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International Southern Ocean Studies, 1974-1975
VICTOR T. NEAL

School of Oceanography
Oregon State University
Corvallis, Oregon 97331

A new Phase of physical oceanographic research
in the Antarctic, International Southern Ocean
Studies (isos), is being inaugurated during 1974-
1975 as part of the International Decade of Ocean
Exploration. The major goal of isos is to determine
the relationship of circumpolar dynamics to global
ocean circulation and to its possible role in world
weather and climate.

ISOS includes activities both in the field and at
home institutions. Activities at home institutions in-
volve production of a physical oceanographic data
bank, Preparation of review papers, theoretical/

Executive committee members for International Southern
Ocean Studies include: D. James Baker, Jr. (co-chairman),
University of Washington; Arnold Gordon, Lamont-Doherty
Geological Observatory; Worth Nowlin, Jr. (co-chairman),
Texas A&M University; Bruce Warren and Ferris Webster,
Woods Hole Oceanographic Institution. Dr. Neal is inter-
national coordinator.

numerical modeling studies, and summer workshops.
Field activities in 1974-1975 include a pilot pro-

gram to obtain oceanographic data under austral
winter sea ice, a systems field test of surface drifters,
and a multi-ship expedition to the Drake Passage-
Scotia Sea region. The sea ice program's first phase
was carried out successfully in McMurdo Sound in
September 1974. Temperature and current profiles
from under the sea ice will be used to plan a second
field program in 1975.

Field testing of surface drifters is being planned.
The test schedule depends on successful launch of
the Nimbus-F satellite. The drifters are designed to
obtain meteorological and sea surface temperature
data (other sensors may be added to later models)
and to transmit this information via satellite. Drifter
paths will he determined by satellite. The drifters are
of potential use to the First Global Atmospheric
Research Program Experiment.

The Drake Passage-Scotia Sea expedition is known
as the First Dynamic Response and Kinematics Ex-
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periment (F DRAKE) of isos. The expedition will be
carried out from aboard R/V Conrad (Lamont-
Doherty Geological Observatory), from ARA Islas
Orcadas (operated by the Argentine navy), and from
R/V Melville (Scripps Institution of Oceanography).

F DRAKE is to obtain a description of the energy-
containing space and the time scales of the Antarctic
Circumpolar Current in the Drake Passage region,
including efforts to delineate the path, the baroclinic
structure, and the property distributions of the Cir-
cumpolar Current and its spatial relation to the Polar
Front in the Drake Passage-western Scotia Sea region.
F DRAKE data will be used to plan a long term
transport monitoring experiment on the current sys-
tem's response to large scale atmospheric forcing in
the southern ocean.

F DRAKE studies will be aimed at the following
aspects of the Antarctic Circumpolar Current system:
(1) description of velocity and temperature char-
acteristics from time series data taken at year-long
moorings in the passage; (2) description of mass and
property fields in the Drake Passage, in the western
Scotia Sea, and over the North Scotia Ridge and
eastern Falkland (Malvinas) Plateau; (3) descrip-
tion of spatial configurations and interrelationships
of the baroclinic Antarctic Circumpolar Current and
of the Polar Front in the western Scotia Sea.

Formation and outflow aspects of antarctic waters
will receive special attention during F DRAKE. A de-
tailed description also will be made of the Polar Front
Zone at one location in the Scotia Sea, and the posi-
tion of the Polar Front near the North Scotia Ridge
and Falkland (Malvinas) Plateau (possible region
for significant formation of Antarctic Intermediate
Water) will be determined.

Scientists aboard Melville and on Islas Orcadas
plan hydrographic sections of physical and chemical
measurements to examine baroclinicity across Drake
Passage. Current meters then will be installed from
Melville. Additional hydrographic stations will be
made during the deployment and retrieval of a short
term current meter array. The short term array of
moorings with 23 velocity and 16 temperature re-
corders will be left in place for the cruise's duration.
A long term array of 19 current and 11 temperature
recorders will be moored to obtain time series velocity
and temperature measurements in deep and bottom
water. Data from the short term array will be the
only time series information available from the region
for study during 1975 on which plans can be made for
a 1976 field effort. Melville also will install two
internally-recording pressure gages on each side of
the passage to remain in place on the continental
shelves (at depths of approximately 100 meters) for
a year. The measurements should provide useful esti-
mates of cross stream pressure changes.

When the mooring work in the passage is complete
Melville will make several deep stations in Brarfield
Strait, an area of possibly active deep convection and
water formation that has not yet been sampled with
deep salinity-temperature-depth (STD) and nutrient
measuring equipment.

Conrad will obtain bathymetric, expendable bathy-
thermograph (xBT), and hydrographic data in the
deep passage vicinity over the North Scotia Ridge at
48° to 49°W. A short term current meter mooring
will be made there and another will be made just
west of the knoll at the eastern end of the Falkland
(Malvinas) Plateau. Scientists aboard Conrad will
obtain extensive hydrographic data across the Polar
Front north of the North Scotia Ridge as well as
along a transect to as far south as 60°.

Sailing schedules permitting, the ships will rendez-
vous to test equipment and to intercalibrate sensors.
Comparison of data from the STD stations, the re-
versing thermometers, the laboratory salinometers, and
the oxygen and nutrient determinations will help to
standardize thermohaline and chemical data from the
multi-ship program.

The rendezvous area will be the starting point for
a detailed study of the Polar Front. Closely spaced
XBT and STD stations will be made from two ships in
the Polar Front Zone between 43° to 59°W., since
this region is of additional particular interest. Based
on available data—such as the depth of the salinity
maxima and relative dynamic topography—the
Circumpolar Current may consist of two "cores" of
large baroclinic pressure gradients. The northernmost
seems to continue downstream from Drake Passage
along the southern flank of the North Scotia Ridge
to about 45°W. where it crosses the ridge. The
southern core seems to meander downstream, prob-
ably influenced by bottom topography, and perhaps
divides or becomes diffuse within the central Scotia
Sea.

The Polar Front exhibits a large meander pattern
where it crosses the North Scotia Ridge between 46°
and 50°W., with the most commonly observed posi-
tion being over the deep passage at 48 0 to 49W.
This feature is unique in that at no other region
around Antarctica does the Polar Front take north
to south orientation and even reverse direction (i.e.,
from south-southeast to north-northwest).

Oceanographers participating in F DRAKE from
Lamont-Doherty Geological Observatory, Oregon
State University, Texas A&M University, and Uni-
versity of Washington will use results of F DRAKE to
plan future field work. Present plans are to replace
the long term current meters in January 1976 to
continue monitoring the circumpolar flow for an addi-
tional 12 months.
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Insight

Antarctic Research Center

F. ALTON WADE
The Museum

Texas Tech University
Lubbock, Texas 79409

The Antarctic Research Center was established in
1971 at the Texas Tech University (TTu) MuSeum
to facilitate studies of rocks and minerals collected in
Antarctica by TTU investigators, to reduce field notes,
and to prepare reports and papers for publication.
Before 1971 this work was done in the offices and
laboratories of the Department of Geosciences, TTU.

The Museum, founded in 1935, moved into a new
complex of buildings in November 1970. Large areas
of the complex were allocated to various research
activities. The Antarctic Research Center--including
an office, laboratories, a drafting room/library, and
a large storage area for rock hand specimen collec-
tions—is housed here. Dark room photographic
facilities are available.

In addition to facilities in The Museum, the center
has access to instruinents--including x-ray and x-ray
fluorescent equipment, microscopy equipment, and
paleomagnetic determination equipment—in the TTU
geosciences and biology departments.

A collection of over 7,000 rock specimens is housed
in the storage area. These include specimens collected
by TTU field parties and those collected by others in
1934 and 1940. Thin sections of over 1,400 rock speci-
mens are available for petrographic studies.

TTU's involvement in antarctic research began in
192 with a three-person geological survey )arty in
the Shackleton Glacier area of the Queen Maud
Range. Since 1962 six TTU geological and one geo-
physical exploration parties have done austral summer
research in Antarctica under National Science Foun-
dation sponsorship.

Dr. Wade is director of the Antarctic Research Center,
Texas Tech University.

The center staff includes a director, two graduate
research assistants, and a secretary. The number of
participants in the program is increased as needs arise.
Available for consultation and assistance is the teach-
ing and research faculty of the Department of Geo-
sciences. Antarctic research under the direction of
Dr. R. W. Strandtman, Department of Biology, is not
included in the center's activities.

The center's investigations have been limited largely
to geological surveys of two areas: (1) Queen Maud
Range, Transantarctic Mountains, in the specific
vicinity of Shackleton Glacier; (2) Marie Byrd Land
and western Ellsworth Land. Areal mapping, distri-
butions of rock types, and major structural features
were studied first. These were followed by more de-
tailed studies of key areas. The basement complexes
in both areas are receiving particular attention. Re-
sults of these efforts are represented by published
preliminary and final reports, by special papers, by
geological snaps, and by doctoral dissertations.

Programs planned for the future include:

1. Zonation of Precambrian metasediments by
means of iiiicrofossils such as achritarchs.

2. Detailed geologic surveys, in cooperation with
several institutions, of specific areas in Byrd and
Ellsworth lands. In addition to basic bedrock geology,
this program will include a comprehensive age de-
termination project, paleomagnetic studies, gravity
and magnetic measurements, Tertiary-Recent volcanic
studies, and glaciology and geomorphology studies.

3. Survey of mineral resources in Marie Byrd and
Ellsworth lands.

The center's collections are available to any inter-
ested and qualified investigator. Inquiries should be
directed to the Antarctic Research Center, The
Museum, Texas Tech University, Lubbock, Texas
79409.

November/December 1974	 291



U.S. Antarctic Research Program, 1973-1974
This section contains the balance of reports on U.S. programs in Antarctica and on related Stateside data

analyses and support activities during 1973-1974. Earlier installments of such reports were in the July/August
and September/ October issues.

Seal and bird populations off Adélie,
Clairie, and Banzare coasts

A. W. ERICKSON, R. N. DENNEY, and
J . J . BRUEGGEMAN
College of Fisheries

University of Washington
Seattle, Washington 98195

A. A. SINHA
Veterans Hospital and Department of Zoology

University of Minnesota
Minneapolis, Minnesota, 55417

M. M. BRYDEN
School of Anatomy

University of Queensland
Saint Lucia 4067, Australia

J . OTIS
Department of Poultry Science

University of Minnesota
Saint Paul, Minnesota 55108

From January 11 to February 12, 1974, seal and
bird population studies were conducted in the pack
ice of the eastern Indian Ocean off Adélie, Clairie,
and Banzare coasts, Antarctica (figure 1), using the
USCGC Glacier and its two HH-52A helicopters. Our
efforts were limited due to an unfortunate series of
engine problems aboard Glacier and to a helicopter
air frame failure. These difficulties restricted our
census since Glacier could penetrate the ice pack only
slightly and safety considerations limited the one
usable helicopter to 40 kilometers in distance from
the ship. Also, our research was cut short by a week
because of Glacier's early recall to assist the disabled
supply ship USNS Maumee at McMurdo Station.
Despite these handicaps, a creditable amount of census
and collateral studies was accomplished.

Aerial censuses of seals were conducted over 249
square nautical miles distributed along eight transects
(table 1). A total of 2,072 seals, 408 penguins, and
three whales were observed during these censuses. Seal

density was 8.3 per square nautical mile; species
composition was 81.5 percent crabeater (Lobodon
carcinophagus), 8.7 percent Weddell (Leptonyclotes
weddelli), and 4.9 percent each leopard (Hydrirga
leptonyx) and Ross (Ommatophoca rossi) (figure 2).

Shipboard censuses of seals totaled 50.6 square
nautical miles distributed over 10 areas (figure 1)
and yielded 610 seals (table 2). Average seal density
in these censuses was 12 per square nautical mile;
species composition was 93.3 percent crabeater, 3.3
percent leopard, 2.1 percent Ross, and 1.3 percent
Weddell. The slightly higher seal density observed in
the shipboard surveys and the compositional differ-
ences observed between the aerial and shipboard sur-
veys is because the shipboard surveys concentrated
along the outer ice limits, a region of higher crabeater
seal densities (Siniff et al., 1970; Erickson et al.,
1970).

The unadjusted seal density (Erickson et al., 1970)
observed in 1974 along the pack ice of Adélie, Clairie,
and Banzare coasts markedly exceeds the unadjusted
3.9 seals per square nautical mile observed in 1973
along the adjacent Oates and George V coasts
(Erickson et al., 1973), and is somewhat higher than
the 6.0 seals per square nautical mile observed in 1972
in the Amundsen and Bellingshausen seas (Erickson
et al., 1972). The 1972 and 1973 surveys, however,
were distributed more deeply into the pack ice, a
region of lesser seal density.

Based on aerial survey comparisons, species compo-
sition of antarctic seals shows lesser proportions of
crabeaters and correspondingly greater proportions of
Weddells and Rosses along the pack ice of Adélie,
Clairie, and Banzare coasts censused in 1974 (table 1)
than for more westward areas previously censused
(Erickson et al., 1970, 1972, 1973). The percentage
of Ross seals observed increases from west to east.
These values were .01 percent of the seals observed
in the Weddell Sea, 1.5 percent in the Amundsen and
Bellingshausen seas, 2.5 percent along the Oates and
George V coasts, and 4.5 percent along the Adélie,
Clairie, and Banzare coasts. These statistics support
the contention of Hofinan et al. (1973) that the Ross
seal is not an endangered species.

Concomitant with shipboard surveys, a bird
census was taken (table 3). This effort revealed only
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Table 1. Seals, whales, and penguins observed during aerial pack ice surveys of Adélie, Clairie, and Banzare coasts, Antarctica
(January 1974).

.	-
bLL

V+c	Oo	—°
Census	 Seals

	

Area	Total	pertransect	Longitude Latitude	
O	

Whales (NM 2 )	seals	NM2number Date	(E.)	(S.)

1	1/18
2	1/21
3	1/21
4	1/22
5	1/25
6	1/26
7	1/27
8	1/28

	

135 0 58'	650 28'	191

	

134 0 24'	650 25'	96

	

133 0 09'	650 35'	52

	

131° 40'	660 00'	213

	

128 0 48'	650 37'	139

	

125 0 40'	650 20'	572

	

123°41'	65°40'	307

	

122°29'	65°46'	119

8	88	4	45	1 Killer	49.6	291	5.87
8	18	42	8	1	1 Menke 46.1	164	3.56
4	4	3	3	-	 17.9	63	3.52
3	24	13	1	2	-	31.5	253	8.04

14	25	4	16	-	-	28.5	182	6.39
36	5	20	1	16	 24.5	633	25.84
23	9	4	19	15	 25.0	343	13.72

6	7	11	18	263	1 Menke 25.9	143	5.52

Totals	 1,689	102	180	101	111	297	3	249.0	2,072	8.32

eight species of birds in the pack ice along Adélie,
Clairie, and Banzare coasts; the snow petrel
(Pagodroma nivea) and the Adélie penguin (Py-
goscelis adéliae) predominated. Table 4 presents a
comparison of birds observed in three antarctic pack
ice sectors. These data identify five species as com-
prising the bulk of the bird fauna in the pack ice of

Weddell, Amundsen, and Bellingshausen seas, and of
the eastern Indian Ocean. The most ubiquitous was
the snow petrel; this species comprised over 50 per-
cent of the birds observed in Adélie, Clairie, and
Banzare coastal pack ice areas. The remaining four
species (Adélie penguin, antarctic petrel, arctic tern,
and emperor penguin) varied greatly in numerical
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Table 2. Seals observed during shipboard surveys in pack ice of the Adélie, Clairic, and Banzare coasts, Antarctica
(January 1974).

a

8

-eV	 0	-00
Census	 -	a	 Seals

Vtransect	 Longitude	Latitude	 Area	Total	pei

	

o	°	° ,
	(NM2)	seals	NM2number	Date	(E.)	(S.)	 .	 .

1	1/18	1360 00'	650 28'	13	-	-	-	3.3	13	3.94
2	1/19	134°27'	65°13'	9	1	1	1	1.0	12	12.37
3	1/20	1340 10'	650 15'	31	2	-	4	4.1	37	8.98
4	1/21	1340 43'	650 30'	53	1	4	-	10.4	58	5.58
5	1/23	129°00'	65°25'	36	-	-	-	7.4	36	4.86
6	1/24	129°00'	65°50'	50	2	2	2	5.0	56	6.79
7	1/25	128°27'	65°25'	262	6	1	2	5.6	271	48.39
8	1/26	125°04'	65°21'	87	5	-	4	8.6	96	11.14
9	1/27	1230 11'	650 50'	24	3	-	-	3.8	27	7.01

10	1/28	122°23'	65°44'	4	-	-	-	1.4	4	2.86

Totals	 569	20	8	13	50.6	610	12.04

	

and compositional abundance between areas (table 4).	made on 10 crabeater, six Ross, and eight Weddell

	

Supplemental to the 1974 seal censuses, several	seals. Effective dosages were 2.5 milligrams per kilo-

	

collateral investigations of antarctic seals were done.	gram for crabeaters, 3.0 milligrams per kilogram for

	

The first of these studies concerned tests of the drug	Rosses, and 2.0 milligrams per kilogram for Weddells.

	

xylazine hydrochloride (Rompun, Bayer) as a seal	The efficacy of xylazine hydrochloride as an im-

	

immobilizer. A total of 24 monitored drug trials were	mobilizing drug for seals was reflected in the fact that

Table 3. Birds observed in pack ice of Adélie, Clairie, and Barizare coasts, Antarctica (January 1974).

Number of birds observed

V
0	 0 V

	

.Eto cl .	-

	

V0 	q.-
o	 £	 71n,	 -

V
IV

	

0_u	. 0 •-	$ 0

Area Census z8p ^0
.	-	.	- Dens ty

pe

	

3.3	0.50	17	1 -----18	5.
1.0 0.75 --------0 0

	

4.1	2.25	7 -----7	1.7

	

10.4	3.75	7	33	1	1	 42	4.0

	

7.4	4.50	29	13 126	14	2	2	1	187	25.3

	

5.0	6.50	73	13	71	41	3	3	5	209	41.8

	

5.6	4.75	108	6 119	2	1	4	18	258	46.1

	

8.6	4.25	63	2	74	8	1	2	4	154	17.9

	

3.8	3.50	19	2	23	1	1	3	1	50	13.1

	

1.4	.75	2	36	1	1	 40	28.6

Census

	

number Date	Latitude	Longitude

	

1/18
	

65° 28' S.	136 0 00' E.
2
	

1/19
	

65° 13' S.	1340 27' E.
3
	

1/20
	

65° 15' S.	1340 10' E.
4
	

1/21
	

65° 30' S.	1340 43' E.
5
	

1/23
	

65° 25' S.	129 0 00' E.
6
	

1/24
	

65° 50' S.	129 0 00' E.
7
	

1/25
	

65° 25' S.	128 0 27' E.
8
	

1/26
	

65° 21' S.	125 0 04' E.
9
	

1/27
	

65° 50' S.	123 0 11' E.
10
	

1/28
	

65° 44' S.	1220 23' E.

