
in depth. Most appear to be silled where they intersect the
continental slope. North of Cape Adare (figure 2), the
bathymetry is very rugged, exhibiting a linear trend of
seamounts and deeps that may be related to the Balleny
Fracture Zone. One seamount is less than 100 meters deep
at its summit. Because of adverse weather conditions this
area could not be charted in greater detail.

The bathymetry in Terra Nova Bay and its environs is
dominated by linear, northeast-southwest-trending deeps
that extend beneath the Drygalski Ice Tongue (figure 3).
Depths there exceed 1,200 meters. A secondary, less well-
developed set of shallower depressions trends northwest-

southeast. They are most prominent near the terminus of
the Drygalski Ice Tongue.

Most piston cores were X-radiographed and sampled on
board ship. Preliminary observations of cores from the Pen-
nell Coast indicate that glacial marine sediments of the
continental shelf consist mostly of gravelly sands with
abundant calcareous fossils. No basal tills were cored, so it
would appear that valley glaciers have dominated sedimen-
tation in this area for some time.

Submarine troughs and canyons are being filled with
laminated diatomaceous muds. Three piston cores taken
along the steep upper continental slope penetrated what

Figure 2. Bathymetric map of the Pennell Coast.
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Figure 3. Bathymetric map of Terra Nova Bay and the area surrounding the Drygalski Ice Tongue.

appear to be ancient deposits, including oxidized till and
quartz sand units. The lower slope is floored by mass-flow
deposits. Piston cores from the abyssal floor contain a num-
ber of volcanic ash layers and may provide a record of
volcanic activity for the Balleny Islands.

Virtually all piston cores in the Terra Nova Bay region
penetrated through surflcial muds and reworked tills to a
cohesive till unit. Cores collected near Cape Washington
and adjacent to Mt. Melbourne (figure 3) contained substan-
tial amounts of postglacial volcanic material. Several cores
near the terminus of the Reeves Glacier were unsuccessful,
presumably because of the very coarse texture of bottom
sediments. Numerous large boulders (up to 2 meters in
diameter) were observed embedded in the ice where the
sheer face of the Reeves Glacier reaches the sea. Piston cores

collected in the axis of the deeps penetrated a postglacial
sequence slightly thicker than elsewhere. There, the
postglacial sediments may represent sediment gravity-flow
deposits.

Sediments from McMurdo Sound and the Ross Island
vicinity are quite variable, and there is a very complex
surface sediment distribution pattern in that area. In gen-
eral, volcanic material is most abundant near Ross Island,
with glacial sediments being more prevalent in western
McMurdo Sound. Many of the cores from central McMurdo
Sound exhibit evidence of marine current reworking. A
veneer of mud overlies these sediments in central and
eastern McMurdo Sound, but in the western and southern
portions the sea floor is carpeted by a prolific fauna. There,
no surface sediments were recovered.
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Sediment samples were also collected from icebergs, fast
ice, medial and terminal moraines, and terrestrial till depos-
its, primarily through the use of the ship's helicopters.
Samples of icebergs and fast ice were collected in all areas.
Moraine samples were collected around Terra Nova Bay,
principally from the Reeves Glacier.

Glaciologic Observations. The ship's radar was used to
chart the positions of ice tongues and surrounding
coastlines. The Drygaiski, Harbord, and Erebus Ice Tongues
appear to have advanced in the recent past. The Drygal-
ski Ice Tongue exhibited the largest change in surface
area, being approximately 320 square kilometers larger
than shown on 1966 charts. In contrast, the terminus of
the Reeves Glacier has receded 3.5 kilometers in recent
years.

Medial and lateral moraines were observed and sampled
in the Reeves Glacier. The largest observed boulders were
greater than 8 meters in diameter. This glacier clearly is erod-
ing the Hansen and Teall Nunataks (figure 3). Interestingly,
the nearby David Glacier contains no visible debris, nor
does its floating extension, the Drygaiski Ice Tongue.

Financial support for this project was provided by Na-
tional Science Foundation grants DPP 77-26407 and DPP

79-08242 and by the United States Coast Guard. We are
indebted to the men of the usccc Glacier for their enthusi-
astic support throughout the expedition.

Cruise participants include Kathy Baishaw, Steven Burns,
Susan B. Davis, Charles P. Dunning, Steven T. Knapp, and
Robyn Wright. All are students or former students at Rice
University.
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Site 270 was drilled in the south-central Ross Sea during
leg 28 of the Deep Sea Drilling Project (DSDP). Benthic for-
aminifera have been used to interpret the bathymetric and
paleoenvironmental evolution of the Ross Sea from the late
Oligocene. A succession of benthic foraminiferal assem-
blage zones is proposed for sediments drilled at this site.
Palynomorphs offer additional age and paleo-
environmental control (Kemp 1975). DSDP site 270 plays a
crucial role in tracing the initial development of glaciation
within the Ross sector of Antarctica.

Site 270 is situated on the western flank of the broad,
deep basin that underlies the eastern Ross continental shelf.
This is the only site in the Ross Sea area to penetrate base-
ment and is the lowest succession -in the series of three
holes drilled to sample the 1,500 meters of gently dipping
strata. The basement complex consists of early (?) Paleozoic
marble and calc-silicate gneiss similar to the Koettlitz mar-
ble of the Transantarctic Mountains (Ford and Barrett 1975).
The sedimentary succession of 412 meters that overlies this
basement complex was subdivided into five distinctive
units by Hayes, Frakes et al. (1975). Unit 5 rests uncon-
formably on the basement and Consists of a subaerial sedi-
mentary breccia (talus pile). This is overlain by two thin,

* Department of Geological Sciences, University of Colorado,
Boulder, Colorado 80309.

** Department of Geology and Mineralogy, The Ohio State Uni-
versity, Columbus, Ohio 43210.

near-shore, "preglacial" units: unit 4, a carbonaceous, silty
sandstone, and unit 3, a glauconitic, calcareous sandstone
radiometrically dated at 26.0 million years. Glaciomarmne
silty claystones of unit 2(366 meters) and unit 1(20 meters)
cap the sequence at site 270. An early Miocene/ Pleistocene
angular unconformity separates these upper two units.

Ten lithologic subunits initially were recognized in the
265-meter-thick glaciomarine sediments of unit 2 at site 270
(Barrett 1975). Trends observed in the benthic foraminiferal
populations indicate a close relationship to these lithofacies.
Five foraminiferal assemblage zones are recognized. The
proposed succession of assemblage zones represents the
first detailed mid-Tertiary biostratigraphy to be proposed in
the Ross Sea area. Their endemic character and paleo-
environmental significance provide a foundation upon
which future regional antarctic correlations might be based.
As major glaciation commenced on the continent, signif-
icant oceanographic changes occurred in the Ross Sea,
resulting in the development of contrasting foraminiferal
populations through time. These assemblages developed a
strongly endemic character in response to changing paleo-
environments, and correlation beyond Antarctica was
severely inhibited. Only the oldest zone, zone I, appears to
have affinities to New Zealand mid-Teritary shallow-water
assemblages.

Environmental interpretations of benthic forminifera
provide substantial evidence that the Ross Sea underwent
significant bathymetric and oceanographic evolution in the
late Oligocene/early Miocene. Sedimentary and benthic
foraminiferal evidence indicates that there was gradual
subsidence in this area of the Ross Sea from subaerial and
near-shore marine conditions to depths of 300 to 500 meters
by the early Miocene. The transgression apparent in the
sediments embraced by zone I could be of tectonic or glacial
isostatic origin, because extensive glaciation in Antarctica
began about 25 million years ago (Hayes et al. 1975).

Deteriorating climatic conditions related to ice buildup in
the Ross sector of Antarctica is the major cause of the hydro-
logical events influencing the faunal character of zones H,
HI, and IV. Important paleoenvironmental characteristics of
each of the proposed assemblage-zones are described below.
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Zone I (late Oligocene). Shallow water fades; gradual sub-
sidence from near sea level (unit 4-estuary) to inner shelf
(subunit 2J), probably diachronous in Ross Sea; character-
istically contains an agglutinated fauna, with calcareous
benthic taxa becoming increasingly more prominent in the
younger and deeper water sediments embraced by this
zone; glaciomarine sedimentation initiated about 25 mil-
lion years ago; tentative correlation with New Zealand
mid-Tertiary.

Zone II (latest Oligocenelearly Miocene). Deep, outer shelf
environment, widespread in Ross Sea; diverse calcareous
benthic fauna; zone I/Il hiatus of bathymetric origin; unsta-
ble shelf throughout much of zone, with numerous dia-
stems; ice-rafting the predominant sediment transport
mechanism, with varying rates of deposition; gradual de-
crease in species diversity toward the upper limit reflects
changing oceanographic conditions in response to deterio-
rating antarctic climate; fauna developing endemic charac-
ter; no known correlatives.

Zone III (early Miocene). Characteristically represented by
an agglutinated fauna of composition different than that
found in zone I; zone 11/Ill hiatus marked; harsher, more
acidic bottom conditions reflecting continued climatic de-
terioration; ice-rafted glaciomarine sediments; no known
correlatives.

Zone IV (early Miocene). Intense glacial conditions in Ross
Sea, as evidenced by very low foraminiferal abundance and
diversity; possible first major advance into Ross Sea by
proto-Ross Ice Shelf; zone III/IV haitus marked; thick ice-
rafted unit, probably widespread in Ross Sea; no known
correlatives.

Zone V (late Pleistocene). Basal till representing numerous
ice shelf advances across the Ross Sea; contains mixture of re-
worked Miocene, Pliocene, and Pleistocene fauna and flora.

These interpretations are supported by the chemo-
stratigraphic results reported from site 270 (Hayes et al.
1975) and parallel trends observed in oxygen-isotope paleo-
temperature curves from the subantarctic region (Shac-
kleton and Kennett 1975). The late Oligocene/early
Miocene paleoenvironmental trend is one of gradual devel-
opment of a severe polar marine environment, culminating

Interpretation of mid-Miocene to
Recent llthostratigraphy and
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in the earliest recorded, and possibly first, ice shelf incur-
sion into the Ross Sea late in the early Miocene. One of the
most significant contributions of this investigation is the
establishment of biostratigraphic framework for late
Oligocene/early Miocene sediments in the Ross Sea. Until
more complete sedimentary sections are drilled in the con-
tinental shelf, this site must serve as a representative of
the mid-Tertiary period in attempting marine correlation
within and close to Antarctica.

This work was supported by National Science Founda-
tion grant DPP 79-07043. The results reported here are taken
from research for the master of science degree by R. Mark
Leckie. Principal investigator was Peter-Noel Webb.
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Deep Sea Drilling Project (DSDP) leg 28 explored one site
in the western Ross Sea. Site 273 is located on the western
flank of the Pennell Bank (74°32.29S 174°37.57E) in the
west-central portion of the Ross Sea in 491 meters of water.
Detailed reexamination of the lithologic descriptions and
analyses provided in the initial reports (Hayes et al. 1975)
and the study of foraminifera from 97 samples reveals
two major variations in an otherwise apparently constant
sedimentary regime and one major and four minor fauna!
fluctuations.

Two holes (273 and 273A) were drilled and 346.5 meters
cored. A total of 83.4 meters (or 25 percent) were recovered.
Two lithologic units were recognized by Hayes and others
(1975) and their designations are adopted with little mod-
ification. Lithologic unit 1 is subdivided into two sub-
units. Subunit 1A consists of 0.8 meter of soupy to soft

-

-

-
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diatomaceous silty clay, which is common in Ross Sea core
tops and widely correlated about the Ross Sea. This material
has been assigned a Bruhnes/Holocene age by many au-
thors (Fillon 1974, 1975, 1977; Kellog and Truesdale 1978;
Osterman and Kellog 1979). Subunit lB comprises 40.2 me-
ters of soft to stiff diatomaceous silty clay. It is similar to and
probably the equivalent of unit B as discussed by Kellog,
Osterman, and Stuiver (1979) and sediment designated as
Pliocene (Gauss) by Fillon (1974,1975,1977). A Pleistocene/
Holocene age was assigned to all of unit 1 by McCollum
(1975), based on the abundant occurrence of diatoms of the
Pleistocene Coscinodiscus lentiginosus zone mixed with mid-
Miocene taxa. Unit 2 comprises 305.5 meters of stiff to
semilithified diatomaceous silty clay and is very similar to
subunit lB in terms of grain-size distribution. it is sub-
divided at 166.5-meter depth on the basis of sporadic bed-
ding above and the absence of bedding below. McCollum
(1975) placed the diatom flora of unit 2 in the mid-Miocene
Denticula antarctica zone down to 272 meters deep and left
the remainder unzoned.

There are two major variations from the normal diato-
maceous silty clay in the sedimentary sequence of site 273.
The occurrence of two beds of coarser, graded, diatoma-
ceous spicule-rich silt at the base of unit 1 probably marks
deposition soon after the grounding line of the retreating
Ross Ice Shelf passed site 273 during the Pliocene-
Pleistocene. Core 21A (272 meters) contains a 30-centimeter
interval of sand attributed to winnowing by active bottom
currents.

Two assemblages have been recognized by D'Agostino
(1980) in this sedimentary sequence: an upper assemblage,
which occurs in and above core 4cc (33 meters), and a lower
assemblage, which is present in and below core 5 section 1
(138 to 143 centimeters; 41.7 meters).

Twenty species occur exclusively in the upper assem-
blage. Globocassidulina biora, G. crassa, Trifarina earlandi,
Neogloboquadrina pachyderina, and Globigerina megastoma are
the dominant taxa. There are also 24 species that are either
long ranging or reworked and are found in both assem-
blages. This group is dominated by Globocassidulina sub-
globosa, Epistominella exigua, and Nonionella bradyi. In gener-
al, taxa of the upper assemblage are large, thick-walled,
robust, and moderately to very well preserved.

The lower assemblage contains 81 species, of which 79
are calcareous benthics and 2 are planktonic. The benthic
assemblage is dominated by Globocassidulina subg!obosa, Tr-
farina fluens, Elphidium magellanicum, and Trochoelphidiella
sp. Several hundred specimens of Candeina sp. occur that
are morphologically between Candeina zeocenica and C. nit-
ida. The abundant Trochoelphidiella sp. may be the ancestor
to the Pliocene Trochoelphidiella onyxi (Webb). Taxa of the
lower assemblage are typically small, thin-walled, lightly
abraded, frequently affected by dissolution, and generally
depauperate.

Further refinement of the diatom-based ages is not possi-
ble because planktonic diversity is very low and correlation
is difficult. There is no foraminiferal evidence that disputes
the determinations of McCollum (1975). The upper assem-
blage has strong affinities to Pleistocene and Holocene

assemblages of the Antarctic (Anderson 1975; Fillon 1974;
Leckie 1980; Webb and Wrenn 1974). The lower assemblage
is similar to the early Miocene fauna from site 270 in the
eastern Ross Sea discussed by Leckie (1980). It is also very
similar to the mid-Miocene material recovered at the
McMurdo Sound Sediment and Tectonic Study site during
the 1979-80 season.

Current literature contains many references to the late
Miocene/early Pliocene event that resulted in the wide-
spread disconformity and erosion surface in the Ross Sea.
This disconformity is recognized at site 273 at the 41-meter
depth. The lithologic boundary at the base of core 5 (Hayes
et al. 1975) has now been raised 1.5 meters to the base of
the graded silt. The boundary initially was located on the
basis of an increase of lithification between cores 5 and 6.
D'Agostino (1980) relocates the boundary (and disconform-
ity) at the contact between units 1 and 2. The occurrence of
the foraminiferal assemblages supports this change. Inter-
vals 5-1(61-65 centimeters) and 5-1(71-75 centimeters con-
tain small populations of taxa that fall into the long-ranging
or reworked category and sample 4cc contains the dis-
tinctive upper assemblage, while sample 5-1 (138-143 cen-
timeters) contains the equally distinctive lower assemblage.

When sedimentation rates determined by Hayes and oth-
ers (1975, pp. 338-339) are used in calculations, the material
at the base of unit 1 dates back to 2.94 million years ago (late
Pliocene). The occurrence of Neogloboquadnina pachyderma
with Globigerina megastoma indicates a maximum age of 2.5
million years (Blow 1969). An age minimum of 10.5 million
years for the top of unit 2 is adopted on the basis of the
diatom zonation (McCollum 1975). The resulting con-
clusion is that approximately 7.6 to 8.0 million years of
geologic records are lost at the disconformity. This implies
removal of all but the earliest late Miocene and the Plio-
cene. Sedimentation may have been faster, and the bottom
of unit 1 may not be late Pliocene, because no characteristic
late Pliocene microfossils were found.

Significant faunal fluctuations were noted in Miocene
sediments. In cores 6A, 7A, and 24A diversity (and popu-
lations) drop to zero; this can be attributed to loss by dis-
solution. Core 7cc contains a heavily corroded fauna. The
dissolution may have been caused by intersection of the
CCD with the sea floor or by the flow of fresher, more acidic
bottom water of site 273. Cores 15A and 21A have low
populations because of winnowing by currents which re-
moved fine material. Faunal fluctuations within the Mio-
cene succession are attributed to oceanographic changes
related to the evolution of the Ross Ice Shelf rather than
direct contact with the ice shelf itself. The major discon-
formity recognized at the top of the Miocene at site 273 is
directly attributed to erosion by a grounded Ross Ice Shelf.

This work was supported by National Science Founda-
tion grant DPP 79-07043. The results reported here are taken
from research for the master of science degree by Anthony
D'Agostino. Principal investigator was Peter-Noel Webb.
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The distribution of modern sedimentary fades in the far
southeastern Pacific-Antarctic region is controlled by the
regional circulation pattern, biogenic productivity, the ex-
tent of seasonal sea-ice development, regional bathymetry,
the influx of terrigenous detritus from antarctic continental

margin by ice-rafting, bottom and turbidity currents, and
the level of the calcite compensation depth.

The complex interaction of these factors results in the
occurrence of three primary sedimentary fades within the
region: calcareous ooze, siliceous ooze, and glacially derived
clayey silts and silty clays. Regional facies boundaries
are characterized by transitional lithologies comprised of
mixed calcareous-siliceous ooze near the Polar Front Zone
and muddy siliceous ooze and diatomaceous muds with the
ephemeral sea-ice zone.

A cross section of the regional spatial and temporal distri-
bution of sedimentary fades deposited throughout the
study area during the last 194,000 years is illustrated in
figure 1. This diagram clearly documents paleo-oscillations
in the characteristic sedimentary fades encountered in
modern antarctic sediments. The core profile can be divided
into three groups based on the latitudinal distribution and
sedimentary fades. (See table 1.)

The sequential evolution of regional sedimentary fades
for the last 194,000 years can be delineated from the 11 cores
used in this study. The data shown in table 2 are presented
in the context of chronostratigraphic oxygen isotope stages
(ois). (See figure 2.)

Eltanin core 17-17 contains three clayey silt intervals that
occur in ojs-2, 5, and 6 (figure 1.) The terrigenous intervals
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Figure 1. Lithologic units, x-radiography, and sedimentology of fine-grained laminated sediments in core E17-17. For lithology
key, see figure 2.

in ois-2 and ols-6 are composed of interbedded laminated
muds and structureless clayey silts. The laminated muds are
composed of very thin laminae measuring less than 1 mil-
limeter in thickness. Close examination of laminated inter-
vals reveals some low-angle micro-crossbedding at some
intervals. Microscopic examination of the laminated mud
intervals shows that they are composed of pure quartz silt
with a lesser clayey fraction and are completely devoid of
microfossils. Sedimentological analysis of samples from the
laminated muddy intervals has shown that they are fine
grained (mean 0 size 4.25 to 9.00) and poor to moder-
ately sorted standard deviation (s.d. = 0.76 to 1.30). They
are generally characterized by a bimodal grain-size distri -
bution (figure 1).
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Table 1. Core profiles

Core numbers	Location	Composition

E20-14,33-22,	Near or slightly Intercalated units of
14-17,17-30	north of the	calcareous, mixed

Antarctic Po-	siliceous-calcareous,
lar Front	and siliceous oozes.
Zone

E14-14, 23-17, South of 590S	Entirely siliceous oozes
11-8, 17-9	and north of	except for one narrow

the mean	band of unfossiliferous
September	clayey silt at 265-285
pack-ice limit centimeters in E11-8,

probably representing
distal turbidite deposi-
tion within the basin

E13-16,13-15, South of 650S	Interbedded siliceous
17-17 oozes, clayey silts, and

silty clays; transitional
muddy siliceous ooze;
and diatomaceous
muds.
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Table 2. Sequential evolution of fades

Oxygen isotope
stage (ois)

ois-7

Early ois-6

Late ois-6

Nature of change

Siliceous ooze/mixed ooze/calcareous ooze boundaries were found slightly
north of their modern positions; siliceous ooze/muddy ooze boundary was
found 2 0 south of its modern position.

Calcareous ooze/mixed ooze/siliceous ooze boundaries at 125 0 W remained
very close to their o,s-7 position but concurrently shifted nearly 5 degrees
to the north between 1100 and 90°W within the study area.

Siliceous ooze/mixed ooze boundary moved southward across the entire
study area to at least 58 0 S. Southernmost silty clay/clayey silt fades
remained fixed south of 67 0 S throughout ois-6.

Implication

The ois-7 siliceous ooze zone was approximately 40 wider than
It is today.

Between ois-7 and early ois-6, a general pattern of northward
shifting of fades is evident.

Between early o,s-6 and late o,s-6, fades shifted
southward.

ous-5e	 Calcareous ooze/mixed ooze boundary was located near its modern distri-	Between late ous-6 and ois-5e, calcareous ooze/mixed ooze boundar
bution; mixed ooze moved no further north than 57° to 58 0 S.	 shifted southward.

Siliceous/muddy siliceous ooze boundary in the southern sector of the	This fades distribution resulted in a muddy siliceous ooze belt at leas
study area was again in a similar position (66 0 S) to that encountered in	3 degrees of latitude narrower than that found in modern antarcti
ois-7: 2 to 3 degrees of latitude south of Its modern position. Muddy	sediments.
siliceous ooze/siliceous mud boundary similar to modern position:
near 67°S.

ois-5	 Siliceous ooze belt shifted northward to 57 0 S, displacing the mixed ooze/	There was a general northward trend during ois-5.
calcareous ooze boundary just north of 55 0 S In the western sector of the
study area. Siliceous ooze/muddy siliceous ooze boundary to the south
shifted north of 65 0 S, at least 2 degrees north of its present position. For
a short period during the latter portion of ois-5, the clayey silt/silty clay
fades shifted north of 65.5 0 S but then suddenly returned to south of 670S
near its modern position within the study area.
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ois-4 and	 Western sector of the study area: Calcareous ooze/mixed ooze boundary	Oscillations typified ois-4 and ots-3.
ois-3	 shifted first to the north to 55 0 S with oscillations back to south of 550S

and stabilizing in a position at least 2 degrees north of its modern position.
Mixed ooze/siliceous ooze boundary shifted north between 55 0 and 580S,
receded south of 58 0 S, and finally migrated back to north of 58 0 S at the
end of ois-3.

Eastern sector of the study area: Calcareous ooze/mixed ooze boundary was
positioned north of 53 0 S. Mixed ooze/siliceous ooze boundary developed south
of 59°S.

Southern sector of the study area: Muddy siliceous ooze/diatomaceous mud
boundary remained south of 67 0 S during ois-4 and ois-3. Siliceous ooze/
muddy siliceous ooze moved south of 67 0 S and then back north of it by the
end of ois-3.

ois-2	 Distribution of regional sedimentary facies was similar to distribution at the	The clayey silts' position in ois-2 was 1 degree north of their
end of ois-3 except for (1) a shift in the siliceous ooze/mixed ooze bou. .dary	present position.
north of 58 0 S in the western sector of the Amundsen Basin and (2) a migra-
tion of clayey silts just north of 67 0 S in the southernmost sector of the
basin.

ois-1	 Calcareous ooze/mixed ooze boundary shifted southward to a position	The general trend in ois-1 was a southward shift.
between 55 0 and 57 0 S in the western sector of the study area and south
of 54 0 S in the eastern portion of the area. Mixed ooze/siliceous ooze zone
migrated south of 58 0 S, and concurrently the clayey silt/diatomaceous mud
boundary to the south shifted south of 650S.
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Figure 2. Regional distribution of late Quaternary and Holocene sedimentary facies in the southeast Pacific subantarctic and
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Regional biostratigraphic
correlations of Eltanin piston

cores in the southeast Pacific,
subantarctic and antarctic

MARIANNE TRINCHITELLA and MENNO G. DINKELMAN

Department of Geology
Florida State University

Tallahassee, Florida 32306
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Significant advances in the development of high-
resolution biostratigraphy for the southern ocean have
made possible an integrated approach to the documen-
tation of late Quaternary paleo-oceanography in the high
latitudes of the southeast Pacific subantarctic and antarctic.
Using high-solution biostratigraphy in conjunction with a
multiparametric approach, we examined 11 Eltanin piston
cores from the southern ocean for regional paleo-
oceanographic, marine geological, and biological variability
through a glacial cycle.

The Cycladophora davisiana stratigraphy used in this inves-
tigation for regional correlation of cores is based on the
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abundance variations of this species over the last 200,000
years (Hays, Lozano, Shackleton, and Irving 1976). Changes
in the percentage of C. davisiana are characterized by low
abundances (less than 5 percent) during the Holocene pre-
ceded by an acme at 18,000 years (figure 1). Values fluctuate
but generally decrease in older sediments down to interval
e3, estimated by Hays and others (1976) to occur at 125,000
years.

In the southeast Pacific study area, north of the Antarctic
Polar Front Zone between 58° and 53°S, C. davisiana
abundance intervals a, b 1 , b2, c, and h are recognizable,
whereas intervals d, e 1 -e3, f, and g cannot easily be deline-
ated (figure 1). In contrast to the subantarctic data of Hays
and others (1976), which show C. davisiana abundances ex-
ceeding 20 percent, our data show that this species is never
greater that 7 percent in the southeast Pacific north of the
Polar Front. Although the C. davisiana stratigraphy thus
exhibits poor overall development in the Pacific sub-
antarctic, it is still very useful for correlation of cores.

South of the Polar Front Zone, the C. davisiana stratigra-
phy is best developed in core E17-9 at 63°S (figure 1). All C.
davisiana intervals defined by Hays and others (1976) down
through h are well defined, with abundance values as high
as 40 percent at the 18,000-year glacial maximum. It is
possible to calibrate interval h to absolute time in core 17-9
on the basis of its position relative to the Hemidiscus karst-
enii diatom datum and the position of oxygen isotope stage
Se. Interval h therefore falls within oxygen isotope stage 6
between 190,000 and 127,000 years. The applicability of the

C. davisiana stratigraphy south of 63°S was not conclusively
tested during the course of this study.

The Eucampia balaustium (a cryophilic diatom) curve for
the last 194,000 years is comprised of a series of abundance
fluctuations, assigned interval designations a, b, b 1, c, d, e,
f, and g (figure 2). (See Burckle 1978; Clarke, Burckle,
and Morley 1979; Combos 1979; Schrader 1976.) Figure 3
illustrates the downcore variability in the abundance of E.
balaustium throughout the study area. Although the mag-
nitude of maxima and minima vary from core to core, the
overall pattern is reproducible. Holocene values for E. bal-
austium are predominantly less than 5 percent, except in
cores where erosion has affected the composition of the core
tops. These low values are followed downcore by a maxi-
mum abundance peak that occasionally takes the form of
double peaks referred to as "b" and "b 1 " (figures 2 and 3),
with abundance levels of E. balaustium ranging from 10 to
30 percent. Below this acme, values fluctuate downcore
within the study area, to a minor peak d (5 to 15 percent)
before a general decline down through interval e (figure 3).
A second very high abundance level, with values compara-
ble to those observed in b1 , occurs at interval f (8 to 18
percent).

To determine the time significance of the E. balaustium
curve, it is calibrated to the oxygen isotope stage record.
This is achieved by correlation and comparison of E. bal-
austium values to the oxygen-18/oxygen-16 (08/06) curve
derived by Williams and Keany (1978) in core E45-74
(figure 3). The estimated ages of E. balaustium abundance

7.

Figure 1. Correlation of Eltanin piston cores by means of Cycladophora davisiana stratigraphies. 18K = Cycladophora da-
visiana peak, 124K = oxygen isotope stage 5e, and 194K = Hemidiscus karstenii datum.
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oxygen isotope stages and calibration to the time scale for
Eltanin core 45-74. Oxygen-18/oxygen-16 data from Williams
and Keany (1978).

intervals are summarized in the table. Age estimates are
also based upon a comparison of the E. balaustium curve
with the C. davisiana stratigraphy that Hays and others
(1976) previously calibrated to the oxygen isotope stage
record for the last 125,000 years. It is evident that E. bal-
austium peak abundances occur during 08/06 stages 2,3,
and 6, periods of maximum or increased glaciation and ice
development in the circum-antarctic region.

The maximum E. balaustium value at interval b 1 is present
in all cores examined during this investigation except for
those with their tops missing (E14-14, 23-17, 13-16, and
13-15) or those containing barren intervals at this
abundance horizon (e.g. E17-17,50-120 centimeters). Cores
E33-22, 14-17, 17-30, 11-8, and 17-9, both north and south
of the Polar Front Zone, have nearly complete E. balaustium
curves with intervals b 1 to f identified in all cores with the
exception of E17-17 on the antarctic continental rise.

Eucampia balaustlum stratigraphy

Estimated age
Abundance interval	in 10 years	Oxygen Isotope

a	 0-13 1

b	 13-15 2

b 1	 15-32 2

C	 32-38 3

d	 38-44 3

e	 44-127 3, 4, 5

f 127-160 6

g	 160-190 6

Isotope stage 5e, and 194K = Hemidiscus karstenll datum.	- -	-	-	 -
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Late Quaternary geology
of the George V and Adélle

continental shelf, East Antarctica
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Operation Deep Freeze 1979 along the George V/Adélie
margin was the first detailed marine geologic investigation
on the east antarctic continental shelf. A primary objective
of the study was to reconstruct past glacial conditions of the
area by examining glacial and glacial marine sediments
obtained in piston and trigger cores (figure). Sediments
recovered from the area include massive and stratified di-
amictons, laminated siliceous oozes, and well sorted, graded
sands. A detailed textural, mineralogic, and faunal in-
vestigation of these units resulted in several important
conclusions.

Massive diamictons contain many characteristics—
including textural and mineralogic homogeneity (Ander-
son, Kurtz, Domack and Balshaw 1980) and pebble shapes
indicative of basal transport (Domack, Anderson, and Kurtz
in press)—suggestive of basal tills. Such units are inter-
preted as basal tills derived through subglacial lodgment
(Domack eta!, in press). The widespread occurence of basal
tills on the George V/Adélie continental shelf implies that
grounded glacial ice was formerly much more extensive.

Stratified diamictons are believed to have been deposited
from floating ice shelves because they are texturally and
mineralogically heterogeneous and fossiliferous in char-
acter (Anderson et al. 1980). These units normally are
undercompacted (Anderson et al. 1980), but some are over-
compacted (Domack 1980). This suggests that grounded ice

was once present over these sites and led to the over-
compaction and partial erosion of previously deposited gla-
cial marine sediments.

The date of this glacial maximum is recorded by diatom
floras that are less than 18,000 years old (A. Combos 1980).
The diatom floras are found in siliceous oozes that overlie
basal tills and, in some instances, are found within glacial
marine units.

The high percentages of dolerite and quartz sand, garnet,
and clinopyroxene found in the diamictons correspond clo-
sely with coastal Mesozoic outcrops of Beacon sandstone
and Ferrar dolerite. These outcrops are found to the south-
east in the vicinity of the Cook Ice Shelf. Therefore,
paleo-ice flow is inferred to have been to the northwest.
Contribution of more local Precambrian crystalline rocks is
minimal. The presence of hornblende and other minerals
derived from the latter may be related to erosion and redep-
osition of glacial and glacial marine sediments deposited
locally by the Mertz and Ninnis glacier tongues. The pres-
ence of lithified diamicton clasts and their association with
finer grained diamicton units also suggests that erosion and
redeposition of older glacial and/or glacial marine sedi-
ments was occurring. The distribution of such units also
supports a northwesterly paleo-ice flow.

Retreat of the ice sheet was rapid and was associated with
widespread deposition of residual glacial marine sediments
and localized deposition of turbidite sands. The modern
sedimentologic regime is dominated by deposition of lami-
nated siliceous oozes below approximately 500 meters and
reworking of relict glacial and glacial marine sediments
above this depth. In places, palimpsest sands and muddy
sands are being produced from the relict deposits. Rafting
of debris by icebergs undoubtedly is occurring at present
(Anderson et al. in press) but is not an important sedimen-
tary agent.

In summary, the following statements can be made con-
cerning the glacial marine geology of the George V/Adélie
continental shelf, East Antarctica.
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Late Miocene foraminiferal
biostratigraphy and paieoecology

at DSDP site 265,
southeast Indian Ocean

NANCY L. ENGELHARDT * and PEmi-Noa WB**

Department of Geology
Northern Illinois University

DeKaib, Illinois 60115

Site 265 is located at 53°32.45'S 109°56.74'E, high on the
southern flank of the southeast Indian Ridge. It lies 500
kilometers south of the ridge crest and is between 300 and
400 kilometers south of the present position of the Antarctic
Convergence. The sediment succession consists of a late
middle-Miocene basalt (12 to 14 million years old by mag-
netic anomaly dating) overlain by 75 meters of late Miocene
calcareous (dominantly nannoplankton) ooze, which is in
turn overlain by 370 meters of Pliocene/ Pleistocene sili-
ceous (diatomaceous) ooze (Hayes et al. 1975). Two discon-
formities were noted. The lower, which separates the basalt
from overlying calcareous sediment, probably spans less
than 1 million years and is typical for the interval between
sea floor formation and initial sediment deposition. The
upper disconformity marks the boundary between the
transition from calcareous to siliceous sedimentation.
Hayes and others (1975) reported this transition as diach-
ronous (that is, it becomes younger to the north, in the
southeast Indian Ocean). They determined that this phe-
nomenon is related to the intensification of glaciation on
the Antarctic Continent and the subsequent northward mi-
gration of the Antarctic Convergence. They dated the dis-
conformity biostratigraphically and suggested that it spans
the interval from 10.5 to 4.1 million years ago. It was
thought to result from either (1) solution, (2) a period of
traction current activity, or (3) a period of nondeposition.
However, this disconformity occurs at a significant coring
gap, and it is quite possible that transitional sediments exist
in the uncored interval. This is supported by refined bio-
stratigraphy that reduces the time loss and sedimentation
rates.

