is no detailed stiidy of development rates although suitable material almost certainly exists

in plankton samples.

8.6 Feeding

Although a detailed analysis of feeding in outside the scope of the present report,
some comment should be made in order to gain a better idea of the position of fish in the

ecosystem. Available information for thooe species of potential commercial importance is

tabulated in Table 8.25, Tlie preponderance of Nf^totheniids, a predominantly demersal group,

largely explains the high fremjenoy of benthic organisms in the diet. The presence of

planktonic orga'iisms as well indicates that for some species at least there is probably
some diurnal vertical feeding migration or else opportunistic feeding on planktonic organisms

migrating down. lixamples of the former are probably Notothonia rossi i and Champsocephalus

gunnari (see Fischer 1976) arid of the latter, Hn ja gi^orgianus and Notothenia neglecta .

8.7 Exploitation

Total Catch

In recent years the total reported catch within the FAO Statistical areas for the

Southern Oceaji (Areas 4O, 58 ^''"^ ^^) l^^f been zero. The reason for this is the two areas

knovfn to he heavily fished (South Georgia and Kerguelen) are prcsentlj' included in statisti-
cal reporting areas to tlie north (4I and 51 respectively). In aridition, of the species
considered in this review only two have been reported ai' separate species in the FAO Year-
book of Fishery Statistics. These are Southern Pouhassou (Micromesistius nustralis ) and

Patagonian Hake ( Merlucriuo hubbsi). There is therefore no precise information available

although it has been suggested (Hureau 1973 and Ijawn unpublished Rejiort) that catches in

some areas have been quite large. The following analysis is therefore based on interpreta^
tion of the reported catch in relation to the known fisheries of the area.

The reported catch of Southern Poutassou in recent years is set out in Table 8.26.
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Table 8.25. Diot of Antarctic Fish.

FiGures the porcGnta,f;;e freqi.ienc;y occurrence of a particular item.



G-31

References



G-32

for the other areas although the reported catch for area 81 was probably taken from the

Cajiipbell Plateau (Shutitov 1971).

The reported catch in recent years of Patagonlan Hake is set out in Table 8.27.

Table 8.27. Reported catches of Patagonian Hake (KAO 1976)
metric tone

Area
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Assuming the above estimates are correct it indicates the inadequacy of the present
reporting systems for two reasons; firstly because two of the major fishing areas (South
Georgia and Kerguelen) lie outside the present Antarctic statistical regions and secondly
the catch of Percomorphs is not broken down into its specific components. An improved for-
mat for reporting has therefore been produced (See section 11.2),

Table 8.29, Reported catch of unspecified demersal Percomorphs (FAO 1974|1976).

(metric tons)

Area
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8.8 Biomaaa, Production and Yield

The very recent build-up of fisheries in the Antarctic has meant that only limited
information on biomaos and production is available and this is dinperaed in a variety of

publications. Tlicre is nowhere in the literature a detailed analysis of information suit-
able for fishery mana,<Tomcnt decisions. The analysis which followB should be considered as
a first approximation (as far as Antarctic endemic fish are concerned) that wil] require
updating as more information from the fishery becomes available. The need for precise

reporting of catches by species has been clearly understood for some time in most sea areas

and it is hoped that the recommendations in Section 11.2 for the Antarctic areas will result
in much impro-'fed stock estimates in future years.

The joint ACMR/CARPAo working group on the fish stocks of South America (fAO 1974)

gave information (Table 8.31) for MicromcGistius
'

aus tralis and Merluccius hubbsi , the two

species that are thoufjit to migrate into tlie Antarctic.

Table 8.31. Fish Stock assessments for Patagonian species which migrate into the

Southern Ocean (Data from ¥'^U 1974)

Species
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Reported catches in Area 4I show a rapid build up to a peak of over 400 000 t followed 'by

a rapid decline to a few thounand tons the following years,. The decline in total catch can

be attributed to two causes, fewer vessels and/or a lower catch rate. The very great reduc-

tion in catch rate from 10 to 2 ton/hr indicates a great reduction in stock density. This

factor in itself suggests that the total catch in the first few years was something approach-

ing the initial standing stock level. Ignoring natural additions to the population, and

assuming that the change in catch rate accurately reflects an 8O/J drop in population, then

the catch would have been 80^ of the initial stock. This suggests an initial standing
stock of about 500 000 t for the South Geor,"ia Shelf area.

In area 51 (assumed to refer to Kerguelpn) the more gradual decline in reporxed catch

suggests that the hij^iest figure vjas appreciably less than the initial standing stock whilst

at the same time since the catches have declined from year to year they are probably still

(1974) hif^er than the MGY. These catch fi.^jireB therefore indicate an initial standing
stock of well in excess of 220 000 and an fCY of loss than 80 000 ton/yr.

Information on fish biomass production is available from two additional sources,

EVerson (l970a) in a detailed analysis of Notothenia noglecta in a small area (part of Borge
Day, 3ign,y Island) estimated that the mean biomans was 194 kg/hectare and that annual pro-
duction was 66 kg/hectare. Tlie annual production in this study was estimated over the whole

demersal phase of the lifespan.

Production by sexually mature fish vra.s only about one third of this. Although this

figiare is very probably an overestimate of production by the fishable stock there is no

iniormation to indicate v;here a more realistic demarcation should be made. A second estimate

of fish production in the Southern Ocean is given by the estimated annual consumption by

predators. Estimates for fish consumption by whales, seals and birds have been made by Laws

(1977) and Croxall (unpublished MS) .These are siunraariscd in Table 8.32.

Table 8.32. Consumption of Antarctic fish by V/hales, Seals and Birds

(Data from Lavra 1977, and Croxall unpublished I'lS)

Group
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The total figure i.i able 8.32 is made up of all Antarctic fish species and not just
those of potential commeroial importance. Total production by those species of potential
commercial importance is therefore likely to be less than this figure although by how muoh
is not known. Tlie growth patterns of the fish species within the area, since most belong to

the same taxonomic group (Nototheniiforms) , may well follow the same sort of pattern. This

being the case, the production by sexually mature fish is probably about one third of the

total (i.e., about 5 million tons).

The tendency for Antarctic fish to produce large yolky demersal eggs indicates a

reliance on the Continental or Island Shelf areas for at least part of their life histories.
South of the Antarctic Coiwergence the Continental and Island Shelves cover an area of

fi ? 1 /

approximately 2.2 x 10 km —'. The total production estimated from consumption by predators
averaged over the shelf area is 7-75 ton/km^.

The fact that this figure is only slightly larger than the production figure for Noto-
thenia neglecta should not be taken as any indication of precision since both estimate s are

subject to considerable error because one applies to one species (the dominant one in the

study area) in a restricted shallow water area and the other relates to all species over the
whole Southern Ocean. The figures should be taken as only an indication that they are of

the right order of magnitude rather than being truly representative of the actual situation.

If these figures of production are applied to the 36 000 km^ (approx. ) of the South

Georgia Shelf area, the estimated figures for that area are 230 000 - 280 000 ton production.
The production figure applies to the whole demersal lifespan and since only about )}, of this
is due to sexually mature fish the production that is of interest to a fishery would be

77 000 ton/yr, and since the stock of sexually mature fish is almost certainly greater than
the fishable stock these figures must be overestimates.

These estimates have been summarized in Fig. 8.3«

Erring on the side of caution and therefore taking the lowest figure, a MSY of 50 000

ton/yr is indicated for the South Georgia area.

In the absence of any more sophisticated or precise estimates of production the same
estimates if applied to the Kerguelen shelf area (approx. 50 000 km2) indicate a total pro-
duction of 230 000 to 300 000 tons and a production of sexually mature fish of from 77 000
to 100 000 tons. Assuming that the lower figure is a reasonable. estimate of MSY this figure
is approximately what would be expected from intuitively inspecting the reported catch in
recent years (see Table 8.27).

It is important to bear in mind that the production figures discussed above apply, with
the exception of those for Notothonia noglecta at Signy Island to all fish within the
Antarctic zone. Although the Sign,y Island study was undertaken on only one species, it is

fairly certain that within the area of the investigation Notothonia neglecta was by far the
dominant species in terms of biomass. The suggested MSY for South Georgia and Kerguelen are
therefore a total for all opecios in tho particular areas. Without knowledge of the propoi^
tion of species present it is impossible to partition the MSY even between major groups.

In the abBwice of any further information, it la reasonable to assume that a figure of

approximately 1«5 ton/lon2 (see footnote to p, 110) is Applloable to the other shelf areas.

—' This figure excludes the major ice shelf zones.
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FOREWORD

The foundation of our knowledge of the biology of the oceans surrounding the Antarctic

continent was laid in the 1930's by the Discovery expeditions and other oceanographic

investigations related to the whaling industry. During the 1960's much of the marine biological

work was confined to waters relatively close to land, although some open sea investigations

were made, notably by the USA, USSR and Japan. SCAR has promoted with SCOR two
international symposia, one in 1966 and one in 1970, on Antarctic oceanography, both of

which included papers and discussion on biology and physics.

In the early 1970's the potential for exploiting the living resources of the region other than

the whales and seals was beginning to attract interest. While it was realized that some years of

experimental fishery and technological development would be necessary before exploitation on

a large scale would become an attractive proposition, SCAR foresaw the need to expand

substantially scientific understanding of the oceans and in particular the relationship between

potentially exploitable species and other elements of the marine ecosystem.
The BIOMASS document presents a proposal for the long term intensification of scientific

research, the results from which will provide the scientific foundation on which to base advice

on rational control of the stocks in order to prevent over-exploitation and to ensure maximum
annual yields. I therefore recommend the implementation of the proposed programme of

research to all concerned, before any large scale exploitation interests develop.
As President of SCAR, I am pleased to record the collaboration in this endeavour of the

Scientific Committee on Oceanic Research and the International Association of Biological

Oceanography of lUBS, and the co-operation of the Advisory Committee on Marine Resources

Research of FAO, the Intergovernmental Oceanographic Commission of UNESCO, and the

consultative parties to the Antarctic Treaty.

Financial support has been provided by the International Council of Scientific Unions, and

I also wish to acknowledge the generous contributions of the US National Academy of Sciences

and the US National Science Foundation, who provided the excellent facilities at Woods Hole

for the conference of experts and substantial support for the production of the BIOMASS
proposal.

Finally I should like to record my personal appreciation and the gratitude of the

international Antarctic scientific community to Dr Sayed Z. El-Sayed, the Convenor of the

SCAR/SCOR Group of Specialists, for the great effort that he has devoted to arranging the

meetings and organizing the production of the text of this report. My thanks go also, of course,

to the members of his group for their contributions.

T. Gjelsvik

President of SCAR
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PREFACE

This document represents four years of effort by several members of the SCAR nations to

develop a co-ordinated international programme for the study of the living resources of

the Southern Ocean. This effort began in August 1972, in Canberra, Austraha, with the

estabUshment of a subcommittee of the Biology Working Group on the Marine Living

Resources of the Southern Ocean. The subcommittee met in Montreal, Canada, in May 1974,

and in Cambridge, UK, in October 1975. At the latter meeting the subcommittee (now

upgraded to the SCAR Group of Specialists on Living Resources of the Southern Ocean, and

from November 1975 cosponsored by SCOR as its Working Group 54) welcomed the offer of

the United States to host an international scientific conference on the living resources of the

Southern Ocean. The meeting was held in the US National Academy of Sciences Summer Study
Center in Woods Hole, Mass, 17-21 August 1976; 59 scientists representing 14 nations

participated. The chief objective of the conference, and the following meeting of the Group of

Specialists (23-25 August), was to review the present knowledge of the living resources of the

Southern Ocean and to develop a proposal for future co-operative studies in this area. A
number of background review papers and scientific reports was also presented at the

conference and is to be published in a separate volume {BIOMASS Volume II: Selected

contributions to the Woods Hole Conference on Living Resources of the Southern Ocean,

1976).

The major part of the conference, as well as the subsequent sessions of the Group of

Specialists, were devoted to discussions on the development of an international programme for

the Biological Investigations of Marine Antarctic Systems and Stocks (BIOMASS). The principal

objective of BIOMASS is to gain a deeper understanding of the structure and dynamic

functioning of the Antarctic marine ecosystems as a basis for the future management of

potential living resources. The BIOMASS proposal described in this report represents the first

major international effort to co-ordinate present and future research for the development and

wise management of the living resources of the Southern Ocean.

It is important to note in this respect that, at the meeting of the Group of Specialists held

immediately after the Woods Hole conference, a set of recommendations, addressed to SCAR,
SCOR and IOC, was adopted. These recommendations contain the amended terms of reference

of the Group of Specialists, together with a proposed mechanism for practical implementation
of the BIOMASS programme at the international level. The recommendations are included in

the appropriate parts of the text.

I am indeed grateful to the valuable contributions made by the members of the

SCAR/SCOR Group of Speciahsts on Living Resources of the Southern Ocean in drafting this

document. The IABO reviewers of the BIOMASS document deserve much thanks for their

helpful and generous suggestions for the proposal's improvement at draft stage. I am also

grateful to the participants at the Woods Hole conference for their useful advice at the meeting.

I wish to express my deep thanks and appreciation to the US National Academy of

Sciences for hosting the conference at the Academy's Summer Study Center in Woods Hole,

Mass. Mr Liiuis DeGoes, Mr Timothy Hushen and Ms Betty Olsen, of the Polar Research Board,

NAS, deserve thanks for their splendid help and co-operation. Finally, I am deeply indebted to

Mrs Pamela S. Home for her invaluable assistance in producing this report.

Sayed Z. El-Sayed

n II c. *• T Convenor
College Station, Texas

3 June 1977
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1. INTRODUCTION

1.1 Background

1.1.1 Historical background

In recent years the world has been witnessing a renewed interest in the living resources of

the Southern Ocean. Notable among these resources are marine mammals (whales and seals),

krill (primarily Euphausia superba), fishes, squids, spiny lobsters, crabs and seaweeds (Fig 1).

For hundreds of years the cold waters of the Northern Hemisphere have provided the bulk of

the world's fish catch. Attention is now being focused on the development and exploitation of

the resources of the tropical and Antarctic waters. There is little doubt that compared with the

areas of conventional/historical fish production, the Antarctic resources are indeed enormous.

The magnitude of these resources and their distribution in the Southern Ocean have been

discussed by El-Sayed (1975). As an indication of the richness of one resource, krill, some

fishery experts have speculated that 100 million tons of krill could be taken annually without

depleting krill stocks. This figure is slightly less than double the 1973 world fish and shellfish

catch. A number of countries are now engaged in the exploration of these living resources while

several others are planning their future exploitation.
Concern over the need for proper management and conservation of Antarctic marine

resources has been voiced by members of the scientific community and national/international

agencies and organizations. We are mindful of the tragedies that have befallen the CaUfornia

sardines, the Peruvian anchovies and the Antarctic baleen whales. The concern of the scientists

for the conservation of these resources also stems from the fact that we do not have adequate
information concerning the stocks of these resources. Despite past research activities we have

only very rough estimates of krill stocks. We have virtually no estimates of the abundance and

biomass of fish populations in the Antarctic, and we know almost next to nothing about

Antarctic squids. Yet, effective conservation and management depend on a continuing fiow of

data and information regarding these resources.

The problem is further complicated when we consider the structure of the Antarctic

ecosystem and the complex interactions between the seals, whales, sea birds, penguins and

fishes, all competing for food which consists mainly of krill. And since krill is the key species of

the Antarctic ecosystem, it is not difficult to visuaHze that its unwise exploitation could trigger

disastrous changes throughout that ecosystem.

1 .1 .2 History of establishing SCAR/SCOR Group of Specialists on Living Resources of the

Southern Ocean

As detailed in Section 4, several international bodies have interests in the living resources of

the Southern Ocean. Of these organizaUons, SCAR has played a key role. In August 1972

SCAR established a subcommittee of the Biology Working Group on the Marine Living
Resources of the Southern Ocean. The charge of the subcommittee was to assess the present
state of knowledge of the Antarctic marine ecosystem and to stimulate investigations of the

ecology and population dynamics of the organisms at different trophic levels. The
subcommittee held its first meeting in May 1974 at McGill University (Montreal, Canada) in

conjunction with the SCOR/SCAR Polar Oceans Conference. At this meeting the sub-

committee developed a series of recommendations, one of which stated:

Because of the significant role played by krill in the Antarctic marine

ecosys'em, and because of our concern for the wise management of krill
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Stocks, we recommend that efforts should be made to continue and expand
investigations of the biology, ecology and population dynamics of krill, and
of the distribution of its swarms. We also recommend that in estimating the

size of these stocks, modern techniques such as echo-sounding surveys should
be used in addition to net hauls.

In another recommendation, the subcommittee wrote:

In view of the enormous gaps in our knowledge of the stocks of such

potentially important and presently under-exploited fisheries resources as the

cephalopods, pelagic and demersal fishes, we recommend that in-depth
studies of the biology, distribution, biomass and population dynamics of
these resources be undertaken.

Perhaps one of the most significant recommendations of the Montreal meeting was
Recommendation No 5:

We call attention to the significance of the biological oceanographic studies in

the Southern Ocean as prerequisites for the wise management of these

resources. We wish to express our concern at the deceleration of many
biological studies aboard research vessels in the southern waters. We realize

the enormous difficulties of undertaking the fomiidable task of studying the

marine ecosystem of the vast expanses of the Southern Ocean when only one
or two oceanographic ships are utilized. We, therefore, recommend that a

well co-ordinated International Biological Investigation of the Southern
Ocean (IBISO), utilizing multiple ships, be undertaken. The objectives of
IBISO might include:

(a) the study of the trophodynamics of the Antarctic ecosystem

(b) the provision of data/information for the conservation and wise manage-
ment of the hving resources of the Southern Ocean

(c) the provision of data/information for monitoring poUutants at all levels

in the food web and in the water column.

The Montreal recommendations were later approved by the Thirteenth Meeting of SCAR in

September 1974, and by the International Co-ordination Group for the Southern Ocean of IOC
at its meeting in Buenos Aires, Argentina, in July 1974. In March 1975, the Executive Council

of IOC invited the SCAR subcommittee:

to prepare practical proposals for collaborative investigations in biological

oceanography in the area and to prepare proposals for working toward the

organization of multiship studies for submission to SCAR and SCOR and

through them to the IOC International Co-ordination Group.

At the Eighth Antarctic Treaty Consultative Meeting held in Oslo, Norway, in June 1975, it was
recommended that the governments:

. . . invite SCAR to continue its scientific work on these matters and to

consider convening, as soon as practicable, a meeting to discuss current work
and report on progress for the study of conservation of Antarctic marine

living resources.

In recognition of these new responsibilities, SCAR, at its executive meeting in June 1975,

upgraded the status of the marine living resources subcommittee to a group of specialists. The
terms of reference adopted for this group are:

I. To assess the present state of knowledge of the Antarctic marine

ecosystem from the point of view of structure, dynamic functions, and

biomass of the organisms at different trophic levels.
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2. To encourage and stimulate investigations of the ecology and population

dynamics of the organisms at different trophic levels with particular
reference to krill, squid, fishes and whales.

3. To maintain liaison with FAO.

4. To advise SCAR and SCOR and through them other international organi-
zations and in particular to respond to relevant recommendations

of IOC and Antarctic Treaty consultative meetings.

At its Executive Committee meeting in November 1975 SCOR, at the invitation of SCAR,
agreed to cosponsor the group and adopted it as its Working Group 54.

In order to initiate action in relation to IOC and Antarctic Treaty invitations, the first

meeting of the reconstituted Group of Specialists was convened at the Scott Polar Research

Institute in Cambridge, England, 6-8 October 1975 (SCAR Bulletin, 1976). During this

meeting, the group agreed that its first task should be to review all existing information and to

bring together knowledge of ongoing and presently planned programmes of marine biological

investigations. The group also undertook the preparation of practical proposals for long term

co-operative investigations of the Southern Ocean. The group welcomed the offer of the United

States to host a scientific meeting on the living resources of the Southern Ocean.