Totals	 50.6	31.5	301	53 490	66	10	13	31	1 965	19.1
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Figure 2. The rare Ross seal (Ommutophoca rossi).

	673	13.4	8.8	2.6

	

93	1.8	1.2	0.4

	

3,473	68.9 45.4 13.6

	

449	8.9	5.9	1.8

	

335	6.6	4.4	1.3
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5	0.1	0.1	T

	

I	T	'I	1'

Snow petrel
(Podroma nivea)
Adélie penguin
(Thalassoica antarctica)
Adelie penguin
(Pygoscelis adeliae)
Emperor penguin
(Aptenodytes fUrs/en)
Arctic tern
(Sterna paradzsaea)
Southern giant petrel
(Macronectes giganteus)
Sduth polar skua
(Gatharacta sp.)
Wilson's storm petrel
(Oceanites oceanicus)
Southern fulmar
(Fulmarus sp.)
Cape pigeon
(Daption capensis)

	

3,516	34.2	39.9	9.6	490	50.8 15.5	9.7

	

4,894	47.6	55.6 13.4	66	6.8	2.1	1.3

	

24	0.2	0.3	0.1	301	31.2	9.5	5.9

	

30	0.3	0.3	0.1	53	5.5	1.7	1.1

	

1,672	16.3	19.0 45.7	1	0.1	T	T

	

65	0.6	0.7	0.2	10	1.0	0.3	0.2

	

8	0.1	0.1	T	31	3.2	1.0	0.6

	

7	0.1	0.1	T	13	1.4	0.4	0.3

	

53	0.5	0.6 0.1 -	-	-	-

I T T T - - - -

only one mortality occurred, this following a crabeater
resedation using phencyclidine hydrochloride. The
death of this animal consequently is not attributed
to xylazine hydrochloride. The most significant aspect
of the drug tests was the successful immobilizing,
without a mortality, of eight Weddell seals. Weddell
seals have proven particularly liable to drug deaths
(Sterling, 1966; Hofrnan et al., in press). Conse-
quently, despite the accessibility of Weddell seals in
many antarctic coastal areas, the animals have proven
difficult to work with. The major drawback of xylazine
hydrochloride was its prolonged reaction time relative
to phencyclidine hydrochloride, a drug used exten-
sively in recent years as a seal immobilizing agent
(Cline et al., 1969).

second corollary study of seals during 1974 con-
celtned (1) the relationship of linear body measure-

=
ts and weights to develop formulae for body

ght estimation using one or more measurements

Table 4. Species composition of birds observed in three sectors of antarctic pack ice.

Species

Weddell Sea 1	Arnundscn-Bellingshausen seas 2 Eastern Indian Ocean

Corn- Density per	 Corn- Density per	Corn- Density per
posi-	 posi-	 posi-

Nurn- tion	 Nurn- tion hour NM 2 Nurn- tion hour NM2
her	(%) hour NM 2	ber	(%)	 ber	(%)

Totals	 5,037 100.0 65.8 19.77 10,270 100.0 116.7 28.1	965 100.0 30.6 19.1

1. Erickson et al., 1969 (based on 76.5 hours of surve y conducted over 254.8 NM2).
2. Erickson et al., 1972 (based on 88.0 hours of survey conducted over 366.0 NM2).
3. Table 3, this report (based on 31.5 hours of survey conducted over 50.6 NM2).
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(e.g., total body length or girth), and (2) body
composition as determined by dissection of component
parts.

Measurements and weights were recorded for 17
crabeater, 11 Weddell, and three Ross seals. The
mean adult body sizes were approximately as follows
(species, total length, and body weight) : crabeater,
280 centimeters, 200 kilograms; Weddell, 300 centi-
meters, 350 kilograms; Ross, 250 centimeters, 180
kilograms. Some of the sample animals were juveniles
and sub-adults. After deriving age estimations by
using sections of nails and teeth (to be examined in
our home laboratories), the data will be used to work

The mean gross composition of crabeater seals in
our sample, based on dissection of seven animals, was
as follows (tissue and percent of body weight) : blub-
ber (fat), 20; skin, 3; muscle (meat), 45; bone, 10;
blood, 9; organs, 8.

Bone measurements were recorded after dissection
of the seven crabeater seals. These measurements will
be analyzed to indicate growth of individual bones
and to relate linear bone measurements and linear
body measurements.

Organ weights were recorded for each of the seven
crabeater seals. Some organ weights of three Weddell
seals and three Ross seals also were obtained. These
data will indicate organ size in normal, healthy
antarctic seals. When data analysis is completed, an
attempt also will be made to predict the production
potential (growth rate) of crabeater seals.

Another aspect of our 1974 research expanded a
continuing investigation of antarctic seals' reproduc-
tive biology (Sinha and Erickson, 1972, 1974). Re-
productive organs and endocrine glands were collected
from seven crabeater, five leopard, three Ross, and
two Weddell seals of both sexes. Representative tis-
sues were preserved for analysis using histochemistry
and electron microscopy techniques. These collec-
tions, coupled with past specimen collections, should
enable a quite detailed description of the early breed-
ing biology of both sexes of pelagic antarctic seals.

Biochemical and endocrine studies of pituitary and
thyroid glands of antarctic seals investigated mech-
anisms involved in the regulation of metabolic activ-
ity. Three crabeater, three Ross, and two Weddell seals
were injected with thyrotropin-releasing hormone to
study the release of thyrotrophic-stimulating hormone
and its regulation of thyroxin release from the thyroid
gland. Following the injections, blood samples were
drawn at 0- to 6-hour intervals and preserved for
analysis in our home laboratories.

As in previous years, blood samples were taken from
all captured seals and prepared for use in continuing
studies, employing biochemical and karyotological
techniques, of the population genetics of antarctic
seals (Seal et al., 1970, 1971).

This research was supported by National Science
Foundation grant ov-30270.
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ROBERT C. HOER N
Civil Engineering Department

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

BRUCE C. PARKER and ROBERT A. PATERSON
Biology Department

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Two field teams' during the 1973-1974 austral
summer continued research begun the previous year
to describe the ecosystem of Lake Bonney (Taylor
Valley, southern Victoria Land). During the 1972-
1973 field season biological and chemical data were
obtained from detailed analyses of the water column
at several sites in both the east and west lobes of
Lake Bonney (Parker et al., 1973). This past season,
however, studies were limited to the east lobe and
were expanded to include investigations of benthic
algal mats discovered at the close of the previous
season. Sediments were collected for analysis from
the west lobe and detailed investigations were con-
ducted of glacial melt streams, particularly from
Sollas and LaCroix glaciers, in an attempt to quanti-
tate flow rates and some chemical constituents.

The 1973-1974 field teams included, in addition to
biologists and chemists, civil engineering students who
surveyed the lake to accurately locate sampling sites
and to construct weirs and measure melt stream flows.

Sampling sites. Two transects of the lake were
established along both axes of the east lobe. Five
sampling sites along the east-west transect and eleven
along the north-south transect were selected at meas-
ured distances with a surveying chain (figure 1).
Flags were fixed in the ice at these sites to facilitate

' Field team 1 (October through mid-December 1973)
James Craft, Richard Fortner (team leader), Paige Geering,
Daniel Graber, Dr. Hoehn (principal investigator, in the
field November 1 to 16), Vincent Howard, Mary Olson, and
Jeffrey Whitehurst (co-team leader). Field team II (mid-
December 1973 to mid-February 1974): Gary Crouch, Larry
Lane, Dr. Parker (principal investigator, in the field January
3 to February 8), Julie Petruska, Robert Stavros, Hal Sugg
(co-team leader), Alexis Taylor, and Barron Weand (team
leader). William Markley and James Borchers arrived at
McMurdo in early September 1973 to prepare field equip-
ment and supplies.

future identification. Holes 23 centimeters in diameter
were drilled through the lake ice to the water below,
and samples were collected in Kemmerer bottles for
in situ analysis and for later analyses (at Virginia
Polytechnic Institute and State University) of such
constituents as heavy metals and total organic carbon.
Various in situ measurements, such as pH, tempera-
ture, conductivity, and light also were made.

Chemical studies. All previous chemical analyses
of the water column were repeated twice this season
to verify the 19724973 data. More analyses of nitro-
gen and phosphorus also were conducted because of
the probable importance of these elements as nutri-
ents. Laboratory work prior to this field season was
intensified to develop more reliable analytical tech-
niques for phosphorus and nitrogen, notedly not sub-
ject to interferences by Lake Bonney's high salt con-
centrations below the cheisiocline (i.e., about 12.5
meters below ice surface). Previous data, although
imperfect in some respects because of interferences,
had shown that phosphorus was low and nitrogen was
high in the water column. These results were verified
during 1973-1974 by proven analytical methods. The
method of standard additions (Gelach, 1925) was
employed to compensate for interferences (figure 2);
a statistical regression analysis of the data provided
confidence limits for the concentrations of nutrient
determined by this method.

Nutrients analyzed and the procedures used were:
orthophosphorus, by the ascorbic acid technique
(Murphy and Riley, 1962) ; nitrates, by the cadmium
reduction method (American Public Health Asso-
ciation, 1971) ; nitrites, by the diazotization method
(American Public Health Association, 1971)
ainiiionia, by the phenolhypochlorite method (Mar-
tin, 1972). Our data for the lake's water column,
sampled at site l-W (figure 1), showed seasonal
ranges of 0.058 to 2.42 milligrams nitrate-nitrogen
per liter; 1.85 to 593 micrograms nitrite-nitrogen per
liter; 0.006 to 12.8 milligrams ammonia-nitrogen per
liter; and 0 to 205 micrograms orthophosphate-
phosphorus per liter. Such wide ranging values testify
to the need for seasonal studies of Lake Bonney.
Especially significant among our data is the large
concentration of ammonia, which has not been re-
ported previously. Only Angino et al. (1964) reported
its presence, and then only in trace amounts. Our
summer-long investigations also permitted the corre-
lation of observed changes in various chemical, physi-
cal, and biological parameters. The first of these data
was reported at the 3rd Scientific Committee on
Antarctic Research/ International Union of Biological
Sciences (sCAR/JUBs) Symposium on Antarctic
Biology (August 1974).

The greatest disparity in data on Lake Bonney
water has been in phosphorus values. Angino et al.
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Figure 1. Lake Bonney
diagram showing weir and

sampling sites along an
east-west transact. A north-

south transact established at
site 1-W is net shown.

(1964) reported a range that included high values
(0 to 1.5 milligrams per liter'), whereas Yamagata
et al. (1967) reported extremely low values (less than
1 microgram per liter). Our analyses showed levels
consistently below 25 micrograms per liter in water
above the chemocline: concentrations below the
chemocline seldom were greater than 200 micrograms

X	Xt50	XtIOO	Xt150	Xt200	Xt250
CONCENTRATION Mg/1

Figure 2. Example of graph obtained from spectrophotometric
analysis of a substance by the method of standard additions.

The absolute value of the negative X-intercept is the
concentration of the unknown, X.

per liter. Our phosphorus data are more consistent
with those of Goldman (1964), who also used tech-
niques for analysis of saline waters. These data are
being examined to determine if seasonal variations
in phosphorous concentrations can be correlated with
variations in numbers of bacteria, yeasts, and algae.

Additional data were obtained during 1973-1974 to
verify our previous finding that high concentrations
and dramatic seasonal changes in dissolved organic
matter occur in Lake Bonney with concentrations as
high as 32 milligrams of carbon per liter (Parker
et al., 1974).

Sediment studies. Our 19734974 field studies were
modified to include sediments because benthic algal
mats were observed late in the 1972-1973 season. A
gravity core sampler weighing approximately 70 kilo-
grams was used to obtain sediments, preserved by
freezing, for later anal ysis. The sampling program was
not as successful as we had hoped because of difficulties
in handling the coring equipment (moving from site to
site, raising and lowering the sampler, and retaining
cores in sampling tubes during ascent to the surface).
Sediment and benthic mat samples also were grab
sampled with an Eckman dredge; these samples were
obtained only from shallower, ice-free areas of the
lake (nearshore). Laboratory analyses of the sedi-
ments are underway but insufficient data are available
to permit conclusions.

The sediment sampling program discovered numer-
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ous large crystals of halite (sodium chloride) at ap-
pr9ximateiy 33 meters in depth in the east lobe of
Lae Bonney. After confiniiing the crystals' identity.
at McMurdo's Thiel Earth Sciences Laboratory,.
sai iples were refrigerated for later study. Results of
th se studies (Craig et al., 197-L revealed a new form
of antarctic halite: hvdrohalite (NaC12IL()), pres-
en with comnion halite. Detailed studies of this rare
cr stalline fouli are planned for the 1974-1975 field
se son.

cit stream studies. \'Veirs wei c constructed on a
m It stream that flows into Lake Bonney froin Solias
and LaCroix glaciers and on one flowing from Matter-
h rn Glacier. The latter gathered silt so rapidly that
lit le data could be collected: the Sollas-LaCroix weir
fu ctioned for several weeks, however, until the flow
b came so great that the weir washed away.

Figure 3 shows a flow pattern for the Sollas-LaCroix
gi cial melt stream over several days. It is evident
that there were diurnal variations in flow, which
al)arently were caused by variations in the intensity
of sunlight on the glaciers. The peak flow rates also
increased with timmie. Parshall flumes are being in-
stalled on several melt streams during the 1971-1975
field season to obtain more reliable data than that
obtained with weirs. Meltwater volume in 1973-1974
was sufficient to raise the lake about one meter, as
measured by survey at the close of the field season.
Measurements in early 1974-1975 will permit us to
calculate the lake ice sublimation rate (believed to
approximate 0.5 meters per year).

The melt stream waters were chemicall y analyzed
for several constituents. Of interest was the observa-
tion of high phosphate-phosphorus concentrations

(about 100 micrograms per liter) at the start of the
flow with decreasing concentrations as the flow in-
creased. These data indicate that I)llosl)IIorus may
enter Lake Bouncy annually from weathered apatites
or basaltic flows, with glacial melt streams serving as
solvent and vector for phosphorus transport to the
lake. We are examninine our data for correlations be-
tween phosphorus input, lakewater phosphorus con-
centrations. and peaks in biological productivity.

Biological data. Plankton algae. We presently have
axenic. clonal cultures of a domiminant plankton alga
(Clilorella sl) . ), anti unialgal and mixed cultures of
several other algae. including Clilarnydomonas sp.,
various diatoms, and blue-green algae associated with
the bentluic mats. Counts of plankton algae reveal
cneI'll 11v very low densities (i.e., less than 101 per

milliliter) throughout the water column, although
variations with depth and season are considerable.
For example, the east lobe exhibits dramatic increases
in algal and bacterial cell numbers and species diver-
sitv during glacial melt stream inflow. One important
result of our 1973-1974 effort is detection of apparent
absence of delicate naked flagellates so common to
arctic lakes. Enumeration of algae from Lake Bonney
—for the first time using the procedure of concen-
tration l)\ setting of Lugols fixed water samples in
parallel with a millipore membrane counting tech-
nique (Vollenweider, 1969) , the latter similar to that
used by Koob and Lester (1972') —revealed essentially
no differences in algal cell concentrations.

Bacteria and yeast. Numerous axenic cultures of
yeasts and bacteria have been Prepared. While isolates
have not yet been identified, a number of them prob-
ably are new to Antarctica. As with the algae, yeasts

Figure 3. Graph of the flow
rate of the Sollas-LaCroix

melt stream from December
27, 1973, to January 1, 1974.

TIME, hours
27	28	29	30	31

DECEMBER	 JANUARY

November/December 1974	 299



and bacteria occur in relatively low numbers in Lake
Bonney, based on spread plate counts, but their num-
bers and species increase dramatically in the east lobe
during glacial melt stream inflow. Our data document
that many of the bacteria, the yeasts, and the algae
appearing seasonally in the lake during melt stream
inflow essentially are tychoplankton (they are washed
into the lake and constitute onl y transient residents).

Bent hic mat. Large quantities of mat, both at-
tached and floating, were collected during 1973-1974.
Studies were begun to identify some major structural
and compositional features of the mats. Mats measure
up to 5 centimeters in thickness and are commonly
yellow-orange on the top grading to deep green below
one centimeter. Thicker mats show up to 8 to 10
lamellae, suggesting possible annual growth. The chief
matrix of the mats includes several oscillatoriaceous
blue-green algae (Schizothrix spp., Phormidium sp.,
etc.) in which Chiorella, Chlamydomonas, Nostoc,
and several other algae occur in lesser quantities.
These attached algal mats also appear to he the
primary, if not the exclusive, habitat for what con-
sumer level of any food chain may exist in Lake
Bonney. Ciliate protozoa, nematodes. rotifers. and
tardigrades occur in the mats, although not in the
plankton. Mats trap gas, dislodge from their sub-
stratum, and float to the surface during the peak of
the austral summer. Many details such as the identity
of the gas, and numbers of bacteria and fungi present,
are yet to be determined for these mats. Our observa-
tions of their distribution in the east lobe of Lake
Bonney and rough estimates of their biomass, how-
ever, suggest that the mat community probably is
more important to the d ynamics of the ecosystem than
the plankton community.

Primary productivity studies. Details of our pri-
mary productivity data were reported at the 1974
SCAR/IUBS biology symposium. While far from final -
izing our conclusions after only two field seasons of
study, particularly of the primary productivity of
phytoplankton using the carbon-14 method, we an-
ticipate several important breakthroughs, as follows:

(1) Nonbiological fixation of carbon-14 possibly
as absorbed-exchanged and/or precipitated carbon-
ates, occurs during light and dark bottle experiments.

(2) High percentages of carbon-14 labeled extra-
cellular products, heretofore unreported, are a com-
mon feature of plankton and apparently of mat com-
munities.