The planktonic assemblage of the calcareous ooze succes-
sion (cores 15 and 16) consists of 10 identifiable Miocene
forms (Engelhardt 1980). Several key species suggest that
the stratigraphic range is late Miocene (Tongaporutuan
stage of New Zealand or N15/16-N17). The persistent pres-
ence of Neogloboquadrina continuosa (Blow) restricts the
range of this succession from the upper Liliburnian stage

* Amoco Production Company, P.O. Box 3092, Houston, Texas
77001.
Department of Geology and Mineralogy, The Ohio State Uni-
versity, Columbus, Ohio 43210.

(approximately 13 million years ago) to lower Tongaporu-
tuan stage (approximately 7 million years ago) (Jenkins
1971, 1975). The simultaneous occurrence of Neogloboqua-
drina acostaensis (Blow) reduces the oldest possible age of the
sediment to approximately 10 million years, because this
taxon is believed to have made its initial appearance about
10 million years ago (Stainforth 1975). N. acostaensis decrea-
ses upward in relative abundance, with its least significant
occurrence at the bottom of core 15. Above this level, Globi-
gerina bulloides (d'Orbigny) is the dominant form. No forms
indicative of the middle Miocene are present. Neogloboqua-
drina pachyderma (Ehrenberg) replaced N. acostaensis in the
late Miocene in the high latitudes, and several specimens
referable to N. pachyderma are present at the top of the
succession (in core 15), just below the carbonate-siliceous
disconformity (or transition). Above, in the Pliocene sili-
ceous sequence, N. pachyderma is definitely present (Kaneps
1975). The presence of the nannoplankton Discoaster quin-
queramus (Gartner), at the top of the calcareous succession,
supports the late Miocene age proposed for these sediments
(Bums 1975). A late Miocene age (10 to approximately 7
million years ago) is therefore suggested for the calcareous
succession, and possibly no more than 3 million years are
unaccounted for at the suspected disconformity with over-
lying Pliocene sediments. An uncored interval of 8 meters
exists between cores 16 (nannoplankton ooze) and 17 (ba-
salt). It is possible, then, that sediments older than 10 mil-
lion years overlie the 12- to 14-million-year-old basalt.

A sedimentation rate of 11 meters per million years for
the calcareous succession was reported by Hayes and others
(1975). Simple calculations, based on this rate, show that the
uncored interval of 28.5 meters between cores 14 and 15
represents approximately 2.6 million years. This is equiva-
lent to an approximate 3-million-year gap proposed earlier.
Even if compaction of these sediments is considered, the
argument advanced is still tenable. Therefore, it is likely
that little or no significant time loss has occurred across the
suspected disconformity.

A total of 187 species were identified in the short 75-
meter calcareous succession (cores 15 and 16); 14 are plank-
tonic, 23 are agglutinated, and 150 are calcareous benthics.
Some of these taxa are reworked.

A low-diversity, high-abundance planktonic assemblage,
indicative of surface water conditions equivalent to subant-
arctic water north of site 265, was observed. G. bulloides,
Globigerina woodi, and N. acostaensis dominate. Of signifi-
cance is the fluctuation in relative abundance, apparent on
passing up the succession from the warm water N. acostaen-
sis to the temperate G. woodi and temperate forms of G.
bulloides. This suggests graduate cooling. This trend is also
reflected by diatom abundance that increases up the succes-
sion while nannoplankton decrease (Hayes et al. 1975).

The benthic foraminiferal fauna is primarily a calcareous,
deep-water, bathyal assemblage comprised of long-ranging
forms. The most dominant taxa are representatives of rota-
liina (rotalids), with agglutinated and miliolid taxa of minor
importance. High test counts result from an abundance of
Nodosariidae (lagenids) and Glandulinidae. High diver-
sity is also displayed by these groups. Epistominella exigua
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(Brady), Globocassidulina subglobosa (Brady), and Egerella
nitens (Wiesner) dominate the benthic taxa.

Population analyses of 12 samples from cores 15 and 16
indicate that the majority of the foraminifera are in situ
and represent biocoenoses or near biocoenoses. This is
based on faunal stability, diversity, stratigraphic popula-
tion trends, the minimal degree of reworking, and preser-
vation. Relative-abundance histograms for each population
(benthics and planktonics) were based on random counting
of at least 300 tests, whenever possible. Five samples exhibit
signs of post mortem influence. However, these modified
assemblages are comparable in taxa content to the well-
preserved faunas.

In summary it may be concluded that in the calcareous
succession at site 265, two distinctive and probably bi-
thermal assemblages contribute to a combined biocoenosis:
a planktonic population that lived in near-surface waters at
temperatures of 8° to 17°C and a contemporaneous stable,
bathyal, cold-water (0° to 2°C) benthic fauna. A strongly
stratified water column existed. It appears that during the
early to late Miocene (approximately 10 to 7 million years
ago), gradual surface-water cooling occurred because of
progressive ice buildup in Antarctica; sometime between 7
and 4 million years ago, the proto-Antarctic Convergence
moved northward of the site 265 area in response to cooling
conditions, and site 265 moved southward in response to
sea floor spreading. Intense glaciation in the early Pliocene
is further substantiated by the truncation of seaward-
dipping sequences in the Ross Sea, probably caused by
erosive action of a grounded Ross Ice Shelf and the north-
ward movement of the siliceous ooze/glacial-marine sedi-
ment boundary offshore the Adélie and George V Coasts
(Kemp et al. 1975). This sequence of events would be re-
corded in a short temporal and sediment interval, probably
in the early Pliocene (approximately 5 million years ago), as
suggested by Hayes and others (1975).

This work was supported by National Science Founda-
tion grant DPP 79-07043. The results reported here are taken
from research for the master of science degree by Nancy L.
Engelhardt. Principal investigator was Peter-Noel Webb.
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From the time of its initial opening in the latest Paleocene
until deep circulation with the South Pacific was estab-
lished in the early Oligocene, the southeast Indian Ocean
basin contained a distinct water mass. In late Eocene the
basin was a wide gulf, open to the Indian Ocean on the west
but with only shallow circulation over the south Tasman
Rise to the Pacific in the east (Kennett and Houtz 1974;
Weissel and Hayes 1972).

Several foraminiferal faunas of late Eocene age have been
studied from marginal basins along the southern coast of
Australia (Ludbrook and Lindsay 1969). These studies are
usually from shallow fades and provide only indirect infor-
mation about open ocean conditions. The foraminiferal
fauna preserved in the short (0.5-meter) section of nanno-
foram chalk recovered from the bottom of Deep Sea Dril-
ling Project (DsDP) hole 267B (core 10) provides a unique

-
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opportunity to gage Eocene open ocean conditions between
Australia and Antarctica.

Hole 267B is one of three drilled at site 267 in the south-
east Indian Ocean. Hole 267B was drilled at 59°15.74'S
104°29.30'E; holes 267 and 267A were drilled 2.6 kilometers
to the south. Hayes and others (1975) identified three litho-
logic units in cores from each locality. The upper unit is a
variable clay-silt-diatom sediment of mid-Miocene to Plio-
cene age. This unit unconformably overlies a tan-colored
nanno-foram chalk. The chalk rests on oceanic basalt dated
at 40.0 to 41.5 million years (late Eocene) by means of mag-
netic anomalies. The base of the chalk in holes 267 and 267A
was assigned an earliest possible age of mid-Oligocene by
biostratigraphy (Hayes et al. 1975). Hole 267B represents a
successful attempt to recover sediment of late Eocene age
overlying the basalt.

Styzen (1980) reported large faunas of both benthic and
planktonic foraminifera recovered from five evenly spaced
horizons in the thin chalk section from the bottom of hole
26Th.

The benthic fauna is a high-dominance/high-diversity
assemblage consisting of 69 species and 36 genera. The
fauna consists almost exclusively of calcareous benthics, but
a few calcareous agglutinated forms are also present. The
dominant taxon, Globocassidulina subglobosa (Brady), con-
tributes over 30 percent of the fauna. Eight other prominent
species each contribute over 1 percent of the fauna: Epi-
stominella exigua (Brady) (8.9 percent), Eponides weddellensis
(Earland) (7.5 percent), Eponides aff. formosulus (Todd and
Low) (5.0 percent), Buliminella browni (Finlay) (3.8 percent),
Eggerella nitens (Weisner) (3.6 percent), Oridorsalis aff. van-
apertura (Belford) (2.6 percent), Oridorsalis tenera (Brady) (2.5
percent), and Orthomorphina antillea (Cushman) (1.3 per-
cent). Rare (less than 1 percent) forms contribute almost 30
percent of the fauna. This type of fauna is typical of assem-
blages found at lower bathyal depths. The fauna is quite
similar to shelf faunas of the same age (Hornibrook 1%1)
but bears striking resemblance to Neogene faunas of similar
bathymetry (Boltovskoy 1978; Engelhardt 1980). Only
minor changes in dominance were noted through the sec-
tion, indicating stable benthic conditions throughout the
time of deposition.

The planktonic fauna is a high-diversity/low-dominance
assemblage of 19 species. This type of diversity/ dominance
realtionship points to temperate surface temperatures at the
time of deposition. This interpretation agrees with paleo-
climate interpretations by Kemp (1978). The fauna has
much in common with upper Eocene faunas of South Aus-
tralia and bears similarities to faunas of similar age in New
Zealand and East Africa. The planktonic fauna is correlative
to the Globorotalia aculeata zone of South Australia, the Glob-
igerina linaperta zone and Runangan stage of New Zealand,
and P15 to P16 of the Blow zonation. This age is based
mainly on the presence of Globorotalia aculeata (Jenkins)
which, according to Ludbrook and Lindsay (1967), is re-
stricted to the C. aculeata zone in South Australia. Other

characteristic late Eocene taxa identified include Globigerina
linaperta (Finlay), Globanomalina micra (Cole), and ChUb-
gumbellina cubensis (Palmer).

A profound change in the planktonic fauna was noted
close to the contact with the underlying basalt. A less di-
verse and more poorly preserved fauna, with fewer simi-
larities to the fauna as a whole, was noted at the interval
closest to the basalt. A close examination of the abundance
of each taxon at each sampled interval revealed trends of
preservation resembling diagenetic change noted by
Schlanger, Douglas, Lancelot, Moore, and Roth (1973) in
nanno chalk from the North Pacific. The change in the
fauna from 267B is unique, however, in that the diagenetic
effect usually seen over meters or tens of meters is evident
over a space of a few centimeters. This compression of
diagenesis may be caused by local chemistry, compaction,
or poor sampling. It is interesting to note, however, that
biostratigraphic evidence indicates deposition of the chalk
occurred within 2 million years of the emplacement of the
basaltic basement. It is possible that heat flow or very low-
grade hydrothermal activity associated with the cooling of
the basalt may be responsible for the observed fauna!
change.

This work is supported by National Science Foundation
grant DPP 79-07043. The results reported here are based on
master of science degree research by Michael J. Styzen.
Peter-Noel Webb was principal investigator.
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Distribution of Recent deep-sea
benthonic foraminifera from the

southwest Indian Ocean
BRUCE H. CORLISS

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

Deep-sea benthonic foraminifera have been studied from
a suite of 58 trigger core tops in the Crozet, Madagascar, and
Mascarene Basins of the southwest Indian Ocean from 9° to

45°S latitude and 45° to 80°E longitude (figure 1) to deter-
mine faunal/water-mass relationships. Principal compo-
nent analysis of the faunal data reveals distinct faunal
trends related to depth and bottom-water potential tem-
perature (figure 1). Principal component 1 represents an
average of all of the fauna! data. The negative values of
principal component 2 reflect the importance of Epi-
stominella umbonifera and are found generally south of 35°S
latitude in the Crozet Basin and on the flanks of the Mad-
agascar, Southwest Indian, and Southeast Indian Ridges.
These values are associated with bottom-water potential
temperatures ranging from — 0.1° to 1.2°C, with the high
relative values ( — 0.4) found generally with potential
temperatures of :5 0.8°C. Positive values of principal

Figure 1. Distribution of principal component 2 of the benthonic foraminiferal data from the southwest Indian Ocean plotted
with water depth and potential temperature. The range of values is from — ito + 1; negative values of principal component 2
reflect the Importance of Epistominella umbonifsic, and positive values reflect the importance of Planuilna wu.Ilerstorfi; rare
species (< 3 percent), Globocassidullna subglobosa, and Astrononion echolsL
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component 2 reflect the importance of Planulina wueller-
storfi, rare species (:5 3 percent), Globocassidulina subglobosa,
and Astrononion echolsi and are found on the Central Indian
and Madagascar Ridges with bottom-water potential tem-
peratures of 0.4° to 1.2°C, with high relative values (2: 0.4)
found with potential temperatures of 1.2°C. The third prin-
cipal component (figure 2) divides this last group into two
subgroups. High negative values of principal component 3
reflect the importance of Globocassidulina subglobosa, and
high positive values reflect the importance of Epistominella
exiqua, Planulina wuellerstorfi, and Pullenia bulloides.

To understand better the faunal distribution, the data
from the 58 samples have been divided into three groups
and used to construct latitudinal transects across the Crozet
Basin, Madagascar Basin, and the Amirante Passage. Piston
cores presently are being studied in the Madagascar transit.
These studies will be used to contruct profiles of the ben-
thonic foraminiferal faunas back through time, and the
profiles will be compared with the present faunal distribu-
tion. The change in the faunal distribution will then be
used to infer changes in the water mass distributions dur-
ing the Quaternary.

This research was supported by National Science Foun-
dation grant DPP 78-21105. G. P. Lohmann is gratefully
acknowledged for assistance with the principal component
analysis.
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Figure 2. Principal component 2 versus principal component
3. Positive values of principal component 2 indicate the
importance of Planulina wuellerstorfi, rare species (s 3
percent), Globocassiduilna subglobo.a, and Astrononion
echolsL Negative values indicate the importance of Epi-
stominella umbonifera. Positive values of principal com-
ponent 3 indicate the importance of Epistominella exiqua6 P.
wuellerstorfl, and Puelienla buioidss. Negative values indi-
cate the dominance of G.. subglobosa.
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Marine biology

Microbial dynamics In antarctic
waters, Drake Passage

RoGER B. HANSON

Skidaway Institute of Oceanography
Post Office Box 23687

Savannah, Georgia 31406

The ecology and dynamics of microbial populations in
antarctic waters are quite different from and less well un-
derstood than those in other oceanic ecosystems because of
the presence of diverse water masses, mixing between mi-
crobial populations, and cold temperatures (-2° to 6°C).
Microbial populations in antarctic water are best assessed
when physical descriptions of the water column, fronts,
and zones are known. In January 1980, a team of micro-
biologists which included Kenneth Lowery (Skidaway
Institute of Oceanography), David Shafer, and Reginold
Sorocco (Rensselaer Polytechnic Institute) participated on
the International Southern Ocean Study cruise on the RIV
Atlantis II in the Drake Passage. Chief scientist for the cruise
was Worth Nowlin (Texas A&M).

Data on temperature, salinity, and oxygen at 22 hydro-
logical stations, along with oceanographic data collected in
January-February 1979 (Worley and Nowlin 1979), were
used to position sampling bottles at desired depths.
Isopropanol-rinsed Niskin bottles (5-liter) were positioned
at the surface, in the temperature minimum-0 2 maximum
layer (antarctic intermediate water), and the oxygen
minimum-NO3 and PO4 maximum layer (Antarctic Cir-
cumpolar Deep Water). Fourteen stations were sampled in
the Drake Passage to determine microbial activity. The
water masses sampled included subantarctic surface water,
polar frontal zone, and antarctic surface water (see the
figure). No stations were occupied in antarctic continental
shelf water.

Water samples were processed to measure microbial
production (incorporation of 3H-ademne or thymidine into
nucleic acids), glucose uptake velocity (incorporation of
3H-glucose or 14C-glucose, glucose concentration), ribo-
nucleic acid concentration, adenosine triphosphate (ATP)
concentration, and bacterial cell numbers. Analyses of mi-
crobial production and measurements of tritiated labeled
ATP in the ATP pool to calculate specific information on

newly synthesized nucleic acid are still in progress. Sam-
ples used to measure glucose flux were fractionated on 0.4
and 3 micrometer Nuclepore filters to assess the size distri-
bution and comparative activity of microbial populations.
All biological rate measurements were at in situ tem-
peratures using refrigerated water baths.

Glucose flux was generally ito 2 nanograms per liter per
hour in the surface water and two to three times higher in
the antarctic intermediate water. Below 200 meters, rates
were less than 1 nanogram per liter per hour. These rates
are three orders of magnitude lower than those measured in
a Georgia estuary (Hanson and Snyder 1980). However,
surface glucose concentrations (1 to 5 micrograms per liter)
are within the range found in the estuary. In the upper 50
meters, glucose turnover times were less than 500 hours,
but below that depth times were 10 to 20 times longer.

There is considerable interest in the distribution of mi-
crobes in the sea, sites of activity, and activity associated
with various particle size classes. Size fractionation of la-
beled microbial populations indicated that more than 90
percent of the glucose flux in the upper 100 meters can be
attributed to "free floating" microbes or bacteria attached to
particles less than 3 micrometers in size. This is similar to

750	700	650W	600	55°
Location of the microbiological stations In the Drake Passage
during DRAKE 80 operations aboard the a,v Atlantis ll(January
1980).
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other oceanic systems (Azam and Holm-Hansen 1973; Han-
son and Wiebe 1977). However, the distribution of activity
in the antarctic circumpolar deep water below the antarctic
intermediate water shifted from "free floating" microbial
populations to cells attached to particles larger than 3 mi-
crometers. At these greater depths, more than 80 percent of
the activity was on particles greater than 3 micrometers.
This suggests that microbial activity occurs predominately
on particles in deep antarctic waters. Under the Ross Ice
Shelf, a large fraction of the metabolic activity (29 to 89
percent) was in the size fraction larger than 1 micrometer
(Azam, Beers, Campbell, Carlucci, Holm-Hansen, Reid, and
Karl 1979). In addition, most particles in the deep sea are
relatively large and dominated by plankton skeletons and
shells, and fecal pellets of zooplankton (Honjo 1980). Al-
though there was a shift in the activity from "free floating"
cells to those attached to particles in deep antarctic waters,
the rates of mineralization are slow and turnover times are
very long.

Microbial biomass and bacterial cell numbers were great-
est in the antarctic intermediate water. Microbial biomass,
estimated from adenosine triphosphate (An) was 20 to 30
nanograms per liter at the surface and increased to 50 to 100
nanograms per liter at between 50 and 100 meters. ATP

concentrations remained near 5 nanograms per liter or less
in waters below 200 meters. Unlike the distribution of mi-
crobial activity, most of the biomass (50 to 80 percent) in the
surface layer was in the fraction larger than 3.0 microm-
eters. Bacterial cell numbers correlated with microbial bio-
mass. In surface water cell counts were between 10,000 and
30,000 cells per liter and increased three times in the antarc-

tic intermediate water and polar frontal zone. Ribonucleic
acid concentrations were highest (8 to 10 micrograms per
liter) in surface waters. Concentrations were generally less
than 3 micrograms per liter between 200 and 3,000 meters.

Another cruise on the R/V Atlantis II is scheduled for the
1980 austral winter in the Pacific sector of the southern
ocean, with Daniel Pope as co-principal investigator. This
work was supported in part by National Science Founda-
tion grant DPP 78-21507.

References

Azam, F., and Holm-Hansen, 0. 1973. Use of tritiated substrates in
the study of heterotrophy in seawater. Marine Biology, 23,
191-1%.

Azam, F., Beers, J . R., Campbell, L., Carlucci, A. F., Holm-Hansen,
0., Reid, F. M. H., and Karl, D. M. 1979. Occurrence and meta-
bolic activity of organisms under the Ross Ice Shelf, Antarctic, at
station J9. Science, 203, 451-453.

Hanson, R. B., and Snyder, J . In press. Glucose exchanges in a
salt-marsh estuary: Biological activity and chemical meas-
urements. Limnology and Oceanography.

Hanson, R. B., and Wiebe, W. J . 1977. Heterotrophic activity associ-
ated with particle size fractions in a spartina alterniflora loisel.
Salt-marsh estuary Sapelo Island, Georgia in the continental
shelf waters. Journal of Marine Biology, 42, 321-330.

Honjo, S. 1980. Material fluxes and modes of sedimentation in
mesopelagic and bathypelagic zones. Journal of Marine Research,
38(1), 53-97.

Worley, S. J., and Nowlin, W. D., Jr. 1979. Oceanographic data collected
aboard RIV Melville during January-February 1979 and AGS Yelco
during April-May 1979 as a part of DRAKE 79 (Research Foundation
Reference No. 79-7-T). College Station: Texas A & M University.

Benthonic foraminifera collected
by the R/v Hero near Adelaide,

Anvers, and Brabant
Islands, 1972-73

HAYDEE LENA

Florida Institute of Technology
Department of Biological Sciences

Melbourne, Florida 32901

During the 1972 and 1973 austral summers, the R/V Hero
collected 32 bottom samples in the vicinity of Adelaide,
Anvers, and Brabant Islands near the Antarctic Peninsula.
The samples were obtained at depths ranging from 16 to 400
meters. Twenty-two of the samples collected were treated
with Rose Bengal (Boltovskoy and Wright 1976) in order to
study quantitatively the foraminifera that were alive when
collected.

A total of 42 genera and 66 species were determined (see
figure). Of the 66 species, 37 had specimens with proto-
plasm. Fifty percent of the species and 69 percent of the
specimens were agglutinated; the rest were calcareous.

The most numerous agglutinated species were Tro-
chammina antarctica (18 percent); Reophax dentaliniformis (13
percent); R. subfusiformis (13 percent); and in less quantity,
Saccammina atlantica (6 percent) and T. squamata, forma astri-
fica (5 percent). The dominant calcareous species were
Cassidulinoides parkerianus (7 percent), Virgulina earlandi (6
percent), and Cassidulina subglobulosa (4 percent).

The species with the largest sample distribution was R.
dentaliniformis, present in 11 of the 22 samples analyzed
(50 percent). In this sense, R. dentaliniformis was followed
by: T. antarctica (45 percent), S. atlantica (41 percent), V.
earlandi (41 percent), R. subfusiformis (41 percent), and T.
squamata, forma astrifica (36 percent).

In general, the faunistic content of the three areas studied
was similar and did not differ from that previously found
northwest of the Antarctic Peninsula (Earland 1934; Finger
1977; Herb 1971; Lena 1975, in press; Stockton 1973).

The indexes of specific diversity for the three areas were
determined from the Shannon-Wiener relationship. The
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Adercotryma glomerata (Brady) Lit uola glomerata Brady, 1878. WP.
Ammodiscus guilmarensis Hoglund = Ammodiscus planus Higlund,

1947. WP.
Ammoflintina argentea Echols, 1971.
Angulogerina angulosa (Williamson) = Uvigerina angulosa Will-

iamson, 1858. WP.
Astrammina sphaerica (Heron-Allen & Earland) = Armorella sphaer-

ica Heron-Allen & Earland, 1932. WP.
Astrononion antarcticus Parr, 1950. WP.
Bolivina acerosa pacifica Cushman & McCulloch, 1942. WP.
Cassidulina biora Crespin, 1960. WP.
Cassidulina crassa d'Orbigny, 1839.
Cassidulina crassa rossensis (Kennett) = Globocassidulina crassa

(d'Orbigny) rossensis Kennett, 1967.
Cassidulina subglobosa Brady, 1881. WP.
Cassidulinoides parkerianus (Brady)	Cassidulina parkeriana Brady,

1884. WP.
Cibicides aknerianus (d'Orbigny)	Rotalina akneriana d'Orbigny,

1846.
Cornuspira involvens (Reuss) = Operculina involvens Reuss, 1850.

WI.
Cribrostomoides jeffreysii (Williamson)	Nonionina jeffreysii Will-

iamson, 1858. WP.
Discorbis peruvianus (d'Orbigny) = Rosalina peruviana d'Orbigny,

1839. WP.
Elphidium macellum (Fichtel & Moll) Nautilus macellum Fichtel &

Moll, 1798.
Epistominella exigua (Brady) = Pulvinulina exigua Brady, 1884.
Glomospira charoides (Jones & Parker) = Trochammina souamata

charoides Jones & Parker, 1860.
Haplophragmoides parkerae (Uchio) = Recurvoidella parkerae, Uchio,

1960. WP.
Hippocrepinella hirudinea Heron-Allen & Earland, 1932. WP.'
Lagena gracillima (Seguenza) = Amphorina gracillima Seguenza,

1862.
Lagena heronalleni Earland, 1934.
Lagena striata (d'Obigny) = Oolina striata d'Orbigny, 1839.
Miliammina arenacea (Chapman) = Miliolina oblonga (Montagu)

var. arenacea Chapman, 1916. WP.
Miliammina lata Heron-Allen & Earland, 1930.
Nodosaria calomorpha Reuss, 1866.
Nonion offine (Reuss) = Nonionina offinis Reuss, 1851. WP.
Nonionella bradyi (Chapman) Nonionina scapha var. br,adyi Chap-

man, 1916. WP.
Nonionella iridea Heron-Allen & Earland, 1932. WP.
Oolina caudigera (Wiesner) = Lagena (Entosolenia) globosa var. cau-

digera Wiesner, 1931.
Oolina ovalis (Reuss) = Lagena globosa var. ovalis Reuss, 1870.

Parafissurina dorbignyana (Wiesner) = Ellipsolagena dorbignyana
Wiesner, 1931. WP.

Parafissurina marginata (Wiesner) = Ellipsolagena marginata
Wiesner, 1931.

Parafissurina ovata (Wiesner) = Ellipsolagena ovata Wiesner, 1931.
Patellina corrugata Williamson, 1858.
Planispirinoides bucculentus (Brady) = Miliolina bucculenta Brady,

1884.
Psammosphaera fusca Schulze, 1875. WP.
Pseudobolivina antarctica Wiesner, 1931. WP.
Pseudonodosaria rotundata (Reuss) forma elliptica (Reuss) = Glandu-

lina elliptica Reuss, 1863.
Pullenia sphaeroides (d'Orbigny) = Nonionina sphaeroides d'Or-

bigny, 1826, WP.
Pullenia subcarinata (d'Orbigny) = Nonionina subcarinata d'Or-

bigny, 1839. WP.
Pyrgo depressa (d'Orbigny) = Biloculina depressa d'Orbigny, 1826.

WP.
Pyrgo ringens (Lamarck) = Miliolites (ringens) subglobosa Lamarck,

1804. WP.
Recurvoides contortus Earland, 1933.
Reophax arcticus Brady, 1881. WP.
Reophax dentaliniformis Brady, 1884. WP.
Reophax fusiformis (Williamson) = Proteonina fusiforinis Will-

iamson, 1858. WP.
Reophax oblicuus Hada, 1957. WP.
Reophax pilulifera Brady, 1884. WP.
Reophax subfusiformis Earland, 1933. WP.
Siccammina atlantica (Cushman) = Proteonina atlantica Cushman,

1944. WP.
Spiroplectammina biformis (Parker & Jones) = Textularia agglutinans

var. biformis Parker & Jones, 1865.
Trochammina antarctica Parr, 1950. WP.
Trochammina discorbis Earland, 1934.
Trochammina inconspicua Echols, 1971.
Trochaminina quad ricamerata Echols, 1971.
Trochammina squamata Jones & Parker, forma astrifica Rhumbler,

1938. WP.
Trochammina wiesneri Parr, 1950. WP.
Turritellella laevigata Earland, 1933.
Turritellella shoneana (Siddall) = Trochammina shoneana Siddall,

1878.
Valvulina conica Earland, 1934.
Virgulina earlandi (Parr) = Bolivina earlandi Parr, 1950. WV.
Virgulina fusiformis (Williamson) = Bulimina pupoides var. fusiformis

Williamson, 1858.
Webbinelloidea irregularis (Wiesner) = Thu rammina irregularis

Wiesner, 1931.

Species collected. Those designated WP (with protoplasm) were alive when collected.

indexes ranged from 0.48 to 3.46 (Anvers Island), 1.00 to
2.92 (Adelaide Island), and 1.79 to 2.35 (Brabant Island). The
higher values correspond to depths ranging from 80 to 150
meters, and the lower values, to depths ranging from 20 to
30 meters.

I thank A. A. Hernandez for his assistance in collecting
the material used for this study.
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Planktonic foraminifera collected
by the R/v Hero, cruise 71-4
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During cruise 71-4(8 April to 30 August 1971) of the R/V
Hero (Punta Arenas, Chile-Buenos Aires, Argentina) 560
samples of surface plankton were collected for use in vari-
ous planktologic studies (Lena and Souto 1972). Of these
samples, 302 were used in the work reported here in order
to (1) study qualitatively and quantitavely the distribution
of the collected planktonic foraminiferal fauna and
(2) attempt to separate different water masses by the distri -
bution of foraminifera.

The samples were collected as follows: Throughout the
whole cruise, seawater was pumped and filtered for 30
minutes at 1-hour intervals. The net used to filter the sea-
water had openings of approximately 64-99 microns. The
foraminifera were later separated in the laboratory from
the plankton samples using the filter method (Boltovskoy
1966).

Planktonic foraminifera were found in only 94 of the 302
samples because most of the samples were collected near
the coast of Argentina—not a favorable area for the devel-
opment of planktonic formaminifera (Boltovskoy 1970).

Approximately 200 specimens were taken from each
sample, except that all the specimens were separated when
the sample contained less than 200 specimens. The speci-
mens of each sample were counted to determine:

1. The total number of foraminifera.
2. The frequency of each species.
3. The percentages of the coiling morphotypes of Glob-

oquadrina pachyderma. Mixed waters of the subtropical/
subantarctic convergence zone are characterized pre-
dominantly by dextral forms (dextral:sinistral ratio of
approximately 95:5), and pure subantarctic waters by sinis-
tral forms (dextral:sinistral ratio of approximately 45:55)
(Boltovskoy and Watanabe 1979).

4. The specific diversity index based on the Shannon-
Wiener formula.

The quality of the planktonic foraminiferal fauna was
poor because the samples were collected in cold-temperate
waters (subantarctic waters) which are characterized by few
planktonic species. Almost all foraminiferal fauna were

very small. The abundance of small specimens may be the
result of juvenile foraminifera ascending to the surface in
search of more favorable food conditions, then descending
when they are somewhat larger.

Of the eight species found (see figure 1), six were typical
of cold and cold-temperate waters (Globoquadrina pachy-
derma, Globigerina bulloides, G. quinqueloba, Globigerinita
uvula, Globorotalia infata, and G. truncatulinoides), one was
cosmopolitan (Globigerina glutinata), and one was typical of
warm and warm-temperate waters (Globigerinoides ruber)
(Boltovskoy 1969).

On the basis of the faunistic content of the studied area,
it was determined that the area is dominated by sub-
antarctic waters. Only one species common to subtropical
waters (Globigerinoides ruber) was found, in stations 273
(37°22'S 56°47'W) and 275 (37°02'S 56°31'W), and this spe-
cies was represented by a few specimens.

Four hydrologic zones were established in the studied
area on the basis of frequency of each species, the coiling
ratio of Globoquadrina pachyderma, and the index of specific
diversity (see figure 2):

1. Coastal zone waters (subantarctic waters slightly diluted
by the influence of continental waters). The majority of the
samples collected in this zone did not contain planktonic
foraminifera. In those that did, the number of specimens
was small (1 to 4) and generally belonged to Globoquadrina

Globigerina bulloides Orbigny, 1826, Annales des Sciences Na-
turelles, Paris, v. 7, p. 277, no. 1, Mod. 17 & 76 = Banner and
Blow, 1960, The Cushman Foundation for Foraminiferal Re-
search Contributions, v. 11, no. 1, p. 3, p1. 1, figs. 1,4 (lectotype).

Globigerina quinquioba Natland, 1938, Scripps Institute of Ocean-
ography Bulletin, Technical Series, v.4, p. 149, p1. 6, figs. 18-21.

Globigerinita glutinata (Egger) = Globigerina glutinata Egger, 1893,
Abhandlungen der Bayerischen Akademie der Wissenschaften,
Mathenatisch—Physikalische Kiasse, Mtinchen, Cl. II, v. 18, p.
371, p1. 13, figs. 19-21.

Globrgerinita uvula (Ehrenberg) = Pylodexia uvula Ehrenberg, 1861,
Monatsberichte der kOniglich Preussischen Akademie der Wis-
senschaften zu Berlin, p. 276, 277, 308; 1873. Abhandlungen der
koniglichen Akademie der Wissenschaften zu Berlin, Jahrgang
1872, p1. 2, figs. 24-25.

Globigerinoides ruber (Orbigny) = Globigerina ruber Orbigny, 1839,
in: Ramon de la Sagra, Histoire physique, politique et naturelle
de l'Ile de Cuba, "Foraminiferes," Paris, P. 82, p1. 4, figs. 12-14.