Accordingly, an international conference of experts was held at the US National Academy
of Science Summer Studies Center in Woods Hole, Mass, 17-21 August 1976, and was followed

by a meeting of the Group of Specialists (23—25 August). The chief objective of both was to

review the present knowledge of the living resources of the Southern Ocean and to develop a

proposal for future co-operative studies in the area. This proposal is referred to as the Biological

Investigations of Marine Antarctic Systems and Stocks (BIOMASS). The research programmes
included in BIOMASS are discussed in the following sections.

However, before presenting these programmes, it is imperative to take into account the

likely effect of marine pollution on the Antarctic ecosystem and how it relates to the proposed
BIOMASS investigations.

1.1.3 Marine pollution

Recently the question of exploitation of Antarctic mineral resources has come under

discussion within the Antarctic Treaty Consultative Meeting and elsewhere. There is a general

consensus that possible petroleum and natural gas deposits on the Antarctic continental shelf

are the resources most likely to attract interest in the near future. The Eighth Antarctic Treaty
Consultative Meeting in 1975 invited SCAR 'to undertake an assessment on the basis of

available information of the possible impact on the environment of the Treaty area and other

ecosystems dependent on the Antarctic environment if mineral exploration and/or exploitation
were to occur there'. SCAR compiled a preliminary assessment as a result of various informal

consultations with individual scientists and specialists and by correspondence with SCAR
National Committees, based on the experience of scientific investigations in the Antarctic

carried out by many nations over a number of years. This was submitted to a special

preparatory meeting for the Ninth Antarctic Treaty Consultative Meeting, Paris, June/July

1976, which then invited SCAR to undertake a more detailed assessment, based on existing

knowledge, for consideration at the Ninth Consultative Meeting in 1977.

At its Fourteenth General Meeting in October 1976, SCAR expressed its willingness to

respond to this invitation and to treat such an assessment as a task closely allied to its main

objectives, although the degree of detail achievable in this further assessment would depend on

the financial support available. To carry out the task SCAR established a Group of SpeciaUsts

on Environmental Impact Assessment of Mineral Resource Exploration and Exploitation in the

Antarctic (EAMREA), whose activities will fall into two phases:
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(a) the preparation of the new detailed assessment requested on the basis of existing

knowledge, and the formulation of a long term research programme to fill any

serious gaps in knowledge;

(b) the execution of this long term research programme.

It is clear that a considerable amount of research will be needed to assess the likely effects

of exploration and exploitation of oil resources on Antarctic ecosvstems. While some guidance

may be obtained from recent Arctic experience, there will be no substitute for research on

Antarctic ecosystems and their component species. There is also a great need for studies in areas

of likely activity and for basic information on the biology of key species hkely to be affected

by oil pollutants. Areas of special sensitivity and/or scientific importance need to be identified

and carefully planned monitoring programmes will need to be developed.

From the viewpoint of the Antarctic marine ecosystem, it is clear that the BIOMASS

programme wall provide much of the baseUne and other data required. There will need to be

close co-ordination between other SCAR initiatives concerning the possible effects of mineral

exploration and/or exploitation in the Antarctic Ocean.

SELECTED REFERENCES

ElSayed, S. Z. 1975. Biology of the Southern Ocean. Oceanus, Vol 18, p 40-49.

SCAR Bu LLETIN. 1976. Report of a meeting of the SCAR Group of Specialists on Living Resources of

the Southern Ocean. SCAR Bulletin, No 52, p 115-119.

1 .2 General objectives

The need for a comprehensive international and interdisciplinary research programme in

the Southern Ocean stems from the fact that the circular current system of the Southern Ocean

houses a food web which is very different from those of other parts of the world ocean.

Individual weights of its key members are larger by several orders of magnitude than

comparable ones in other oceans, which provides the incentive for a unique mass exploitation

of the Southern Ocean's key herbivore -krill.

The principal objective of the BIOMASS programme is to gain a deeper understanding of

the structure and dynamic functioning of the Antarctic marine ecosystem as a basis for the

future management of potential living resources. Thus, we are primarily concerned with

(a) contributions to man's understanding of the world ocean, and (b) developing a sound

ecological strategy for the exploitation of the living resources and for the conservation of the

Southern Ocean's ecosystem. To achieve these goals of basic marine science and wise ecosystem

management we need to consider several objectives. The list given below emphasizes krill as the

major potential food resource of the Antarctic waters and as a key element of the marine food

web. At the same time, it is recognized that there are other important marine studies in the

Antarctic which warrant the attention of the scientific community. BIOMASS will evolve as it

proceeds and will hopefully attract new scientists with new ideas in the course of its

development into a comprehensive study of the Antarctic ecosystem, its exploitation and

conservation.

1. Study of the physical/chemical environment influencing krill and its food base,

namely:

(a) study of vertical advective and diffusive processes, as driving forces of primary

production



H-6

INTRODUCTION

(b) Study of micro- and meso-scale horizontal processes in relation to swarming of
krOl and patchiness of phytoplankton

(c) study of the large scale meridional and zonal water transport at various depths in

relation to the life cycle of krill.

2. Study of the variabihty between years and regions in the concentration and

composition of phytoplankton.

3. Autecologjcal studies of key organisms of the Antarctic ecosystem such as whales,
seals, penguins, fishes, squids, krill, some other crustaceans, salps; assessment of their

standing stocks/biomass and production in selected areas of the Southern Ocean.

4. Description of the major food chains in Antarctic waters with emphasis on the flux of

energy and material between the various trophic levels in selected small areas.

5. Development of models to improve our understanding of the quantitative interaction
between different elements of the ecosystem and the effects of cUmate, whaling and
krill fishing on structure and efficiency of the food chain.

6. Compilation and analysis of data from exploratory and commercial fishing.

7. Provision of scientific information on the Antarctic ecosystem to the scientific

community, governments, industries, and other concerned bodies.
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2.1. Introduction

This section of the report describes the individual lines of research which are necessary for

an understanding of the dynamics of the Antarctic marine ecosystem and for the conservation

of the hving resources. The following sub-sections describe the proposals in respect to the main

elements and processes of the system. Emphasis has been given to those elements which are

believed to contribute most to the general flow of material and energy through the higher

trophic levels, or are currently under exploitation or have potential for exploitation. This has

inevitably meant that some elements and processes of considerable scientific interest have

presently had to be neglected. So, although there is no section dealing with the benthos, this

does not imply that research on benthic community structure and productivity is unimportant.

Throughout the proposals, links between the benthic and pelagic communities have been

emphasized. Benthic communities are important in recycling nutrients, and benthic species

provide the food source for demersal fish populations. The role of benthic animals as consumers

of kiill also needs to be elucidated.

While an understanding of the trophodynamics of the Southern Ocean ecosystem is vital

from the viewpoint of resource management and conservation, it should be stressed that we

have a unique opportunity to contribute to our understanding of marine ecosystem processes as

a whole. Detailed studies combined with the modelling investigations described below can lead

to significant advances in our knowledge of ocean processes.

Inevitably the proposals for different stocks have developed to different levels of detail.

Following the long history of whaling, research on whales and the population dynamics of

whales are well advanced. Over the past few years in particular, whale scientists have been

actively engaged for the International Whaling Commission (IWC) and other organizations in

reviewing the status of whale research, and drawing up a comprehensive international

programme of whale studies. In spite of large-scale and in-depth studies of krill there are still

outstanding problems. It has, therefore, been much easier to draw up a balanced and detailed

programme for whales than for krill. It must also be emphasized that the krill programme (and

indeed most other elements in the BIOMASS programme) will be modified in respect to specific

topics as the programme develops and our knowledge of krill increases.

2.2 Modelling

A whole ecosystem perspective is essential to the understanding and careful use of living

resources in Antarctic waters, but it is not easy to develop this perspective from the usual

starting point of observation of one particular element in the system. One method of tackling

the work of understanding the whole ecosystem is the development of suitable models. They
are particularly useful for ensuring a systematic approach to research and exploring the logical

conclusion of certain hypotheses. Models also provide an ecologically meaningful framework

for organizing, analysing, and integrating data of different types and from various sources. The

power of modern computers allows highly complex situations to be handled. We already know
where additional observations can be most productive. Considering such observations in an

ecosystem context can provide guidance to those concerned with the management of individual

resources such as whales, seals, fishes, and krill.

Two levels of modelling are appropriate for study of Antarctic waters: whole ecosystem
and detailed sub-models. The development of a preliminary whole ecosystem model requires
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extension of our present knowledge. Additional biological data are necessary, both field data on

the biomass of ecologically important elements of the system and experimental data on transfer

rates. Such a model can serve to organize existing information and to point out areas where

additional research is needed. At the same time, it can be flexible enough to incorporate further

information in the course of its future development.
A model has been constructed of the Ross Sea ecosystem (Green, 1975) which describes

the interactions of nutrients, light, ice, phytoplankton, zooplankton and larger animals. The

general flow structure of this model is shown in Figure 2. For a Southern Ocean model, the

main modifications needed include: (a) elements describing harvest by man, particularly of

whales, krill, fish and cephalopods; (b) sub-division of certain elements (eg, of zooplankton into

krill and other species); and possibly (c) division into various geographic zones, with some

interchange between zones {eg, migration of whales). The Ross Sea model has been quantified,

using available data and making estimates where necessary, to provide a descriptive simulation

of an annual ecological cycle.

ICE

COMMUNITY
ALGAE

ICE

COMMUNITY
INVERTEBRATES

DETRITUS AND

DECOMPOSERS

FIG 2. Conceptual model of the pelagic ecosystem of the Ross Sea; exchanges between the system
and its environment are shown. (After K. A. Green, 1975.)

Construction of one model, however complex, does not offer a complete framework from

which to gain an understanding of an involved system. The development of a general model of

the entire system must be accompanied by other activities, such as the development of more

detailed sub-models of certain elements of the system. As an example, models which deal just

with the fishes and (in a simpUfied manner) other elements interacting directly with the fishes,

can simulate gross changes in fish populations. Size and age composition of the population,

individual growth rates, recruitment, and variable food consumption can be included in a fish

sub-model, but it would not be practicable to do this in a general ecosystem model. Similar

detailed sub-models can help explain the quantitative behaviour of single components of the

total system and can be used to check on the realism of the general overall model.

The important sub-models on which work should start as soon as possible are:

(a) the physical/chemical environment as a forcing function for phytoplankton growth,
with a built-in ability to allow for different sized phytoplankton to be produced under

different physical/chemical conditions; and
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(b) using phytoplankton as a forcing function, a krill model which includes the majo.

predators.

At present, models are most useful for perspective, data organization, and indication of

information needs. When information on such aspects as the ecological role of detritus, spatial

variation in productivity, or stocks of fish and cephalopods, is more complete, then predictive

capability becomes an additional objective of both whole ecosystem models and sub-models.

To make full use of the modelling process, it is necessary to bring the model builders

together with those concerned with field studies, experimental studies, and general biological

investigations. This will ensure that the models are useful and are indeed used to gain a better

understanding of the system as a whole. There seems to be a need for modellers and other

investigators to meet to exchange data, evaluate model results, refine model formulations for

improved realism, and redefine information needs. A feedback process between model

development and field studies will serve to develop the predictive capabilities of the various

models as they are updated, validated and improved. It can also serve to identify information

needs and provide some direction for future research.

At the present state of the art of ecosystem modelling, the process of model building is as

useful as model results. Objectives for Antarctic models are:

1 . Interaction among disciplines applied to Antarctic studies at both the conceptual and
data analysis levels.

2. Focus for Antarctic research through organization of existing data and identification

of information needs from an ecosystem perspective.

3. Descriptive ecology of the whole Southern Ocean at the level of interacting

populations through dynamic simulation.

4. Feedback between model predictions and field and experimental research to refine

both models and research programmes.

5. Ultimate development of a predictive model of Southern Ocean biology useful for

conservation of Antarctic living resources.

SELECTED REFERENCES

Green, K. A. 1975. Simulation of the pelagic ecosystem of the Ross Sea, Antarctica: A time varying

compartmental model. Texas A&M University, unpublished PhD thesis, 187 p.

2.3 Physical, chemical and biological environments

2.3.1 Review

The broad features of the oceanography of the Southern Ocean have become well known
as a result of the Discovery Investigations (1925-39) and the cruises of the Ob and the

Eltanin in the late 1950's and 1960's. The knowledge accumulated from Antarctic investigations
has shown that the physical/chemical settings of the Antarctic seas are unique in the world

ocean. Their unique features are represented by: (a) the presence of pack ice around the

Antarctic continent and the seasonal waxing and waning of the pack ice zone; (b) the variability
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of the light regime which alternates between complete perpetual darkness in winter to

continuous daylight during summer; (c) the nearly uniform sea temperature which varies little

with depth or season; (d) the extensive cloud cover; and (e) the circumpolarity of the surface

waters and the dominant influence of the circumpolar fronts (El-Sayed and Green, 1974). It is

in response to the physical/chemical environments that the Antarctic organisms have developed

their characteristic features. For example, the marked seasonal variations in incoming solar

radiation have a pronounced effect on plant and animal life: the rise and fall of primary produc-

tion in the circum-Antarctic waters appears to be a direct response to the amount of energy

received (El-Sayed, 1971).

More is known about large scale surface discontinuities such as the polar front (or

Antarctic Convergence) and Antarctic Divergence than about small scale discontinuities. The

fact that most species appear to have a circumpolar distribution and that those south of the

polar front are distinct from those to the north suggests that the biogeography of the Southern

Ocean is governed largely by the dynamics of ocean circulation.

The general pattern of ice cover, arrangement of water masses, distribution of currents,

water column structure and nutrient salts regime are known, and it is clear from recent work

that there is great variability in these parameters, both seasonally and from year to year, thaYi

had previously been thought. The extent of ice cover in the Southern Ocean varies with the

season and is influenced by wind; the production of cold dense bottom water may be sporadic;

there is considerable variation in currents and mass transport within the West Wind Drift; a

well defined clockwise eddy exists in the Weddell Sea; primary production and krill abundance

vary considerably from region to region, and so on.

This newly appreciated variability is currently the focus of great interest by the physical

oceanographers and meteorologists participating in the ISOS programme (International

Southern Ocean Studies). In the BIOMASS programme there is a need for independent research

programmes in physical/chemical oceanography, and for conducting a systematic series of

environmental studies on the physics, chemistry and biology of the Southern Ocean that is

oriented primarily towards an understanding of the Antarctic marine ecosystem. These

environmental studies will need to be closely coupled to studies of the living resources and

closely co-ordinated from one ship to another and from ship to shore to satellite.

Measurements by current profilers and moored current meters, as well as frequent STD

casts, should provide information on vertical transport and stability and on advection. A

knowledge, from sampling, of the spatial distribution and density of krill swarms in relation to

the abundance and size spectra of phytoplankton, should further our understanding of the

reactions of a krill swarm to its food base and the effects of grazing on the phytoplankton.

Besides quantitative sampling for kriU within and outside swarms, biological observations should

include controlled, quantitative plankton sampling for analyses of phytoplankton and

zooplankton abundance and composition in different depth layers and at different times of day

and night. Recordings of vertical distribution of chlorophyll and detritus provide additional

information on the biotic environment of krill. These studies should be carried out at several

selected places, mainly in different areas of high krill concentrations at the ice edge, in the

neritic zone of the Antarctic Peninsula and of the Antarctic islands, as well as in the open ocean

of the West Wind Drift, the East Wind Drift and the upwelling zones. If possible they should be

repeated at different seasons.

2.3.2 Objectives

The objectives of this section are to provide relevant information on the physical/chemical

components of the marine ecosystem in the Southern Ocean as they affect the living resources

and, in particular, to:
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1. Describe the physical/chemical factors governing the distribution, abundance,

productivity and behaviour of the marine organisms.

2. Describe the short and long term environmental fluctuations governing the biology of

Antarctic marine flora and fauna.

3. Identify and measure, for the purpose of ecosystem modelling, the main physical and

chemical driving forces in oceanic and coastal areas of the Southern Ocean.

2.3.3 Research programmes

1. Factors affecting primary production.

Current estimates of primary production vary widely and our estimates are largely based on

station data taken by oceanographic ships at different times and often in different years. If we

are to provide reUable estimates of productivity and rates of energy flow, we must achieve

geographic coverage using standardized methods and techniques.

The primary production component of the BIOMASS programme will focus on a detailed

documentation of the geographic variability in rates of primary productivity and on the factors

which control production in the Southern Ocean. Although the productivity in polar seas with

intermittent ice cover has been thought to be Umited primarily by the seasonal deficiency of

available light and lack of permanent thermocUne formation, recent evidence from the

Arctic/sub-Arctic regions (Apollonio, 1961; McRoy and Goering, 1974) and the Antarctic

(Bunt and Lee, 1970; Meguro, 1962) indicates that the ice cover in these regions provides

oceanographic conditions which in fact support high primary productivity on the under-surface

of the ice during periods of the year when the water column itself is not productive. This ice

mantle must, therefore, play a major role in organic production in the polar seas; and the fact

that photosynthesis takes place beneath ice at low light intensities becomes of special interest.

Because wind-induced turbulence carries phytoplankton down as far as the pycnocline, the

amount of light available for photosynthesis varies wdth the depth of the mixed layer. Thus, a

considerable amount of work will have to be devoted to the study of the factors that govern

primary production in the Southern Ocean. Such study should include measurement of solar

radiation, light penetration in the water column, vertical stability of the surface layer, and a

suite of physical, chemical and biological parameters which influence these major variables

(cloud type and cover, wind velocity and direction, transparency, organic and inorganic

suspended matter, trace elements, vitamins, etc).

The broad features of the phytoplankton programme are outUned below:

(a) Study of the geographic and seasonal distribution of phytoplankton and estimate of

primary productivity within and below the euphotic zone. Special attention needs to

be given to measurements of photosynthetic activity of the micro-algae beneath the

pack ice. Contributions of the various primary producer communities (pelagic,

seasonal pack ice, and near-shore benthic communities—including macro-algae) should

be obtained on a seasonal basis.

(b) Study of the distribution and abundance of the phytoplankton in relation to

physical/chemical and biological characteristics of the water masses.

(c) Study of the effect of low temperature on metabolic rates of phytoplankton, and

determination of their specific growth rates.

(d) Study of rate Umiting processes, uptake kinetics of nitrogen and silica by organisms,

and the specific role of zooplankton and in situ microbial regeneration.

(e) Study of the species composition of phytoplankton.

(f) Study of the grazing and dispersion loss rates (including loss rates to the benthos).
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2. Detrital regime.

There is danger in any resource-oriented research in which studies are weighted more

toward the mechanisms of production than toward the equally important mechanisms of

recycling the organic material produced. The main source of detritus in the open ocean is dead

plankton, faecal material, and organisms embedded in the ice. It is likely that the flux of energy

through these pathways is considerable. The routine detrital programme consists of

measurements of particulate organic carbon which, in combination with measures of

chlorophyll a (for phytobiomass) and adenosine triphosphate ATP (for living matter), allow the

concentration of detritus to be determined. More complex studies include measurements of

transfer rates, such as rates of release of ice detritus (by melting), rates of advection from

regions of high and low detritus, rates of detrital fall out, and so on. Research on associated

transfer rates, such as decomposition and mineralization, was mentioned in (1) above.

3. Factors affecting secondary production.

The secondary production component of BIOMASS is focused on those elements and

processes within the krill ecosystem which control or modify the flux of energy to krill. For

example, part of the detrital flux may sustain significant secondary production by bacteria;

other zooplankton herbivores may compete with krill for algal food; zooplankton carnivores

may take developmental stages of krill in significant numbers; other zooplankton may provide
alternative or supplementary forage for typical krill feeders such as some birds, seals and baleen

whales. The programme should include:

(a) Study of the distribution and abundance of the zooplankton species in relation to

environmental gradients and to seasonal variabilities.