(3) Probably the mat community is many times
more productive, on a surface area basis, than the
water column. These conclusions, often based on
laboratory experiments, must be regarded as tentative.

This research was supported by National Science
Foundation grant GV-351711.
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Genetic variability in antarctic krill

FRANCISCO J . AYALA, JAMES W. VALENTINE, and
GARY S. ZUMWALT

Departments of Geology and Genetics
University of California
Davis, California 95616

The extent to which environmental regimes in-
fluence the development of genetic variability is an
important problem in evolution. To gather evidence
on this question we are investigating the genetic
variabilities of marine invertebrate populations in a
variety of environments. Here we report on a study
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of the antarctic krill, Euphausia superba. This is the
fint record of genetic variability in a planktonic
organism.

The 130 individuals we studied were collected in
February 1974 from aboard R/V Hero off Anvers
Island (near 64°S. 64°W.). An Issacs-Kidd mnidwater
trawl was used at a depth of about 50 meters. The
sanple was frozen until thawed for analysis in our
laboratory. We used procedures of gel electrophoresis,
which have been described elsewhere (Ayala et al.,
1c72, 1974, in press). A total of 37 zones of activity
could be scored reliably in the gels; one zone is dis-
carded because two zones evidently are controlled
b) a single locus. Each of the remaining 36 zones we
assume is controlled by a single gene locus. Experience
indicates that this assumption is not likely to lead to
substantial error. A list of the enzymes assayed and the
alleles detected (including their frequencies) is being
published elsewhere (Ayala et al., in press) ; these
data and details of the assay techniques are available
fmm Dr. Ayala.

E. superba is not very genetically variable when
compared to other marine invertebrates. There is
little variation at 27 of the loci studied, although at
one locus nearly half of the individuals are hetero-
zygotes. There is good agreement of observed gene
frequencies with those expected at Hardy-Weinberg
equilibria. Further, the distribution of individuals with
respect to the number of heterozygous loci does not
depart significantly from a Poisson distribution. We
probably are dealing with a single, randomly mating
population. The best single measure of genetic vari-
ability for such populations is the average hetero-
zygosity. In our sample of E. superba, an average
individual is heterozygous at 5.8 ± 0.4 percent of the
loci studied.

Since the genetic variability of other planktonic
forms is unknown, we must compare F. superba with
benthic invertebrates. Species from high latitudes or
from highly seasonal environments have low average
heterozygosities (about I to 4 percent), those from
intermediate regimes are intermediate (about 7 to
12 percent), while those from stable environments
(the tropics and the deep sea) have high average
heterozygosi ties (about 17 to 22 percent; see refer-
ences in Ayala et al., in press). Thus F. superba falls
between the high side of the low group and the low
side of the intermediate group.

Antarctic forms for which estimates of the genetic
variability are available include the benthic brachio-
pod Liothyrella notorcadensis (Ayala et al., in press:
Valentine et al., 1974), the elephant seal Mirounga
leonina (about 3 percent: McDermid et al., 1972)
nd small samples of several fish populations (about

to 3 percent: Somero and Soule', 1974). F. superba
ias an estimated heterozygositv that is slightly higher

than these.

The trend of genetic variabilities among benthic
invertebrates suggests that they are highest in environ-
ments where resource regimes are most stable, and
lowest where resource regimes are most seasonal or
otherwise exhibit the most fluctuation. This trend
counters the prediction of many workers who expect
low genetic variability to correlate with high environ-
mental stability. E. superba, inhabiting the relatively
stable Circumpolar Water Mass and ranging north
to the Antarctic Convergence (Mauchline and
Fisher, 1969), has a genetic variability that agrees
well with the findings on benthic invertebrates. It re-
mains to investigate allied species from low latitudes
for a sample of trends among planktonic forms.

Collection and transportation of the sample was
supported by National Science Foundation grant
(;v-31162. Electrophoretic analysis in Dr. Ayala's
laboratory was supported by National Science Founda-
tion grant GB-30895 and by Atomic Energy Commis-
sion contract AT(04-3) 34. Dr. Jere Lipps arranged
for sampling; Dr. Edward Brinton verified the iden-
tification of E. superba.
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Genetic variability in a population of
antarctic brachiopods

JAMES W. VALENTINE, FRANCISCO J . AYALA,
TED E. DELACA, and GARY S. ZUMWALT

Departments of Geology and Genetics
University of California
Davis, California 95616

A number of researchers have suggested that the
genetic variability of populations should vary in some
systematic way with variations in environmental pa-
rameters. Perhaps the most common suggestion is that
genetic variability should be highest in spatially and/or
temporally variable environments (Levins, 1968).
Although it is known that genetic variability is dif -

ferent in different populations, ranging from essen-
tially none up to a heterozygosity level of 25 percent
or more in the average individual, data on the en-
vironmental patterns of genetic variability are few.
We have studied the antarctic brachiopod Liothyrella
notorcadensis (Jackson, 1912) during a broad pre-
liminary survey of genetic variability in a variety of
marine invertebrate taxa from a wide range of
environments.

In Arthur Harbor, Anvers Island, Antarctica, L.
notorcadensis commonly occurs in clusters along sub-
merged rock walls beneath a Desmartia canopy, espe-
cially at depths of about 17 meters, just above
the horizon where the walls intersect bottom sedi-
ments. The figure shows this species in situ. A sample
of 100 individuals was collected during January 1973
at several sites along a 90-meter transect at a depth
of 17 meters. The live specimens were quick-frozen

vlv-

V4;4' V
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A cluster of Liothyrella notorcadenss at a depth of 17 meters in
Arthur Harbor, Anvers Island. The thread-like organism is a

polychaete.

until thawed in our laboratory during analysis. Phe
animals then were homogenized whole except for 22
individuals that were dissected for the following tiue
samples: lophophore, mantle, gut, and addiutor
muscle. Homogenates of whole animals or tissues were
centrifuged and a small amount of the supernatant
was absorbed with filter paper. The remaining sample
preparation techniques are as described by Ayala
et al. (1973). The assays employed are described by
Ayala et al. (1972), with modifications and additins
as indicated in Ayala et al. (1973), plus this addi-
Lional assay: glucose-6-phosphate dehydrogenase
(buffer B, 6 hours at 25 volts per centimeter; stain, 20
milligrams NBT, 20 milligrams ,8-NAD+, 20 milli-
grams glucose-6-phosphate, in 100-milliliter Tris-ECL
buffer, pH 7.1; incubate 1 hour at 37°C., add 5 milli-
,grains PMs). Gels were fixed as described by Ayala
et al. (1972). Three control samples of standard
stocks of Drosophila willistoni were run in every gel.

We assayed 14 different kinds of enzymes and some
additional proteins without known enzymatic activity.
For seven enzymes, only one zone of activity was
scored, while for the other seven enzymes and the
other proteins, from two to six zones of activity were
scored; well defined bands with repeatable character-
istics were used. A total of 34 zones of activity were
scored: each is assumed to be coded by one gene
locus. Two or more bands were present in ii of tie
34 zones, and these hand pattern configurations con-
formed to the expectations of Mendelian heredity and
to the Hardy-Weinberg principle. Previous experience
suggests that biases arising from our assumptions re-
garding the relation between loci and zones of activity
are unlikely to substantially affect the interpretations.
Gene loci and alleles are designated by a method
described in Ayala et al. (1972, 1973).

No allelic variation was described at 23 of the 34
loci scored. Of the other 11 loci (table), eight are
considered to be polymorphic because the second most
common allele at these loci had a frequency greater
than 0.01. The proportion of polymorphic loci, then,
is 23.5 percent (eight out of 34 loci). If a locus is
considered polymorphic when the most common allele
mas a frequency no greater than 0.95 (Ayala et al.,
1973) —a more restrictive definition—then the pro-
portion of polymorphic loci falls to 11.7 percent (four
out of 34).

The proportion of heterozygous loci per individua,
averaged over all individuals, is 0.3865, with a vari-
ance of 0.3884. If mating were random the expected
variance would be equal to the proportion of heter-
ozygous loci per individual, or 0.3865; the differenc
between the expected and observed variance is n 
statistically significant (the probability that it is clue
chance is between 0.40 and 0.60). Thus there is n
evidence that this population is inbred or that w
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have sampled two or more populations with different
allele frequencies.

With an average heterozygosity of about 3.9 per-
cent, Liothyrella notorcadensis clearly has only a small
amount of genetic variability. By comparison, a
brachiopod population from the deep sea (Fneleia
haili from a depth of 1,244 meters off San Diego)
(Valentine and Ayala, in press) has an average
heterozygosity of 17 percent; other deep sea organisms
have similarly high genetic variabilities (Ayala et al.,
in press a Ayala et al., in preparation) . The deep
sea and Antarctica are somewhat similar in having
rather low temperatures, low ranges of temperatures,
and iniilarly high stability of most ecological paratil-
eters. The chief difference between them is that
productivity is highly seasonal in Antarctica: trophic
resource supplies (chiefly detritus at the base of the
food chain) are far more stable in the deep sea. In
shallow water there is a general correlation between
the stability of trophic resource supplies and genetic
variabilities, as far as the y are known. The antarctic
population has high resource instability and low
genetic variability (this paper) ; temperate zone popu-
lations have intermediate resource instabilities and
low to intermediate genetic variabilities (Selander
et al., 1970; Schopf and Murphy, 1974; Ayala et al.,

in press a). while a tropical population has high
resource stability and high genetic variability (Ayala
et al., 1973), like the deep sea.

Genetic variabilities in these populations do not
correlate well with temperature levels or ranges,
species fecundities, or other known environmental
parameters, except with trophic resource stability and
with the biological parameters (diversity and modal
Specialization; that con imuonly are positively asso-
ciated with this factor (Valentine, 1971, 1973). We
conclude that the hypothesis of positive correlation
between genetic and environmental variabilities is not
correct. indeed, the best correlation is a negative one.
A tentative explanation of this trend (Ayala et al., in
press b) is that populations in trophically unstable
ecosystems tend to be flexibly adapted generalists,
livini in a variety of habitats and utilizing a variety
of foocl sources, but that this flexibility is achieved
by a harmoniously coadapted suite of optimal alleles
that code for generalized functions (see Stebbins,
1950). Fitness is at a premium and therefore alternate
alleles are eliminated by stabilizing selection, which is
strong. In trophically stable environments, by con-
trast, specialization is favored and multiple alleles
may be maintained at many loci so that each individ-
ual may be optimally adapted. This adaptation is not

Allelic variation detected at 11 loci in Liothyrellu notorcadensis.

Heterozygous individuals
Locus	 AM

	
Allelic frequencies

Expected	Observed

200

200

Est-1
	

200

E.t-5	 190

1+
	

58

Lp-2	 196

L1LP-4	 200

e	 138

116

p_4*	 156

7 i-2	 178

Average (including all 34 loci studied):
157±8

Acph_1*

Adk-1

100	102	 010
	

010
995
	

005
100	103	 020

	
020

990
	010

100	103	 029
	

030
985
	

015
96	100	 041

	
042

021
	979

100	104	 215	 241
889
	

121
98	100	102	 097

	
102

005
	

949 046
98	100	103	105	108	110	112	 595	 580

015
	

600	150
	

085 .010 .120 .020
100	102	 029

	
029

986
	

015
97	100	 017

	
017

009
	

991
95	100	104	 025	 026

006
	987 006

98	100	103	 233
	

213
006
	

860
	

135

	

039+.019	038± .018

* Not considered to be polymorphic since the frequency of their second most common allele is <0.01.
Key: N—the number of genes sampled at each locus; Acph—acid phosphatase; Adk—adenylate kinasc; Est—esterase; Idh-

isocitrate dehydrogenase; Lap—leucine aminopeptida se; Me—malic enzyme; Pt—protein; Tpi—triosephosphate isomerase.
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to a generalized functional response but rather to a
highly special part of the environmental mosaic; re-
combination assures a supply of slight functional
variants that may fit into spatial variations in the
environment, hand in glove. In this model genetic
variability thus is employed to enhance specialization,
while flexibility is best achieved by low genetic
variabilities.

We are continuing studies on genetic variability in
antarctic invertebrates, and in those from temperate
and tropical regimes, to determine whether the trends
observed to date are general and to subject the trophic
resource hypothesis to further tests.

We thank Dr. Jere H. Lipps for aid in the sampling
program; collection and transportation of samples
was made possible by National Science Foundation
grant Gv-31 162. Electrophoretic research in the
laboratory of Dr. F. J . Ayala is supported by National
Science Foundation grant GB-30895 and Atomic
Energy Commission contract AT (04-3) 34. G. Arthur
Cooper, U.S. National Museum, identified the
brachiopod, while Cathryn A. Campbell, William
N. Krebs, and William L. Stockton aided the project
in various ways. For all of this help we are most
grateful.
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Ecology of echinoderms from the
Antarctic Peninsula

JOHN H. DEARBORN
Departments of Zoology and Oceanography

University of Maine
Orono, Maine 04473

F. JULIAN FELL
Department of Zoology

University of Maine
Orono, Maine 04473

During February and March of 1972 and 1973
large collections of echinoderms were obtained along
the west coast of the Antarctic Peninsula by Univer-
sity of Maine personnel aboard R/V Hero. Stations
were made primarily around Anvers Island and south
along the coast to Adelaide Island. Depths of capture
ranged from the intertidal zone to 750 meters. Details
of field operations and personnel involved are reported
in Dearborn et al. (1972, 1973).

During 1973 and 1974 considerable progress was
made in identifying this material. Crinoids, asteroids,
ophiuroids, and echinoids have been determined to
genus and in most instances to species. Holothurial?s
have not been of direct concern. They have been d-
posited in the U.S. National Museum of Natural Hip-
tory and will not be reported by us. Our initial sort-
ing and subsequent identification work has been veify
time consuming because of the relatively large nur4
bers of small and juvenile specimens present, parti4
ularly among asteroids and ophiuroids. This has meart
that for several ecologically important species-1ike
the brittle stars Ophionotus victoriae, Ophioperlf
koehieri, and Ophiurolepis martensi—specimens frori
tiny juveniles to large adults are available for investi-
gations requiring size series (e.g., considerations cf
morphological changes with growth and variatiors
in food habits with increasing size).

As expected, the large, 20-armed comatulid Proma-
chocrinus kerguelensis dominates the crinoid fauna of
the Antarctic Peninsula at the depths sampled.
Anthometra adriani, Florornetra mawsoni, and iso-
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metra vivipara also are well represented in the col-
lections. Analyses of crinoid species are being made in
relation to geographic distribution, bathymetric range,
substrate, and associated fauna.

Asteroids are large, conspicuous elements of the
benthos in this region. The most common species in-
clude Psilaster charcoti, Odontaster validus, Porania
antarctica, Labidiaster annulatus, Diplasterias brucei,
Neosmilaster georgianus, and Lysasterias perrieri.
Labidiaster annulatus is of special interest to us be-
cause of its large size, abundance, and habit of prey-
ing on molluscs and other echinoderms, especially
brittle stars.

Ophiuroids were the most common echinoderms in
our benthic samples. About 42 species are known
from the immediate area around the Antarctic Penin-
sula where our field work was conducted. Currently
one half of these have been identified from the present
material. Four relatively large species, OpI iacant ha
pentactis (fig. 1) , Ophionotus zictoriae, Ophioperla
koehieri, and Ophiurolepis gelida, were found to be
active predators on one or more of various po1y-
chaetes, molluscs, crustaceans, and other ophiuroids.

Our program to date has been the most extensive
sampling of this particular region for echinoids.
Eleven species were taken including one as yet till-
described. The two sampling periods yielded the same
species in about the same percentages. We think a
complete echinoid fauna was obtained. Extensions of
bathymetric ranges have been made for all species.
SDme echinoids in this area, such as Sterccliinus
neumayeri and Abatus bidens (fig. 2), are shallow-

Figure 1. Aboral view of Ophiacantha penfactis, a large and
relatively common ophiuroid along the Antarctic Peninsula. The

long, erect arm spines are used to obtain zooplankton,
particularly larger copepods. Disc diameter of this dried

specimen is 17 millimeters.

Figure 2. Abatus bidens, female. The spines have been removed
from one of the petals to show how it is sunken to form a
brood pouch (mirsupium) for the young. Direct development

without a larval stage is found in most of the antarctic
ochinoids. Test length of this specimen is 48 millimeters.

water foriiis found generally in depths of less than
100 Iiieters. Others, like Sterechinus antarcticus and
Ahatus curvidens, generally occur below about 300
meters. Noticeably absent from the echinoid material
were several Magellanic species previously reported
from the region. These identifications are in doubt
and our inability to obtain these species after two
seasons of careful collecting supports our belief that
the original identifications were in error.

Beyond identification of the material, we have been
concerned with the geographic and bathymetric
ranges, substrate preferences, food preferences and
feeding behavior, reproduction, associated faunas, and
morphological variation within selected species of
echinoderins exclusive of holothurians. Analyses of
data in these areas are continuing. The overall pur-
pose of our work has been to provide a more com-
plete knowledge of the biology of echinoderms in the
Antarctic Peninsula region and particularly to dis-
cover the predator-prey roles of ecologically impor-
tant echinoderm species.

We also have been concerned with analyses of
stomach contents of fish obtained during the cruises
and in several aspects of the general benthic ecology
of the region. In this we have been working in col-
laboration with two French biologists, Jean-Claude
Hureau (Paris) and Patrick M. Arnaud (Marseille),
and several U.S. colleagues, including Hugh H.
DeWitt and James 1). McCleave, and Stephen M.
Fried.

This work was supported by National Science
Foundation grant Gv-24157.

November/December 1974	 305



References

Dearborn, John H., Kenneth W. Allen, Jean-Claude Hureau,
and Patrick M. Arnaud. 1972. Ecological and taxonomic
studies of echinoderms, mollusks, and fishes from the Ant-
arctic Peninsula. Antarctic Journal of the U.S., VII(4)
80-82.

Dearborn, John H., A. John Jordan, Stephen M. Fried, Har-
old T. King, and John E. Miller. 1973. Ecological studies
of echinoderms and general marine collecting along the
Antarctic Peninsula. Antarctic Journal of the U.S., VIII
(5) : 206-208.

Arthropods near Palmer Station,
Anvers Island

Table 1. Upper lethal temperatures.