Globoquadrina pachyderma (Ehrenberg) Aristerospira pachyderma
Ehrenberg, 1861, Monatsberichte der kOniglich Preussischen
Akademie der Wissenschaften zu Berlin, , p. 276, 277, 303, 1873,
Abbandlungen der kOniglichen Akademie der Wissenschaften
zu Berlin, Jahrgang. 1872, p. 3%, p1. 1, fig. 4.
Globoquadrina pachyderma (Ehrenberg), forma typica Ehrenberg,
ut supra.
Globoquadrina pachyderma (Ehrenberg), forma superficiaria Bol-
tovskoy, 1971, in: B. M. Funnell and W. R. Riedel, Eds., The
micropaleontology of oceans, Cambridge University Press, p. 281.

Globo rota! is infiata (Orbigny) = Globigerina inflata Orbigny, 1839, in:
P. Barker-Webb et S. Berthelot, Histoire naturelle des Iles Canaries,
Foraminiferes, Paris, v. 2, pt. 2, Zool., p. 134, p1. 2, figs. 7-9.

Globorotalia truncatulinoides (Orbigny) = Rotalina truncatulinoides,
1839, Ibidem, v. 2, pt. 2, p. 132, p1. 2, figs. 25-27.

Figure 1. List of species determined.
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Figure 2. niv Hero, Cruise 71-4. Sample locations and distri-
butions of different water masses found during the cruise.

pachyderma (forma superficiaria) or G. bulloides. The exceptions
were station 66 (47°27'S 65°31'W), where 94 specimens
were collected and 7 species were determined, and station
103 (47°40'S 65°31'W), with 4 specimens and 2 species.

The index of specific diversity was zero except for stations
66 and 103, which had indexes of 2.49 and 1.00, respectively.
The differences in values of diversity index and frequency
of species and specimens between station 66 and the other
stations suggest that station 66 was collected in an upwell-
ing of subantactic waters.

2. Zone influenced by the Malvinas Current (subantarctic
waters). The number of species and specimens per sample
in this zone was higher than in the others. Generally, the
number of specimens ranged between 100 and 250, but in
stations 161 (44°09'S 57°08'W), 164 (43°53'S 56°59W), and
165 (43°30'S 56°22'W) the numbers of specimens were 1,500,
2,100, and 900, respectively.

The more abundant species were Globoquadrina pachy-
derma (f. typica), G. pachyderma (f. superficiaria), G. bulloides,
and Globorotalia inflata.

The average percentage of sinistral specimens of G. pachy-
derma was 63.8 percent to the south of the Strait of Magellan
and 34 percent to the north of 46°S. This last value, consid-

ered low for subantarctic waters, can be explained by the
samples being collected near the western limit of the con-
vergence zone. Near this limit there may be an increase in
surface temperature that favors the development of dextral
forms of G. pachyderma (Boltovskoy 1970; Ericson 1959).

The index of specific diversity ranged between 1.00 and
2.52, with an average index of 1.95. The lower index values
were observed near the western and eastern limits of this
zone.

3. Subantarctic/subtropical convergence zone. Only a few
samples were collected in the western limit of this zone.
The most abundant species were Globoquadrina pachyderma
(f. superficiaria), indicating a dominance of subantarctic wa-
ters. The percentage of sinistral specimens of G. pachyderma
ranged between 0 and 100 percent (average 43 percent), and
the index of specific diversity ranged between 0 and 2.00
(average 1.23).

The variability is great because the convergence zone is
made up of stripes and spots of different mixes of sub-
tropical and subantarctic waters.

4. Zone influenced by the Rio de la Plata. This zone is char-
acterized by the lack of planktonic foraminifera, since shal-
low depths and low salinity (less than 30 percent) prevent
their development.

The presence of planktonic foraminifera (Globigerina
pachyderma, f. superflciaria) in station 282 (36°16'S 56°26'W)
is an exception and probably can be attributed to their
being carried there by a storm.

The limits between these zones are plotted in figure 2.
These limits coincide with those previously reported (Bol-
tovskoy 1970, 1978; Lena 1976).

We thank E. Boltovskoy (Buenos Aires, Argentina) for his.
assistance during this study. Field personnel for this study
were Haydee Lena and Sara Souto.
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Ecology of Recent benthonic
foraminifera of the Dumont

D'Urvllle Sea

ROBERT W. MILAM

Geology Department
Rice University

Houston, Texas 77001

During the austral summer of 1978-79,43 bottom grab
stations were obtained along five closely spaced transects
taken from the continental slope to the ice front in the
Dumont D'Urville Sea (figure 1). Field work was conducted
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Figure 1. Study area location.

on board the USCGC Glacier during Deep Freeze 79. Bottom
grab samples were examined for benthonic foraminifera
and a dendrogram was manually constructed to determine
whether the various populations unique to each station
could be grouped together as faunas. The criteria used in
defining faunas are population similarities shown by: (1)
the predominance (greater than 75 percent) of calcareous or
arenaceous individuals, or the presence of mixed calcareous
and arenaceous assemblages and (2) the common occur-
rence or absence of important taxa of benthonic for-
aminifera at these stations. This process resolved the 43
station populations into seven faunas. The percentage
ranges of all taxa used in defining faunas were then com-
puted for purposes of comparison. It was found that taxa
that appear in more than one fauna have different per-
centage ranges in different faunas. This supports the origi-
nal division of populations into seven faunas and places
more rigorous statistical controls on the faunal division. The

distributions of foraminiferal faunas were then mapped
and compared to a contour map of bathymetry (Domack
1980) and contour maps of bottom temperature, salinity,
and density (re). In this manner, causal relationships be-
tween ecological conditions and faunal distribution pat-
terns were inferred.

The boundary separating arenaceous and calcareous
shelf faunas in the study area (the shelf calcium-carbonate
compensation depth, CCD), which varies in depth from ap-
proximately 300 meters to slightly below 500 meters, coin-
cides with a major sedimentary boundary that separates
organic rich biogenic sediments characteristic of shelfal ba-
sins from reworked glacial sediments found on banks and
topographic highs (figure 2). Thus, dissolution of calcium
carbonate apparently occurs at relatively shallow depths on
the continental shelf and is responsible for limiting the
distribution of calcareous foraminifera there. Biogenic sedi-
ments are probably enriched in carbon dioxide, which ren-
ders calcium carbonate unstable and prevents calcareous
forminifera from living in these sediments.

Other factors limiting the distribution of benthonic for-
aminifera appear to be (1) depth, which exerts a secondary
influence on faunal distribution patterns on the continental
shelf floor—especially in shelfal basins which reach depths
of 1,500 meters, (2) the oceanic lysocline which occupies the
depth interval of 500 to 1,900 meters on the continental
slope, and (3) the oceanic CCD which intersects the continen-
tal slope at approximately 1,900 meters. Relationships
between benthonic foraminiferal populations and hy-
drographic conditions also can be inferred from faunal
diversities. The shelf is generally typified by low-diversity
populations, with high-diversity populations being excep-
tional. High-diversity populations inhabit those areas of
the outer shelf and upper slope where upwelling of
nutrient-rich upper circumpolar deep water (ucDw) takes
place. UCDW upwelling from abyssal depths spills over the
continental shelf break at places and is injected along an
isopycnal between density-stratified, shelf-derived waters.
The area overlain by these plumes of upwelling UCDW

probably varies with the progression of seasons, but its
maximum extent appears to be fairly well defined and is
reflected by the distribution of high-diversity populations
of benthonic foraminifera (figure 3). The causal relationship
between upwelling UCDW and high-diversity benthonic
foraminiferal populations is highly complex and is more
fully discussed elsewhere (Milam 1980).

This article is a synopsis of a master's thesis submitted in
April 1980 at Rice University, Houston, Texas. Research
was funded by National Science Foundation grants DPP 77-
26407 and DPP 79-80242) and by a grant from the American
Chemical Society—Petroleum Research Fund (PRF-2472-
AC2) to John B. Anderson of Rice University. Stan S. Jacobs
of Lamont-Doherty Geological Observatory provided
hydrographic data essential to this research, and was also
funded by a National Science Foundation grant (DPP
77-2209). Special thanks are extended to the men of the
USCGC Glacier, who made Deep Freeze 79 a success, and
to A. F. Amos of the University of Texas at Port Aransas,
who took the oceanographic measurements on board. This
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research was conducted in collaboration with Eugene W.
Domack of Rice University, who compiled the bathymetric
map of the study area and conducted sedimentological in-
vestigations from the same samples. Finally, I would like to
thank Richard E. Casey of Rice University for his sug-
gestions and ideas about interpreting high-diversity ben-
thonic foraminiferal populations.
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Antarctic phytoplankton:
Fieldwork and establishment

of living cultures
C. A. FRYXELL, T. A. VILLAREAL, and C. J. DOUCErTE

Department of Oceanography
Texas A&M University

College Station, Texas 77843

As part of the cooperative cruises with the Argentines on
board the Islas Orcadas, preserved and living phytoplankton
samples were collected. On cruise 17-78 (2 September-14
October 1978) collections were made by M. A. Hoban, and
on cruise 19-79(22 February-9 April 1979) collections were
made by C. C. Trees, R. A. Warner, and L. H. Weber.

During the early spring cruise a diverse assemblage of
phytoplankton was found on the cruise track south from
Buenos Aires across the Drake Passage and skirting along
the edge of the ice. On the northern leg of the cruise,
however, the water column north of South Georgia Island
was dominated by one species, Tha!assiosira scotia C. Fryxell
and Hoban (Fryxell, Villareal, and Hoban 1979). Drum-
shaped cells with slightly beveled corners were united by
thick threads in long chains, and the valves were heavily
silicified with a spiny appearance from the ring of occluded
processes near the margin (figure 1). At station 35, resting
spores were noted, indicating that the spring increase of
this species was terminating. No surface water discol-
oration was noted, and the top 90 meters of the water
column was well mixed. In spite of this, there were bimodal
maxima noted within a few meters of the surface and again
lower in the water column.

Living material was returned to Texas A&M Univer-
sity on ice from both cruises; about 100 strains of 12 species
have been established. The refrigeration was inadvertently
turned off on board the Islas Orcadas as it came into port
during the early spring cruise; as a result the dominant
diatom in the rough cultures was a relatively eurythermal
species, Thalassiosira antarctica Comber. It was originally
described from the southwest Atlantic, and it is considered
to be bipolar in distribution (Hasle 1976; Hasle and Heim-
dal 1968), with large populations common in the early bo-
real spring in Oslofjord, for example.

Ten clonal cultures from the southwest Atlantic and two
from Oslofjord are being compared at Texas A&M Univer-
sity. An early finding is that the morphological characters
of the vegetative cells appear to vary along a continuum in
the two disjunct populations, but the siliceous valves of the
resting spores are clearly different (figures 2 and 3) (Fryxell
and Doucette in preparation). The bands are similar. Now
being studied are variations in nutrients and light that trig-
ger resting spore production, and the determinate number
of divisions involved in formation of resting spores. Al-
though one would expect that resting spore formation is an
excellent adaptation for survival in the high latitudes
where light is limited for months at a time, we have had
more success in early experiments with high light than low
light in producing resting spores, suggesting that these
heavily silicified forms are produced at or near the surface
rather than at great depths or during the dark winter
months.

Figure. 1. Scanning electron micrograph of Thalassiosira
scotia vegetative cell. Note the row of large marginal oc-
cluded processes, the fl-chitin threads secreted by central
and marginal strutted processes, and the finely structured
girdle band complement. 3,000 X. Scale = 10 micrometers.
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Figure 2. Scanning electron micrograph of Thalassiosira
antarctica resting spore from the southwest Atlantic demon-
strating the heavily silicified valve and the marginal row of
large occluded processes distinguishing It from the vegeta-
tive stage. 2,000 X. Scale = 10 micrometers.

Material gathered aboard the Islas Orcadas has made it
possible to reevaluate our concepts of bipolar distribution
in T. antarctica. The morphologically distinct resting spores
provide suggestive evidence that we are witnessing early
speciation between two populations apparently separated
only in the recent geologic past.

Porosira glacialis (Grunow) Jrgensen was established in
culture from both the early austral spring cruise from an ice
sample and from the late fall cruise from a water sample in
the southwest Atlantic. It is known to be associated with ice
in the field, both in the southern waters and in the arctic.
There have been reports of resting spores in the northern
population (Hasle 1976; Hargraves 1976) but not yet in the
southern. We now have 15 cultures (isolated by Fryxell)
from Narragansett Bay, as well as 9 from antarctic waters.
These will be used, in conjunction with Thalassiosira antarc-
tica, in two master's theses dealing with two of the three
known bipolar diatom species. Doucette is studying the life
histories (including auxospore and resting spore formation)
with some biochemical attributes of each stage, and Vil-
lareal is writing his master's thesis on comparison of aute-
cological and morphological aspects of the two species and
their resting spores.

Systematic and morphological work supported by the
Smithsonian Oceanographic Sorting Center has led to abet-
ter understanding of resting spore formation in the diatom
genera Eucampia and Odontella (Hoban, Fryxell, and Buck in
press). Both genera are commonly reported from antarctic
waters, and evidence for resting spore formation from our

Figure 3. Scanning electron micrograph of Thalissiosira
antarctica resting spore from Oslofjord, Norway, also show-
ing heavy silicification of the valve but having only one large
external tube, an extension of the labiate process. These
features are not present during the vegetative stage. 3,000 X.
Scale = 10 micrometers.

preserved collections has been accumulating. It appears
that the mechanisms of resting spore formation may vary
between related taxa, giving evidence of parallel evolution
of a desirable characteristic.

This work was supported by National Science Foundation
grants DPP 76-80738 and DPP 78-23463 and the Smithsonian
Oceanographic Sorting Center's program, "Cooperative Sys-
tematics and Analyses of Polar Biological Materials" (NSF

grant DPP 76-23979, B. J. Landrum, principal investigator).
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Phytoplankton/krIII Investigations
In southwest Indian sector

of the southern ocean

SAYED Z. EL-SAYED

Texas A&M University
College Station, Texas 77843
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Sea Fisheries Institute
Cape Town, South Africa

The study of abundance, species composition, and pri-
mary production of phytoplankton populations (Mauch-
line 1979) takes on special significance as an aid to the study
of krill (Euphausia superba) and to understanding the struc-
ture and function of the antarctic marine ecosystem (El-
Sayed 1977).

The SA Aguihas cruise (28 February-2 April 1980),
planned as a shakedown cruise for the First International
BIOMASS Experiment (FIBEx), had as its main objective a test
of the feasibility of using hydroacoustic techniques to assess
krill populations and to expand our knowledge of krill
distribution and abundance in the southwest Indian Ocean.
The cruise also provided an opportunity to study the rela-
tionship between the distribution of E. superba and the
phytoplankton population in that region. We were espe-
cially interested in studying the factors controlling phyto-
plankton production in krill-rich as well as krill-poor
regions.

The cruise was divided into three legs (see figure). Dur-
ing leg 1 (28 February-4 March) surface water chlorophyll
was monitored continuously using a Turner 111 flow-
through fluorometer. Samples were taken from the ship's
water intake every 6 hours for determination of plant pig-
ments and for in vivo fluorescence calibration. Simulated in
situ primary productivity experiments (using a deck incu -
bator) of surface waters were carried out by J. Henry and
P. Chapman of the Sea Fisheries Institute.

Leg 2 (4-24 March) was devoted to acoustic studies of
krill, primary productivity studies, and ornithological ob-
servations. Our chief interest was using acoustic methods
for detecting and assessing krill. A calibrated 120-kilohertz
echo sounder and digital data logger were used to study the
density and structure of swarms. A multichannel digital
echo integrator, for assessing the abundance of krill, was
also used. Other equipment included an analog echo inte-
grator for abundance studies and a 100-kilohertz side-scan
sonar for studies on the size and shape of swarms in the
horizontal plane.

Sixteen stations were occupied during leg 2 At these
stations (which were occupied about 1 hour before
local apparent noon), the following observations were
made: determination of light penetration, conductivity-
temperature-depth (cro) to 200 meters, and vertical chloro-

phyll profile determined by lowering of the Sea-Mer-Tech
submersible fluorometer. The waters collected from niskin
casts were used for determining chlorophyll and phaeopig-
ments; particulate and dissolved organic carbon; adenosine
triphosphate (ATP); and suspended solids, quantitative phy-
toplankton samples, primary productivity, and nutrients
(phosphates, silicates, nitrate, nitrite, and ammonia).

On the return transect (leg 3; 24 March-2 April) 10 deep
hydrocast stations were made for detailed sampling of tem-
perature, salinity, dissolved oxygen, inorganic nutrients,
and trace elements. Expendable bathythermographs (xm"s)
were launched every 2 hours, and surface water chloro-
phyll was monitored continuously.

The material/data related to phytoplankton studies made
during this cruise are still being analyzed; preliminary
analysis of the data processed so far shows that:

1. Standing crop of phytoplankton was low throughout
the cruise.

2. Depth of the chlorophyll maximum layer (CML) at the
southern stations was deeper and more sharply defined
than at the northern stations, where a conspicuous maxi-
mum was not discernible.

3. During the day the depth of the CML was shallower
(by about 20 meters) than krill maximum density.

4. Areas of high krill concentration were characterized
by low phytoplankton densities.

5. Distribution of chlorophyll was not restricted to the
euphotic zone; at several stations substantial quantities of
phytoplankton were found below the euphotic depth.

Although much of the krill acoustic data are still to be
analyzed, it is possible to make some general observations
on significant features encountered.

1. Krill were found over a latitudinal range of 17° (about
1,000 nautical miles). Concentrations on the eastern side of
the sector (22° to 28°E) were consistently higher than con-
centrations further west. A notable feature was the general
lack of krill west of 200E.

2. The finding of high concentrations of krill east of 20°E
runs counter to some theories of krill migration, which
imply that krill caught in the Weddell gyre return to the
East Wind Drift before reaching 200E, and are then trans-
ported back to the Weddell Sea to spawn. The general lack
of krill on our east/west track between 20° and 5°E also
conflicts with this view. Whether the krill in the area we
surveyed are part of the stock spawned in the Weddell Sea,
or whether they are spawned elsewhere and therefore sub-
ject to an entirely different, as yet unknown, dynamic sys-
tem, is a problem for further research.

3. Practically all of the krill captured were juveniles (mo-
dal peaks ranged from 22 to 37 millimeters). Adults larger
than 50 millimeters were almost completely absent.

4. Krill captured in swarms near the surface, using neus-
ton, BONGO nets (McGowan and Brown 1966), were
significantly smaller than those taken in the Rectangular
Midwater Trawl (RMT) nets at greater depths (average
modal peak 24.0 millimeters versus 34.4 millimeters), sug-
gesting some form of differential vertical migration.

5. The occurrence of large numbers of swarms near the
surface during the day in one area was a striking feature.
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Cruise track and stations occupied during CA Aguihas cruise (28 February-2 April 1980).

From visual observations it is estimated that more than
100,000 swarms were contained in an area of 1,000 square
miles. The swarms were visible at all times during the day,
and even more visible when the sky was overcast; the
swarms remained near the surface even in bad weather. It
was evident that these swarms moved closer to the surface
at night, becoming thinly dispersed within the top few
meters of the water column.

The present study was undertaken as a cooperative in-
vestigation between Texas A&M University and the Sea
Fisheries Institute (Sn), Cape Town, South Africa. We ex-
press our deep thanks to a number of people: John Henry
and Piers Chapman of the sn for their close collaboration
and cooperation in the phytoplankton part of this study; M.
Orren and D. Pim of the National Institute of Oceanology,
Stellenbosch, South Africa, for the hydrographic and chem-
ical data collected during this cruise; M. Meyer and L.
Weber of Texas A&M for their efforts in data collection and
analysis; Captain William Leith and the officers and en-
gineers of the SA Aguihas for their splendid cooperation; and
the Council for Scientific and Industrial Research for ar-

ranging the use of the SA Aguihas with the Department of
Transport and for inviting the three participants from
Texas A&M University.

Financial support of the phytoplankton aspect of this
study came from National Science Foundation grant DPP

76-80738.
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Pressure and temperature
adaptations of antarctic krill and
common peracarid crustaceans

ROBERT Y. GEORGE

Institute for Marine Biomedical Research
University of North Carolina at Wilmington

Wilmington, North Carolina 28403

During the U.S.-Argentina joint research cruise aboard
Islas Orcadas, experimental studies were performed on cold-
adapted planktonic and benthonic antarctic marine crus-
taceans. Scavenging amphipod Ampelisca eschrichti were
captured alive with baited traps near Elephafit Island. Pop-
ulations of the giant isopod Glyptonotus antarcticus were
trawled alive off South Georgia. Larval and adult stages of
Euphausia superba (krill) were collected in healthy condi-
tions south of the Antarctic Convergence down to the pack
ice limit by means of the Reeve plankton system containing
a 5-gallon cod-end capsule. Pressure acclimation experi-
ments were conducted at controlled temperature (1°-7°C)
in a stainless steel pressure chamber with viewports for
continuous observations and photography.

Pressure acclimation studies on adult and larval stages of
E. superba revealed that metanauplius and first calyptopsis
exhibited greater pressure tolerance than advanced furcilia
larvae and adult krill. The pressure-induced phenomenon
of hyperactivity syndrome occurred at relatively higher
levels of simulated pressure (145-180 atmospheres) for the

early larval stages and at lower pressure (90-140 atmo-
spheres) for the advanced larval stages and adult krill. This
finding is consistent with the depth distribution pattern as
illustrated in figure 1. Adult krill and furcilia stages ex-
hibited violent convulsive reactions at elevated pressure
levels exceeding 220 atmospheres; in contrast, early larval
stages showed no convulsive reactions when exposed to
elevated pressure, indicating their greater tolerance to hy-
drostatic pressure (figure 2). Short sojourns at 300-320 at-
mospheres invariably induced inactivity or tetany-type
reactions leading to rigidity and paralysis in both adult and
all larval stages of krill. The data suggest that the non-
feeding and deep-living naupliar larvae of krill, living
mostly at depths of between 400 and 1,000 meters or more,
seem to be adapted to the moderately high pressure condi-
tions prevailing at habitat conditions. This observation
lends support to the recent discovery of greater abundance
of advanced eggs and naupliar stages at 400 meters and at
deeper layers (Hempel 1979). Analysis of samples from 10
selected stations within the Weddell Sea-Scotia Sea area also
indicated marked difference between east and west sectors
in relative abundance of krill larvae. This pattern of larval
distribution may be created by the pattern of water move-
ment within the Weddel gyre (Deacon 1979) which shows
some synchrony with the progressive larval development
of krill.

Continuous monitoring of respiration over 24-hour cy-
cles suggested that soon after capture adult krill exhibit a
circadian cyclic rhythm which may reflect upon their
swarming behavior, vertical migratory habit, and con-
sequent cyclic feeding activity. Experimental studies of
temperature tolerance of adult krill pointed out that E. su-
perba can successfully acclimate up to 8°C if the process of
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Figure 1. Illustration showing the early embryology of krill at deep depths and subsequent emergence to energy-rich surface
layers for completion of larval development, juvenile growth, and adolescence. Note apparent patterns of dual vertical migra-
tion (Indicated by bidirectional arrows) and downward gravitational sinking of eggs (unidirectional arrow). Implication of
discrete depth or pressure-dependent early development of krill Is depicted in this diagram.
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Figure 2. Behavioral pressure responses of adult and larvae
of krill showing the lack of convulsive reactions to pressure
In early larval stages and higher pressure levels of hyper-
activity syndrome in early larval stages at 2 ± 0.5°C.

acclimation is slow and stepwise, involving an increase of
1°C per day. Warm-acclimated krill showed enhanced rest-
ing metabolic rate (181.1 microliters/gram/hour at 7.5°C in
comparison with 36.4 microliters/gram/hour at 4° Q. Pro-
longed maintenance at 7°C for 30 days appears to stimulate
the molting process.

Studies of amphipod crustaceans north and south of the
Antarctic Convergence provided new data on their marked
differences in thermal sensitivity. Measurement of oxygen
consumption and ammonia excretion in the antarctic giant
isopod C. antarcticus in relation to temperature confirmed
the extreme stenothermal adaptation of this endemic crus-
tacean living only in the southern ocean (George 1977,
1979).

I wish to thank Ellen Brown for her technical assistance
during the Islas Orcadas cruise to the Antarctic Ocean. This
research was supported by National Science Foundation
grant DPP 78-7021.
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Biological studies of krill,
austral summer 1979-80

C. J. DENYS, T. P. Poicic and M. M. 01,EARY

Department of Biological Sciences
De Paul University

Chicago, Illinois 60614

Our work this season at Palmer Station was a continu-
ation of previous studies of the biology of krill, Euphausia
superba. Though the field season was shortened from its
usual 4 months (December-March) to 2 months (February-
March) because of problems with Rfv Hero, we did expand
our studies of fecundity, embryology, vision, lifespan, and
rates of maturation and growth.

During the 1978-79 austral summer, E. superba which had
spawned in the laboratory were sampled at 2-week inter-
vals. These samples revealed that females did not die after

spawning but regressed to a more juvenile appearance, sug-
gesting that the females might spawn 2 years in succession.
Consequently, at the end of the season, the remaining ani-
mals were left to winter-over in the aquaria so that station
personnel could take monthly samples during the winter to
determine the time of onset of second maturation. By Octo-
ber 1979, when the last sample was taken, the females did
not show any significant increase in ovarian egg size over
that observed at the end of March 1979. Similarly, the males
exhibited no dear evidence of onset of spermatophore pro-
duction. It may be tentatively hypothesized that the onset
of second maturation is delayed until later in the year, and
that the animals spend the winter in reproductive diapause.

Our previous observations on winter-over animals had
Shown that krill are capable of decreasing in size under poor
feeding conditions. These same animals (kept over the 1978
austral winter) nevertheless advanced in maturity,with some
mating and spawning the following summer. This, coupled
with observations of large variations in body length of ani-
mals at the same maturity stage, suggested that rate of
maturation might be a more constant factor in the krill life
cycle than increase in body length. Thus, examination of
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maturation rates should provide more reliable data on
the time required for krill to reach reproductive age
than the traditional method of studying length-frequency
histograms.

Juvenile animals were maintained both in population
tanks and in individual containers at approximately 0° and
5°C. Molts were collected daily and analyzed both for exter-
nal sex characteristic changes and for body length. All ani-
mals were fed concentrated phytoplankton collected in the
vicinity of Palmer Station, and they maintained the dark
green digestive tract color typical of animals freshly caught
at sea. As expected, the krill kept at elevated temperature
had a significantly shorter intermolt interval than did those
kept at 0°C. Analysis of maturation rates at the two tem-
peratures may help clarify whether the various estimates of
lifespan which appear in the literature may be attributed to
differences in the thermal regime encountered by animals
collected in different locations and in different years.

The krill collected for these and other studies were located
by observing the sonar recorder aboard the RIv Hero and
fishing in those areas where aggregations were detected.
The mechanism(s) whereby krill maintain their character-
istic aggregations is not known, although it appears possi-

ble that their bioluminescence might play a role in such
behavior. To gain some information as to the likelihood of
such a role, the visual pigment of E. superba was extracted
from eye tissue and studied to determine its wavelength of
peak absorption. In general, there is a close correlation be-
tween this visual pigment characteristic, the maximum sen-
sitivity of an animal's eye, and a peak behavioral response.
The work this season showed that in E. superba, the visual
pigment is indeed most sensitive to wavelengths similar to
those emitted by the krill's photophores. The eye screening
pigments were also characterized to permit study of their
contribution to wavelength-dependent responses to light
which are not directly attributable to visual pigment
characteristics.

We are grateful for the work done by the Palmer Station
winter-over personnel of 1979, under the leadership of John
Konecki, in maintaining and sampling the winter-over
krill, and for constructing a dark laboratory for the visual
pigment work. We are also indebted to Captain Pieter Lenie
for krill-fishing efforts on our behalf.

This research was supported by an extension of grant DPP

76-23437 from the National Science Foundation to our
teacher and friend, Mary Alice McWhinnie.

Temperature effects
on protein metabolism
In cold-adapted fishes

AUDREY E. V. HASCEYER

Hunter College
The City University of New York

New York, New York 10021

Biochemical reactions in living organisms are highly
temperature dependent, with rates declining by a factor of
about 2.5 with each 10°C reduction in temperature. Thus,
a large difference in metabolic rate can be expected between
antarctic fish with body temperature near — 2°C (water
temperature at McMurdo Sound) and other vertebrates,
such as temperate fish in 10°-30°C water or mammals with
a regulated body temperature near 37°C. In spite of these
low rates, antarctic fish must be able to maintain growth
and reproduction and all other essential functions of life.

We are examining the regulation of metabolism in rela-
tion to temperature through studies of protein synthesis,
the last step in the expression of hereditary information as
encoded in the DNA of the species. Our previous results
have indicated that, through evolutionary adaptation, ant-
arctic fishes have achieved a two- to threefold increase of
synthetic capacity relative to levels expected at their habitat
temperature (Haschemeyer, Hudson, Mathews, and Smith

1979; Smith and Haschemeyer 1980). The relative propor-
tions of synthesis of various proteins, including the anti-
freeze glycoprotein, and some properties of the DNA of
these species have also been examined (Haschemeyer and
Mathews 1980; Hudson, Cuny, Cortadas, Haschemeyer,
and Bernardi 1980).

During the second year of this project, field work was
carried out at McMurdo Station from October to December
1979. Our major objective was the experimental deter-
mination of temperature effects on the protein synthetic
system of antarctic fish at three levels of organization: in
vivo, in isolated cells, and in cell-free systems in vitro. Speci-
mens of Trematomus hansoni and T. bernacchii were obtained
with baited traps in 20-100 meters of water through the sea
ice. Tidal cracks near Turtle Rock (77°45'S 166°46'E) and
along the coast toward Cape Bird were particularly pro-
ductive. Protein synthesis in liver in vivo was measured by
a pulse injection technique in anesthetized fish maintained
with circulating seawater at the desired experimental
temperature. The rate of incorporation of radioactive amino
acids into protein showed a normal increase with tem-
perature from 0°C to 5°C, but fell off rapidly above that
temperature. Amino acid accumulation by liver, however,
was not affected. Similar effects are obtained in temperate
fish, but only at temperatures above 30°C.

In contrast to the results for liver in vivo, isolated hepa-
tocytes showed increasing protein synthetic activity up to
20°C, with serious inhibition not occurring until 30°C. Fig-
ure 1 shows cells prepared by collagenase perfusion of liver
at 5°C and incubated at a concentration of .04 gram/
milliliter in a medium containing 25 millimolar imidazole
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Figure 1. Temperature dependency of incorporation of '4C-
leucine into protein by freshly Isolated hepatocytes of T. ber-
nacchli and T. hansoni in suspension culture.

buffer (pH 8.0), .25 milhimolar sodium chloride, 7 milli-
molar potassium chloride, 1 millimolar magnesium chlo-
ride, 6 millimolar glucose, .25 millimolar each of 19 amino
acids (except leucine), and .02 millimolar carbon-14 leucine
(40 millicurie/millimole). Incorporation into protein in
100-microliter samples was analyzed on filter paper discs
by scintillation counting; rates at 0°C ranged as high as
7,500 counts per minute/hour. Data have been normalized
and are shown with standard deviations.

Cell-free systems were even more tolerant to tempera-
ture change. Initial rates increased by a factor of 2.5 for each
10°C rise from 0°C to 37°C; figure 2 illustrates an experi-
ment in the 20°-37°C range. This temperature dependency
is similar to that observed with preparations from a tem-
perate fish, the toadfish. The dialyzed S-20 (20,000 X grav-
ity supernatant) from liver homogenates was incubated in
30 millimolar Tris buffer (pH 7.8), 120 mullimolar ammo-
nium chloride, 5 milhimolar magnesium chloride, 5 milli-
molar dithiothreitol, .5 milhimolar GTP, 1 millimolar ATP, an
energy-generating system, 19 unlabeled amino acids, and
carbon-14 leucine. Samples of 100 microliters were ana-
lyzed on filter paper discs.

Figure 3 summarizes the temperature effects in the three
systems. The data obtained in vivo are in accord with the
very narrow stenothermal adaptation of Trematomus spe-
cies (-2° to + 6°C). The log of protein synthetic rate in
arbitrary units is plotted versus temperature. Absolute rates
at 0°C (expressed as percent of liver protein synthesized per
day) were: 4 percent in vivo; 1 percent for hepatocytes in
suspension; and 0.01 percent in the cell-free system. The
whole cells and the cell-free system show much greater
temperature tolerance. These results are significant when
compared with mammalian systems which function very
poorly at temperatures below 25°C. Although failure of
membrane functions is a likely cause of some observed
effects in whole cells, cell-free systems are also reported to
lose protein-synthetic activity at low temperatures. Devel-
opment of hybrid systems between antarctic fish and other
organisms in vitro may serve to pinpoint the temperature-
sensitive components of the synthetic pathway.

The field party at McMurdo Station comprised A. Hasche-
meyer, R. Mathews, R. C. Williams, Jr., R. Rice, R. Cohen,
and H. Jannasch. Laboratory assistance was provided by
J. D. Williamson. The project was supported by National
Science Foundation grant DPP 77-20461. We gratefully
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acknowledge the cooperation of the vxE-6 and the U.S.
Naval Support Force Antarctica.
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Effect of temperature on freezing
avoidance and levels of

antifreeze In antarctic fishes

A. L. DEVs

University of Illinois
Urbana, Illinois 61801

This season's activities began with the arrival of three
assistants, Scott O'Grady, Jeff Turner, and Martha Wolfe, at
McMurdo in early October. Three fishing stations were
established and tended until mid-December, when the field
activities were terminated due to melting of the sea ice.

