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Sixty-first issue
This issue begins the second decade of Antarc-

tic Journal of the United States. With it, we introduce
two changes.

First, we have reduced the frequency of publi-
cation from six issues per year to four—mainly
to cut costs but also to equalize, more or less, the
size of the issues throughout the year. The sub-
scription rate has been reduced, but the yearly
page count remains about the same.

Two of each year's issues will be devoted to
subjects formerly addressed by the July/August
and September/October issues: The June issue
will contain short reports on the previous austral
summer season's activities in Antarctica. The Sep-
tember issue will contain reports on year-round

projects in Antarctica and on data reduction and
other work performed back home. We shall con-
tinue to rely on principal investigators or their
field representatives to supply these reports.

The other two issues each year—to be published
in March and December—will report other mat-
ters of current and historical significance to the
U.S. program for Antarctica.

The second change introduced in this issue is
the reporting of fiscal data on the program. A list
of antarctic awards the Foundation made in the
first 6 months of fiscal 1976 starts on page 42. In
each issue to follow, awards made in the previous
quarter-year will be listed.

We hope these changes please readers.

Antarctic Treaty: eighth consultative meeting

JAMES E. HEG*
Office of Polar Programs

National Science Foundation
Washington, D.C. 20550

The Eighth Antarctic Treaty Consultative Meet-
ing convened in Oslo, Norway, from 9 to 20 June
1975 to consider an agenda of 22 items that had
been developed at preparatory conferences held in
Oslo in October 1974 and February 1975. Edvard
Hambro, the Ambassador of Norway to Geneva,
Switzerland, was elected chairman of the meeting.
Knut Frydenlund, the Norwegian Minister of For-
eign Affairs, in his opening remarks said, "If the
treaty shall remain a useful instrument, we must
analyze future trends, be flexible in our ap-
proaches, and continue to cooperate in a positive
spirit. In order to succeed we may, in fact, have to

*Now retired from Federal service.

develop new concepts for international coopera-
tion."

The U.S. delegation was headed by Thomas R.
Byrne, U.S. Ambassador to Norway, and Robert
E. Hughes, assistant director for astronomical,
atmospheric, earth, and ocean sciences, National
Science Foundation. James E. Heg, chief of polar
planning and coordination, National Science Foun-
dation, and Theodore Sellin, bureau of oceans and
international environmental and scientific affairs,
Department of State, served as alternate represen-
tatives. StevenJ. Burton, Department of State,John
A. Dugger, Federal Energy Administration, Robert
J . McManus, Environmental Protection Agency,
and Edward J . Melanson Jr., U.S. Navy, served as
advisors to the U.S. delegation.

In his opening statement Ambassador Byrne
reaffirmed U.S. dedication to support for the
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treaty. He called for enhanced cooperation among
the treaty parties, continued attention to main-
tenance and protection of the antarctic ecosystem,
increased cooperation in logistics, and a rationali-
zation of treaty administrative arrangements.

Ambassador Byrne also set forth the principles
that would guide the United States in discussions
toward a solution of the problem of antarctic
mineral resources:

• Mineral resource activities in Antarctica should
not become the object of significant international
discord.

• Exploration for and exploitation of antarctic
mineral resources should not disrupt continued
implementation of the Antarctic Treaty.

• The sensitive antarctic environment must be
protected from harm caused by any mineral re-
source activities.

Ambassador Keith Brennan of Australia, in his
opening remarks, made pointed mention of discus-
sions in the International Atomic Energy Agency
and in various scientific journals regarding the use
of Antarctica for radioactive waste disposal. Later,
on 12 June, Ambassador Brennan returned to this
subject. He introduced a formal statement for the
record of the meeting (printed below) setting forth
Australia's firm opposition to any move to permit
the disposal or storage of radioactive waste in the
antarctic ice sheet. Most other delegations formally
associated themselves with this statement. Later in
the meeting Charles Craw, the representative of
New Zealand, introduced a draft recommendation
to governments on this subject. The representatives
adopted this as recommendation VIII-12 (the re-
commendations are printed below). Recommenda-
tions VIII-11 and VIII-13 also reflect the repre-
sentatives' concern for the antarctic environment.

The meeting devoted a good deal of attention to
the matter of Specially Protected Areas and Sites
of Special Scientific Interest. The discussions were
based on proposals and suggestions received from
the Scientific Committee on Antarctic Research
(SCAR) of the International Council of Scientific
Unions. Discussions resulted in the adoption of
five separate recommendations to governments.
Approval by the governments (see recommenda-
tions VIII-1, VIII-2, VIII-3, VIII-4 and VIII-5)
will result in:

• Cancellation of Specially Protected Areas at
Cape Crozier (on Ross Island), Byers Peninsula (on
Livingston Island), and Fildes Peninsula (on King
George Island).

• Establishment of a new Specially Protected
Area on Litchfield Island (64°46'S. 64°06'W.)

• Establishment of a new category of special

areas, to be designated Sites of Special Scientific
Interest.

• Ad interim establishment of Sites of Special
Scientific Interest at Cape Royds (77°33'S. 166°
09'E.), Arrival Heights (77°49'S. 166°39'E.), Bar-
wick Valley (77°21'S. 161°20'E.), Cape Crozier
(77031'S. 169°23'E.), Fildes Peninsula (62°12'S.
58°58'W.), Byers Peninsula (62°38'S. 61°05'W.),
and Haswell Island (66°31'S. 93000'E.)

Two topics of special importance dominated the
meeting—marine living resources and exploration
and exploitation of mineral resources. The dis-
cussion of marine living resources developed two
points of view. One group of representatives urged
the immediate development of regulatory meas-
ures. The other group supported the need to
develop a better scientific base for the rational use
and conservation of marine living resources. The
recommendation (VIII-10) that resulted from
these debates calls on SCAR to continue its work on
this subject and requests SCAR to consider con-
vening a meeting to discuss current scientific work
and programs for study and conservation of these
resources. The United States representative of-
fered to provide facilities for such a meeting in
the United States. The representatives generally
agreed that experts in the regulation of marine
living resources should be invited to attend such a
meeting.

Differing views on the issue of territorial claims
in Antarctica held by the several treaty parties intro-
duced complexity into deliberations concerning the
mineral resources question. (An opening statement
on the subject by the U.S. delegate is printed
below.) Nonetheless, substantial progress was
achieved on the issue (see recommendation VIII-
14). In addition to agreeing to cooperate in
focused studies of the environmental effects of
mineral resource activities, the representatives
agreed to discuss all aspects of the question of
mineral resource exploration and exploitation at
a special meeting in Paris in summer 1976. The
results of this special meeting will be reported
to the ninth consultative meeting, where formal
action toward a resolution of the problem will be
resumed.

The meeting accepted the invitation of the rep-
resentative of the United Kingdom to hold the
ninth consultative meeting in London at a time to
be decided by the consultative parties. The repre-
sentatives expressed their pleasure and satisfaction
on the accession to the Antarctic Treaty by the Ger-
man Democratic Republic and by Brazil. The rep-
resentatives also requested the Norwegian govern-
ment to convey their greetings and good wishes to
all antarctic stations.
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RECOMMENDATION VIII-1
SPECIALLY PROTECTED AREAS: LITCHFIELD ISLAND

The Representatives,
Considering that Litchfield Island, together with its littoral,

possess an unusually rich collection of marine and terrestrial
life, is unique among the neighboring islands as a breeding
place for six species of native birds and provides an outstand-
ing example of the natural ecological system of the Antarctic
Peninsula area;

Recommend to their governments that the following be in-
cluded in Annex B, Specially Protected Areas, of the Agreed
Measures for the Conservation of Antarctic Fauna and Flora:

Specially Protected Area No. 17
Litchfield Island, Arthur Harbor, Palmer Archipelago

Lat. 64°46'S. Long. 64°06'W.
Description: small island, about 2.5 km 2 in area.

RECOMMENDATION VIII-2
REVIEW OF SPECIALLY PROTECTEII AREAS

The Representatives,
Recalling Recommendations III-VIII and VII-2;
Conscious of the need to revise the list of Specially Protected

Areas in Annex B of the Agreed Measures for the Conservation
of the Antarctic Fauna and Flora in the light of experience;

Recalling the criteria established by paragraph 1 of Recom-
mendation VII-2 for the selection of Specially Protected Areas;

Noting with appreciation the response of the Scientific Com-
mittee on Antarctic Research (SCAR) to paragraph 2 of Recom-
mendation VII-2;

Recommend to their governments that:
1. The following Recommendations, recommending cer-

tain defined areas for inclusion in Annex B, Specially Protected
Areas, of the Agreed Measures for the Conservation of Ant-
arctic Fauna and Flora, be cancelled:

(a) Recommendation IV-6 (Specially Protected Areas:
Cape Crozier, Ross Island)

(b) Recommendation IV-10 (Specially Protected Areas:
Byers Peninsula)

(c) Recommendation IV-12 (Specially Protected Areas:
Fildes Peninsula)

(d) Recommendation V-5 (Specially Protected Areas:
Fildes Peninsula)

2. The numbers 6, 10 and 12 in Annex B of the Agreed
Measures should not be used for other Specially Protected
Areas.

Noting with appreciation the interim response of the Scientific
Committee on Antarctic Research (SCAR) to paragraph 1 of
Recommendation VII-3;

Recommend to their governments that:
1. They invite SCAR, through their National Committees,

to have regard to the following when considering proposals
for Sites of Special Scientific Interest:

(a) Sites should be proposed only when:
(i) Scientific investigations are being carried out or are

planned to begin before the following meeting of SCAR, and
there is a demonstrable risk of interference which would jeopar-
dize those scientific investigations, or

(ii) they are of exceptional scientific interest and there-
fore require long-term protection from harmful interference.

(b) Sites should be proposed for designation up to a speci-
fied date, which may be extended following a review by SCAR.

(c) Proposals for the designation of sites should be ac-
companied by a management plan which should include, inter
alia, and where applicable, the following details:

(i) a description of the site, together with a map de-
limiting its boundaries and where applicable showing any exist-
ing or proposed demarcations on the site.

(ii) a statement setting out the reasons in conformity
with paragraph 1(a) (i) and (ii) above for designation of the site.

(iii) a summary of the scientific investigations being
carried out or planned.

(iv) the proposed date at which the designation will
expire unless extended.

(v) proposed points of access.
(vi) any proposed pedestrian and vehicular routes.
(vii) other kinds of scientific investigation that would

not cause harmful interference with the investigations described
at (c) (iii) above.

(viii) whether specific kinds of scientific sampling may
take place and guidelines for such sampling.

(ix) any other restraints that may be needed.
2. They invite SCAR, through their national committees,

to initiate review of those sites whose designation is likely to
terminate before the second following Antarctic Treaty consul-
tative meeting.

3. They request their national offices responsible for the
administration of antarctic expeditions to maintain a record of
activities within each Site of Special Scientific Interest in which
their scientists are active.

4. Persons wishing to visit Sites of Special Scientific In-
terest should consult their national offices responsible for the
administration of antarctic expeditions.

5. Until such time as the recommendations designating
Sites of Special Scientific Interest become effective, in accor-
dance with Article IX of the Antarctic Treaty, they should, as
far as possible, be considered as guidelines.

RECOMMENDATION VIII-3
SITES OF SPECIAL SCIENTIFIC INTEREST

The Representatives,
Recalling Article II of the Antarctic Treaty and Recommenda-

tion VII-3;
Conscious of the need to protect scientific investigations which

might suffer from wilful or accidental interference;
Desiring to protect only sites where harmful interference is

generally recognized to be likely;
Recognizing the need to protect such scientific investigations

irrespective of their purpose;
Recognizing that a limited number of sites of exceptional scien-

tific interest may require long-term protection from harmful
interference;

RECOMMENDATION VIII-4
SITES OF SPECIAL SCIENTIFIC INTEREST

INTERIM GUIDELINES

The Representatives,
Recalling Recommendation VII-3;
Noting Recommendation VIII-3;
Noting with appreciation the interim response of the Scientific

Committee on Antarctic Research (SCAR) to paragraph 1 of
Recommendation VII-3;

Noting that management plans have been prepared for cer-
tain Sites of Special Scientific Interest;

Considering that it would be advantageous to gather experience
of the practical effect of management plans for certain sample
Sites;

March 1976



Recommend to their governments that they voluntarily take ac-
count of the management plans,* annexed to this recommenda-
tion, for the following sites:

Site no. 1: Cape Royds, Ross Island
Site no. 2: Arrival Heights, Hut Point Peninsula, Ross

Island
Site no. 3: Barwick Valley, Victoria Land
Site no. 4: Cape Crozier, Ross island
Site no. 5: Fildes Peninsula, King George Island, South Shet-

land islands
Site no. 6: Byers Peninsula, Livingston Island, South Shetland

Islands
Site no. 7: Haswell Island

RECOMMENDATION VIII-5
PERMITS FOR ENTRY TO SPECIALLY PROTECTED AREAS

The Representatives,
Noting that Recommendation VI-8, paragraph 2, and Articles

VI and VIII of the Agreed Measures for the Conservation of
Antarctic Fauna and Flora enable governments to issue permits
for entry to Specially Protected Areas only for the collection of
native mammals or birds (Article VI) or native plants (Article
VIII, paragraph 2 (a));

Desiring to extend this facility to include other compelling
scientific purposes;

Recommend to their governments that:
1. Recommendation Vi-8 be terminated.
2. The Agreed Measures for the Conservation of Antarctic

Fauna and Flora he modified by the addition of a new sub-
paragraph to Article VIII, paragraph 2, as follows:

"(c) entry by their nationals, except in accordance with a
permit issued under Article VI or under paragraph 2 (a) of the
present Article or in accordance with a permit issued for some
other compelling scientific purpose."

3. Until such time as the Agreed Measures and this Recom-
mendation become effective in accordance with Article IX of
the Antarctic Treaty, this recommendation should, as far as
possible, be considered as a guideline.

RECOMMENDATION VIII-6
ANNUAL EXCHANGES OF INFORMATION

The Representatives,
Recalling Articles III and VII of the Antarctic Treaty;
Noting that numerous recommendations of consultative meet-

ings have established requirements for exchange of information
between governments.

Desiring to consolidate the requirements for periodic ex-

changes of information into a standard annual report;
Conscious that other Recommendations, including Recom-

mendations I-i, i-Ill, 1-VII, i-XIII, li-I, II-VIII, IV-27, VI-3,
VI-7, and VII-7 provide for exchanges of information on an
occasional basis or outside the annual reports exchanged be-
tween Governments;

Recommend to their governments that:
I. They adopt the annex to this recommendation* as the

standard format for the annual exchanges of information be-
tween governments.

2. They consider that the provisions set forth in the annex
satisfy the requirements for exchanges of information in Recom-
mendations I-VT, II-IV, II-VI, 111-I, Ill-Il, IV-23, VI-2, VI-6,
VI-12, and VI-13.

3. They exchange the report described in the annex through
diplomatic channels, not later than 30 November each year.

4. They report prior to 30 June in accordance with Recom-
mendation 11-VI on extensions, reductions, or other modifica-
tions in the development of the activities previously reported.

5. Until such time as the Agreed Measures for the Conser-
vation of Antarctic Fauna and Flora become effective, the infor-
mation exchange requirements set forth in Recommendation
IV-19 should be considered as an interim guideline and may be
added to the annex.

RECOMMENDATION VIII-7
COOPERATION IN TRANSPORT

The Representatives,
Recalling Recommendation VII-8;
Recognizing that access to Antarctica by long-range aircraft

combined with intracontinental feeder routes by smaller air-
craft would facilitate new levels of cooperation and flexibility
in research;

Noting the interest taken by the Scientific Committee on Ant-
arctic Research (SCAR) in the potential benefits to be derived
from a cooperative air transport system;

Recommend to their governments that:
1. They request their offices responsible for the administra-

tion of antarctic expeditions to review their scientific programs
in order to identify the ways in which a cooperative air trans-
port system might benefit them and to inform SCAR through
their representatives on the SCAR Working Group on Logistics.

2. They request SCAR, through their national antarctic
committees, to review the available transport resources and the
potential requirements with respect to a cooperative air trans-
port system and to bring their conclusions to the attention of the
consultative parties.