Test
temperature	Alive	Moribund	Dead	Animals

tested

26	83% (67)* 9 0/0 (7)	9% (7)	8
27	77% (50)	2% (1)	22% (14)	65
28	9907 (69)	 1% (1)	70
29	96% (80)	17o (1)	2% (2)	83
30	76% (55) 15% (11)	8% (6)	72
31	74% (59) 16% (13)	10% (8)	80
32	69% (50) 15% (11)	15% (11)	72
33	14% (11)	7% (6)	79 0/0 (64)	81
34	 100% (71)	71

* Numbers in parentheses are the actual numbers of animals
in each category.

W. L. GRAHAM
Department of Biological Sciences

Texas Tech University
Lubbock, Texas 79409

Temperature tolerance study of Stereotydeus vii-
losus (Trouessart) (Acarina: Penthalodidae). Ap-
proximate upper and lower lethal temperature limits
were determined for Stereotydeus villosus adults.
These mites were collected at various sites in the
Palmer Station vicinity. The arthropod studies were
conducted in the 1972 austral winter. The tempera-
ture tolerance study was conducted between Novem-
ber 4 and December 7, 1972.

Test boxes were constructed of plexiglass. The ani-
mals were sealed in jars inside these boxes. The boxes
were submerged in temperature baths. Gauze pads
soaked with water were kept in the sealed jars with
the mites to maintain a humidity near saturation.
During each temperature test the mites were held in
two jars in the one plexiglass container. Each test
temperature was run twice. In both the upper and
lower lethal temperature experiments the mites were
held at 5°C. for about 24 hours before being tested.
In the upper lethal experiment the temperature was
raised to the test temperature at a rate of about
5°C. per 15 minutes, held at the test temperature for
1 hour, and then lowered at a rate of about 5°C. per
15 minutes. In the lower lethal experiment the tem-
perature was lowered at a rate of about 3°C. per
hour, held at the test temperature for 12 hours, and
then raised at a rate of about 3°C. per hour. In both
the upper and lower lethal temperature experiments
the animals were observed for signs of life about 12
hours after starting the temperature adjustments at
the end of the test period.

In the upper lethal temperature experiment the re-
sults were divided into three data groups: alive,

moribund, and dead. The animal was considered
moribund if, when observed, it was capable of only
very slow or spasmodic movement. Some of the ani-
mals classified as being alive were observed to have
somewhat impaired walking abilities. The animals had
to be transferred from the holding containers to the
experimental containers before being tested, and since
they are fragile a few probably died due to handling.
As seen in table 1, there was a drastic change in the
Percent of surviving animals from 32°C. to 34°C. At
32°C., 69 percent of the animals survived; 100 per-
cent of the animals died at 34°C.

In the lower lethal experiment the results were
divided into two data groups: alive and dead. Oi1ce
again, a few of the animals probably died due to
handling. As can be seen in table 2, there was no
drastic change in the percent of animals surviving at
any narrow temperature range as occurred at the high
temperatures. At —4°C., 4 percent of the animals
died; lOU percent died at —16°C. There was a
gradual shift in the percent of surviving animals be-

Table 2. Lower lethal temperatures.

Test	 Animals
temperature	Alive	 Dead	tested

(°C.)

—4	96% (77)'	4% (3)	80
—6	88% (73)	12% (10)	83
—8	850/c (77)	15% (14)	91
—10	56% (44)	44% (34)	78
—12	37% (31)	63% (52)	83
—14	9% (7)	91% (75)	82
—16	 100% (86)	86

* Numbers in parentheses are the actual numbers of animals
in each category.
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tween these two extremes. Ground temperature was
recrded daily during the winter months at Palmer
Station. The coldest temperature observed was
—9C., a temperature that is well within the range
of which most of the animals in the experiment
survived.

Fitzsimons (1971), who collected animals from the
Ross Coast—an area with a much colder average
temperature than Palmer Station—showed Stereo-
tydus mollis Strandtmnann to have an upper limit of
33.2°C.; very close to the upper lethal temperature
I lound for S. villosus. It is interesting to note
that Fitzsimons' results indicate lower lethal tempera-
turs (-11 0 to —23 0 C.) that are much colder than
those tolerated by S. villosus. He also found that
Nawrchestes antarcticus Strandtmann survived a
wider range of temperatures (37°C., —23°C. to
—WC.) than either S. mollis or S. villosus. N. ant-
arcticus is the most widespread terrestrial animmial in
Antarctica. It occurs in the relatively warm Palmer
Station area, on the much colder Ross Coast (where
Fitzsimons collected), and at points much farther
south.

iittle work of this type has been conducted on
antarctic arthropod species. The few studies thus far
conducted indicate physiological adaptations that
paalle1 temperature conditions in different parts of
Artarctica. Physiological data compared with eco-
logical data collected on animals froni a wide variety
of areas in Antarctica might show some very inter-
esting adaptations in relatively simple ecosystems.

Life stage study of Stereotydeus villosus. Large nuni-
bers of Stereotydeus vlllosus in all life stages were
collected during 1972 in the Palmer Station area.
There are five active life stages, those typical of most
prostigmata; larva, protonvmph, deutonymnph, trito-
nymph, and adult.

There are several differences in the life stages. One
obvious difference is average body length: larva,
244 (micrometers) ; protonymph, 314t; deutonyrnph,
3c5,; tritonymph, 501; adult 648/1. The genital flap
length differences are: larva, no genital flap; proto-
nymph, 27k : dcutonvmph, 42; tritonymph, 56 ,u-
adult ', 88. One obvious difference of the larva is that
it has six legs; all other life stages have eight. The
life stages also can be distinguished by the number of
external genital setae (number of setae on the genital
flaps). There are two, four, six, and 12 external
genital setae respectively on the protonvmph, deuto-
nymph, tritonvmph, and adult. There are man y dif-
frences in the chaetotaxy, which is being worked out.

Being able to distinguish the life stage is of irn-
prtance to physiologists and ecologists who might
dsire to do detailed studies of Stereotydeus villosus.
The comparative chaetotaxy of the life stages would
b of great importance to a mite taxonomist who

wished to work out systematic relationships of the
several Stereo tvdeus sp. found in Antarctica.

This research was supported by National Science
Foundation grant Gv-24359.
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Seasonality and disturbance in benthic
communities, Arthur Harbor, Antarctic

Peninsula

THOMAS A. KAUFFMAN
Department of Geology and Institute of Ecology

University of California
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From December 1972 to November 1973 an exten-
sive scuba (living project was undertaken in Arthur
Harbor, Anvers Island, for the continuing study of
the biology and ecology of shallow-water foraminifera.
Part of this work was to determine whether major
seasonal changes occurred in benthic mud communi-
ties of the near-shore antarctic areas, and to describe
these changes especially as they affect foraminifera.
An initial description of the austral summer activities
is in I)eLaca et al. (1972). This paper describes pre-
liminary results obtained during the 1973 austral
winter.

Preliminary behavioral, metabolic, population, and
productivity results indicate that these characteristics
in antarctic benthic communities undergo a seasonal
change. This pattern ultimately can be attributed to
the solar cycle of nearly total light during the austral
summer and nearly total darkness during the austral
winter. Data collected on a monthly basis included:
(1) collecting the overlying seawater column for
:imicroalgae. chlorophyll content (standing crop), pri-
mary prod it ctivity, oxygen, carbon dioxide, salinity,
and temperature; (2) collecting benthic diatoms
asing methods developed by Eaton and Moss (1966)
for hioniass determination; (3) collecting mud sub-
strates by coring to analyze the vertical distribution
of the microfauna, to determine sediment size, and to
measure total organic matter: (4) surveying me'
faunal populations by using a hand dredge, and count-
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Figure 1. Benthic mud
community in Bonaparte
Channel at a depth of

15 meters. This view, take.
in November 1973, shows as
algal detrital accumulation
of Phyllogigas grandifolius

and moss-like clumps of
diatoms. Note nemertean
Lineus corrugatus and
siphons of the bivalve

Laternula elliplica.

ing macrofauna in situ (fig. 1) by using grids and
transects; (5) measuring metabolic rates on selected
invertebrates of the community; (6) examining re-
productive cycles of certain invertebrates.

Definite seasonal shifts in behavior and/or physio-
logical patterns were noted. Reduced activity and
lowered metabolic rates were observed during the
winter for the asteroid Psilaster charcoti and the bi-
valve Laternula elliptica. Switching of feeding be-
havior from a detrital deposit feeder to an active
predator was seen in several asteroids, particularly
during the spring months of October and November.
Most changes were opportunistic and occurred when
certain food sources were abundant. These fluctuating
food sources included the seasonally related summer
planktonic diatom blooms and late winter benthic
diatom blooms, the periodic juvenile population in-
creases of various invertebrates, especially amphipods,
and the dead material resulting from catastrophic
exarations from icebergs.

Microflora, especially diatoms, exhibited definite
seasonal patterns. Krebs (1973) observed that plank-
tonic diatom blooms are restricted to the summer
season. The bloom begins in November and ends in
mid-March; three peak periods were observed during
the summer: (1) mid-November, (2) late December
or early January, and (3) late February or early
March. A benthic diatom bloom occurred in late
winter (August 1973) and created a carpet-like
matting on the bottom at shallow depths of 20 to
30 meters. This bloom, which restricted sediment
movement, continued until early spring (November

P. Haley

1973). Dominant species of the bloom mat changes;
this alters the original carpet-like appearance to taat
of patchy clumps and strands of diatoms. Heavy
spring winds and break-up of the fast ice on the sea
surface caused the overlying seawater to stir these
clumps and strands and the intervening sediment.
This resulted in reduced visibility in the water column.

The sea ice cover was a continual logistic problem
that limited the mobility of our diving team. But at
the same time it drew our attention to several ice asso-
ciated phenomena. A major catastrophic affect on
benthic communities, which was observed while div-
ing and then subsequently studied for 8 months, was
the effect of icebergs gouging the bottom. Belderson
et al. (1973) describe iceberg ploughing in the north-
east Atlantic, and Neushul (1966) describes it as an
influence in algal distribution on rock surfaces on the
Antarctic Peninsula. Gruzov et al. (1968) briefly dis-
cusses habitat characteristics of the benthic fauna
from areas in the pathways of icebergs. Shabica
(1972) and Richardson (1972) also refer to the
activity of icebergs, specifically in Arthur Harbor,
Anvers Island (the site of my seasonal research).

Icebergs ramming into the bottom generally over-
turn the sediment in a manner similar to plowing, a
field (fig. 2). Organic and inorganic matter thus ae
released from the sediment and are made availalle
to the antarctic ecosystem. The occurrence of cratrs
in the mud bottom and the patchiness of both floa
and fauna on all substrates can be attributed, in ma 
cases, to iceberg activity. Because these icebergs occir
in all shapes and sizes, many areas of the bottom down
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Figure 2. Before and after
iceberg ploughing of benthic

mud community in
Bonaparte Channel at a
depth of 17 meters. (A)

Original flat mud bottom in
summer (January 1972)

with numerous siphons of
Laternula elfiptka. (B) Same
mud bottom after gouging by

iceberg in March 1973 and
subsequent partial filling.

This spring view (October
1973) shows a white,

jelly-like bacterial growth
that has developed on the

ridge.

to 500 meters (Belderson et al., 1973) are subject to
abrasion on rocky substrates or to gouging on soft
substrates. Successional studies immediately were ini-
tiated following gouging of the bottom. Flocculent
bottom material was shifted by current and wave
action and formed a continuous, homogeneous cov-
ering over the gouged area. This initial recovery
period lasted about a week and affected the top-most
centimeter. Concurrently, a long-term filling and
leveling of the disturbed site with sediment and
detrital material occurred. One sample site, 13 square

meters in area, returned to its former topographic and
uniform appearance in less than a year; only the
top-most layer of 2 to 3 centimeters containing the
microfauna and microfiora, however, were identical
to undisturbed areas. The meiofauna were compar-
able but varied in composition and quantity. Macro-
infauna, such as the bivalves L. elliptica and Yoldia
eightsi, were absent completely. Organic material was
patchy in vertical distribution and sediment size
varied from the uniform vertical pattern seen in
undisturbed areas.
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P. Haley, and Palmer Station's 1973 U.S. Navy winter
support crew. This research was supported by Na-
tional Science Foundation grant GV-3 1162.
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Distribution of benth ic forarnnifera
near Isla de los Estados

LAIRD THOMPSON
Exploration Services Center

Mobil Oil Corporation
Dallas, Texas 75221

This project deals with the studs ' of foraminifera
from 55 samples taken in the vicinity of Isla de los
Estados, Tierra del Fuego, Argentina (fig. 1). The
samples were collected in 1969 and 1972 from aboard
R/V Hero. This project was supported by National
Science Foundation grant Gv-3 1162 to the University
of California, Davis.

Upon collection, the samples were preserved in 70
percent alcohol. In the fall of 1973, Rose Bengal was
added to them and allowed to remain for several days.

The samples then were decanted, washed, dried,
floated in carbon tetrachloride, and "live" specimens
of the foraminifera were picked and mounted on
slides. The data was analyzed by using the Sanders
(1968) rarefaction method for measuring species
diversity. Hurlbert (1971) modified this model to
make it more ecologically relevant, but I used the
model as a relative method of comparing different
assemblages and did not utilize Huribert's modifica-
tion.

When the data was graphed it became apparent
that there were four distinct assemblages: a protected
intertidal assemblage, a protected offshore assemblage,
an exposed intertidal assemblage, and an exposed off-
shore assemblage. The protected assemblages occur
in narrow bays or inlets, while the exposed assem-
blages occur in broad bays or in the open ocean.
Representative stations for these four assemblages
are graphed in fig. 2.

The protected intertidal assemblage consists pri-
marily of Rosalina globularis, Cibicides lobatulus,
Elphidiurn lessonii, Elpitidium crispum, and Patellina
corrugata. It differs from the exposed intertidal
assemblage in having fewer species and, therefore, has
a significantly lower Sanders index.

The exposed intertidal assemblage is dominated by
Rosalina globularis, Cibicides lobatulus, Elphidium
lessonii, and Trochammina squamata. The intertidal
assemblages differ from the offshore assemblages most
significantly in the changes in two genera: Elphidium
and Rotorbinella ( Gavelinopsis). The former
genus is prominent intertidally and is virtually absent
in offshore areas. The reverse is true of Rotorbinella.

The protected offshore assemblage consists mainly
of Rosalina globularis, Cibicides lobatulus, Cibicides
fletc/ieri, and Rotorbinella praegeri. It extends from
10 to 70 meters in depth. It differs from the exposed
offshore assemblage by having a lower Sanders index
and has a paucity of Discanomalina vermiculata.

The exposed offshore assemblage (the shelf province
of Heron-Allen and Earland, 1932; Boltovskoy, 1970;
Herb, 1971) is dominated by Rosalina globulaicis,
Cibicides lobatulus, Cibicides fletcheri, Rotorbinella
praegari, Cribrostomoides jefireys, and Discano rnalina
vermiculata. The last species particularly is indicative
of this assemblage. The depth range of this assem-
blage is 10 to 500 meters. The Sanders index shown
in fig. 2 is an average figure for these stations. The
diversity changes markedly over the depth range. It is
fairly low at shallow stations and rises to a maximum
at the deepest station.

One sample was taken at 900 meters in depth in
the bathymetric zone H3 of Herb (1971). It shows a
distinct change from the shallower stations, especially
in the presence of Cibicides wuellerstorfi and Ru per-
tina stabilis.

A more detailed study of the area is underway. A
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paper drawing extensive comparisons with previous
works and suggesting areas of future investigation is
in progress.
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Deep Sea Drilling Project leg 36:
southernmost Atlantic

PETER F. BARKER
Department of Geology

University of Birmingham
England

IAN W. D. DALZIEL
Lamont-Doherty Geological Observatory

Columbia University
Palisades, New York 10964

Glomar Challenger left Ushuaia, Argentina, on
April 4, 1974, and arrived in Rio de Janeiro, Brazil,
on May 22, 1974, after completing leg 36, the fourth
of five scheduled southern ocean legs of the Deep Sea
Drilling Project (DSDP). The fifth installment, leg 40,
is scheduled for the 1974-1975 austral summer in the
region south of South Africa. Leg 36 sites originally
were chosen to study the tectonically complex Scotia
Sea-Drake Passage region. Constraints imposed by
long term DSDP planning, however, resulted in an
undesirably late start. Because of bad weather, long
periods of darkness, and icebergs, none of the Scotia
Sea, Drake Passage, or Argentine Basin sites was
drilled effectively. Instead the program concentrated
on the Falkland (Malvinas) Plateau and on the
Falkland (Malvinas) Outer Basin (immediately to
the east of the plateau). Data from the four sites in
this region contribute to knowledge of the tectonic
and the oceanographic evolution of the southernmost
Atlantic Ocean Basin.

Important preliminary conclusions follow:
(1) The eastern part of the Falkland (Malvinas)

Plateau has a basement of metasedimentary gneiss
and granite that was continuous with the southern and
southeastern margin of the African continent prior to
the opening of the South Atlantic Ocean Basin ap-
proximately 130 million years ago.

(2) The history and the nature of the basement
rocks suggest that they once formed part of a Pre-

Drs. Daiziel and Barker were co-chief scientists aboard
Deep Sea Drilling Project leg 36. Other scientists on the
cruise included: David H. Elliot, The Ohio State Univer-
sity; Robert W. Thompson, Humboldt State College; George
Plafker, U.S. Geological Survey; R. C. Tjalsma, Woods
Hole Oceanographic Institution; Sherwood W. Wise, Jr.,
Menno G. Dinkelman, and Andrew M. Gombos, Jr., Florida
State University; Alberto Lonardi

'
Buenos Aires (Argen-

tina); John Tarney, University of Birmingham (England).

cambrian shield. They are probably the oldest rocks
drilled by the DSDP.

(3) The basement was weathered by a Mediter-
ranean-type climate during or before the Middle
Jurassic.

(4) The earliest marine transgression of the Falk-
land (Malvinas) Plateau occurred in the Middle to
Late Jurassic prior to the opening of the South
Atlantic.

(5) Conditions of restricted circulation over the
plateau gave way to an open oceanic environment in
the Early Cretaceous. The plateau sank to its present
depth in the Late Cretaceous and since has been
tectonically stable.

(6) The mid-sediment reflector in the Falkland
(Malvinas) Outer Basin previously correlated with
horizon "A" of the Argentine Basin results from in-
duration within an Upper Cretaceous-Paleocene
clay/claystone sequence.