In the Northern Hemisphere freezing avoidance capabil-
ities and levels of antifreeze change with season as the
water temperature varies. In one species—the winter
flounder, Pseudopleuronectes americanus—levels of anti-
freeze peptide are highest in January and lowest during the
summer, when water temperatures are +16°C (Petzel,
Reisman, and DeVries 1980). In McMurdo Sound, antarctic
fishes experience seasonal temperature changes of no more
than 0.2°C and therefore need protective antifreeze
throughout the year. To determine whether temperature
can alter freezing avoidance and levels of glycopeptide an-
tifreeze in fishes inhabiting McMurdo Sound, we collected
specimens of several species and divided them into two
groups. Half were maintained at environmental tem-
peratures of +4°C to determine the effect of temperature
on freezing avoidance, levels of antifreeze, and levels of
antifreeze messenger-RNA (ribonucleic acid). After 50 days
of acclimation, lower lethal temperature experiments
showed that warm acclimation had little effect on survival.
Likewise, freezing and melting point analyses of the blood
showed that levels of glycopeptide antifreeze were un-
changed, although the slightly higher freezing points could
be attributed to slightly decreased levels of sodium chlo-
ride. Livers were removed from the same fishes, frozen,
lyophilized, and shipped to the University of Illinois for
extraction of the antifreeze messenger-RNA. Experiments
are being done to determine whether temperature affects
levels of the messenger.

Studies of the mechanism of action of the glycopeptide
antifreeze were continued at the Universities of Illinois and

Indiana. Natural abundance carbon-13 nuclear magnetic
resonance measurements done by A. Allerhand indicate
that the glycopeptides exist in an extended form (Berman,
Allerhand, and DeVries 1980), a conformation consistent
with the proposed mechanism of activity which involves
adsorption inhibition (Raymond and DeVries 1977).

The role of the antifreeze in prevention of ice formation
in vivo was investigated by infusing antifreeze into a fish of
the same family which normally lacks antifreeze. This fish,
Notothenia angustata, the black cod of New Zealand, can be
cold-acclimated to +4°C and after infusion of antifreeze ap-
pears to tolerate freezing temperatures of - 1.8°C without
freezing. However, extended exposure to these tempera-
tures leads to cessation of ventilation, indicating lack of
adaptation in the nervous system. Further experiments us-
ing lower acclimation temperatures are planned for next
season.

During the course of our collecting season, many speci-
mens of the antarctic cod, Dissostichus mawsoni, were caught
which were not suitable for our experiments. Three of the
specimens had been caught previously. Length and weight
measurements of the two fish caught during November
1978 indicated that no significant growth had occurred over
a period of 1 year. The hook wounds, however, were almost
completely healed, indicating that recovery does occur after
capture. The other specimen, tagged and released during
November 1974, increased 8 centimeters in length and 2.27
kilograms in weight. These preliminary observations indi-
cate that the antarctic cod grow very slowly. Specimens
weighing between 68 and 79 kilograms could be older than
100 years. This season 200 specimens unsuitable for experi-
ments were measured, weighed, and tagged. After injection
with tetracycline, a fluorescent marker that is incorporated
into growth rings, the specimens were released in good
condition.

This research was supported by National Science Foun-
dation grant DPP 78-23462.
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A new liparid fish in McMurdo
Sound

A. P. ANDRIASHEV

Zoological institute
Academy of Sciences

Leningrad, B-164
USSR

During the austral spring of 1974, 15 specimens of a lip-
arid fish were caught by J. A. Raymond and A. L. DeVries
in 700 meters of water in McMurdo Sound, approximately
7 kilometers southwest of McMurdo Station. These speci-
mens were sent to me for identification, but they were
unidentifiable because they had not been described before.
The following is a description of Paraliparis devriesi An-
driashev, sp.n.

Holotype: Zoological Institute Leningrad No. 43577. Fe-
male, standard length 172 millimeters, (plus nine paratypes
No. 43758), McMurdo Sound, 700 meters depth. Collector
A. L. DeVries, December 1974 (see figure).

Dorsal 65 in holotype (62-63 in five paratypes), Anal 59
(57-59), Pectoral 23 (21-25), Caudal 7, Vertebrae 72 (71-72).
Measurements made in alcohol: head 5.2, depth 5.1, mouth

cleft to anus 8.7, to origin of anal 3.3 in standard length.
Head compressed, snout bluntish-rounded, projecting over
the mouth cleft. Teeth small, simple, conical, in oblique
rows. Eye round, 4.7 in head length. Gill slit above base of
pectoral a little smaller than eye. Skin without prickles,
loose, pseudotissue well developed. Pectoral very deeply
notched, 3-4 intermediate rays very short, spaced. Pectoral
radials 3(2 + 0 + 1). Coracoid with long helve. Pores on
head distinct, typical for genus but the first mandibular
pores open very close together in one oval pit. Color light
in formalin specimens, pinkish with bluish belly when
alive; mouth cavity pale, inside of gill cover dusky, perito-
neum black, stomach not pigmented. P. devriesi is not re-
lated to any of three known antarctic species (P. antarcticus
Regan, P. terraenovae Regan, P. gracilis Norman); it differs
from all described species of Paralipiaris by a combination of
features mentioned above.

Studies of the freezing behavior of the blood (by A. L.
DeVries of the University of Illinois) indicate that Paral-
iparis has anitfreeze present in its body fluids, but not
nearly as much as the notothenoid fishes of McMurdo
Sound. Insufficient blood was obtained to characterize the
type of antifreeze present.

Reference
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Line drawing of Paraliparis devrieai, sp. n. (general view and head from below).
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Evolutionary divergence in
McMurdo Sound fishes

JOSEPH T. EASTMAN

Department of Zoology
Ohio University

Athens, Ohio 45701

My study of morphology and of buoyancy mechanisms
in antarctic fishes continued at McMurdo Station from mid-
October until early December 1979. Field personnel in-
cluded J. T. Eastman, Wayne Van Voorhies, and Beth
Marks. As in previous years of this study, fishes were col-
lected from McMurdo Sound within 8 kilometers of the
station.

At the morphological and ecological levels, little is
known about the adaptation of swim bladderless noto-
thenioid fishes to a variety of water column habitats. There
are marked differences in the buoyancy of McMurdo Sound
notothenioids (Eastman 1979). Buoyancy alterations, result-
ing from evolutionary specialization of many body sys-
tems, have allowed this single group of fishes to radiate into
a variety of interesting habitats in the Sound.

The southern ocean south of the Antarctic Convergence
is the largest and most conspicuously coherent ecosystem in
the world. The role of notothenioid fishes in this ecosystem
is poorly understood (Knox 1970; Laws 1977; May, Bedding-
ton, Clark, Holt, and Laws 1979). By providing data on buoy-
ancy adaptations and habitats, this study aids in elucidating
the place of these fishes in the ecosystem. This information
is vitally needed for intelligent management of antarctic
marine resources (Everson 1978).

Buoyancy determinations (Eastman 1979) indicated that
McMurdo Sound notothenioids ranged from relatively
heavy bottom dwellers to neutrally buoyant pelagic fishes
(figure 1). Since all species lacked a swim bladder, evolu-
tionary buoyancy alterations were associated with weight
modifications of the skeletal, muscular, and integumentary
systems. Possible buoyancy strategies include reducing
heavy body components (skeleton and musculature) and/
or increasing the proportion of lighter material (lipid).

Pelagic species. Neutrally buoyant pelagic species were
Dissostichus mawsoni, Pleuragramma antarcticum (figure 2A),
and Aethotaxis mitopteryx. Life in the antarctic midwaters
has required extensive evolutionary modification of the
benthic notothenioid body type (compare figures 2A and
2C). We have documented specializations for pelagic life in
Pleuragramma (DeVries and Eastman 1978) and Dissostichus
(Eastman and DeVries 1980).

Cryopelagic species. The cryopelagic habitat is associated
with the undersurface of the sea ice. Although not neutrally

1"

Figure 1. The water column in McMurdo Sound, Antarctica, showing the general appearance and preferred depth ranges of
various notothenioid species. Also indicated are some characteristic sea ice formations in the Sound. In the case of fishes with
similar habitat preferences, only the first named species is illustrated.
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Figure 2. Histological cross sections from the posterior one-fifth of the body of: (A) Pleuragramma antarcticum,
(B) Pagothenia borchgrevinki, and (C) Tremafomus bernacchii. A is a pelagic species, B is cryopelagic, and C is benthic. Note
the compressed body in A and B and the depressed body in C. Note also the large persistent notochord and thin vertebral collar
in Pleuragramma. The small size of the vertebral column in T. bernacchii is an artifact—the section was cut at the midpoint
of an amphicoelous vertebral centrum where the diameter is smallest. Compare the large area occupied by adipose tissue and
sacs In Pleuragramma to the dense lipid-free body of Trematomus. Hematoxylin and phioxine stain. IAT, intermuscular adipose
tissue; ILS, intermuscular lipid sacs; NV, notochordal vesicles; RMLS, red muscle fibers of the lateralls superficialis; SLS,
subcutaneous lipid sacs. (Photo: William Winn, University of Illinois Medical Center).

buoyant, cryopelagic species were less dense than most
other notothenioids. Pagothenia borchgrevinki (figure 2B)
was the Only true cryopelagic species in McMurdo Sound.
Trematomus newnesi was both cryopelagic and benthic.

Benthopelagic species. Benthopelagic species had reduced
body weights and morphological adaptations, indicating
that they lived close to, but not on, the bottom. In McMurdo
Sound, Trematomus loennbergii and T. lepidorhinus were in-
cluded in this group. Their preferred depth range was
greater than 450 meters, an ice-free habitat.

Benthic species. The majority of McMurdo Sound noto-
thenioids were benthic and inactive, spending most of their
time resting on the substrate. Although they were nega-
tively buoyant, their bodies were somewhat lighter than
would be expected in the absence of a swim bladder. Most
species exhibited habitat specialization (figure 1). Gymno-
draco was a lie-in-wait piscivore in relatively shallow water.
Histiodraco had a mental barbel that served as an attractant

lure. The benthic Trematomus species exhibited numerous
substrate contact adaptations including thickened and fore-
shortened fin rays, thick skin over pelvic and anal fins, and
relatively heavy ctenoid scales. Trematomus bernacchii
(figure 2C) and T. centronotus were found in shallow and
deep water. Trematomus nicolai was found in shallow water,
often near the anchor ice. Trematomus hansoni also lived in
both shallow and deep water. This was the most active
benthic species, as indicated by greater swimming activity
in captivity and by its tendency to perch on vertical under-
water surfaces using pectoral and pelvic fins. Trematomus
hansoni was the lightest of the benthic species, an additional
indication of its greater activity.

Ecological and evolutionary considerations. My study of eco-
logical morphology and evolutionary divergence in noto-
thenioids has emphasized buoyancy because this aspect of
the biology of these fishes has received little attention in
spite of its great significance in swimming, feeding, and
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most other aspects of the life history. On the basis of buoy-
ancy measurements, McMurdo Sound notothenioids were
grouped into the four adaptive or ecological types men-
tioned above. Publications now in preparation will docu-
ment the morphological specializations of each of these
types.

The notothenioid fishes of McMurdo Sound are an old,
well-adapted group that probably evolved with the ecosys-
tem. In the absence of competition from other fish groups,
they radiated into several underutilized water column hab-
itats. In adapting to these habitats, the basic benthic body
type was extensively modified in some species. Buoyancy
adaptations, allowing more efficient swimming and feeding
in the water column, evolved in many body systems. The
majority of notothenioids, however, remain trophically
generalized bottom dwellers that feed on benthos, a season-
ally stable food resource in the southern ocean.

This work was supported by National Science Founda-
tion grants DIP 77-15612 and DPI' 79-19070.

References

DeVries, A. L., and Eastman, J. T. 1978. Lipid sacs as a buoyancy
adaptation in an antarctic fish. Nature, 271(5643), 352-353.

Eastman, J. T. 1979. Buoyancy and morphological studies of antarc-
tic fishes. Antarctic Journal of the U.S., 14(5), 164-166.

Eastman, J . T., and DeVries, A. L. In press. Buoyancy adaptations
in a swim bladderless antarctic fish. Journal of Morphology.

Everson, I. 1978. Antarctic fisheries. Polar Record, 19(120), 233-251.
Knox, C. A. 1970. Antarctic marine ecosystems. In M. W. Hoidgate

(Ed.), Antarctic ecology (Vol. 1). London: Academic Press.
Laws, R. M. 1977. The significance of vertebrates in the antarctic

marine ecosystem. In G. A. Llano (Ed.), Adaptations within antarc-
tic ecosystems, Proceedings of the Third SCAR Symposium on Antarc-
tic Biology. Washington, D.C.: Smithsonian Institution.

May, R. M., Beddington, J . R., Clark, C. W., Holt, S. J . , and Laws,
R. M. 1979. Management of multispecies fisheries. Science,
205(4403), 267-277.

Satellite tracking and automatic
position/activity monitoring

techniques for the antarctic cod
and the Weddell seal

J. A. THOMAS

Department of Ecology and Behavioral Biology
University of Minnesota

Minneapolis, Minnesota 55455

V. B. KUECHLE

Cedar Creek Bioelectronics Laboratory
University of Minnesota
Bethel, Minnesota 55005

M. J. Ross and T. C. EAGLE

Department of Ecology and Behavioral Biology
University of Minnesota

Minneapolis, Minnesota 55455

Research for this project was conducted from 16 October
through 14 December 1979 in McMurdo Sound. Work in-
cluded (1) development of radio tracking of the antarctic
cod (Dissostichus mawsoni), (2) continuation of tagging and
census studies on the population dynamics of the Weddell
seal (Leptonychotes weddelli), and (3) continuation of bio-
acoustic studies of Weddell seal vocalizations.

Fifteen ultrasonic fish tags operating at frequencies be-
tween 25 and 50 kiloHertz were designed and constructed

at the Cedar Creek Bioelectronics Laboratory, University of
Minnesota. They had a volume of 230 milliliters resulting in
a weight of 93 grams in water. Range tests in McMurdo
Sound indicated the transmitters had an audible surface-
to-surface range of approximately 3.6 kilometers and a
range of 3.0 kilometers from a depth of 350 meters to a
hydrophone at the surface. Fish were captured approxi-
mately 3 kilometers offshore from McMurdo Station on a
450-meter vertical set line baited with various small fish
and seal meat (Raymond 1975). Fish were anesthetized with
MS-222 or tricaine methanesulfonate (200 milligrams/
liter), and transmitters were surgically implanted in the gut
cavities (Hart and Summerfelt 1975). Fish were maintained
under anesthesia by continuously pumping recycled and
chilled MS-222 solution over the gills. Since fish this large
cannot be readily operated on while in the water, the skin
was kept moist with wet towels. Following the tagging
operation, fish were allowed to recover for 1 or 2 days prior
to release.

One antarctic cod was equipped with a transmitter and
held in aquaria for 23 days to observe any transmitter
effects. This fish moved about the tank like other, untagged
fish. After the 23-day holding 'period, we sacrificed the fish
for examination. Results of the examination showed that
the incision had not healed, but there was no infection. All
internal organs appeared to be intact with no signs of tissue
rejection. The intestinal mesentery had begun to envelop
thq transmitter.

Fish tracking was accomplished in two ways: (1) an auto-
matic tracking system consisting of a three-hydrophone-
receiver array with signal timer which measured the time
delay for signals reaching the hydrophones from indi-
vidual fish, and (2) the fish were located manually on a
pre-established flagged grid. Manual tracking involved
driving to numbered flags, drilling through the ice, and
submersing an omnidirectional hydrophone to listen for
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individual fish within range. Tide cracks and seal holes
were also used as monitoring points.

Information from the nine radio-tagged fish released this
year indicated that upon release the antarctic cod moved
slowly but continuously away from the release point.
Swimming speeds ranged from 0 to 50 meters/minute and
averaged 2.3 meters/minute. Generally, fish dispersed
along the permanent ice edge in two directions: toward
Scott Base and toward the "dirty ice." These data, along
with a very low recapture rate (DeVries, DeVries, Dobbs,
and Raymond 1974), suggest that the antarctic cod is a
relatively nomadic species.

This season we collected the 10th year of data concerning
the life histories of marked Weddell seals. A total of 476
seals (105 adult females, 78 adult males, 54 subadult fe-
males, 14 subadult males, 8 yearling females, and 217 pups)
were tagged. Seven census periods produced significant
evidence of an increase in pup production over the past few
years (maximum count of 386 pups). In addition, during
several census periods we observed large groups of various
sizes of subadults near the ice edge. This was our first
observation of such a mixed age group of subadults.

In an ongoing attempt to determine the factors that
might affect the survival of pups, we analyzed weight gain
and molt. Pups whose ages were known were weighed
weekly at Hutton Cliffs (77°44'S 166°51'E) (12 pups) and
Turtle Rock (77°45'S 166°46'E) (14 pups). The weight gain
of pups at the two colonies appears to differ, but data must
be analyzed alongside information gathered in previous
years to determine the mechanism of this differential
weight gain. Each day the molt condition (premolt, molt-
ing, molted) of pups of known age at Hutton Cliffs was
noted. This survey showed that pup molt was more vari-
able than expected, both with respect to age of molt and
length of molt.

This season we made the second observation of twin
Weddell seal pups (Smith and Burton 1970, first report).
Although we did not see the birth of both pups, we marked
a pup on the evening of 27 October and the next morning
observed another newborn nursing from the older pup's
mother. Both pups were female. Although both pups suck-
led from the same mother at an early age, one pup was seen
more often with the mother.

Acoustic studies of both the underwater and surface vo-
calizations of the Weddell seal were conducted to in-
vestigate further the meaning of certain calls documented
by Thomas (1979). Several recordings of seals of known sex
and age were made on the ice surface to examine individual
variations in vocalizations. Geographic variability in call
structure was investigated by recording calls at the geo-
graphically distinct locations of Spike Cape, Lewis Bay, and
White Island. Additionally, underwater vocalizations of
leopard seals (Hydrurga leptonyx) were recorded at Lewis
Bay on 28 November; killer whales (Orcinus orca) were
heard near the ice edge on 12 December.

Several investigators have suggested that seals may be
able to echolocate. We began preliminary trials to study this
matter. Two approaches were taken: (1) antarctic cod were
suspended in seal haul-out holes, and the seal's responses
were observed by underwater television camera; (2) seals
were blindfolded and placed in melt pools for observation.
We found no evidence of echolocation from these trials.

This research was supported by National Science Foun-
dation grant DPI' 78-21713. We acknowledge the assistance
of A. DeVnes, J. Turner, W. Van Voohries, M. Wolf, S.
O'Grady, and B. Marks in providing fish and technical sup-
port of our fish tracking project. J . Eastman consulted
with us on anatomical topics concerning both antarctic cod
and the Weddell seal. We appreciate the sonobuoys and
receiver provided by W. Evans of Hubbs-Sea World Re-
search Institute.
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R/v Hero cruise 80-5:
Summary report of the

distribution and occurrence of
marine birds

DAVID C. AINLEY

Point Reyes Bird Observatory
4990 State Rte 1

Stinson Beach, California 94970

The major purpose of R/V Hero cruise 80-5 was to pass
from Ushuaia, Argentina, to Callao, Peru, a fueling stop on
the way to Los Angeles, where Hero was to undergo major
repairs. We took this opportunity to gather information on
the distribution and occurrence of marine birds as affected
by several oceanographic factors. Cruise 80-5 was the
fourth in a series of north to south transects of the south
Pacific Ocean, spaced rather evenly toward the east from
the westernmost Sydney-to-Los Angeles cruise. Once dis-
embarking the Chilean pilot, we attempted to stay far
enough offshore that proximity to land would have a min-
imum effect on bird occurrence. We also attempted to re-
main along the subtropical, western boundary of the Peru

-
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Current, where oceanographic factors would be expected to
vary widely and where we expected the distributional
boundary for many central Pacific bird species to occur.

Hero departed Ushuaia on 16 April 1980, passed through
the Chilean fjords to the Gulf of Penas (20 April), traveled
westward of Chiloe Island on the way to Ancud, Chile,
where the pilot departed (22 April), and then moved on a
more or less north-northwesterly course to Callao (2 May).
We departed Callao on I  May. For one-half hour each
hour, dawn to dusk, we counted and identified all birds
passing within 300 meters of one forequarter of the ship,
collected a surface sample of water to determine salinity
and temperature, and launched an XBT (expendable bathy-
thermograph) to measure thermal structure in the upper
400 meters of ocean. On a continual basis, the Simrad echo-
sounder recorded the occurrence of organisms (po-
tential bird prey) in the upper 750 meters.

The following is a brief qualitative review of our obser-
vations. A quantitative review of our work, including data
from all four cruises, will probably reveal a correlation of
temperature/ salinity regimes with the occurrence of indi-
vidual species, some more strongly than others. Such a
correlation has been poorly described thus far for marine
birds. The continuous echo-sounder trace will probably
prove to be a useful tool for understanding sea bird occur-
rence. Local concentrations of birds usually coincided with
concentrations of potential prey. Interestingly, there ap-
peared to be regional differences in trace quality and char-
acteristics that may relate to the different ecological types of
sea birds found in different regions.

Over the southern Chilean continental shelf and
slope, the avian community comprised 21 species with
sooty shearwaters, shoemakers, black-browed albatross,
pink-footed shearwaters and Wilson's storm-petrels pre-
dominating throughout. We saw a few grey-backed storm-
petrels, a species never before reported for the west coast of
South America, and encountered little shearwaters where
they were first reported recently for the area. Over the
slope, Stejneger's petrels, and just beyond the slope, Juan
Fernandez petrels, were only slightly less abundant than
sooty shearwaters. Upwelling of cooler waters occurred
along the slope, as revealed in the XBT traces, and warmer
waters occurred seaward of it. We passed through at least
one eddy, or a possible tongue, of warm water which
brought appropriate changes in the avifauna (from cool to
warm to cool water species). Birds were most abundant just
landward of the slope, and sometimes over the shelf, in
conjunction with traces of fish schools on the echo-sounder.

In the transition to subtropical waters, sooty shear-
waters declined in abundance, Cook's petrels "replaced"
Stejneger's petrels, and white-bellied storm-petrels "re-
placed" Wilson's storm-petrels; Juan Fernandez petrels and
Buller's shearwaters predominated. The latter shear-
water, the short-tailed shearwater, and Buller's albatross
(which we also observed several times), all nesting in the
southwest Pacific, had not been reported in the southeast
Pacific since the early 1900's when Beck and Murphy in-
vestigated the avifauna here (Murphy 1936). The great
abundance of Juan Fernandez and Cook's petrels was also
surprising because most recent ornithological investi-
gations in the area reported very few. This region was char-
acterized by a consistent, strong thermocline at about 60
meters deep. There was little potential prey (no echo-
sounder trace) in the surface waters during daylight, but a
deeper echo which moved to the surface during darkness
was present.

The avifauna in offshore Peruvian waters was dominated
numerically by storm-petrels, particularly white-faced,
Hornby's, Markham's, and Galapagos storm-petrels. Cook's
petrels declined in number, and shoemakers began to reap-
pear; Juan Fernandez petrels continued as the dominant
species. Over the southern Peruvian continental shelf and
slope the sooty shearwater was by far the most abundant
species. Also predominating were the shoemaker, pink-
footed shearwater, Galapagos and Elliott's storm-petrel, and
Peruvian booby. Sea surface temperatures dropped rapidly
and strong upwelling was evident as we approached the
coast. Schools of fish were again detected by the echo-
sounder and the deep trace disappeared. After leaving Cal-
lao and moving north toward the Galapagos Islands, the
Peru Current avifauna changed little except for the appear-
ance of large numbers of Galapagos albatross at the conti-
nental slope. In general, the numbers of birds in Peruvian
waters were disappointing; if earlier accounts are correct
(they did originate from reliable observers), then a tremen-
dous reduction in bird populations there has occurred in
recent decades.

This research was supported by National Science Foun-
dation grant DPP 78-20755-01.
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Wildlife observations in the South
Shetland Islands

DAVID H. ELLIOT

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

In the course of geological studies during February 1980
(cruises 80-1 and 80-2 of R/V Hero) landings were made at
a number of localities in the South Shetland Islands (see
figure 1 in Elliot and Askin, this volume, for localities).

This note records observations made on the wildlife at
these localities; the list is by no means exhaustive except
possibly for President Head. No attempt has been made
to estimate numbers or density in the breeding colonies,

-
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except to note that on Cape Wallace the penguins are
numerous.

These observations were made by Rosemary A. Askin,
Dallas D. Dupre, David H. Elliot, Tom M. Gracanin, Kim S.

Wildlife observed in South Shetland Islands

Locality	Species	 Remarks

Byers Peninsula	 See figure 1. Data given
are not comprehensive.
Large numbers of
penguins and fulmars
were seen on various
promontories along the

stern shore, but no
inspection was made for
nests.

President Head,	 See figure 2.
Snow Island

Cape Wallace,	 See figure 3.' Data given
are not comprehensive.

Low Island	 Chinstrap penguin colo-
nies on headlands are
packed.

False Bay,	Skuas	On elevated beaches
Livingston Island	 northeast of Charity

Glacier
Duff Point,	Skuas	A few.
Greenwich

Cave Island	 No nests seen.

• Fur seals along the southeast beach appeared to have young
with them, but whether the beach is a pupping ground is by
no means certain.

Figure 1. Locality map for Byers Peninsula, Livingston Island.
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Figure 2. Locality map for President Head, Snow Island.
Symbols as in figure 1.

Figure 3. Locality map for Cape Wallace, Low Island. Sym-
bols as in figure 1.

Stemen, and Gary C. Watts during the course of geological
fieldwork supported by National Science Foundation
grants DPP 77-23427 and DPP 78-21102.
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Ecological studies of southern
black-backed gulls, blue-eyed
shags, and Adélle penguins at

Palmer Station

STEPHEN J. MAXSON and NEIL P. BERNSTEIN

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

Time-energy studies of the southern black-backed gull
(Larus dominicanus) continued during the 1979-80 season
(672 bird-hours, 80,640 data points). Reproductive success
on Bonaparte Point (64°47'S 64°05'W) was higher than last
season (seven pairs fledged young) but below levels recorded
during 1974-75 and 1975-76. The major cause of nest failure
was egg depredation by south polar skuas. Gulls were pri-
marily dependent on the antarctic limpet (Patinigera polaris)
for food. Since gulls defend feeding territories and deposit
shells of consumed limpets on their territories, we collected
freshly regurgitated limpets to determine size of prey cap-
hired by each pair. Most pairs were obtaining "small" lim-
pets (shells 25-35 millimeters in length). A few pairs were
obtaining mostly "large" limpets (42-52 millimeters). Size
of limpets captured reflected availability. Tabulation of lim-
pet dry weights indicated that a 50-millimeter limpet had
approximately six times the caloric content of a 30-
millimeter limpet. This has implications for time-energy
budget strategies and may ultimately influence repro-
ductive success. Birds consuming large limpets defended
smaller feeding territories and tended to spend less time
foraging than those consuming small limpets. Tide levels
were the major environmental factor influencing time
budgets as tides determined availability of limpets to the
gulls.

Studies of energetics and behavior of the blue-eyed shag
(Phalacrocorax atriceps) initiated in January 1979 were carried
out through March 1980 (2,922 bird-hours, 350,640 data
points). In addition, we conducted comparative behavior
studies. Shags exhibited molt patterns different from those
reported in the literature. Reproductive success in austral
summer 1979-80 was 75 percent lower than in the previous
year due to low food availability which led to starvation of
most chicks. Reports from other stations along the penin-
sula indicated similar nesting failures. One hypothesis is
that lighter than normal ice cover and extremely clear water
in spring forced negatively phototropic fish to depths below
the diving range of shags.

Census of Adélie penguin (Pygoscelis adeliae) rookeries
near Palmer Station yielded similar totals during the 1978-
79 and 1979-80 seasons (see the table). Compared with
counts taken during 1971-72(Mtiler-Schwarze and Muller-
Schwarze 1975), the number of pairs nesting on Torgersen
Island (64°46'S 64°05'W) has remained nearly the same but
rookeries on Humble (64°46'S 64°06'W), Christine (64°48'S
64°02'W), and Litchfield Islands (64°46'S 64°06'W) have
decreased in size.

New bird records for Palmer Station include: a sighting
of a macaroni penguin (Eudyptes chrysolophus) on 21 Febru-
ary 1979 (one collected 3 March 1979); an influx of yellow-
billed pintails (Anas georgica) from 31 October 1979
throughout austral summer 1980 (specimens salvaged 1 No-
vember 1979, 29 February 1980); and repeated sightings of
a Chiloé wigeon (Anas sibilatrix) from 25 February to 8
March 1980.

We would like to acknowledge the aid of M. Faust and P.
Tirrell in many aspects of the work reported here.

This research was supported by National Science Foun-
dation grant DPP 77-22096 under D. F. Parmelee.

Reference

Mtller-Schwarze, C., and MWler-Schwarze, D. 1975. A survey of
twenty-four rookeries of pygoscelid penguins in the Antarctic
Peninsula region. In B. Stonehouse (Ed.), The biology of penguins.
London: University Park Press.

Census of AdMIe penguins near Palmer Station

Number of chicks fledged

1979-80	 1978-79	 1979-80Location

Torgersen Is.
Humble Is.
Christine Is.
Litchfield Is.
Cormorant Is.

1971-72

8,650 (2 Dec)b
3,215 (2 Dec)
2,170 (3 Dec)

890 (2 Dec)

Number of nests

1978-79

8,876 ( 4 Jan)
2,393 (28 Dec)
1,295( 8 Jan)

519( 8 Jan)
605 (31 Dec)

8,750 (11 Dec)
2,343 (12 Dec)
1,460 (11 Dec)

564 (11 Dec)
695 (11 Dec)

13,812

683 (31 Jan)
715 (30 Jan)

2,420 ( 9 Feb)

673 (30 Jan)
1,093 (30 Jan)

Total	 13,688

Data from MUlIer-Schwarze and Muller-Schwarze 1975.
b Date of census given In parentheses.
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Comparative ecology of south
polar and brown skuas

at Palmer Station

PAMELA J. Pirrz and GEORGE-ANN D. MAXSON

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

From 11 November 1979 to 12 March 1980, we compared
the ecology of south polar and brown skuas (Cat haracta mac-
cormicki and C. lonnbergi) at Palmer Station. Data collection
involved time-energy budget observations on adult skuas;
weighing and measuring of eggs, chicks, and adults; band-
ing of adults and chicks; and sound and film recording of
adult displays. Results of these efforts included 4,174 bird-
hours of observations (500,880 data points), determination
of growth rates for chicks from 20 nests, and banding of 293
chicks and 229 adults.

Preliminary analysis suggests that south polar skuas,
which fed largely on fish, were adversely affected by limited
food availability early in the season. Delayed nesting and a

preponderance of one-egg clutches resulted. Total produc-
tivity for south polar skuas was higher than in the previous
three seasons, yet well below the 1974-75 and 1975-76 sea-
sons (Parmelee, Bernstein, and Neilson 1978).

Brown skuas, which fed primarily on penguin eggs and
chicks, did not appear food-stressed during mating and
egglaying; of seven nesting pairs, six had two-egg clutches.
The low number of nesting pairs resulted from the loss of
most breeding adults to fowl cholera late in the 1978-79
season (Parmelee, Maxson, and Bernstein 1979).

Two mixed pairs were noted this season; each consisted
of a female brown skua and a male south polar skua. These
pairs produced four hybrid chicks, at least two of which
fledged.

This work was supported by National Science Founda-
tion grant DPP 77-22096 under D. F. Parmelee.
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Behavior and energetics of diving
In king penguins, Aptenodytes

patagonicus

G. L. KOOYMAN, R. W. DAVIS, and D. P. COSTA

Physiological Research Laboratory
Scripps Institution of Oceanography

University of California at San Diego
La Jolla, California 92093

We made a preliminary study to determine the feasibility
of (1) a detailed analysis of king penguins' diving behavior
using multimaximum depth recorders (MMDR) and (2) esti-
mation of energy requirements of free-ranging penguins
using isotopically labeled water. The study was carried out
from January to March 1980. Like our fur seal project
(Kooyman and Davis, this volume), this was a cooperative
project between the U.S. Antarctic Research Program and
the British Antarctic Survey.

Six adult king penguins (mean body weight 13 kilo-
grams) caring for chicks were captured as they left their
colony at Schlieper Bay, South Georgia Island. An MMDR,
which analyzed the frequency of dives within set depth
ranges, was clamped to the feathers between the scapulae
(see the figure). The MMDR weighed 95 grams; it was 2.3
centimeters in diameter and 9.5 centimeters long. The cap-
tured birds were released within a few minutes and not
recaptured until their return to the colony 4 to 6 days later.

In addition, three birds were captured as they left the col-
ony and 0.4 millicurie of tritiated water was injected into
the brachial vein. Each bird was held for 1.5 hours; then a
10-milliliter blood sample was drawn from the brachial
vein and the bird was released. As the birds returned to the
colony 4 to 6 days later, they were recaptured and another
10-milliliter blood sample was drawn from the brachial
vein.

-

King penguin with attached maximum depth recorder, feed-
ing its chick. (Photograph by R. W. Davis.)
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All MMDR's were recovered; of these, three yielded reliable
data which are being analyzed in detail. From an examina-
tion of the approximately 2,500 dives recorded, it appears
that king penguins usually capture their prey at depth
rather than near the surface. Some of these depths are com-
parable to those observed in emperor penguins, A. forsteri
(Kooyman, Drabek, Eisner, and Campbell 1971); that is,
frequently in excess of 100 meters.

Blood samples obtained showed that tritiated water con-
centration was still at measurable levels after 6 to 8 days. If
certain assumptions are made, and if they prove to be valid,
then the total energy output of the bird over the period of
sampling can be calculated.