(b) Study of the vertical distribution of the zooplankton in relation to the water masses

and to the polar front.

(c) Study of the role of the zooplankton in the dynamics of the pelagic food webs,

including the pack ice where possible.

(d) Study of the life history of key species of zooplankton with particular emphasis on

their feeding biology.

So far as possible, the secondary production programme will have a size specific basis, eg,

size specific distribution of biomass, size specific grazing and size specific respiration rates. The
role of zooplankton as forage organisms for fishes, cephalopods, birds and mammals could best

be studied on board those trawlers associated with BIOMASS and at shore laboratories. Recent

developments in radioactive tracer technique have made it possible to investigate food

relationships within the zooplankton more effectively than in the past and such studies could

well constitute a major part of research programmes on ships with well equipped biological
laboratories.

Because the distribution of krill corresponds, in general, with the area that is seasonally

covered by pack ice, this ice-mantle is of considerable significance in the study of krill. Thus, an

effective biological study of the Southern Ocean will require a fresh look at the secondary

production within the pack ice ecosystem.

4. Distribution and significance of surface currents and fronts.

Because of previously established macro-scale correlation between the biology of the

Southern Ocean and its major frontal zones and because the distribution of krill is so patchy,
the research programme on surface physical discontinuities is an important part of the

BIOMASS programme. Such studies have an advantage in that they may be carried out not only

by research vessels with station time at their disposal but also by supply vessels and by remote

sensing from satellites. The shipboard programme mainly includes measurements of
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temperature, salinity, and water transparency with occasional nutrient analyses at interesting

discontinuities. The emphasis is on continuity of observations along meridional (or

near-meridional) sections.

5. Structure of the water column.

The success of the krill fishery depends upon knowledge of the distribution of krill in the

water column. Although empirical information is available from acoustic records, it will

eventually be necessary to understand the vertical migration of krill and, in particular, the

relationship between krill swarms and discontinuities in the water column. The major

discontinuity at the ice edge is the shallow halocline resulting from the melting of the ice, and

this should be studied. However, other discontinuities exist within the vertical range of krill,

and these should also be investigated. If possible, it would be desirable to track the seasonal

development and decay of these discontinuities.
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2.4 KriU

2.4.1 Introduction

It has been well known for many years that vast quantities of krill exist in Antarctic

waters, but interest in their commercial exploitation did not arise until the early 1960's. Baleen

whale stocks had declined as a consequence of overharvesting, which meant that grazing

pressure on krill by these consumers was reduced. During the same period, stocks of more

famiUar aquatic species, taken in traditional fishing grounds, were becoming fully exploited.

Reduced opportunities for increasing harvest from other areas has focused attention on the

potential of other food sources and, in particular, on Antarctic krill.

Many computations have been made of production and standing stock of this pelagic

euphausiid (McQuillan, 1962: Shevtsov, 1963: Jonsgard and Ruud, 1964; Mackintosh, 1966,

1970; Lyubimova and others, 1973; Omura, 1973; Fischer, 1974; Tomo and Marschoff, 1974;

Everson, 1976) and most estimates of an annual harvestable yield range from 100 to 150 million

tons. These figures have been derived using a variety of approaches including the consumption
of past and present stocks of whales (based on their residence time in Antarctic waters,

volume of stomach contents and energy requirements), consumption by other vertebrate
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predation, catch rates of krill in plankton nets and the proportion of primary production

that is converted into krill. However, there are no direct or accurate data on the magnitude

of either the standing stock or annual production of Euphausia superba. (Although E. superba

is often considered to be synonymous with krill, and indeed is the dominant species,

a number of other euphausiids should also be included under the term, and these are

particularly important at the ice edge.)

PLATE 1. KnW Euphausia superba.

The estimated high productivity of krill has led some nations to engage m serious efforts to

test its possibilities as a food source for animal and human populations. The USSR is reported

to have taken some 20 000 tons in 1974, while Japan collected about 650 tons. Results of

biochemical analyses and nutritional studies have encouraged commercial utilization and other

nations-the Federal Republic of Germany, Poland, Norway, the United Kingdom-are also
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investigating potential krill fisheries. Recent results suggest that progress has been made towards

reducing the problems of locating and catching krill, and that large catches could be taken at

moderate cost, provided the fishing does not have to be interrupted to handle and process the

catch. However, these latter processes still present formidable problems.

Studies on a number of biological characteristics, population distribution, swarm

characteristics and position of krill in the Antarctic marine ecosystem have largely been

conducted during the past six decades by, among others, the United Kingdom, Norway, USSR,

and Japan. While considerable information now exists concerning biological parameters,

including larval stages and distribution, sexual maturity, spawning, feeding characteristics and

regional differences in population densities (Bargmann, 1937, 1945; Fraser, 1937; Marr, 1962;

Mackintosh, 1966, 1972, 1973; Ivanov, 1970), there is Uttle reliable direct data on krill growth

rate, or growth increment and moult frequencies. Estimates concerning growth have been

derived inferentially through extensive studies of class sizes, increases in mean class size with

season, developmental phases (larval, adolescent, maturing and breeding adults) and their

distributions with rime. The time scale from the first calyptopis to young adolescent stages

seems to be established while diverse interpretations have been made from the data of post

larval size frequency distribution. Mean values of krill sizes and gonadal development, derived

from numerous samples collected during about 10 years and mainly between 20°Eand 70°W,

have led to the conclusion that E. superba matures and breeds two summers after being

spawned (Bargmann, 1945; Marr, 1962). However, samples collected in the vicinity of the

island groups in the Scotia Sea in one season (February -April 1968) have been interpreted by

some to demonstrate a four-year life cycle (Ivanov, 1970).

With continuing efforts to determine the life span of this species. Mackintosh (1972) re-

evaluated earlier data, and with additional Discovery samples reiterated previous estimates of a

two-plus-year period to breeding. Thus, critical aspects of the biology and ecology of krill

remain to be clarified. These include: growth rates, longevity, fecundity; hydrographic features

of areas of high as well as low population densities and transport of eariy larval stages; pairing

and repeat spawning. These features of krill biology must be elucidated at diverse geographic

locations during every season and several annual cycles. The information derived will provide

the scientific basis for judgements concerning harvestable Umits.

Changes in the abundance of krill is another aspect in which full information is lacking.

Though our present indirect methods have produced estimates of abundance or production

which may be adequate for purposes of harvesting, the variance in these estimates (considered

by some to be a factor of two or so) is so great that it is impossible to estimate the changes in

the abundance of krill which have occurred or may occur. While it is populariy believed that

krill stocks increased after whale stocks decreased, and there is indirect evidence that this

occurred, {eg, from increases in the populations of winged birds, penguins and seals that feed on

krill (Budd and Downes, 1969; Conroy, 1974)), direct evidence is lacking. Present techniques of

directly estimating krill biomass, from plankton net hauls, or by acoustic methods, are subject

to considerable variance because of the structure and highly irregular distribution of the

swarms. Such estimates may also be biased because, for example, of the escape of larger krill

from most nets, the fully unknown proportion of krill outside swarms and the lack of

information on the acoustic properties of krill, either individually or in swarms.

Though these problems are of some significance, they do not invalidate present estimates

of biomass and productivity which have been presented as broad ranges. They do make it

difficult or impossible, however, to achieve the precision needed to monitor changes in the krill

population which might occur as a result either of a recovery of the whale stocks or of large

scale exploitation. The development of methods of monitoring changes in krill abundance is

highly desirable. Techniques that are under investigation and at the present stage show some

promise include refined acoustic methods from ships or buoys, aerial surveys and the use of

sateUites.
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2.4.2 Objectives

Because of its key position in the Antarctic ecosystem and the possibility of krill making a

significant contribution to world food supply at some time in the future, the studies of krill

proposed here have a significant part in the whole BIOMASS programme. It is planned that

these studies will lead to a better understanding of: (a) the fundamental biology off. superba;

(b) the extent of dependence of higher trophic levels on krill stocks; (c) the interrelations

between krill swarming and the hydrographic features of Antarctic waters. The studies have

been drawn up so that in addition to improving our general store of scientific knowledge,

sufficient information will be available before any intensive exploitation of krill begins. If these

objectives are successful it should be possible to make use of the large krill resource without

risk of lasting damage to stocks, or to stocks of mammals, birds and other animals which

depend to a greater or lesser extent on krill for food.

In particular the objectives of the programme will be to:

1 . Make an intensive study of the life history and population dynamics of krill.

2. Elucidate the contribution of krill to the dynamics of its main predators.

3. Develop systems to monitor changes in the abundance and composition of the krill

stocks.

2.4.3 Research programmes

It would not be possible, given the scales of the problems and the magnitude of the

resources that are likely to become available for the BIOMASS programme, to draw up

practicable proposals that would deal with all the objectives of the krill research programme in

the near future. The present proposals, therefore, have been selected to deal with topics that are

particularly important in themselves or lay the groundwork for later important investigations.

The specific proposals are:

1 . Determine growth rate and longevity using (a) laboratory and field experiments, and

(b) collection and analysis of length composition data for krill collected in all seasons

and areas.

2. Describe the spatial distribution of krill with the objectives of determining ranges of

biomass densities and the shape, extent and stability of swarms, especially diel

changes.

3. Develop acoustic techniques for the quantitative survey and evaluation of krill stock.

4. Carry out surveys with quantitative nets (RMT, Bongo, etc) to determine the vertical

and horizontal distriburion of krill in oceanic areas, coastal areas and the pack ice

zone.

5. Determine the types of fishing effort data {eg, number of hauls, searching time) from

which a catch per unit effort could be produced to provide the most valid index of

abundance, and ensure that such data are collected from any commercial krill fishing

operations.

6. Carry out ecological studies throughout the Southern Ocean, with particular emphasis

on the Weddell sector, in the most likely areas of potential intensive exploitation and

in the important but poorly understood area of the East Weddell Drift.

7. Identify stocks or racial differences in all study areas. If sub-groups are discovered,

conservation measures and management of commercial harvesting will be expected to

reflect growth characteristics of such groups.

8. Study the distributions, vertical and horizontal transport of early larvae Teees to first

calyptopis stage).
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PLATE 2. A 25-ton catch of krill being hauled onto the deck of FFS Walther Henvig.
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9. Investigate the biochemical composition of krill and its relation to feeding, season and

growth.

10. Investigate the spawning behaviour, area, depth and intensity, and the possible

occurrence of repeated spawning.

1 1 . Evaluate the possibility of using remote-sensing techniques for monitoring krill.

In addition it will be important to ensure that comprehensive catch and effort statistics are

collected and reported to the appropriate international agency.

The handling of practical fishery information can be considered as the responsibility of

fishery institutes and agencies. The information is often needed to achieve the best productive

tactics for the development and utilization of kriD, but if large exploitation starts it will also be

invaluable for quantitative studies of krill dynamics.

During the Woods Hole conference, it was possible to examine acoustic techniques in some

detail. While the commercial fishing expeditions have clearly demonstrated the efficiency of

hydro-acoustic techniques in detecting swarms of krill, the translation of such signals into

absolute units requires special study. It was proposed to conduct as soon as possible a small

scale study for the purpose of:

(a) determining the back scattering strength of various densities of krill by cage

experiments

(b) providing a calibration coefficient from simultaneous fishing and hydro-acoustic

mapping

(c) determining the variance encountered in different survey strategies.

To implement these proposals close international co-operation will be needed. Useful

co-operation has already developed during recent years between scientists of several countries

engaged in krill research and related aspects; it ranges from exchange of information such as

cruise plans, prehminary results and publications, to joint participation on board research

vessels during krill surveys. The existing international collaboration in krill research should be

further expanded and intensified. It is essential that the methods of sampling, recording and

reporting be standardized or intercalibrated as far as possible, in order to avoid the collection of

material which might turn out later to be incomparable. Working groups on methods of krill

research should be established to consider all items requiring standardization (eg, length

measurements, maturity stages, stomach filling), and to elaborate proposals for survey

techniques, data collection, evaluation and reporting. The recent establishment of SCOR

Working Group 52 on the estimation of micronekton abundance is a first step in this direction.

SELECTED REFERENCES

BaRGMANN, H. E. 1937. The reproductive system oi Euphausia superba. Discovery Reports, Vol 14,

p 325-50.

BaRGMANN, H. E. 1945. The development and life history of adolescent and adult krill, Euphausia

superba. Discovery Reports, Vol 23, p 103-78.

BUDD. G. M. and DOWNES, M. C. 1969. Population increase and breeding in the Kerguelen lur Seal,

Arctocephalus Iropicalis Gazella, at Heard Island. Mammalia, Vol 33, p 58-67.

CONROY, J. W. H. 1975. Recent increases in penguin populations in Antarctica and the sub-Antarctic. In:

STONEHOUSE. B. ed. The biology of penguins. London. Macmillan, p 321-36.

EVERSON, I. 1976. Antarctic krill: a reappraisal of its distribution. Polar Record, Vol 18, No 112,

p 15-23.

FiSCHKR, W. 1974. Der Kiill (Euphausia superba) and andere Nahrungsreserven im Gebiet der Antarktis

(Krill (Euphausia superba) and other food resources in the Antarctic area]. Protokolle zur

Fischereitcchnik, Bd 62, p 226-88 (translated).



H-19

RESEARCH PROGRAMMES

FraSER, F. C. 1937. On the development and distribution of the young stages of krill {Euphausia superba).

Discovery Reports, Vol 14, p 1-92.

GULLAND, J. A. 1970. The development of the resources of the Antarctic seas. In: HOLDGATE, M. W. ed.

Antarctic ecology. Vol 1. London and New York, Academic Press, p 217-24.

GuLLAND, J. A. 1976. Antarctic baleen whales: history and prospects. Polar Record, Vol 18, No 112,

p5-13.
HeMPEL, G. 1968. Area reviews on living resources of the world's oceans. Antarctica. FAO Fisheries

Circjjlar,
No 109.3.

IVANOV, B. G. 1970. On the biology of the Antarctic krill, Euphausia superba. Marine Biology, Vol 7,

p 340-51.

Johnstone, G. W. and .Murray, M. D. 1972. Dominican gulls in the Australian Antarctic Territory.

Australian Bird Bander, Vol 10, p 59-60.

JONSGARD, A. and RUUD, J. T. 1964. Studies on the southern stocks of Blue and Fin whales. In:

CARRICK, R., HOLDGATE, M. W., and PREVOST, J. eds. Biologic Antarctique. Paris, Hermann,

p 333-39.

Lyubimova, T. G. and others. 1973. Prospects of the utilization of krill and other non-conventional

resources of the world ocean. By T. G. Lyubimova, A. G. Naumov, and L. L. Lagunov. Fisheries

Research Board of Canada. Journal, Vol 30, No 12, Part 2, p 2196-2201.

Mackintosh, N. A. 1966. The swarming of krill and problems of estimating standing stock. The

Norwegian Whaling Gazetteer, Nr 11, p 213-16.

Mackintosh, N. A. 1970. Whales and krill in the twentieth century. In: HOLDGATE, M. W. ed. Antarctic

ecology, Vol 1. London and New York. Academic Press, p 195-216.

Mackintosh, N. A. 1972. Life cycle of Antarctic krill in relation to ice and water conditons. Discovery

Reports, \o\ 36, p 1-94.

Mackintosh, N. A. 1973. Distribution of post-larval krill in the Antarctic. Discovery Reports, Vol 36,

p 95-156.

MaRR, J. S. W. 1962. The natural history and geography of Antarctic krill {Euphausia superba Dana).

Discovery Reports, Vol 32, p 33-464.

Mcquillan, H. 1962. The Antarctic krill. Western Fisheries, Vol 63, No 4.

Moiseyev, p. a. 1970. Some aspects of the commercial use of the krill resources of the Antarctic seas.

In: HOLDGATE, M. W. ed. Antarctic ecology, Vol 1. London and New York, Academic Press,

p 213-15.

Moiseyev, P. A. 1971. Development of scientific bases of fishery and of the methods controlling the

processes of biological productivity in the oceans. In: Fundamental biological productivity in the oceans

and its exploitation. Washington DC, National Marine Fisheries Service, Foreign Fisheries Division,

p 7-11. (Translation No 72-50071A.)

NeMOTO, T. 1968. Feeding of baleen whales and krill, and the value of krill as a marine resource in the

Antarctic. In: CURRIE, R. I. ed. Symposium on Antarctic Oceanography. Cambridge, Scientific

Committee on Antarctic Research.

OmURA, H. 1973. A review of pelagic whaling operations in the Antarctic based on the effort and catch data

in 10° squares of latitude and longitude. Research on Whales Institute. Scientific report, p 105-21.

ShEVTSOV, V. V. 1963. Certain data on Antarctic kriU. UNIRO, No 12, p 22-33 (translated).

SlADEN,W. J. L. 1964. The distribution of Adelie and Chinstrap pengums. In: CARRICK, R., HOLDGATE,
M. W., and PREVOST, J. eds. Biologic Antarctique. Paris, Hermann, p 359-65.

TOMO, A. and MaRSCHOKF, E. 1974. Estimation of those parameters of the population of E. superba
which would be important for the management of this resource. Buenos Aires, Instituto Antartico

Argentine. (Contribucion N:200.)

ZeNKOVICH, B. a. 1970. Whales and plankton in Antarctic waters. In: HOLDGATE, M. W. ed. Antarctic

ecology. Vol I. London and New York, Academic Press, p 183-85.

2.5 Marine mammals and birds

2.5.1 Introduction

The two groups of marine mammals to be found in the Southern Ocean are the seals and

whales. Both represent substantial potential sources of food: the seal stocks are, and the whales

were vastly more important than their Northern Hemisphere counterparts in terms of number

and biomass. While there are no autochthonous peoples engaged in hunting in the south as there
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are in tlie north, it is well known that the stocks of large whales have been commercially
overfished in the Southern Ocean since 1904, and with the exception of the Minke Whale are
still very low compared with their former abundance.

There is a need for proper conservation and management and a growing awareness of the

complex interactions between seals and whales involving possible competition for food with
each other and with birds, fishes and squids. Two international conventions are concerned with
the marine mammals: the International Whaling Convention, dating from 1931, and the
Convention for the Conservation of Antarctic Seals, signed in 1972 but not yet in force.
The SCAR Group of Specialists on Seals and the Subcommittee on Bird Biology of the SCAR
Working Group on Biology are also active in this field. Adequate conservation and management
depends on a continuing input of data and information.

2.5.2 Ecology and abundance

1. Seals

The pack ice region around Antarctica is the habitat of the Antarctic seals. These are the
Crabeater Seal Lobodon carcinophagus, the Weddell Seal Leptonychotes weddelli, the Leopard
Seal Hydrurga leptonyx. and the Ross Seal Omatophoca rossi. These species have recently
drawn considerable worldwide attention since they are a resource as yet unexploited by man.
Other seal species which inhabit the Southern Ocean are the Southern Elephant SQzXMirounga
leonina and the Fur Seals Arctocephalus gazella and A. trapicalis. ihese species were
overexploited by the 18th and 19th century sealers and the stocks are still recovering.

Table 1 . Crude estimates of antarctic seal populations,
biomass and food consumption

Species
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(a) Crabeater Seal.

The Crabeater Seal is the most abundant seal in the Antarctic and probably in the world.

Siniff and others (1970) and Erickson and others (1971) have shown a relationship between ice

type, in terms of cover and density, and Crabeater Seal abundance. The largest numbers of

Crabeater Seals are to be found in small ice floe environments covering between 30 and 70 per

cent of the water surface. The Crabeater Seal has a 24-hour activity pattern with peak numbers

hauled out, it is thought, at local apparent noon; research is needed to document what the

proportion may be. The food of the Crabeater Seal is mainly krill, mostly Euphausia superba,

though there is a possibility that the bulk of the food will be E. crystallorophias in some areas

over the shelf.

PLATE 3. A Crabeater Seal family group.