(7) There appears to have been significant fluctua-
tion in the flow and load of bottom currents (Antarctic
Bottom Water) into the Argentine Basin from the
south since the Late Mesozoic.

(8) Cool water faunal assemblages were presenton
the Falkland (Malvinas) Plateau since the Mid le
Cretaceous. Further cooling took place in the earliest
Cenozoic and severe climatic deterioration occur ed
in the Oligocene.

(9) Icerafted detritus is present in Upper Miocene
to Recent sediments. Almost all the clasts have c r-
relatives in Antarctica but none are certainly of a
uniquely antarctic lithology.

This research was supported by the National Sciei ce
Foundation.

Antarctic benthic communities:
Hudson 70 expedition

ERIC L. MILLS
Department of Oceanography

Dalhousie University
Halifax, Nova Scotia, Canada

ROBERT R. HESSLER
Scripps Institution of Oceanography

La Jolla, California 92037

The Canadian "Hudson '70" expedition circum-
navigated the Americas between November 1969 and
October 1970 using the 115-meter, 3,600-metric-ton
css Hudson of the Bedford Institute of Oceanogra-
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64

Figure 1. CSS Hudson's
cruise track in the Drake
Passage and near the

South Shetland Islands,
January and February 1970- 6

ph , Dartmouth, Nova Scotia. A large portion of the
crtiise was devoted to physical oceanography, geo-
ph'sics, submarine geology, and marine chemistry, but
some biological work on plankton and benthic ani-
mals was accomplished, particularly in the South
Atlantic Ocean and near Antarctica. A general out-
line of the cruise and its scientific objectives is in
Cameron et al. (1971) and Edmonds (1973).

This paper outlines our work on benthic ecology
near Cape Horn, in Drake Passage, and in the South
Shetland Islands, and presents some of the recent
results and their implications. Our aim in making the
collections was to begin studies on the relationship
between deep sea and shallow antarctic faunas
(Hessler, 1970) and to collect data on abundance and
species diversity of soft-bottom antarctic benthos for
ccmparison with assemblages at other latitudes and in
the deep sea. Only a few other comparable surveys
have been reported recently (e.g., Burch, 1972;
Gllardo and Castillo 1969; Richardson, 1972) or are
in progress (e.g., British surveys of soft-bottom benthos
at Signy Island, personal communication from M. G.
Richardson, British Antarctic Survey).

Our collections were made in 1970 at 13 locations.

Fig. 1 shows the cruise track, and table 1 gives details
of station dates, locations, and depths. We relied pri-
manly on use of a small epibenthic sled (fig. 2) with
net of 1 millimeter nylon mesh, supplemented at some
stations by a 1/10 square meter Smith-McIntyre grab.
Where possible, we concentrated on mud (silt-clay)
bottoms to make sediment conditions comparable to
those in the deep sea. Animals were screened on 0.7
millimeter screens, fixed in 4 percent formnalin, and
stored in 70 percent ethanol, then sorted and weighed
later at Dalhousie University. Sediment samples
were analyzed for grain size by sieving and pipetting.
Frozen samples of sediment were saved for determina-
tion of organic carbon and nitrogen in the laboratory,
using a Hewlett-Packard F and M carbon hydrogen
nitrogen analyzer, and for determination of percent
carbonate by acidification.

We have more information on stations in the South
Shetland Islands than elsewhere (table 2) and will
concentrate on their characteristics. The sediments, al-
though poorly sorted, generally are in the medium to
coarse silt range. Organic carbon values are sur-
prisingly low (0.33 to 0.43 percent) for nearshore
sediments; these are similar to those at abyssal depths
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Table 1. Station data for benthic collections made by CSS
Hudson near Cape Horn and the South Shetland Islands.

	

Station	Location	Depth	Gear *
and date, 1970	 (meters)

SOUTHERN CHILE

1 (1 /29) Puerto Williams. Chile
54 0 54.6'S. 68 0 33.2'W.	36-38.4

2 (1/29) Wollaston Island
55 036.98. 67 0 11.8'W.	51-58

3 (1/29) E. of Wollaston Island
55°42.6'S. 66 057.5'W.	66-73

DRAKE PASSAGE

	

4, 5 (2/4)	NW of Anvers Island
63 036.5'S. 66 051.6'W. to
63 0 35.9'S. 66 047.8'W.	3301-3379

	
1, 3

SOUTH SHETLAND ISLANDS

	

6 (2/5)	South Bay, Livingston
Island
62 040'S. 60 022'W.	 146

	

7,8 (2/5)	Discovery Bay, Green-
wich Island

62 029.1'2. 59°44.3'W.	58.6
	

2, 1

	

9, 10 (2/5)	Marion Cove, King
George Island

62 012.9'S. 58 046.6'W.	104-115
	

2, 1

	

11, 12 (2/6)	Visca Cove, Admiralty
Bay, King George
Island

62°05.3'S. 58 022.6'W.	46-86
	

2, 1
13 (2/7) North of King George

Island
61 047.5'S. 58 043.2'W.	282

14 (2/15) Port Foster, Decep-
tion Island

62 057.8 1S. 60039 1W.	165
	

I

BRANSFIELD STRAIT

15 (2/16) Near Bridgeman Island
61°51.4'S. 55 038.2'W. to
61 047.6'S. 55 035.5'W.	2561-2572

	
I

SOUTHERN CHILE

16, 17 (2/19) Beagle Channel just W
of Islas Becasses

54 059'S. 66 050'W.	95-102
	

2, 1
18, 19 (2/20) Bahia Gretton, Islas

Wollaston
55 031.5'S. 67 028 1W.	51-57

	
2, 1

* 1: epibenthic sled; 2: Smith-McIntyre grab; 3: Sanders
anchor dredge.

in Drake Passage (0.35 percent) and in several other
abyssal regions. Similar values have been recorded
by Warnke et al. (1973) for sediments near Anvers
Island. Carbonate values range from 10.7 to 33.1
percent, probably related to an abundance of bi-
valve molluscs. In contrast, Warnke et al. (1973)
found much lower values, 0.66 to 2.0 percent, near

Anvers Island in areas where molluscs apparently
were not abundant.

Infaunal animals at our stations in the South Shet-
land Islands were not strikingly abundant by tem-
perate zone standards. In fact the biomasses of
infaunal animals recorded in table 2 fall well within
the range (69 to 320 grams per square meter wet
weight) encountered on similar sediments in unpro-
ductive arctic waters by Ellis (1960). It is interesting,
however, that Ellis records much lower abundances,
216 to 1,293 relatively large animals per square meter,
compared to 6,720 to 17,960 per square meter in our
samples composed of many very small polychaetes,
crustaceans, and bivalves from the South Shetland
Islands.

Our recorded values of biomass. 86 to 217 grams
per square meter, are in close agreement with those

Figure 2. Small epibenthic sled used near the South Sh.tlaad
Islands.
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published by Gallardo and Castillo (1968, 1969) from
near Deception Island (260 grams per square meter)
and Greenwich Island (164 to 180 per square meter),
but are much lower than many other estimates from
Antarctica that are summarized, for example, by
White and Robins (1972) for Signy Island and other
areas. The differences suggest some fascinating prob-
lems of benthic ecology in Antarctica.

White and Robins (1972) show that most previous
reports of high biomasses from antarctic inshore areas
come from hard bottoms, which are often heavily
overgrown by suspension-feeding sponges, tunicates,
bryozoans, and cnidarians. Low biomass values from
soft bottoms, like those sampled in the South Shetland
Islands, may result from the reduced abundance of
epifaunal animals on soft bottoms. It is not correct,
however, to conclude that epifauna such as sponges
and tunicates are absent on soft bottoms, as White
and Robins (1972) have done. Although these two
groups are not abundant in our grab samples, they
dominate epibenthic sled samples from the same loca-
tions (Stations 8, 10, 12) by volume and sometimes
by number (fig. 3). It is likely that the relatively
small biomnasses of infaunal animals on soft bottoms
are controlled by filter feeders, which must greatly
reduce the food material reaching the sediments.

The low values of organic carbon and other features
of antarctic surface sediments have broader signifi-
cance than virtually complete utilization of food

:

.	4
- 4

Figure 3. Epifauna from a soft-bottom station, South Shetland
Islands. The screen is about 30 centimeters in diameter.

Table 2. Biological and sediment features of stations from CSS Hudson.

Benthos	 Mean	 Percent
Station wet weight Number!	 Sediment	 grain	Sorting Percent organic Percent	C:N

(grams/ meter 2	 description	 (milli-	0	CaCO3	C	N
meter 2)	 meter)

SOUTHERN CHILE

I	 Gravel and sand
2	 Barnacle shell gravel
3	 Barnacle shell gravel and sand	1.25	0.96

DRAKE PASSAGE

4,5
6
7,8
9,1q
11,12
13
14

15

60 Fine silt	 -015
Gray silt-clay	 0.014

202	6,720 Gray silt-clay	 0.013
86	8,850 Gray medium silt	 0-029

217	17,960 Deep gray fine silt, surface brown	0-017
Green silty sand	 0-072
Dark brown volcanic ash

BRANSFIELD STRAIT

Mud, no other notes

2 . 36	96	0-35	0.056	6.21
3 . 05	195	0-60	0.087	6.97
291	33.1	041	0.057	7.21
2-13	107	033	0.045	1.34
2-91	146	0-43	0.063	5.36
1.53	7.1	0.33	0.043	7,64

SOUTHERN CHILE

	

16, 17
	

Dark green sandy silt	 0.052	2. 29 	5.4	0.34	.039	8.53

	

18,19
	

Fine green sand with barnacle clumps
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reaching the bottom. We found carbon: nitrogen
ratios of 6.9 to 7.3, representing only a small loss
(6 to 12 percent) of nitrogen from the usual ele-
mental composition of phytoplankton (carbon:
nitrogen = 6.7; see Redfield et al., 1963). Thus the
organic carbon and nitrogen of the sediments probably
represent fairly recent production in the water col-
umn. Then why are the levels so low? The correct
answer depends on the levels of primary production
in nearshore areas of Antarctica, and on the level of
metabolism of antarctic benthos.

Dayton and Robilliard (1971a, 1971b) and Dayton
et al. (1974) have noted the slow rate of respiration,
repair, and growth of many abundant sessile animals
in McMurdo Sound. It seems very likely that infaunal
animals in the same areas also have low metabolic
rates. Estimates of annual primary production in
inshore areas of Antarctica practically are nonexistent,
but the evidence from papers by Mandelli and Burk-
holder (1966), Home et al. (1969), Walsh (1969),
and El-Sayed (1970), indicates that annual produc-
tion in the richest areas (such as Bransfield and
Gerlache straits) is not markedly higher than in many
temperate zone locations. This directly contradicts
statements in the older literature (e.g., Ryther, 1963)
that production levels are very high, especially in
coastal areas. If high production occurred we might
expect either accumulation of carbon in the sedi-
ments, if metabolism is low, or low carbon in the sedi-
ments resulting from high metabolism of the benthos.
Neither suits known facts.

In summary, the high biomass of many antarctic
benthic communities (primarily epifauna) cannot
indicate high turnover rates, a point made by Dayton
and Robilliard (1971a, 1971b). Low levels of organic
carbon in the sediments are evidence of modest
primary production and virtually complete utilization
by the benthos. The high biomass benthic communi-
ties of Antarctica appear to be severely carbon lim-
ited. The modest biomasses of infauna on soft sedi-
ments also must result from food limitation caused
by the presence of abundant particle feeders above
them. The time seems ripe for detailed studies of
feeding, metabolism, and pathways of energy flow in
nearshore ecosystems around the southern ocean to
explain the unique features of these systems.

Our research is supported by a grant from the Na-
tional Research Council of Canada and by National
Science Foundation grant GA-18946. Sheila Byers
sorted most of the samples after preliminary work by
the Canadian Oceanographic Identification Centre,
and did the sediment analyses for grain size and or-
ganic content. M. G. Richardson, Department of
Zoology, University of Durham, England, kindly in-
formed us of British Antarctic Survey benthic studies
in progress near Signy Island, and J . H. Dearborn,

Department of Zoology, University of Maine, com-
mented on the manuscript.

References

Burch, R. L. 1972. Collection of benthic organisms from the
Antarctic Peninsula. Antarctic Journal of the U.S., VII
(4) : 83-84.

Cameron, W. M., C. R. Mann, E. L. Mills, and R. T.
Haworth. 1971. First around the Americas: Hudson '70
Canadian Geographical Journal, 82: 182-199.

Dayton P. K., and G. A. Robilliard. 1971a. The berthic
community near McMurdo Station. Antarctic Journal of
the U.S., VI(3) : 54.

Dayton, P. K., and G. A. Robilliard. 1971b. Implications of
pollution to the McMurdo Sound benthos. Antarctic Jour-
nal of the U.S., VI (3) : 53-56.

Dayton, P. K., G. A. Robilliard, R. T. Paine, and L. B. Day-
ton. 1974. Biological accommodation in the benthic com-
munity at McMurdo Sound, Antarctica. Ecological Mono-
graphs, 44: 105-128.

Edmonds, A. 1973. Voyage to the Edge of the World. To-
ronto, McClelland and Stewart. 254p.

Ellis, D. V. 1960. Marine infaunal benthos in arctic North
America. Arctic Institute of North America, Technical
Paper, 5. 53p.

El-Sayed, S. Z. 1970. On the productivity of the Southern
Ocean (Atlantic and Pacific sectors). In: (Hoidgate,
M. W., editor), Antarctic Ecology, 1: 119-133.

Gallardo, V. A., and J . G. Castillo. 1968. Mass mortality in
the benthic infauna of Port Foster resulting from the erup-
tion in Deception Island (South Shetland Islands). Pub-
licaciones del Instituto Antartico de Chile, 16. lip.

Gallardo, V. A., and J . G. Castillo. 1969. Quantitative
benthic survey of the infauna of Chile Bay (Greenwich
Island), South Shetland Islands. Gayana, 16: 1-18.

Hessler, R. R. 1970. High latitude emergence of deep' sea
isopods. Antarctic Journal of the U.S., V(4): 133-134.

Home, A. J . , G. E. Fogg, and D. J. Eagle. 1969. Studies in
situ of the primary production of an area of inshore Ant-
arctic sea. Journal of the Marine Biological Association of
the United Kingdom, 49: 393-405.

Mandelli, E. F., and P. R. Burkholder. 1966. Primary pro-
ductivity in the Gerlache and Bransfield straits of 4nt-
arctica. Journal of Marine Research, 24: 15-27.

Redfield, A. C., B. H. Ketchum, and F. A. Richards. 1 63.
The influence of organisms on the composition of ea-
water. In: The Sea (Hill, M. N., editor), 2: 27-77.

Richardson, M. D. 1972. Benthic studies in the Antarctic.
Ant iirctic Journal of the U.S., VII(5) : 185-186.

Ryther, J . H. 1963. Geographic variations in productivity.
In: The Sea (Hill, M. N., editor), 2: 347-380.

Walsh, J . J . 1969. Vertical distribution of antarctic phyto-
plankton; part II, a comparison of phytoplankton standing
crops in the southern ocean with that of the Floida
Strait. Limnology and Oceanography, 14: 86-94.

Warrike, D. A., J . Richter, and C. H. Oppenheimer. 173.
Characteristics of the nearshore environment off the south
coast of Anvers Island, Antarctic Peninsula. Limnology
and Oceanography, 18: 131-142.

White, M. G., and M. W. Robins. 1972. Biomass estimates
from Borge Bay, Signy Island, South Orkney Islands.
Bulletin of the British Antarctic Survey, 31: 45-50.

316	 ANTARCTIC JOURNAL



Frigernail ridging at the South Pole

WINSTON T. COPE, M.D.
U.S. Naval Support Force, Antarctica

Many persons leaving old South Pole Station in
No-ember 1973, having spent a year there, noted
lonitudina1 ridging of their fingernails during the
yea. The station is isolated from mid-February to
No-ember. For the first time this ridging was docu-
meited photographically during the 1974 austral
wirter.

longitudinal fingernail ridging is a normal senile
chaige, and is also commonly seen as a reaction to
trainia to a fingernail. Varied fingernail changes also
ma' result from vitaminvitamin deficiencies.

Ifineteen of the station's 21 persons participated in
thb study. Fingernails of both hands were photo-
graihed once during the summer (November 1973
thnugh January 1974) and again in early August.
An Olympus Pen-F camera with a 50- to 90-mnilli-
meer lens was used with Kodak Plus-X pan film.
Fun processing was -done at the station. Comparison
of )hotographs was done by magnified direct visual-
izaion of negatives. Since a difference in lighting may
carse a difference in photographic appearances of
ridges, only gross changes in ridging were taken as a
potive fingernail change. Each fingernail was eval-
uatd positive or negative for ridging development
over elapsed time. Only changes in rid ging were
stulied; no reliable means of determining degrees of
riding was available.

At the August photographic session a short ques-
tionnaire was given to each participant to gather
data on possible ridge-inducing factors. Eighteen of
the 19 participants had positive changes for at least
one fingernail; there were no cases of decreasing
ridges. The 19 participants were divided into two
grcups: those with positive changes for five or more
fingers, and those with positive changes for four or
fewer fingers. The first group contained nine persons
and the second contained 10.

it seems clear, therefore, that fingernail ridging had
occurred appreciably. This binary partition, however,
did not relate statistically to the following factors de-
ternined mainly by the questionnaires: length of the
summer study period; age; occupation; intake of
multivitamin tablets; use of hand lotion; use of a
steam bath; noticed nail growth changes; noticed nail

Lieutenant Cope was Support Force medical officer at
South Pole Station during winter 1974.

N4vember/December 1974

brittleness changes; previous arctic or antarctic winter
isolation: handedness of the individual. Some of these
factors may indeed be involved in ridge development,
but a larger study group would be required to deter-
mine this.

Ridging may be a stress reaction to duty at old
South Pole Station, Among other stresses, the station
consists of small subsurface buildings with connecting
walkways. The temperature along these walkways is
about —25°C. Hands thus are subjected to many
short but sharp temperature changes each day since
gloves are not worn when going from one building to
another.

The etiology of this ridging phenomenon is not
clear; it is one more manifestation of complex physio-
logical adaptation to the Antarctic.

The author is grateful to 1974 winter personnel at
old South Pole Station for their coopelation in this
study. Photographs cited in this paper are available
from Dr. Cope at 415 7th Street South, Saint Peters-
burg, Florida 33701.