RECOMMENDATION viii-8
ACTIVITIES OF STATES THAT ARE NOT CONSULTATIVE PARTIES

*The annexed management plans, not reprinted here, con-
tain, for each of the seven sites, a description with map, reason
for designation, outline of research, date of expiry of designa-
tion, access points, pedestrian and vehicular routes, other kinds
of scientific investigations that would not cause harmful inter-
ference, scientific sampling, and other restraints. Persons wish-
ing to visit Sites of Special Scientific Interest should request the
management plans from their national offices. See Recommen-
dation VIII-3.—Ed.

The Representatives,
Recalling the principles and purposes of the Antarctic Treaty;
Reaffirming that it is in the interest of all mankind that Ant-

arctica shall continue forever to be used exclusively for peaceful

*The annex, "standard format for the annual exchanges of
information," is not reprinted here—Ed.
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purposes and shall not become the scene or object of interna-
tional discord;

Recognizing that the Antarctic Treaty places a special respon-
sibility on the contracting parties to exert appropriate efforts,
consistent with the charter of the United Nations, to the end
that no one engages in any activity in the Antarctic Treaty area
contrary to the principles or purposes of the Treaty;

Considering paragraphs 15 to 17 of the final report of the
seventh Antarctic Treaty consultative meeting regarding activi-
ties in the Treaty area by states that are not contracting parties;

Considering further that it is desirable for acceding states to
approve existing and future recommendations, which form an
integral part of the Treaty regime;

Recommend to their governments that:
1. They reaffirm the principles set forth in paragraphs 15 to

17 of the final report of the seventh Antarctic Treaty consul-
tative meeting in respect of activities by states that are not con-
tracting parties to the Antarctic Treaty.

2. They urge the states that have or will become parties to
the Antarctic Treaty to approve the Recommendations adopted
at consultative meetings in pursuance of the Treaty and sub-
sequently by all the contracting parties whose representatives
were entitled to participate in the meetings held to consider
those measures.

RECOMMENDATION VIII-9

EFFECTS OF TOURISTS AND NONGOVERNMENTAl. EXPEDITIONS
IN THE ANTARCTIC TREATY AREA

The Representatives,
Recognizing that tourists and other persons not sponsored by

consultative parties are visiting the Antarctic Treaty area in
increasing numbers;

Acknowledging that tourism is a natural development in this
area and that it requires regulation:

Recalling Recommendation VII-4, and particularly the need
to avoid increasing interference with natural ecological systems
which are not yet sufficiently understood;

Recognizing the necessit y to restrict the number of places
where large numbers of tourists may land so that the ecological
effects may be monitored;

Recommend to their governments that:
I. They use their best endeavors to ensure that all those who

enter the Antarctic Treaty area, both those sponsored by gov-
ernments and those not so sponsored, are aware of the State-
ment of Accepted Practices and the Relevant Provisions of the
Antarctic Treaty in Annex A to this recommendation;

2. They require all organizers of tourist groups, except in an
emergency, to:

(a) visit only those antarctic stations for which permission
has been sought and granted in accordance with Recommenda-
tion IV-27.

(b) land only within the Areas of Special Tourist Interest
listed or defined in Annex B to this Recommendation.

3. When granting permission for tourist groups to visit ant-
arctic stations which they maintain, consultative parties shall
require tour organizers to report their activities within the
Treaty area. These reports shall be made at the end of the season
to the consultative parties whose stations they have visited, in
accordance with the requirements listed in Annex C to this
Recommendation. The consultative parties shall transmit any
such reports received by them to the next Antarctic Treaty
consultative meeting.

4. They keep Annexes A, B, and C to this recommendation
under review at successive consultative meetings.

(Annexes A and B will be discussed at the ninth Antarctic
Treaty consultative meeting.)

Annex C: matters to be reported by tour organizers
I. Name and nationality of ship
2. Name of captain
3. Itinerary of each separate cruise
4. Number of tourists accompanying each cruise
5. Places and dates at which landings were made in the Antarctic

Treaty area, with the number of persons landed on each
occasion

RECOMMENDATION Viii- 10
ANTARCTIC MARINE LIVING RESOURCES

The Representatives,
Recalling Article IX, paragraph I (F), of the Antarctic Treaty;
Convinced that the Antarctic Treaty area contains significant

concentrations of marine living resources;
Recognizing the need to promote and achieve, within the

framework of the Antarctic Treaty, the objectives of protection,
scientific study, and rational use of these marine living re-
sources;

Aware of the inadequacy of the information concerning the
stocks of these living resources and of the need to develop a
good scientific foundation for appropriate conservation
measures:

Recommend to their governments that:
1. They initiate or expand, insofar as is practicable within

their antarctic scientific programs, detailed studies of the biol-
ogy, distribution, biomass, population dynamics, and ecology of
antarctic marine living resources.

2. They encourage further cooperation among the consulta-
tive parties in scientifI( studies of and programs relating to ant-
arcti marine living resources.

3. They encourage studies which could lead to the develop-
meni of effective measures for the conservation of antarctic
marine living resources in the Treaty area.

4. They urge the Scientific Committee on Antarctic Research
(SCAR), through their national antarctic committees, to con-
tinue its scientific work on these matters and to consider con-
vening, as soon as practicable, a meeting to discuss current work
and report on programs for the study and conservation of ant-
arctic marine living resources.

5. They include the subject 'Antarctic Marine Living Re-
sources" on the agenda of the ninth consultative meeting.

RECOMMENDATION VIII-I 1
MAN 'S IMPACT ON THE ANTARCTIC ENVIRONMENT

The Representatives,
Recalling Recommendations VI-4 and VII-1;
Desiring to minimize the impact of man on the antarctic en-

vironment;
Noting with appreciation the response of the Scientific Com-

mittee on Antarctic Research (SCAR) to Recommendation VI-4;
Recommend to their governments that:
1. To the greatest extent feasible they observe the code of

conduct annexed to this Recommendation at theirstations and
for their activities within the Antarctic Treaty area;

2. Through their national antarctic committees they invite
SCAR, in cooperation with the Scientific Committee on Prob-
lems of the Environment (SCOPE) of the International Coun-
cil of Scientific Unions, to continue its interest in the develop-
ment of scientific programs for detecting and assessing changes
occurring in the antarctic environment.
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Annex: code of conduct for antarctic expeditions and station activities
1. Waste disposal

The following are recommended procedures:
(a) Solid waste

(i) Noncombustible, including chemicals (except batteries).
These materials may be disposed of at sea either in deep water
or, if this is not possible, at specified sites in shallow water.

(ii)Batteries should be removed from the Antarctic Treaty
area.

(iii) Combustibles. Wood, wood products, and paper should
be incinerated, the ash being disposed of at sea. Lubricating
oils may be burned except those containing harmful additives
which should be removed from the Antarctic Treaty area. Car-
casses and materials associated with imported experimental
animals should be incinerated. All plastics and rubber products
should be removed from the Antarctic Treaty area.

(b) Liquid waste
(i) Human waste, garbage, and laundry effluents should,

where possible, be macerated and be flushed into the sea.
(ii) Large quantities of photographic liquids should be

treated for the recovery of silver, and the residue should be
Flushed into the sea.

(c) The above procedures are recommended for coastal
stations. Field sites supported from coastal stations should,
where feasible, use the facilities of their supporting station. In-
land stations should concentrate all waste in deep pits. Except
as stated for inland stations, waste should not be buried.

(d) Waste containing radioisotopes should be removed
from the Antarctic Treaty area.

(e) Every effort should be made to reduce the plastic pack-
aging of products imported into the Antarctic Treaty area.

(f) If possible the use of leaded fuels or fuels containing
ethylene bromide and ethylene chloride should be avoided.

(g) When incinerators are used it is desirable to monitor
the effluents.
2. Introduction of alien species
Procedures to safeguard against the introduction of alien species
are covered by Article IX of the Agreed Measures for the Con-
servation of Antarctic Fauna and Flora.
3. Disturbance of breeding colonies and concentration of birds and

mammals
Procedures to minimize such disturbances are covered by Article
VII of the Agreed Measures for the Conservation of Antarctic
Fauna and Flora.
4. Guidelines for antarctic operating organizations planning major

antarctic projects
(a) In the planning of major operations in the Antarctic

Treaty area, an evaluation of the environmental impact of the
proposed activity should be carried out by the antarctic operat-
ing organizations concerned. Such an evaluation should include:

(i) A description of the proposed action and an assessment
of its potential benefits and its possible impact on the relevant
ecosystems.

(ii) A consideration of alternative actions which might alter
the pattern of benefits versus adverse environmental effects ex-
pected to result from the action.

(b) These evaluations may be circulated for information
through SCAR channels to all the states engaged in antarctic
activities.

RECOMMENDATION VIII- 12
DISPOSAL OF NUCLEAR WASTE

The Representatives,
Recalling Article V of the Antarctic Treaty;
Noting the increasing production of nuclear materials and the

growing concern about the disposal of nuclear waste;

Bearing in mind the undertaking of contracting parties in
Article X of the Antarctic Treaty to exert appropriate efforts,
consistent with 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 Treaty;

Desiring to preserve the unique quality of the antarctic en-
vironment;

Recommend to their governments that they continue to exert
appropriate efforts to the end that no one disposes of nuclear
waste in the Antarctic Treaty area.

RECOMMENDATION VIII- 13
THE ANTARCTIC ENVIRONMENT

Recognizing that prime responsibility for antarctic matters, in-
cluding protection of the antarctic environment, lies with the
states active in the area which are parties to the Antarctic Treaty;

Noting the vulnerability of the antarctic environment to
human interference and that the consequences of major altera-
tions would be of global significance;

Noting the distance of the antarctic from the main sources of
environmental pollution and hence its value for global baseline
monitoring purposes;

Considering the role of the Antarctic as a global climatic regu-
lator of major importance;

Noting that in seeking to fulfill these responsibilities Antarctic
Treaty states have;

(a) negotiated the Agreed Measures for the Conservation of
Antarctic Fauna and Flora;

(b) negotiated the Convention for the Conservation of Ant-
arctic Seals (London 1972);

(c) invited the Scientific Committee on Antarctic Research
(SCAR) of the International Council of Scientific Unions
(ICSU):

(i) to identify the types and assess the extent of human inter-
ference which has occurred in the Treaty area as a result of
man's activities

(ii) to propose measures which might be taken to minimize
harmful interference

(iii) to consider and recommend scientific programs which
will detect and measure changes occurring in the antarctic en-
vironment

Noting that a Code of Conduct for stations and activities within
the Antarctic Treaty Area to minimize their harmful environ-
mental effects has been adopted;

Noting that the Antarctic Treaty calls upon contracting parties
to encourage cooperative working relations with those special-
ized agencies of the United Nations and other international
organizations having a scientific or technical interest in the Ant-
arctic;

Noting the cable to the chairman of the consultative meeting
from the executive director of the United Nations Environ-
ment Program (UNEP), circulated to the meeting on 10 June
1975;

Recommend to their Governments that:
1. In exercising their responsibility for the wise use and pro-

tection of the antarctic environment they shall have regard to
the following:

(a) that in considering measures for the wise use and pro-
tection of the antarctic environment they shall act in accordance
with their responsibility for ensuring that such measures are
consistent with the interests of all mankind;

(b) that no act or activity having an inherent tendency to
modify the environment over wide areas within the Antarctic
Treaty area should be undertaken unless appropriate steps have
been taken to foresee the probable modifications and to exer-
cise appropriate controls with respect to the harmful environ-
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mental effects such uses of the Antarctic Treaty area may have;
(c) that in cooperation with SCAR and other relevant agen-

cies they continue, within the capabilities of their antarctic scien-
tific programs, to monitor changes in the environment, irres-
pective of their cause, and to exercise their responsibility for
informing the world community of any significant changes
caused by man's activities outside the Antarctic Treaty area;

2. They welcome the offer made by UNEP of cooperation in
questions of scientific and technical interest relating to the ant-
arctic environment and invite SCAR, through their national
antarctic committees, to continue its participation in the devel-
opment of the relevant parts of the program under considera-
tion by the Scientific Committee on Problems of the Environ-
ment (SCOPE).

RECOMMENDATION VIII-14
ANTARCTIC RESOURCES—EFFECTS OF MINERAL EXPLORATION

The Representatives,
Recalling Recommendation VII-6;
Bearing in mind the purposes and principles of the Antarctic

Treaty;
Reaffirming that it is in the interest of all mankind that the

Antarctic Treaty area shall continue forever to be used exclu-
sively for peaceful purposes and shall not become the scene or
object of international discord;

Acknowledging that the Antarctic Treaty places a special re-
sponsibility upon the contracting parties to exert appropriate
efforts, consistent with the charter of the United Nations, to
ensure that no one engages in any activity in the Antarctic Treaty
area contrary to the purposes or principles of the Treaty;

Concerned that mineral resource exploration and exploitation
could adversely affect the unique environment of the Antarctic
and of other ecosystems dependent on the antarctic environ-
ment;

Noting the technological developments in polar mineral ex-
ploration and exploitation;

Convinced that further consultations on the questions concern-
ing antarctic mineral resources are desirable and, in the mean-
time, of the need for restraint while seeking timely agreed solu-
tions by the consultative parties to problems raised by such
questions; and noting the intention of their governments to keep
these matters under review in the light of possible actions by
others;

Aware that available scientific information on the environ-
mental effects of mineral exploration and/or exploitation in the
Antarctic has been inadequately studied and that the consulta-
tive parties bear a special responsibility for environmental pro-
tection in the Antarctic Treaty area;

Aware also that antarctic geological structures have not been
sufficiently investigated;

Recognizing the need for further study and consideration of
these matters;

Resolved that the consultative parties should seek to develop an
approach to the problems raised by the possible presence of
valuable mineral resources in the Antarctic Treaty area, bearing
in mind the principles and purposes of the Antarctic Treaty;

Recommend to their governments that:
1. The subject "Antarctic Resources—The Question of

Mineral Exploration and Exploitation" be fully studied in all its
aspects in relation to the Treaty and be the subject of consulta-
tion among them with a view to convening a special preparatory
meeting during 1976, the terms of reference of which will be
determined precisely through diplomatic channels; the special
preparatory meeting to report to the ninth consultative meeting;

2. They undertake to study the environmental implications
of mineral resource activities in the Antarctic Treaty area and

other related matters, including joint studies among them, and
that they exchange the results of such activities;

3. They invite SCAR through their national antarctic com-
mittees to:

(i) make 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.
If possible and appropriate, governments may wish to assist
their national antarctic committees in this undertaking by ap-
propriate means;

(ii) continue to coordinate national geological and geo-
physical research programs in the Antarctic Treaty area with
the aim of obtaining fundamental scientific data on the geologi-
cal structure of the Antarctic;

(iii) consider what further scientific programs are necessary
in pursuit of these objectives;

4. The subject "Antarctic Resources—The Question of
Mineral Exploration and Exploitation" be placed on the agenda
of the ninth Antarctic Treaty consultative meeting.

STATEMENT BY HIS EXCELLENCY MR. K. G. BRENNAN,
REPRESENTATIVE OF AUSTRALIA, 12 JUNE 1975

The safe disposal or storage of radioactive waste produced
in the course of nuclear energy generation is a problem facing
a number of countries, and the problem seems likely to increase
greatly in magnitude before the end of this century.

It has been suggested in some quarters that isolation of such
wastes from the biosphere for the periods required, up to
250,000 years, might be effected through burying the waste in
the antarctic ice sheet. Such action is expressly forbidden at
present by the Antarctic Treaty.

Australia is concerned that the antarctic environment and
the surrounding oceans and atmosphere should not become
contaminated by radioactive waste. We are firmly of the view that
safe disposal of radioactive waste in the ice sheet cannot be
guaranteed on the basis of existing knowledge.

In that regard, we draw attention to a resolution on the dis-
posal or storage of radioactive waste in Antarctica, adopted by
XI 11 meeting of the Scientific Committee on Antarctic Research,
and to views expressed by a group of scientific experts who
met in the United Kingdom in September 1974 to consider the
foregoing matters.

In the light of its concern expressed above, and the conclu-
sions reached by the group of scientific experts already referred
to, Australia would firmly oppose any move to permit the dis-
posal or storage of radioactive waste in the antarctic ice sheet.

STATEMENT BY DR. ROBERT K. HUGHES, U.S. REPRESENTATIVE,
EIGHTH ANTARCTIC TREATY CONSULTATIVE MEETING,

12 JUNE 1975

Mr. Chairman:
We now turn to item 17—the mineral resources question. My

delegation has noted the caution with which many delegations
represented here have approached this question during the
opening statements. While the potential gravity of problems
that may be created by mineral resources activities warrants
this caution, my delegation is hopeful that our consultations
will produce a full and frank exchange of views here today.

