
and Fauna, the APG this year established as official
policy for U.S. citizens in Antarctica the recognition
of 15 Specially Protected Areas and 2 Specially Pro-
tected Species. These measures were recommended
to governments at the Fourth Antarctic Treaty Con-
sultative Meeting in November 1966 following their
formulation by the nongovernmental international
Scientific Committee on Antarctic Research.

The adoption of controls over the specially identi-
fied species and areas means that permits for the
collection of a Specially Protected Species or for
the collection of native plants in a Specially Protected
Area will be issued only for compelling scientific rea-

sons and then only when collections do not jeopardize
the existing natural ecological system or the survival
of the species.

This extension of the principles of conservation
and the preservation of living resources in the Ant-
arctic is welcomed by scientists and others concerned
with the inroads of man on the ecological balance of
the south polar regions. The philosophy of the Agreed
Measures and the dedication of the Treaty Nations
to their fulfillment have been greeted as a significant
reversal of the historical succession of exploitation,
concern, and tardy protection of a nearly depleted
natural resource.

International Weddell Sea Oceanographic Expedition-1968

ROBERT L. DALE*

Office of Antarctic Programs
National Science Foundation

Until a few months ago, virtually all knowledge of
the Weddell Sea was limited to its periphery. Except
for a few observations that had been made along the
drift tracks of Wilhelm Filchner's Deutschland
(1911-1912) and Ernest Shackleton's Endurance
(1914-1916), waters of the central and western
regions of the sea remained largely unknown. With
the completion of the first phase of the International
Weddell Sea Oceanographic Expedition (IWSOE-
1968), knowledge of the physical and biological
properties of the sea underlying this hitherto im-
penetrable ice cover has been greatly expanded.

The U.S. Antarctic Research Program's interest in
obtaining oceanographic data in the Weddell Sea
dates back several years. Initial plans called for ski-
equipped airplanes or icebreaker-borne helicopters
to place field teams on the sea ice to drill holes and
lower sampling equipment by means of portable
winches. Operational difficulties of this approach led
to the present concept of an international, multidisci-
plinary, two-icebreaker oceanographic survey con-
ducted during two austral summers.

The United States assigned to the undertaking its
most powerful icebreaker, USCGC Glacier (WAGB-'-
4), commanded by Captain 0. L. Dawson, USCG,
and Argentina provided the icebreaker ARA Gen-
eral San Martin.

For service as a research platform, Glacier was
modified to accommodate five laboratories, an ex-
pendable bathythermograph launcher and recorder,

*USARP Representative on the expedition.

a Salinity-Temperature-Depth (STD) winch and re-
corder, a hydrographic winch, a special luffing crane,
a PDP-8S computer, a Precision Depth Recorder, a
satellite navigation system (SRN-9), an Automatic
Picture Transmission (APT) system for recording
satellite photos, and a hastily assembled trawl winch.
The APT was backed up by satellite-photo ice analy-
sis provided by the Environmental Science Services
Administration. Arrangements were made for some
of the research data to be relayed to the United
States by communication satellite.

General San Martin also was equipped to make
STD measurements and to carry out other physical
oceanographic studies on a limited basis.

The primary objective of IWSOE-1968 was to
place four Norwegian instrumented buoys on the
Weddell Sea's continental slope to measure, for a
period of one year, the temperatures and deep cur-
rents that are believed to be associated with the form-
ation of antarctic bottom water. In addition, a mini-
mum of 53 oceanographic stations were planned for
occupation over the two-year period in order to
provide a reasonable evaluation of the physical and
biological characteristics of the sea. These stations,
which were selected to permit investigation of the
waters of the continental shelves, slopes, and deeps at
average intervals of about 100 nm, were plotted with-
out regard to ice concentration. The studies carried
out were of primary productivity (Texas A&M Uni-
versity), benthic zonation (University of Connecti-
cut), sub-ice productivity (University of Miami),
sedimentation (Florida State University), trace met-
als (Yale University), and seal populations (Univer-
sity of Minnesota). The Coast Guard Oceanographic
Unit (CGOU) obtained hydrographic data, bottom
photographs, cores, and samples for trace-metal
analysis.
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Oceanographic station summary (IWSOE-1968).