Committee on Polar Research,
1973-1974

Louis DEGOES
Committee on Polar Research
National Academy of Sciences

National Research Council
Washington, D.C. 20418

The Committee on Polar Research (CPR), estab-
lished in January 1958, advises on U.S. polar research
programs and represents the National Academy of
Sciences (NAs) in the affairs of the Scientific Com -
mittee on Antarctic Research (SCAR), International
Council of Scientific Unions. J . H. Zumberge, Uni-
versity of Nebraska, Lincoln, is U.S. delegate to
SCAR. He also chairs the CPR, which is supported by
National Science Foundation contract C-310.

The CPR held its 34th meeting in Boulder, Colo-
rado, October 26 and 27, 1973, and its 35th meeting
at the National Academy of Sciences, Washington,
D.C., April 26 and 27, 1974. Four panels and 3 ad
hoc groups also met during 1973-1974.

A systematic rotation plan was initiated during
1973-1974 for the nearly 100 scientists who serve on
the CPR and its subgroups, with rotation of one-fourth
of its membership annually. Several new members
were appointed to replace those whose terms had
expired.

317



What follows is a list of international and domestic
CPR-affiliated activities during 1973-1974.

International activities

SCAR executive council, July 9 to 11. 1973, Cam-
bridge, England. Mr. DeGoes, CPR executive secre-
tary, participated. Agenda included preliminary plan-
fling for 13th SCAR Plenary Sessions and for 3rd
SCAR/ International Union of Biological Sciences
(luBs) Symposium on Antarctic Biology (held in
Washington, D.C., August 1974).

SCAR working group on geology, August 27 to 31,
1973, Canberra, Australia. C. Craddock participated.
Invitation to hold a SCAR geology symposium in Wis-
consin in 1976 or 1978 considered; Dr. Craddock
elected to chair geology working group.

Second International Conference on Permafrost,
July 16 to 28, 1973, Yakutsk, Soviet Union. In
collaboration with NAS Building Research Advisory
Board (BI&B), CPR members T. L. Pwé, J . Brown,
A. H. Lachenbruch, J . W. Marr, and A. L. Wash-
burn served on U.S. planning committee.

International Polar Experiment (P0LEx) planning
meeting, December 10 to 14, 1973, Leningrad, Soviet
Union. Participants included D. J . Baker, Jr., C. H.
Rooth, W. W. Kellogg, and N. Untersteiner, all mem-
bers of joint POLEX panel sponsored by the CPR, the
U.S. committee for the Global Atmospheric Research
Project (GARP), the Committee on Atmospheric
Sciences, and the ocean science committee of Ocean
Affairs Board. Meeting called by joint planning staff
for GARP to formulate international scientific plan.

First assembly of the International Association of
Meteorology and Atmospheric Physics/International
Association of Physical Oceanography, January 14 to
261 1974, Melbourne, Australia. Emerging interna -
tional P0LEx/GARP program was discussed.

Domestic activities

Committee on Polar Research, October 26 and 27,
Boulder, Colorado (34th meeting). J . 0. Fletcher
reported on recent developments within the Office of
Polar Programs (o), National Science Foundation;
R. A. Helliwell reviewed winter 1973 results of upper
atmosphere research at Siple Station; CPR panels re-
ported on recent activities; A. E. Belon, J . Thie,
D. M. Anderson, E. Lathram, 1M. F. Meier, and R. S.
Williams surveyed Earth Resources Technology Satel-
lite arctic imagery; status of SCAR activities was re-
ported by Dr. Zumberge, W. S. Benninghoff, J . T.
Shurley, and Mr. DeGoes. In executive session, the
CPR considered a review of Interagency Arctic Re-

search Coordinating Committee (IARCc) 5-year)Ian,
and a report of recent developments within theNAs
regarding reorganization, emerging reports, an fu-
ture CPR activities. A three-person working grouç was
appointed to recommend CPR reorganization neas-
ures.

Committee on Polar Research, April 26 anc 27,
1974, Washington, D.C. (35th meeting). Mr. F1eher
and others reviewed opp programs and activties;
status of Alaska pipeline reviewed; plans discissed
for SCAR plenary sessions and SCAR/IUBS biology ym-
posiuni. In executive session, CPR reviewed and en-
dorsed report by ad hoc permafrost study group and
received report on restructuring CPR and increing
liaison between CPR and other NAS committees. CPR
approved the following: resolution of upper atnos-
phere physics panel on siting of new observabry;
recommendation that 3rd SCAR Symposium on
Antarctic Geology and Solid Earth Geophysin be
held in 1977 at Madison, Wisconsin; recomrneida-
tion that standing panel on permafrost researci be
established under the CPR; resolution calling for the
CPR to seek more information and to monitor dvel-
opments regarding proposed International Geoplysi-
cal Circumpolar Program.

Panel on biological and medical sciences, October
24 and 25, 1973, Boulder, Colorado. Panel revieNed
sCAR/luBs biology symposium plans, status of panel
reports in preparation, antarctic research papers )re-
sented at 1973 Committee on Space Research imet-
ing, structure and membership of panel, recommerda-
tions to the CPR on rotation of members, and a pro-
posal for formation of a new panel on human biobgy
and medicine. Planning for SCAR/IUBS biology s,m-
posium included setting procedures for reviewing U.S.
abstracts, and establishment of a symposium arrarge-
ments committee.

Panel on glaciology, March 18 and 19, 174,
Tempe, Arizona. This meeting was reported in the
May/June 1974 issue of Antarctic Journal (page c2).

POLEX panel, November 5 to 8, 1973, Tucson,
Arizona. A final draft of U.S. contribution to the
Polar Experiment: part 1, POLEX-GARP (north) was
prepared (after NAS and CPR review, the report was
issued in May 1974). R. M. Goody resigned as panel
chairman, replaced by D. J . Baker, Jr.

POLEX panel, June 18 and 19, 1974, Seattle,
Washington. Preliminary draft of U.S. contribution to
the Polar Experiment: part 11, POLEX-GARP (south)
was prepared.

Ad hoc meeting of IARCC advisory group, August 15
to 17, 1973, during American Association for the
Advancement of Science (AAAS) meeting at Fair-
banks, Alaska. Five-year IARCC plan was reviewed,
documented, approved by the CPR with minor re-
visions, subjected to NAS review, and transmitted to
T. 0. Jones, IARCC chairman.
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Ad hoc meeting of IARCC advisory group, August 15
to 17, 1973, during AAAS meeting at Fairbanks,
Alaska. Members discussed writing assignments for
Priorities for basic research on permafrost. The study
group, at the CPR's request, reviewed a BRAB proposal
for establishment of a committee on permafrost engi-
neering developmental research. It was agreed that a
permafrost research group should he established under
the CPR; a second group, under the BRAB. would deal
with developmental problems. Coordination of the
two groups is to be by dual memberships (including
chairpersons of the groups).

During 1973-1974, in addition to those already
mentioned, the CPR issued the following reports:

United States antarctic research activities, 1972-73,
and United States antarctic research activities planned
for 1973-74 (leport 15 to SCAR, August 1973).

Earth science investigations in the U.S. Antarctic
ReJ

7-June
arch Program (USARP) for the period July 1,

19 	30, /973.
uthern ocean dynamics: a strategy for scientific

exoration, 1973-1983.
tarctic glaciology: guidelines for U.S. program

plfling, 1973-1983.
Upper atmosphere physics research in the Antarc-

tic: guidelines for U.S. program planning, 1973-1983.
2. program for use of automatic stations in upper

atn osphere physics research in Antarctica.
ntarctic geology and solid-earth geophysics:

gut ielines for U.S. program planning, 1973-1983.
Most of the above reports, including those men-

tio ed earlier, are available from the Committee on
Polar Research, National Academ y of Sciences, 2101
Co stitution Avenue. Washington, D.C. 20418.

ntarctic Marine Geology Research
Facility, 1973-1974

DENNIS S. CASSIDY and SHERWOOD W. WISE
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32,706

)tiring 1973-1974 the Antarctic Marine Geology
Research Facility and Core Library, Florida State
University (Fsu '), distributed, inventoried, and main-
tained southern ocean geological specimens, modified
refrigerated storage areas in preparation for the re-
ceipt of Dry Valley Drilling Project (I)Vup ) sediment
cores, acquired and installed new equipment for

DVDP core sampling, and reorganized and cataloged
the Smithsonian Oceanographic Sorting Center's
marine rock collection transferred to the facility in
June 1973 (Schmid, 1973).

Other activities included research by four FSU in-
vestigators aboard legs 35 and 36 (third and fourth
antarctic cruises) of the Deep Sea Drilling Project
(DSDP) vessel Glornar Challenger, and the inde-
pendent research efforts of resident and visiting in-
vestigators.

From July 1, 1973, to June 30, 1974, 1,820 piston
core and 298 trigger and phieger core samples were
distributed from USNS Eltanin (renamed ARA Islas
Orcadas) materials. Also distributed were eight
Eltanin grab sample specimens and 12 International
Weddell Sea Oceanographic Expedition piston core
samples. The samples were received by 17 investiga-
tors representing 10 foreign and domestic institutions.

Much curatorial effort in recent months involved
the removal of approximately 30 aisle meters of un-
used piston core storage shelving and the installation
of metal rack units to accommodate standard H, N,
or P DVDP core boxes and other bulk storage con-
tainers. Rack units with a shelf capacity of 65 cubic
meters (about 2,700 drill core boxes, each core box
holding 3 linear meters of core) were installed in the
2°C. refrigerated storage room. Similar units, with
a total shelf capacity of 15 cubic meters (or about
700 drill core boxes), were installed in the
storage room (figure) containing all DVDP sedimentary
materials from holes 4 to 9. Storage temperature in
this rooin is maintained by a refrigeration unit that
keeps temperatures as low as —32°C. An additional
unit, to be installed later, will back up the present
unit to Provide a dual system for emergencies. Low
temperature storage, of course, is required for the
preservation of ice-cemented sedimentary materials.

An additional 30 meters of adjustable metal
shelving has been installed in the 2°C. storage area
primarily to accommodate the Smithsonian marine
rock collection. Several instruments have been ac-
quired to help sample these rocks and DVDP cores.
The acquisitions include a 40-centimeter industrial
drill press for diamond core drilling, a diamond-
bladed cut-off saw, and diamnond-bladed slabbing and
trim saws; these methods all utilize the fluid recircu-
lation cutting method.

Preliminary sampling and inspection of DVDP cores
stored at FSU was begun by seven visiting investi-
gators coordinated by Peter Webb, Northern Illinois
University. Environmental monitoring of the sampling
area was done by Roy Cameron, Darwin Research
institute. All sampling was done according to guide-
lines of the i)vf)p sample distribution policy as outlined
in DJDP Bulletin, 2 (Northern Illinois University,
1973). This group's efforts are expected to stimulate
interest in sampling these and future DVDP materials.
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Dry Valley Drilling Project
cores stored at —23°C.

Research activities at the FSU facility during 1973-	programs, curatorial projects, core description, and
1974 were centered around study of southern ocean	data analysis.
drill and piston cores from Eltanin cruises and from	Research emphasis has been placed on the tech-
the DSDP and the DVDP. Strongly supported by the	niques of micropaleontology and sedimentology as a
FSU Department of Geology, which offers a variety	means of studying the southern ocean's climatologic
of academic programs geared to southern ocean	and oceanographic history as recorded in marine
marine geological research, these activities give stu-	cores. Major advances in the innovation and refine-
dents a chance to learn about shipboard research	ment of high latitude biostratigraphic schemes, par-
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ticularly for fossil diatoms (McCollum, 1974, in
press), silicoflagellates (Ciesielski, 1974a ) in press),
and calcareous nannoplankton (Miyajima, 1974),
have established a firm basis for analysis of such
paleoceanographic events as paleocirculation (Weaver
and McCollum, 1974) and changes of the carbonate
compensation level (Constans and Wise, 1974). Such
studies have been aided particularly by development
of a silicoflagellate paleotemperature curve applicable
to the southern ocean (Ciesielski, 1974h, in press).
This curve already has been used to help define major
paleocliniatic events dating to the Pliocene (Ciesielski
and Weaver, 1974; Weaver and Ciesiciski, 1974).
These investigations form the groundwork for further
climatic model studies of air-land-sea interactions that
relate major antarctic continental glacial events to
radical environmental changes in adjacent oceans as
recorded in [lee!) sea Se(iiIIIefltS (e.(,., Anderson. 1972
Weaver, 1973).

Researchers also are interested in stud y ing post-
depositional diagenetic changes in antarctic marine
sediments, particularly the conversion of diatom-
radiolarian ooze to various forms of chert (Wise and
Weaver, 1974), and the formation of manganese
nodules (linmel, 1974) . Through study of uranium
isotope activity ratios Imiiiel demonstrated that micro-
manganese node h's. like i} ert bode s, form tliroih
in situ dia o rnesis after burial. This explains wh y these
metalliferous deposits remain microscopic in size: the
avaiiable source of iron and manganese ions are hit-
ited necessarily to that which originally is buried with
the sediment, and cannot he supplied or renewed by
bottom waters.

During the intern between suspension of !'Jta,ii
cruises and initiation of the Islas Orcalas program,
shipboard work has been provided through partici-
pation in I)SDP antarctic cruises. FSU micropaleontolo-
gists staffed half the paleontology berths aboard
Glomar Challenger legs 35 (Bellingshausen Sea) and
36 (Falkland-Malvinas- -Plateau Menno Dinkel-
man and Sherwood Wise analyzed radiolarians,
calcareous nannofossils, and silicollagellates from leg
36; graduate students Fred Weaver and Andrew
Gombos investigated radiolarians and diatoms recov-
ere! aboard les 35 and 36. Sediments recovered
during these cruises date to the Jurassic (see Barker
and Dalziel, 1971: Hollister et al., 1971) . DSDP ship-
board participation has included eight scientists of
the facility.

Plans are being made for core retrieval operations
during cruises of the Islas ()rcadas. Most valuable in
this respect has been the analysis and documentation
of core materials in the Eltanin collection stored at
the FSU facility. These studies have helped to delineate
the most profitable areas that should be investigated
during the next phase of exploratory operations.

Curatorial activities are supported by National

Science Foundation contract C-564; research activi-
ties were supported by National Science Foundation
grant GV-42650.
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"List," a computer program for
sediment sample inventory

LAWRENCE W. SNEE and DENNIS S. CASSIDY
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

"List," a program written by Kermit Rose, Florida
State University (rsu) Computing Center, provides
a record of samples distributed from USNS Eltanin.
(renamed ARA Islas Orcadas) sediment cores stored at
the FSU Antarctic Marine Geology Research Facility
and Core Library.

Tabulation of samples removed from the core in -

ventory originally was done manually; data manipula-
tion was a cumbersome, lengthy process. To meet
curatorial obligations and to facilitate data handling
for the large number of distributed samples (presently

Mr. Snee's address: California Institute of Technology,
Department of Geological and Planetary Sciences, Pasadena,
California 91109.

more than 100,000), a program was needed that
would automate data storage, update, and retrieval.

Sample information first is recorded onto a stand-
ard, SO-column Fortran sheet according to core type
(PCpiston core, TC=trigger core, etc.), cruise and
core number, sample interval, name of investigator
receiving the sample, portion of core removed (4=1/4

of core interval, 8—_',i'8 of core interval, etc.; this
parameter is recorded in terms of cubic centimeters
of material removed from the core), sampling date,
and institution of investigator requesting the sample.
Additional information may be listed as required. The
program orders this information according to cruise
number, to core number within the cruise, andto
the upper measurement level of the sample interval.
Standard punch cards for each sample may be in-
serted randomly although the search routine progresses
through the master inventory by cruise number
sequence.

Incorporated within the program is a provision that
all pages of sample listings affected by new data are
to be printed out with the data inserted properly. On
each page appears sample information for one core
only. New pages (figure) then are inserted into the
master inventory catalog of distributed samples.
Sample listings are maintained for each core type.

This work is supported by National Science Fun-
dation contract C-564.