Little is known about the breeding of the Crabeater Seal since it occurs in the austral spring

when the ice is at its maximum (Laws, 1958; 0ritsland, 1970). After weaning, the pups

probably disperse and form groups in the pack ice. Hofman (1975), Lindsey (1937) and

Bertram (1940) suggest that the young of the year congregate along the edge of the Antarctic

continent in areas where the ice is quite dense. This leads to a segregation by sex and age, the

older, mature animals being at the periphery of the pack ice with the younger animals toward

the interior (Hofman, 1975). The maximum recorded age for a Crabeater Seal is 33 years, little

is known about mortahty, although the Killer Whale and Leopard Seal are known to feed on

this species. Predation would appear to be significant since a high proportion of Crabeater Seals

observed in the pack ice are scarred.

(b) Leopard Seal.

The Leopard Seal is the largest of the true Antarctic seals, it appears that it is catholic in its
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diet and takes penguins under rather specific conditions but utilizes kriU, fish and other seals,

particularly young Crabeater Seals, when conditions are favourable.

Little is known about the life cycle of the Leopard Seal. Pupping and mating probably
occur in the pack ice. Oritsland (1970) reported that males and females become sexually
mature between three and six years with the maximum hfe span in the vicinity of 25 years.

(c) Ross Seal.

Information on the Ross Seal, known as the rarest and least studied of the Antarctic seals,

has been summarized by Hofman and others (1973). It appears mainly to inhabit pack ice of

5/10-7/10 cover. Most sightings have been of solitary individuals but groups of up to 13 have
been sighted (Laws, 1964). The Ross Seal is extremely rare in the Weddell Sea but its

distribution is uneven: much higher concentrations are found in the Amundsen, Bellingshausen
and King Haakon VII seas. It is considered to account for between one and two per cent of the

total Antarctic pinniped population.

Cephalopods have been reported to be the main food of the Ross Seal although both fish

and krill have been found in its stomachs. Information on reproduction is limited, most coming
from Oritsland (1970) who examined 15 specimens. It appears that pupping and mating occur
in November and December.

(d) Weddell Seal.

The Weddell Seal is the best known of the Antarctic seal species as it is found near

Antarctic shore stations where access for study has been possible. It aggregates during the

pupping season along perennial tide cracks where pups are born on the surface of the ice.

Pupping occurs as early as September in northern areas and in late October and early November
in the more southern areas. Weaning is usually accomplished by the sixth or seventh week, at

which time the colony disperses.

The males occupy underwater territories (D. B. Siniff, unpublished ms) along the tide

crack; the exact time of mating is uncertain but it appears to be near weaning. As with the

other Antarctic seals, peak haul out is around local apparent noon. Their food includes fish,

crustaceans (including euphausiids), and cephalopods (Dearborn, 1965). At McMurdo Station

the Weddell Seal feeds on fish of the genus Trematomus and midwater species such as

Pleuragramma antarcticum.

(e) Fur Seals.

Although formerly hunted to near extinction, there is at present no harvest of these species
and the populations are increasing.

The Fur Seal that breeds on islands south of the Antarctic Convergence is Arctocephalus
gazella (Repenning and others, 1971). The main population oi A. gazella is found on South

Georgia. It has increased from at most a few hundred in the 1930's to around 350 000 now.

Subsidiary smaller populations are found on other islands of the Scotia Arc north of 65°S,
Bouvet and McDonald islands and, lately, this species has also begun breeding at Marion Island,

sympatrically with the more northern form>4. tropicalis (Bonner, 1968; Erickson and Hofman,
1974). The species may be expected to reach its former abundance, measured in millions, in

15—20 years time.

A. tropicalis, the Fur Seal of the islands to the north of the Antarctic Convergence, has

shown a slower rate of recovery. Stocks at Marion Island have increased from around 500 to

7 000 between 1950 and the present, and at Gough Island from about 1 2 000 to 26 000 in the

same period (P. R. Condy, personal communication).
Fur Seals come ashore to breed on rocky coasts in November and lactating females remain

in the vicinity of the rookeries until the following March. For A. gazella food at this period
appears to be mainly Euphausia superba (though fishes and squids are also taken). The food of

A. tropicalis is less well known but includes fishes, squids or the rock lobster Jasus sp. After
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harem break-up the Fur Seals disperse. Their distribution and feeding habits in the winter are

unknown.

(0 Southern Elephant Seal.

This species is similar to the Southern Fur Seal in that it congregates on beaches to have

pups and mate. The total mid-year population has been estimated at about 600 000 with the

largest population (370 000) on South Georgia (Laws, 1960). The first mature bulls establish

territories in September and the breeding season lasts until mid-November. Elephant Seals do

not feed during the breeding season nor during the period of moult that follows. Their primary
food is cephalopods and fish, but in what proportion is not known.

Although almost exterminated at South Georgia in the 19th century, the numbers under

protection were increased and the species was the subject of a successful nationally managed

industry, which took only adult males from 1910 to 1964; the sustainable yield appeared to be

about 6 000 (Laws, 1960).

PLATE 4. Minkc Whales in Normanna Strait, South Orkney Islands.

2. Antarctic whales.

Tlie whales include the baleen whales (Mysticeti) and toothed whales (Odontoceti). The

waters surrounding the Antarctic continent are inhabited by the following five species of the

large baleen whales: Blue Whale Balaenoptera musculus. Fin Whale B. physalus. Sei Whale

8. borealis. Humpback Whale Megaptera iiovaeangliae and the Sperm S^\vd\e Fhyseter catttdon.

the only large odontocete. The smaller Minke Whale Balaenoptera aaitorostrata also inhabits

these waters, and the Southern Right Whale Eubalaena australis occasionally migrates into the
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area although it generally remains north in the more temperate latitudes. Nine species of smaJl

odontocetes inhabit Antarctic waters, including the Killer Whale Orcinus orca, which may be

important in predator-prey interactions within the ecosystem. Mackintosh (1965) gives a good

summary of the biology of large whales. Brownell (1974) reviews existing information on the

small cetacea, but our knowledge of these mammals is far from complete and they will not be

further considered here.

In Table 2, data on both the initial and present stocks of large whales are presented. They
represent the concensus among whale biologists and the methods by which the figures were

reached are summarized by Mackintosh (1965), Laws (1977 and in press) and the annual reports

of the International WhaUng Commission. There is more uncertainty about the Minke Whale,

which is less migratory than the other species; its food consumption has been estimated by

assuming that on the average it feeds in the Antarctic for half the year. The table indicates that

the initial stocks of large whales, before exploitation began, probably consumed about 180

million tons of krill, 12 million tons of squid and 4.5 million tons offish. Their numerical

abundance is now reduced to about 38 per cent of the initial population, their biomass more so,

and they are estimated to consume substantially less than before; namely, 33 milUon tons of

kriU, 5 million tons of squid and about 1 million tons of fish, annually. In order to predict

future trends of abundance it will be necessary to monitor the stocks for many years.

The biology of Antarctic whales foDows a basic pattern: intensive feeding in Antarctic

waters in the summer montlis when they store up an energy reserve in the form of blubber,

followed by an autumn migration northwards. They feed during the winter at no more
than a tenth of the summer rate and in spring they migrate southwards again to feed. It has

been estimated that their body weight increases by about 50 per cent during the period of

intensive feeding (the Sperm Whale to a lesser extent), and most of this is lost in the winter.

The transfer of material, by metabolism, and the loss due to deaths outside Antarctic waters

formerly totalled about 19 million tons and are now estimated to total only 3 million tons.

While this drop is probably insignificant in relation to the whole of the Southern Ocean it may
be locally important, particularly with regard to the source of nutrients in lower latitudes.

The distribution of these whales follows a circumpolar zonation with the larger species

tending to penetrate into colder more southerly waters (the Minke Whale is an exception), and

larger individuals within species also occupying the more southerly part of a species' range. This

pattern results, together with other behavioural and morphological specializations, in a measure

of ecological separation, particularly in feeding methods.

3. Birds.

Sea birds, particularly the penguins, albatrosses and petrels, are conspicuous members of

the Antarctic and sub-Antarctic ecosystems. They constitute an integral part of the Antarctic

ecosystem and exploitation of other resources could have a significant impact upon their

populations and on the ecosystem as a whole. Their distribution in the Southern Ocean is zonal,

the principal limits being the Antarctic coastal zone, the northern pack ice edge, the Antarctic

Convergence and the sub-Tropical Convergence. Due to the circumpolar nature of these zones,

many species are circumpolar in distribution. Sea birds are represented in the breeding stocks

south of the sub-Tropical Convergence, in the islands and geographic areas delineated by Carrick

and Ingham (1967), by eight famiUes and 44 species (Watson and others, 1971; Barratt and

Mougin, 1974).

Seven species of penguins {Spheniscidae) occur in the region; three of these are confined

largely within the hmits of the pack ice. They comprise about 87 per cent of the stocks of birds

(or 90 per cent of the biomass) in the Antarctic and 53 per cent of the stocks of birds (or 83

per cent of the biomass) in the sub-Antarctic. In terms of biomass the Adelie Penguins are by
far the most important birds in the pack ice. Penguins are quite easy to study at their breeding

sites and thus their breeding biology has become well known. A few populations of penguins
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have been the subject of long term study. Most species feed principally on zooplankton,

especially euphausiids, although a few concentrate their diets on fishes or squids.

The breeding albatrosses (Diomedeidae) include six species, most of which occur largely in

the sub-Antarctic zone. Their natural history, fairly well known for some species, is

characterized by a lengthy period of immaturity during which individuals circumnavigate
the Antarctic perhaps more than once—one reason for their very low reproductive rates.

Albatrosses apparently feed heavily on pelagic squids and zooplankton.

PLATE 5. Adelie Penguins.

The petrels (Procellariidae, Hydrobatidae and Pelecanoididae) are a diverse group

represented by 24 species ranging in weight from 0.04 to 4.3 kg. With a few exceptions, they
are the least well known of Antarctic sea birds. The migrations and subsequent deaths elsewhere

of some species, for instance, the Sooty Shearwater Ptiffinns griseus, constitute a pathway by
which energy is transferred out of the Antarctic ecosystem. Dietary habits within the group are

diverse, the petrels' prey ranging from the tiniest zooplankton to the larger fishes, squids and

carrion.

The shags (Phalacrocoracidae) are quite different from the penguins and petrels in that

they remain close to their breeding sites throughout the year and are confined in their feeding

to shelf areas around islands. Also their reproductive potential, as measured by the number of

eggs laid per breeding attempt, is much greater than that of the penguins and petrels. Their

breeding biology and ecology, however, are not well known. Because of their limited

distribution, they are important members of the Antarctic ecosystem only in small, local areas.

The Stercoraciidae and Laridae, which include five species, are well known, particularly the
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skuas, but their low numbers and biomass render them relatively insignificant in the ecosystem.

Their primary effect, with the exception of the terns, is by their scavenging within the rookeries

of seals and other sea birds.

The importance of sea birds in the Antarctic ecosystem lies largely in their role as

consumers. According to more or less empirical calculations on different species, the Antarctic

and sub-Antarctic regions contain at least 188 million birds with a total biomass of 577 000

tons (Table 3)'. 65 per cent of the stocks are distributed in the sub-Antarctic region

representing 55 per cent of the total biomass. The Spheniscklae determined from these figures

constitute 65 per cent of the stocks and 90 per cent of the biomass for the whole Antarctic

region. The birds are estimated to consume 39 million tons of food per year including 21

million tons for the sub-Antarctic region (54 per cent). The Spheniscidae alone consume 86 per

cent of the total. As consumers, birds are presently about equal in importance to the large

whales and about half as important as the seals. They consume a relatively small proportion of

the krill standing stock in summer when food is perhaps not a Umiting factor for them; on the

other hand, it is likely that winter plankton availability constitutes a major factor hmiting their

abundance.

Table 3. Estimates of antarctic bird populations,
biomass, and food consumption

Food consumption in Antarctic

and sub-Antarctic'

33 173
2 867
2 131
427

65

39 000

'

Thousands of metric tons.

^
Totals rounded.

2.5.3 Interactions

Direct interactions are thought to be hmited to the predator-prey relationships exhibited

by Killer Whales and Leopard Seals toward smaller marine mammals and penguins and those

exhibited by skuas and gulls toward other species. Preferences of various seal species (Ross,

Crabeater and Leopard) for different ice types may ease interspecific competition for space.

Although Elephant and Fur seals are both land breeders, their distribution overlap is reduced by

their occupying, at South Georgia for example, different habitats (sandy beaches by Elephant

Seals and rocky shores by Fur Seals) and by staggered pupping seasons. It is probable that

behavioural interactions in relation to food resources occur. Odontocetes tend to be gregarious

while hunting and are known to communicate acoustically underwater.

Indirect interactions through competition for the common food resources such as krill and

squids are considered to be more important. Despite the fact that for some groups, such as

'

Recent observations (British Antarctic Survey. 1977) at South Georgia indicate that the biomass of

Macaroni Penguins Eudyptes chrysolophus at the north-west end of the island alone is in excess of

100 000 tons.
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colonial birds, the major limiting factor may be availability of nest sites, there is evidence

indicating that food availability is still an important factor. In terms of food consumption,
birds and large whales are each estimated to take about 40 million tons annually while seals

take about twice as much--80 million tons. OriginaUy the large whales were estimated to have

taken nearly 200 million tons annually of krill, squid and fish before their stocks were depleted

by whaling.

The staggered southerly migration of baleen whales and their feeding preferences for

different class sizes of krill and other zooplankton reduce competition. However, it has been

demonstrated that longitudinal segregation also occurs with the larger and older whales arriving

first to occupy certain areas of the feeding grounds, and younger, later arrivals being displaced

to the periphery (Laws, 1960). At South Georgia, for example, where the different species

overlap, competition for krill of the same size occurs. The growth and pregnancy rates

of Blue and Fin whales have increased and the mean age of sexual maturity has decreased

during the periods of expanding whaling operations in response to increased food abundance

(Laws, 1977 and in press). Similar increases in pregnancy rates and advancement of maturity in

Sei Whales have been shown to precede large scale exploitation of the species, and so could not

be a direct result of hunting. This lends support to the belief that the increased early

pregnancies and growth rates are indirect responses to whaling through its effect on food supply.

There is no direct evidence of a change in abundance of krill-eating Crabeater Seals, but

there is evidence of an increased rate of reproduction. Their mean age of sexual maturity in

Whaling Zone I (the Sanctuary) has decreased from 4 years in 1955 to 2.5 in 1970 during a

period of rapid depletion of whale stocks (Laws, 1977). At South Georgia the population

explosion shown by the krill-feeding Fur Seal Arctocephalus gazella is very marked and other

colonies are developing in the Scotia Arc. Their distribution overlaps the baleen whale feeding

distribution and the much more rapid recovery of -4. gazella in comparison with y4. tropicalis

can probably be attributed to changes in krill availability.

2.5.4 Objectives.

The objectives of the programme will be:

1. Identification of unit breeding or management stocks, their location, movements and

possible mixing.

2. To obtain full data by species, sex, age and size for all catches.

3. Stock assessment and the estimation of potential yields when appropriate.

4. An understanding of trophodynamics.

5. An understanding of interactions between whales, seals and birds and with other

groups at a similar trophic level, such as fishes and squids.

6. Formulation of suitable management and conservation procedures.

Objective 2 is being met under schemes operated by the Bureau of Whaling Statistics, and

in respect to seals and birds by the Antarctic Treaty (Agreed Measures for the Conservation of

Antarctic Flora and Fauna). The Convention for the Conservation of Antarctic Seals calls for

reporting of catches.

2.5.5 Research programmes

1. The mapping of seasonal pack ice distribution and type is particularly important in

extrapolating sample seal densities to larger areas and, again primarily for seals, in assessing the

significance of residual pack ice regions in summer for the separation of stocks. (Objectives 1
, 2

and 4)

2. Research should be carried out throughout the range of species including, for whales

and birds, the winter period outside the Southern Ocean.
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3. Observations should be made from ships, including icebreakers, and aircraft, to establish

distributions, estimate densities and absolute abundance of, in particular, protected whale

species such as the Blue and Humpback, seals and birds in the pack ice, and birds and whales in

the open sea. Seals cannot be counted in the water and counts on the pack ice give a minimal

estimate of abundance. To resolve this problem, behavioural observations in the pack ice will be

necessary using the telemetry developed for studies of Weddell Seals in fast ice areas. If the age

structure of the population is known, estimates of the abundance of birds, Elephant, Weddell or

Fur seals, a portion of whose stocks concentrates on land or fast ice to breed, can be made by

extrapolation from counts of breeding birds or seal pups. These counts can be made on the

ground or from aerial photographs, but must be carried out before the breeding birds or seal

pups disperse. Differential dispersal at sea by season, sex and age means that direct counts of

the total population of land breeders are not possible. Information on the distribution and

abundance of small whales is almost totally lacking and indirect methods such as radio- and

sonic-tagging and hydrophone arrays must be employed. (Objectives 1 and 3)

4. Information from scientific research needs to be supplemented by data from whaling

and sealing operations. The most direct way of evaluating estimates of sustainable yields is by

using data on catches and effort to determine the effect of various levels of exploitation on the

stocks. A programme of pelagic research captures from specially equipped whaling vessels such

as the Norwegian Peder Huse, which was a combined whale catcher and factory ship, and from

other vessels, including icebreakers for the seals in the pack ice, is necessary to complement and

extend the results from commercial operations. (Objective 2)

5. Existing marking programmes should be continued and new ones developed, especially

for smaller species. Methods should also be developed for the study of individual whales, seals

and birds, possibly including satellite tracking, radiotelemetry and sonic tagging. (Objectives 1

and 3)

6. Marking/recapture data, studies of population genetics, morphometries and other

indicators of discrete populations should be used to establish unit stocks. Much can also be

learned from captured seals without having to kill them-for example, by collection of blood

samples for serological and reproductive studies, and of nails for age determination. (Objectives

1 ,
2 and 4)

7. For animals killed during commercial operations, in research operations using special

ships and in shore-based work, the following basic studies are required:

(a) Morphometries.

(b) Age determination to establish growth rates, population structure and natural

mortality rates, and age-specific reproductive parameters. Good age criteria exist for a

number of species from earlier studies; for example, annual layers in teeth (dentine or

cement), nails or ear plugs. Because of the numerous age groups, relatively large

samples will be needed.

(c) Analysis of reproductive state and reproductive history. This would include

back-calculation of age at puberty of marine mammals from ear plug and tooth

structure to establish possible trends in the mean age at puberty. Age-specific and

time-specific pregnancy rates are also required for the mammals and, similarly,

breeding success for birds.

(d) Investigation of food habits and ecological separation by species, sex and age.

Preliminary studies indicate a more or less clear ecological separation in terms of

geographical distribution, feeding depth stratification, adaptations for feeding

(morphology, visual pigments) and food preferences. More detailed quantitative

information is needed to refine existing knowledge and to establish possible seasonal

and geographical differences.
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(e) The development of programmes for estimating metabolic rates and energy flow. Just

as biomass is a better measure than numbers for estabUshing the significance of a

species in the ecosystem, so energetic terms are preferable to biomass, particularly in

studies of interactions and competition for a possibly limiting food resource.

(Objectives 1,3,4 and 5)

8. Analysis of the various parameters (stock sizes, growth, mortality, reproductive rates,

feeding patterns) should be continued in an attempt to discover how they vary with changes in

the abundance of seals, whales, birds and other groups. This will not, however, lead to early

results. (Objectives 5, 6)

9. Finally, better and more dynamic ecological and trophodynamic models and population
models are needed to help in the formulation of conservation and management strategies.

(Objectives 4, 5 and 6)
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2.6 Fishes

2.6.1 Introduction

A large number of species of fish occur in the Antarctic, but most of these are small or few

in numbers (Andriyashev, 1965; Dewitt, 1971; Everson, 1970; Hureau, 1970). At the present

level of our understanding, Antarctic fishes do not significantly contribute to the general

dynamics of the Antarctic ecosystem. Attention, therefore, has been concentrated on the

following 12 species which are believed to be of major importance in the Southern Ocean (see

also Figures 3, 4 and 5).