Mr. Chairman, there are many who have been associated with
antarctic affairs over the years who might wish that the mineral
resources question would go away and leave Antarctica to the
scientists. There are also those who would defer serious con-
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sultations until many of the troubling uncertainties we face are
removed. Let us not deceive ourselves. Global events since the
last meeting in Wellington cannot be ignored, despite the very
real uncertainties we face on these questions at this time. It is
prudent to address this issue at an early time to avoid possible
future events that may not be in the best interest of all the gov-
ernments represented here today. As the distinguished Foreign
Minister of Norway suggested, leaps in technology in the con-
text of changing world resources markets could outstrip our
ability to control events which may shape our common destiny.

Mr. Chairman, let me be frank. The Antarctic Treaty does
not refer to the exploration and exploitation of mineral re-
sources. Such activities, in our view, are a permitted peaceful
use of the area. Certain provisions of the treaty would, of course,
apply. Nonetheless, it can be expected that, in the absence of a
shared understanding on the mineral resources question, gov-
ernments will respond to any mineral resource activities in Ant-
arctica in accordance with their underlying juridical positions.

The views of my government in this connection are well
known. We, as well as several other states, do not consider that
any part of Antarctica is subject to the sovereignty of any state.

The views of some other governments represented in this
room are clearly contrary to the views of my government. The
situation is further complicated by overlapping and conflicting
claims.

These contrary views would result in serious problems should
mineral resources be found in commercially attractive quanti-
ties. In the absence of a shared understanding, those countries
who do not recognize claims to sovereignty would surely have
to assert the right to commence mineral activities at their will,
subject only to applicable provisions of the Antarctic Treaty.
Those who have made claims to sovereignty would contest that
view.

Such a result would not be a happy one from the standpoint
of our mutual concerns. In the absence of a "common under-
standing without preconceived ideas" as called for by you, Mr.
Chairman, the environmental risks from mineral resources ac-

tivities, which are of greatest direct concern to those nearest
Antarctica, could threaten our mutual interests in preserving
the antarctic environment. The precious scientific laboratory
which the Antarctic Treaty was intended to preserve could be
destroyed. Living organisms in the region that are of commer-
cial or scientific interest would be placed in jeopardy.

Mr. Chairman, the governments represented here today
would be placed in an awkward position, indeed, should these
events come to pass, or even threaten to come to pass. Our con-
sultations over the years have consistently indicated a common
perception that Antarctica will better benefit mankind through
continued cooperation by the twelve. I suggest that we would
be hard-pressed to maintain this pattern of cooperation in the
face of dissension over the mineral resources of Antarctica.

Mr. Chairman, this bleak picture goes to the heart of the
principles and purposes for which our governments created the
Antarctic Treaty—a treaty that has served us well. This is a
picture of international discord, with Antarctica the scene and
antarctic mineral resources the object.

The distinguished delegate of Belgium was correct when he
said that the resources question could either destroy the treaty
or put it on a stronger footing. The opening statements on
Monday made it clear that all of our governments prefer to
strengthen the Antarctic Treaty and not destroy it. However,
this broadly shared sentiment is not enough to avoid the dis-
cord I referred to earlier.

My delegation is prepared to consult on the concrete prin-
ciples and objectives which should guide our future considera-
tion of this issue. In this connection, we call your attention to
our preliminary views as presented in our opening statement.
We welcome a full and frank exchange of views and will partici-
pate to the end that all of us can leave this delightful city satis-
fied that we have done our best to pursue our common interest.

A number of delegates have said here that time is running out.
We do not believe that time has run out or that we cannot beat
the clock if we all approach this question with appropriate
seriousness of purpose, in a constructive and statesmanlike
frame of mind.

Living resources of the southern ocean

SAVED Z. EL-SAVED
Department of Oceanography

Texas A&M University
College Station, Texas 77843

In recent years the world has witnessed a growing
interest in living resources of the southern ocean.
Notable among these resources are those of marine
animals (whales and seals), the krill (Euphausia
superba), fishes, squid, spiny lobsters, and king crab
(figure 1). For hundreds of years the cold waters of
the Northern Hemisphere have provided the bulk
of the world's fish catch. With the burgeoning
human demand for animal protein, attention is
being focused on development and exploitation of
the resources of tropical and antarctic waters.

Enormous resources

There is little doubt that, compared to the tra-
ditionally exploited fisheries, the antarctic marine
living resources are enormous. Their magnitude
and distribution in the southern ocean have been
discussed recently (El-Sayed, 1975). As an indica-
tion of the richness of these resources, the stand-
ing stocks of antarctic krill have been estimated to
be from several hundred million tons to 5 billion
tons (figure 2). Thus krill is the world's largest
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Figure 1. Living resources of the southern ocean.

single remaining unexploited resource. Fishery ex-
perts predict that 100 million tons of krill could be
taken annually without depleting these stocks. The
latter figure is slightly less than double the 1973
world fish and shellfish catch.

With such high stakes, a number of countries are
exploiting these resources, while others are plan-
ning exploitation. Of the former, the Soviet Union
and Japan are well advanced in krill harvesting
techniques; the Soviets are using three 3,500-ton
stern trawlers, and the Japanese are using two. As
of this writing, West Germany has sent its research
ship Walther Herweg, together with a commercial
trawler, to investigate krill catching and to do re-
search on potential fishery of other species. Poland
has dispatched its research ship Professor Siedlecki
and a fishing trawler to the Drake Passage and the
Weddell Sea. Norway is developing plans for a krill
expedition. Other nations likely to become inter-
ested are Chile, Argentina, South Africa, France,
and Brazil.

Need for data

Scientists and several international organizations
have expressed concern over the need for proper
management and conservation of the antarctic re-
sources. The tragic history of whaling in the Ant-
arctic is a painful reminder of the consequences
of irrational exploitation. The scientists are con-
cerned because no one has adequate information
regarding the magnitude of these stocks. For in-
stance, we have only very rough estimates of krill
stocks, so rough that they cannot be used for man-
agement decisions. We have no data on the density,
dimensions, and distribution of krill swarms. We
virtually have no estimates of the abundance and
biomass of fish populations, and we know next to
nothing about antarctic squid. Yet, good conserva-
tion and management depend on a continuing flow
of data and information regarding these resources.
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The problem is further complicated when we
consider the complex interactions among seals,
whales, sea birds, penguins, and fish—all compet-
ing for food, mainly krill. Because krill is the key
species of this antarctic ecosystem, unwise exploita-
tion of krill could trigger disastrous changes
throughout the ecosystem.

Organizational interests

Among the nongovernmental international
bodies with interests in southern ocean resources
are SCAR (Scientific Committee on Antarctic Re-
search) and SCOR (Scientific Committee on Oceanic
Research), both of the International Council of
Scientific Unions (icsu). Among the interested
intergovernmental organizations (in the United
Nations system) are the Intergovernmental Ocean-
ographic Commission (ioc) of UNESCO, the Food
and Agriculture Organization (FAO), and the Inter-

national Whaling Commission (iwc). The Antarctic
Treaty nations are of course highly interested. The
interests of these groups are complementary rather
than overlapping. The possibility for duplication
and conflict is dealt with through full exchange of
information among the different bodies.

SCAR has played a key role with regard to ex-
ploitation of antarctic living resources. In August
1972, its biology working group established a sub-
committee on the marine living resources of the
southern ocean. The subcommittee first met in May
1974 at McGill University (Montreal, Canada), in
conjunction with the SCOR/SCAR Polar Oceans Con-
ference. At this meeting the subcommittee de-
veloped a series of recommendations. One stated:

Because of the significant role played by krill in the ant-
arctic marine ecosystem, and because of our concern for the
wise management of krill stocks, we recommend that efforts
should be made to continue and expand investigations of
biology, ecology, and population dynamics of krill, and of the
distribution of its swarms. We also recommend that in esti-
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Figure 2. Krill distribution

in the southern ocean.
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mating 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 urgently recommend that in-depth studies
of the biology, distribution, biomass, and population dynamics
of these resources he undertaken.

Perhaps the most significant recommendation of
the Montreal meeting was number 5:

We call attention to the significance of the biological oceano-
graphic 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 enor-
mous difficulties of undertaking the formidable task of study-
ing 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-coordinated International
Biological Investigation of the Southern Ocean (IBISO), uti-
lizing multiple ships, be undertaken.

The objectives of IBISO might include:
a. The study of the trophodynamics of the ant-

arctic ecosystem;
b. the provision of data/information for the

conservation and wise management of the
living resources of the southern ocean;

c. the provision of data/information for moni-
toring pollutants at all levels in the food web
and in the water column.

The Montreal recommendations were approved
by the 13th meeting of SCAR in September 1974
and by the International Coordination Group for
the Southern Ocean of JOC at its meeting in Buenos
Aires, Argentina, in July 1974. In March 1975, the
executive council of IOC invited the SCAR subcom-
mittee "to prepare practical proposals for collabo-
rative investigations in biological oceanography in
the area and to prepare proposals for working
towards the organization of multiship studies for
submission to SCAR and SCOR, and through them
to the JOC International Coordination Group."

The Antarctic Treaty signatories at their eighth
consultative meeting in Oslo, Norway, in June 1975
urged SCAR "to continue its scientific work on these
matters and to consider convening, as soon as prac-
ticable, a meeting to discuss current work and re-
port on programs for the study of conservation of
antarctic marine living resources."

SCARJSCOR group of specialists

In recognition of these new responsibilities, SCAR,
at its executive meeting in June 1975, upgraded
the status of the marine living resources subcom-
mittee to a group of specialists. The terms of
reference adopted for this group are:

(1) To assess the present state of knowledge of
the antarctic marine ecosystem from the
point of view of structure, dynamic func-
tions, and biomass of the organisms at dif-
ferent trophic levels.

(2) To encourage and stimulate investigations of
the ecology and population dynamics of the
organisms at different trophic levels with
particular references to krill, squid, fishes
and whales.

(3) To maintain liaison with FAO.
(4) To advise SCAR and SCOR and through them

other international organizations and in par-
ticular to respond to relevant recommenda-
tions of toc and the Antarctic Treaty con-
sultative meetings.

In response to LOC and Antarctic Treaty requests,
the SCAR group of specialists on living resources
of the southern ocean first convened at Scott
Polar Research Institute in Cambridge, England,
6-8 October 1975. Members present were: S. Z.
El-Sayed (United States; convenor), J A. Gulland
(FAO), J . C. Hureau (France), R. M. Laws (United
Kingdom), T. Nemoto (Japan), G. G. Newman
(South Africa), and A. P. Tomo (Argentina).
Members absent were: G. A. Knox (New Zealand),
G. Hempel (International Association of Biological
Oceanographers), and D. B. Siniff (United States).
Also attending were: S. J . Holt (FAO), 0. Mama-
yev (toC), and several staff members of the British
Antarctic Survey. Members added to the group
since the Cambridge meeting are: David Tranter
(Australia), Steinar Olsen (Norway), and I. G.
Lubimova (Soviet Union).

Research planning

As a result of its 3 days of deliberation, the group
found it necessary, as a first step, to review all exist-
ing information and to bring together knowledge
of ongoing and presently planned programs of
marine biological investigations. Members of the
group will provide this document. The group also
will prepare practical proposals for longer term
cooperative investigation, which should include
multiship studies. Experts from the SCAR countries
and other knowledgeable persons will help draft
and review this proposal.
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The group welcomed the offer of the United
States to host a scientific meeting on the living re-
sources of the southern ocean. The meeting will
be held under the auspices of the Polar Research
Board of the U.S. National Academy of Sciences
in Woods Hole, Massachusetts, 17-21 August 1976.
Members of the group of specialists will serve as the
steering committee for this international meeting.
Inquiries should be addressed to Louis DeGoes,
executive secretary, Polar Research Board, Na-
tional Academy of Sciences, Washington, D.C.
20418.

In view of the objectives of the meeting and the
fact that the accommodations at the proposed meet-
ing place are limited, the group recommended that
the meeting be restricted to no more than 60
specialists. All international organizations with sig-
nificant interests in antarctic marine living re-
sources will be invited to designate participants to
the meeting. These organizations will include: SCOR
(which, at the invitation of SCAR to cosponsor the
group, designated the group of specialists as SCOR

working group 54), IABO (International Associa-
tion for Biological Oceanography), IUBS (Interna-
tional Union of Biological Sciences), bc, FAO, iwc,
United Nations Environmental Program, United
Nations Development Program, and the Perma-
nent South Pacific Commission.

One hopes that, through the discussions of these
experts at Woods Hole, steps will be taken to give
a scientific foundation for development and wise
management of antarctic living marine resources.
The meeting also will provide an opportunity to
set a standard for international cooperation in
conservation of these resources.

Reference

El-Sayed, S. Z. 1975. Biology of the southern ocean. Oceanus,
18(4): 40-49.

Shallow-water marine associations,
Antarctic Peninsula

T. E. DELACA and JERE H. Lis
Department of Geology

and
Institute of' Ecology

University of California, Davis
Davis, California 95616

Since 1971 we have investigated the distribution
and the ecology of shallow-water benthos on the
Antarctic Peninsula, with particular emphasis on
foraminifera. Our surveys demonstrated that fora-
minifera were distributed heterogeneously in shal-
low-water areas. Several species of foraminifera
were consistently found to co-occur in large num-
bers, living on various invertebrates and on the
fronds of certain macroalgae. To understand fora-
minifera distributions, we surveyed macroalgae
and invertebrates in the immediate vicinity of An-
vers Island (64°46'S. 64°04'W.) and, in a more cur-
sory fashion, at many other places along the Penin-
sula (figure 1). These investigations were based on
the premise that the distribution of some fora-

minifera is correlated with the distribution of these
invertebrates and algae.

From these surveys we have determined the char-
acteristic species and their associates in portions of
Arthur Harbor (figures 2 and 3) and the variability
of these associations along the Antarctic Peninsula.
Previous surveys of plant and animal distributions
have been reported by others (for example, Neu-
shul, 1964; Délépineetal., 1966; McCain and Stout,
1969; Hedgpeth, 1971; Castellanos, 1973; Bellisio
et al., 1972; Skottsberg, 1941), but their results were
usually based on a small number of observations
over a short period of time. Our observations and
results are based on year-round underwater work
from December 1971 to March 1975, including
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more than 1,300 scuba dives made by our team.
Much of this work remains in progress; herein we
present a summary of our work to date.

In Arthur Harbor, plants are the usual dominat-
ing organisms to depths of approximately 43
meters of rocky substrata; animals predominate on
soft substrata. Associations are characterized by
the presence of dominant species for each of these

substrate types; the composition and extent of these
associations, however, vary from place to place be-
cause of differing exposure to waves, to ice abra-
sion, or to light penetration. Meter-square quad-
rants were harvested along transects through the
exposed outer-coast environment of Janus Island
(figure 3) and through more protected environ-
ments on the north side of nearby Bonaparte Point
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Figure 1. The Antarctic
Peninsula is 1,000 kilo-
meters south of the south-
ern tip of South America
and extends from 600 to 700
S. between 550 and 750W.
This map shows the loca-
tion of the United States'
Palmer Station on Anvers
Island at about 64 0S. 640W.
Reconnaissance scuba
dives and remote sampling
have been completed in the
areas indicated by the ar-

rows.
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(figure 3). The algal species diversity and biomass
can be used to define depth zones (figures 4 and
5).

Zonation on hard substrata

Zone I. In intertidal areas along the peninsula,
more species of plants and animals occur than pre-
viously reported. Hedgpeth (1971) briefly de-
scribed this association as found at Palmer Station.
He noted that plants growing here were filamen-
tous green algae and diatoms, together with crus-
taceans, worms, and the limpet Patinigera polaris.
Hedgpeth (1971) stated that this zone on the barren
rock surfaces was the simplest of all intertidal asso-
ciations. One of our group, W. Stockton (1973),
studied the intertidal assemblages in more pro-
tected boulder/rubble areas near Palmer Station.
He reported a variety of plants and animals in-
habiting these areas, which are apparently pro-
tected from ice abrasion, and he found a definite
zonation that is probably related to tidal levels.