CORE INTERVAL FSU TO SAMPLER SATE INSTITUTION

PC 35-16 0- 2 KENNFTO 0 SAGS 70 FSV
PC 35-16 

0 -
 5 SCOTT 8 MCCI 71 FS"

P C 35-16 1- 3 GLASS V 26J0L 7? UNIV OF DELAWARE
PC 35 16 1- 3 30112 TONOLLY 84 ISMAY £9 UN IV OF SOUTH CAROLINA
PC 35-16 1- 3 7OMMERMAIV8 1 40E 72 UNION COLLEGE
PC 35 . 16 2- 4 KENNElS V 24JUN 71 0841
PC 35-16 5 - 6 MORIARTV32 1 30C 72 

U 
N 
I 
V OF SO AUSTRALIA

PC 35-16 7- 9 ZTMPERMRNN ISlES 72 UNION COLLEGE
PC 35-16 02- 04 30113 CONOLLY V 1584*0 69 UNIV OF SOUTH CAROLINA
PC 35-16 13- 20 7TMMERMAN8 14065 72 UNION COLLEGE
PC 35-16 23- 25 30104 CONALLY I ISMAY 69 UNIV OF SOUTH CAROLINA
PC 35-16 25- 27 KENNEOT V 24JU9 71 URO
PC 35-16 31- 33 30115 CONOLLY 84 15800 69 UNIV IF SOUTH CAROLINA
PC 35-lb 34- 39 SCOTT 8 96EV 71 FSO
PC 35-AR 40- 42 35116 CONOLLY V 15MAY 69 UNIV OF SOUTH CAROLINA
PC 35-16 43 44 ZIMMERVANV 1406C 72 UNION COLLEGE
PC 35-16 53- 52 31117 CONOLL'V A 15908 69 UNIV OF SOUTH CAROLINA
PC 35-Sb 51- 53 GLASS V 26JUL 77 UNTO OF CELAWARE
PC 35-lb 55- 57 KENNFTT V ?4JU5 70 0840
PC 35-16 53- 62 30018 C ONOLLY lAS MAY £9 UNIV OF SOUTH CAROLINA
PC 15-16 67- 69 2IMMERMAN8 

14 
DE 72 UNION COLLEGE

PC 35-lb 70- 72 30119 CTNOLLY 84 15800 69 UNIV OF SOUTH CAROLINA
PC 35-16 74- 79 SCOTT V 9FEA 71 FS 
PC 30-lb 75- 77 KENNETT V ?4JUN71 URO
PC 35-16 II- 82 30120 CTNOLLH V 1580069 UNIV OF SOUTH CAROLINA
PC 3,-lb 90- 92 31121 CONOLLY 0 15800 69 UNIV OF SOUTH CAROLINA
PC 99-16 III- 107 30122 CONOLLY V 15900 69 UNIV IF SOUTH CAROLINA
PC 35-tb lIE- 113 GLASS V 26JOL 72 UNIV OF OELAWARE
PC 35-16 105- 107 KENNETT 84 24JUN71 URI
PC 35-16 106- AIR FRAKES B 10)01 72 FSU
PC 15-16 109- 101 708846 VMANV 14 

DEC 
72 UNION COLLEGE

PC 35-16 110- 112 30173 CYNOLLY V 15800 69 UNIV OF SOUTH CAROLINA
PC 35-16 113- 115 CHOKES V GOJAS 72 FSU
PC 35-16 120- 122 30124 CONOLLY I 15800 69 

UN 
IV OF SOUTH CAROLINA

PC 35-ER 123- 1284 SCOTT V 56EV 71 FSO
PC 36-ER 025- 127 KENNETT V 24JUN 71 0841
PC 35-16 131- 133 30125 CONOLLY 84 15880 69 UNIV OF SOUTH CAROLINA
PC 35-l6 140- 142 30126 CON OLLY V I5MAY 69 UN IV OF SOUTH CAROLINA
PC 35-lb 147- 159 7TMMERMAN8 I4TEC 72 UNION COLLEGE
PC 36-16 149- 151 GLASS V 26JUL 72 UNIV OF DELAWARE
PC 

35_ 
16 050- 152 30127 CONOLLY 15909 59 UNIV OF SOUTH CAROLINA

PC 35-16 155- 157 KFNNFTT B 24JU571 090
PC 35-1b 160- 162 301784 CONOLLV 8 15 MAY 69 UNIV OF SOUTH CAROLINA
PC 35-16 171- 173 30129 CONOLLY 8 ISMAY £5 UNIV OF SOUTH CAROLINA
PC 35-16 174- 110 SCOTT 8 96EV71 FS 
PC 3 1 175- 177 KENNEOT V 24 

JUN 
70 0840

PC 35-16 1840- 1842 30131 CONOLLY 8 158408 69 UNIV OF SOUTH CAROLINA
PC 35-16 034- 186 7OMMERMANV 140CC 72 UNION COLLEGE
PC 35-l6 18- 191 FRAKES 9 1IJAN72 FlU
PC 35-16 190- 192 3IE3l CT5OLLV V 15900 65 UNIV OF SOUTH CAROLINA
PC 35-16 200- 202 30132 CONOLLY I SSMAY 69 UNIV OF SOUTH CAROLINA
PC 35-16 201- 203 GLOST 84 26JUL 72 UNIV OF DELAWARE
PC 35-16 205- 717 KENNETT 8 24JUN 71 0841
PC 35-16 710- 212 10133 CONOLLY 0 158401 69 UNIV OF SOUTH CAROLINE
PC 35-16 213- 219 7I 

MME 
RMANM 14065 72 UNION COLLEGE

PC 15-16 770- 727 30134 OTNOLLS e 15800 69 UNIV IF SOUTH CAROLINA

Inventory printout for Eitann piston core 35-16.

Ice core storage facility

9

6 CHESTER C. LANGWAY, JR.
6 U.S. Army Cold Regions Research and Engineering

Laboratory
6 Hanover, New Hampshire 63755

The U.S. Army Cold Regions Research and Engi-
neering Laboratory (CFI) has prime responsibility
for storing and curating ice cores from U.S. arctic and
antarctic research programs (table). CRREL handles,
processes, catalogs, and distributes cores to qualified
glaciologists the world over. Under an agreement with
the National Science Foundation, the cores are stored
at CRREL and at a nearby commercial facility. A core
data bank is maintained for information retrieval and
exchange; starting with DYE 3 (Greenland) ice core,
the information is being computerized.

Between 1956 and 1968 CRREL had the cold room
capacity to store the cores. Core drilling through both
the Greenland (1966) and antarctic (1968) ice sheets,
however, generated too much core for storage within
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Figure 1. CRREL's cold room
161, used exclusively for ice

core and other polar
sample storage.

1\

CRREL'S physical plant; thus the commercial facility
was obtained.

Within the present CRREL cold room, maintained
at 340 ±2°C., is a 4.6-meter by 7.6-meter room
(rom 161), 4.9 meters high, reserved solely for
sto age of cores and surface samples (figure 1). About
40 1.5-meter core tubes from selected depths over
the profiles of various cores listed in the table are
sto ed here. These cores are used for internal CRREL

ne s as well as for external distribution. Adjacent to
an having the same dimensions as room 161 is a cold

laboratory (room 160), maintained at —10 0 ±20C.5
which is used for core processing, for chemical clean-
ing of cores (within a dustfree hood), for various
physical property studies, and for photography.

Most of the cores are stored at the commercial
facility in Littleton, New Hampshire, 96 kilometers
north of CRREL. A total of 76.2 square meters of floor
space is rented. Three racks (each 4.9 meters high,
12.2 meters long, and divided into 13 units in length
and five units in height) are in this room. Each unit
holds between 17 and 22 core tubes that vary in

Figure 2. CRREL cold room
160, used for ice core
processing and study.
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FIgure 3. Commercial Ice
core facility at Littlet n,
New Hampshire. On t e
right are Camp Ceriu y,
Greenland, cores. In t e

center is a forklift empl cm
a crated shipment of c res

from Byrd Station, Antar ticc

00

AM

92
ff

IM

diameter to accommodate the 10.2- to 12.4-centimeter
diameter ice cores. The cores are sheathed in poly-
ethylene tubing and they are contained in special
airtight aluminum foil tubes. The commercial storage
facility is kept at —24° ±2°C. and uses ammonia as
• refrigerant. It has a complete backup system and
• separate electrical generating plant. The entire
building was constructed to remain below freezing
for 8 days after a power failure. Refrigerated trailers
also are available for emergencies.

Numerous samples of arctic and antarctic cores
have been supplied to investigators and research re-
suits have been published in various trade journals
(see Langway and Cow, 1968). These investigations
encompass all three components of the material mak-
ing up an ice core: entrapped air, the ice itself, and
foreign matter (particulate and dissolved). A coop-
erative program, utilizing analytical techniques and
assets of three institutions, has been developed: CRREL,
physical and chemical analyses; University of Copen-

hagen (Denmark), stable isotope and particle analy-
ses; University of Bern (Switzerland), radioactive iso-
tope and gas analyses.

In addition to the above, the Institute of Polar
Studies (The Ohio State University) is developing
a particle analysis laboratory. Various investigators
also are performing specific studies on different ice
cores using grants from other federal, state, educa-
tional, and private institutions (Langway, 1968).

Concurrent with development of glacier drilling
techniques, CRREL and the University of Copenhagen
have developed a core stratigraphy and logging rou-
tine and a surface pit/ice core correlation system. This
system assures accurate and consistent recording of
stratigraphic features to provide reliable chronologi-
cal, geochemical, and isotopic data.

Core samples for analysis are available to any inter-
ested scientist who may receive National Science
Foundation funds for this purpose or who has a con-
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Arctic and antarctic ice core inventory.

Depth of
Year	 drilling

drilled	Location	Drilling method	(meters)

PRE-IGY

1956	Site 2,
Greenland

1951	Site 2,
Greenland

1953 Byrd Station,
Antarctica

1959 Little America V,
Antarctica

1961 Camp Century,
Greenland

1962 Camp Century,
Greenland

1966 Camp Century,
Greenland

1968 Byrd Station,
Antarctica

1971	I)YE 3,
Greenland

1973 Station Milcent,
Greenland

1974 Station Crete,
Greenland

tinuing research project that would benefit from such
study.

he ice core facility is supported by National Sci-
en  Foundation contract CA-23.
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Coordination of ice core drilling

ROBERT H. RUTFORD
Ross Ice Shelf Project Management Office

The University of Nebraska, Lincoln
Lincoln, Nebraska 68508

The Polar Ice Core Office (Pico) was established
in March 1974 at the University of Nebraska, Lin-
coln, to plan operations, to develop and procure ice
drilling equipment, to arrange for logistics support,
and to coordinate scientific objectives for various ice
drilling efforts over the next decade. These projects
include the Greenland Ice Sheet Program (GIsP),
the Ross Ice Shelf Project (RIsP), the International
Antarctic Glaciological Project (IAGP), the Glaciology
of the Antarctic Peninsula (GAP) project, the West
Antarctic Ice Stream Project (wis p ), and ice drilling
in other arctic and high alpine locatiu.

Management of the iico is in conjunction with the
RISP Management Office, established in 1972 under
separate contract (Rutford, 1973). Technical advice
on drilling equipment design and development is pro-
vided by B. Lyle Hansen of the RISP Management
Office and formerly of the U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL).

Most of the mco activity to date has been in sup-
port of 1974 GISP activities. A field operations man-
ager, Karl C. Kuivinen, was stationed at Sondrestrom,
Greenland, to coordinate the 1974 GISP field season
(June 3 to August 3, at sites throughout central
Greenland).

PICO antarctic activities in the 1974-1975 austral
summer include the work of Herbert T. Ueda and
Donald E. Garfield, both of the CRREL, who are meas-
uring deformation of the Byrd Station borehole and
are collecting ice cores stored in a tunnel at the
station. Also planned are 100-meter holes near South
Pole Station and on the Ross Ice Shelf.

A contract for 1975 rico support of the rnsr in-
cludes funds for logistics and air support, for a
drilling program under the direction of John H. Rand
(CRREL), for geophysical studies by Steven J . Mock
(CRREL), and for climatic analysis of ice cores by
William D. Hibler, III (CRREL). Other 1975 GISP
projects, both U.S. and foreign, are funded separately
but will be coordinated by the iico.

The rico also is a center for information on ice
coring projects and on ice drilling equipment. In
August 1974 potentially interested individuals were
asked for information on long range plans and recom-
mendations for ice coring, drilling equipment, special
functions and services, and institutional expertise.
Although no formal catalog is planned, specific infor-
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mation is available upon request. Information on
obtaining ice core samples should be sent to the U.S.
Army Cold Regions Research and Engineering
Laboratory, Hanover, New Hampshire 03755. CRREL
is responsible for central storage and curatorial activi-
ties of ice cores recovered by National Science
Foundation-supported projects (Langway, 1974).

The rico is supported by National Science Founda-
tion contract C-861.
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Ice Core Drilling Symposium,
August 1974

JOHN F. SPLETTSTOESSER
Ross Ice Shelf Project Management Office

The University of Nebraska, Lincoln
Lincoln, Nebraska 68508

It has long been recognized that glacial ice cores,
which contain a preserved atmospheric record, must
be retrieved and studied in order to evaluate Earth's
climatic and related parameters. Drilling is the only
way of retrieving ice cores; drilling technology, there-
fore, is of much importance to glaciologists.

The Ice Core Drilling Symposium was held at the
University of Nebraska, Lincoln, August 28 to 30,
1974, to share information on the state of the art.
Twenty-nine persons attended, representing 10 na-
tions: Australia, Britain Canada, France, Iceland,
Japan, Soviet Union, Switzerland, United States, and
West Germany. Fifteen papers were presented on
drilling programs and equipment.

I. G. Bird, Antarctic Division, Department of
Science (Australia), reviewed his country's progress
in thermal drilling on an antarctic ice dome and ice
shelf. Since the program began in 1968, more than
1,600 meters of ice core have been taken from eight
intermediate (to nearly 400 meters) holes.

F. Gillet, Laboratoire de Glaciologie (France),
described an electrothermal drill that has been used
successfully on glaciers in France and also on the
antarctic ice shelf. This system is expected to drill to

a depth of 1,000 meters during a 1975-1976 austral
summer program in East Antarctica.

B. Lyle Hansen, Ross Ice Shelf Project Manage-
ment Office, proposed that a wireline system be ised
to drill through the East Antarctic Ice Sheet to about
3,000 meters.

W. D. Harrison, University of Alaska, presented a
paper, co-authored by B. Kamb, on drilling to the
base of Blue Glacier, Washington, using an electro-
thermal drill and a cable tool (for dirty ice) to ob-
serve subglacial conditions and sliding motion with a
borehole camera.

Ye. S. Korotkevich, Arctic and Antarctic Research
Institute (Soviet Union), presented a paper, co-
authored by B. B. Kudryashov, on Soviet progress in
antarctic deep drilling. Electrothermal drilling devices
have been in use at Vostok Station (Soviet Union),
where a depth of 952 meters was reached.

Chester C. Langway, Jr., U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL), dis-
cussed the CRREL'S ice core storage facilities.

M. Mellor, CRREL, reviewed his and P. Sellinann's
progress in designing drill power systems.

W. S. B. Paterson, Polar Continental Shelf Project
(Canada), reviewed a thermal drilling program on
Meighen and Devon islands.

K. Philberth (West Germany), described a thermal
probe system used in 1968 during the Expedition
Glaciologique Internationale au Groenland.

J. Rand, CRREL, described an electromechanical
drill that he designed for use to about 100 meters in
depth.

H. Rufli, University of Bern (Switzerland), pre-
sented a paper (also authored by B. Stauffer and
H. Oeschger) on recent improvements in lightweight
drill design. A complete electromechanical drill sys-
tem, including a cable, a tower, a winch, and a gen-
erator, with no component weighing more than 50
kilograms, may be assembled by two persons in about
2 hours. The drill, capable of reaching a depth of
50 meters, was field tested in Greenland during the
1974 summer.

Y. Suzuki, Institute of Low Temperature Scierce,
Hokkaido University (Japan), described Japarfrse
drilling techniques in Antarctica.

P. Theodórsson, University of Iceland, discused
thermal and mechanical drills that reached 108 tnd
417 meters into the Vatnajökull ice cap, Iceland.

Two authors who were unable to attend the sym-
posium prepared papers that will be included in the
symposium's proceedings volume. P. Taylor, Univer-
sity of Washington, contributed a paper on developing
hot point drills for use in temperate ice. S. Johnsen,
University of Copenhagen (Denmark), contributed
a paper on two types of snow sampling devices that
can collect samples from the upper 2 to 3 meters of
drill hole sides.
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Te symposium was partially supported by National
Scieltice Foundation grant Gv-44390. Requests for
copies of the symposium proceedings volume should
be akidressed to the Polar Ice Core Office, 135 Ban-
crof4 Hall, The University of Nebraska, Lincoln,
Nebaska 68508.

Current Antarctic Literature user survey

GEZA T. THURONYI
Science and Technology Division

Library of Congress
Washington, D.C. 20540

The tasks of collecting and abstracting antarctic
liteIature, announcing and indexing it in Current
Antarctic Literature (CAL), and building a microfiche
library of cited documents continued in 1973-1974.
The number of items abstracted since the project's
inception in 1963 now exceeds 14,000.

Following a switch to the monthly CAL, rather than
distribution of abstracts on index cards, user opinions
and preferences were solicited for alternatives in con-
tent and form. In cooperation with the National
Science Foundation, in late 1973 a questionnaire was
designed and mailed to 185 CAL recipients. Within
the next few months 118 replies were received. The
questions and a tally of answers follow.

1. Do you find this service useful for your scientific
investigations? Very: 73. Of some use: 42. Of little
use: 1. No response: 2.

2. In your field, is it a unique service, unduplicated
elsewhere? Unique: 62. Partially duplicated: 54.
Substantially duplicated: 0. No response: 2.

3. How many persons use your copy? Responses
ranged from 27 copies used by one person each to
one copy used by 200 persons (one copy was screened
by one person for 250 persons). The number of users
of the 118 copies was 935; this extrapolates to 1,747
users for the complete survey group of 185.

4. Are abstracts in CAL necessary, or would just a
listing of titles and bibliographic data be adequate for
your purposes? Abstracts necessary: 89. Abstracts
useful but not necessary: 26. Citation is enough: 3.

5. If CAL were sold on subscription for $5.00 per

year, would you subscribe? Yes: 70. Maybe: 32. No:
16.

6. As an alternative to question 5, are you now or
would you he willing to send your publication(s) in
exchange for CAL? Yes: 70. Maybe: 11. No: 13. No
response: 20.

7. Do you purchase the yearly bound volumes of
Antarctic Bibliography? Yes: 52. No: 55. No re-
sponse: 11.

8. If CAL were sold on subscription would you sub-
scribe to it and also continue to purchase the Antarc-
tic Bibliography yearly bound volumes, keeping in
mind that the bound volumes contain a complete
annual index whereas CAL provides quarterly, less
complete indexes? Yes: 50. No: 42. No response: 26.
(Note: It probably should have been made clear that
this question was to be answered only by those who
had responded affirmatively to questions 5 and 7.)

9. Are you essentially a scientist, an administrator,
or a librarian? Scientist: 85. Administrator: 15.
Librarian: 21. (Note: Some checked more than one
category.

Although most of the above is self-explanatory, a
few additional comments seem appropriate.

Question 1. The response is biased since the ques-
tionnaire was sent to persons who previously had
asked to receive CAL.

Question 2. We also asked respondents to name
publications that contain duplicate information to
CAL. Recent Polar Literature (supplement to Polar
Record) was named by 20, Zoological Record by four,
Bibliography and index of Geology by three, Journal
of Glaciology by three, Deep-Sea Research by two,
Geoscience Abstracts by two, and seven other publica-
tions by one each. Regional bibliographies (e.g., CAL
and Polar Record) apparently are of greater use to
those working on antarctic problems than bibliogra-
phies covering specific disciplines.

Question 4. Users apparently have a strong need for
abstracts. The policy of providing abstracts will con-
tinue, therefore, as long as funds are available.

Question 5. Although most respondents indicated
their willingness to pay a subscription fee, we are con-
tinuing to distribute CAL free of charge.

Question 6. This resulted in a slight increase in the
number of publication exchanges. To assure prompt
coverage in CAL, investigators are urged to send their
research reports or any other appropriate publications
that may have escaped attention in CAL. These mate-
rials should be mailed to the following address: Li-
brary of Congress, Science and Technology Division,
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Cold Regions Bibliography Project, Washington, D.C.
20540.