(a) Notothenia rossiL

Found in all coastal areas of the Scotia Arc, from South Georgia south to the Antarctic

Peninsula; at Kerguelen, Crozet, Macquarie and Marion islands, and probably also at Bouvet

Island. It grows to about one metre in length. The species at South Georgia spawns during April

or May, and at Kerguelen at the end of May. It has probably been the most heavily exploited of

Antarctic fishes. However, since the FAO statistical reporting areas combine South Georgia and

the Kerguelen islands with the respective areas to the north, and because A', rossii is not on the

list of reported species, it is combined with the 'other demersal percomorphs' category.

Estimates of catches at South Georgia range from 400 tons to something in excess of 400 000

tons annually.

(b) Champsoceptialus gunnari.

Distribution essentially the same as for A', rossii. The species grows to about 60 to 70 cm.

Information about spawning is not available. Recent expeditions by the Federal Republic of

Germany and Poland have found commercial quantities. It is one of the major species believed

to have made up catches totalling 120 000 tons taken around the Kerguelen archipelago during
1971-72.

(c) Micromesistius australis.

Found in the Magellanic and New Zealand regions and known to migrate south into the

Antarctic Zone during the summer to feed on krill. It reaches a length of over half a metre and

spawns north of the Antarctic Zone during the spring. Total annual catches up to 7 900 tons

have been reported for the south-west Atlantic Ocean, which probably represent fishing efforts

in the Scotia Sea.

(d) Notothenia gibberifrons.

Found throughout the Scotia Arc region and off the Antarctic Peninsula. It reaches a

length of about half a metre. Information about spawning is not available. Also not available are

catch statistics, but the recent West German expedition took large numbers, and circumstantial

evidence indicate^ *hat the USSR may be using it for at least local consumption.
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HotothanLa loa-ii (length to 1 m)

Champsoaephalus gunnari (length, to 60-70 cm)

Micromesistius austfalis (length to SO cm)

Notothenia gibberifrons (length to 60 cm)

FIG 3. Antarctic fishes in the order discussed in the text.
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(e) Pseudochaenichthys georgianus.

Found at South Georgia, the South Orkney Islands and off the Antarctic Peninsula. It

reaches a size of about half a metre or a little more. No information about spawning or

exploitation is available except that recent West German and Polish expeditions caught

significant quantities.

(f) Dissostichus mawsonL

Circum-Antarctic, both in the open ocean and on the continental shelf. It reaches a size of

nearly two metres and a weight of about 70 kg. The spawning season is uncertain but the

species is known to have pelagic eggs. No data are available on commercial catches, but recently

the West German expedition caught this species near the South Shetland Islands.

(g) Dissostichus eleginoides.

Found in Magellanic-South Georgia region at Kerguelen, Crozet and Marion islands.

Reaches a size and weight rather smaller than D. mawsoni. No information about spawning or

exploitation is available but may be included in the 'unspecified demersal percomorphs'

category for the south-west Atlantic area.

(h) Channichthys rhinoceratus.

From the Kerguelen islands. Maximum length about 50 cm. No commercial catch data are

available but the species is believed to have made up part of an estimated 120 000 tons taken

from the Kerguelen archipelago in 1971—72.

(i) Notothenia coriiceps (including A'. c. coriiceps and N.c. neglecta).

Found around the Antarctic continent, Scotia Arc islands except South Georgia, Kerguelen

and some other sub-Antarctic islands, and probably all other Antarctic islands except

Macquarie. It spawns in May, produces large demersal eggs and grows to a maximum of 50 cm

in length. No commercial catch data are available, but the recent West German expedition

reported catching it at the South Sandwich Islands.

(j) Chaenocephalus aceratus.

Found at the Scotia Arc islands and around the Antarctic Peninsula. Reaches a length of

between one-half and one metre. Information regarding spawning is lacking. No commercial

catch data are available, but the recent West German expedition reported this species at South

Georgia.

(k) Notothenia magellanica.

Found in Magellanic and New Zealand regions and at the islands lying on or near the

Antarctic Convergence. It has been reported from the Ross and Scotia seas and may migrate

there during the summer months. It reaches lengths of about 40 cm and spawns at the end of

March at the Kerguelen islands; its eggs are pelagic. No commercial or other catch data are

available.

(1) Pleuragramma antarcticum.

A pelagic species, circumpolar in distribution over the continental shelves. It is found as far

north as the South Orkney Islands. Grows to between 20 and 30 cm. There is no information

available about spawning. The fish has not been exploited.

2.6.2 Objectives

Recent investigations gave an estimate of the standing stock of fish at the Kerguelen

plateau of 130 000 tons (Hureau, 1974, and in press). Data on growth of some Nototheniids are

available. Nevertheless, there is still a need for more information on such aspects as distribution

and standing stock of the different populations and on the growth and mortality of the

individuals. Consequently, more data are needed to understand the dynamics of fish

populations. Therefore, the initial objectives concerning the fish component of the BIOMASS

programme will be '.o concentrate on the basic studies with the following general objectives:
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Pie.udoch.a.znichthyi gzoigianm (l&ngih to so cm)

Dissostiahus mawsoni (length to 2 m)

Dissostiahus eleginoides (length to 1-3 m)

Channichthys rhinoceratus (length, to 50 Crn)

FIG 4. Antarctic fishes in the order discussed in the text.
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Notothenia aoriiceps (length to 50 Cm)

Chaenoaephalus aoeratus (length to 0-5-1 m)

Notothenia magellanica xjl/ (lena/th. to -W cm)

Pleuragrairma antarotiaum (length to SO-50 cm)

FIG 5. Antarctic fishes in the order discussed in the text.
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1 . Stock separation and evaluation of gross potential of fish resources.

2. Development of systems for monitoring stocks that are or may become exploited.

3. To provide estimates of population parameters for models of fish population

dynamics.

4. To undertake biological studies to refine the models mentioned in Objective 3 and to

improve estimates of yield.

5. To develop methods for understanding, monitoring and predicting the effects of

fisheries' exploitation on other elements of the ecosystem.

2.6.3 Research programmes

The following specific programmes are proposed in order to achieve the above objectives:

1. Catch and effort statistics should be collected and inspected, a task which ought to be

the responsibility of the government of any nation engaged in commercial fishing. The
statistical areas should follow FAO standards.

2. Exchange programmes for age determination should be carried out.

3. Regular sampling for length (and, where possible, age) should be made from commercial

catches. For this purpose, the length measurement used should be standardized, and

the recording of total length, to the nearest centimetre below, is recommended.
Efforts should also be made to collect information on the age structure (and failing

this, size structure) of stocks of fish that have not yet been subjected to significant

exploitation. This information should provide a unique opportunity for estimating
natural mortaUty.

4. Data should be collected on the food of fishes (particularly commercial fishes) and of

the principal predators, so as to quantify the predator-prey relationships which are

important for trophodynamic studies.

5. Sampling of fish should be extended in areas and time as far as possible (including the

use of non-commercial gear) so as to provide better information on distribution, stock

separation, reproductive behaviour, possible movements and seasonal abundance.

Shore stations could play an important role in this respect, and in particular morpho-

logical and electrophoretic techniques should be used. In addition, such sampling
will facilitate studies of reproduction and other aspects of the life history which are

important for refining population models.

2.7 Cephalopods

2.7.1 Introduction

Cephalopods (squids and octopuses) are known to be important organisms in the trophic
structure of the Antarctic ecosystem; they constitute significant portions in the diets of Sperm
Whales, seals, penguins, pelagic birds, and fishes (see Section 2.5, Tables 1 and 2). However, it is

possible that they could be less abundant in the Antarctic than in the sub-Antarctic area.

The highly evolved nervous system of the cephalopods allows them to be aggressive,

fast-swimming predators. This characteristic, unique among invertebrates, makes them

behaviourly comparable to many large predatory vertebrates. Knowledge about their biology

and, indeed, about their species composition, is almost completely lacking, due primarily to the

strong swimming and net-avoidance capabilities that have prohibited adequate sampling.

Therefore, one of the first steps toward elucidating the biology and resource material of

cephalopods must be the development of suitable fishing gear for Antarctic conditions that can

catch squids in reasonable numbers even if not in a fully quantitative manner.
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Cephalopods inhabit both pelagic and benthic habitats in Southern Ocean waters. The

squids are primarily pelagic forms and constitute the major resource potential in terms of
numbers of species and biomass. The octopuses are primarily benthic dweUers and their biomass
and consequent energy flow are relatively minor in comparison to pelagic cephalopods. This is

especially the case in the Antarctic shelf waters, whereas sub-Antarctic islands appear to

support larger populations of octopuses.

PLATE 6. A midwatcr squid (Histioleiilhis sp); total length approximately 25 cm.

Currently no commercial fishery for cephalopods exists within the confines of the

Southern Ocean, but an active Japanese fishery has developed in New Zealand waters for

Nototodarus sloani. Recent statistics of this fishery are as follows:

Year
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2.7.3 Research programmes

1. Biological research.

(a) Extensive taxonomic research on Southern Ocean cephalopods is required before

detailed biological studies can be made. A correct assessment of the population
and subsequent decisions concerning the management of the stocks are dependent
upon accurate identification of species and an understanding of the biology of
each species.

(b) Biological studies on the more important species should include distribution,

vertical range, seasonal occurrence and abundance, life history, feeding strategy,

reproductive potential, migrations and relationships to environmental factors.

(c) In order to utilize fully the limited cephalopod material available, research

programmes need to take advantage of every potential source of material, such as

from krill trawling operations, or predators' stomach contents.

(d) Studies should be conducted to determine the nutritional qualities of different

species and even of different parts of the animals (eg, mantle v viscera) to assess

their value to predators and to human consumers.

(e) Research needs to be conducted, perhaps at laboratories outside the Southern

Ocean area, on the behavioural responses of cephalopods to determine the

effectiveness of various catching devices.

(f) Attention should be given to rates of predation as well as to the size (biomass) of

the cephalopod stocks.

2. Sampling techniques.

The paucity of knowledge about cephalopods is directly related to problems of adequate

sampling. Therefore, in order to conduct basic biological studies, we propose that:

(a) A wide variety of trawling techniques be utilized, including traditional mid-water

trawls (eg, 3m IKMT and RMT 1&8) and large commercial trawls (eg, Engel's

trawl), and that trawUng with these large nets be conducted at depths greater than

is customary for krill operations, ie throughout the water column and especially at

the hitherto unsampled bentho-pelagic zone near the bottom.

(b) Stomach contents from known predators (particularly Sperm Whales, seals,

penguins, pelagic birds and fishes) be utilized for sampling cephalopods. A study
of cephalopod beaks for identification and biomass assessment should be initiated

based on material from identified cephalopod specimens. Eventually this should

lead to the abiUty to identify beaks alone, which are so frequently found in

predators' stomachs. A study of beaks and statoliths taken by deep benthic

dredges should aid in assessing distributions of species.

(c) Larval collections be conducted utilizing plankton, neuston and micronekton
nets and used as an indirect means to assess cephalopod populations.

(d) Acoustic techniques be developed for locating aggregations of cephalopods and

used in association with trawling operations.

(e) Techniques other than pelagic and benthic trawls be employed to explore
alternative methods for sampling and assessing cephalopod populations, for

example, large purse seines, night lighting and jigging, baited cameras,

submersibles with side-scanning sonar, TV and camera-equipped sleds.

(f) A standardized sampling protocol be established to allow comparison of results

from various programmes, such as depth regime, or catch per unit effort.
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(g) Net closing devices be used to ensure precision in determining vertical

distributions of species.

2.7.4 Implementation of research programmes

If the objectives of the proposed research programme on cephalopods are to be achieved,

full advantage must be taken of the several programmes of implementation.
Because of the unique situation of cephalopods in the Antarctic ecosystem, it is proposed

that the delineation of the fauna and an understanding of its biology can be most effectively

achieved by conducting a separate research project. Several ships will be equipped with

standardized sampling and acoustical gear to ensure direct comparability of results. The

proposed cephalopod research programmes can be conducted in collaboration and co-operation

with other biological projects involved in the multi-ship programme. In addition, much valuable

data can be obtained from participation in both the supporting ship-based programme and the

supporting shore-based programme. In particular, co-operation with commercial trawlers and

whaling factory vessels should provide specimens and data that otherwise could not be

efficiently obtained.
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2.8 Benthic invertebrates of potential commercial importance

2.8.1 Introduction

Although research on the composition, metabolism and productivity of the benthos is

needed to improve our understanding of the structure and processes of the Antarctic marine

ecosystem (Mills, 1975), in this section the research programmes will be directed primarily

towards those organisms which are of potential commercial importance. This, as was stated

earlier (Section 2.1), does not imply that research on benthic communities is unimportant,

merely that detailed study of these communities is beyond the immediate scope of this report.

For benthic invertebrate resources, the following islands were considered in addition to the

shelf of the Antarctic continent:
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Latitude

30°-40°S

40°-50°S

50°-60°S

60°-70°S

(a) Rock lobsters (spiny lobsters).

Islands

St Paul and Amsterdam
Tristan da Cunha

Marion and Prince Edward
Croze t

Kerguelen

Antipodes
Bounty
Gough
Bouvet

Heard

Macquarie
Auckland

Campbell
South Georgia
South Sandwich

All the islands south of 60°S

Plate 7. Rock lobsters (Jasus sp).

In the Southern Ocean no benthic invertebrates are commercially harvested. However,

within the wider area considered here, rock lobsters of the genus /axux are currently exploited

to a marked extent. At the Tristan group of islands (Tristan, Nightingale, Inaccessible, and

Gough) and at Amsterdam/St Paul they have been exploited for a number of years, and for

both groups of islands catch and effort statistics are available. The size composition of the catch

and the production by tail size category have been recorded. Fairly good data on growth of

rock lobsters at the Tristan group have been obtained from tagging experiments, which are to

be continued. Analysis of size composition data has been attempted to evaluate growth rates at

Amsterdam/St Paul, but the results need verification by other techniques.
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Rates of tagging at Tristan and neighbouring islands have been insufficient to provide good
estimates of mortahty. Stock sizes and mortahty have been calculated from catch per unit

effort information at Amsterdam and St Paul. Estimates of stock range from 7 000 to 14 000
tons (Vranckx, 1974).

Catch per unit effort trends, as well as catch size composition, suggest that stocks are not

over-exploited at Tristan and adjacent islands, and that present catch levels of about 800 metric

tons nominal weight can be maintained without increasing fishing effort (Pollock, 1976).
Similar analysis at Amsterdam/St Paul has indicated that stocks have decUned, and the yield of

900 metric tons obtained in the past may be too high (Vranckx and Hureau, in press).

(b) lithodid crabs.

In recent years, exploratory fishing surveys have been conducted by France to collect

biological information on and to assess the potential of lithodid crabs, particularly Lithodes

murrayL Experimental fishing resulted in large catches around the Crozet islands. Few crabs

were caught at Prince Edward Island and catches were negative at Marion and Kerguelen islands

(Amaud and Do Chi, 1976). It was felt that further surveys were required to evaluate

completely the potential of these islands. In the course of the surveys, biological observations

on reproduction, parasites and feeding were also made.

PLATE 8. A lithodid crab (Lithodes murrayi).

(c) Spider crabs.

The spider crab Jacquinotia edwardsii is endemic to southern New Zealand and the New
Zealand sub-Antarctic (40°-50°S, 100°-165°E). It has been recorded in decreasing quantities at

Pukaki Rise, Auckland Islands, Campbell Island, Bounty Islands (Anon, 1971), Stewart Island

Shelf, Puysegur Bank and off the east coast of the southern South Island. The presence of large

stocks in depths of less than 200 m at the Auckland Islands has also been shown (Ritchie, 1970,

1973; Ryff and Voller, 1976). Experimental fishing by a joint New Zealand-Japanese

expedition during the austral summer found a resource at the Pukaki Rise which was about
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three times that found at Auckland Islands: estimates of possible annual harvest ranged from

385 000 to 530 000 crabs (Ryff and Voller, 1976).

Apart from the stock estimates mentioned above, there is information on experimental

fishing and processing, and some brief observations on moulting, reproduction, feeding and

behaviour. Generally there is a paucity of information on the biology and population dynamics

of this species.

(d) Other benthic invertebrates of potential commercial interest.

Other crustacean species, which have little potential value in view of their low population

numbers and/or difficulty in catching are: the Antarctic shrimps {Notocrangon antarcticus and

Oiorismus antarcticus), other species of lithodid crabs especially Paralomis sp, and the smooth

red swimming crab Nectocarcinus bennetti.

Except for the scdWo^p Adamussium colbecki and tlie clam Laternula elliptica, the Antarctic

shelf appears to contain few species of bivalve fauna similar to those exploited elsewhere. The

sub-Antarctic islands also lack such bivalves, except for Mytilus ediilis desolationis and

Aulacomya ater which are abundant at Kerguelen, and M.e. desolationis and A. maoriana

around the New Zealand sub-Antarctic islands.

Several other benthic invertebrate species are possibly suitable for human consumption.

These include the gastropod Neobuccinum eatoni and sea urchins of the genus Sterechinus.

They occur in shallow water and are generally circumpolar in distribution.

In view of the small size of the stocks and the logistic problems involved, it w concluded

that the harvesting of these resources is not practical.

2.8.2 Objectives

The research programme for benthic invertebrates is to be established within the

framework of the following broad objectives:

1 . Assessment of the state of presently exploited stocks.

2. Identification of new resources and assessment of their magnitude.

3. Establishment of monitoring systems for exploited stocks.

4. Evaluation of biological and environmental factors which will lead to refinement of

population models.

2.8.3 Research programmes

Assessment of the potential of unexploited stocks requires systematic fishing, for which

the following proposals can be made.

1. Catch and effort.

The distribution of both rock lobsters and crabs is usually closely related to depth.

PreUminary investigation of bathymetry, or acoustic surveys, can facilitate the systematic

setting of traps and the delineation of areas of interest. A preliminary gross estmiate of stock

size can be made by combining catch rate with survey area and depth information.

Catch and effort statistics should be collected; these should include data on numbers,

nominal weight, and production weight, as well as number of vessels, type of gear, number of

traps per vessel, and number of trap days, hours or hauls. The nature of the catch and/or

production should be recorded by data on size composition, state of exoskeleton, sex ratio,

state of reproductive organs, and size at maturity. It is recommended that rock lobster size be

expressed as carapace length, measured from the tip of the rostrum to the mid-dorsal end of the

carapace, and that the size of lithodid crabs be measured from the posterior orbit to the

mid-dorsal end of the carapace.



H-43

RESEARCH PROGRAMMES

2. Growth.

This is difficult to measure in decapods. Tagging and recovery after mouUing and short

term holding experiments can provide good data on growth of adults. Polymodal frequency

analysis can indicate growth rates of juvenile specimens.

3. Mortality.

Size composition data combined with growth information may provide rough estimates of

total mortality, or natural mortality if size composition information is collected in the early

stages of fishing. The rate of decline in catch per unit effort, during a short fishing season, in

relation to the catch, can also provide an estimate of total mortality. The above techniques

require that catchabiUty remains constant with size and throughout the fishing season. Tagging

experiments probably provide the most promising means of estimating fishing mortality. Tag
loss is usually confined to the moult.

4. Yield assessments.

Trends in catch size composition and catch per unit effort reflect the impact of fishing on

the stock. Better yield assessments can be made from stock production curves if a suitable time

series of catch and effort data is available. If growth and mortaUty data are available, yield per
recruit curves can be calculated to evaluate the sensitivity of the stock to changes in effort and

sizes at first capture.