In other places we have investigated, intertidal
assemblages are variably developed. For example,
on exposed coastlines with heavy, constant surge,
the diatom, the blue-green algae, and the lichen
growth may extend well above (+ 3.5 meters) mean
tidal level, whereas in more protected areas it does
not extend as high (+0.3 meters). At Livingston
Island (figure 1), a long reef protrudes to low tidal
levels at a distance of several hundred meters off-

shore of Byers Peninsula. Inshore of this reef, ex-
tensive fauna and flora are developed intertidally.
We estimated that at least 30 species of plants and
over one hundred species of animals, including fish
and large invertebrates, live in this area. Appar-
ently the offshore reef prevents ice from moving
close to shore; hence the intertidal assemblage can
develop here. Ice is an important factor controlling
distribution and occurrence of intertidal organisms.

Zone H. In some parts of Arthur Harbor and in
other protected situations along the Antarctic Pen-
insula, we have distinguished a zone (usually to
about 1 meter deep) that is characterized by species
of crustose red algae, the encrusting brown alga
Lithoderma sp., Curdiea racovitzae, Gigartina skotts-
bergii, Iridaea obovata, Adenocystis utricularis, and the
limpet Patinigera polaris. Other organisms are also
found in this zone, but usually in cracks and among
boulders. These include amphipods, particularly
Bovallia gigantea, ostrocods, the sea urchin Sterechi-
nus neumayeri, and several other motile forms. The
rhizopod Gromia ovformis, the formanifera Cibi-
cides refulgens and Rosalina globularis (?), and several
species of ciliates live in protected or sandy to
gravelly areas. The flora in crevices and cracks can
be quite diverse in protected areas, including up
to about one-third of those species known from
the deeper red algae zone described below. Plants
in the crevices are usually very small. The lower
limit of this zone varies considerably, depending
on exposure. Dives we have made along the Penin-
sula indicate that in places where large, deep ice-
bergs can approach close to shore, or where there

Figure 2. Aerial photograph
of Arthur Harbor, taken
from the southeast in Feb-
ruary 1975 from aboard a
U.S. Coast Guard helicop-

ter.
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Figure 3. Map of Arthur Harbor and vicinity, Anvers Island, showing the location of Palmer Station and of the sampling
localities.

is abundant or congested ice, the lower limit of this
zone may extend to below 45 meters (the limits of
scuba observation). Where severe ice conditions do
not occur, this zone usually grades into a rich zone
of the large brown alga Desmarestia.

In very shallow, well-protected areas of heavy
freshwater runoff, a meager but unique association
of algae and invertebrates is present. The brown
and red algae, Adenocystis utricularis and Curdiea
racovitzae, occur to about 1.5 meters, but these are
replaced or are overgrown by the red algae Lepto-
somia simplex as the summer progresses. L. simplex
was reported by Neushul (1964) to be characteristic
of the intertidal on the exposed outer coast in the
South Shetland Islands, but there the alga exhibits
a more branched form. In Arthur Harbor, inverte-
brates are diverse, including the gastropods Patini-
gera polaris, Margarella sp., two chitons, nudi-
branchs, various crustaceans, and others.

Zone III. In exposed parts of Arthur Harbor start-
ing at about 1 meter in depth, a zone of Desmarestia
menziesii is present. The plants here are broken,
stubby, and commonly mashed. The holdfasts and

stipes, however, are usually large and thick, indi-
cating that these plants are probably quite old des-
pite their short length (I to 1.5 meters). This zone
is apparently created and maintained by ice crush-
ing and abrasion. The occasional mashing of the
algae by ice makes space available for plants other
than Desmarestia and for numerous animals. About
30 species of algae and many animals occur here.
The most obvious animals are the mollusks Patini-
gera polaris and Margarella sp., and the sea urchin
Sterechinus neumaveri, although there also are en-
crusting sponges, starfish, amphipods, and other
invertebrates. Suspension feeders predominate in
crevices and under rock ledges. These include
bryozoans, holoth urians, brachiopods, sedentary
polychaetes, and poriferans. The species diversity
of both macroscopic and microscopic animals gen-
erally is greater in this zone than either the one
above or below it. In areas with very heavy surge,
two other algae, Phaeurus antarcticus and Ascoseira
mirabilis, join Des ma restia menziesii.

Zone IV. The stubby and brokenDesrnarestia grade
into a heavy growth of well-developed plants (up
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to 4 meters in length) at about 2 meters deep in pro-
tected areas inside Arthur Harbor and at 8 meters
in more exposed areas outside the harbor. The
Desmarestia in this zone includes two species, D. men-
ziesii and D. anceps, which together cover 95 per-
cent of the rocky cliff surfaces. Animal diversity
is about one-third less than it is in the stubby Des-
marestia zone III, and animal biomass is also less.
Only in places where Desmarestia has been removed
by ice or other factors do greater numbers of spe-
cies of red algae and motile animals exist. The epi-
biota on Desmarestia is similarly reduced. In more
temperate regions Desmarestia is known for amen-
salistic properties (in this case, the concentration
of various acids) that reduce the epibiota, but in the
Antarctic neither D. menziesii nor D. anceps are
strongly acidic. The sea urchin Sterechinus, the poly-
chaete Neanthes kerguelensis, a few other inverte-
brates, and some fish eat Desmarestia. The popu-
lation densities of these animals are small, and ap-
parently they have little effect on the association as
a whole. The bacterial counts among the fronds of
Desmarestia are low compared to those in the red
algal zone immediately below.

The depauperate fauna and flora in this zone may
be due to the dense canopy, to the whipping action
of the massive fronds caused by currents and surge,
possibly to amensalistic qualities known to exist in
this genus, or to all of these working in concert.

Zone Va. In well-protected areas, the large, brown
kelp Phyllogigas grandfo1ius appears at the lower

level of Desmarestrn menzzesii (zone IV) usually about
5 to 7 meters deep, and hangs in curtains down to
as deep as 33 meters, although isolated and stunted
individuals can be found in the shallow subtidal.
Phyllogigas is rare where ice or surge action are
moderate to vigorous perhaps because its holdfasts
easily pull free of the substrate. We have seen it in
abundance only in well-protected areas from Hope
Bay south to the Argentine Islands (figure 1). South
of these islands, floating ice is much more common
between the mainland and offshore islands, and
wave action is vigorous on the west sides of the
islands. These factors may be responsible for the
southern abundance limit of P. grandifolius. The
mucilaginous fronds of this alga may be up to 1
meter in width and greater than 10 meters in length.
Few epiphytes grow on the fronds, although abun-
dant detritus may be present. Under the curtains
of this kelp, animals, especially suspension feeders,
are abundant, but most plants are excluded except
for a few small red algae. Brachiopods (Liothyrella
notorcadensis), tunicates, sponges, holoth urians,
anemones, bryozoans, and hydroids are common
sessile forms in this zone. The sea urchin (Sterechi-
nus neumayeri), starfish (Odontaster validus, 0. men-
dianalis, Diplasterias brucei, Macro ptchaster acerescens,
Lysasterias sp.), and a nemertine (Lineus corrugatus),
all generalized feeders, occur commonly in this
zone.

Zone Vb. In more exposed areas that are still fairly
protected and between variable depths there is an
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Figure 4. Vertical distribution of algal biomass (grams of dry weight per square meter) from transects to the base of a
steep cliff at 13 meters deep on the north side of Bonaparte Point. Subtidal zonation is defined by species composition

and biomass in this protected situation.
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association dominated usually by eight species of
red algae and containing up to nearly 100 species
of algae. These species may appear first between
7.5 and 21 meters, depending on substrate type.
The dominant red algae include the bushy Picco-
niella plumosa, Plocamium coccineum, Pantoneura plo-
camioides, Phyllophora ahnfeltioides, Dasyptilon harveyi,
Cystoclonium obtusangulum, Georgiella confluens and
Pyycodrçs antarctica. Some Phyllogigas may be pres-
ent, and Sarcodia montagneana, Myriogramme spp.,
Callophyllis spp., and Curdiea sp. are commonly
found in this zone. Clumps of the green alga Lam-
bia antarctica grow in areas with some sediment on
the rocks.

Macroscopic animals associated with these plants
are abundant and diverse. They include, as gener-
ally conspicuous elements, the mollusks Patinigera
polaris, Margarella sp., and Austrodoria sp., the aster-
oids Odontaster validus and Porania antarctica, two
species of holothurian s, the crustaceans Glyptonotus
antarcticus, Iathrippasarzs sp., Cymodocella sp., and
Serolis sp., the pycnogonids Colossendeis sp. and Do-

decolopoda s p., the brachiopod Liothyrella notorcaden-
sis, the tunicate Cnernidocarpa sp., bryozoans, sipun-
culans, polychaetes, and at least 50 species of fora-
minifera, many ciliates, nematodes, and other
meiofau na.

Microbiota is also diverse and abundant. Many
species of bacteria and at least 35 species of diatoms
live in great numbers on the fronds of many of
the algae (figure 6).

Two factors seem especially important to the in-
vertebrates that inhabit this zone. For the sessile
suspension feeders, the productivity in the water
column and the stirring of detritus are important.
To the other invertebrates the phytobenthos plays
a primary role both by providing a fod source and
by influencing the primary production and micro-
habitats nearby. Within and close to the bushy red
algae in zone Va and Vb, concentrations of dis-
solved carbohydrates and dissolved and particulate
carbon are three to four times greater than in near-
by seawater. These substances appear to be extra-
cellular products of photosynthesis liberated by the
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Figure 5. Vertical distribution of algal biomass (grams of dry weight per square meter) from transects down the steep cliff
on the south side of Janus Island. Algal zonation is defined by species composition and biomass in this exposed situation.
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Figure 6. Epiphytic biota on
Plocamium coccineum. P.
coccineum, like many of
the macroscopic algae,
supports diverse growths
of bacteria, yeast, and dia-
toms. Scanning electron
micrograph of a dried
specimen. Bar is 100 mi-
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microalgae and by the large populations of attached
epiphytic unicellular algae, especially diatoms. The
extra metabolites have several effects. They increase
water viscosity in the habitats commonly by 10 per-
cent and by as much as 22 percent over seawater
collected just a few centimeters distant. The higher
viscosity resists mixing of water that normally flows
by with the water within the plant foliage, thus re-
ducing turbulence and dilution. Higher viscosities
also may contribute to the large amount of detrital
material and to the greater numbers of microor-
ganisms trapped from suspended material carried
by low velocity currents adjacent to these finely
branching plants. The higher concentration of
dissolved organic substances and detritus supports
very large populations of heterotrophic microor-
ganisms, especially bacteria. Measurements of bac-
terial numbers suspended among the fronds of
various algae are commonly three orders of magni-
tude greater than that of the water only a few centi-
meters away.

These large populations of microorganisms sus-
pended among, as well as those attached to, the
algal fronds result in rapid turnover of nutrients.
Chemical analysis of nutrients among the fronds of
Plocamium, Picconiella, and Pantoneura showed two
to three times higher concentrations of ammonia-
nitrogen and soluble "reactive" phosphorus than

in the water a few centimeters away from the plants.
Measurements from various specimens of these
species showed variation; concentrations of the
nutrients, however, were usually higher among the
fronds of the algae than adjacent to the plants.
Based on in situ experiments, these algae exhibit
lower amplitude nutrient fluctuation compared to
artificial habitats constructed to model the algal
morphology or to that of the adjacent water column
over prolonged periods of time. The microhabitats
with the high trophic resource level provided , by
the host plant and a wide array of attached and
suspended unicellular algae, the rapid turnover of
essential nutrients, and the relative stability all sup-
port a large biomass and diverse fauna of primary
consumers and predators.

There are a few species of macroscopic algae
in zone Va (for example, Delisea pulchra and Gysto-
clonium obtusangulum) that do not support an ex-
tensive epibiota. While these algae possess similar
morphologies to the bushy species and accumulate
large concentrations of dissolved carbohydrates,
species diversity and biomass of all associates are
lower. Sensitivity studies using bacteria isolated
from more favorable habitats indicate the presence
of growth-inhibiting substances in these algae. Var-
ious seaweeds are known to have antibiotic qualities
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(Burkholder and Sharma, 1969), and we believe
these qualities inhibit development of the epibiota.

At about 33 to 40 meters, the red algae zone ends
and is replaced by an assemblage of largely sus-
pension feeding animals dominated by sponges and
tunicates, like the assemblages described from
McMurdo Sound (see Dayton et al., 1970, 1972,
1974). We have not been concerned with this as-
semblage in detail.

Soft, muddy substrates

At the base of the rocky cliffs are mobile sub-
strates, usually flocculent mud but grading into
sand and gravel in some areas. Scattered in these
substrates are angular cobbles and boulders
dropped from icebergs. The soft-bottom faunal
assemblages of Arthur Harbor and vicinity have
been studied by Richardson and Hedgpeth (in
press), by Lowry (in press), and by Kauffman
(1974). The first two studies used remote sampling
devices, either hand or shipboard-operated grabs,
whereas the third study was based on scuba obser-
vations and collections of the community for an
entire year (1972-1973). As suggested by White and
Robins (1972) and by Hardy (1972), biomass esti-
mates based on grab samples from the Antarctic
are usually too low. For example, the deeper bur-
rowing organisms, particularly the bivalve Later-
nula elliptica, are not caught in grab samples.
Another important difference betwee'i the two
techniques involves the choice of sampling sites.
Remote samples are usually selected without view-
ing the bottom, whereas this is possible in shallower
water using scuba techniques. As Kauffman (1974)
showed in Arthur Harbor, grounded icebergs may
gouge and scrape the bottom because of current,
surge, and tidal action. These processes remove or
destroy the entire fauna and flora, and years may
pass before the larger and longer-lived infaunal
species reestablish themselves. Associations of dia-
toms, fungi, forarninifera, copepods, and other
mobile or rapidly reproducing organisms, how-
ever, quickly reoccupy the top centimeter or so,
creating a superficial appearance much like that of
undisturbed soft sediments nearby.

The soft bottoms support infaunal suspension
and detrital feeders and scavengers. No large plants
grow there, although broken and abraded pieces
from the cliffs accumulate in some areas (Kauff-
man, 1974). A rich microflora (bacteria, diatoms,
fungi, etc.) inhabit undisturbed surfaces. Richard-
son and Hedgpeth (in press) and Lowry (in press)
showed that samples taken in different parts of
Arthur Harbor yield different invertebrate assem-
blages, and the same is true at Signy Island (Hardy,

1972) and at Deception Island (Gallardo and Gas-
tub, 1969).

Macroscopic invertebrates occupying the mud
bottom are quite diverse (see Richardson and
Hedgpeth, in press; Lowry, in press). The more
conspicuous elements in this region are the bi-
valves Laternula elliptica and Yoldia eighth, and the
asteroid Psilaster charcoti as infaunal components.
The echinoid Sterechinus neumayeri can be found
grazing diatom films in isolated areas, and the iso-
pods Glyptonotus antarctica and Serolis polita, the
gastropod Neobuccinium eatoni, and the nemertean
Lineus corrugatus are motile scavengers.

Biogeography

We have conducted scuba (lives and remote
sampling from R!V Hero at various places along
the Antarctic Peninsula, from Elephant Island in
the north to Marguerite Bay in the south (figure 1),
a distance of some 1, 150 kilometers, to determine
whether our primary study sites at Arthur Harbor
were typical of the peninsula and to determine the
geographic extent of the assemblages. In general,
places can be found along the entire peninsula from
61 0 to 68030'S. that have plant and animal assem-
blages similar to those we found in Arthur Harbor;
for example, Greenwich Island (Gallardo and Cas-
tillo, 1969), Half Moon Island, Melchoir Islands,
King George Island, Paradise Harbor, Hope Bay,
and Petermann Island (Neushul, 1964; Bellisio et
al., 1972; Bellisio and Tomo, 1974; Castellanos,
1973).
scribed here are outside the western side of the
Antarctic Peninsula, probably east of Signy Island
and south of Marguerite Bay (Dell, 1972). At South
Georgia, additional algal species have been re-
ported, and certainly in the Falkland Islands (Islas
Malvinas) and Tierra del Fuego the assemblages
are quite different but nonetheless include many
of the same species. Dell (1972) considered the
Scotia Arc as perhaps the most important dispersal
route into Antarctica.

The chief factors controlling the composition
and zonation of the assemblages we have docu-
mented appear to be ice abrasion (usually to ap-
proximately 5 meters), exposure to wave action,
light penetration (determined by water color and
turbidity and by the persistence of ice cover), and
an array of physiological and ecological factors.