This work was supported by National Science Founda-
tion grant DPP 78-22999 and the British Antarctic Survey.
We are grateful to J . P. Croxall, who arranged for this

project to be carried out at South Georgia Island. Without
the field assistance of R. Bell and W. Doidge, this project
would not have been completed. W. Farwell, Envirecord,
Inc., designed the electronic circuit of the MMDR, and J. 0.
Billups, Scripps Institution of Oceanography, designed the
miniaturization of the circuit and the packaging config-
uration of the MMDR.
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Feeding behavior of female
antarctic fur seals,

Arctocephalus gazella
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As part of the U.S. Antarctic Research Program and in
close cooperation with the British Antarctic Survey (BAS),

we assessed the feeding characteristics of female fur seals

nurturing pups at Bird Island (54°00'S 38°03'W) from Jan-
uary to March 1980. This is the nearest of a series of islands
at the northwest tip of South Georgia Island. The purpose
of this study was to assess in detail the diving depths and
the physical effort expended by fur seals feeding exclu-
sively on krill.

We studied 16 animals, all captured within 200 meters of
the BAS hut. A time-depth recorder was attached to each
animal by chest harness. It rode in the midline of the back
between the scapulae (see figure) and was capable of
recording every dive for about 2 weeks. After attachment of
the recorder, the seal was released until after she had made
at least one feeding foray. Recapture and removal of the
harness were accomplished soon after she returned to her
pup from her sojourn at sea. The depth record was filed for
future detailed analysis at our home laboratory.

A female antarctic fit eeel
with an attached time-
depth recorder. (Photo-
graph by G. L Kooyman.)
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The seals' periods at sea lasted from 5 to 10 days; a record
of the entire time was obtained. In all, about 100 days of sea
time were recorded. These data are now undergoing in-
tense computer analysis. A cursory review of the raw data
shows that there were no dives to greater than 100 meters
and that the great majority were less than 50 meters. In
addition to diving depth, frequency of diving depths and

frequency of occurrence of dives on an hourly basis will be
analyzed.

This work was supported by National Science Founda-
tion grant DPP 78-22999, U.S. Public Health Service grant
HL 17731, and the British Antarctic Survey. We are espe-
cially grateful to J . Croxall, who made our study at Bird
Island possible. In addition, S. Hunter, I. Hunter, and C.
Pennycuick assisted us in the field.

Aspects of leopard seals
(Hydrurga leptonyx) in the

Antarctic Peninsula pack ice
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From 6 through 22 November 1979 our field party of four
used NSF research vessel Hero to concentrate on the study of
leopard seals (Hydrurga leptonyx). Additional observations
on crabeater seals (Lobodon carcinophagus), Weddell seals
(Leptonychotes weddelli), and Ross seals (Ommatophoca rossi)
were taken. Our primary objectives were: (1) to obtain
counts of each species based on daily observations of all
seals' ice floes; (2) to locate female leopard seals with pups
for behavioral observations and documentation of the ap-
proximate time of parturition; (3) to collect female and
male leopard seals for preservation of reproductive tracts,
stomach contents, toenails, and tissue and skeletal material;
and (4) to document further the underwater vocal reper-
toire of these pack ice seals. The studies were conducted in
pack ice areas from King George Island south to Anvers
Island, including the Bismarck and Gerlache Straits and
Wilhelmina, Andvord, and Dallmann Bays, between 610 to
65°S and 58 to 65°W.

We took the counts on 11 days; the habitat was fair-to-
good pack ice. Observations were made from the ice house
of the R/V Hero from approximately 0700 through 2200
hours each day. For each seal observed, the species, sex, age,
location, floe size, and behavior were noted.

Sixteen adult leopard seals (seven males and nine fe-
males) were collected and weighed. Reproductive organs
were preserved to document reproductive history. Teeth
and toenails were collected for sectioning and aging, for
correlation with reproductive history. One female was
pregnant; another had given birth, but it was not possible
to determine whether the pup had been lost or weaned.
Preliminary analyses indicate that most leopard seals breed
for the first time at age 3 or 4 years.

This work constituted the 2nd year of a 3-year research
program on the leopard seal during the pupping season.
Although the results are not conclusive at this time, the
bulk of evidence from our collections supports the idea that
leopard seals breed at some time several weeks and perhaps
months after the pupping season. The follicular devel-
opment during November is very slight, and in all speci-
mens examined ovulation apeared unlikely in the near
future.

Stomach contents included remnants of squid, penguin
feathers, fish, krill, and up to 41 kilograms of seal hide,
meat, and blubber. Feeding seemed to be most active in
early to midmorning, and again near late afternoon, al-
though actual digestion rates are unknown. Gastroin-
testinal parasites—tapeworms and roundworms—ranged
from few to very abundant in the stomach and intestine.
No definite parasites were found in any other internal or-
gans. Samples were preserved for further examination. Var-
ious other tissues and organs, including blood samples,
were collected for later analyses.

This year we recorded our first resights of tagged seals in
the Peninsula area. All were at King George Island: five
adult female Weddell seals tagged there 1 year earlier, and
two adult male crabeater seals, one each tagged in the aus-
tral springs of 1976 and 1977.

This research was supported by National Science Foun-
dation grant DPI' 77-21946. The excellent support of Capt. P.
Lenie and the crew of the g,v Hero was invaluable to our
study.
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Distribution and geographic
variation In the killer whale

(Orcinus orca) populations of the
antarctic and adjacent waters

J. R. JEFIL, JR., W. E. Evirsis, F. T. AwB1EY,
and W. S. DRIESCHMANN

Hubbs-Sea World Research Institute
San Diego, California 92109

The objectives of this study were to (1) document the
distribution of killer whales (Orcinus orca), (2) investigate
geographic variability in their vocalizations, and (3) docu-
ment geographic and interpod variation in color patterns.

These objectives were directed toward understanding the
biology and size of antarctic populations as well as the
magnitude of seasonal migrations.

Distribution records, photographs of color patterns,
and recordings of underwater vocalizations of killer
whales were taken from ship transects in the following
areas: (1) Wellington, New Zealand-McMurdo Station
(December /January 1979); (2) McMurdo Station-Palmer
Station-Ushuaia, Argentina (January-February 1979); and
(3) Punta Arenas, Chile-Callao, Peru (April 1980).

These distributional data, amplified by literature records
and important new data provided by the Soviet whaling
fleet and U.S. Navy and Coast Guard personnel, consid-
erably extended the known range of killer whales in the
Antarctic. They indicated that the species is relatively com-
mon along the edge of the pack between approximately
160° and 80°W in the summer months (figure 1).

The most significant vocalization recordings were ob-
tained between 5 and 18 January 1980 near the ice edge at
McMurdo Sound, where approximately 100 killer whales

Figure 1. Distribution of killer whales (Orcinus orca) in antarctic and adjacent waters.
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were sighted. The whales' vocalizations were compared
with recordings made in Newfoundland by Steiner, Hem,
Winn, and Perkins (1979) to detect possible geographic
differences.

Strong geographic differences were found in all four
types of vocalizations (clicks, buzzes, screams, and whis-
tles). Clicks ranged from 500 hertz (cycles per second) to 30
kilohertz, exhibited 10 to 30 pulses per second, and most
commonly were given in doublettes. McMurdo animals
called at higher frequencies than the 6 kilohertz reported
for Newfoundland killer whales. In Newfoundland the first
pulse of a doublet was lower in frequency than the second
pulse; however, this was not observed at McMurdo.

Buzzes (click bursts) were highly variable, with the major
energy below 5 kilohertz; pulse rate and emphasized
frequencies at McMurdo averaged much higher than in
Newfoundland.

The scream was the most distinctive vocalization of the
Southern Hemisphere whales. Screams were tonal fre-
quency sweeps from 16 kilohertz through 500 hertz, with
high energy harmonics and abrupt shifts in pulse rate. The
whistle of McMurdo whales was very similar to those of

killer whales from other areas. However, whistles seemed
to be a more prevalent part of the McMurdo repertoire. It
is uncertain whether the geographic differences reflect bio-
logical differences or adaptive responses to ambient back-
ground conditions.

Preliminary analysis of photographic data indicates that
there is important interpod variability in color pattern of
whales in midsummer and that these color pattern varia-
tions can be useful in tracing the movements of discrete
pods. There is also strong geographic variation in the color
pattern (figure 2) (Evans and Yablokov 1978). For example,
populations off the coast of Argentina in summer are
clearly distinct from those in antarctic waters at that season.
At present, we have insufficient information from the aus-
tral winter in areas peripheral to the Antarctic (Chile, Ar-
gentina, and New Zealand) to determine if strong seasonal
migrations may occur. Nevertheless, the color patterns and
vocal characteristics we have noted provide a base from
which the population dynamics and movements of the
killer whale can be studied.

We are greatly indebted to the officers and crews of the
USCGS Northwind, USCGS Polar Sea, and R/V Hero for their
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Figure 2. Lateral view of
killer whales from (A) Ant-
arctic-McMurdo Sound, (B)
Argentina, and (C) tropical
eastern Pacific. Note the
bipartite effect of the cape
(black) and lighter (dark
gray) lateral field present
only in (A). This character-
istic In conjunction with
the angular orientation of
the long axis of the post-
ocular patch, designated
by the arrow, differentiates
these three populations.
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encouragement and support of our field work. This re-
search was supported by National Science Foundation
grant DPP 77-21646.

Sokolov and A. V. Yablokov (Eds.), Advances in Pinniped and
Cetacean research. Moscow: Academia Nauk. (In Russian)
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Terrestrial biology

Adenosine triphosphate (ATP),

chlorophyll, and organic nitrogen
In endolithic microbial

communities and adjacent soils
In the dry valleys of southern

Victoria Land
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JON 0. BRUNSON
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This study provides preliminary data about the biomass
of the endolithic microbial communities that colonize rocks
in the cold desert of the dry valleys of South Victoria Land.
The existence of these organisms was first reported by
Friedmann and Ocampo (1976) and later described in more
detail by Friedmann (1977).

Twenty-four samples were analyzed. Among 20 samples
of Beacon sandstone, 16 contained cryptoendolithic lichens
and 4 were colonized by cryptoendolithic cyanobacteria.
Three soil samples were collected near sandstone boulders
that were colonized by cryptoendolithic lichens. One sam-
ple (Koettlitz marble with chasmoendolithic algae and cy-
anobacteria) was from the coastal desert near Gneiss Point
(77°24'S 163°44'E), outside the high mountain desert area of
the dry valleys. All samples were collected during the
1977-78 austral summer season.

Because of the uncertainties inherent in estimating bio-
mass on the basis of analysis of a single component, a
multiple approach was attempted, involving the deter-

mination of adenosine triphosphate (Alp), chlorophyll a,
and total organic nitrogen. Analyses were performed at the
Eklund Biological Laboratory at McMurdo Station and in
Tallahassee. Rock samples and extracted ATP were trans-
ported from Antarctica in dry ice.

ATP was extracted with cold sulfuric acid and determined
by the luciferin-luciferase bioluminescence assay following
the method of Karl and LaRock (1975), using an SAl model
3000 Alp photometer. Chlorophyll a was extracted with
dimethyl-sulfoxide (DM50) followed by 90 percent acetone
(Seely, Duncan, and Vidauer 1972) and determined accord-
ing to Strickland and Parsons (1968), using a Turner model
110 fluorometer. Nitrogen (N) was determined by the
micro-Kjeldahl method, according to Ma and Zuazaga
(1942). Total organic matter was estimated on the basis of
the arbitary factor of N X 25, which is within the range of
published values for the N/total organic matter ratio.

The depth of the endolithic zone, as well as the thickness
of the rock layer colonized by organisms, is subject to vari-
ations (Friedmann 1977). Therefore, the results of the anal-
yses are expressed as a function of rock surface area. Data
are presented in the table.

Total organic nitrogen in the rocks varied from 1.84 to
7.07 grams/square meter in cryptoendolithic lichens and
from 1.29 to 2.35 grams/square meter in cryptoendolithic
cyanobacteria and was 3.45 grams/square meter in chas-
moendolithic algal-bacterial growth in marble. In one li-
chen sample and two cyanobacterial samples, no Alp was
found, although these samples were found to contain intact
cells when examined under the microscope. In these cases
Alp may have been destroyed during handling, or ionic
interference may have reduced the senitivity of Alp de-
tection. In the remaining samples, Alp ranged from 0.7 to
15.4 milligrams/square meter in lichens and from 9.0 to 15.7
milligrams/ square meter in cyanobacteria; it was 18.4
milligrams/square meter in chasmoendolithic algae and
bacteria. Chlorophyll varied from 1.7 to 27.1 milligrams/
square meter in lichens and from 1.8 to 6.2 milligrams/
square meter in cyanobacteria. Its value was highest,
97.7 milligrams/ square meter, in chasmoendolithic algal-
bacterial growth in marble.

Organic matter was estimated at between 32.25 and
176.75 grams/square meter in all endolithic samples. These
values are remarkably close to those found in hot deserts.
Cryptoendolithic and chasmoendolithic microbial commu-
nities in North American and Middle Eastern deserts con-
tained 1.5 to 7.4 grams/square meter Kjeldahl nitrogen,

164	 ANTARC11C JOURNAL



2,300
2,250
2,150
2,150
2,100
1,950

1,900
2,000
2,000
2,000
2,000
2,000

2,000
2,000
2,000
2,000
2,000
2,050

1,900
1,300
1,300
1,650
2,400

50

Lcn'
Lcn
Cyb

Lcn
Lcn
Lcn

Lcn
Cy
Lcn
Lcn
SIC
Lcn

Lcn
Lcn
SI
Cy
Cy
Lcn

Lcn
Si
Lcn
Lcn
Lcn

Aigd

2.51
3.16
2.35
2.95
4.96
2.60

2.24
2.22
1.84
6.60
5.17
3.78

1.39
2.24
6.06
1.29
2.17
2.37

1.91
1.97
1.92
4.72
7.07

3.45

0.7
3.0

3.4
15.4
9.1

15.7
5.7

15.4
46.3

7.5

8.3
0.8

24.5
9.0

2.3

9.6
19.4
3.2
9.1

14.2

18.4

1.7
7.4
6.2
6.4

27.1
5.0

2.9
5.7
7.8

19.9

4.3

9.9
4.8

6.2
1.8

24.9

9.6

6.2
9.4

12.0

97.7

62.75
79.0
58.75
73.75

124.0
65.0

56.0
55.5
46.0

165.0
129.25
94.5

34.75
56.0

151.5
32.25
54.25
59.25

47.75
49.25
48.0

118.0
176.75

86.25

Kjeldahl nitrogen, ATP, chlorophyll a, and estimated total organic matter in dry valley rocks and adjacent soils

Sample	Location	Approxi-	Type	Kjeldahi	 ATP	 Chioro-	Estimated
number	 mate	of	(grams/	(milligrams/	phyll a	total of or-

altitude	microbial	square meter)	square meter)	(milligrams/	ganlc matter
(meters)	growth	 square meter) (NX25) (grams

square meter)
A778/2
A778/5
A77816
A778/7
A778/13
A778/14

A778/15
A778/16a
A778/16b
A778/19
A778/20
A778/21

A778/22
A778/24
A778/25
A778/26
A778/27
A778/29

A778/45
A778/49
A778/50
A778/57
A778161

A778/70

University Valley
University Valley
University Valley
University Valley
University Valley
University Valley

University Valley
University Valley
University Valley
University Valley
University Valley
University Valley

University Valley
University Valley
University Valley
University Valley
University Valley
University Valley

Beacon Valley
Beacon Valley
Beacon Valley
Linnaeus Plateau
Peak S. of

University Valley

Gneiss Point

Note. The coefficients of determination (A2) from product-moment correlation analyses are for all endolithic communities: ATP with
nitrogen - 0.32, p - .018; chlorophyll with ATP .018, p - .087; chlorophyll with nitrogen 0.23, p = .028. For
cryptoendolithic lichens only: ATP with nitrogen - 0.52, p - .002; chlorophyll with ATP = 0.30, p = .033; chlorophyll with
nitrogen 0.26, p - .050.

Lcn - cryptoendollthic lichen in sandstone.
Cy = cryptoendollthic cyanobacterla in sandstone.

C Si	soil with no visible microbial growth.
d AIg - chasmoendolithic algae and bacteria in marble.

corresponding to 37.5 to 185.0 grams/square meter total
organic matter (Friedmann 1980).

The three dry valley soil samples contained 1.97 to 6.06
grams/square meter organic nitrogen, but no chlorophyll.
They contained significantly higher amounts of ATP than
the rocks: 19.4, 24.5, and 46.3 milligrams/square meter, re-
spectively. These values are much higher than what could
be attributed to a nonphotosynthetic soil microbial flora.

We suggest a possible explanation: The activity of cryp-
toendolithic lichens in sandstone rocks results in ex-
foliating weathering (Friedmann, in preparation). In this
process, parts of the rock crust covering the lichen growth
peel off and the organisms, thus exposed, crumble and are
dispersed. Most of the lichen fragments, containing fungal
and algal cells, presumably fall to the ground. Because all
soil samples were collected in the immediate vicinity of
rocks colonized by cryptoendolithic lichens, it is likely that
they contained organic lichen material accumulated from
the weathering process. While the chlorophyll probably

decomposed earlier, ATP may have been preserved in the
frozen soil even after the death of the organisms.

Correlation analyses by the product-moment method
showed positive and significant relationships between ATP
and nitrogen, chlorophyll and ATP, and chlorophyll and
nitrogen in rock samples. Rock samples containing only
cryptoendolithic lichens had significantly higher correla-
tions between the variables (see legend in the table).

This work was supported by National Science Founda-
tion grants DPP 76-15517 and DPP 77-21858 and by NASA
grant NSG 7337 to E. Imre Friedmann. Thanks are due
Donald R. Strong, Jr., for critical remarks on statistical
analysis.
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Limited information is available on the lichen flora of the
dry valleys of southern Victoria Land, and references seem
to indicate that lichens in this area are rare or absent (Dodge
1973, Lindsay 1978, Llano 1959, Schofield and Ahmadjian
1972). This is indeed the impression one obtains when
searching for lichens on rock surfaces. Only cryptoendo-
lithic and chasmoendolithic' lichens, hidden under the
surface of rocks, are widespread in the mountain areas
(Friedmann 1977, 1978). Cryptoendolithic lichens form
multicolored zones several millimeters wide under the sur-
face of sandstone rocks. These lichens have an unusual
organization: The fungus (mycobiont) filaments do not
form a coherent tissuelike structure (plectenchyma) but
grow freely in the airspaces between the particles of the
porous rock substrate. Chasmoendolithic lichens, in turn,

According to the terminology proposed by Golubic, Friedmann,
and Schneider (in press), cryptoendoliths live under the surface of
rocks in existing structural cavities and chasmoendoliths occupy
cracks and fissures, while euendoliths penetrate the rock by active
boring. Epiliths grow on the surface of rocks.

occur mostly in granitic rocks, growing under the weath-
ered rock crust or in fine fissures, without a well-defined
morphology. In our earlier collections, both crypto- and
chasmoendolithic lichen types were found in vegetative
(nonfruiting) state with the exception of occasionally occur-
ring conidia. Because the taxonomy of lichens is based
largely on morphological characteristics of their sexual
structures, these endolithic types could not be identified.

During the 1979-80 field season, we found fruiting epi-
lithic stages formed by cryptoendolithic and chasmo-
endolithic lichens. These stages are very infrequent, and
they occur only in sheltered places where the local micro-
climate seems to be particularly mild. Such is the situation
at Linnaeus Terrace (77°36'S 161 °05'E, altitude 1,600 to
1,650 meters) in the Asgard Range. Oliver Peak shields the
area from the predominant katabatic winds. The terrace
slopes gently toward the north, and during the summer it
is exposed to nearly continuous direct solar radiation. Ac-
cording to our observations betwen 6 and 13 December
1979, the terrace received 22 hours of sunshine on clear days
(Kappen, Friedmann, and Garty in preparation). The flat
sandstone tables on Linnaeus Terrace are heavily colonized
by cryptoendolithic lichens. Epilithic stages were found
occasionally where the cryptoendolithic forms, exposed
through the flaking off of the upper rock crust caused by
exfoliating weathering, continue to grow on the surface
(figure 1). The epilithic stages have areolate thalli (com-
posed of small units, the areoles) with a plectenchymatous
organization, and they usually carry reproductive struc-
tures such as apothecia and pycnidia.

Figure 1. Fertile epilithic stage of cryptoendolithic lichen,
(Buellia sp.). Beacon sandstone, Linnaeus Terrace. X 1.5.
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Epilithic stages of chasmoendolithic lichens were found
southwest of Lake Vida (77°23'S 161 038'E, altitude 580 to
600 meters) on a slope which, like Linnaeus Terrace, is
exposed to the north and is protected from southern winds.
Chasmoendolithic lichens growing here occasionally form
epilithic thalli when they become exposed by the crum-
bling of the weathering substrate. The areolate thalli have
apothecia and pycnidia.

On the basis of their reproductive structures, the epilithic
stages of crypto- and chasmoendolithic lichens could be
identified tentatively as species of the genus Buellia, the
largest lichen genus on the Antarctic Continent (Dodge
1973). For some of the specimens collected, this identi-
fication has been confirmed by Mason E. Hale, Jr. (Smith-
sonian Institution, Washington, D.C.).

The dark and nonporous Ferrar dolerite is generally not
a suitable substrate for endolithic microbial colonization
(Friedmann 1977). However, we found lichens on dolerite
boulders both on Linnaeus Terrace and on the top of Finger
Mountain (77°45'S 160°41'E, altitude 1,880 meters). These
lichens grow in coarse fissures of rocks, about 10 to 15
millimeters below the surface where they form small, areo-
late, fertile thalli. Because the fissures are wide, the upper
surface of the thalli is exposed (figure 2) and, therefore, this
growth form may be regarded as an intermediate between
the chasmoendolithic and the epilithic types. The lichens
also apparently belong to the genus Buellia.

This work was supported by National Science Founda-
tion grant DPI' 77-21858 and National Aeronautics and
Space Administration grant 7337 to E. I. Friedmann.
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Figure 2. Bueiia sp. growing in coarse crack of a Ferrar do-
lerite boulder, a) surface view, b) lateral view, after splitting
open the rock. Top of Finger Mountain. X 1.5.

Ecosystem comparisons of oasis
lakes and soils
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The major objectives of Project ECOLS (Ecosystem Com-
parisons of Oasis Lakes and Soils), now completing its third
and final year, were (1) to assess the trophic status of south-

ern Victoria Land lakes and their associated soils and glacial
meltstreams, all located within a small geographic area, and
(2) to identify some of the ecological causes for any trophic
differences. During the first year (1977-78), 11 aquatic eco-
systems were examined (Parker and Simmons 1978) and
found to have strikingly different trophic states.

During the second year (1978-79), we focused on two
adjacent lakes in the lower Taylor Valley, Fryxell and Hoare
(77 038'S 162 0 53'E), separated only by the width of the Can-
ada Glacier (Simmons, Parker, Allnutt, Brown, Cathey, and
Seaburg 1980). SCUBA diving beneath the 5- to 6-meter per-
manent ice covers of these lakes revealed that the lake
bottoms were extensively covered by thick blue-green algal
mats.
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During the third year (1979-80) all research was concen-
trated on Lake Hoare, a small (approximately 1.8 square
kilometers), but deep (maximum depth = 31 meters) lake
located just west of the Canada Glacier in Taylor Valley (see
figure). The permanent ice cover of Lake Hoare averages 5.5
meters in thickness and the lake surface is approximately 58
meters above sea level. Unlike several of the more in-
tensively studied lakes (e.g., Vanda, Bonney, Fryxell) of the
southern Victoria Land oasis, Lake Hoare is not saline, nor
is it chemically, thermally, or biologically stratified
throughout much of its depth. It contains no hypersaline
monimolimnion and is supersaturated with dissolved oxy-
gen down to approximately 27 meters, below which there
is an anaerobic bottom zone rich in hydrogen sulfide (H2S).
The two basic types of biotic communities in Lake Hoare
are the plankton, consisting of algae, bacteria, and a few
protozoans, and the benthic, attached algal mats. The dom-
inant taxon in the sparse phytoplankton community is the
cryptophyte, Chroomonas lacustris. Planktonic diatoms are
noticeably absent (Seaburg, Parker, Prescott, and Whitford
1979), though dissolved silicic acid is abundant. The under-
ice benthic algal mats contain numerous pennate diatoms
and are dominated by the blue-green alga, Phormidium fig-
idum. Only in the glacial meltstreams or shallow ice-free
moat areas around the edge of Lake Hoare are several spe-
des of heterocystous blue-green algae (Seaburg et al. 1979)
important. SCUBA diving has confirmed that these attached
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Lake Hoare, west of the Canada Glacier, in Taylor Valley,
South Victoria Land, Antarctica (77 038'S 162053'E).

algal mats extend from the lake surface into the anaerobic
H2S-rich ooze at 31 meters.

Several factors that limit and/or probably control com-
munity structure and function in the lake have now been
studied in some detail. The ice surface of Lake Hoare is
covered with soil, rocks, and algal mat pieces; this reduces
the light transmission through the 5.5-meter-thick ice
cover. Only 0.3-0.5 percent of incident surface photo-
synthetically available radiation (PAR) reaches the water.
Nonetheless, the eukaryote phytoplankton and algal mats
occur at least to depths of 25-27 meters, at which the PAR is
0.01-0.02 percent of surface light. Therefore, a maximum of
approximately 0.13-0.38 micro-Einstein per square meter
per second reaches these depths for short diurnal periods
during the 10-week austral summer. Thus, this depth of
25-27 meters apparently approximates closely the com-
pensation point depth for net photosynthetic oxygen
production.

Obviously, photosynthesis is limited by available light,
as 14C (carbon-14) primary productivity values decreased
with increasing depth below 12 meters in both the plank-
ton and benthic communities. In one experiment, algal mat
collected at a depth of 9 meters was then incubated at
various depths in the lake. At 10 times the normal light,
productivity was 8 times that at 9 meters; at 100-200 times
the normal light, productivity ceased, presumably because
of photoinhibition; at greater than 9 meters, mat pieces
exhibited little or no photosynthesis.

In laboratory growth experiments with unialgal cultures
isolated from this and other lakes of the area, Seaburg (1979)
has shown that a high proportion of the plankton algal
species are either obligately cold-adapted (i.e., growing well
at 5°C, dying at 20°C) or facultatively cold-adapted (i.e.,
growing well at 5°C but also growing at 20°C or
greater). In contrast, the proportion of obligately cold-
adapted algae from algal mats, littoral water edge, lake edge
soil, and meltstream communities is significantly lower
than that collected in the plankton.

One 14C primary productivity experiment on benthic
algal mat material from Lake Hoare showed that after freez-
ing at — 20°C and then thawing, mats were immediately
capable of photosynthetic incorporation of ' 4C into organic
matter at a rate at least 10 percent that of the normal rate.
This result adds to earlier findings (Holm-Hansen 1967)
that algal isolates from this region generally display a
greater viability following freezing than similar taxa iso-
lated from Wisconsin habitats.

In situ 33P (phosphorus-33) uptake studies of plankton
and algal mats at Lake Hoare have confirmed that phos-
phorus is one of the more severely limiting nutrients in
these ecosystems. The calculated half-saturation constants
(K. + P0) are consistently greater than 5 times the meas-
ured dissolved P. values (i.e., 1-3 micrograms of phos-
phorus per liter). Since the maximum uptake rate of
phosphorus (Vmax) is suboptimal in Lake Hoare, phos-
phorus is limiting. However, in the anaerobic bottom layers
below 27 meters, much higher P. values have been found.

As in 1977-78 and 1978-79, in situ acetylene reduction
was detectable in glacial meltstreams and lake-associated
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pool and moat areas where ammonia Nitrogen (NH-N)
levels are usually 0-6 micrograms per liter and the hetero-
cystous blue-green algae Anabaena and Nostoc are found
(Allnutt 1979). As shown earlier, no detectable acetylene
reduction occurred in the plankton or the under-ice benthic
algal mats (Allnutt 1979) which are bathed in water con-
taining about 40 micrograms NH 4 -N per liter.

Experiments during the 1979-80 austral summer verify
that seiches do not occur in Lake Hoare, indicating that the
permanent ice cover nullifies wind-generated water tur-
bulence. Therefore, the absence of diatoms in the plankton
may be a result of their inability to remain buoyant without
the passive upward movement created by wind-generated
turbulence, as has been shown for marine plankton dia-
toms (Smayda 1970). In contrast, the dominant phyto-
plankter, Chroomonas lacustris, is a flagellate that may be a
strong swimmer.

In all but the few meters of anaerobic bottom water, the
lake water is supersaturated with 02 (24-51 milligrams per
liter), contains little available CO2 (0-30 milligrams per
liter), and has a pH range from 7.7 to 9.2. High 02, low CO2,
high pH, nutrient limitation, and bright light favor ribulose
bisphosphate oxygenase activity and inhibit RuBP (ribulose
bisphosphate) carboxylase activity (Tolbert 1974). Except
for the lack of bright light, this environment should favor
the inhibition of photosynthetic CO 2 fixation and stimulate
the glycolate pathway. In all in situ and laboratory primary
productivity experiments during the 1979-80 field season,
samples were processed for both sestonic (cellular) and ex-
tracellular (dissolved) organic carbon. In all studies, less
than 50 percent of the total organic photosynthate occurred
in the sestonic fraction, comparing favorably with data for
Lake Bonney which once had about 90 percent of its labeled
photosynthate in the dissolved fraction (Parker, Hoehn,
Paterson, Craft, Lane, Stavros, Sugg, Whitehurst, Fortner,
and Weand 1977). Although the "C extracellular products
have not been identified, 3H (hydrogen-3) -labeled gly-
colate, as well as certain other dissolved organic substrates
at low in situ concentrations, are assimilated by plankton
and benthic mat organisms.

As Wilson (1979) has noted, "the salt and lake geochem-
istry of the McMurdo dry valley area. . . is far from being
understood and there is a lot of apparently conflicting
evidence ...... (pp. 205-206). Possible causes of salt inputs
and outputs to the lakes include seawater incursions, sea
spray, glacial meltwater, precipitation, groundwater,
weathering of rocks, and precipitation of salts. Also, Wilson
has described the relative deliquescence of various salts or
the fractionation of salts in soils of the dry valleys in re- -
sponse to different relative humidities as a major salt input
mechanism.

An important, biologically mediated output mechanism
is the loss of select ions and chemical constituents when the
benthic algal mats, which have incorporated chemicals
through active uptake or through sediment binding, escape
annually from the lakes through the ice covers. During the
1979-80 austral summer studies at Lake Hoare, an estimated
10 percent of the lake's benthic algal mat, the portion lo-
cated in the shallower, brightly lit area under permanent

ice, developed entrapped gas, determined to be mostly
oxygen. This gas causes the mat to lift off and, by the
mechanisms mentioned earlier, passively move through
the ice cover, eventually to be blown away. In this way salts
and nutrients are lost from the lake; the confinement of this
process largely to the shallower sub-ice aras may even con-
tribute to chemical stratification over long periods. Anal-
yses of various elements in mats collected from Lakes Chad,
Fryxell, and Hoare during 1978-79 show that the poten-
tially escaping mat pieces contain large amounts of many
elements (e.g., silicon, carbon, oxygen, hydrogen, alumi-
num, calcium, iron, magnesium, nitrogen, potassium, so-
dium, phosphorus, sulfur, chlorine). Such an apparently
insignificant mechanism takes on added importance for
many of the lakes of southern Victoria Land because of the
restrictions placed on nutrient movement by the per-
manent ice covers.

The benthic algal mats may be described as "organo-
sedimentary structures produced by sediment trapping,
binding, and/or precipitation as a result of the growth and
metabolic activity of microorganisms, principally cyano-
phytes" (p. 1). This is Walter's (1976) definition for stro-
matolites, those curious fossilized remnants of Precambrian
times. Therefore, a unique assemblage of living, cold, fresh-
water stromatolites has been found in Lake Hoare; further
study of these is currently underway.

We wish to thank the National Science Foundation for
DPP grant 76-23996 which supported this research. We are
also grateful to many for field and/or laboratory assistance:
D. Andersen, D. Biesemeyer, J. Bromm, L. Furner, J. Haines,
C. Love, C. Shorten, and M. Wendt.
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Environmental "homeothermy" in
an antarctic insect

JOHN C. BAusT and RICHARD E. LEE

Department of Biology
University of Houston
Houston, Texas 77004

While the evolutionary basis of insect freezing adapta-
tions remains unknown, we now know that temperate,
alpine, and polar species demonstrate similar mechanisms
(Baust and Edwards 1979; Baust and Morrissey 1977). Three
basic survival strategies have evolved. First, insects may be
tolerant to the presence of extracellular ice for prolonged
periods (Salt 1961) and simultaneously accumulate high
levels of cryoprotective agents (i.e., polyols and/or low mo-
lecular weight saccharides). Second, some species avoid ex-
tracellular ice formation by extended supercooling (scP)
(Baust, Grandee, Condon, and Morrissey 1979). The exten-
sion of scp is also accomplished by the accumulation of

antifreeze compounds identical in nature to cryoprotect-
ants. The third mechanism has an ontogenetic component
and involves a sequencing of the first two strategies. During
certain larval and adult stages, a species may be capable of
extended Sc' as an avoidance mechanism, while during
other stages it may be freezing-tolerant (Baust and Mor-
rissey 1977).

The antarctic insects would be expected to utilize one of
these basic mechanisms to ensure survival. Annual ambi-
ent air temperatures fluctuate between austral summer
highs of 10°C to winter lows of — 40°C (Palmer Station,
64°46'S 64°03'W). Resident terrestrial ectotherms must
therefore develop under continual "winter" conditions.
One species, Cryptopygus antarcticus (Collembola), uses the
avoidance mechanism (Somme 1979). However, a second
species, Belgica antarctica (Diptera), only partially conforms
to these strategies. Belgica antarctica, the only free-living,
holometabolous insect of the antarctic continent, does not
demonstrate the adaptative capacity necessary for survival
following predicted low temperature extremes (-30°C).