-	 Primary productivity	 Sub-ice
productivity	 Seal/penguin

	

0	 j	 Benthic	blood
0 cczonation	sampling 1

	

! .	 2	0 4	E	 ,	sampling	(retained
CO	0	 '0	5	 .0	 '	 a '	gear	specimens

a	
CO	 0	 initalic)

0001	6	650	629	 13	 X	X	2	 X	 Epibenthic sled, 4 crabeaters.
anchor dredge.

0002	6	544	515	515	 X	X	 44.5	 X Epibenthic sled. 2 Weddells.
1 crabeater

0003 9	503	 458	42	X	X	X
0004	4	476	 392
0005	0	450	434	434	12	X	 X	2	 9	 x	X Epibenthic sled,2

Van Veen grab. 1 Adelie
0006	0	360	319	319
0007	6	433	380	380
0008	6	640	 03	 X	X	 X	 1 crabeater
0009	9	603	 456	 Van Veen grab.
0010	8	604	566	566	09	 X	X	2

0011 10	454	415	415	21	 X	X B&W	30.48	 X	2 Blake trawls. 4 Weddells.
2 crabeaters

0012	9	421	 400
0013	5	507	499	499 24	X	X	X Col/B&W 20.3/43.8/	X	X	Blake trawl,2

21.6	 Van Veen grab.2
0014	5	243	 194 24	 X	X
0015	0	768	518	518
0016	0	384	356	 21	X	X	X B&W	39.37/45.22
0017	1	695	597	 B&W
0018	4 1,926	1,869	 20	X	X	X B&W	51.34/52.32	X	X	Epibenthic sled, 2 crabeaters.

anchor dredge.
0019	8 2,008	2,003	 24	 X	X B&W	55.88/70.61	X	 5 crabeaters.
0020	9 1,472	1,333
0021 10 1,780	1,775	 23	 X	X	2	 65.02/70.61	X
0022 10 2,315	2,310	3 24	 X	X	2	 X	 3 Weddells.
0023 10 2,561	2,545	I	 B&W
0024 10 2,551	 I	25	 X	X	 X	 1 crabeater.

	

I	 1 emperor
0025	9 2,926	1,103	 X
0026	4 3,142	2,935	 17	 X	X	 88.0/25.5	 X	Epibenthic sled.2
0027	7 3,173	1,035	I
0028	9 3,264	3,260 I	31.5	 X	X	 X	Van Veen grab.2 2 crabeaters.

1 Adelie
0029	9 3,167	959	I	 2 emperors

2 Adélies
0030	9 3,655	3,649	__!_	 X
0031	9 3,440 1,000/3,434	26	 X	X B&W	 X	 7 crabeaters.
0032 10 3,535 1,000/3,532 2,000	39.5	X	 Double Core.	X
0033 10 3,512	 3,000
0034	9 3,475	500	 44.5	 X	X	 X
0035	9 3,877	2,066	 Col
0036	9 3,884	1,024	2,000	31	X	X	X	 X	 1 Weddell,

3 crabeaters.
0037 10 3,861	3,855	2,000	 Double Core.
0038 10 3,713	1,015	 19.5	X	X	X	 Anchor dredge.
0039	8 3,432	3,428	2,000	 X
0040	9 3,371	1,018	 22	X	X	X	 X	X	Anchor dredge. 2 crabeaters
0041	8 3,895 1.000/3,890 2,000	 X	X
0042	1 4,023 1,000/4,013	13	X	X	X	 X	X	(Mid-water	2 crabeaters

trawl.)2
0043	0 4,219 1,150/4,213 2.000
0044	0 3,995	988	 13.5	X	X	X	 Double Core.	 Anchor dredge.
0045	0 3,887 1,000/3,881 2,000	 X	X B&W
0046	0 3,877	1,006	 13.5	X	X	X	 (Mid-water