The above proposals refer mainly to stock assessment needs. Biological studies which

would enhance population models and management should encompass the following: seasonal

migrations; stock separation; feeding and predation; and larval dispersion, and recruitment.
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2.9 Seaweeds

2.9.1 Introduction

The littoral zones of the Antarctic and sub-Antarctic are particularly rich in benthic

seaweeds. About 700 species belonging to 300 genera have been recorded from the Southern
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Ocean (Delepine, 1966 and in press; Neushul, 1968; Zaneveld, 1966). There are representatives
of 56 genera that have been utilized either as food or for the production of algal products in

many parts of the world.

Worldwide the utilization of seaweeds is constantly increasing. Therefore, it can be

expected that attention in the future will be paid to the seaweed resources of the Antarctic and

sub-Antarctic. UtiUzation may take the form of human food, fodder for domestic animals, or

the production of agricultural fertilizers, phycocoUoids such as alginates, agar-agar and

carrageens and medicinal products such as antibiotics.

It should be stressed that benthic marine algae are an important component of the coastal

ecosystems where they contribute significantly to the overall primary production. They also

provide a substantial food-source for many fishes and invertebrates, either directly or through
the detritus pathway, as well as a substrate and shelter for a wide range of animal species. In

addition, algae are known to excrete various substances in large quantities, but the role of these

substances in the ecosystem is not yet fully determined.

Species of immediate interest in the Southern Ocean are the brown algae Macrocystis

pyrifera and Durvillea antarctica and the red algae 'Agarophytes' such as the Gelidiales or

Gigartinales (Gracilaria. Gigartina sp, etc). Some of the red algae are currently being exploited
in South America, South Africa and New Zealand. Quantitative information has been obtained

on Macrocystis pyrifera from the South Atlantic islands, and especially from Kerguelen, where
it is estimated that the beds cover more than 200 km^ , with biomasses ranging from

3.4-22.5 kg/m^ with means of 5-10 kg/m^. On New Zealand shores the standing stock of

Durvillea antarctica ranges from 10-20 kg/m^ . Standing stocks of a similar order of magnitude
have been recorded from the Kerguelen islands.

2.9.2 Objectives

Research objectives are:

1. To gain an understanding of the role of benthic algae in coastal ecosystems of the

Southern Ocean.

2. To carry out basic studies on the potentially exploitable benthic algal species in the

Southern Ocean, and to assess the importance of this resource.

2.9.3 Research programmes

1. Stock estimation.

(a) Mapping of the distribution of selected species. The use of satellite imagery for

this purpose should be explored.

(b) Estimation of standing stock and primary productivity in selected habitats. Such

estimations should be carried out at different seasons and combined with

estimates of total standing crops for the species studied.

(c) Resettlement and growth rates after clearing or harvesting in order to obtain

information on the subsequent history of the cleared or harvested areas as related

to the ecophysiology of the colonizing species.

(d) Study of the vertical distribution of the algal standing crops.

2. Ecophysiological studies.

(a) In situ (phenological studies): to include studies on growth rates, productivity,

longevity, intensity of reproduction related to environmental factors such as light,

photoperiodicity, temperature, etc.

(b) In the laboratory: studies to determine the ecophysiological reactions to

environmental factors for each phase of the life cycle; life cvcle studies.
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3. Biochemical studies.

Biochemical composition with season and age, including estimation for each period of

the year of the quantities of different chemical constituents (nitrogen, phyllocolloids

and other substances such as antibiotics).

4. General ecological studies.

(a) Studies of the role of algal species in the ecosystems, their utilization by
consumers and their relationship to fishes and invertebrates.

(b) Life cycle studies both in the field and the laboratory.

(c) Taxonomic studies based on data from populations in the field.

(d) Long-term standardized measurements of environmental factors such as radiation,

temperature and ice cover.
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2.10 Remote Sensing

2.10.1 Introduction

Remote sensing is a technique of growing importance in marine science. The remote

sensing systems can take the form of devices used from aircraft, or satellite platforms, or ocean

data buoys. Aircraft-borne sensors can possess different characteristics from sateUite sensors.

Thus, each hardware system can provide, to a large degree, different types of information; and

studies and/or experiments must be designed with these different capabilities in mind.

2.10.2 Objectives

Remote sensing techniques can potentially be used to assess the abundance of

phytoplankton, macro-algae, krill, birds, and mammals. The application of remote sensing is

briefly reviewed in the following sections.

1. Phytoplankton.
In general there is a positive correlation between the phytoplankton standing crop (in

terms of chlorophyll a) and primary production of surface waters; hence measurement of

chlorophyll levels may be useful in assessing the productivity of these waters (El-Sayed, 1971).

In recent years, there have been some pioneering studies of remote sensing of chlorophyll a,

temperature, etc, using satelhtes and low flying aircraft (El-Sayed and Green, 1974). An

excellent opportunity to contribute to our knowledge of using remote sensing techniques to

study the standing crop of phytoplankton and other biological and physical attributes of the

water column will soon be available through the use of the Coastal Zone Colour Scanner

(CZCS) on the NASA NIMBUS-G sateUite to be launched in 1978. It is interesting to point out
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in this respect that one member of the Group of Specialists (S. Z. El-Sayed) is also a member of

the CZCS NIMBUS-G Experiment Team.

2. Krill.

The activity of euphausiid swarms produces a long-lasting luminescence, and will probably
be detectable by Low Light Level Television. The images from such sensors may be stored on

videotape for later processing. Thus, the night-time aerial/acoustic method of abundance

estimation which has been developed for pilchard (Cram and Hampton, 1976) may be

appUcable to that part of the krill population occurring near the surface in ice-free areas where

sufficient darkness can be expected.

Alternatively, if the visibihty of shoals is adequate, the numerous daylight photographic
and spectro-radiometric techniques reviewed by Benigno (1970) miglit also be highly suitable.

Krill swarms have been recorded to have colour characteristics ranging from brilliant red to

ochre and yellow. Such variation in colour probably indicates differing biological character-

istics; hence, for successful identification with remote sensing, baseline work is needed to

interpret the relationship between colour and biology of the species.

3. Birds and mammals.

This group is most visible on the surface of ice or on land but less conspicuous when

swimming in the water. Each group and/or species have characteristics which make them unique
when considering remote sensing applications. The penguins congregate on rookeries to breed

and nest. During this time their density is high, and concentrations of over 100 000 animals are

found. However, the seals of the region rarely concentrate in large numbers and are usually

distributed in small groups. Exceptions are the WeddeU, Elephant and Fur seals, which

congregate yearly to breed.

It appears that the cunent instrumentation of satelHtes is of Umited use for the direct

sensing of vertebrates of the region because its resolution is limited. The vertebrates individually

or in concentrations are probably of insufficient size and show insufficient contrast in

emissivity to be detailed by present satellite instrumentation. Thus, aircraft sensors will

probably be needed. The current aircraft which are available are limited in range; consequently,
such surveys may present a difficult task.

4. Land, ice, or sea-based sensors.

Another type of remote sensing that may be particularly important is the use of remote

sensors placed at the surface, which allows information to be transferred to ground base or

sateUite base data systems. This capability would be extremely valuable in the Southern Ocean,

where access during the winter months is nearly impossible. Static platforms could be located in

coastal regions with links to sensing systems in the water; alternatively, drifting sensing systems

could be set adrift in the pack ice regions to monitor physical and biological parameters, as well

as to pick up acoustical indications of seals, whales, and penguins.

In summary, the need for remote sensing in the Antarctic regions varies considerably

depending on the species involved and the particular problem under study. However, it is clear

that if we are going to evaluate and monitor successfully the biological resources of the

Southern Ocean, it is essential; (a) to look to these techniques in the future, and (b) to begin to

develop them now so that they may be adapted to the problems and situations unique to

species of the Southern Ocean.

2.10.3 Research programmes

I. Existing and near future sateUite data and instrumentation.

LANDSAT 1 has obtained three and one-half years of data on ocean turbidity which could

be utilized in any pre-operational study. LANDSAT 2 was launched in 1975 and is working

with much the same capabilities as LANDSAT 1. Unfortunately, the LANDSAT 1 imagery of
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the Antarctic is limited to south of approximately 65°S except for certain runs up the South

American coast, which may render these data of little value. Nevertheless, the resolution is

75 X 56 m and sequential coverage is available every nine days. LANDSAT 2 has a similar

coverage but could acquire data from other areas on command. If data are required from the

sub-Antarctic islands, for example, a request to NASA for this coverage would probably

succeed if the motivation were adequate.
Information on the extent of likely cloud contamination of satellite data can be obtained

from the Temperature Humidity Infra-Red Radiometer Systems on NIMBUS satellites, and

from the visible and infra-red systems on NOAA satellites. The extent of ice cover can be

determined from the scanning microwave radiometer on N0AA5 and, after launch, from

NIMBUS-G. The US Naval Weather Office produces maps of ice distribution in three-day

averages. It is possible that such maps may be made available to scientific organizations.

2. Feasibility study of krill by remote sensing.

As a first step in the development of a krill remote sensing programme, a feasibility study

should concentrate on acquiring imagery of krill swarms with currently operational sensors and

at low cost. Therefore, the spectral and size characteristics of krill swarms should be measured

as primary data for sensor specifications. Photographic spectro-radiometers and Low Light Level

Television equipment should all be used.

The feasibility study should concentrate on the Antarctic Peninsula area in middle to late

summer, and will require a long range small to medium sized aircraft with a fuel capacity of

10-12 hours flying time. High precision navigation equipment is essential, together with radar, a

radar altimeter and standard camera hatch for sensor mounting. It is estimated that 50 hours

mission rime (total 100 hours) would be adequate for the feasibility study. Operations would

be most convenient from bases on the southern tip of South America or in Antarctica.

3. Feasibility study of mammals and birds.

(a) Density and distribution studies by passive sensors.

At present no specific programme can be outlined, but it is important to initiate trials

of various sensors such as water penetration film, running television systems and laser systems.

(b)Sensors for biological measurements of instrumented animals.

The development of instrumentation and monitormg stations to measure body temperature,

heart rate and other physiological characteristics should be initiated. Techniques are well

established for terrestrial vertebrates and circuitry is well advanced. The feasibility of

using ocean buoys to relay data from instrumented animals to satellites should be considered.

With larger animals it might be possible to transmit directly to sateUites.
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3. PRACTICAL IMPLEMENTATION OF THE RESEARCH PROGRAMME

The objectives of BIOMASS require action along the following Unes:

1. Seagoing operations of research vessels. These should include both detailed

multidisciplinary studies in limited areas of special interest (co-operative 'experi-

ments'), and large scale surveys which will build on the work carried out by such

research vessels as the Discovery, Ob and Eltanin and by recent exploratory cruises.

2. Other operations at sea. Exploratory and commercial fishing and whaling vessels,

supply vessels and others are expected to be operating in the Antarctic during the

BIOMASS period. Observations from these vessels will be used to supplement the work

of the research vessels, especially in relation to the harvestable resources. Seagoing

operations should be supported by remote sensing work.

3. Shore-based studies. Investigations on feeding, growth and reproduction of krill and

other key organisms at established coastal stations should complement and add

year-round continuity to the offshore ship-based studies.

4. Data analysis. Arrangements will be made to ensure the proper compilation, storage,

dissemination and analysis of information arising from all relevant activities in the

Antarctic.

5. Modelling. Immediate use will be made of information from published and unpublished
sources for the development of models; field and experimental data from (1), (2) and

(I), (2) and (3) will be used to expand the models as they come in.

3.1 Seagoing activities of research vessels

During the first operational stage, culminating in the First International BIOMASS

Experiment (FIBEX), 1980-81, investigations should be concentrated in a suitable area such as

the Scotia Sea or the Atlantic sector in general. It is in this sector that the resources appear

most abundant and where they are most likely to be harvested. Studies of other sectors must

follow.

3.1.1 Macroscale studies of krill in relation to hydrography

The drift of krill during its two to three years of life is of the order of 1 000 km, and is

mainly governed by surface and deep currents. The assumed 'developmental ascent' may include

the upper 2 000 m of the water column and, together with larval development, takes between

10 and 100 days. Two proposed projects are sufficiently wide ranging to provide information

on transport mechanisms: the Weddell Sea Gyre project, and the International Southern Ocean

Studies (ISOS) project on water circulation and remote sensing of the variability in oceanic

fronts and ice movements. The near surface distribution of krill in summer has been described

in considerable detail by earlier expeditions. However, little is known of the transport of the

various life history stages and of the Unks between the different populations. Quantitative

sampling of krill at several depths should be carried out in various areas and seasons: there is an

urgent need to extend the life history studies of krill into autumn and winter and into the pack

ice zone. The sampling programme should be guided by oceanographic observations and

supported by radio echo surveys. At least two research vessels will be needed for each of the

selected areas.
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3.1 .2 Microscale studies on the ecology ofkrill swarms

The interaction between phytoplankton composition and biomass and the swarming of

krill under the influence of oceanographic factors can be studied at the rate of 10 km per 10

days; two to three ships are needed in a complete experiment of this type. Measurements to

provide information on vertical transport and stability and on advection should be made, and

samples taken in order to determine the spatial distribution and densities of swarms of krill in

relation to the abundance and size spectra of phytoplankton, which will enable us to

understand the reactions of a krill swarm to its food base and the effects of grazing on the

phytoplankton. Quantitative recordings and sampling for analyses of phytoplankton
distribution and zooplankton abundance and composition in different depth layers and at

different times of day and night will provide additional information on the spatial structure of

the biotic environment of krill. Echo sounding and sonar observations should provide
three-dimensional pictures of the changes in time of zooplankton concentration.

These studies should be carried out at several selected places, mainly in areas of high kriU

concentration at the ice edge, in the neritic zone of the Antarctic Peninsula and of the

Antarctic islands, as well as in the open ocean of the West Wind Drift, the East Wind Drift and

the upwelling zones. If possible the studies should be repeated at different times of the year.

3. 1 .3 Microscale studies offood chain structures and functions

In order to learn more about possible future effects ofkrill fishing on the structure of the

first and second trophic levels, the composition of phytoplankton and its productivity should

be studied in places and seasons which differ in relative abundance of krill, salps or other

herbivores. These studies must be based on quantitative plankton sampling at various depths,

and can be considered as an extension of 2.2.2 into areas and seasons where alternative grazing

and predation strategies lead to changes in the quantitative composition of the herbivore level.

3.1 .4 Macroscale studies ofzooplankton, nekton and benthos

There is still a need for further quantitative sampling of zooplankton, pelagic squids and

fishes in various regions of the Southern Ocean, and the benthos of the Antarctic is poorly
known. Quantitative data are needed on the abundance of the dominant elements of plankton
and benthos in the different regions. The position of the dominant species within the food

chains should be ascertained by studies of stomach contents and feeding apparatus. Benthos

studies may be combined wath observations on sedimentation and decomposition of fecal

pellets, dead zooplankton, particularly krill, and diatoms. The biological and sedimentological

surveys are very time consuming, and more than one research vessel will be needed, even if the

intention is to cover only one oceanic sector each summer.

3.1.5 Seagoing activities of other vessels

The seagoing research tasks require the co-operation of a number of oceanographic and

other vessels in the Southern Ocean. The majority of the seagoing studies need fully equipped
research vessels, particularly the multidisciplinary studies on the relationship between krill and

the environment. The success of the biological programmes will depend largely on good design

and effective integration with physical studies of horizontal transport and vertical mixing. It

would neither be sufficient nor economical to add small biological programmes to physical

expeditions and vice versa, but full scale programmes of both disciplines could be combined.

International co-operation is essential in view of the large support needed for a

multidisciplinary study which includes several vessels and a considerable number of speciahsts.
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3.2 Other ship-based programmes

The work of the research vessels can be greatly assisted by the co-ordinated survey efforts

of exploratory and commercial traviflers, the few whaling vessels which are still in existence, and

by supply ships and icebreakers. A brief summary of the advantages and limitations of the

different types of vessels with regard to tlie research objectives of BIOMASS is given in Table 4.

Given the ambitious objectives of BIOMASS, its success will depend on making the best use of

all types of vessel.

In view of the importance given to resource management, there will be special emphasis on

obtaining information from those vessels most directly concerned with the harvestable stocks,

ie, exploratory and commercial vessels, particularly those directed at krill. This information will

include detaUs of the catch, the distribution and, as far as possible, the relative abundance of

the stock, all of which are important in studying the population dynamics of the exploited

stock. In addition, where opportunity offers, other biological observations using simple

equipment such as plankton nets will be made from these and other non-research vessels.

Information from fishing vessels is, however, no substitute for observations from research

vessels. Indeed, to the extent that the number of the former increases—in other words,

exploitation intensifies-there will be a greater urgency for timely scientific advice on

management, some of the information for which is only obtainable wath well equipped research

vessels.

3.2.1 Utilization of ships

1. Exploratory trawlers.

At present, exploratory trawling is being carried out in the Southern Ocean by ships from

the Soviet Union, Japan, the Federal Republic of Germany and Poland, and this activity is likely

to increase in the future. Each exploratory trawler has, at present, an active research programme,
but these are being conducted largely in isolation from one another. This fleet of trawlers

constitutes the largest single potential for supporting the proposed BIOMASS programme.

Although the spectrum of opportunities available for oceanographic studies on such vessels is

likely to be less than that on research vessels, their unique capacity for effective sampling of krill

en masse and their sophisticated hydro-acoustic technology should be fully utilized. Successful

liaison with the agencies operating these vessels would not only enhance the significance of their

observations relative to one another, but would also provide 'ground truth' for other operations,

such as acoustic surveys by other classes of vessels operating in the Southern Ocean, and remote

sensing of surface swarms of krill. Exploratory trawlers (and commercial trawlers) have great

potential for making significant contributions to our knowledge about krill swarms by taking

simple qualitative samples of phytoplankton (mesh size 35 /im) and zooplankton (mesh size

200 Aim).

2. Commercial trawlers.

At present, most of the commercial trawlers in the Southern Ocean operate in tandem

with exploratory trawlers or research vessels, but their operations in the future could well be

independent. Because these trawlers are dictated by considerations other than research, the

spectrum of opportunity which they provide for BIOMASS is more limited than that provided

by exploratory trawlers. However, the success (or failure) of their trawling operations and the

gathered acoustic observations constitute data of prime importance if they can be extracted and

integrated with those of other commercial trawlers. It would also be possible (with httle extra

effort) for the facilities of such trawlers to be extended in directions they might not normally

cover, for example, acoustic surveys for squids as well as krill. The BIOMASS programme should

also include plankton sampling at every trawling station by means of the simple free fall net.
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3. Whaling ships.

There are still whaling vessels catching baleen and Sperm whales in the Antarctic. In

addition to the information on whales that can be obtained from the activities of these vessels,

they provide excellent opportunities for studying the animals eaten by the whales. No present

fishing or research gear is as effective in sampUng squid as the Sperm Whale. High priority

should be given to making arrangements with the whaling companies for squid biologists or

technicians to accompany their ships and to collect squid material. Biological observations

should also be made of other animals (krill, fish, etc) eaten by whales. It would be particularly

useful to determine whether the krill eaten by whales are similar in, for example, size or age to

those caught by trawlers.

4. Icebreakers.

Much of the biological activity in the Southern Ocean occurs under the pack ice and to

reach a proper understanding of the ecosystem one must take this into account. There is thus

an urgent need for biological and also physical and chemical sampling beneath the ice. This

work could best be accomplished by an icebreaker, fully equipped for oceanographic work and

capable of biological sampling in deep water.

5. Supply ships.

Although constrained by time, the supply ships have great potential for adding to our

understanding of the position of the polar front due to their widely spaced and fairly regular

tracks. They can further assist by collecting data on temperature, salinity and chlorophyll. In

this way, the supply ships can provide a broad network of ground truth for remote sensing by
the NIMBUS-G Coastal Zone Colour Scanner, which will be providing simultaneous coverage
over a broader area (See Section 2.10). It is recommended that the national Antarctic agencies

operating supply ships be invited to take the major responsibihty for this part of the BIOMASS

programme. It would be useful if a working group were formed of those scientists from each

national Antarctic agency responsible for the programme, representatives from the NIMBUS—G
remote sensing team, and individuals experienced in continuous monitoring and processing of

surface data.