During the course of a three-season study, supercooling
points (scp) were observed not to vary (-5.4° ± 0.20°C)
(figure 1). Attempts to induce changes in SC? by thermal

MONTHS

Figure 1. Annual variations in air and microhabitat temperatures and supercooling points (scp) of larval Belgica antarctica

(1978-79).
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and/or dietary variations proved unsuccessful until tem-
peratures exceeded the normal ambient upper limit of
10°C. At temperatures between 15° and 20°C, so' remained
constant despite high mortality. Lower lethal temperatures
(LLT) were unexpectedly high for a freezing-tolerant polar
species (figure 2). As with many animal systems, a cooling
rate optimum is suggested at — 0.1°C per minute. At the
optimal cooling rate, the LLT -160C and LLT 1 :5
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Figure 2. Lower lethal temperatures for larval Belgica ant-
arctica frozen at indicated rates.

B. antarctica synthesizes an array of potentially cryo-
protective agents which exceed in diversity those found in
other species. Glycerol is the predominant agent, with peak
levels approaching 200 milligrams per gram. Levels varied
seasonally but at relatively constant ambient temperatures.

SUMMER	WINTER

Fructose levels remained constant throughout the season
while glucose varied inversely with trehalose and sorbitol.

B. antarctica presents an apparent paradox for a freezing-
tolerant polar insect. In view of the extremes in ambient
temperatures and the relatively minimal ability to endure
bouts of freezing, this species appears adaptively ill-suited
for residence in the Antarctic. LLT and Sc? do not vary
seasonally. Attempts to acclimate B. antarctica to tem-
peratures either below — 5° or above 5°C according to step-
wise or chronic exposure procedures routinely employed
with arctic or temperate species have been unsuccessful.
Cryoprotectant profiles appear to have a mixed dependence
on temperature and carbon source (diet) (Baust and Ed-
wards 1979). Yet when maintained on a constant diet at
0°C, cryoprotectant levels, especially glycerol, cycle in a
pattern not unlike those observed over an annual period in
northern species. These variations suggest that the glyco-
lytic scheme is a function of earlier genetic programing for
seasonal variations and may be independent of seasonal
cues. Maintenance of specimens in continuous light or dark
did not affect cryoprotectant metabolism.

It has been suggested that the presence of high levels of
cryoprotectants alone cannot be viewed as prima facie evi-
dence for changes in the degree of freezing tolerance. This
species is minimally freezing-tolerant throughout the year
but has an apparent "excess" of protective compounds that
in other species would afford survival at lower temper-
atures. The evolutionary basis of freezing-tolerance de-
velopment is unknown. Cryoprotectant patterns in this
species appear similar to those found in arctic and north
temperate species experiencing low temperatures. SCP's re-
main elevated, suggesting high ice nucleator content and
insuring the early freezing essential to extended survival in
the frozen state. Yet freezing is rarely encountered within
the natural habitat (figure 3). LLT's also remain invariate
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Figure 3. Schematic rep-
resentation of heat flow

.1 0 between seawater, rock
substrate, sun, and micro-
habitat during summer and
winter. Dotted area repre-
sents ice or snow.
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during acclimation attempts. Adaptation to low tempera-
tures is certainly indicated. However, the sum of these
adaptive processes suggest that this species is an evolution-
ary relict.

The apparent paradox mentioned earlier is readily ex-
plained by the observation that microhabitat temperatures
demonstrate an unexpected seasonal stability (figure 1). The
antarctic ice piedmont at Anvers Island extends to the sea
except for occasional rock outcrops and small, low-elevation
islands. These outcrops rarely extend for more than a few
dozen meters between the sea and ice cap. Annual varia-
tions in ambient air and substrate (1 centimeter depth)
temperatures are illustrated (figure 1). Strikingly, substrate
temperature remains at 0° to — 2°C for over 300 days of the
year. Rarely do temperatures approach lower levels. The
extreme low temperature record of — 7° was reached only
twice during the year. During the warmest austral summer
period, substrate temperatures did not exceed 8°C.

The basis of this thermostability is illustrated in figure 3.
Seawater temperatures seasonally range between -1.8*
and 0°C. The organic layer rests directly on the bedrock and
rarely exceeds 4-6 centimeters in sites containing B. antarc-
tica. The bedrock and thin organic layer remain in thermal
equilibrium with the seawater because summer insolation

is not effective in substantially warming the substrate. It
should be noted that sites with more extensive organic
carpets (up to 20 centimeters) warm on occasions to 20°C.
However, B. antarctica does not inhabit these sites.

This work was supported by grant DPP 78-21116 from the
National Science Foundation to the University of Houston.
The field team comprised John C. Baust, Richard Lee, Wel-
don Idlebird, and Patrick Sugg.
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Possible modification of the
normal winter fly-in respiratory
disease outbreak at McMurdo

Station

ELLIOT C. DICK,
LANCE C. JENNINGS, and CARLTON K. MESCHIEVITZ

Department of Preventive Medicine
University of Wisconsin-Madison

Madison, Wisconsin 53706

DAVID MACMILLAN and JAMES GOODRUM

Naval Support Force Antarctica
Port Hueneme, California 93043

Since 1975, we have been studying the winter fly-in
(wINIY) population to determine routes and ease by which
the various respiratory viruses are transmitted from person
to person. This antarctic work follows many years of in-
vestigation in open populations and with human volun-
teers in which it was found that respiratory viruses are
surprisingly difficult to transmit (D'Alessio, Peterson, Dick,
and Dick 1976; Dick and Chesney in press; Dick et al. 1%7).
Even between susceptible (free of serum neutralizing anti-
body) married couples, the attack rate was only 38 percent
when one member of the pair was known to be infected
with a specific rhinovirus type. In the volunteer experi-
ments, it was found that a good transmitter had to (1) have
a relatively severe cold and (2) spend many hours with
another susceptible individual.

The antarctic investigations were initiated to confirm and
extend the volunteer experiments in a group of normal
persons afflicted with naturally acquired respiratory infec-
tions. The WINFLY period is ideal for such research since the
population is closed for this 5 to 6 week interval and the
only viruses present are those brought in on the August
personnel flights opening WINFLY. The WINFLY population is
comprised of approximately 50 persons who wintered and
150 new arrivals. The population is nearly all male and
includes approximately 75 percent U.S. Navy personnel
and 25 percent civilians.

The 1976-77 respiratory virus transmission studies at Mc-
Murdo Station and nearby Scott Base (a New Zealand re-
search station about 2 miles from McMurdo with a WINFLY

population of 20-25) bore out the findings of our previous
human volunteer studies. Respiratory infections spread
with particular difficulty at Scott Base. For example, in 1977,
two different rhinovirus types were isolated from two indi-
viduals who had moderate colds. The viruses did not spread
to anyone else at Scott Base even though more than half the
population was susceptible to these agents. At McMurdo
individual respiratory viruses did disseminate, but not eas-
ily. Chains of infection were almost always between per-
sons who had close work and social relationships, and there
was little, if any, evidence for virus dissemination at the
mess hail and other similar, relatively short-term gather-
ing places (Dick, Polyak, Kapitan, Warshauer, Mandel,
Thomas, and Rankin 1978).

Perhaps because virus dissemination was relatively slow
at McMurdo, the epidemic curves of respiratory illness dur-
ing the WINFLY study periods 1975-77 were relatively flat,
declining very little over time in either incidence or preva-
lence. During WINFLY 1979, an attempt was made to alter
sharply this "normal" epidemic curve by use of highly
virucidal paper handkerchiefs (vPH) (Dick, Gavinski, Mali!,
and Walter 1979). The hypothesis underlying their use was
that destruction of all or even a part of the virus at its points
of origin—chiefly the nose, hands, and face of the cold
victim—should greatly impede person-to-person trans-
mission of respiratory viruses. To accomplish this personal
disinfection, all persons with respiratory illness blew their
noses on VPH'S, discarded them, and then wiped their hands
and faces. Persons without respiratory illness also used
VPH's for clearing their nasal passages and wiped their
hands at regular intervals (a maximum of every hour).
Judging from results of an anonymous questionnaire, com-
pliance was very good to excellent.

By September 10 (WINFLY opened on August 28), the
usual WINFLY outbreak was well established. Beginning on
that date all persons were given the VPH's daily in the mess
line; VPH packages also were placed at about 30 locations of
high population density. Between September 11 and 13 the
rate of new disease rose to 10 per day, but then it dropped
over the next 5 days until the incidence reached 0 to 2 cases
per day (figures 1 and 2). The apparent effect of VPH use was
particularly pronounced among winter-over personnel; in
prior years, the respiratory disease rate was still rising at the
close of WINFLY.
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Figure 2. Incidence and prevalence of respiratory disease In
69 wlnterover personnel.

We believe that the first 4 days following VPH adminis-
tration represent both the approximate incubation period
for colds already contracted plus a period of population
adjustment. The decline in cases after that period could be
due to VPH use. For the entire population, the number of

new colds per day was 4.3 through September 15 and 1.7 for
the remainder of wINFLY; the difference was highly
significant (X2 = 33, p = <0.01).

Viruses isolated during WINFLY 1979 were influenza B and
one or more rhinovirus types.

This research was supported by grant DPP 76-83918 from
the National Science Foundation, grant NSG 2104 from
the National Aeronautics and Space Administration, and
a grant from the S. C. Johnson Company. (Racine,
Wisconsin).

These studies would not have been possible without the
unstinting scientific collaboration of all personnel from the
Naval Task Force, Antarctica, Holmes and Narver, Inc., and
other American and New Zealand groups. We are deeply
grateful.
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Effect of breathing cold air on
pharyngeal mucosal surface
temperature and secretions

HAROLD C. MUCHMORE, ALAN J. PiuusoN,
STEVEN B. GLENN, and E. NAN Scorr

Oklahoma Medical Research Foundation
University of Oklahoma College of Medicine

Veterans Administration Hospital
Oklahoma City, Oklahoma 73104

Measurements of changes in the surface temperature of
the posterior nasopharyngeal mucosa under antarctic con-
ditions were begun in October 1979 at South Pole Station.

Measurements were made with a probe which was inserted
through the nasal passage to the pharynx and rested on the
mucosal surface of the lymphoidal tissue (adenoids) located
there.

The probe is copper-constantan thermocouple made
from wires 0.127 mm in diameter. The wires are held to-
gether by a teflon coating. The unit measures 0.431 mm by
0.71 mm. An epoxy bead over the thermocouple provides a
smooth tip, allowing easy insertion through the nose. The
insertion depth is about 9 centimeters measured from the
tip of the nose. The fine wire taped to the nose can be worn
quite comfortably for periods of several hours. The thermo-
couple leads are connected to a battery-operated digital
thermometer (Omega Engineering Company, Stamford,
Connecticut) which is small enough to be worn easily
under antarctic clothing. The response time of the appa-
ratus of 0.08 seconds is rapid enough to show the temper-
ature variations during inspiration and expiration. Nasal

174	 AwrARcrIc JOURNAL



washings with buffered saline can be accomplished with
the probe in place.

Measurements were taken under various conditions,
with the ambient temperatures ranging from 20°C to
— 44°C. The inside temperature of buildings at South Pole
Station averaged 20°C. When the subject was sitting at rest
indoors, the posterior nasopharyngeal mucosal tempera-
hire averaged 34.4°C, with a 1° rise on expiration and a 1°
fall on inspiration. When the subject went outside to very
cold temperatures, the mucosal temperature dropped, usu-
ally stabilizing at the lower temperature in about 30
minutes. The mucosal temperatures quickly returned to the
temperature previously observed when the subject re-
turned indoors. Results of a typical experiment are shown
in table 1. Similar results were obtained on several subjects.

Table 1. posterior nasal mucosal temperature in
one Subject at South Pole Station

Ambient air	Exposure	 Mucosal
temperature	time (minutes)	temperature'

	

20.6°C	 0 (Indoors)	 34.4°C

	

— 43.6°C	 5 (outdoors)	34.2°C
15 (outdoors)	28.6°C
25 (outdoors)	28.0°C
30 (outdoors)	27.6°C

	

20.6°C	35 (Indoors)	 29.2°C
40 (Indoors)	 34.3°C

• Mucosal temperatures are mean values obtained at expiration
and inspiration.

When a subject increased activity outdoors, the mucosal
temperature dropped further; readings of 21°C were ob-
tained during exercise outdoors. Webb (1951) reported sim-

ilar results at warmer ambient temperatures (-25°C) at
Ladd Air Force Base, Alaska.

Breathing cold air regularly leads to rhinorrhea ("runny
nose"). This is due in part to condensation of the moisture
in expired air on the chilled nasal surfaces. The purpose of
our studies is to assay changes in the immune substances of
the nasal secretions. These substances (secretory immuno-
globulin A, etc.) are all proteins. A sensitive protein method
(Lowry 1951) was used to measure variations of the total
protein content of nasal washings obtained at intervals
with the nasal probe in place. Table 2 shows results for two
subjects.

The rise in the protein content of the nasal washings
obtained outside was unexpected. We anticipated that the
condensate ("runny nose") noted earlier would lead to a
decrease in protein content. The increased protein content
suggests that mucosal function, at least in terms of protein
secretions, is increased during the brief exposure times
studied. We are now analyzing these nasal washings for
secretory immunoglobulin A (IgA) and other substances
related to resistance to viral infections.

This research was supported by the Research Service of
the Veterans Administration Medical Center, Oklahoma
City, Oklahoma, and by National Science Foundation grant
DPP 78-24201.
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Table 2. Total protein content of nasal washings
taken under different environmental conditions

Exposure	 Total protein

	

time	 (micrograms/milliliter)'
(minutes)	Subject 1	 Subject-2

	

0	 300

	

25	 250	 150

	

60	 250	 130

	

120	 250	 130
0

	

50	 700	 250
0

	

60	 250	 100

Ambient	Relative	 Absolute
temperature	humidity	 humidity

(0°C)	 (percent)	(grams/cubic meter)

20 (inside)	 8	 2.06

—43 (outside)	100	 0.048

20 (Inside)	 206

• Total protein measured by nasal washings inside and outside using buffered saline at 21.6°C.
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Lower atmosphere studies

Atmospheric trace gases of
antarctic ocean areas

ELmER ROBINSON

Department of Chemical Engineering
Washington State University
Pullman, Washington 99164

This research program continued our study of atmos-
pheric trace gases in Antarctica and the distribution of these
gases in the Northern and Southern Hemispheres as well.
The gases of special interest are the more-or-less chemically
stable gases shown to be accumulating in the atmosphere;
modeling studies have shown these gases may affect the
stratospheric ozone layer. These gases include the fluoro-
carbons F-li (trichiorofluoromethane (CC13F)) and F-12
(dichlorodifluoromethane (CC12F2)), the chiorocarbons
carbon tetrachloride (CC14) and methylchlorpform
(CH3CC13), and the biospheric emission nitrous oxide
(N20).

During the 1979-80 austral summer research season the
Washington State University (wsu) program included a
north-south Atlantic Ocean area profile from Maryport,
Florida, to Palmer Station using recording instruments in-
stalled on the British antarctic research ship RRS Bransfield.
The wsu 1979-80 effort also included a sampling program
across the Pacific; canister air samples were taken on the
LC-130 aircraft XD-3 during a flight from Christchurch to
Mugu Naval Air Station, California, in September 1979.
This was the return flight for XD-3 from the 1979 winter
fly-in period (wINFLY) operation.

The north-south profiles, in the Atlantic at sea level and
in the Pacific at mid-tropospheric altitudes, confirm the
profile data obtained on previous trans-Pacific flights with
the XD-3. Concentrations of the anthropogenic trace mate-
rials F-il, F-12, and CH3CC13 were significantly higher in
the Northern Hemisphere than in the Southern Hemi-
sphere. The change in concentration between the two
hemispheres usually has occurred to a major extent through
the Intertropical Convergence Zone (rrcz), encountered
during different years between 5°N and 15°N in the mid-
Pacific. In the Atlantic in November 1979 the rrcz was
crossed between 08°N and 50°W. In the southern hemi-
spheric air over the Pacific south of the rrcz to Christ-
church, New Zealand, the change in concentration with

latitude is very small. A regression analysis of the F-li data
for the 1979 return WINFLY mission indicates a smaller
change in F-li and F-12 concentrations across the rrcz and
similar concentration gradients with latitude in the two
hemispheres. These results reflect a change in the pattern
from previous years toward what might be expected to
follow a decrease in emissions in the Northern Hemi-
sphere, as has been the case with F-li and F-12. Concen-
trations of N20 with a biogenic source have been the same
in both hemispheres.

In the Atlantic the data from RRS Bransfleld showed rela-
tively little change with latitude in the Southern Hemi-
sphere. Sampling at Palmer Station had to be curtailed
because of logistics schedules.

Using wSu data dating back to January 1975, trends in the
presence of the trace gases F-il and F-12 have been ana-
lyzed. The figure shows these annual data for Antarctica
and for similar times at Pullman, Washington (47°N). An
apparent break in the upward trend seems to have begun

TIME TRENDS FOR PULLMAN AND
ANTARCTICA F-Il AND F-12 CONCENTRATIONS
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Time trends for Pullman, Washington, and Antarctica F-li
and F-12 concentrations.

-

176	 ANTARCTIC JOURNAL



in 1978, although this cannot be shown statistically at this
time. The 1979 "Antarctic" data points are based on WINFLY

data from near Christchurch, New Zealand, since prior
study has shown essentially no concentration gradient
south from New Zealand.

The 1979 WINFLY sampling program (30 August-5 Sep-
tember 1979) was led by Elmer Robinson, with assistance

from Fred Menzia (wsu) and the support and cooperation
of Alan Mason, University of Miami. Robert Watkins,
wsu, carried out the sampling program on board the
FRS Bransfield and at Palmer Station (3 November-20 De-
cember 1979).

This research was supported by National Science Foun-
dation grant DPP 78-16614.

Halocarbons and other trace
gases in the antarctic

atmosphere

R. A. RASMUSSEN,
M. A. K. KHAUL, and R. W. DALLUGE

Department of Environmental Science
Oregon Graduate Center
Beaverton, Oregon 97006

Between 1975 and 1980 during January, we measured
trace gases in the troposphere over Antarctica and col-
lected information on the atmospheric concentrations of
CC13F (F-li), CC12F2 (F-12), CH3CC1 3 (methyl chloroform),
CC14 (carbon tetrachloride), and N20 (nitrous oxide). The
data record extends over 6 years and constitutes a unique
set of measurements to quantify the increases of the atmos-
pheric burdens of these trace gases. The gases CC1 3F (F- 11),
CC12F2 (F-12), and CH3CC13 are manmade and have been
shown to pose dangers to the future global environment if
they succeed in depleting the stratospheric ozone layer or
enhancing the Earth's greenhouse effect (National Acad-
emy of Sciences 1979). In this paper we report the results of
trace gas measurements in 1979 and 1980, present evidence
that the rate of increase in the atmospheric burdens of F- 11
and F-12 may be slowing, and estimate the lifetime of
CH3CC13 and lower lifetime limits of F-il and F-12.

While measurements were being made in Antarctica,
similar measurements were made in remote, clean locations
of the U.S. Pacific Northwest (at about 45°N). Taken to-
gether, these data constitute the only long-term record of
atmospheric measurements of these trace gases in both
hemispheres, and were obtained by using the same inter-
nally consistent calibration standards throughout the
study. Results of these measurements between 1975 and
1978 were reported by Rasmussen (1978). To this record we
add the results of measurements made in January 1979 and
January 1980 (table 1). In January 1980, CHC1F 2 (F-fl),
C2F3C13 (F- 113), CH30, SF6, CO (carbon monoxide),
CH4 (methane), C2H2 (acetylene), C2H4 (ethylene), and
C2H6 (ethane) also were measured; their concentrations are
reported in table 1.

Using the data reported in table 1 and by Rasmussen
(1978), we estimated the exponential rates of increase (de-
noted fl) of F-li, F-12, CH 3CC13, CC14, and N20 in the
atmosphere (table 2). F-li, F-12, and CH 3CC13 have in-
creased dramatically, but evidence of CCI.. and N20 in-
creases are still preliminary. The time span over which N20
data are available is still too short to attribute the small
calculated increases of 0.1 percent to 0.5 percent per year to
an increase in the atmospheric burden of N20 when it may
simply be an experimental artifact. We did notice, however,
that the increases of F-li and F-12 have slowed (figure 1).
Rates of increase of F-li and F-12 concentrations during
overlapping 3-year periods were plotted. Thus, fi (table 2)
is a composite of faster growth in past years and a slower
growth in recent times. The interhemispheric North:South
(N/S) ratio of F-li and F-12 also seems smaller in recent
years. Both the decline in the N/S ratio and the slowdown
in the atmospheric growth rate of F-li and F- 12 agree with
the global emissions histories of F-li and F-12 there
was a rapid increase in F-il and F-12 global emissions up
to 1975, followed by almost constant yearly emissions at the
1975 rate.

Finally, we used these data to estimate the atmospheric
lifetime of CH3CC13. The locations of the two sites are such
that a hemispherically averaged (2-box) mass-balance the-
ory is most naturally applicable. The final results of this
research are summarized in figure 2. On the basis of these
results we conclude that a global lifetime of 8 to 9 years
most accurately describes the observed time series of 6 years
of measurements of CH3CC13 at the South Pole and at
Pacific Northwest locations (details are given in the refer-
ences; Khalil 1979).

The theoretical calculations shown in figure 2 are based
on the coupled equations: (d/dt)E = S(t) - (i/r)E -
i /r,, - ) and (d/dt)E5	7-(l/ ,r,% + 1	-
where t,, and t, are the average predicted concentrations of
CH3CC13 in the Northern and Southern Hemispheres, r,
and T, are the lifetimes in the two hemispheres, and Tr is an
effective interhemispheric transport time. S(t) is the global
emissions per year at time t. These equations are solved
starting at 1975, and we assumed that 7/r5 was approxi-
mately 2 and TT equalled 1.2 years. Almost the same results
follow if we take r,, r5 but increase r- to about 1.4 years.
r is the average weighted global lifetime. The release data
(Sn) are taken from Neely and Plonka (1978) and Neely and
Farber (personal communication). After t,, and t. were ob-
tained from the mass-balance equations, the numbers were
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corrected for the decline in mixing ratio above the tropo-
pause and the general shape of the latitudinal profile of the
mixing ratio (i.e., typically high concentrations for latitudes
above about 30°N, a decline in concentration through the
Intertropical Convergence Zone, and lowest concentrations
beyond about 30°S).

Although the best suited lifetime is 8.5 years, the range
from 7 years to 11 years is consistent with the measure-
ments. If the measurements were systematically too high
(absolute accuracy) by 15 percent, then a lifetime of 7 years
would be indicated. Lifetimes less than 7 years do not re-
produce the observed rate of increase of CH 3CC13 (fi), which

is based on a ratio of concentrations and is therefore less
sensitive to errors in absolute accuracy (r times of less than
7 years yield rates of increase below the 90 percent
confidence limit of the observed rate). Failure to reproduce
the observed rate of increase in the graph for r = 5 years
is shown in figure 2. Thus, our data support a lifetime of
CH3CC13 of 8.5 years, with a possible range of 7 years to 11
years.
When similar techniques are applied to F-li and F-12, we

obtain lifetimes of 50 years and >70 years respectively.
These calculations are too sensitive to inaccuracies in meas-
urements, emissions data, and the simplified model to be

Table 1. Measurement of trace gases in Antarctica and the Pacific Northwest during 1919 and 1980

	

Antarctica	 Pacific Northwest
Gas	 concentration	 concentration	 North:South ratiob

	

(pptvr
	

(pptv)

1979

F-12
	

260
	

300
	

1.15
F-il
	 154	 173	 1.12

CCI.	 135	 140	 1.04
CH3CCI3	 95

	
135
	

1.42
N20 (ppbv)c	 332

	
332
	

1.00

1980

F-i2
	

284
	

322
	 1.13

F-il	 166
	 188	 1.13

CCL.	 138	 153
	 1.11

CH3CC13	 102
	 156

	
1.53

N20 (ppbv)
	

335
	

335
	

1.00

Other trace gases measured in 1980

F-22
	

38
	 54

	
1.40

F-1 13
	

11
	 17

	
1.55

CH3CI
	

590
	

630
	 1.07

SF,	 0.39
	 0.57	 1.46

CO (ppbv)
	

50	 150
	

3.00
CH. (ppbv)
	

1510
	 1650

	
1.09

C2H2	 <20
	

600
C2H4	 50

	 200
	 4.00

C2H,	 280
	

1200
	 4.29

parts per trillion by volume.
b ratio of column 2 concentrations over column 1 concentrations.

parts per billion by volume.

Table 2. Av.ragp rates of increase of 1460, F-il, F-12, 0116CC6 and CCI. (1975410)

South Pole	 Pacific Northwest	 Global
Gas	 (% per 	 (% per yr)	 (% per yr)

F-12	 9	 (8,11)	 9	 (7,10)	 9	 (7,11)
F-li	 12	 (9,13)	 8	 (7,9)	 10	 (7,11)
CH3CCI3	14.1	(11,15)	 10.7	(9,12)	 12.8	(11,13)
CCI,	 2.7	(0.9,3.6)	 3	 (1,6)	 2.7	(1.6,4.5)
N,O	 0.4	(0.3,0.9)	 0.4	 (0,0.6)	 0.4	(0.1,0.5)

Is a non-parametric Theil estimate of average yearly increase based on the model (1/c) (dc/do = , where c is concentration
and 4 a constant.

b These ranges are the approximate 90 percent confidence limits for the rate of increase.
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used with certainty. It is more certain that lifetimes of less
than 20 years will not be consistent with our data on F-il
and F-12.

Our antarctic program has provided an ideal location for
the measurements of trace gases in the Southern Hemi-
sphere. The site is far removed from major industrial activ-
ity, and the availability of scientific support facilities makes
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Figure 1. Evidence for the decline in the rates of growth of
trace gases CCI,F (F-il) and CCl21F2 (F-12). Graphs represent
average rates of growth of F-li and F-12 during overlapping
3-year periods from 1975 to 1980. SP = South Pole; PNW =
Pacific Northwest.
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Figure 2. CH,CCIS measurements and the results of a mass-
balance calculation indicating an atmospheric lifetime of 8.5
years.

it unique in the Southern Hemisphere. The data on F- 11,
F-12, and CH3CC13 obtained thus far have shown remark-
able internal consistency, agree with independent estimates
of global emissions, and have already been used in several
theoretical studies reported in the environmental literature.
We hope these studies will lead to a better understanding
of the effects of human activities on the Earth's atmosphere
and environment.

This research was supported by the National Science
Foundation grant DPP 77-23468A01.
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Surface energy exchange at the
South Pole

JOHN J. CARROLL

Department of Land, Air and Water Resources
University of California
Davis, California 95616

The continuing analysis and interpretation of the data
measured at the South Pole during 1975, 1976, and 1977 has
concentrated on three major tasks: (1) summarizing the
daily and seasonal mean radiation and heat budgets (Car-
roll 1979); (2) evaluating the surface short wave albedo and

its dependence on solar elevation and cloud cover (Carroll
and Fitch 1980); and (3) modeling of the polar planetary
boundary layer response to varying forcing (Carroll and
Fitzjarrald 1979). Following is a brief summary of the re-
sults of these efforts.

Quarterly averaged radiation components are given in
table 1. Note that in summer, the coverage is interrupted
due to operational maintenance, instrument relocation,
and related logistical requirements. The heat budget for
the surface can be written as: NET = MS + ML + FSO
= HSR + Fso, where NET is the net radiation on the surface,
HS and HL are the sensible and latent heat fluxes to the air,
iso is the heat flux into the snow, and HSR is the imbalance
or residual difference between NET and i'so and is an
indirect measure of HS + ML. These components are sum-
marized in table 2 for the same periods. In this table, the

Table 1. Quarterly summaries of radiation components (in watts per square meter)

Days

103/75-170/75
171/75-260/75
261/75-320/75
353/75- 80/76
81/76-170/76

171/76-260/76
261/76-325/76
44/77- 80/77
81/77-170/77

171/77-260/77
261/77-310/77

Global
shortwave
radiation

	

Down	Up

	

.0	 .0

	

.0	 .0

	

173.5
	

150.9

	

296.7
	

253.4

	

.0	 .0

	

.0	 .0

	

177.7	153.8

	

106.8
	

94.4
	.0	 .0

	

.0	 .0

	

123.0	108.2

Total global
radiation

Down	Up

105.3
96.1

268.2
439.1
104.9
91.2

277.9
218.5
112.7
101.5
213.2

Longwave
(total-	 Surface

shortwave)	longwave
Down	Up	Emission

126.1
115.9
143.5
190.2
119.1
114.4
147.9
149.4
125.9
121.0
130.8

	

121.4	105.3	121.4

	

113.4	96.1	113.4

	

285.7
	

94.7
	

134.8

	

446.4	142.4	193.0

	

122.9	104.9	122.9

	

115.4
	

91.2	115.4

	

286.9	100.2	133.0

	

242.4	111.8	148.0

	

125.6
	

112.7
	

125.6

	

118.7	101.5	118.7

	

236.9	90.1	128.7

Days 45-55 missing.

Table 2. Quarterly summaries of heat budget components (in watts per square meter)

Days

103/75-170/75
171/75-260/75
261/75-320/75
353/75- 0/7
81/75-170/76

171/76-260/76
261/76-325/76
44/77-80/77
81/77-170/77

171/77-260/77
261/77-310/77
Uncertainties based on

typical magnitude

S.
	 S*b	 FSOC	 FSOd

	
Net	 HSR'

	- .31	 - .12	-1.99	-2.1	-16.0	-13.9

	

-1.87	- .20	-1.54	-1.7	-17.2	-15.5

	

2.28
	

2.26
	

1.37
	

3.6	-16.1	-19.7

	

.00	- .66	 2.82
	

2.2	- 1.3	- 2.3

	

- .40	- .42	-2.83	-3.3	-18.0	-14.8

	

- .59	- .22	-2.14	-2.4	-24.2	-21.7

	

3.44	 2.28
	

1.25
	

3.5	-11.0	-14.2

	

-4.20	-2.68	- .61	-3.3	-21.4	-18.1

	

-1.81	- .88	-1.42	-2.3	-13.0	-10.7

	

-1.61	-1.41	- .97	-2.4	-17.2	-15.3

	

1.97
	

1.97	- .76
	

1.2	-15.2	-16.4

	

± .02	 ± 0.3	 ± 0.2	 ± 0.3	 ± 0.8	 ± 1.1

S = total heat gain for an 80-centimeter snow column, calculated from the net change in column temperature from first to last
samples in the period.

b s = total heat gain for an 80-centimeter deep snow column, summed from the hour-to-hour changes In snow temperature.
C F50 = conduction of heat downward In the snow at 80 centimeter depth.
d F50 = downward conduction at air/snow Interface.
• Net = net downward radiation flux.

HSR = residual = Net - F50

Days 45-55 missing.
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residual (HsR) represents the flux of sensible and latent heat
to the air. The seasonally averaged observations are con-
sistent with those of previous studies, indicating that
throughout most of the year there is a net radiative loss
from the surface. The loss averages 16 to 20 Watts per
square meter (Wm 2) in winter. In summer, the downward
flux of heat from the air exceeds these losses by 10 to 20
percent, resulting in storage of heat in the snowpack. In
winter HSR is between 85 and 90 percent of the radiative
loss, with the remaining 10 to 15 percent supplied from
deep snow storage.

On daily time scales, the energy balance components are
highly variable, with ranges several times their long-term
means. This variability appears to result from variation in
forcing associated with variations in the large-scale flow,
i.e., changing large-scale pressure gradient, cloudiness, and
variations in the mean temperature of the lower atmos-
phere (height not greater than 1 kilometer).

To examine this short-term variability a model of the
atmosphere-surface boundary layer was developed to simu-
late the south polar region. The model is driven by an
imposd pressure gradient (geostrophic wind) which can
vary with time. A radiation and heat balance at the top
of the snow couples conduction within the surface to the
overlying atmosphere, and the turbulent transfers of mo-
mentum and heat are calculated using a simplified closure
model (Brost and Wyngaard 1978).

Results of the model calculations for winter conditions
show the strong effects of time-varying geostrophic forcing.
There are significant increases in surface fluxes when the
wind speed increases or turns anticyclonically. Corre-
sponding decreases occur when the wind decreases or turns
cyclonically. There is considerable dynamic response to the
model system, showing the overshoot and undershoot typ-
ical of an underdamped system. The amount of overshoot
depends most strongly on the speed of the geostrophic
turning, since the faster speeds (faster than 180° per 24
hours) cause a significant inertial motion.

The surface slope also greatly affects the boundary-layer
motion. The amount of cross-isobar flow and the heat flux
depend on the relative orientation of the geostrophic wind
and the surface slope. Equilibrium profiles of the velocity
in the boundary layer also vary greatly. The amount of
heat-flux change when the wind direction varies depends
on which quadrant the wind has passed through, relative to
the slope orientation. The results of model studies show
that the magnitude of HSR can be strongly affected by the
complex response of a turbulent, stable Ekman layer over a
sloped surface to variations in the magnitude and orien-
tation of the large-scale pressure field From these studies
and the observed behavior of HSR, it appears that in winter
these transient events (which have time scales less than one
day) produce strong downward fluxes, resupplying the
upper snow layers with heat. This in turn minimizes the
mean vertical temperature gradient in the deep snow
column, keeping the mean upward conductive flux small.
In the absence of transients of this type, the snow loses this
heat by radiation and the ratio of HSR to the conduction into
the snow (Fso) decreases with time. It appears that in the

absence of such transients, the long-term average ratio of
HSR to FSO would be much smaller than the values shown
in table 2. Conversely, the high frequency of occurrence of
such events implied by the data suggests that these mech-
anisms play a major role in maintaining the coreless winter
by forcing the upper few tens of centimeters of snow to act
as a short-term heat storage buffer.