trawl.)
0047	0 4,178 1,000/3,615 2,000	 X	X	 112.0
0048	0 4,133	1,020	 20	X	X	X
0049	0 4,404 1,000/4,401 2,000	 (Mid-water

trawl.)
0050	0 4,279	1,000	 34	X	X	X
0051	9 3,713	1,000	3,100
0052	9 3,838 1,000/3,828 1,000	38	X	X	X	 81.28/83.82	X	X	Anchor dredge. 1 crabeater.
0053	9 3,585	1,014	 46	X	X	X	 X	X
0054 10 3,663 1,000/3,658 2,000	 X	X B&W
0055	9 3,338	1,014	 43	X	X	X	 X	X	X Biol. hot. trawl.
0056	9 3,109 1,000/2,931 3,000	 X	X	 81.28/86.36
0057 9 3,210	929	 X	X	X	 X	X
0058	9 3,219 1.321/3,200	 X	B&W
0059	9 3,146	1,013	 21.5	X	X	X	 X
0060	9 2,487 1,000/2,100 2,420	34	X	X	Col/B&W 93.34/74.93	 Anchor dredge.2 1 Weddell.

1 Weddell
0061	8 1,317	 B&W

I Three crabeaters were sampled and retained before reaching	2Attempt unsuccessful.
station 0001, and one leopard seal and five elephant seals were sam-
pled after leaving station 0061 (the leopard seal was retained).	 2 STD inoperative from station 0016 through station 0030.
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(Photo by ES8,4)

Oceanographic stations
in the Weddell Sea.

One of numerous satellite photos
used in ESSA's analysis of ice con-
ditions in the Weddell Sea during
IWSOE-1968. Heavy concentra-
tion of ice in the western region is
prominent (see chart on facing
page). Outline of continent has
been added. (Photo taken by
ESSA-3 satellite, orbit 6,233,

frame 11, February 10, 1968.)

Analyses of sea-ice conditions from satellite photos
made prior to the commencement of IWSOE indi-
cated the possibility that less ice would be present
during the 1967-1968 austral summer than had been
expected. Therefore, it seemed prudent to attempt
to complete, in the first season, those stations planned
for the areas considered to be perennially covered by
ice, since it might prove to be more difficult to pene-
trate them the following year. It was expected that
Glacier would be able to occupy about half of the
proposed stations during the period planned for the
1968 expedition (from January 20 to March 15).

Glacier's departure from Punta Arenas, Chile,
where 12 USARP and 8 CGOU participants boarded
the ship, was delayed six days to await the arrival of
a multiple water sampler that was to be attached to
one of the bottom-water current meters. Surface sam-
ples and temperature measurements were obtained in
the Drake Passage and the Scotia Sea. Two rendez-
vous were made with San Martin to exchange scien-
tific information—one at Esperanza Station and the
other at station 0043. During the ship's passage
through the Weddell Sea, four large, tabular icebergs
encountered at widely spaced intervals were marked
for possible charting of their later movements.

After an intensive bathymetric survey to confirm
the configuration of the continental slope at approxi-
mately 74°S. 40 0 W., the four Norwegian current
meters were emplaced at station 0001. Attached to
one of the arrays was the water sampler, set to collect
a sample of water every 10 2/3 days.

After completing station 0012, the schedule was in-
terrupted for a few days while Glacier proceeded
directly to Halley Bay in response to a medical emer-
gency.

Considerable revision, of the proposed station sched-
ule was necessary when progress was slowed by ice
conditions or lengthening periods of darkness as the
ship steamed northward. The schedule was gradually
changed to one which allotted two hours at Local
Apparent Noon (LAN) for collecting data on pro-
ductivity and eight hours at night for making Nansen
casts and obtaining STD data, bottom photography,
and cores. In addition, both scuba divers and seal-

(Compiled by T. Kvinge)
Preliminary bathymetric chart of the Weddell Sea. Isobaths
are based on satellite navigation (SRN-9) fixes and tem-

perature-corrected echo soundings.
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census parties were placed on floes by boat or heli-
copter. Trawling operations and seal-census flights
were carried out as opportunities arose.