We received much help in this study from T.
Brand, T. Kauffman, R. Moe, W. Stockton, and
N. Temnikow, who shared their field experience
and data with us. Captain P. Lenie and the crew
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of WV Hero made it possible for us to conduct
field studies along the entire Antarctic Peninsula.
We are grateful to these people. This work was sup-
ported by National Science Foundation grants Gv-
31162 and Opp 74-12139.
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During WV Hero cruises along the Antarctic Pen- were made at 22 locations between Elephant Island
insulainthe 1973-1974 and 1974-1975 austral sum- (61°10'S. 55°14'W.) in the north and Marguerite
iners, collections and observations of marine algae Bay (68°30'S. 68°30'W.) in the south (figure 1).
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Figure 1.

Most of the collections were made using scuba
dives, but collections of intertidal algae and beach
drift were also made where possible (table). Figure
2 summarizes the collections at each location. Most
of the identifications are certain; others remain
tentative pending completion of a study in progress
at the University of California, Berkeley. Although
the list (figure 2) is preliminary, it indicates the
ranges of the algae collected and the composition
of the flora at each site.

The collection sites are divided into two cate-
gories, based on their aspect or exposure. In areas
exposed to waves and currents, usually around off-
shore islands, algae seem to grow in greater density
and diversity than in protected bays and fjords.
The exposed or open coast category is exemplified
by the Joubin Islands near Palmer Station, by
Anvers Island, and by New Rock near Deception
Island. Here, as at other exposed areas, there are
large assemblages of the brown algae Desmarestia
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SAMPLE LOCATIONS
ALGAE	 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

X = Collected
* = Seen but not collected Figure 2.
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Fildes Peninsula,
King George Island
Maxwell Bay,
King George Island
Discovery Bay,
Greenwich Island
False Bay,
Livingston Island
False Bay,
Livingston Island
Byers Peninsula,
Livingston Island

New Rock,
Deception Island
Lâvebrua Island,
Deception Island
Hope Bay
North of Charcot
Bay
Joubin Islands

Flandres Bay
Argentine Islands
Bigo Bay, Cape
Garcia

Darbel Bay, Cape
Bellue
Holtedahl Bay,
Prospect Point
Darbel Bay, Cape
Rey
Square Bay
Henkes Island
(south tip of
Adelaide Island)
Horseshoe Island
Marguerite Bay,
Terra Firma Island

*D , scuba dive; B, beach drift collection; I, intertidal collection.
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menziesii and D. anceps and of red algae to depths	penetration in the two kinds of areas. Offshore
greater than 33 meters. Extreme examples of pro-	water tends to he clear while inshore water usually
tected areas are Flandres Bay and the fjords east	is turbid with suspended sediment and plankton.
of Adelaide Island, where algal growth i5 sparse	In the winter, the ice cover persists longer in bays
and diversity is low,	 and fjords and thus further reduces light.

The most likely explanation for the difference in	In addition to its shading effect, floating ice in
algal assemblages is that there is a difference in light	the form of bergs or brash influences algal growth

Summary of macroscopic algae collection sites along the Antarctic Peninsula,
1973-1974 and 1974-1975 austral summers.

*

	

u	 0	 -

	Latitude (S.)	Longitude (W.	Location	 S	-	Comments

1	74	61014'00"	55009'30"	Elephant Island	D	 17	Boulder bottom
2	74	62009'45"	58057'00"	N.W. coast of	B

Gently sloping,
rocky bottom
Boulder bottom

Cobble and boulder
bottom
Offshore shelf
shelters intertidal
growth
Steep rock face

Immense boulders

Rock slope
Rock slope and
cobble
Rock slope and
cobble, intertidal
pools
Rock slope
Sheer rock wall
Deep channel
between mainland
and islet
Steep rock wall with
ledges
Rock and ice-
furrowed gravel

Rock wall
Boulders

Gravel and boulders
Steep rock wall with
growth only in cracks
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by scouring both inshore and offshore areas. Algae
are stunted in scoured areas, reduced to crusts or
restricted to cracks. Some sampling locations were
affected much more by ice abrasion than others.
Signs of ice scouring usually occur above 5 to 10
meters; however, at Cape Bellue and at Terra
Firma Islands in the south there was evidence of
intense scouring to as deep as 25 meters. Con-
versely, in the English Strait near Greenwich
Island and inside the Joubin Islands group algae
grow without interruption to the intertidal zone
and show very little subtidal evidence of ice action.
The magnitude of the effect of ice abrasion seems
to depend on the nearness of a site to glaciers that
generate floating ice, to the current patterns, and
to the presence or absence of surrounding reefs
and rocks that strand or prevent the approach of
the ice.

The algal assemblages become less dense and
diverse toward the south. Most of the sampling
locations south of the Argentine Islands, however,
were in inshore areas where a high diversity might
not have been expected. At the Henkes Islands site,
at the exposed south end of Adelaide Island, algae
were more abundant and much more diverse than

at other southern sites. Collections near the outer
islands of the southern part of the Peninsula would
likely be similarly diverse.

Of the algae listed in figure 2, only one species
was not also found during the year-long study made
in Arthur Harbor near Palmer Station, but many
algae found there were not seen elsewhere. The
collecting effort, of course, was much greater in
Arthur Harbor; more intense collecting at other
places along the peninsula would certainly add
other species to the list. Especially fruitful places
for future work might be in Discovery Bay, along
the beaches of Livingston Island, the offshore rocks
near Deception island, and the offshore islands
north of Adelaide Island.

We gratefully acknowledge the assistance of P. C.
Silva and the collections at the University Herbar-
ium, University of California, Berkeley. N. Temni-
kow, R. Daniels, D. Lame, and A. Giannini, who
assisted during the scuba dives, and Captain P.
Lenie and the crew of K/V Hero, made it possible
for us to conduct these field studies. This research
was supported by National Science Foundation
grants Gv-31162 and opp 74-12139.

Trophic relationships of selected benthic marine
invertebrates and foraminifera in Antarctica

TIMOTHY E. BRAND
Department of Geology

Graduate Group in Ecology
University of Ca4[ornia, Davis

Davis, Calfornia 96515

The trophic relationships of several invertebrates
in the shallow-water benthic marine communities
of Arthur Harbor, Anvers Island (64°33'S. 63°
35'W.), were studied from January 1974 to Decem-
ber 1974. These studies were carried out using
scuba dives to make monthly collections of speci-
mens of various benthic marine invertebrates and
fish. Individual specimens were placed in plastic
bags to prevent loss of gut contents by defecation
or regurgitation. Gut contents were examined in
the laboratory for percent composition, diversity of
food types, and changes through time, with empha-
sis on foraminiferal content. Other material found
in the plastic bags was used in compilation of gut

content data only if it was obviously defecated or
regurgitated from the animal. Specimens were col-
lected from similar rocky and sand-bottom areas.

The gut contents of two generalized feeders, the
sea urchin Sterechinus neumayeri and the polycheate
Amphitrite kerguelensis, were monitored throughout
the year and were compared to the diets of two
specialized feeders: the scale worm Harmothoe spi-
nosa and the amphipod Bovalia gigantea. A total of
106 specimens of S. neumayeri were examined and
were found to contain a variety of food types. The
mean and standard deviation of the gut contents
over the year (in percent wet volume) were algae
(56 ±29 percent), bryozoans (20 ±21 percent),
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Figures 1A (left) and lB (right). Seasonal fluctuations in the occurrence of amphipods in the gut contents of two generalist
feeders, Sterechinus neumayeri and Amphitrite kerguelensis.

hydrozoans (6 ± 16 percent), Spirorbis sp. (6 ± 16
percent), diatoms (5 ±9 percent), amphipods (4 ±6
percent), and foraminifera (1 ±3 percent). The
amphipods found in the guts included B. gigantea,
A mpelisica bouveri, Pontagenzella s p., Paraperieculo ides
brevims, and Paradexamine sp. Thurston (1970) and
Lowry (1968) found that the population sizes of
these amphipods fluctuate seasonally, increasing
after the spring phytoplankton bloom and decreas-
ing throughout the rest of the year, with minimum
population size occurring just before the onset of
reproduction in October (austral spring). This co-
incides with my diving observations in Arthur Har-
bor. These population fluctuations were reflected
in the percent presence of amphipods in the gut
contents of Sterechinus, which was lowest in the
winter months of August and September (figure
1A). A similar pattern in the percent presence of
the same amphipod species was observed in the guts
of the polychaete A. kerguelensis (figure 111). The
annual mean and standard deviation of gut con-
tents of Amphitrite were made up of sponge (31 ±36
percent), diatoms (26 ±29 percent), algal bits (11
±20 percent), bryozoans (10 ± 18 percent), forami-
nifera (7 ± 16 percent), ostracods (5 ±9 percent),
and amphipods (5 ± 14 percent).

In contrast, the two specialized feeders show less
seasonal fluctuation in the percent presence of
amphipods in gut contents (figures 2A and 2B).

A total of 62 specimens of H. spinosa contained
99 ± 13 percent amphipods by volume, and 50
specimens of B. gigantea contained 99 ±5 percent
amphipods by volume, with the remainder other
crustaceans. The species of amphipods found in
the guts of the generalists were identical to those
found in the specialists, with the exclusion of intra-
specific predation in B. gigantea. This observation
suggests that the amphipods are available in the
winter, and that the specialists are successful in cap-
turing them when these populations are at mini-
mum levels. Rather than a switching phenomenon,
seasonal variation of amphipods found in the gut
contents of S. neumayeri and A. kerguelensis is ap-
parently caused by their opportunistic feeding on
fluctuating numbers of food items in a density-
dependent manner.

Foraminifera play an important role in marine
communities (Lipps and Valentine, 1970). In the
Antarctic, foraminifera were ingested by a number
of invertebrates. In particular, nematodes, juve-
niles of the cephalasphidea opisthobranch mollusc
Philine alata, and an unidentified interstitial poly-
chaete were found to contain almost exclusively
foraminifera. Foraminifera comprise a smaller por-
tion of the gut contents of the bivalve Yoldia eightsi
(19 ±23 percent) and several sedentary polychaetes
including Amphitrite kerguelensis (7 ± 16 percent).
One specimen of A. kerguelensis was found to con-
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tain 30 foraminifera (20 percent by volume). Al-
though foraminifera are of minor importance in
the total gut contents of the limpet Patinigera pola-
ris (3 ±5 percent) and the sea urchin S. neumayeri
(1 ±3 percent), both commonly ingest large num-
bers of them while grazing on algae and bryozoans.
In another grazer, the chiton Nuttalochiton mirandis,
53 foraminifera constituted only 1 percent of the
gut contents by volume while bryozoans constituted
99 percent.

In summary, our data suggest that few organisms
are specialized predators of foraminifera; large
numbers of foraminifera, however, are ingested by
organisms while grazing on other food items. Fur-
ther, seasonal fluctuations in the gut contents of
generalized feeders appear to be greater than for
specialized feeders due to density-dependent feed-
ing by the generalists on fluctuating numbers of
food items.

I thank Nicolas Temnikow and Richard Moe for
their aid in collecting specimens, for their diving
support, and for their helpful discussions. Without
their aid this project would not have been possible.
I also thank Jere H. Lipps for his thoughtful guid-
ance, and Ted DeLaca and Gary Zumwalt for their

assistance in collection and diving support. Holmes
and Narver, Inc., support personnel are thanked
for an excellent job. This research was supported
by National Science Foundation grant o pp 74-
12 139.
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Marine biology at Palmer Station: 1974 austral winter
NicoLAs K. TErvINIKow and TIMOTHY E. BRAND

Department of Geology
and

Institute of Ecology
Universit of California, Davis'

Davis, Cal/ornia 95616

R. L. MOE
Department of Botony

Universil\ of California, Berkeley
Berkeley, California 94720

Ecological studies of the shallow-water marine
benthos started during the 1972-1973 austral sum-
mer (Lipps and DeLaca, 1974) continued during
the 1974 austral winter. A total of 465 scuba dives
were completed by our team along the Antarctic
Peninsula. Most of the dives were in the vicinity of
Arthur Harbor, Anvers Island (64°46'S. 64°04'W.)
(figure 1).

Mr. Brand investigated the trophic structure of
the shallow-water marine benthos in Arthur Har-
bor and vicinity. Although preliminary data indi-
cated that the diets of generalist feeders overlap
considerably, closer examination reveals that food
resources have been partitioned so that each species
has one or two major food items not in common,
thus reducing competition. For example, although

Outcast Islands

Figure 1. Scuba-dive sites in the vicinity of Arthur Harbor, Anvers Island.
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Figure 2. Common gastro-
pod Neobuccinum eatoni
on typical mud bottom near
Palmer Station, Anvers
Island (depth: 25 meters).

Patiginera polaris and Sterechinus neumayeri have four
of their six most important food items in common,
they appear to derive most of their energy from
non-overlapping food items. The sea urchin S. neu-
mayeri consumes bryozoans (20 percent of gut
contents by volume), whereas the limpet P. polaris
ingests calcareous algae (36 percent of gut contents
by volume) and diatoms (22 percent of gut con-
tents by volume). Competition for food resources
is also avoided by the ability to change feeding be-
havior. Two common asteroids, Odontaster validus
and Diplasterias brucei, both feed upon P. polaris,
the brachiopod Liothyrella notorcadensis, and the bi-
valve Yoldia eightsi. Unlike D. brucei, 0. validus pos-
sesses a cardiac stomach and is therefore capable
of deposit or mucoid feeding. Utilization of dif-
ferent food resources thus decreases competition.

Studies of succession begun during the 1973-
1974 austral summer (Lipps and DeLaca, 1974)
continued. Differences in diversity, in biomass, and
in the order of settlement between top and bottom
surfaces of rocks were noted.

Field and laboratory investigations of marine al-
gae were carried on by Mr. Moe; collection of red,
brown, and green algae continued. The year's col-
lection of about 100 species was pressed and pre-
served in formalin (or with a glycerine process)
and now is in the herbarium of the University of
California, Berkeley. A report will be made on firm
identifications and on new distributional records
indicated by the material. Most of the algae seen
during the summer were present throughout the
winter, although not in such abundance. Leptoso-

mia simplex, a large, leafy, red alga that grows luxur-
iantly in shallow water in the summer, disappeared
or was reduced to small portions of the stipe in
April and did not regrow until the end of Novem-
ber when the shallow-water green algae, Mono-
stroma sp., Urospora sp., and Ulothrix sp., also absent
during the winter, reappeared.

Some of the algae collected at different times of
the year and at different depths were dried and
prepared for later chemical analysis to investigate
the production and utilization of the storage
products. Further, comparison of the chemistry of
species thought to be related may be of taxonomic
value.

There were no obvious differences from summer
to winter in algae reproductive states. To elucidate
the life stages of several macroalgae, some of the
algae were placed in culture. Young stages of large,
brown algae (Ascoseira mirabilis and Phyllogigas
grand[olius) were cultured. A report on the repro-
duction and development of these algae and its
significance on their taxonomic placement is in
preparation by Mr. Moe.

Mr. Temnikow investigated the distribution and
ecology of foraminifera in the Arthur Harbor
vicinity. This study was to determine the faunal
composition and population densities of living,
shallow-water, benthic foraminifera and to ascer-
tain the relationship between the foraminiferal as-
semblages and the microhabitats.

Stockton (1973) investigated the distribution of
mud-dwelling foraminifera in Arthur Harbor. A
total of 23 species were identified. He also indicated
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that at least five species of henthic firaminifera
(Globocassidulina crassa, Psammosphaera Jusca, Reo-
phax denta1enifrmzs, Trochammina malovensis, an(1
Hippocrepinella hirudznea) are found either corn-
monly or abundantly. Forms he considered rare
were collected in large quantities on vertical rock
faces where they were living in association with
other, much larger vertebrates.

Direct influence of sediment type on meiolauna,
including foraminifera, distribution is well docu-
mented (Bandy, 1960; Boltovskoy, 1971; Frenkel,
1974; Tietjen, 197 1). Underwater observations and
preliminary data indicate that a definite relation-
ship exists between the firaminiferal assemblages
and the substrate in the Arthur Harbor area. A dif-
fèrence is evident in the species composition and
the morphology of foraminifera found in a soft-
bottom substrate, in the sediment patches inter-
spersed on slopes, and in association with algae
and invertebrates on vertical rock cliffs. Typical
foraminifèra found in association with sponges,
hydrozoans, and other invertebrates include Astro-
nonion stelligera, Bolivina pacfica, Cassidulinoides par-
kerianus, Cibicides refulgens, Crithionina hispida, Pyrgo
elongata, R osalina globularis, Tolipammin a vagans,
Trochammjna ochracea, T. malovensis, and Tuiritel-
lella shoneana.