The second role which supply ships, and icebreakers, could play in the BIOMASS

programme is the deployment of drifting sensors in satellite communication with shore stations

across the Southern Ocean. The technology exists for buoy and satellite communication

(Creswell, 1976), for biomass estimates in the water column (Beamish, 1971), and for

measurements of turbidity or transparency. A potentially powerful means could therefore be

developed within the one buoy assembly for continuous and relatively inexpensive monitoring
of krill swarms. It is recommended that the development of this technology be supported by
BIOMASS and implemented as soon as possible.

The supply ships, and particulariy the icebreakers, can further contribute to the BIOMASS

programme by making observations on plankton over a period of days and possibly weeks

around and in the pack ice. The Japanese supply ship Fuji is currently carrying out such a

programme off Syowa station. These observations should be integrated with tliose of a similar

nature carried out on platforms of floating ice from the shore stations.

3.2.2 Recommendations

1. That national agencies responsible for the operation of support cruises for scientific

bases on the Antarctic continent be invited to execute a programme of underway
surface observations of temperature, salinity, and chlorophyll in the Southern Ocean,

together with the collection of XBT and underway echo traces from the upper 100 m;
and that a representative from the NlMBUS-G CZCS survey be invited to join tlie

working party to provide liaison with the remote sensing survey of surface properties.
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2. That a working party be established to plan and execute a research programme on the

dynamics of krill swarms- the programme should include routine plankton sampling
from exploratory and commercial trawlers at each trawling station, collation of echo
traces of krill swarms, and the deployment of drifting sensors in satellite

communication; and that liaison be established with the working party co-ordinating
underway observations from supply ships so that opportunities for time-series studies
at the ice edge and in the pack ice from icebreakers and support ships are fully
utilized.

3. That interest be invited and promoted in the development of a satellite

communication drifting buoy assembly for studying the dynamics of krill swarms
using sensors to measure zooplankton and phytoplankton biomass in the water
column.

3.3 Shore-based studies

So far only a few experiments have been successful on krill and other Antarctic plankton
organisms in captivity on board research vessels and at shore stations. Basic data on
productivity, respiration, growth, and reproduction, should be obtained together with data on
rates of filtration, feedmg, digestion, and on metaboUsm under different controlled
environmental conditions in tanks and aquaria. Attempts to culture krill experimentally should

provide further information on the duration of various life history stages and on the

biochemistry and histology of moulting and sexual maturation. Pressure tanks might be needed
for the eggs and eariy larvae. Research on enzyme kinetics and microbial activity is needed in

conjunction with studies on the energy budget and decomposition processes in large

experimental enclosures.

Recently, considerable experience has been gathered from plankton experiments in various

types of inshore and land-based enclosures. Studies in feeding and predation of krill under
semi-natural and semi-controlled conditions might bridge the gap between the physiological
laboratory studies and field observations. Experiments on shoaling, vertical migration and sonar

target responses of marine organisms such as krill in enclosures would be complementary to
field studies.

Year-round studies of the Antarctic fauna and fiora are essential because most species have
marked seasonal cycles. The shore stations-although limited in their seagoing facilities-provide
opportunities for continuous year-round observations of plankton and benthos in near-shore

communities, including their predation by fishes, seabirds, and seals. The great number of

experimental studies and their methodological diversity require considerable international and

interdisciplinary collaboration in more than one well equipped shore station with easy access to
krill stocks. Further information is required on the programmes, technical facilities and

manpower of the various stations, in order to launch new internationally co-ordinated

programmes as outlined above.

3.3.1 Role of established shore stations

The current phase of Antarctic near-shore marine research was initiated during the
International Geophysical Year. This near-shore research was made possible by the
estabhshment of a number of permanent research stations on the Antarctic continent and on
island groups in the Southern Ocean which were manned throughout the year.

The principal roles of the established coastal stations in the BIOMASS programme are

likely to be: to complement and add year-round continuity to the offshore ship-based studies;
to analyse samples taken by the research vessels but which can be most successfully studied at

the shore stations; and to study organisms which spend parts of their life histories in near-shore
waters.
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3.3.2 Treatment ofpelagic samples

Preliminary treatment of the biological material collected is best carried out on board

research vessels and then transferred to a sorting centre. However, analyses which must be made
soon after collection, especially those which require precision weighting, are probably best done

at an Antarctic shore station.

The biochemistry of the key organisms in the offshore regions at different trophic levels

has yet to be described in any detail. Analyses of body tissue components are required to show
seasonal variations and changes at different life stages.

3.3.3 Near-shore hydrography

The wide geographical distribution of coastal stations in the Southern Ocean facilitates

year-round, simultaneous and standardized observations of the physical, chemical and biological

parameters of coastal waters. These observations wiU complement data gathered during the

offshore programme.
The routine techniques should be simple and unsophisticated in order to ensure the

maximum participation by nations engaged in research in the Antarctic. Measurements should

be made at fixed stations covering a long time series, as far as possible throughout the year.

They should be taken at defined intervals and at standard depths. The most important

parameters to be measured are: temperature, salinity, basic nutrients, light penetration,

chlorophyll concentration, and concentration of suspended inorganic material, but it is

desirable to make observations of as many relevant parameters as possible.

It is important to discover how measurements taken near the coast in such a programme
might differ from the data collected by oceanographic vessels. Therefore, as far as possible it

will be necessary to initiate projects to quantify the differences between neritic and offshore

waters, to describe the interaction between the near-shore and offshore environments and to

determine the magnitude or trend of any differences between them.

3.3.4 Ecological studies and experimental research at shore stations

Research will centre on investigations of the growth, metabolism, biochemistry, behaviour

and reproductive biology of plankton and nekton species. The important potential research

opportunities are:

1 . Near-shore species.

(a) Broad based energy budget modelling of the near-shore water column in order to

identify the principal components, the main routes and rates of energy flow, and

its potential contribution to the offshore ecosystem.

(b) Research on the trophodynamics of large concentrations of breeding seals and

birds and their impact on the neritic and offshore ecosystems.

(c) Research on the biology of species which have part of their life cycle in near-shore

waters but also comprise potential offshore living resources (eg, Notothenia

rossii).

(d) Research on accessible neritic species which are closely related to important
offshore species (eg, the neritic euphausiid, Euphausia crystallorophias).

2. Offshore species.

(a) Research on offshore species such as Euphausia superba held in aquaria at shore

bases, including experiments on metabolism, growth, feeding and food assimi-

lation rates.

(b) The provision of cultures of offshore phytoplankton for basic studies on the
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biochemistry and physiology of individual species and for feeding experiments

with herbivores.

(c) Analysis of the characteristics of the bioluminescence emitted by offshore species

in connection with the proposals to use remote sensing of zooplankton (Section

2.10).

(d) Controlled laboratory experiments to analyse the behaviour of appropriate

offshore species, including shoaling and vertical migration, and to identify

seasonal changes and changes during the ontogeny of each species.

(e) Research on shoaling, vertical migration and sonar target responses of marine

organisms such as krill, using plastic enclosures at sites such as Cumberland Bay,

South Georgia.

(f) Research on enzyme kinetics and micro-organism activity in conjunction with

studies on the energy budget and decomposition processes.

3.3.5 Existing facilities

There are 39 coastal stations operated by 10 countries. Of these, 14 are engaged in marine

biological programmes and 1 1 in marine vertebrate studies. The following information is

required:

1. Number and location of coastal Antarctic research stations and the months during

which each base is operational.

2. Capacity of station, number of scientists and technicians and opportunities for visiting

scientists.

3. Whether marine projects are undertaken, and the routine marine sampling procedures

undertaken.

4. Period of year during which marine projects are undertaken.

5. Logistic support and facilities available (including number and size of boats, diving

facilities, submersibles, aquaria, chemical laboratories, etc).

6. Details of capital equipment normally available for laboratory and field studies in

marine biology, physiology and biochemistry.

7. Programme of current marine studies and those planned for the future.

SELECTED REFERENCES

Beamish, P. 1971. Quantitative measurements of acoustic scattering zooplankton organisms. Deep Sea

Research, Vol 18, No 8, p 811-22.
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Marine Freshwater Research, Vol 27, p 25 1 -62.

3.4 Data reporting and handling

3.4.1 General

The proposed large scale programme will generate information and data relating to all

aspects of the living resources and their environment. Arrangements need to be made to ensure

that individual scientists can easily locate all information (from whatever source) relevant to
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their particular studies. This will require some central organization (or organizations) which will

have two rather distinct functions: (a) awareness, or cataloguing, and (b) information

compilation and processing. The nature of the data handling problem also depends on the kind

of data. For example, information on surface temperature or on the weight of a given species of

fish caught in a commercial fishery, which can easily be expressed as single figures in standard

and comparable units, presents different problems from complex biological information. Data

from research vessels engaged in scientific work are always easier to obtain than data from

commercial or semi-commercial operations. The mechanisms required are also likely to vary

because different national agencies may be involved.

The following sections discuss, first, the actual technical work needed with respect to data

of different types and from different sources, and secondly, the facilities required to do this

work, and the commitments that must be undertaken by countries participating in research or

harvesting activities in the Southern Ocean.

3.4.2 Nature ofactivities

1 . Oceanographic data.

These include all types of observations on the physical and chemical characteristics of the

water masses, which are important for understanding the environment of the living resources; a

study oF the impact of the physical environment on the abundance and distribution of these

resources is especially important. Oceanographers, through national and world data centres,

have well established arrangements for the exchange and central compilation of such data.

Probably no new action needs to be taken other than to ensure that existing arrangements fully

cover data from the Southern Ocean, with any minor modifications that seem desirable.

Reporting, from whatever source, would probably be mainly the concern of IOC's co-operative

programme in the Southern Ocean.

2. Catalogues of biological data.

Biological information includes a wide variety of types, from data on sizes of animals in

commercial catches (which would probably be best handled in the same way as general

statistical data) to samples of plankton, which may need special co-operative arrangements for

sorting and taxonomic identification. Between these extremes lie most biological observations

(egy gross catches of major elements in plankton nets, observations on occurrence of

echo-traces). Many of these observations are not suited for routine automatic processing

because interpretation of the results {eg, the volume of the plankton net catch or the intensity

of echoes) depends on quahtative information about the precise type of equipment, the way it

was used and the type of organisms concerned. The major need with respect to these data is a

register or catalogue, so that the interested scientist can readily discover what observations have

been made and which organization or individual scientist should be approached for further

information.

3. Sorting of biological samples.

Many biological samples, particularly plankton and benthos samples, but to a certain

extent catches of larger crustaceans, molluscs and fish, contain a variety of taxonomic groups

whose detailed identification requires specialized knowledge. A large part of the information

concerning the sample (eg, total weight of plankton in the haul or the number of copepods)

may be obtained at the time of observation, or soon afterwards. However, the scientist or

institution making the collection may not have the detailed knowledge of some or all of the

taxonomic groups to enable them to complete the sorting and identification. This is best carried

out in specialized centres to which samples can be sent when the gross analysis has been

completed and more detailed information is required. Bearing in mind the lack of adequate

knowledge of most of the living resources in the region, such procedure will involve a fairly
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significant sub-sample of the total observations, including catches of fish and other organisms

by commercial or semi-commercial vessels.

4. Statistical and related data.

It is convenient to consider together all of the biological and related data of a routine or

semi-routine nature, particularly, but not exclusively, those arising from commercial or pilot

scale observations. Such data include: statistics of total harvest (with details of species caught,

and the location and time of capture); statistics of fishing effort (types of vessel and gear used,

number of hauls, days of operations, etc).

The new data from individual countries or expeditions need to be combined to provide

best estimates of quantities such as: the total catch of a species in a certain area during a

particular period; the seasonal and year-to-year changes in abundance and distribution, as

measured by changes in catch per unit effort; changes in size composition of the catches. The

need to check on the reliability, consistency and comparabihty of the data can be time

consuming; much of the information will come from commercial sources which may have little

immediate interest in the quality of the data submitted. Again, those actively involved in

harvesting a resource, but who have not submitted information, will need to be contacted. The

data then have to be combined and published in tabulated forms (statistical bulletins, sampling

reports) similar to those issued by regional fishery bodies in other parts of the world. This is

presently done by the Bureau of International Whaling Statistics with respect to whaling;

however, the volume of work would be much greater if harvesting of other resources began on a

large scale.

5. Bibliographic information.

As the volume of publications on the living resources of the Southern Ocean grows, it

becomes more difficult for the individual scientist without assistance to become aware of all

significant new publications and to identify relevant material in the past literature. At least

three information systems-the Cold Regions Bibliography Project, Library of Congress (which

pubUshes Current Antarctic Literature and the Antarctic Bibliography); the Aquatic Sciences

and Fisheries Information System, sponsored by FAO and other agencies (which publishes

Aquatic Sciences and Fisheries Abstracts); and Recent Polar Literature, published by the Scott

Polar Research Institute-are concerned with the living resources of the Southern Ocean,

although they approach the subject as part of three quite different larger themes. There would

seem to be little problem for these information services to produce specialized bibliographies of

the so-called conventional hterature (ie books, papers in journals) covering the interests of a

SCAR project. There would be advantages in this being done by all three (preferably in

conjunction) in view of their different coverage of technical and scientific journals.

The non-conventional literature, including mimeographed reports for meetings, and

working party reports, is becoming increasingly important. In particular, most of the up-to-date

information on exploratory and experimental fishing for. krill is contained in this type of

literature. Since such information is not always published in the normal scientific hterature

without long delay, it is essential that every effort is made to ensure wide distribution of the

'unconventional' literature and that information on availability is provided to appropriate

centres.

3.4.3 Facilities and commitments required

1. General.

None of the information systems briefly outlined above will work unless proper facilities

are available, and unless those individuals or institutions with the information provide it to the

relevant system. Much of the work could be carried out within existing arrangements (though

possibly some minor additional funding would be required to do the work effectively), while

some would need some essentially new arrangements.
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Oceanographic data can presumably be handled by existing national and world data

centres; the commitment to supply data to these centres is generally accepted by

oceanographers. Catalogues of biological data could also (in principle) be handled in the same

way, though the volume of work may require additional funding. The existing ROSCOP and

ROMBI forms may need adjustment for the particular interests of the Southern Ocean studies

and all biological investigators will have to agree to complete these or some other type of

report. This should present no problem with respect to observations made in the course of

purely scientific studies, but may be more difficult in commercial or pilot scale operations.

2. Sorting of biological data.

Since study of the biological environment of the Southern Ocean will often require

processing and identification of specimens by persons not involved in the actual collection, it is

important that each sample be uniquely identified at the time of collection and throughout

later examination and identification.

Standardized data recording and processing techniques were adopted on USNS Eltanin,

which operated under the United States Antarctic Research Program (USARP) during its later

cruises. Data recording forms (of which there were different kinds for pelagic and benthic

sampling) were provided to all participants. Each form, in triplicate, was uniquely numbered;

this number was henceforth the identification of the samples and the reference to all relevant

data. In addition to recording basic data, forms for the study of living resources were also

designed to record observations on abundance, size of organism, etc. These procedures

accomplished at least two important objectives.

(a) There was no longer any confusion caused by different investigators assigning the same

series of numbers to entirely different samples.

(b) Availability of forms, with estabUshed data fields, encouraged participants to record

more observations in a consistent manner-a particularly relevant objective for large

programmes in which the collecting operations wiU involve personnel who are less

experienced than the programme directors.

Experience has shown that the sampling data should be summarized and reviewed for

errors prior to the end of the cruise or soon thereafter. Recording of data on multi-copy forms

facilitates this procedure of data quality control.

The Smithsonian Oceanographic Sorting Center (SOSC) has developed a computerized

biological station data programme for data exchange and analysis. Data may be entered into a

generalized master file that can be augmented as new information (such as identifications or

bibliographic references) becomes available. With such a file, data and standard or special

reports are readily available to the investigators. In addition, the file facilitates the publication

and distribution of technical data in a timely and reliable manner. Participating countries can

acquire the computer system and process data directly or send information to a centralized

location for processing and distribution to all participating countries and individual scientists.

3. Statistical and related data.

As noted above, this work of data collection would be quite extensive once any significant

harvesting (other than whales) began. Regional fishery commissions usually need several people

(including clerical staff) to handle their statistical work. Technically, several institutions,

including FAO, could carry out the work but would need additional funding. (FAO already

handles these data on a global scale but without detailed breakdown except in those regions for

which FAO has special responsibility. The lack of detail causes difficulty in interpretation; for

example, the region of harvest is given in no more detail than, say, the south-west Atlantic,

which covers an area from South Georgia to northern Brazil.)

A more serious problem might be that of ensuring fully detailed collection and reporting of
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data from commercial operations. Countries becoming members of regional fishery
commissions normally accept commitments to supply data to the commission; a similar

arrangement (in this case, to report data to SCAR and to other contracting parties) is contained
in Article 5 of the Convention for the Conservation of Antarctic Seals. Arrangements and
commitments of the same kind may need to be made with respect to any harvest made in the
Southern Ocean.

3.4.4 Proposak and recommendations

Arrangements for exchange of information, and for the reporting, compilation and
dissemination of appropriate data will be important features of the proposed programme. While

many details can only be settled when the extent of research programmes and the scale of
commercial exploitation are better known, the following specific actions can be recommended.

1 . All oceanographic data should be reported to relevant centres.

2. Statistics of commercial and exploratory fishing should be reported to FAO along the
lines set out in Appendix A, using the standard global classification of area and species.
The proposed northward movement of the boundary lines between statistical areas in

the Atlantic and Indian oceans was agreed to, and in the interim period before the new
regions are formally approved by all interested parties, countries should distinguish
separately, when reporting to FAO, the catches taken: (a) in the South Atlantic in the
area bounded by 50° to 60°S in 20° to 50°W and 55° to 60°S in 50° to 60°W, and
(b) in the Indian Ocean between 45° and 50°S in 30° to 80°E. Countries should also

distinguish the major species as listed in the relevant section of this proposal.
In view of the importance of proper statistics, it is recommended to SCAR that it

draw the attention of Antarctic Treaty countries and other interested parties to the

reporting of data on the catches taken.

3. Consideration should be given to the needs and possible arrangements for the exchange
and storage of biological data, other than fishery data which could be handled by
FAO.

4. Countries are urged to exchange early information on research being planned and
being undertaken.
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There exists a number of international organizations, at various levels, which have expressed

interest in the resources of the Southern Ocean (see Figure 6); several of these have active

biological programmes. The success of BIOMASS will depend on the establishment of effective

co-ordination machinery.

MEMBER COUNTRIES

Non-Qovernmen

IOC MEMBER STATES
IINTERESTEDI
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Scientific pjgnning and ewluotion y Co-ordingtion of operations

KIG 6. Organizational structure for BIOMASS.

4.1 Present organizations

4. 1 . 1 Non-govemmental organizations

1. ICSU-SCAR.
2. ICSU-SCOR.
3. ICSU-IABO.

4.1.2 Inter-governmental organizations

1. Antarctic Treaty consultative meetings.

2. Biennial meetings of representatives of consultative governments.
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3. Intergovernmental Oceanographic Commission (IOC) of UNESCO.

(a) While the IOC is constitutionally attached to UNESCO, it serves, with respect to

marine research, as a 'joint specialized mechanism' of other interested UN bodies, specifically,

FAO, WMO and IMCO, as well as the UN itself (ICSPRO organizations).

(b) IOC has a subsidiary body, an International Co-ordination Group for the Southern

Ocean (ICG/SOC), established in 1970. It is composed of IOC member states interested in

Antarctic research, with observers from SCOR, SCAR, ACMRR (FAO) and other interested

organizations. The group is concerned with all aspects of Southern Ocean scientific studies and

will need to maintain close co-ordination between BIOMASS and other SOC activities.