Some respondents included unsolicited comments.
Prominent in this category was the opinion that the
index cards distributed in the past were more useful
than the present format. Since our computerized
method makes a page format more economical than
cards, we cannot accede to this suggestion. As a com-
promise we have been printing CAL on one side only,
leaving blank the back side of each page; entries may
be cut out and mounted on index cards.

Requests for CAL should be sent to the Office of
Polar Programs, Polar Information Service, National
Science Foundation, Washington, D.C. 20550. This
work is supported by National Science Foundation
grant cv-36656.

Antarctic Map Folio Series

VIVIAN C. BUSHNELL
Research Publications

American Geographical Society
New York, New York 10032

Work continued during 1973-1974 on Antarctic
Map Folio Series numbers 18 (scheduled for publi-
cation in late 1974) and 19 (scheduled for publica-
tion in late 1975). The series, folios 1 through 18, is
available from the American Geographical Society,
Broadway at 156th Street, New York, New York
10032.

Folio 18, "Antarctic mammals'" summarizes—
through maps and texts—the geographic distribution,
the biology, and the physical characteristics of whales,
seals, and dolphins found in antarctic waters. Folio
18 includes data from recent systematic seal popula-
tion studies; it also includes an extensive bibliography
of related research works. Authors of folio 18 are
N. A. Mackintosh and S. G. Brown, A. W. Erickson
and R. J . Hofman, and R. L. Brownell, Jr. The
foreword is by George A. Llano.

Antarctic Research Series and SAL
Information Bulletin

JUDY C. H0L0vIAK
American Geophysical Union

Washington, D.C. 20006

In a continuing program of publishing antarctic
science papers that usually are too detailed or too
lengthy for inclusion in standard scientific jour als,
volume 21 of Antarctic Research Series was releised
this fall and volumes 22 and 23 are scheduled for
release this winter.

Volume 21, Recent Antarctic and Subantactic
Brachiopods, is a comprehensive study based on am-
ples collected at more than 200 sites during aboult 30
oceanographic expeditions from 1851 to 1969.

Volume 22, Human Adaptability, records hurian
responses to isolation and confinement in Antarctica's
harsh environment.

Volume 23 is planned as the first handbook of Ithis
series: a guide to resident and migratory antaxfctic
birds.

Volume 24 will mark a change in the series' fornat
and method of distribution. Individual papers of a
volume will be printed and issued as quickly as pos-
sible. Usually a paper will appear under one cover;
if the subject matter is similar for two or three shorter
papers and if they can be published at about the same
time, however, they will be bound and issued simul-
taneously. When the last paper of a volume has been
published, the entire book will be available on micro-
fiche at a lower price than the combined cost of
individual papers. This new system, in addition' to
being more economical, is designed to avoid previous
publication delays.

Soviet Antarctic Expedition Information Bulletin.
This translation series contains intermittent reports
from Russian antarctic scientists. Volume 8 (bulletins
79 through 90) is in progress.

Information on subscriptions and on purchases of
back volumes, for both Antarctic Research Series and
Soviet Antarctic Expedition Information Bulletin, is
available from the American Geophysical Union, 1909
K Street, N.W., Washington, D.C. 20006.

Publication of Antarctic Research Series and trans-
lation and publication of Soviet Antarctic Expedition
Information Bulletin are supported by National Sci-
ence Foundation grants GN-55 and GV-32923.
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News and notes___________

Early flights open
1974-1975 season

After circling Ross Island's Ob-
servation Hill in early dawn twilight
September 2, 1974, the first of three
late.-winter LC-130 Hercules flights
landed on schedule at nearby Wil-
liams Field, McMurdo Station.

Moments later, at about 8 a.m., a
second National Science Foundation
Hcrcules, flown by U.S. Navy Ant-
arctic Development Squadron Six
(vxE-6), landed on the snow run-
way after an 8-hour journey from
Christchurch, New Zealand.

The flights, plus a third on Sep-
tember 4, were the first to the sta-
tion since February 22, 1974, when
129 McMurdo winter residents be-
gan their antarctic night's isolation.

After delivering 58 passengers,
5,222 kilograms of cargo, 2,423
kilograms of mail, and 1,572 kilo-
grams of fresh food, the two air-
planes that made the three flights
returned to New Zealand and on to
vxE-6's home at Point Mugu, Cali-
fornia, Naval Air Station.

The late-winter passengers—sci-
entists and support personnel—were
getting a head start on the 1974-
1975 austral summer of U.S. re-
search and exploration in Ant-
arctica. The season's official kickoff
came October 8 when a U.S. Air
Force C-141, flown by the 60th Mil-
itary Airlift Wing, Travis, Cali-
fornia, Air Force Base, began a
series of flights to deliver passen-
gers and cargo to McMurdo Sta-
tion's annual ice runway.

VXE-6 TJH-1N helicopter opera-
tions began on October 13, per-
mitting access to outlying areas of
the McMurdo Sound region. In late
October and early November four

of the U.S. antarctic program's five
LC-130S returned to McMurdo for
the austral summer.

The September 4 roundtrip flight
to McMurdo was not without its
anxious moments. About 30 min-
utes into the return flight to Christ-
church an engine on LC- 130 number
159130 failed. With 3,300 kilo-
meters to go, the airplane's com-
mander—U.S. Navy Lieutenant
Commander John Paulus, vxE-6--
decided to continue the flight rather
than return to McMurdo where
pre-season aircraft maintenance fa-
cilities were unavailable.

With crash crews standing by at
Christchurch's Harewood Interna-
tional Airport, the Hercules landed
safely. The airplane. carrying a
crew of 10, had only 3 hours of fuel
to spare.

Winter storms batter
McMurdo region

Two unusually intense winter
storms slarrimeci into the McMurdo
area in July and August 1974,
Scattering McMurdo Sound's an-
nual sea ice and downing Scott's
cross atop Observation Hill on Ross
Island.

The cross had stood, although
with a slight list during recent years,
on Observation Hill since it was
erected there in 1913 to the mem-
ory of Royal Navy Captain Robert
F. Scott and members of his fatal
polar expedition. On September 24
several persons from nearby Scott
Base (New Zealand) uprighted the
cross in its original foundation.

Although the storms—the first on
July 23 and the second on August
18 to 20—inflicted minor damages
to several McMurdo Station build-
ings and demolished the station's
new amateur radio facility, perhaps
the most far-reaching consequence
was the extensive departure of ice
from McMurdo Sound.

Normally this annual ice—so call-
ed because it forms and dissipates
annually—breaks up and goes to sea
late in the austral summer. Such
was the case at the close of the
1973-1974 austral summer, and
new ice had formed presumably for
the year.

But a trail flagging party charged
with plotting a safe route from
McMurdo Station across the Mc-
Murdo Sound ice to Marble
Point, adjacent to the dry valleys,
on August 20 sighted what first ap-
peared to be a shimmering mirage
along the western side of the sound.
As the party moved closer, the red
morning twilight revealed an exten-
sive bay of open water that blocked
all possible surface travel to Marble
Point. Strong winds and unusually
high tides had dislodged the sea ice.

Passage across McMurdo Sound
was deemed essential to early season
activities of the Dry Valley Drilling
Project (DvDP), a cooperative deep-
earth sampling program of Japan,
New Zealand, and the United
States. At the close of the 1973-
1974 austral summer the DVI)P drill
rig had been left at New Harbor,
site of last austral summer's final
drill hole, and associated equipment
had been stored at Marble Point.
Plans called for transit across the
sound to pick up drilling supplies at
Marble Point and to resume drilling
at New harbor. Then the drill rig
would be moved across the sound
ice to drill at two sites in the sound,
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This cross (left) was erected on Observation Hill in January 1913 in memory of British Antarctic Expedition (1910 to 1913) members who
perished in March 1912 during their return from the South Pole. It took seven men 2 days to haul the cross, nearly 3 meters tall and
made of Australian jarrah wood, to the hilltop (right) where it stood without interruption for nearly 62 years. "It was well secured, and

will remain in position for an indefinite period," wrote an expedition member.

itself, before late October when
U.S. Navy Antarctic Development
Squadron Six (vxE-6) would begin
its 1974-1975 uH-1N helicopter
flights.

But all of this had to be post-
poned. Although the sound had re-
frozen enough to support a surface
party that inspected the New Har-
bor site in early October, the ice
still was too thin to bear heavy ve-
hicles towing the fuel necessary to
resume drilling. DVDP thus was
not able to begin its 1974-1975 field
season until after the onset of vxE-6
helicopter operations. The Mc-
Murdo Sound holes are tentatively
scheduled for drilling early in the
1975-1976 austral summer (see Sep-
tember/October 1974 Antarctic

Journal, page 283, for the revised
1974-1975 DVDP schedule).

Although winds gusting to over
30 meters per second, with blowing
snow and zero visibility, were re-
ported for both storms, McMurdo's
residents seemed to agree that the
July 23 storm was the most severe
of the 1974 winter.

The fastest wind gust at Mc-
Murdo on July 23-60 meters per
second—was reported by RM1 D.A.
Wright, U.S. Navy, who spent most
of the storm alone in the station's
small amateur radio building. The
building is on an isolated promon-
tory adjacent to the road between
Scott Base and McMurdo Station.

By 7 a.m., July 23, Mr. Wright
reported by radio to McMurdo offi-

cials that the radio building seemed
in danger of collapse under the
storm's stress. Rescue seemed essen-
tial. CMC J . L. Zimmerman, U.S.
Navy, commandeered a forklift
from the station's decommissioned
nuclear power plant down a nar-
row, winding road to the amateur
radio building. He picked up the
uninjured Mr. Wright and inched
the forklift safely back to the power
plant.

Mr. Zimmerman reported that
the radio building was barely stand-
ing at the time of Mr. Wright's
rescue. Later inspection confirmed
that the building was destroyed.
Within a few days, spare radio
equipment had been utilized to
resume amateur radio telephone

330	 ANTARCTIC JOURNAL



patches between McMurdo Station instrument of accession was deposit- Service honors
and the United States.	 ed with the U.S. Government on antarctic dead

November 19, 1974.

Mount Erebus erupts

Explosive plumes of ash and rock
spewed from the 3,794-meter sum-
mit of Mount Erebus for 6 hours
September 4, 1974. A dark gray
ash cloud extended more than 300
meters above Ross Island's live vol-
cano, which normally puffs a white
steam cloud, during the eruption.

The event was spotted by geolo-
gists working at the Thiel Earth
Sciences Laboratory, McMurdo Sta-
tion. Mount Erebus is about 35
kilometers from McMurdo, also on
Ross Island, and New Zealand's
Scott Base. Neither station was af-
fected by the eruption.

The September Erebus eruption
is the latest in a series of observed
increases in the volcano's activity.
Dr. Samuel B. Treves, University
of Nebraska, Lincoln, who reported
the September eruption, and Dr. P.
Kyle, Victoria University, Welling-
ton (New Zealand), spotted a lava
lake in the volcano crater during
the 1972-1973 austral summer.
Their visit to the summit a year
later disclosed that the lake had
enlarged and that internal eruptions
were ejecting ash and rock some 120
meters into the sulphurous and
steamy air.

Under Article XIII of the Ant-
arctic Treaty, the United States is
the depository government for in-
struments of accession to the treaty.
Romania acceded on September 15,
1971, The Netherlands on March
30, 1967, Denmark on May 20,
1965, Czechoslovakia on June 14,
1962, and Poland on June 8, 1961.

The Antarctic Treaty, which en-
tered into force on June 23, 1961,
originally was signed by 12 nations:
Argentina, Australia, Belgium,
Chile, the French Republic, Japan,
New Zealand, Norway, the Union
Of South Africa, the Union of
Soviet Socialist Republics, the
United Kingdom of Great Britain
and Northern Ireland, and the
United States of America. Since
1961 seven consultative meetings
have been held in accordance with
Article IX of the treaty. The Eighth
Consultative Meeting is scheduled
for June 1975, in Oslo, Norway.

About 500 persons attended the
Second Antarctic International Me-
morial Service October 6, 1974, in
Christchurch, New Zealand.

The service honored the 41
Americans and two New Zealanders
who have died in Antarctica since
1946. It also asked blessings on
those going to Antarctica for the
1974-1975 austral summer.

Christchurch is the location of
U.S. antarctic program forward
staging facilities.

The first such memorial service
was held in October 1973, also at
the Christchurch Cathedral. This
year's prograin included a tape re-
corded message from Rear Admiral
George J. Dufek, U.S. Navy (re-
tired), first commander of the U.S.
Naval Support Force, Antarctica.

Among those gathered for the
service, in addition to scientists and
support personnel bound for Ant-
arctica, were officials of the U.S.
Navy, the N.Z. Government, and
the City of Christchurch.

NØw Antarctic
Treaty nation

frhe German Democratic Repub-
1k has become the sixth nation to
accede to the Antarctic Treaty. Its

U.S. Navy
Mount Erebus, Ross Island's live volcano, with McMurdo Station's annual ice runway

airplane parking lot in the foreground.
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Behind flags of New Zealand and
the United States displayed at the
service was an empty sledge bearing
two ice axes. This was in tribute to
the two Americans—Gregory W.
Nickell and Wolf V. Vishniac-
who died in Antarctica during
1973-1974.

New Antarctic Bibliography
offers improved indexes

Volume 6 of the Antarctic Bibli-
ography, a continuing Library of
Congress project supported by the
National Science Foundation, has
been published.

The volume abstracts and indexes
scientific literature on Antarctica
published worldwide through June
1973. It contains 2,245 abstracts
and adds to the 10,000 abstracts
published in volumes 1 through 5
over the last decade. A retrospective
volume covers the years 1951
through 1961.

Volume 6 is the first Antarctic
Bibliography produced by compu-
ter. This technique enables an im-
proved index that lists titles, not
just citation numbers, under the
subject and geographic index head-
ings. An author index also is pro-
vided.

The 467-page, hardbound vol-
ume 6 is available from the Super-
intendent of Documents, U.S.
Government Printing Office, Wash-
ington, D.C. 20402, for $9. Cite
stock number 3018-00015 when or-
dering. Limited quantities of earlier
volumes are available: volume 1,
$7.75; 2, $6.55; 3, $6.35; 4, $7.60;
5, $7.70. The 1951-1961 volume
costs $6.50.

A monthly service, Current Ant-
arctic Literature, is available free to
polar scientists and librarians. Re-
quests should be mailed to the Polar
Information Service, Office of Polar
Programs, Washington, D.C. 20550.

Together with Current Antarctic

Literature, the seven volumes of
Antarctic Bibliography comprise a
continuous bibliography from Janu-
ary 1951 through June 1973.

Literature before 1951 is covered
in an Antarctic Bibliography
(NAvAER 10-35-591, 147 pages)
published in January 1951 by the
U.S. Navy. The Navy's bibliography
contains about 5,500 references cov-
ering significant antarctic literature
(1740 to 1950) known to its pre-
parer, John H. Roscoe (the vol-
umne's introduction begins with the
caveat, "no bibliography is com-
plete").

The Navy's Antarctic Bibliogra-
phy, originally sold by the U.S.
Government Printing Office, is out
of print. If sufficient interest is ex-
pressed to the Polar Information
Service an attempt will be made to
have the Navy bibliography re-
printed.

Staff changes

Uwe Radok, senior staff associate
in the National Science Founda-
tion's Office of Polar Programs
(o) since SepLember 1973, re-
turned to his post as head of the
Department of Meteorology, Uni-
versity of Melbourne (Australia),
in December 1974. From May to
December 1974 he also was acting
chief scientist in the Foundation's
Office for Climate Dynamics.

Richard L. Cameron joined om"
in December 1974 as program man-
ager for glaciology and advanced
systems applications. Formerly he
was with the Foundation's Office of
International Programs, on leave
from The Ohio State University.
H. Jay Zwally, since March 1972
program manager for glaciology
and advanced systems applications,
in May 1974 left opp to join the
National Aeronautics and Space
Administration.

Oscar C. Vigen became oi'r"s
planning officer in August 1974.

He had been senior program and
budget analyst in the Foundation's
Office of Planning and Re-
sources Management. Alexander J.
Schwarzkopf, planning officer since
July 1972, transfered from omu' to
the Foundation's Office of Public
Technology Projects in August
1974.

In October 1974 Albert F. Betzel,
formerly with the U.S. Navy, be-
came app's ocean projects manager.
Robert B. Elder, ocean projects
manager since June 1972, went to
the Foundation's Office for Ocean-
ographic Facilities and Support in
August 1974 as program manager
for operations.

U.S. Navy Captain Joe F. Lasse-
ter, Jr., joined opp in September
1974 as staff associate for policy
and plans. Formerly he was com-
mander of the U.S. Naval Training
Command, Morocco.

U.S. Navy Commander Jerome
R. Pilon was assigned to opp in
October 1974 as associate manager
(Department of Defense) of polar
operations. Mr. Pilon, commander
of Antarctic Development Squad-
ron Six (vxE-6) during Deep
Freeze '70, formerly was assigned
to the Office of the Chief of Naval
Operations. Eugene Doering, asso-
ciate field projects manager since
September 1972, left omi' to become
a program manager in the Founda-
tion's Office of Public Technology
Projects in September 1974.

Correction

An editorial revision in "Inve ti-
gations of Lower Paleozoic gran tes
in the Beardmore Glacier regi n"
(May/June 1974 Antarctic Jo r-
nal) inadvertently changed he
meaning of the last sentence on
page 76. The sentence should h ye
read as follows: "There is ii tle
doubt that the granites are m g-
minatic."
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Monthly climate summary

September 1974
	

October 1974

McMurdo	Palmer	South Pole	McMurdo	Palmer	South Pole
Feature	 (date)	(date)	(date)	(date)	(date)	(date)

Average temperature (°C.)	 -30.3

Temperature maximum (°C.)	 -14.4
(9/29)

Temperature minimum (°C.)	 -41.1
(9/20)

Average station pressure mb)	 980.70

Pressure maximum (mb)	 1001.36
(9/1)

Pressure minimum (mb)	 954.62
(9/22)

Precipitation (mm)	 4.06

Snowfall (mm)	 40.64

Prevailing wind direction	 1150

Average wind speed (rn/see)	 4.1

Fastest wind speed (rn/see)	 23.7 (1800)
(9/25)

Average sky cover (tenths)	 4.6

Number clear days	 10

Number partly cloudy days	 15

Number cloudy days	 5

Number days with visibility less than 0.4 km 2
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Correction: The McMurdo precipitation for July 1974 (September/October Antarctic Journal, "Monthly climate sum-
mary") was 19.30 millimeters.
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