Other biological and ecological studies included
laboratory culturing of foraminifera to study re-
production. Monthly collections of mud-dwelling

invertebrates (figure 2) near Palmer Station also
should provide data on composition and popula-
tion dynamics of some lesser known benthic inver-
tebrates.

We thank the Holmes and Narver, Inc., winter
crew for their support. This research was sup-
ported by National Science Foundation grants GV-
31162 and opp 74-12139. Finally, we thank ]ere H.
Lipps, University of California, Davis, for his guid-
ance and support.
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Suspended sediments on the Argentine continental
shelf: R/V Hero cruise 75-3

F. R. StEGEL,1 J . W. PIERCE,' and P. P. HEARN''2

'Department ol Geology
The George Washington Universzt'

Washington, I). C. 20052

'Division of Sedimentology
The U.S. National Museum
Washington, D.C. 20560

R/V Hero cruise 75-3 originated in Ushuaia, Ar-
gentina, on 13 May 1975, and terminated in Rio
Gallegos, Argentina, on 28 May 1975 after collect-
ing suspended sediments and grab samples from

44 stations on the southern Argentine continental
shelf (figure 1). In addition to the authors above,
the scientific complement included F. Aragno,
H. R. Aragno, H. R. Gonzales, and H. Nicolli, all
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from Argentina, and L. Joseph, T. Purdy, and D.
Sayala, all from The George Washington Univer-
sity.

Suspended sediments were collected to deter-
mine the potential of southernmost South America
to act as a provenance area for a portion of the
lutite fraction deposited in the Argentine Basin,
as compared to the input from the Antarctic via
Antarctic Bottom Water (AABW), especially the
nepheloid layer, and from the northern part of the
Argentine continental zone. It has been suggested
that the suspended load discharged into the Atlan-
tic Ocean by the major river system of northern
Argentina (Rio de la Plata) is not being transported
across the continental shelf in sufficient quantity
to be an important contributor to the surficial
(Holocene) sediments of the Argentine Basin
(Groot et al., 1964; Biscaye, 1965, 1971). This is
hypothesized on the basis of pollens, clay mineral-
ogy, and radioisotopes present in the uppermost
layers of the sediments. The data did not permit
unequivocal answers on the relative importance of
contributions from other Argentine river systems.
On the basis of clay mineralogy, Biscaye (1965) be-
lieves that the Antarctic was the major source of
lutites in the Argentine Basin, while Groot et al.
(1964), on the basis of palynological data, rejects
the Antarctic as an area of great importance. Iso-
tope techniques also ruled out the Rio de la Plata,
but not the Argentine land mass to the south (Bis-
caye and Dasch, 1974). Ewing et al. (1971) devel-
oped a model of fine-sediment transport into the
Argentine Basin, which pointed to Antarctic Bot-
tom Water (AABW) as the major carrier of sediment
into the basin.

Krinsley et al. (1975) believe that, in sediments
from the Argentine Basin, they are able to distin-
guish between material transported from South
America. From studying the surface textures of 61
quartz sand grains in six samples, they conclude
that AABW transports an important amount of ma-
terial from Antarctica into the basin, but there is
also cross-shelf transport. No attempt was made to
evaluate the relative contribution from the two
sources, since this would require analysis of many
more than six samples. Even a definitive quantita-
tive result on the relative contributions from dif-
ferent source areas of sand-sized material would
not completely identify the source of the much finer
material that by far makes up the bulk of sediment
in the Argentine Basin. Siegel (1973) determined
that if only 5 percent of the combined suspended
loads of the three largest river systems of northern
Argentina bypassed the shelf, this would account
for up to 20 percent of the lutite fraction deposited
in the basin. The problem of the origin(s) of the
lutites in the basin may be resolved by studying
material suspended in the different water masses
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Figure 1 B. Location of stations made during R/V Hero cruise
75.3

(different provenance areas) that may influence
Argentine Basin deposition.

The area studied during this cruise was selected
because of the somewhat greater breadth of the
continental shelf versus that of the northern area,
and because of the lesser loads discharged by the
southern river systems (Rio Chico, Rio Deseado,
Rio Santa Cruz, Rio Coig, and Rio Gallegos) com-
pared to the northern rivers. If lesser amounts of
river-discharged suspended matter and slightly
greater transport paths allow transport of sus-
pended matter across the shelf, it thus is reason-
able to assume that greater suspended loads
coupled with shorter transport paths would permit
a greater amount of suspended matter to be dis-
charged into the Argentine Basin.

Grab samples were collected primarily for re-
search by the Argentine participants, who are
concerned with size and mineral analyses of the
samples as well as measurements of selected geo-
chemical parameters. The grab samples, however,
will permit a comparison of the mineralogy of the
suspended matter with that of the bottom sedi-
ments; further, the samples will permit quantifica-
tion of the various sizes present in the suspended
matter against similarily sized material in the bot-
tom sediments.
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Figure 1A. General location map showing study area and
disposition of major river systems discharging into the Ar-

gentine continental shelf environment.

Sampling. Suspended sediments were sampled
from various preselected water levels at each station
by using a Reda submergible pump (40 liters per
minute capacity) and hose assembly (figure 2). (A
table giving station location, depth to bottom, depth
of sampling level, and salinity at these levels is avail-
able from the authors upon request.) The waters
with their contained suspended matter were col-
lected in 20-liter polyethylene containers. Solid
and liquid phases were immediately separated
using a Millipore filter transfer system with 0.45-
micrometer filters. Water salinity and water tem-
perature were determined on a separate hydrocast
using 1.8-liter Niskin bottles, reversing ther-
mometers, and a Plessy model 6220 salinorneter.
Small volumes of water from the Niskiri bottles
were filtered through 13-millimeter-diameter fil-
ters for use in a scanning electron microscope
study of the suspensates. All suspended sediment
samples were placed in polyethylene centrifuge
vials and then were sealed and stored in the ship's
freezer. Grab samples, taken with an orange-peel
sampling device, were placed in plastic bags and
stored in the ship's freezer.

Laboratory work. After returning to Washington,
D.C., the samples were stored at —5°C until proc-
essing. Each filter was dissolved with four succes-
sive 40-milliliter washes of distilled acetone. The
acetone and solubilized material were separated
from the insoluble fraction by centrifugation and
were decanted after each wash. Two washes with
distilled water followed the acetone washes. Com-
bined decantates from all washes were evaporated
to dryness and stored for later geochemical analy-
sis. The insoluble fraction was transferred quanti-
tatively to preweighed beakers and was air-dried
and weighed to ±0.05 milligrams. Twenty milli-
liters of 30 percent reagent grade H202 then were
added to each beaker and the samples were left in
the solution at room temperature for at least 16
hours, after which they were evaporated to dryness
and were reweighed. Weight loss was expressed as
a percentage of the total sample weight and was
designated as organic matter. The remaining phase
(mineral) was resuspended ultrasonically in a few
milliliters of distilled water, and after partial evap-
oration was transferred as a slurry to a 1-inch
square microslide that was warmed at 80° on a hot-
plate until all the water had evaporated from the
slurry. These slides were used for X-ray diffraction
determinations of the mineralogy of the suspended
detrital matter.

Observations. There is a great range in the quan-
tity of total suspended matter (inorganic plus or-
ganic phases) and in inorganic and organic phases
taken separately. With a few exceptions, the total
amount of suspensate in near-surface samples de-
creases from west (close to shore) to east (toward
the edge of the continental shelf). The values in this
sampling range from 22.15 to 0.10 milligrams per
liter for total suspensates; for mineral and organic
phases, respectively, these values were 21.05 to 0.03
and 1.70 to 0.04 milligrams per liter. The highest
values in near-surface water are present in areas in-
fluenced by river discharge; these values appear to
be dependent both on river discharge and tidal
stage. Some of the increase in concentrations of
mineral matter in the nearshore zone may be due
to resuspension of bottom sediments by waves, al-
though the association of relatively high values with
less saline water suggests a significant contribution
from the estuaries.

The near-bottom suspensates sampled also have
a great range of values. For the total suspended
matter, the range is from 42.48 to 0.10 milligrams
per liter; the mineral and organic phase ranges
are 39.34 to 0.06 and 3.14 to 0.03 milligrams per
liter, respectively. As with the near-surface suspen-
sates, the higher values are associated with near-
shore environments, especially those at or near
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river discharge zones. The near-bottom values are
generally greater than corresponding values higher
in the water column; inversions to this generality
exist, however, particularly in rather shallow, near-
shore areas.

Whereas values for total suspensates or their
mineral fractions decrease from west to east, there
is no systematic change in the amount of organic
matter in the suspended sediments, especially if
measurements are made on samples from stations
beyond the nearshore zone. The absolute values
of organic matter in milligrams per liter is great-
est at nearshore stations, although the percentage
contribution to the total is minimum. These greater
quantities of organic matter at nearshore stations
represent greater productivity in shallower waters.

Figure 2. Submergible pump and hose assembly used for
sampling suspended sediments during RIV Hero cruise

75-3.

The organic fraction of suspended matter in the
study area has a percentage contribution to the
suspensates, which average about 29 percent when
all samples are considered. If suspensates in near-
shore, near-river discharge areas are used for cal-
culation (about one-third of all the samples), how-
ever, the organic fraction contributes only about 8
percent to the total suspended matter. If the other
two-thirds of the sample suite are evaluated (those
away from the nearshore river discharge zones),
the organic fraction contribution to the suspensates
averages about 38 percent. This observation attests
to the fact that, in the rather immediate areas of
discharge, there is a major dilution of organic mat-
ter by mineral matter discharged into the Atlantic
Ocean regime by the Rios Chico, Deseado, Santa
Cruz, Coig, and Gallegos.

The dilution factor is emphasized by the mineral-
ogic makeup of the suspensates present in near-
shore waters compared to that of the suspensates
in waters farther from the coast. The mineralogy,
as determined by X-ray diffraction analysis, shows
the dominance of quartz and feldspar in the near-
shore suspended mineral suite plus the presence of
the clay minerals illite and chlorite as dominant
forms, and kaolinite and montmorillonite as minor
and trace forms. Other minerals identified in the
suspensate mineral suite include clinoptilolite, cal-
cite, and dolomite. In addition to the dominance
of quartz and feldspar in the suspensates of the
nearshore regime, there are other distributional
trends in the clay mineral suite, although at present
not all of the samples have been analyzed by X-ray
diffraction and any conclusions as to distribution
are not yet warranted.

Conclusions. Suspended sediments from the Ar-
gentine river system south of about 48°30'S. are
discharged into the southern South Atlantic Ocean
and their concentrations in continental shelf waters
decrease significantly from west to east (toward the
edge of the continental shelf) in near-surface, inter-
mediate, and near-bottom waters. Nonetheless, in
near-surface waters (10-meter depth where the
bottom is at 140 meters), a minimum of 0.04 milli-
grams per liter of mineral matter is suspended in
the water at the edge of the continental shelf and
is available for transport off the shelf and subse-
quent deposition in the Argentine Basin. Similarly,
in waters closer to the bottom (130-meter depth
where bottom is at 178 meters), a minimum of 0.06
milligrams per liter of the suspended mineral mat-
ter is present near the edge of the continental shelf.
Since these data are based on actual measurements
and are not generated indirectly by calculations
based on other parameters and assumptions, we
can state that the southernmost part of South
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America is a significant source area for a portion
of the lutite sediment being deposited in the Ar-
gentine Basin. Since the discharge of suspended
matter into the Atlantic by river systems draining
the northern part of the Argentine land mass is
much greater than those in the south, and because
the transport path across the continental shelf is
generally shorter than in the south, it could be as-
sumed that suspended mineral matter is carried
across the shelf and is available for transport to
and deposition in the northern part of the Argen-
tine Basin. A systematic study of suspended matter
in Argentine continental shelf waters north of
48°30'S., collated with quantitative physical
samples from the AABW entering the basin, would
enable an acceptable estimate of the relative con-
tributions of lutite from Antarctica and South
America.

On the basis of mostly unpublished data from
Lamont-Doherty Geological Observatory, Ewing
et al. (1971) emphasize that major sediment se-
quences are adjacent to continents, suggesting that
continents are major sources for the sediment.
They also believe that there are no exceptional sedi-
ment accumulations near Antarctica, which sug-
gests that the southern continent has been a major
source of deep-sea sediments. Based on these ideas
and calculations from assumptions on possible sus-
pended loads carried by the AABW nepheloid layer
and probable residence times for the sediment,
Ewing et al. (1971) write that if the major source
of the sediments in the Argentine Basin is South

America, then the fraction brought in is about half
or less of the total (if the assumed residence time
of 1 year is correct). No factual data on quantities
of suspended matter present in waters were pre-
sented, either of total suspended matter or of in-
organic and organic contributions to the total.

The master of WV Hero, Pieter Lenie, and his
crew provided excellent assistance to our program.
This research was supported by National Science
Foundation grant opp 73-09317.
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Diatoms in a phytoplankton sample from the
1907-1909 British Antarctic Expedition

GRETA A. FRYXELL and SAYED Z. EL-SAYED
Department of Oceanography

Texas A&M University
College Station, Texas 77843

In 1907 Sir Ernest Henry Shackleton (1874-
1922) commanded Nimrod on an expedition to Ant-
arctica. The ship was loaded to capacity and had
only about a meter of freeboard when it left Lyttel-
ton, New Zealand; it was too small to carry all the
provisions needed for the expedition, including
coal for the journey to the Ross Sea and back to
New Zealand. So Shackleton hit upon the idea of

having a steel-hulled steamer, Koonya, tow Nimrod
as far as the Antarctic Circle (Fisher and Fisher.
1958). One is reminded of his statement, "Difficul-
ties are just things to overcome," as quoted by Fuchs
(1975). The party wintered over after Nimrod left
the Antarctic for New Zealand on 22 February.

On 20 August 1908 the British Antarctic Expe-
dition took a phytoplankton sample from 50 to 80
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fathoms in Cape Royds, Ross Island. The sample
is now in the Smithsonian Institution. Although
it was full of detritus, it was completely dried out
and is quite well preserved. A portion was cleaned
of organic matter so that the diatom morphology
could be studied (Hasle and Fryxell, 1970) and
examined in light and scanning electron micro-
scopes. Permanent slides were mounted in Hyrax
and are now in the Smithsonian Institution and on
file at the Department of Oceanography, Texas
A&M University. Another sample, in addition to
the one from Cape Royds, was apparently taken

Figure 1. Coscinodiscus
Ientiginosus, phase con-
trast in light microscope
(LM). a. High focus. b. Low
focus. Note tighter "areo-
lae" within radial rows that
are really strutted proc-
esses, and also slit at 6
o'clock position on valve
marking broken labiate
process. Figure 2. Cocco-
neis fasciolata bright field
in LM. Probably a benthic
form. Figure 3. Micropodis-
cus oliveranus bright field
in LM. Wide margin and
areola pattern evident.
Figure 4. Coscinodiscus
furcatus, scanning elec-
tron microscope (SEM).
The girdle bands still are in
place on cell. Figure 5.
Asteromphalus hookeri,
SEM, central fragment of
valve, showing hyaline
rays and a few areolae.

(Scale = 10 microns.)

during the Njmrod's return to New Zealand, and
at least one microscope slide is also at the Smith-
sonian Institution (Fryxell and Hasle, 1972.)

Cape Royds (7733'S. 166°09'E.) is in McMurdo
Sound on the flanks of Mount Erebus on Ross
Island, and probably consists of three kenyte (alka-
line lava) flows (Treves, 1962) that are partially
covered with volcanic agglomerate and lithic tuff,
which form a very rough surface when not covered
with snow and ice. Starting on 12 August 1908,
Shackleton and some of his men took a sledge trip
across Winter Harbour, passing close around Cape
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Armitage and getting back to Hut Point before a
blizzard sprang up. The conditions they found con-
vinced them that they could not rely upon motor-
car as they had originally hoped. According to
Shackleton's notes (Shackleton, 1909), they re-
turned to Cape Royds on 22 August, the first day
that the sun appeared above the horizon.

From its date, the sample under study must have
been taken by the party that was left behind at Cape
Royds during this time. Fuchs (1975, page 15) re-
lates that Shackleton "chose men for their cheer-
fulness; he looked for a sense of adventure, and
particularly for strength of mind. It was plain that
during the expedition this then unusual way of
selecting and employing his party was enormously
successful." It is also plain that Shackleton and his
men appreciated the value of scientific collections.