ICG/SOC has the present terms of reference:

(i) To assemble and distribute details of firm oceanographic cruise plans in the

Southern Ocean, preferably at least one year in advance,

(ii) To encourage the pre-allocation of blocks of time for oceanographic research

on Antarctic supply vessels whenever practicable,

(iii) To develop means of co-ordinating existing and planned oceanographic
research programmes in the region,

(iv) To encourage the evaluation of existing oceanographic data from the region

with the intention of fostering specific studies of Umited extent and capable

of being carried out in the foreseeable future,

(v) To encourage and review the development of relevant theory, methods and

instruments with particular reference to the problems of obtaining

measurements in the winter and in the presence of ice.

(vi) To develop plans for the gradual evolution of a comprehensive study of the

Southern Ocean.

(c) Having considered the recommendations of the second session of ICG/SOC
(Buenos Aires, 15-19 July 1974) the IOC Executive Council invited the SCAR Group of

Specialists on Living Resources of the Southern Ocean to prepare practical proposals for

collaborative investigations on the biological oceanography of the area and for the organization

of multi-ship studies.

(d) Global Investigation of Pollution in the Marine Environment (GIPME): the

intergovernmental Oceanographic Commission has published 'A comprehensive plan for the

global investigations of pollution in the marine environment and basehne study guidelines'

(IOC Technical Series No 14). Any activities in the Southern Ocean promoted under this

programme by the IOC Working Committee for GIPME should be co-ordinated with BIOMASS.

4. The Food and Agriculture Organization of the UN (FAO).
The FAO has direct interest in the resources of the Southern Ocean and is already active in

several spheres. Its main interests are in the better utilization and management of these

resources rather than in scientific research in the narrow sense. However, a number of FAO
activities are directly relevant to the BIOMASS project.

(a) The ACMRR of FAO (a body of scientists which, like SCOR, is also advisory

to IOC) is presently active in evaluating the status of Antarctic resources of seals and

cetaceans. The study is financed by UNEP, bUateral funds, and by FAO itself, and culminated

in the World Scientific Conference on Marine Mammals held in Bergen in September 1976. An

important feature of that conference was the formulation of a long term research programme
on marine mammals. There will need to be close co-ordination between the proposed research

programme concerning Antarctic stocks of seals and cetaceans and BIOMASS.

(b) FAO in 1974 convened an 'Informal consultation on Antarctic krill' (published

as FAO/Fisheries Report, No 153). At this consultation the FAO Department of Fisheries

agreed to:
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(i) Produce a bibliography on Antarctic krill.

(ii) Produce updated accounts of the knowledge of the resource, its exploitation

and utilization,

(iii) Act as an information centre on research plans, resource knowledge, fishing

techniques, equipment and utilization questions,

(iv) Review (when appropriate) the need for international action such as ad hoc

expert group meetings and joint research projects, and pursue the possibility

of mobilizing international financing for resources survey work and other

activities of a high priority.

Preliminary drafts of the bibUography and of the resource reviews, and an account of the

exploitation and utilization of krill were presented to the Woods Hole meeting.

(c) FAO is the executing agency for a proposed Southern Ocean Fisheries Programme
to be funded by the United Nations Development Programme. The preliminary phase of this

programme started in July 1975 and is helping to support, among other activities, the resources

reviews referred to in Section 2. The programme's main phase will include the compilation and

dissemination of resource information. In addition, surveys of potentially exploitable resources,

especially those which complement activities of other institutions, will be made to the extent of

available support from UNDP and other funding agencies.

(d) FAO compiles and publishes statistical information on commercial fish catches

and species categories by broad areas and on a worldwide basis. These data can provide essential

basic information for resource studies, particularly if the regional and species classifications of

Antarctic and sub-Antarctic catches were improved.

5. The International Whaling Commission (IWC).
The IWC has launched an International Decade of Cetacean Research, in response to

proposals from UNEP and others. It has asked UNEP, FAO and perhaps other bodies for funds.

It has been suggested that the World Bank might also be interested. IWC has also just embarked
on a 'new management policy' for whaling by its member states, which requires considerably

expanded research for effective application. The policy should reduce uncertainties in whale

stock assessment and resolve problems arising from interactions between species.

6. United Nations Environment Programme (UNEP).
UNEP has a wide interest in environmental affairs, including the conservation of natural

resources. It has helped support the ACMRR (FAO) study of marine mammals mentioned

above.

7. International Union for the Conservation of Nature and Natural Resources (lUCN).
Quasi inter-governmental, lUCN has several levels of interest in Southern Ocean research:

they range from expressions by its General Assembly of a more or less political nature, as to the

desirable status and uses, or non-uses, of tlie Antarctic and the surrounding seas, to the various

specialized groups—on whales, seals and now on marine mammals as a whole-under its Survival

Service Commission. lUCN will be concentrating in 1977-79 on marine activities.
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5.1 Introduction

A major objective of the BIOMASS programme is to help ensure the wise and careful

conservation and utilization of the hving resources for the benefit of present and future

generations of mankind. In particular, we hope to avoid the mistakes that have caused the

collapse of many fish stocks. In view of these mistakes, it should be reaUzed that the BIOMASS

programme is a vital first step towards providing the necessary scientific information on

different resources and their interactions. However, this will not ensure the wise use of these

resources. Two other steps need to be taken: (a) examination of the technical aspects of

different management strategies; and (b) presentation of the results of the scientific studies in a

manner that will facilitate decision making by the governments concerned.

5.2 Examination of management strategies

Management, even of a single species, can be carried out in a number of different ways, and

the number of alternatives increases rapidly when management is involved with a number of

distinct but interacting resources. Management considerations in the Southern Ocean should

include investigations on the economics and social condition of the fishery, as well as on its

biology, since these can be critical in determining the success or failure of a management

strategy. For example, one important weakness of the initial regime established by the IWC was

that the overall Antarctic quota was not allocated to countries or to individual enterprises. As a

result, a considerable over-capacity developed in the fishery during the I950's; by 1964 the

industry was in poor economic shape and not in a position to accept readily the substantial cuts

in quota that the IWC Committee of Three then deemed to be necessary.

Conmiercial scale harvesting of krill may start in the near future, and it is unlikely that firm

and precise estimates of the potential annual yield, (ie, the quantity that can be taken year
after year without serious damage to the stocks of krill or other species) will be available by
then. Two extreme reactions to this situation are: (a) to allow completely unrestricted fisheries

for krill untU the need for specific measures becomes obvious, or (b) to ban harvesting untU

better data are obtained. The dangers of the former, which has been the strategy impHcitly

adopted for many resources in the past, are now well known. The disadvantages of the latter are

also great; first, it sacrifices the benefits that could accrue from adequately controlled krill

harvesting during the interim period; second, it would be difficult, if not impossible, to

determine the potential sustained harvest until some harvesting is done. Without significant

exploitation, it is also difficult to estimate the effects of different levels of harvest on the

detailed characteristics of the krill populations' abundance, growth, mortality or reproductive

rates and on the other populations (whales, birds, etc) that interact with krill. The preferable

strategy is one that allows some degree of harvesting, but under careful control and with

arrangements to ensure that the harvest can be reduced quickly if there is any evidence that

quotas have been set too high. It would, of course, be easier to detect changes if the harvest

were concentrated in some limited area. The information obtained on the effects of harvesting

on ecosystem relationships could then be used to develop management strategies for the whole

area. This plan seems appropriate even though the population boundaries are still poorly

defined.

The required studies will involve a variety of expertise in such subjects as economics, and

biology (especially population dynamics). The model described in Section 2.2 of this proposal
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will obviously be basic but will need to be supplemented by careful analytical studies by

experts in the fields concerned. The basic studies of individual stocks, proposed in Section 2,

will be vital parts of the exercise.

5.3 Arrangements for providing advice

Administrators and other decision makers need scientific advice in a readily understandable

form. Also, the management process, based in part on the scientific evidence, needs to be kept

quite separate from the process of reaching agreement among scientists on interpretation of the

scientific evidence. Experience in many fishery commissions has shown that progress towards

administrative or political agreement on particular measures can be seriously impeded if

scientific arguments are re-opened during the discussion. For example, negotiations on how to

limit the catch of certain species to 100 000 tons, involving possible severe constraints on at

least some fishermen, will soon break down if it is suggested that perhaps the limit need not be

lower than 150 000 tons.

Agreement between scientists in this sense does not necessarily mean unanimous agreement

on some single figure. It must be expected, given our uncertainty about the structure and

functioning of the Southern Ocean ecosystem, that there will be considerable differences in

interpretation. Any scientific statement or advice used in management decisions must take

these doubts and differences into account. This can be done within a single agreed report,

provided the differences and their implications (especially with regard to the results of different

management measures) are spelt out.

If such a report is to be accepted and used by the decision makers as a single agreed

document, all concerned scientists must, in principle, be able to participate in the discussions

and the preparation of the report. In fishery commissions this function is usually carried out by
a 'standing committee on research and statistics' (a title that reflects the importance of statistics

and similar data to the whole process) or an equivalent body set up within the commission.

However, in the case of the two commissions in the north-east Atlantic (including the Baltic)

this function is carried out by the International Council for the Exploration of the Sea. For

practical reasons, the main work is often done by small subcommittees or working groups,

usually consisting of specialists on stock assessments. The experience of the fishery scientists

working in these groups is that groups of specialists, though normally nominated by and

representative of their national governments, do work effectively together and are generally

highly successful in carrying out the scientific work. The degree of co-operation and success

tends to increase with time, particularly if the group has had the chance to work together

before difficult and politically sensitive problems of management occur. The fishery

commissions often have other standing committees or groups to examine technical, but wholly

biological, questions concerning economic, social or other problems related to determining

alternative management measures.

Similar arrangements for detailed examination and review of scientific and technical

aspects may be desirable for the Southern Ocean. Although consideration of the structure of

such a group is outside the scope of this document, once large scale exploitation starts and the

responsibilities of the scientific planning group increase, its effective functioning will require

some semi-permanent secretariat to provide support regarding such matters as compiUng routine

data, processing reports, and servicing meetings (which are likely to become fairly frequent). It

may be desirable to arrange for additional contributions to the group from those experts who

are concerned with more long term interests, particularly in relation to the problems of the

world community as a whole.

The introduction and implementation of management measures will require some formal

inter-governmental arrangements; the estabUshment of the necessary structure will call for

extensive international discussions, taking into account a large number of factors, of which

scientific research will be only one.
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The three major types of activity in the BIOMASS programme (seagoing experiments and

surveys; shore-based experiments and year-round observations; data analysis and modelUng)
have to be adjusted to each other. Observations on krill swarms and on the ecological

physiology of key organisms of the Antarctic ecosystem should be started immediately and

continued both at sea and at shore stations. Systems of data reporting and handUng should be

developed as soon as possible. The programme by FAO as discussed and approved by its

Committee on Fisheries includes the development of a statistical data base and of a collection

of scientific reviews on the Uving resources and their present and potential exploitation. Some
standardization with regard to sampling and sorting of plankton and nekton in the Southern

Ocean is also required at an early stage of the BIOMASS programme.

1977

Saenlrfic ptonnng .
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variability in space and time. Operations will concentrate on the Atlantic sector but include
Drake Passage and its western approaches. Current marine research activities in the Antarctic
should be used as far as possible to prepare the ground for this first BIOMASS experiment. Data

analysis will be carried out in conjunction with field work, laboratory studies and modelling.
Small groups of specialists will need to meet to plan seagoing and shore-based experiments, and
to develop methodology, data handling and modelling concepts. An interim synthesis of data
and results should be presented at specialized workshops from 1979 onwards and at a small

symposium in 1982. The complete results should be ready for presentation at a major
symposium in about 1986.
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Preparatory and co-ordinating arrangements for the implementation of BIOMASS will be

needed at the scientific and administrative, non-governmental and governmental levels. The

group felt that such arrangements should largely be entrusted to the existing bodies of

SCAR/SCOR and of IOC, which should also be the principal sponsors of BIOMASS.

The group proposed that a SCAR/SCOR scientific planning group be established which

would recommend methods and techniques and draw up scientific programmes for co-operative

field work and shore-based studies and for the analysis of data. Sub-groups could be established

for special technical tasks. The existing Group of Specialists on the Living Resources of the

Southern Ocean (SCOR WG 54) could, with perhaps enlarged membership and its new terms of

reference, undertake such a task.

The group further proposed the formation of a BIOMASS co-ordinating group as a

sub-group of the existing IOC International Co-ordination Group for tlie Southern Ocean

(ICG/SOC), with responsibility for the implementation of the BIOMASS programme acting on

the scientific advice of the SCAR/SCOR scientific planning group. Consideration might be given
to the appointment of an international co-ordinator. SCAR. SCOR and lABO should be invited

to participate in the work of the BIOMASS co-ordinating group, and it is expected that FAO
and the International Whaling Commission will contribute to the efforts of this group.

The proposals on the co-ordination of BIOMASS and on exchange of information and data

are summarized in the recommendations given in the following section.
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8. COMPILATION OF RECOMMENDATIONS ON
THE ORGANIZATION OF BIOMASS

The Group recommends:

1. That SCAR and SCOR approve tJie following amended terms of reference for

the Group of Specialists on Living Resources of the Southern Ocean (SCOR WG 54).

(a) To encourage and stimulate investigations of the trophodynamics of the Antarctic

marine ecosystem and the ecology and population dynamics of organisms at

different trophic levels.

(b) To keep under review the current state of knowledge concerning the Antarctic

marine ecosystem from the viewpoint of structure, biomass and dynamic

processes of organisms at different trophic levels.

(c) To transmit through SCAR and SCOR to those countries engaged in the

exploitation of the living resources of the Southern Ocean scientific information

relevant to the management of such resources.

(d) To advise SCAR and SCOR and through them other international organizations,

and in particular to respond to relevant recommendations of IOC and the

Antarctic Treaty consultative meetings.

(e) To act as the international scientific planning group for BIOMASS.

(f} To recommend standardized measurements, techniques and data recording of

biological observations in the Southern Ocean.

2. That IOC undertake the international co-ordination of BIOMASS.

3. That IOC request countries carrying out research in the Southern Ocean to provide

details of proposed cruise tracks and scheduled researches, which would be made

available to the Group of Specialists.

4. That SCAR request the National Agencies operating supply sliips to institute a

circum-Antarctic programme of underway observations of surface temperature,

salinity, chlorophyll and underway collection of records of expendable bathermograph

(XBT) and biological echo traces.

5. That SCAR collaborate with FAO in drawing the attention of all parties engaged in the

exploration and exploitation of living resources of the Southern Ocean to the need for

detailed catch and effort statistics as set out in Annex A to be submitted to FAO.

6. That SCAR inform FAO of its approval of the proposed northward movement of the

boundary Hues between statistical areas in the Atlantic and Indian oceans, and that in

the interim period before the new regions are formally approved by all interested

parties, countries should be requested to distinguish separately, when reporting to

FAO, the catches taken (a) in the south Atlantic in the area bounded by 50° to 60°S in

20° to 50°W and 55° to 60°S in 50° to 60°W, and (b) in the Indian Ocean between

45° and 50°S in 30° to 80°F.
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APPENDIX A

Statistics from commercial fisheries

As discussed in the main proposal (particularly Section 3.4.3), it is essential for the success of

BIOMASS, and for the rational utilization and management of the resources, that scientists

have available to them detailed statistics from any commercial fisheries in the Antarctic. The

following proposals have been made regarding the details of the statistics that should be

reported to FAO as soon as possible following the end of each Antarctic season:

1 . The catches.

The quantities should refer to nominal catches, ie the live weight of the animals as they

leave the water, before any processing takes place. These nominal catch data, reported in metric

tons, should be broken down as follows:

(a) Time periods: These should be in calendar months. Annual summaries should be for

split years (1 July-30 June).

(b) Species items: These categories should refer preferably to individual species, but in

some cases (for example, cephalopods) to groupings by genera or even families.

(c) Fishing areas: The catch data reported should refer to quadrangles of 5° latitude by 5°

longitude; if this amount of detail cannot be provided, then the areas should refer to

three FAO 'Major Fishing Areas' for statistical purposes, ie FAO Areas 48, 58 and 88.

(d) Fishing gear: The catches should be broken down by the principal fishing methods

used (for example, trawls, purse-seines, longlines, etc) listed in FAO's International

Standard Statistical Classification of Fishing Gear.

2. Fishing effort and corresponding catches.

For nominal catches (reflecting the details discussed in the preceding paragraph) the

corresponding fishing effort should also be provided for each 'kind of fishing unit'. The fishing

unit is determined primarily by the gear used, and secondarily by the size (CRT) of the vessel.

The information on fishing effort should cover 'fishing time' and 'fishing power'. 'Fishing time'

concepts are related to the type of gear used. For trawls, the principal effort measure is

'number of hours fished', for purse-seines the 'number of sets'. Standard definitions for these

and other effort concepts have been established by the Co-ordinating Working Party on Atlantic

Fishery Statistics and are under constant refinement and review by that body.

3. Fishing fleets.

Details should be given by national offices on all the individual units (mother ships, factory

vessels, fishing vessels, etc) of their fleets operating in one or more of the three FAO Antarctic

Fishing Areas during a specified split year, 1 July-30 June. For each of these vessels such

information should be provided as: (a) its nationality and name, (b) type of vessel, (c) overall

length, (d) gross registered tonnage, (e) horsepower, (0 type or types of fishing gear, (g) person-

nel, (h) hold capacity for various products, (i) special processing equipment, electronic

equipment, etc.

The following documents, available from the Fishery Statistics Unit, Department of

Fisheries, FAO, Rome, provide detailed information on statistical standards and requirements:

A proposed international statistical system for the Antarctic fisheries-FAO Fishing Areas

48, 58 and 88 (FAO Fisheries Circular No 608).

World chart: Major fishing areas for statistical purposes (FAO Fisheries Circular No 420).
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APPENDIX A:

'Nominal catches' and 'Landings': Definitions and notes (FAO Fisheries Circular No 428).

Notes on international classifications and definitions used in fishing fleet, fishing gear,

fishing effort and fishermen statistics (FAO Fisheries Circular No 429).
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ACMRR
CARPAS

FAO

FGGE

FIBEX

GARP

GIPME

lABO

ICSEAF

ICSPRO

ICSU

IMCO

IOC

IOC's ICG

for the

Southern

Ocean

ISOS

lUBS

lUCN

IWC

NASA

ROMBl

ROSCOP

SCAR

SCOPE

SCOR

SOC

UNDP

UNEP

UNESCO

WMO

APPENDIX C

Acronyms

Advisory Committee on Marine Resources Research of FAO

Commission Assessores Regionale del Pesquerias del Allan tico Suroest (members:

Brazil, Uruguay, Argentina). Subsidiary body of FAO, set up under Article VI of

FAO constitution.

Food and Agriculture Organization of the United Nations

First GARP Global Experiment

First International BIOMASS Experiment

Global Atmospheric Research Programme

Global Investigation of Pollution in the Marine Environment

International Association for Biological Oceanography of lUBS

International Commission for the Southeast Atlantic Fisheries (members: Spain,

Portugal, Japan, USSR, Bulgaria, Poland, South Africa). Independent, H.Q. in

Madrid.

Inter-Secretarial Committee on Scientific Programmes Related to Oceanography

International Council of Scientific Unions

Intergovernmental Maritime Consultative Organization (UN)

Intergovernmental Oceanographic Commission

IOC's International Co-ordination Group for the Southern Ocean

International Southern Ocean Studies

International Union of Biological Sciences

International Union for the Conservation of Nature and Natural Resources

International Whaling Commission

US National Aeronautics and Space Administration

Results of Marine Biological Investigations

Report of Observations or Samples Collected by Oceanographic Programmes

Scientific Committee on Antarctic Research

Scientific Committee on Problems of the Environment

Scientific Committee on Oceanic Research

Southern Ocean Co-ordination Group

United Nations Development Programme

United Nations Environment Programme

United Nations Educational, Scientific and Cultural Organization

World Meteorological Organization
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