In all, Glacier and San Martin occupied 70 stations,
which was more than twice the number planned for
the first season. The information obtained (the types
of which are indicated for each station in the table)
will become available, after refinement and filing,
through the National Oceanographic Data Center.
Because the data were collected at locations precisely
fixed by satellite navigation, their value is expected
to be considerably greater than would have been the
case otherwise.

Among the numerous side benefits of the expedi-
tion were the compilation of an updated bathymetric
chart of a large part of the Weddell Sea and the
development of techniques for obtaining significant
quantities of physical data even where 10/10 con-
centrations of ice were encountered. About 80 per-

cent of the 5,000 nm covered by Glacier in the Wed-
dell Sea were through ice, and 90 percent of the
stations were occupied in areas where no oceano-
graphic research had been conducted previously.

IWSOE-1969, which will commence early next
January, will have as its objectives the retrieval of
the submerged buoys, further collection of data from
the waters under perennial ice, and extension of the
survey grid to the southwestern and northeastern por-
tions of the sea. The cruise, which is expected to be of
12 weeks' duration, will consist of two parts—the first
into areas of heavy or medium ice concentration, and
the second into areas of light ice concentration. In
addition to the scientific equipment Glacier now
carries, she will have gear for taking deep cores,
which should enhance the geologic potential of next
year's phase of the expedition.

Descriptions of projects conducted during IWSOE-
1968 are given in the following articles.

Investigations of Currents Related to the
Formation of Antarctic Bottom Water

THOR KVINGE

Geophysical Institute
University of Bergen

and

JAN A. STRØMME

Chr. Michelsen Institute, Bergen, Norway

Antarctic bottom water is formed principally in
the southwestern part of the Weddell Sea. It is a mix-
ture of warm deep water and water formed on the
continental shelf. The shelf water gets its particular
properties by vertical convection due to cooling and
ice formation. Owing to the nonlinear dependency
of density of sea water on temperature and salinity,
the processes determining the formation of bottom
water are hampered or even prevented until a certain
stage has been reached. The formation of bottom
water may, therefore, appear as a sudden flow, with
related strong, or at least perceptible, current speed.

Opportunity for performing investigations of these
conditions was provided by the National Science
Foundation through arrangements it made for the
authors to participate in IWSOE-1968.

The investigations were based on four submerged
buoy stations, each consisting of instruments set to
measure temperatures and current speeds and direc-
tions at one-hour intervals. The battery and tape-
storage capacities of the buoys are sufficient to re-
cord about 14 months of observations. One of the

buoys was equipped with a multiple water sampler
provided by Professor H. Stommel of the Massa-
chusetts Institute of Technology. The water sampler
was programmed to take one sample each 10 2/3 days
in Pyrex containers free of bacteriological or metallic-
ion contamination.

The buoys were placed on the continental slope
near 74°S. 40°W. at a depth of about 700 m. All
instruments were located about 20 m above the bot-
tom, and each buoy was equipped with an acoustic
release mechanism, which will free the anchor weight
when triggered to do so.

Provided that the recovery of the instruments is
successful in IWSOE-1969, it is expected that the
data will give valuable information on the formation,
magnitude, and extent of antarctic bottom water.

U.S. Coast Guard Oceanographic Unit's
Participation in IWSOE-1968

ROBERT B. ELDER

U.S. Coast Guard Oceanographic Unit
Department of Transportation

The Coast Guard Oceanographic Unit's program
in IWSOE-1968 consisted of physical oceanographic
measurements, nutrient and pH determinations, bot-
tom photography, and gravity coring. This work
was planned to augment or supplement other pro-
grams sponsored by the National Science Founda-
tion.
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