The upward and downward fluxes of shortwave radia-
tion obtained during the summer seasons of 1975, 1976, and
1977 were analyzed to determine effective surface albedos
(a,) as functions of cloudiness and solar elevation angle (A)
(see figure). In nonovercast conditions, the albedo decreases
linearly from 0.98 at A 2° to a minimum of 0.83 ± .005
for A> 20°. With full overcast, a linear decrease is also
found from 0.93 at A <2° to 0.84 ± 0.005 for A> 180.
The weak effect of cloud cover on the albedo is attributed
to the thinness of clouds typical of the region.

Shortwave albedo (a.) versus sun elevation (A) for different
amounts of cloud cover. Open circles represent no clouds,
dots represent cloud cover less than or equal to 0.24, tri-
angles represent cloud cover less than 0.8, and X's represent
cloud cover greater than 0.7. Linear expressions for non-
overcast and near overcast are shown.

These albedos are higher than those reported for other
interior plateau stations. I believe that the higher values at
the South Pole can be attributed to the slower rates of
surface snow metamorphosis there due to lower maximum
sun elevations and absence of diurnal radiative flux and
temperature cycles.

The success of this effort is largely the result of the ded-
ication of the winter-over personnel: R. Hamilton, B. Fitch,
B. Jackson, R. Jackson, C. Wahn, and M. Soares. Their con-
tribution is gratefully acknowledged. The modeling work
was begun while I visited the Meteorological Institute, Uni-
versity of Hamburg, Federal Republic of Germany. The
support of this institute and the advice of a number of its
members is also gratefully acknowledged.

Support for this work has been provided by the Agricul -
tural Experiment Station of the University of California and
National Science Foundation grants DV 40893, DPP 76-22260,
and DPP 77-19362.
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Antarctic aerosol research

S. BARNARD, R. HENRY, A. HoGAN, and J. SAMPSON

Atmospheric Sciences Research Center
State University of New York-Albany

Albany, New York 12203

S. Barnard departed for Antarctica in October, arrived at
Pole just after the station opening, and remained there
through the austral summer 1979-80. J. Samson arrived at
Pole in mid-December. They continued a series of aerosol
observations and investigations of basic meteorological
transport processes and began a new series of experiments
to estimate the flux of aerosol particles from the antarctic
atmosphere to the surface snow and firn.

R. Henry arrived at McMurdo Station in early January.
He began a new series of observations of ozone, small ions,
aerosol particles, and water vapor near the surface. This
program will attempt to (1) determine the frequency of
intrusions of stratospheric air to the surface about the pe-
riphery of Antarctica, (2) evaluate the transport of marine
moisture across the Ross Ice Shelf, and (3) establish the
characteristics of small ion concentrations in the extremely
clear air arriving at McMurdo from the ice cap.

A. Hogan joined usccc Northwind in Wellington, New
Zealand, on 19 December 1979 and made aerosol, solar,
and other meteorological observations along a track from
Wellington to Campbell Island to the Ross Sea (figure).
These observations were continued at McMurdo and Vanda
Stations.

The 1979-80 austral summer was unusual in that a per-
sistent flow was established, bringing relatively warm air to
Antarctica through most of the season. Relatively weak (for
the southern ocean) northerly winds followed the North-
wind almost to Antarctica, finally yielding to the polar
easterlies over the Ross Sea. During early January this flow
became strong enough to cause persistent "southerly"
winds (along the international dateline, rather than from
the usual direction along the Greenwich meridian) at the
surface at the South Pole. As such flow may transport ma-
terial from the Ross Sea area to the South Pole, which might

later be found in firn strata, we are now analyzing the
20-year Pole Station record to determine the frequency of
such transport.

Aerosol observations indicate that surface aerosol con-
centrations in the South Pacific are similar to those
measured in the past over the North Pacific and the Ice-
landic low pressure area of the North Atlantic (Hogan
1976). Aerosol concentrations over the Ross Sea were com-
parable to those measured by Meszaros and Vissy (1974)
over the Weddell Sea.

Solar observations show the total atmosphere to be quite
clear and low in aerosol concentration from 40° to 50°S
but quite turbid in the vicinity of the Antarctic Conver-
gence. The air of the polar easterlies over the Ross Sea was
also quite low in total aerosol content, but not nearly as
low as antarctic continental air measured over McMurdo
and Vanda Stations. The Angstrom (1961) turbidity (total
attenuation of sunlight by aerosol particles) measured at
McMurdo and Vanda Stations showed no change from sim-
ilar measurements made near there by Fischer in 1967 and
at Mandheim in 1949 (Liljequist 1956).

This research was supported by National Science Foun-
dation grants DPP 76-23110 and DPP 76-23115 and by
National Oceanic and Atmospheric Administration grant
047 022 44025. The authors offer special thanks to Captain
Garrett and the officers and men of Northwind for their
enthusiastic support, and to the New Zealand Antarctic
Research Program, Gary Lewis, and Brian Leech for their
assistance at Vanda Station.
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Balloon-borne measurements
of trace gases and aerosols

over the South Pole

D. J. HOFMANN, J. M. Ros, A. F. Fui,
J. W. HARDER, N. T. Kio, and C. L. OlsoN

Department of Physics and Astronomy
University of Wyoming

Laramie, Wyoming 82077

D. L. ALBRrrrON,
A. L. SCHMELTEKOPF and P. D. GOLDAN

Aeronomy Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80303

In January 1980, nine balloon soundings were conducted
from South Pole Station. This campaign marked the ninth
and final summer of stratospheric research in Antarctica by

the Department of Physics and Astronomy at the Univer-
sity of Wyoming. Measurements conducted included two
sets of five trace gas samples to a height of 31 kilometers,
aerosol particles (radius ^!t0.15 micrometers) and conden-
sation nuclei (radius 2:0.01 micrometers) to 28 kilometers,
and five short soundings of condensation nuclei to about
4 kilometers to study the surface condensation nuclei
features.

As in the past, the air samples were analyzed by the
National Oceanic and Atmospheric Administration (No)
Aeronomy Laboratory in Boulder, Colorado; the results for
the two soundings are shown in figure 1. For the first time
large plastic balloons were employed at South Pole. This
allowed samples to be obtained above 30 kilometers.
Samples of methyl chloroform (CH 3CC13) were obtained
in addition to nitrous oxide (N 20), and the fluorocarbons
F-12 (CF202), and F-il (CFC1 3). This marks the fourth
measurement of the latter three gases, each a year apart.
While stratospheric levels do not show a consistent time
dependence, probably because of transport effects, which
require averaging over a much larger data set, the upper
tropospheric (6 to 7 kilometers) samples apparently do.
Figure 2 shows the time history of these gases at this level.
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upper troposphere (6-7 kilometers altitude) at McMurdo and
South Pole. The number (2) accompanying a data point Indi-
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per trillion by volume)

Increases for CF202 (10.5 percent per year) and CFC13
(9 percent per year) are clear. These increased values are
consistent with emission rates to the atmosphere during the
1977 period. N20, on the other hand, does not show a
substantial time variation. For a detailed analysis of data
obtained prior to 1980 from Antarctica as well as other
stations see Goldan, Kuster, Albritton, and Schmeltekopf
(1980).

Figure 3 shows the results of the aerosol sounding com-
pared with one obtained at McMurdo a year earlier. The
three layers in the 10 . to 15-kilometer region are thought to
be caused by the eruption of La Soufriere on the island of
St. Vincent (13.3°N 61.2°W) in April 1979 and subsequent
transport to the Southern Hemisphere during the spring
and summer of 1979. For a detailed analysis of this and
related events as measured at several stations, see Rosen
and Hofmann (in press).

The condensation nuclei soundings were consistent with
those made last year (i.e., low concentrations of 100 to
200 per cubic centimeter at the surface) and increasing
dramatically above the surface to values as high as several
thousand per cubic centimeter just above the surface. Ex-
amples of similar results have been reported in the past.
(Hofmann, Rosen, Fuller, Martell, Olson, Schmeltekopf,
and Goldan 1978; Hofmann, Rosen, Kjome, Olson, Schmel-
tekopf, Goldan, and Winkler 1979).

This work was supported in part by the National Science
Foundation grant DPP 77-21202 and by Department of
Commerce grant 04-6-002-44019. Authors Fuller, Harder,
Kjome, and Olson performed the field work at South Pole
Station during January 1980.
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Studying atmospheric
composition using
Infrared techniques
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DAVID C. MURCRAY,
FIWsJK H. MURCRAY, and FRANK J. MURCRAY

Department of Physics
University of Denver

Denver, Colorado 80208

University of Denver researchers continued their obser-
vation program during the 1979-80 season. Measurements
of infrared transmission of the atmosphere were made from
the clean-air facility of the Amundsen-Scott South Pole
Station in late November.

When analyzed, the data will provide information about
concentrations of many minor atmospheric constituents,
both natural and anthropogenic, which are of importance
in atmospheric chemistry (Murcray 1978; Murcray, Wil-
liams, Murcray, Murcray, and Kosters in press; Williams,
Kosters, Goldman, and Murcray 1976).

The experiment measures the spectral transmission of
solar radiation by the atmosphere. Most molecules other
than diatomic homonuclear species (N2, 02, etc.) absorb
infrared radiation at a set of frequencies unique to that
molecule. The spectrum of radiation from the sun traverses
the atmosphere to a ground site and can be analyzed to give
information on concentrations of stratospheric as well as
tropospheric species.

Data of this nature from the South Pole Station are partic-
ularly valuable because (1) they provide information about
the spread and atmospheric residence times of pollutant
species, and (2) they will provide a baseline record of the
compositon of the least polluted region on Earth.

The South Pole Station also provides a site at which data
can be obtained in frequency regions not usually accessible
for ground observations. The 2,000- to 1,300-kayser regions
were measured during the 1979-80 season. Much of this
frequency range is strongly absorbed by water vapor and
exhibits total absorption from most ground stations. Be-
cause of the extremely dry atmosphere, much more of this
region can be investigated from the South Pole Station.

The spectra obtained contain thousands of spectral lines,
most of which are caused by common atmospheric species
such as carbon dioxide, water, carbon hydroxide, and car-
bon monoxide. A small (10 kayser out of 700-kayser) por-
tion of the spectrum recorded in 1979-80 is shown in the
figure along with identifications of the compound re-
sponsible for the major lines.

This research was supported in part by National Science
Foundation grant DPP 77-24304. We wish to thank NSF and
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Holmes and Narver support personnel for their help with
our liquid helium logistics problems.
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Geophysical monitoring for
climatic change at the South

Pole, 1979

JOHN C. BORTNIAK and BERNARD C. MENDONCA

Air Resources Laboratories
National Oceanic and Atmospheric Administration

Boulder, Colorado 80303

The Amundsen-Scott South Pole Station is one of four
research observatories maintained by the National Oceanic
and Atmospheric Administration (No) Geophysical
Monitoring for Climatic Change (cMcc) program (Men-
donca 1979). The program's objective is to determine,
through continuous measurements, global levels, trends,
and source and sink variations of climatologically im-
portant atmospheric constituents. GMcc measurements and
research are conducted in the clean air facility located ap-
proximately 90 meters upwind of the main Amundsen-
Scott South Pole building complex. From this facility,
measurements are made to determine how the air masses
over Antarctica receive, store, and remove gases and aero-
sols ejected into the atmosphere at other locations on the
globe. Measurements are made to identify the natural as
well as anthropogenic fractions of trace gases and aerosols
that reach the South Pole. The GMCC program was
operated during the 1978-79 season by John C. Bortniak,
LT(j.g) NOAA Corps (Chief Observer) and Chuck Smythe
(Electronics Technician).

A brief summary of the type and kind of measurements
made by the GMCC program at the South Pole in 1978-79
follows.

Aitken nuclei concentrations were monitored using a
General Electric condensation nuclei counter. Discrete
measurements were made twice daily with a long tube
Gardner counter and a Pollak counter used as the cali-
bration standard. Aerosol light-scattering properties were
monitored for the first time this year using a four-
wavelength nephelometer.

Continuous measurements of wind (Bendix Friez,
Aerovane 120), air and snow temperature (Stow Labs,
954-PL-C), barometric pressure (Rosemont model 1201C),
and moisture (Dupont 303) were taken.

During the austral summer continuous measurements
were taken of (1) direct solar irradiance, using an Eppley

normal incidence pyrheliometer on an equatorial mount,
and (2) global irradiance using four pyranometers atted
with quartz, GG22, OG1, and RG8 filter domes and an
ultraviolet pyranometer. Discrete measurements were
made three times daily with a manually aimed pyr-
heliometer fitted with a filter wheel (quartz, OG1, RG2, and
RG8 filters). The Quartz filter allowing the passage of wave-
lengths of 285-2800 nm (nanometers), GG22 only 385-2800
nm, OG1 only 529-2800 nm, RG2 only 623-2800 urn and
RG8 only 686-2800 run.

Continuous ozone(03)measurements were made using
an electrochemical concentration cell (until January 1979)
and a Dasibi ozone monitor.

A Dobson ozone spectrophotometer (number 80) was
used to take three daily total ozone measurements from
either the solar disc or the zenith. When available, moon
observations were made throughout the austral winter.

Continuous as well as flask sample measurements were
made to determine atmospheric carbon dioxide (CO2) con-
centrations. In 1979 half-liter flasks were hand aspirated
from the clean air facility roof at the rate of one pair per
week until March and then two pairs per week for the rest
of the year.

Pairs of 300-milliliter steel cylinders were filled to 6
pounds per square inch of outside air weekly during the
summer season. These were analyzed in Boulder, Colorado,
for concentrations of trichlorofluoromethane (F-il), di-
chiorodifluoromethane (F-12), and nitrous oxide (N20).

Measurements of atmospheric turbidity were made three
times daily (cloudless sky only) using a VoIz sunphotome-
ter manually aimed at the sun.

Data taken by instruments measuring continuously were
put into a minicomputer (Data General Company, NOVA
1220) and recorded on magnetic tape.

A time series showing the results of some of the meas-
urements made at the South Pole is presented in figure 1.
Flask samples analyzed for N20, F-li, and F-12 are plotted
and fitted to linear regression lines. An increasing trend is
observed at the South Pole similar to increasing trends
measured at the other GMCC observatories (Mendonca 1979).
Best estimates of tropospheric residence times determined
from the observations made at the GMCC observatories are
86 years for CC13F (F-il) and 113 years for CO2F2 (F-12)
(Dutton, Komhyr, and Thompson 1980; Komhyr, Dutton,
and Thompson in press; Mendonca 1979).

Plots of surface ozone and total ozone show similar an-
nual variations. The day-to-day variations in surface ozone
are small (5 nanobars) compared to the annual variation,
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which is about 50 percent of the average annual concentra-
tion. A sharp minimum occurs in February and March and
a broad maximum July through November. Unlike the sur-
face ozone, the total ozone experiences a broad minimum
March through May and a sharp maximum in November
and December, following the surface ozone maximum by 2
months. Both traces show no obvious secular trends (Men-
donca 1979; Oltmans and Komhyr 1976).

The carbon dioxide plot is presented in the Scripps 1959
adjusted index scale. A very small annual variation (the
smallest of all the GMCC CO2 measurement sites) is observed
on an increasing trend. The increase in atmospheric CO 2 at
the South Pole is in agreement with measurements made
throughout the world. The annual increase in CO 2 has been
about 1.0 parts per million of volume (ppmV), but the total
concentration (approximately 330 ppmV) is about 2.0
ppmV lower than the concentrations measured in the
Northern Hemisphere (332 ppmV), where most of the an-
thropogenic CO2 is ejected into the atmosphere (Mendonca
1979; National Academy of Sciences 1977).

The plot of surface concentrations of atmospheric con-
densation nuclei shows a marked annual variation not
significantly different from the annual ozone variations.
The peaks during the austral summer have been related to
the breakdown of a surface-temperature inversion and sub-
sequent vertical transport of air enriched in aerosols to the
surface (Bodhaine and Murphy 1980; Murphy and Bod-
haine 1980).

A plot of the crustal and sea-salt components of surface
aerosols collected on high-volume filters at the South Pole
show an order of magnitude difference in mass between the
sea-salt and crustal components. Both show an annual vari-
ation in opposite phase. These results were obtained
through a cooperative program with the University of
Maryland (Maenhaut, Zoller, Duce, and Hoffman 1979;
Mendonca 1979).

The total global horizontal-incident solar irradiance
measured at the South Pole shows a uniform annual varia-
tion. The monthly averages indicate no secular or inter-
annual variations.

The wind rose in figure 2 shows, in summary form, the
surface winds at the South Pole for 1978. The average max-
imum and minimum temperatures at the Pole are pre-
sented in the table. No trends in temperature are visible in
the 20-year series.

The measurements made at the GMCC station at the South
Pole are being used to determine whether cimatologic-
ally significant atmospheric constituents injected at more
northerly latitudes are reaching the isolated regions of the
Antarctic. Measurements from 1974 to the present have

4
Figure 1. Time series of measurements made at South Pole
Station. Top to bottom: (1) flask sampling of F-li, F-12 and
N20; (2) monthly averages of surface ozone-, (3) monthly
averages of Dobson total ozone, monthly averages of G07,
monthly averages Aitken nuclei, semi-monthly averages total
mass aerosols, monthly averages quartz total horizontal
solar irradiance.
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Figure 2. Wind rose of surface winds at the clean air facility
at the South Pole. The wind directions are referenced from a
grid direction with longitude 0 0 as north. The persistence of
winds out of the northeast quadrant (85 percent of the time),
which Is upwind from the main South Pole building complex,
Is obvious. The preponderance of winds below 10 meters per
second, together with the steadiness of the winds, enable
surface sampling in an uncontaminated air flow upwind
from the Amundson-Scott building and power generation
complex.

shown secular increases in atmospheric CO2 and freons.
Atmospheric aerosol and ozone measurements show no
significant trends in concentrations but do show definite
annual variations in concentrations. Total solar clear-quartz
shortwave irradiance measurements show no gross secular
or interannual trends. Significant variations in average
cloudiness have not been evident from the average
monthly solar irradiance measurements from the 4 years of
record.
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Temperatures at Amundsen-Scott Station, South Pole

Year	Max	 Min	Mean

1957	- 18.9°C	-73.9°C	-49.4°C
1958	-15.0	-73.3	-48.9
1959	-21.1	-77.2	-50.0
1960	-20.6	-76.7	-49.4
1961	 -73.9
1962	-23.9	-75.0	-49.4
1963	-18.9	-77.2	-48.9
1964	-18.9	-72.2	-48.9
1965	-20.0	-80.6	-49.4
1966	-18.9	-76.1	-49.4
1967	-18.3	-76.1	-49.4
1968	-22.8	-77.8	-49.4
1969	-20.6	-77.8	-49.4
1970	-20.0	-75.6	-49.4
1971	-16.7	-75.6	-49.0
1972	-20.6	-73.3	-48.8
1973	-21.7	-75.0	-49.6
1974	-17.8	-77.2	-48.8
1975	-20.0	-75.0	-49.3
1976	-12.3	-76.0	-48.1
1977	-19.7	-74.9	-49.5
1978	-13.9	-76.7	-48.4

Lidar measurements
In Antarctica

VERN N. SMuy

Desert Research Institute
Reno, Nevada 89506

The Desert Research Institute has conducted lidar
measurements of the troposphere in Antarctica during
some austral summers and winter-over (w/o) periods since
the 1974-75 season. The early work began with a single-
channel lidar at South Pole Station with the goal of de-
termining where ice crystals form and grow during a
phenomenon referred to as "clear sky precipitation." This
research continued in 1976-77 with the addition of a second
receiver channel for the lidar. The laser transmitter was
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polarized and the receivers were cross-polarized, one meas-
uring the return signal polarized parallel to the transmitted
beam and the other measuring the signal polarized perpen-
dicular to the transmitted beam. The ratio of the perpendic-
ular return to the parallel return is the depolarization.

The lidar was then moved to Palmer Station and used to
study ice formation in low-level clouds during the 1977-78
winter-over season. Final measurements were made during
the 1979-80 season at the same location. Personnel involved
in field operations this year were Mark Faust (w/o period)
and Bruce Morley, who carried out some lidar calibrations
and measurements as well as sky background measure-
ments during February and March of 1980.

The purposes of our activities for the 1979-80 season
were: (1) to take vertical backscatter and depolarization
profiles of low-lying clouds; (2) to determine from the de-
polarization ratios whether ice crystal, water droplet, or
mixed-phase clouds were present; and (3) to relate the ob-
served events to local meteorological conditions.

A significant amount of useful data was obtained the last
two seasons despite some problems. In addition, this last
year some of the reduced data from earlier measurements at
South Pole were analyzed. Significant results were found
and publications are being prepared. The unpolarized lidar
results for the period March to November 1975 showed
that, on average, clear sky precipitation crystals were grow-
ing in a layer, with tops close to the inversion level tops at
420 meters ± 130 meters during austral night and 650
meters ± 170 meters during austral day. Higher layers,
which may have "seeded" the lower layer, were frequently
observed above the surface layers. Winds at the 650- and
600-millibar levels were predominantly upslope. Principal
ice crystal habits observed were plates, prisms, bullets, and
clusters ranging in size from 80 to 225 micrometers. An
example of a lidar return from clear sky ice crystal precip-
itation data from this period is shown in figure 1.

Summer data for the 1976-77 period at South Pole with
the depolarization-sensitive lidar also provided significant
results. Used together, the backscatter profiles and depolar-
ization profiles may allow us to discriminate between water
drop, ice crystal, and mixed-phase layers. One example in
which the interpretation is not so clear is the lidar return
shown in figure 2. The intense peak between 900 and 1,500
meters shows almost no depolarization. Under this layer
the depolarization climbs rapidly to about 0.5—about the
value predicted for pure ice crystals. One explanation is that
the strong backscattering layer is composed of spherical
water drops, with ice crystals forming underneath and fall-
ing out. Another explanation for the strong peak is possible.
Horizontally oriented plates give a strong unpolarized re-
turn to a vertically oriented lidar system as a result of
specular reflections (Platt 1977; Sassen 1977). However, the
temperature at the 1,000- to 1,500-meter layer varies from
— 29° to — 30°C, which is generally too cold for plates to
predominate. The oriented plates would have to become
increasingly disoriented below 700 meters to explain the
increasing depolarization as a function of decreasing alti-
tude. It is possible for turbulence in the boundary layer to
cause such disorientation.

Figure 3 presents an example of a polarization-sensitive
lidar profile taken at Palmer Station when rain and snow

AVERAGE RETURN SIGNAL

Figure 1. Lidar return from "clear sky precipitation" at
Amundsen-Scott South Pole Station on 11 July 1975. The
vertical temperature profile is also Included.
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Figure 2. Depolarization-sensitive lidar return of super-
cooled water drop (or oriented plate) layer and ice crystal
precipitation at Amundsen-Scott South Pole Station at 2105
Greenwich mean time on 8 December 1976. A = parallel lidar
profile, B = perpendicular lidar profile, C = depolarization.
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Figure 3. Depolarization-sensitive lidar return from mixed-
phase cloud and mixture of rain and snow precipitation at
Palmer Station at 0142 Greenwich mean time on 10 October
1978. A = parallel lidar profile, B = perpendicular lidar
profile, C = depolarization.

were seen and the surface temperature was slightly greater
than 0°C. The lidar observes an intense return from a layer
between 500 meters and 750 meters and also a strong per-
pendicular return with an anomalously large depolariza-
tion peak at the top of the layer. The perpendicular return
and anomalous depolarization are apparently the result of
oriented crystals (other than plates) in a mixed-phase layer.
The lower portion of the return below 350 meters is pre-
cipitation where snow predominates, as indicated by the
depolarization values ranging from 0.3 to 0.5.

Other investigators who participated in the data reduc-
tion were Bruce Morley, Bruce Whitcomb, and Joseph
Warburton.

This research was supported by National Science Foun-
dation grant DPP 78-23835.
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High-resolution picture
transmission satellite receiver at
McMurdo Station aids antarctic

mosaic project
DONALD R. Wrnsr and CRAIG P. BERG

NOAA/National Earth Satellite Service
Washington, D.C. 20233

GLENN C. ROSENBERGER (U.S. NAVY, RETIRED)

Naval Support Force Antarctica
Port Hueneme, California 93043

Although automatic picture transmission (An) of
National Oceanic and Atmospheric Administration (No)
satellites has been available at McMurdo Station for a num-
ber of years, the National Science Foundation has installed
a new high-resolution picture transmission (HRVr) system,
which began operations on 12 January 1980. This system
not only provides useful images for operational meteor-
ological forecasts, but also can collect digital data on high-
density tapes 20 to 28 times per day. Thus, the HRFT satellite
data receiver can also play a research role for certain
projects and investigators.

The purpose of the NSF-purchased satellite data acquisi-
tion system is to facilitate weather forecasting and to pro-
vide a means for collection of NOAA satellite data for
research purposes. The "Antarctic Mosaic" project is one
NSF-funded research effort. It is a joint NOAA/USGS program.
No, with assistance from the meteorology division,
McMurdo Station, is collecting selected cloud-free data that
will be computer-rectified, enhanced, and enlarged to a
scale of 1:5,000,000. The resulting images will be sent to the
U.S. Geological Survey, where photogrammetrists will fit
the images into a stereropolar projection and add place
names, latitudes, and longitudes.

During January 1980—the first month the data-
acquisition system was in operation—cloud-free images
and tapes of about 40 percent of the Antarctic Continent
were recorded.

The NOAA satellites are in near-polar (inclination of ap-
proximately 99 degrees), sun-synchronous orbits. NoAA-6
crosses the equator at 0730 and 1930 local time, and TIROS-N
crosses at 0330 and 1530 local time. The nodal periods are
approximately 102 minutes and thus provide slightly more
than 14 orbits per day (Hussey 1979). The average altitude
is 833 kilometers for NOAA-6 and 870 kilometers for TIROS-N.

The advanced very-high-resolution radiometer (AvIR)
provides high-resolution visible and infrared data via real-
time transmission (HRPT) or via onboard recording (local
area coverage—LAc), with a resolution of 1.1 kilometers at
subpoint on four spectral channels. HRPr and LAC data are
used for day- and night-cloud mapping, sea-surface tem-
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acquires fewer orbits, commonly all orbits per satellite in
which the spacecraft is at least 10 degrees above the horizon
at some point along the suborbital track (see figure 2). The

temperature mapping, and land-surface mapping. Table 1
lists the AVHRR channel characteristics; table 2 lists the HRPT

characteristics.

Table 1. AVHRR channel characteristics

Resolution at WavelengthChannel	subpolnt	 Primary use(micrometers)(kilometers)

1	1.1	0.58-0.68	Daytime cloud and
surface mapping

2	1.1	0.725-1.10	Surface water
delineation

3	1.1	3.55-3.93	Sea-surface
temperature,
nighttime cloud
mapping

4	1.1	10.5-11.5	Sea-surface
temperature,
day/night cloud
mapping

Source: Hussey 1979.
'0.55-0.90 on TIROS-N.

Table 2. iiar system characteristics

Parameter	 hrpt characteristic

Line rate	 360 lines per minute
Data channels	4 (later satellites will have 5)
Data resolution	1.1 kilometers at subpoint
Carrier modulation	Digital split phase, phase modulated
Transmit frequency	1,707.0 megahertz (No.A-6)

1,698.0 megahertz (TIROS-N)
Transmitter power	5 watts
Polarization	 Right-hand circular
Spectrum bandwidth	Less than 3 megahertz

Source: Schwalb 1979.

The HRPT system consists of an EMR model 813 satellite
image processor, a Sangamo Weston Sabre IV tape drive,
and a Laserfax model 816 recorder (figure 1) located in the
meteorology office, building 165, McMurdo Station, and a
2.44-meter antenna installed in a tower directly opposite
the main entrance to building 165. The system is operated
and maintained by the U.S. Naval Support Force Antarc-
tica. A file of current imagery is kept at the meteorology
office, but aside from special requests from investigators, no
taped digital data will be stored. Investigators who require
satellite data on tape should discuss their needs with the
officer-in-charge of the meteorological office either at Mc-
Murdo or at his winter headquarters in Port Hueneme,
California.

At 770 51'S the McMurdo Station installation is the "most
polar" of all the data acquisition stations. This near-polar
location greatly increases the frequency of satellite over-
passes. Users within line-of-sight of the satellites can re-
ceive up to 16 minutes of real-time data directly from the
spacecraft. With the two-satellite NOAA system of polar
orbiters, it is possible to receive 28 orbits a day. However,
the direct readout facility at McMurdo Station routinely
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Figure 1. The iini receiving equipment at McMurdo Station.

Figure 2. Map of Antarctica showing the satellite reception
area at 00 and 100 elevation with the horizon. The actual
coverage by the scanner approximates the 0 0 circle; the 100
circle represents the limit of satellite signal reception with
the antenna at McMurdo.
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suborbital tracks are not identical from day to day owing to
the noninteger number of orbits per day.

The AVHRR scans from horizon to horizon perpendicular
to the direction of flight line, which allows coverage over
most of Antarctica. The zero-degree elevation circle in
figure 2 closely approximates the sensor coverage. Even
with this plentiful coverage, certain areas on the Antarctic
Peninsula and Queen Maud Land are not accessible by
direct readout. Recorded data—scheduled in Washington.
D.C., and received at Wallops Island, Virginia—must be
used for these areas.

The antarctic NOAA satellite mosaic project, when com-
pleted, will consist of approximately 35 rectified and en-
hanced satellite images fitted to a stereopolar projection at
a scale of 1:5,000,000. An overlay printing of a grid and
selected place names will identify and locate prominent
terrain features. It is believed that the detail in certain
remote areas will be superior to the older sketch maps.
Although Landsat images are currently used by the U.S.
Geological Survey for the preparation of photomaps, their
use is limited by the fact that Landsat cannot acquire images
south of 80° latitude. The Shackleton Range, the Pensa-
cola Mountains, and most of the Transantarctic Range he
outside of the Landsat orbit. Fortunately, the NOAA satel-
lites will cover the entire polar area albeit at diminished
resolution.

Figures 3, 4, and 5 are enlarged AVHRR channel 2 images
produced at the McMurdo Station HRPT receiving station;
certain selected geographic textures have been labeled for

.4
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Figure 4. NOAA-6 AVHRR near-PR image (channel 2) of the
Ellsworth Mountains.

reference. These images have standard gray-scale enhance-
ment curves as programed by the station operators. Note in
figure 3 that the icebreaker-cleared channel to McMurdo is
readily discernible, as are the Dry Valleys.

The mosaic will be useful to geographers, cartographers,
geologists, glaciologists, and oceanographers. While it will
be considered an "uncontrolled" mosaic, the configuration
of the continent and the delineation of the ice shelves will
be rather well defined. Although it is impossible to give an
expected completion date, the target date for the collection
of cloud-free images is 1 February 1981. Current plans call
for publication of the mosaic as a U.S. Geological Survey
map.
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Figure 3. NOAA4 AVHRR near-
PR image (channel 2) of
Ross Island and vicinity.
Note the icebreaker-
cleared channel to Mc-
Murdo Station.
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The authors wish to acknowledge Charles Liddick of the
National Earth Satellite Service Office of Operations Sup-
port Branch for calculating the satellite reception circles
from McMurdo; William Kosco of the U.S. Geological
Survey for his support of the project; and Olivia Smith for
her preparation of the manuscript.

This research was supported by National Science Foun-
dation grants, DPP 79-06412 and DPP 77-27010.
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Measurements of the katabatic
wind in Antarctica

Giw WENDLER

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99702

A. Pocci

Laboratoire de Glaciologie
Universite de Grenoble

Grenoble, France

During the austral summer 1979-80, as a part of the
U.S.-French joint experiment, three automatic weather sta-
tions (Aws) built by Stanford University were installed in

Antarctica to investigate the katabatic wind in the French
sector. One was placed on Dome Charlie (3,215 meters), the
other two at D17 (438 meters) and D10 (267 meters) near
Dumont d'Urville Station (66°4('S 140°01'E). Measure-
ments from these stations, together with those obtained by
the French scientists, are increasing our data base rapidly,
giving hope for a better understanding of this wind
phenomenon. This joint French-U.S. experiment will estab-
lish additional stations between Dome Charlie and D17, as
well as some stations around Dumont d'Urville, during the
coming season.

Stations at D10 and D17 were installed in January 1980
and at Dome Charlie in February; March 1980 was the first
month during which we obtained a full set of data from all
three stations. The wind velocities for the three stations are
given in figure 1. D10 and D17 have very similar wind
conditions, a result to be expected. The winds are steadily
downslope, changing their SSE direction very little. Winds
are strong, up to 128 kilometers per hour, and are expected
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Figure 1. Wind velocities for the three automatic weather stations (Aws) during March 1980. A dot indicates a wind vector
coming from the center of the graph. Note the steady, strong downslope winds for D10 (Aws 8901) and D17 (Aws 8900); at Dome
Charlie (Aws 8904) the winds are lighter (scale Is different) and more variable.

E

to increase during winter. In April 1980 winds up to 140
kilometers per hour were measured at 017, and an absolute
maximum in wind speed at Dumont d'Urville was recorded
at 314 kilometers per hour in midwinter (June)—a speed
that will challenge the design of any station. Dome Charlie
experiences much lighter winds and the direction is more
variable. This is understandable as there is no gravity wind
and the wind regime is more like that of the free atmos-
phere. Temperatures drop to very low values at this high-
altitude station. March had a minimum of — 66.1°C, with a
mean of — 51.8°C. In April the mean temperature dropped
to — 60.3°C, with a minimum of — 73.4°C. An absolute
minimum for Antarctica might be measured in the next
few months, assuming, of course, that our station stays
operational at these low temperatures.