There is no note in the accounts we have studied
concerning how this sample was taken, although
the depth listed on the bottle suggests that it was
either a net haul or a bottom sample. Because of
the abundance of Coscinodiscus lentiginosus (figures
la, lb), it might be a bottom sample, or the net
touched the bottom, in view of the findings of
Koziova (1966) that this antarctic species is more
plentiful in the sediments than in the plankton. C.
lentiginosus is misplaced in this genus and will be
transferred to Thalassiosira elsewhere (Fryxell, in
preparation). Carbon replica work done by Har-
graves (1968) indicates clearly that the processes
scattered over the valve within rows of areolae are
strutted processes, which are not found in the
genus Coscinodiscus (Fryxell and Hasle, 1974) but
are typical of the genus Thalassiosira as well as some
other centric genera.

Some of the species present (for example, Thalas-
siosira tumida and Charcotia actinochiluc) are typical
of the phytoplankton. Other species, including
Cocconeis fasciolata (figure 2) and Trachyneis aspera,
are usually not found in net hauls from antarctic
cruises. It seems reasonable to assume that some
sort of net or grab was fashioned from available
material and dropped through a hole in the ice
until it touched bottom. It was meritorious that
the Shackleton Expedition, whose goals were
mostly those of exploration, used some of the
limited materials they could bring on the Nimrod
and their time to take scientific samples.

The two most plentiful species in this sample are
probably Coscinodiscus lentiginosus and Micro pothscvs
oliveranus (figure 3). Both species have valves show-
ing considerable variation in structure, and the
heavier frustules may well be resting states. Cosci-
nodiscusfurcatus (figure 4) is shown in excellent con-
dition; some diatoms, such as Asteromphalus hookeri
(figure 5) were broken or showed signs of dissolu-
tion. We cannot determine whether these incom-

plete valves resulted from the season of collection
or from the years of preservation.

When this sample was taken the austral night
was just drawing to an end. Most antarctic field
work is done during the austral summer, and most
of our collections therefore are summer samples.
The problem of what phytoplankton are present
and how they survive during the harsh winter is
rarely explored. This winter sample, taken after
months of darkness, thus has scientific as well as
historic interest.

The following diatoms were found in the sample
taken by the Shackleton expedition on 20 August
1908:

Acnanthes brevipes var. angustata (Grey .) Cleve
Asteromphaius hookeri Ehrenb.
Charcotia actinochilus (E hre nb.) H ust.
Cocconcis Ja.cciolata (Ehrenb.) Brown
Coscinodiscus furcatus Karst.
C. lentiginosus Jan.
C. oculoides Karst.
C. tabularis Grun.
Eucampia balau.stium Casts.
Melosira sol (Ehrenb.) Kütz.
M. sol  var. onima forma polaris (M. Per.) Mang.
Micropodiscus oliveranus (O'Meara) Grun.
Navicula criophila (Castr.) DeToni
N. subantarctica Freng.
N. lyra var. dilatata A.S.
Nitzschia curta (Van Heurck) Haste
N. obliquecostata (Van Heurck) Haste
N. ritscheri (Hust.) Hasle
Porosira pseudodenticulata (H ust.) Zh use
Thalassionema capitulata (Castr.) H u St.
Thalassiosira oestrupii (Ostenf.) Haste
T. tumida (Jan.) Haste
Trachyneis aspera var. intermedia (Grun.) Cleve
Triceratiurn ardicum Brightw.

Also present was the silicofiagellate, Distephanus
speculum (Ehrenb.) Haeckel, common in antarctic
plankton.

We thank Paul S. Conger, Smithsonian Institu-
tion, for his aid in locating and obtaining the ma-
terial for study, Leilani D. Creek for her careful
preparation of the sample for microscopy, and Ann
Dreyfus with her assistance with the plates.
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Newsletter 5

International Antarctic Glaciological Project

The International Antarctic Glaciological Project
(IAGP) coordinating council held its sixth meeting
3-5 September 1975 at the Laboratoire de Glaciolo-
gie, Grenoble, France. C. Lorius (France) chaired
the meeting; other council members present were
W. Budd (Australia), J . Vaugelade (France), D.

Drewry (fir G. Robin,
United Kingdom), C.
Bentley and K. Moulton
(United States), V. Kot-
lyakov (Soviet Union),
and U. Radok (secre-
tary). Observers were V.
Morgan (Australia); J.
Bloch, R. Delmas, F.
Gillet, and L. Lliboutry
(France); K. Kaminuma

(Japan); R. Cameron and J. Kelley (United States);
and M. Grossvald (Soviet Union).

The International Antarctic Glaciological Project is a coopera-
tive venture linking Australia, France, the Soviet Union, the
United Kingdom, and the United States in a study of a large
part of the east antarctic ice sheet. Publication of this newsletter
series in Antarctic Journal is a U.S. contribution to the project.

The agenda included reports on 1974-1975
activities and plans for later field seasons. Reports
were presented on related studies. The concept of
IAGP was reviewed, and the date and place of the
next meeting of the council were decided.

Australia. U.S. geoceiver measurements during
the autumn 1975 traverse on and south of Law
Dome (inland from Casey Station) indicate ice
velocities of around 120 meters a year on the steep-
est part of the slope, zero at the saddle and on
top, and 9 meters per year between the saddle and
the top.

At least one of several internal echo layers near
Cape Folger (66°08'S. 110°44'E.) coinciding with
crystal and air bubble changes has been found to
depolarize radar signals. Similar relationships be-
tween the oxygen- 18/oxygen-i 6 ratio and tempera-
ture were found to hold for Law Dome and for
the rise of the main ice sheet.

Survey of the 2,000-meter contour around the
Lambert Glacier basin indicated positive mass
balance values, increasing in magnitude toward
the Amery Ice Shelf.

In the laboratory, studies of ice deformation
and sliding and computer modeling of glaciers
and ice sheets continued.
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In the future, after remeasurements of the exist-
ing strain net along the Casey-Vostok route, meas-
urements are to be extended toward Vostok. The
2,000-meter contour survey at the western end of
the IAGP area is to be extended into Enderby Land,
and a similar survey is contemplated to cover the
sector between Casey and Mirnyy.

France. Values of oxygen-18/oxygen-16 ratios
from exploratory cores taken on dome C conform
with those expected from traverse results on the
Dumont D'Urville-Vostok route. Gross 1 activity
profiles agree with well-documented South Pole
profiles and give an accumulation estimate of 3.7
centimeters of water per year for dome C.

Laboratory studies were made of ice deformation
and sliding, and geochemical analyses were made
of firn and ice.

Plans were presented for a major drilling opera-
tion on dome C, but subsequently were modified
in the light of logistics setbacks to the U.S. pro-
gram early in the 1975-1976 season. Plans are being
developed for coring a 1,000-meter hole nearer the
Adélie Coast.

Soviet Union. Renewed logging of the 940-meter
borehole at Vostok has shown appreciable contrac-
tion over the depth range 500 to 900 meters, but
no change in the inclination of the hole to the ver-
tical. Examination of the core microstructure has
shown a series of zones with marked changes in
crystal characteristics and changes in the content
of minerals and ions (probably of climatic origin).

Experiments in determining ice flow from radar-
echo signal fluctuations were made near Molodezh-
naya, and drilling methods using nonfreezing
liquid were tested in a 330-meter hole in the Novo-
lazarevskaya ice shelf.

Studies in theoretical glacier mechanics were
made in the laboratory.

Glaciological traverses will continue along the
Mirnyy-Vostok route with radio-echo sounding,
stratigraphic studies, and intermediate depth drill-
ing. Experiments with deep-drilling techniques and
logging of deep holes will continue at Vostok. A
geomagnetic traverse from Pionerskaya (69'50'S.
95°30'E.) to dome C and on to Dumont D'Urville
is planned for the International Magnetospheric
Study.

necessary to show if isolated domes are present.
Soundings also have confirmed French gravity
measurements hr the presence of a 20 kilometers
wide trench containing more than 4,000-meter ice
along the Dumont D'Urville to Vostok route.

Immediate plans are to reduce and present echo
sounding results for the !AGP area and to develop
an automatic scanning system for faster photo-
graphic analysis. During the 1976-1977 and 1977-
1978 seasons radar-echo sounding flights are to be
continued in cooperation with the United States
and Denmark over IAGP and other areas. A tenta-
tive program for a geophysical ground survey of
the dome C area will be developed into a coopera-
tive iAGP program by a council subcommittee
headed by Dr. Drewry.

In the laboratory, investigations were made on
physical processes giving use to internal echos in
ice.

United States. An automatic weather station was
tested and prepared for possible use at dome C.
Geoceiver measurements at dome C have given its
elevation as 3,240 meters.

The emphasis for 1975-1976 was on the recovery
of damaged airplanes from dome C. Two planes
have been repaired and were flown out, and plans
are to recover the third during the 1976-1977 field
season. With the addition of two new Lc-130R air-
planes in 1977, the long-term programs on echo
sounding and deep drilling will continue, with an
increasing emphasis on analysis and interpretation
in the United States. Laboratory work to date has
emphasized study of accumulation processes pro-
ducing core in homogeneities.

Other matters. The council received reports on
projects related to IAGP. It considered a draft re-
view of IAGP progress to date, which will be pub-
lished in modified form with bibliography in Ant-
arctic Journal of the United States. The council
appointed R. Cameron joint IAGP secretary and ac-
cepted an invitation from C. Bentley to hold its next
meeting at the University of Wisconsin, Madison,
7-9 September 1977.

United Kingdom. Denmark-United Kingdom-
United States echo sounding from the 1974-1975
season suggests that the ice surface configuration
in the dome C vicinity appears to primarily be a
long, flat ridge; very detailed soundings will be
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LC-130F 148320 lands at McMurdo Station on 26 December 1975. The airplane
was the first of two recovered from dome C during the 1975-1976 field season.

News and notes

Two Hercules
recovered

TwO of three U.S. ski-equipped
C-130 Hercules airplanes dam-
aged and temporarily abandoned
at dome C (74°30'S. 123°10'E.) in
East Antarctica were repaired
and flown to Christchurch, New
Zealand, in December 1975 and
January 1976.

The airplanes were flown out
by U.S. Navy Antarctic Develop-
ment Squadron Six (vxE-6),
which also repaired the first air-
plane and assisted crews of the
Lockheed-Georgia Company
(Marietta, Georgia) and the Naval
Air Rework Facility (Cherry
Point, North Carolina) in repair-
ing the second.

The first recovery came on 26
December, when LC-130F 148320
flew the 1,150 kilometers from
dome C to McMurdo Station. On
28 December the airplane went
on to Christchurch, where it re-
ceived more extensive repairs;
by early February it was back in
full service.

Hercules 320 had been at dome

C since 4 November 1975, when
its takeoff was thwarted by ajATO
(jet-assisted takeoff) canister that
broke free from its mounts and

struck the number 3 propeller.
Debris from the shattered propel-
ler sliced through the airplane's
fuselage, damaging essential elec-
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trical wiring on its way (see No-
vember/December 1975 Antarctic
Journal, page 323).

Hercules 159129, newest of the
three dome C airplanes, flew
from the remote site in East Ant-
arctica on 14 January—i day less
than a year after its nose ski and
nose landing gear collapsed dur-

At its 178th meeting, the Na-
tional Science Board, chaired
by Norman Hackerman, noted
with great pleasure the recent
reports of the recovery of two
damaged Lc-130 airplanes
from East Antarctica, and ac-
knowledged this effort by pass-
ing the following resolution:

"Resolved, that the National
Science Board expresses con-
gratulations and appreciation
to the commander, Naval Sup-
port Force, Antarctica, and to
all the organizations and per-
sonnel involved in the success-
ful recovery of two damaged
Lc-130 aircraft from the polar
plateau in East Antarctica.
Members of the board are
aware of the most difficult con-
ditions under which the air-

ing takeoff. The 15 January 1-975
accident occurred only hours
after a JATO canister exploded
and disabled Lc-130F 148319 at
the same site (see March/April
1975 Antarctic Journal, page 61).

Working in average summer
temperatures of around –30°C
and at an altitude of 3,240 meters,
a 13-person team from the U.S.
Naval Support Force, Antarctica,
returned to the dome C field
camp in early December and built
a skiway for smoother landings
and takeoffs. The team, under
the direction of Army Captain
Timothy Sweeny, originally in-
tended to construct the skiway a
month earlier using a special

snow plane that was to have been
delivered to dome C on the next
flight following that of 320's acci-
dent. Instead, they were tem-
porarily evacuated from the site
on 16 November while Navy and
National Science Foundation of-
ficials drew up new plans to re-
cover three—instead of two—air-

craft repairs were undertaken
and anticipate that this re-
markable achievement will be
recognized as a major feat in
aviation and antarctic history."

Robert H. Rutford, head of
the National Science Founda-
tion's Office of Polar Pro-
grams, telegraphed the resolu-
tionto Captain Eugene W. Van
Reeth, Naval Support Force
commander, adding, "All of us
in the Office of Polar Programs
join the National Science
Board in passing on our con-
gratulations for this tremen-
dous effort. You can feel
proud of your accomplishment
with the knowledge that you
have recovered and returned
to use valuable national as-
sets."

planes from dome C.

With the skiway's completion
on 19 December, a 17-person
vxE-6 repair crew—as the Sup-
port Force team had done earlier
—acclimated for a few days at
Amundsen-Scott South Pole Sta-
tion, and on 22 December arrived
at dome C. In 3 days the vxE-6
crew changed 320's damaged en-
gine and propeller and completed
temporary repairs to the electri-
cal system and fuselage. Navy
Commander Daniel A. Desko,
who in ceremonies on 6 Decem-
ber at McMurdo's International
Square relieved Commander
Fred C. Holt as commanding of-

ficer of vxE-6, piloted both 320
and 129 to McMurdo.

The 20-person team from
Lockheed-Georgia and the Naval
Air Rework Facility commenced
repairs to LC-130R 129 on 22
December, also following accli-
mation at South Pole Station.
Working in two shifts around the
clock, the team completed its
work in 17 days. Once certified
ready for unpressurized flight at
reduced speed and with no cargo,
the airplane flew safely to Christ-
church on 20 January.

Recovery of the two airplanes
should enable the antarctic pro-
gram to begin its 1976-1977 field
season with a complement of four
Lc-130s, and thus to return to
more normal field operations. Re-
covery of the third Hercules, 319,
at dome C is scheduled for next
season.

Siple Station closed
for 1976 winter

As early as 4 November 1975,
when the third LC-130 Hercules
airplane was damaged at dome C
(see November/December 1975
Antarctic Journal, page 323) in East
Antarctica, it became apparent
that the lack of airplanes during
the 1975-1976 field season might
prevent resupply of Siple Station,
2,250 kilometers from McMurdo
Station.

Then, in December 1975, the
12-person summer crew came
down with gastrointestinal ail-
ments. In mid-December one
member of the crew showed
symptoms of hepatitis. The entire
crew was evacuated to New Zea-
land via McMurdo on 1 January
1976. The hepatitis was con-
firmed in the one person who had
shown symptoms at Siple, but the
other crew members tested nega-
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Ice-damaged Military Sealift Command tanker USNS Maumee at McMurdo Station on 26 January 1976. Despite a 5-meter
gash in the double-hulled ship's bow, Maumee safely delivered about 15.9 million liters of liquid petroleum fuel products
in an annual resupply of the U.S. antarctic program. The damage occurred on 21 January in heavy pack ice at 71037'W.
177°46'E., in the northern Ross Sea about 725 kilometers north of McMurdo. Internal damage to the ship was limited to
a water tank; none of the ship's cargo spilled into the sea. Maumee, escorted through McMurdo Sound by the U.S. Coast

Guard icebreaker Burton Island, departed McMurdo on 29 January for repairs in the United States.

lively for hepatitis. Because of the
sickness, and the continuing iii.-
ited availability of airlift in Ant-
arctica, coupled with. the lateness
of the austral summer season, the
decision was made to close Siple
for the 1976 austral winter.

Plans are to reopen the station,
which was thoroughly cleaned
and disinfected prior to closing,
during the 1976-1977 summer.

Exchange scientist
opportunities

The National Science Founda-
tion is accepting applications
from U.S. scientists in biology,
biomedicine, geology, geo-
physics, glaciology, meteorology,
and upper atmosphere physics
for a year of research at one of the
Soviet Union's antarctic stations

beginning in November 1976.
Salary and costs of field research,
data analysis, and travel are fully
covered. Competence in the Rus-
sian language is desired.

Before submitting a formal
proposal, applicants are encour-
aged to contact Walter Seelig,
Office of Polar Programs, Na-
tional Science Foundation, Wash-
ington, D.C. 20550 (telephone:
202/632-4078).
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New deadline for
proposals

Beginning this year, proposals
for antarctic field work must be
received at the National Science
Foundation by 1 June of the year
preceding the proposed field
work. Thus, proposals for field
work in the 1977-1978 austral
summer and the 1978 austral win-
ter are to be submitted by 1 June
1976.

The change, which was
prompted by a shift in the Federal
fiscal year, will enable the Foun-
dation to make most award deci-
sions at least a year before re-
searchers are to go into the field.
Proposals not involving field work
will be accepted at any time.

Fiscal 1977 funds
requested

The President's budget pro-
posal to the Congress for fiscal
1977 (1 October 1976 to 30 Sep-
tember 1977) includes $45 mil-
lion for the U.S. Antarctic Re-
search Program. This amount.
contains, for the first time, full
reimbursement to the Depart-
ment of Defense for antarctic
logistics and support and pay-
ments to the Department of
Transportation for Coast Guard
icebreaker operations in support
of the program south of 60°S.

The requested amount permits
restoration of antarctic research
efforts to the level planned for
fiscal 1976. It is a part of the Na-
tional Science Foundation's fiscal-
1977 budget of $812 million, 11

percent above the fiscal 1976
level. The Foundation's proposed
budget represents "a major effort
on the part of the Administration
to bolster science," said director
H. Guyford Stever.

Researcher awarded
medal

The Chapman Medal of the
Royal Astronomical Society has
been awarded to Syun-Ichi Aka-
sofu, professor of geophysics at
the University of Alaska Geophy-
sical Institute, Fairbanks.

The medal, which is expected
to be presented to Dr. Akasofu
in London later this year, recog-
nizes his work on the interaction
of charged particles with the geo-
magnetic held, and in particular
his interpretation of polar and
magnetospheric substorms. Dr.
Akasofu is the principal investi-
gator of a continuing University
of Alaska project to study midday
auroras in the Antarctic.

New movie,
"Antarctica," available
for television use

A 57-minute color movie on the
U.S. antarctic program, com-
pleted in 1975, is available fr
television use from Modern Talk-
ing Picture Service, Inc., 2323
New Hyde Park Road, New Hyde
Park, New York 11040 (tele-
phone 516/437-6300).

Titled "Antarctica," the film
was made for the National Science
Foundation by Image Associates,
Washington, D.C. It was awarded
the Golden Eagle by the Council
for International Nontheatrical
Events.

Deaths

RobertJ. Buettner, manager of
contract logistics support pro-
vided to the U.S. antarctic pro-
gram by Holmes and Narver,
Inc., died after being struck by an
assailant during an apparent rob-
bery of his Sherman Oaks, Cali-

Robert J. Buettner

forma, home on 2 December
1975. Police apprehended a sus-
pect in the case.

Mr. Buettner, 61, joined
Holmes and Narver in 1967 and
had been associated with the U.S.
antarctic program since 1969.
After a brief term as coordinator
of the company's antarctic bio-
science support activities, in 1970
he became project manager of
antarctic support services under
contract from the National
Science Foundation. In this capa-
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city he managed Holmes and
Narver's antarctic program-
related operations (see July!
August 1975 Antarctic Journal,
page 198) at McMurdo, South
Pole, and Siple stations, and at
Christchurch, New Zealand, and
Port Hueneme and Anaheim,
California. In May 1975 his
Holmes and Narver duties in-
creased to manage a second
Foundation contract to support
the R/V Hero/Palmer Station re-
search system. Mr. Buettner
traveled to Antarctica seven
times.

Born in Buffalo, New York,

Mr. Buettner received the B.A. in
zoology from the University of
California, Los Angeles. He also
attended the University of Buf-
falo. During World War II he was
a captain in the U.S. Army.

Mr. Buettner is survived by a
daughter, Ann C. Berke of Can-
yon Country, California, and by a
son, Robert L. Buettner, also of
Sherman Oaks. His wife, the
former Harriette Harris, died in
1969.

Gerald E. Reilly, Jr., a Coast
Guard seaman aboard USCGC

Glacier, was electrocuted while
standing watch on 22 January
1976 in the ship's boiler room at
70025 F S . 137040'W., in the west-
ern Amundsen Sea.

Glacier was en route from
McMurdo Station to Palmer Sta-
tion, on the Antarctic Peninsula,
at the time of the accident. The
icebreaker returned Mr. Reilly's
remains to McMurdo for air
transport to the United States.

Mr. Reilly, of Independence,
Missouri, was born on 2 August
1956. His was the 43rd U.S.
fatality in the Antarctic since
1946.

Foundation awards of funds for antarctic projects

1 July to 31 December 1975

This new service is intended to acquaint readers with recent developments in the U.S. program for
Antarctica. The list below is retrospective to the beginning of fiscal 1976. Each succeeding issue of Ant-
arctic Journal of the United States will list awards made in the preceding quarter-year. For example, the
June issue will list awards made in January, February, and March 1976.

Amounts listed are for National Science Foundation antarctic program funds only. A few investigators
with bipolar projects are funded using both arctic and antarctic funds, and the full amounts of their
awards are not shown. Very large awards, as to the Department of Defense for logistics and support,
often are made incrementally throughout a fiscal year, so the amounts shown in any one list may not
reflect the annual rate. Nearly all research awards, however, are for a 1-year period.

Funding tallies by discipline for each full fiscal year will be appended to the awards list for the final
quarter of that year.

Atchley, William R. Texas Tech Univer-
sity. Genetic adaptation in the midge
Belgica antarctica. OPP 72-00475.
$8,300.

vatory. Assessment of Adlie penguins.
OPP 74-15582. $34,300.	 Brownell, Robert L. Smithsonian Institu-

tion. Stock assessment of Minke whales.
OPP 75-19221. $21,500.

Dayton, Paul K. Scripps Institution of
Oceanography. Benthic community in-
vestigations. OPP 75-08074. $40,000.

DeWitt, Hugh H., James D. McCleave,

Biology and medicine

Ainley, David G. Point Reyes Bird Obser-
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John H. Dearborn. University of Maine,
Orono. Abundance, diversity, and
trophic dynamics of benthic fishes and
invertebrates. OPP 74-08565. $72,500.

El-Sayed, Sayed Z. Texas A&M Univer-
sity. Productivity, ecology, and signi-
ficance of primary producers in the
marine ecosystem. OPP 75-09288.
$52,500.

Muchmore, Harold G. Oklahoma Medical
Research Foundation. Biomedical as-
pects of human adaptation to south
polar stresses. OPP 72-05787. $84,000.

Murrish, David E. Case Western Reserve
University. Cardiovascular dynamics in
homeotherms. OPP 74-18368. $20,500.

Parker, Bruce C., Arthur F. Linkins,
Robert A. Paterson. Virginia Polytech-
nic Institute and State University.
Modeling of freshwater and terrestrial
ecosystems. OPP 72-05781. $70,000.

Parmelee, David F. University of Minne-
sota. Charadriiform bird adaptations to
the environment. OPP 74-21374.
$30,000.

Risebrough, Robert W. University of Cali-
fornia, Berkeley. Organochloride pol-
lutants in ecosystems. OPP 75-23520.
$25,900.

Siniff, Donald B. University of Minnesota.
Marine-mammal populations and be-
havior in pack ice. OPP 75-17719.
$28,200.

Siniff, Donald B. University of Minne-
sota. Behavior and population dy-
namics of seals. OPP 73-09316. $50,800.

Geology and geophysics

Cartwright, Keros. University of Illinois,
Urbana, Ground water and hydrology
in dry valleys of southern Victoria Land.
OPP 73-05917. $18,500.

Decker, Edward R., Scott B. Smithson.
University of Wyoming. Geothermal
studies of the McMurdo Sound re-
gion. OPP 72-05804. $5,100.

Denton, George H. University of Maine,
Orono. Late Cenozoic glacial history.
OPP 74-20991. $62,400.

Dott, Robert H. University of Wisconsin,
Madison. Sedimentology and stratig-
raphy of South Georgia and Navarino
Island. OPP 72-05799. $25,800.

McGinnis, Lyle D. Northern Illinois Uni-
versity. Dry Valley Drilling Project.
OPP 71-01656. $100,899.

Slichter, Louis B., Leon Knopoff. Uni-
versity of California, Los Angeles. Solid
earth geophysics at the South Pole. OPP
71-04023. $90,000.

Treves, Samuel B. University of Nebras-
ka, Lincoln. Site and borehole geology
for Dry Valley Drilling Project and Ross
Ice Shelf Project. OPP 72-05800.
$27,300.

Meteorology

Callahan, William. National Oceanic and
Atmospheric Administration. Meteor-
ological monitoring. OPP 71-00186.
$76,200.

Carroll, John J . University of California,
Davis. Atmospheric processesand
energy transfers. OPP 74-01791.
$93,200.

Cobb, William E. National Oceanic and
Atmospheric Administration. At-
mospheric electrical measurements.
OPP 75-15989. $2,000.

Coulson, Kinsell L. University of Califor-
nia, Davis. Computer services. OPP
76-00215. $45,400.

Hall, Freeman F. National Oceanic and
Atmospheric Administration. At-
mospheric acoustic echo sounder. OPP
74-24415. $21,500.

Hofmann, David J . University of Wyo-
ming. Measurement of chlorofluorocar-
bons, N20, and aerosols in the strato-
sphere. OPP 76-01901. $1.

Hogan, Austin W. State University of New
York, Albany. Aerosol measurements.
OPP 74-22534. $22,900.

Kelley, John J . University of Alaska.
Mobility assignment of John J . Kelley
to National Science Foundation. OPP
74-23818. $41,490.

Kuhn, Peter M. National Oceanic and At-
mospheric Administration. Climatic
alterations in the thermal radiation
budget. OPP 75-22137. $3,000.

Lettau, Heinz H. University of Wisconsin,
Madison. Climatonomy of dry valley re-
gions, southern Victoria Land. OPP
74-0041. $25,000.

Schwerdtfeger, Werner. University of
Wisconsin, Madison. Meteorological ob-
servations. OPP 76-00434. $5,559.

Sechrist, Frank S. University of Wisconsin,
Madison. Synoptic meteorology. OPP
75-03512. $41,600.

Shaw, Glenn E. University of Alaska. Size
distribution of background aerosols as
determined from measurements of at-
mospheric transparency. OPP 76-
01899. $19,400.

Smiley, Vern N. Desert Research Insti-
tute. Origin of ice crystals in south polar
precipitation. OPP 75-18761. $56,100.

Upper atmosphere physics

Balsley, B. B. National Oceanic and At-
mospheric Administration. Establish
VHF auroral radar at Siple Station. OPP
75-03089. $18,800.

Barcus, James R. University of Denver.
Ionizing radiations and their effects on
the middle atmosphere. OPP 76-01349.
$22,400.

Chivers, Hugh J. A. University of Cali-
fornia, San Diego. High latitude ionos-
pheric absorption. OPP 76-00740.
$10,500.

Wilson, Charles R. University of Alaska.
Atmospheric infrasound. OPP 73-
05897. $42,000.

Wood, John D. U.S. Geological Survey.
Magnetospheric dynamics (U.S. ex-
change scientist to Soviet antarctic sta-
tion). OPP 76-06895. $45,700.

Ocean sciences

Gordon, Arnold L. Columbia University.
Hydrography (cruise 7, Islas Orcada.$).
OPP 74-12838. $38,400.

Hayes, Dennis E. Columbia University.
Reactivation of marine geophysical
equipment on Islas Orcadas. OPP 74-
02238. $18,200.

Kellogg, Thomas B. University of Maine,
Orono. Quantitative paleoclimatic
analysis of Ross Sea continental shelf
sediments. OPP 75-15524. $421500.

Kennett, James P. University of Rhode
Island. Micropaleontological and paleo-
environmental studies of marine sedi-
ments. OPP 75-15511. $20,000.

Warnke, Detlef A. California State Uni-
versity, Hayward. Petrography and
geochemistry of sediments from Ar-
gentine Basin and periphery (cruise 7,
Islas Orcadas). OPP 76-01005. $21,300.

Wise, Sherwood W. Florida State Univer-
sity. Coring (Islas Orcadas). OPP 74-
20109. $17,700.

Services and support

Buettner, Robert J . Holmes and Narver,
Inc. Station operation and other sup-
port. C-793. $1,092,500.

DeVore, George W. Florida State Uni-
versity. Curation of core and rock col-
lections. C-1059. $92,000.

Johnson, James R. Holmes and Narver,
Inc. Operation of Palmer Station and
research ship Hero. C-852. $1,147,000.

Peter, Carl H. Department of the Navy.
Procurement of two new LC-130R ski-
equipped airplanes. C-165. $18,000,000.

Thuronyi, Geza T. Library of Congress.
Abstracting and indexing service for
current literature. CA-30. $105,000.

Van Reeth, Eugene W. Department of
Defense (U.S. Navy). Logistics and
support. CA-55. $13,145,000.
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International travel

Bentley, Charles R. University of Wiscon-
sin. Grenoble, France, August 1975, for
International Union of Geodesy and

Geophysics meeting. OPP 75-23518.
$830.

Hughes, Terence J . University of Maine,
Orono. Grenoble, France, August 1975,
for International Union of Geodesy
and Geophysics meeting. OPP 75-
21518. $930.

Sivaprasad, K. University of New Hamp-
shire. Copenhagen, Denmark, Decem-
ber 1975 to January 1977, for research

and study. OPP 76-04395. $666.
Thompson, Lonnie G. Ohio State Uni-

versity. Grenoble, France, August 1975,
for International Union of Geodesy
and Geophysics meeting. OPP 75-
17854. $820.

Zinsmeister, William J . Ohio State Uni-
versity. Bahia Blanca, Argentina, Sep-
tember 1975, for Argentine Geological
Congress. OPP 75-21050. $905.
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Monthly climate summary

November 1975	 December 1975	 January 1976
Feature	 McMurdo Palmer* South Pole McMurdo Palmer* South Pole McMurdo Palmer* South Pole

(date)	(date)	(date)	(date)	(date)	(date)	(date)	(date)	(date)

Average temperature (°C) - 11.0	-2	-37.9	-5.4	0	-27.0	-2.6	1	-27.4

Temperature maximum	-0.6	3	-23.8	5.6	4	-22.6	5.0	6	-19.5
(°C)	 (11/29)	(11/17)	(11/27)	(12/30)	(12/20)	(12/4)	(1/10)	(1/15)	(1/17)

Temperature minimum	-26.1	-9	-47.9	-11.7	-6	-32.8	-23.4	-2	34.3
(°C)	 (11/6)	(11/4)	(11/5)	(12/3)	(12/1)	(12/25)	(1/24)	(1/6)	(1/29)

Average station
pressure (mb)	 985.44	 681.68	994.58	 688.79	993.91	 692.0

Pressure maximum (mb)	997.63	 691.84	1006.10	 697.26	1008.13	 703.0
(11/27)	 (11/26)	(12/12)	 (12/25)	(1/19)	 (1/16)

Pressure minimum (mb)	968.85	 670.84	979.68	 679.65	982.39	 684.2
(11/13)	 (11/3)	(12/3)	 (12/3)	(1/8)	 (1/2)

Precipitation (mm)	 1.27	 trace	10.16	 trace	0.05	 trace

Snowfall (mm)	 12.70	 trace	101.64	 trace	0.51	 trace

Prevailing wind direction	900	 450	700	 1150	700	 900

Average wind speed	5.2	 5.0	4.3	 5.8	5.2	 3.4
(m./sec)

Fastest wind speed	20.6	 12.4	16.5	 13.4	17.9	 12.4
(mlsec)	 1600	 250	900	 00	1800	 900

(11/9)	 (11/1)	(12/14)	 (12/4)	(1/11)	 (1/4)

Average sky cover
(tenths)	 5.2	 4.0	7.1	 2.5	6.9	 3.4

Number clear days	 8	 9	6	 17	3	 15

Number partly cloudy
days	 14	 9	8	 13	10	 2

Number cloudy days	8	 4	17	 1	18	 14

Number days with
visibility less than 0.4 km	0	 8	0	 2	0	 0

*Temperature data unverified.

The Director of the National Science Foundation has determined that the publication of this periodical is necessary in the transaction of the public business required
by law of this agency. Use of funds for printing this periodical has been approved by the Director of the Office of Management and Budget through September 30, 1979.
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