The diurnal variation in the wind speed at D10 during
March is given in figure 2. 017 showed a very similar
course. The maximum is observed during the night, and the
minimum at noon. Note that local noon is around 3 a.m.
Greenwich mean time. Furthermore, data were used only
when Dome Charlie had wind speeds below 8 kilometers
per hour, that is, in the absence of strong cyclonic activities.
These results are expected for a gravity wind and were
previously reported from French observations. In figure 3
the wind speed at D10 is plotted against the temperature
difference between D10 and Dome C, the assumption being
that the greater the temperature difference, the stronger the
gravity wind. Some indication of this effect can be seen, at
least for stronger wind speeds. it is also interesting to note

the very large temperature differences which, most of the
time, are far above the adiabatic rate. Since the surface
winds are always offshore, this can be explained by rela-
tively warm maritime air, which is moved at a somewhat
elevated level inland and is mixed into the surface layer,
hence warming the coastal stations. This large temperature
difference is, of course, the driving force of a gravity wind.

This work is being supported by National Science Foun-
dation grant DPP 77-26379. Allen Peterson's group of Stan-
ford University designed the stations. They were installed
by Robert Flint (010 and 017) and Glenn Rosenberger and
Cal Teague (Dome Charlie). Programming was carried out
by K. Chen (Stanford University) and Coert Olmsted (Uni-
versity of Alaska). Our thanks to all these people.
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Figure 2. Diurnal variation of wind speed for D10 during
March 1980. Note that the wind speed has Its minimum at
local noon, around 3 a.m. Greenwich mean time, at a time
when the temperature Is at the maximum.
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VLF studies at Palmer Station,
Antarctica

D. L. CAJU'ENmR and S. TKALCEVIC

Radioscience Laboratory
Stanford University

Stanford, California 94305

A very-low-frequency (vu:) radio observing program at
Palmer Station was established in 1978 by Stanford Univer-
sity. Major objectives of the program included imple-
mentation and development of vu: direction-finding (DF),
support of Siple Station vu: transmitting experiments,
and whistler studies of the magnetosphere at lower-middle
latitudes.

A primary objective of the DF installation is the tracking
of whistler path endpoints and hence the detection of bulk-
flow velocities of the corresponding field-aimed magneto-
spheric paths. A whistler is an electromagnetic signal that
is generated by lightning discharge and travels along
the Earth's magnetic lines of force. With the classical
frequency-time or dispersion techniques, only the north-
south or equatorially radial component of motion may be
estimated. A data set acquired at Palmer on 3 October 1978
shows that multi-hour tracking is indeed achievable by the
DF technique. East-west drifts of two whistler ducts were
detected over a period of several hours prior to local mid-
night. Further study of this and other cases should provide
important extensions of knowledge about the penetration
of magnetospheric electric fields and associated convection
patterns into the dense plasmasphere.

Important new results have been obtained relative to the
scattering of energetic electrons into the ionosphere by
whistlers propagating in the magnetosphere. This scatter-
ing is manifested by amplitude perturbations of fixed-
frequency vu: signals propagating at nighttime in the
Earth-ionosphere waveguide (Helliwell, Katsufrakis, and
Trimpi 1973). Several case studies from October 1978 at
Palmer are providing the first data about how the ampli-
tude perturbations depend upon scattering whistler am-
plitude, whistler component structure, and whistler path

location. During some intervals, an approximate propor-
tionality has been observed between the size of the fixed-
frequency signal perturbation and the scattering whistler
amplitude. Path endpoint location is important; in all cases
seen thus far the endpoint was equatorward of the station
and in a direction within about 30° of the great circle path
of the affected fixed-frequency signal. In several cases,
amplitude perturbations were seen simultaneously on the
paths of stations NSS (21.4 kilohertz) and NLK (18.6 kilo-
hertz). The corresponding arrival bearings at Palmer are
separated by about 30°.

The direct subionospheric signal propagating from the
Siple vu: transmitter to Palmer Station exhibits an anom-
alous arrival bearing on the tracking/DF system operated
at Palmer. However, two-hop whistler signals exiting
the ionosphere near Siple and propagating northward to
Palmer show no evidence of an anomaly. The approxi-
mately 50° to 70° departure of the direct signal from the
expected angle is now being interpreted as the result of the
horizontal polarization of the signal transmitted from the
21-kilometer longwire dipole antenna at Siple. The antenna
is oriented perpendicular to the Siple-Palmer direction.
The horizontal polarization is essentially preserved follow-
ing the single reflection from the ionosphere along the
1,400-kilometer path. It leads to a large arrival error, one
that is predicted by the design theory of the DF analyzer in
the receiving system (Leavitt 1975). On the other hand, the
arriving two-hop whistler-mode signal is expected to ex-
hibit a significant electric field component in the plane of
incidence, and, according to the tracker theory, should give
a reliable bearing. The behavior of the anomaly is sensitive
to the reflection properties of the ionosphere; this point is
being investigated further.

This research was supported in part by the National
Science Foundation grant DPP 79-24600, and in part by the
Office of Naval Research grant N00014-76-C-0689.
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Comparison of ground-based and
satellite measurements of plasma

densities In space

D. L. CARPENTER, T. R. MILLER, and T. F. BELL
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Stanford University
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Department of Physics
University of Iowa
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The whistler method has been used for nearly 30 years as
a means of estimating the electron density near the mag-
netic equator (or Neq) at several earth radii geocentric dis-
tances (or Q. The method depends on measurements of the
frequency-time properties of lightning-induced very-low-
frequency (vu) signals that propagate from hemisphere to
hemisphere along field-alined ducts of enhanced ioni-
zation. A lightning flash may excite many ducts extending
to many different earth radii. As a result, a corresponding
number of data points on an equatorial profile of electron
density may be estimated.

The whistler method might be applied with still greater
effect if certain questions of interpretation could be re-
solved through detailed comparisons with reliable data
from spacecraft. Such comparisons are now being made for
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the first time, based on occasions when the high-altitude
(apogee of approximately 21 earth radii) IsEE-1 satellite is in
the region threaded by whistlers propagating to Siple and
Palmer Stations, Antarctica. The cases studied thus far in-
volve geocentric equatorial radii of approximately 3 to 5.5
RE; the satellite was within approximately 20° of the mag-
netic equator and at longitudes within approximately ±15°
of the magnetic meridian of the ground station.

A sweep frequency receiver (si), fed from a long dipole
antenna, is operated by the University of Iowa to survey
radio noise activity from 100 hertz to 400 kilohertz. A nar-
row electrostatic noise band centered on the so-called upper
hybrid frequency is regularly present in the records. This
noiseband closely approximates the plasma frequency,
which in turn provides a measure of electron density at the
satellite position.

The figure shows a comparison of sFR and whistler data
recorded on 10 July 1978 as the satellite moved inbound
near 21 hours magnetic local time. The small fixed circles
represent the sFR data, while the open squares represent
measurements on several whistlers recorded over a period
of about 30 minutes. The profile represents the outer pbs-
masphere (inside the plasmapause) under relatively calm
magnetic conditions. Multivalued SFR data represent upper
and lower limiting density values and correspond to re-
gions of noiseband appearance in several adjacent narrow-
band detectors. The error bars on the whistler data reflect
uncertainty in the parameters of a model of the field-line
distribution of electrons used in the calculations. There is
excellent agreement between the two sets of results and
hence a new kind of experimental support for the inter-
pretation of the two measurement techniques.

Prior to these comparisons, it was not possible to
compare the density within whistler ducts to the average
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density in the surrounding medium. From this example
and others it is estimated that the density enhancements in
the whistler ducts are no more than 20 to 30 percent above
the background, in agreement with earlier theoretical pre-
dictions (Smith 1961). The excellent agreement of the pro-
files over a range of approximately ± 15° longitude around
the ground station meridian suggests that in the magnetic-
ally calm conditions of the time, there were no signifi-
cant longitudinal or east-west gradients in plasma density.

Studies are continuing in which densities will be compared
under various conditions of magnetospheric disturbances.

The research at Stanford was supported by National Sci-
ence Foundation grants DPP 76-82646 and DPP 7845746.
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Cosmic ray intensity variations
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University of Delaware
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The antarctic cosmic ray stations, located at McMurdo
and South Pole, provide crucial observations for in-
vestigating a wide range of dynamic features of the
"weather" in the heliomagnetosphere which dominates in-
terplanetary space. There have been significant changes
recently in our understanding of the processes that occur in
the far-reaching extension of the solar corona out to its
boundary at about 50 to 100 astronomical units (Au).

The unusual behavior of the galactic cosmic ray flux in
the current solar activity cycle has demonstrated the im-
portance of long-term monitoring of the cosmic ray in-
tensity over many solar cycles (each about 12 years). It is a
well-established fact that data from antarctic stations have
been found to be crucial in almost all of the major discov-
eries of new modulation phenomena that have been made
in recent years.

Last year was no exception; three new types of phenom-
ena were brought to light.

First, a large cosmic ray intensity wave was noted in the
data recorded at McMurdo and South Pole Stations several
years ago. The period of this strange single oscillation,
which was not associated with a classical Forbush decrease,
was about 27 hours. Harmonic analysis in universal time
(UT) (rather than in local solar time) reveals that the diurnal

vector on 27 October 1977, differs significantly from those
on other days before and after the event (figure 1). Figure
1 also shows that this oscillation was associated with a
geomagnetic storu on 27 to 28 October, as revealed by the
abnormally high magnitude of the equatorial ring current
(Dst). Subsequent analysis of data from a global network of
stations revealed that this oscillation represented an ani-
sotropy in free space, with the apparent source in the di-
rection 800S 700W. The largest amplitudes by far were
recorded at McMurdo and South Pole Stations. In fact, with-
out the observations at these strategically located sites, this
unprecedented event would not have been detected.

Secondly, a power spectrum analysis of the intensity
difference between McMurdo and its northern conjugate,
Thule, has revealed the presence of a wave with a period of
27 days, as well as its higher harmonics (figure 2). This is
the first evidence for an effect of solar rotation upon the
anisotropy in a direction perpendicular to the plane of the

Figure 1. Harmonic dials in universal time, showing the di-
urnal vectors determined from cosmic ray data recorded at
three Bartol stations, two of which are poise and one of which
scans the ecliptic plans. A similar clock diagram represent-
ing the equatorial ring current (Dot) Is shown for comparison.
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Figure 2. Power spectrum of the difference in cosmic ray
Intensity between north (Thule) and south (McMurdo) polar
stations during the period 1917-1974.

ecliptic. This analysis, as well as our study of the diurnal
anisotropy in the plane of the ecliptic, has led us to the
formulation of an interesting theoretical model. We find
that the observed fluxes can be attributed to particle gra-
dient drifts arising from a symmetric cosmic-ray density
gradient about the average interplanetary magnetic field
direction of about 7 percent per AU.

Finally, the data from South Pole Station disclosed the
occurrence of a clear ground level enhancement (cix) on 21
August 1979, which represents the arrival at Earth of rela-
tivistic solar particles (energy greater than 1 gigaelec-

tronvolt). As figure 3 shows, other polar stations, including
McMurdo, recorded only a small variation not unlike the
background fluctuations that represent small magnitude
modulations of galactic cosmic rays. The fact that this event
was recorded with two different types of detectors at South
Pole (conventional neutron monitor and unshielded de-
tectors, i.e., bare counters) has provided us with a means for
determining the energy spectrum and other characteristics
of this heretofore unreported GLE.

This research was supported by National Science Foun-
dation grant DPP 76-23429.
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Solar seismology: A new view
from the South Pole

MARTIN A. POMERANTZ

Bartol Research Foundation of the Franklin Institute
University of Delaware

Newark, Delaware 29722

GkRARD Gic

D'epartement d'Astrophysique, Universit'e de Nice
F-06007 Nice, France

Eiuc FOSSAT

Observatoire de Nice, Universit'e de Nice
F-06007 Nice, France

Only two methods of probing the interior of the sun are
currently available for critically testing the predictions of
theoretical models of the internal solar structure.

The first technique which requires the exceedingly dif-
ficult measurement of neutrinos emanating from thermo-
nuclear reactions in the solar core, has yielded only an
upper limit of the solar neutrino flux that is somewhat
below original expectations.

The other approach is to attempt to detect and identify
normal modes of global solar oscillations (i.e., the "ringing"
of a spherical bell) arising from internal processes. These
pulsations characterize phenomena in the unseen layers
where dynamic processes cause all effects that produce vis-
ible manifestations on the solar surface.

One way to investigate the sun's pulsations is to measure
continuously the apparent solar diameter. However, results
obtained in such experiments are suspect because of various
atmospheric effects.

Another technique utilizes Doppler shift measurements
of the light from the visible disk. Experiments of this type
have led to general agreement concerning the occurrence
of solar pulsations with periods in the range of about 5
minutes. However, for a variety of reasons (especially in-
terference by the Earth's atmosphere and other local con-
siderations at normal midlatitude locations), acceptance of
the validity of reports of longer period-global solar pulsa-
tions—especially a widely discussed one at 2 hours and 40
minutes—has not been universal.

We recently recognized that the South Pole is unique for
pursuing the solar oscillation problem under conditions
that cannot be duplicated anywhere else on Earth. Conse-
quently, an American-French campaign was organized to
conduct this experiment during the austral summer 19794;0.

A well tested sodium optical resonance photoelectric
spectrophotometer developed at Nice (France) for full disk
measurements of the Doppler shifts in the 58% Na D. line
was modified for operation under the rigorous conditions
prevailing at the South Pole. A vertical telescope (8 cen-
timeters, ff18), specifically designed and constructed for
this experiment at Bartol, provided two nonrotating solar

images, one of which was focused on the guiding sensor
array and the other on the spectrophotometer.

To create the most impeccable conditions possible by
eliminating all potential man-made sources of spurious
effects that could be envisaged (such as the local source of
thermal turbulence arising from the Amundsen-Scott
Station complex which would be seen at the same time
every day) a site 8.1 kilometers upwind from the base was
selected. The well insulated 3.5-meter X 2.5-meter Labora-
tory building mounted on a sled was installed in a deep
trench. The wanigan was then enclosed by a plywood
roof and vestibule walls, fore and aft, and was buried in
the snow. The telescope and instrument package were
mounted on the surface 30 meters away. A 300-meter cable
connected the observatory to the diesel-powered electrical
generator positioned downwind with respect to the pre-
vailing wind direction.

The prime data for investigating long-period solar oscil-
lations were recorded during a 5-day (i.rr 03 hours 55
minutes 31 December 1979 to UT 12 hours 28 minutes 5
January 1980) interval during which the sun was never
behind a cloud. In addition, clean data (i.e., completely
cloud-free) were recorded during additional intervals of
from 5 to 10 hours, thus yielding high quality tape record-
ings covering a total of more than 200 hours.

Significant definitive results have already emerged from
analyses that have been completed thus far, using only part
of the available data. As we had hoped, the noise level at all
frequencies was significantly lower than has ever been
attained previously, by about an order of magnitude, and
the resolution was exceedingly higher.

Figure 1 shows the result of an analysis with respect to
the period of 160 minutes originally discovered in Crimea

Minutes
Figure 1. Superposed epoch analysis Identical to that car-
ried out by other groups claiming the d.tsctlon of a 2 hour 40
minute solar oscillation. The data points were recorded at
South Pole Observatory over 5 continuous days with zero
Interruption. (45 successive Intervals of 150 minutes). The
root mean square standard deviation of 14 centimeters per
second around the mean level Is equal to the amplitude of the
best-fitted sine curve.
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and observed in phase coherence during the last few years
both in Crimea and at Stanford (Scherrer, Wilcox,. Kotov,
Severny, and Tsap 1979). Although the results are not in-
consistent, their significance remains to be determined by
a newly developed technique for evaluating the statistical
uncertainty in a result of this type.

Figure 2 shows the power spectrum of the 5-day data
sample. It reveals that the power in the 3 millihertz range
(approximately 5 minutes) is resolved into many equi-
distant peaks, separated by 68 microhertz. Figure 3 is a
representation on an expanded time scale of the average
shape of certain lines.

The spectral peaks in figure 2 represent more than 40
spherical harmonics, the implications of which cannot be
described in this brief report.

It is premature to undertake a comprehensive discussion
of the theoretical implications of these new observations for
models of the solar interior. However, there is no doubt that
they will be profound.

This work was supported by National Science Founda-
tion grant DPP 78-22467.
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Figure 2. Power spectrum of the continuous 5-day full-disk
Doppler shift measurements recorded at the South Pole from
31 December 1919 to 4 January 1980. The resolution of the
power In the 3 mlllihertz (5 minutes) range Into many discrete
equidistant lines separated by 68 microhertz indicates that
global p-modes, corresponding to a number of spherical har-
monic terms, are observed. Note that the small peaks around
2.4 miiilhertz represent global oscillations with an amplitude
smaller than 10 centimeters per second, corresponding to
motion of the solar radius of a few meters, I.e., a billionth of
r!, (solar radius).
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Figure 3. A superposed frequency analysis of the frequency
range between 2.4 and 4.8 millihertz reveals the average
shape of spectral lines displayed in the power spectrum of
figure 2.

Two auroral arc systems

S.-I. AKASOFU

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

All-sky photographs from the South Pole Station, to-
gether with those from the Defense Meterological Satellite
Program (DM5P) satellites, have revealed that the auroral
oval consists of the dayside and the nightside arc sys-
tems that are topologically distinct. An important implica-
tion of this result is that there are two dynamos in the
magnetosphere.
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After an extensive examination of a large number of
auroral photographs taken simultaneously from the South
Pole Station and from the DMSP satellites, Akasofu (1978)
noted that the auroral arcs in the afternoon lie equatorward
of the evening arcs. This work recently has been extended,
and the results are illustrated schematically in the figure in
which the composition of the aurora! oval (in the northern
hemisphere) is shown on the left-hand side; the right-hand
side diagram is taken from Akasofu (1976).

As the figure shows, the dayside arc system has a radial
alinement, emanating from the midday sector. From the
nightside arc system, a single arc extends toward the after-
noon sector. There is a distinct gap between the two arc
systems, so that they are topologically distinct although
they constitute a continuous annular belt, the auroral oval.
All-sky photographs from South Pole Station have been
extremely crucial in confirming the presence of the gap
between the two arc systems, because it is often difficult
to see the gap in the DMSP photographs. The oval of the two
arc systems is surrounded by the oval of the diffuse aurora.

It is known that both dayside and mghtside arcs are
associated with "monoenergetic" electrons and are also
likely to be related to field-alined currents. Thus, there is
little doubt that the basic processes associated with the ac-

celeration of auroral electrons for both arc systems are sim-
ilar or identical. A dynamo process feeds the field-alined
current, and the latter develops, in turn, the V-shaped po-
tential structure. It is suggested that the dayside arc system
is associated with the dayside field-aimed current system
driven by the low-latitude boundary layer dynamo on
closed field lines, while the nightside arc system is associ-
ated with the nightside field-aimed current system driven
by the dynamo that arises from the solar wind blowing
across the open field lines along the magnetotail. Details of
this work will be published by Akasofu and Kan (in press).
This research was supported by National Science Founda-
tion grant DPP 78-20630.
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Dayside aurora studies with a
keogram camera

ROBERT H. Evnmi

Physics Department
Boston College

Chestnut Hill, Massachusetts 02167

STEPHEN B. MENDE

Lockheed Palo Alto Research Laboratories
3251 Hanover

Palo Alto, California 94304

Previously we have operated a meridian scanning pho-
tometer at South Pole Station to record continuously the
meridional position of aurora on a 24-hour-a-day basis.
Because of the 13° separation of the geographic and geo-
magnetic poles, South Pole is ideally located to study the
dayside part of the auroral oval. The total darkness of the
austral winter allows some 4 months of dayside auroral
observations, interrupted only by ±4 days around full
moon (when the lunar illumination limits the usefulness of
the data).

The dayside aurora is of prime interest to magneto-
spheric physicists because it represents direct particle entry
from the solar wind through the dayside cusps. Thus stud-
ies of the position and intensity of dayside aurora relate to
the fundamental questions of particle entry into the magne-
tosphere, magnetic merging and field line erosion at the
front of the magnetosphere, and large scale magnetospheric
currents (Eather, Mende, and Weber 1979).

In the past, considerable analysis effort has been required
to take the digital tapes generated by the meridian scanning

photometer and produce keograms. A keogram is a gray-
scale plot of intensity of certain auroral emissions on a
latitude-time grid (Eather, Mende, and Judge 1976). The
figure shows a typical keogram from South Pole Station; the
overall diurnal change in auroral position results from the
rotation of South Pole under the auroral oval pattern,
whereas the equatorward movement of aurora between
1700 and 2100 universal time (UT) results from magneto-
spheric substorm activity.

To reduce analysis effort and computer time, a special
camera was developed to produce simplified keograms in
the field. An all-sky telecentric lens system forms an image
of the sky in the plane of a 30-angstrom interference filter.
This filtered image is optically reimaged onto a second gen-
eration image intensifier tube. A meridional slit of the out-
put image is then fiber-optically coupled to within .003 inch
of continuously moving (1 inch per hour) 35 millimeter
film, where the image is photographically recorded. Timing
data are superimposed on the film. The system was found
capable of recording airglow levels (approximately 25 ray-
leighs at 6300 angstroms), and time resolution (determined
by slit width) is about 30 seconds.

Thus a complete winter's data will be obtained on some
300 feet of 35 millimeter film, in a form that can be directly
used without complicated computer analysis and plotting.
The camera was installed at South Pole Station during
January 1980.

This work was supported by National Science Founda-
tion grant DPP 78-23513.
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A 6,300-angstrom keogram from South Pole Station, day 209, 1973. The latitude scale is measured along the magnetic meridian
and goes from 5°S of the South Pole (top of picture) to 5°N (bottom of picture). Local noon is at 1530 ui.
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High latitude Ionospheric
absorption

H. J. A. CHIVERS

Department of Electrical Engineering and Computer Sciences
University of California-San Diego

La Jolla, California 92093

Riometers were operated with conventional wide-beam
antennas directed vertically to record the absorption of cos-
mic radio noise above South Pole, McMurdo, and Vostok
Stations. A rather complete coverage of both auroral and
polar cap absorption events that occur at these sites has now
been obtained and the information cataloged. Because the
absorption events are caused by the influx of energetic
charged particles into the upper atmosphere following so-
lar disturbances, the measured events can be related to both
in situ measurements recorded simulanteously by suitably
placed Earth satellites and other ground-based measure-
ments recorded by a variety of techniques already in use in
Antarctica.

SPIKE EVENT SOUTH POLE 2150Z II MARCH 1975

r4.)

0

0

TIME
Profiles of a fast absorption event on two frequencies, and
the ratio between them.

Earlier results from South Pole had shown the occurrence
there of fast events which are a prominent feature of the
records because of the high resolution available and the
lack of any significant daily variation in background radia-
tion level resulting from the unique location of South Pole
Station. Because two frequencies were used at this site,
some unusual characteristics of these fast events became
obvious immediately. The figure has been prepared by re-
ducing the separate records to absorption values in decibels
and by combining these values to give a time sequence of
the ratio of the values on each of the two frequencies. The
lack of fast structure in the ratio plot is dear; this indicates
that the fast spike is caused by a rapid change in the rate at
which the incoming particles strike the atmosphere. To
resolve other questions about the events, it became neces-
sary to utilize an antenna with a beam much narrower than
the conventional 60° beam used in Antarctica. We had the
opportunity to cooperate in an experiment organized by
the Max Planck Institute, Lindau, Germany, in which a
phased array with multiple beams was instrumented with
eight riometers at Tromso, Norway. Each beam is only ± 8°
wide, and because eight beams are in use simultaneously,
it is possible to construct a one-or two-dimensional map of
the absorbing features depending only on which of the
eight beams are in use. The first results from this array have
shown clearly (Hargreaves, Chivers, and Nielsen 1979) that
the spiky features result from a narrow (25-kilometer) band
of absorbing ionization that moves rapidly through the
beam and expands as it travels. There is little change in the
incident energy spectrum. Work is underway to use this
array to develop a technique for producing, automatically,
one-dimensional maps that reveal the motion and decay of
the narrow absorption bands with time.

Because it has not been possible to build a multibeam
antenna at the South Pole, the antarctic riometers will con-
tinue to be operated with wide-beam antennas to provide
data in a routine way to other observers. Digital data will
become available through the World Data Center, Boulder,
Colorado.

This work was supported primarily by National Science
Foundation grant DPP 7640556. It would not have been
possible without the active assistance of many groups in-
cluding Stanford University, the New Zealand Department
of Scientific and Industrial Research, the National Oceanic
and Atmospheric Administration at Boulder, and the USSR
staff at Vostok.
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New instrument in Antarctica for
the observation of faint auroral

signatures

Sml'imN B. MENDE

Lockheed Palo Alto Research Laboratory
3251 Hanover Street

Palo Alto, California 94304

In a continuing program of investigating natural atmo-
spheric emission phenomena on the antarctic continent,
Lockheed Palo Alto Research Laboratories have collabo-
rated with Boston College in the construction and fielding
of a special purpose photometric instrument for the de-
tection and recording of faint auroras which are precip-
itating particle-induced optical emissions.

The earlier phase of the program at Siple (the detection
of the particle-induced optical emission) has been a great
success. Photometers were used in coordinated experi-
ments with both very-low-frequency (vu) and ultra-low-
frequency (uu) wave detectors. With these instruments it
was found that auroral light emissions often accompanied
by wave activity which was detected at Siple Station. The

Example of a television frame of the type of pulsation data
expected to be seen at Siple. This actual frame was taken
at Roberval, Canada with a similar television system. The
brighter circle represents the horizon as seen by the wide
angle fish-eye lens of the camera. The bright region on the
left part of the picture is a low intensity subvisual auroral
pulsation intensified by the television system.

auroral light is caused by energetic particles which are fall-
ing into the upper atmosphere. Thus, the auroral light
detection, which is correlated with the waves, clearly dem-
onstrates that the two phenomena are closely coupled. The
observed correlations added to our understanding of wave-
particle interactions (Helliwell, Mende, Doolittle, Arm-
strong, and Carpenter in press; Mende, Arnoldy, Cahill,
Doolittle, Armstrong, and Fraser-Smith 1980).

Unfortunately, the photometric observation technique
did not provide any spatial resolution regarding the size
and location of the light-emitting regions. Recently it has
become possible to build very sensitive television systems
that form an image of the entire sky at very low light levels
(Mende, Eather, and Aamodt 1977). Such a television sys-
tem was built and fielded at the conjugate of the field line
at Roberval, Canada some years ago. The figure shows a
picture of an actual very low intensity pulsation observed
by this television system at Roberval. The brighter circle
represents the horizon boundary of the sky as seen by the
wide angle (fish-eye) lens of the camera. The bright region
on the left part of the picture is an auroral pulsation of the
type that we are hoping to detect and to correlate with the
wave experiments at Siple this (1980) austral winter.

Last year, therefore, we built a new television camera for
installation at Siple and for operation in the austral winter
of 1980. During the 1979-1980 austral summer we success-
fully installed the television system at Siple Station.

In addition to the television, we operate a two-channel
zenith viewing photometer and a six-channel meridian
scanning photometer at Siple. R. Squires is wintering with
the instrumentation at Siple Station.

We are looking forward to being able to make a definitive
study based on the new data about the nature of the wave-
particle interactions observed at Siple. The data-taking
cycle started with the darkness of the 1980 austral winter.

This research was supported by the National Science
Foundation grant DPP 71-01668.
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First simultaneous observations
of magnetospheric plasma drifts
by the whistler and Incoherent

scatter radar methods

D. L. CARPENTER and T. R. Mum

Ra4ioscience Laboratory
Stanford University

Stanford, California 94305

C. A. GONZALES and M. C. KELLEY

School of Electrical Engineering
Cornell University

Ithaca, New York 14853

R. H. WAND

Lincoln Laboratory
Lexington, Massachusetts 02173

A topic of major interest in solar-terrestrial physics is the
bulk flow of the Earth's magnetospheric plasma in a direc-
tion transverse to the geomagnetic field lines. There are
several sources of this flow, a major one being electric fields
established through the interaction between the Earth's
magnetospheric envelope and the impinging solar wind.
Measurement of the flow patterns has proven difficult,
partly because of the great size and variability of the mag-
netosphere. This report describes an initial comparison of
results on flows from two ground-based radio probing tech-
niques, the whistler method and the incoherent scatter
radar technique (Gonzales, Kelley, Carpenter, Miller, and
Wand in press).

The whistler method is based on lightning-induced
very-low-frequency (vLF) whistler signals that propagate
through the magnetosphere. From measurements of the
frequency-time properties of successively recorded whis-
tlers, one obtains information on the time rate-of-change
of the equatorial radius of field-alined whistler "ducts"
or paths. This radial motion, when projected downward
along the geomagnetic field lines to ionospheric heights,
corresponds to movement in the magnetically north-south
direction.

The incoherent scatter radar technique measures line-
of-sight Doppler shifts due to the drift of electron irregu-
larities in the ionospheric plasma. Recently, thanks to the
upgrading of facilities at Millstone Hill, Massachusetts, it

has been possible to perform radar measurements of the
north-south and east-west components of drift near the
paths of whistlers observed at Siple Station, Antarctica.
Lines in figure 1 show the two alternating directions of the
radar beam during a joint experiment with Siple Station on
10 July 1978. The circle shows the estimated region within
which the northern hemisphere ends of the whistler paths
were located. This region is centered approximately on
Roberval, Quebec, the magnetic conjugate station with re-
spect to Siple.

Figure 1. Radar measurements at Millstone Hill (along
solid lines) and the estimated whistler viewing area (dashed
circle).

The compared results of the experiment are shown in the
lower two panels of figure 2. The data represent drifts near
field lines extending to 4.4 earth radii geocentric distance.
The numbers plotted are in units of an equivalent east-west
electric field EE. Southward flow corresponds to negative
EE. There is a factor of 10 difference in the amplitude scales;
this is a mapping factor by which the equatorial data from
whistlers and the ionospheric data from the radar would be
expected to differ, provided that the geomagnetic field does
not vary with time.

The measurements represent time averages over about 20
minutes. There is good agreement both overall and in many
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Figure 2. Comparison of radar and whistler data on plasma
drifts, plotted in terms of electric fields perpendicular to
the local magnetic field in the north direction (E) and in the
east direction (E1).

details. Particularly well defined in both data sets is a nega-
tive excursion of the fields near 0830 universal time (UT).
This event coincided with a magnetospheric substorm dis-
turbance and reveals a number of characteristic features
that have been described in previous whistler-based anal-
yses (Carpenter, Park, and Miller 1979). The lack of agree-
ment in amplitude near 04 UT may be due to distortions of
the real magnetic field that are not taken into account in
mapping the whistler data to the ionospheric level.

The comparison near 0830 UT provides evidence that the
compared electric fields were largely potential in nature, at
least on the 20-minute time scale of the measurements.
These results are providing a basis for further whistler-
radar studies of the high and low altitude drift activity.

The research at Stanford was supported by National
Science Foundation grants DPP 76-82646 and DPP 78-05746.
The work at Cornell and Millstone Hill was supported by
the Atmospheric Sciences Division of the National Science
Foundation.
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Photometrically detected
precipitation bursts at the

conjugate point of Sipie Station

Radioscience Laboratory
Stanford University

Stanford, California 94305

The precipitation of energetic electrons from the Van
Allen radiation belts can result from interactions with
electromagnetic waves. Very-low-frequency (vu) waves
generated by terrestrial lightning can propagate along
field-alined ducts in the magnetosphere and scatter trapped

electrons through cyclotron resonance. Some of the scat-
tered electrons follow trajectories which carry them into the
ionosphere where they can collide with ions or neutral
constituents, causing further ionization, heat, optical emis-
sions, and bremsstrahlung X-rays.

Observational evidence for wave-induced electron pre-
cipitation was first seen as correlations between bursts of
VLF noise and X-rays occurring at balloon altitudes over
Siple Station (Rosenberg, Helliwell, and Katsufrakis 1971).
Precipitation has also been found to cause amplitude per-
turbation's in subionospherically propagating VLF signals
(Helliwell, Katsufrakis, and Trimpi 1973) as a result of local-
ized enhancements in ionization.

Correlations between discrete vu waves and ionospheric
optical emissions were first observed at Siple Station in 1977
(Doolittle, Armstrong, Katsufrakis, and Carpenter 1978).
The relative arrival times of the waves and precipitat-
ing electrons in those events suggested that northgoing
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whistler echoes scattered southgoing electrons near the
equator. It follows that a similar effect involving south-
going waves and northgoing electrons should cause precip-
itation in the northern hemisphere. While the one-hop
whistlers were seen to arrive before the optical emissions at
Siple Station, a two-hop whistler should lag optical emis-
sions at the conjugate point. In order to verify this, a pho-
tometer was placed in the field at Roberval, Quebec, in
1978.

The Roberval photometer monitors ionospheric optical
emissions of ionized molecular nitrogen at 4,278 angstroms
in a 100 field of view centered on the zenith. The system
turns on automatically after sunset and records the sky
brightness on a chart recorder running at a slow speed.
During synoptic intervals of 1 minute in every 15 the chart
speed is increased by a factor of 10 to give better time
resolution. vu: audio recordings are also made during the
synoptic intervals, both at Roberval and at Siple Station.

Subvisual optical bursts which are correlated with VLF

wave events are often small compared to slow variations in
the background sky brightness. It is necessary to remove
the slowly varying component of the photometer analog
output, using a high-pass filter with a 2-minute time con-
stant, so that the gain may be increased to resolve the
precipitation events. The photometer signal is recorded
both before the filter to show the background intensity, and
after the filter with an additional gain of 20 to show bursts
of ionospheric optical emissions.

Obvious one-to-one correlations between optical emis-
sions and whistler-triggered noise events were recorded at
Roberval on 30 August, 1979, between 0735 and 0851 uni-
versal time (UT). The photometer chart record during the
0750 UT synoptic interval is shown in panel (a) of figure 1
where bursts of optical emissions of about 1.5-second
duration are labeled using letter designations. The inte-
grated 2-3 kilohertz vu: amplitudes obtained from audio
recordings made at Siple Station and Roberval are shown in
panels (b) and (c). Conjugate vu spectrograms for the inter-
val appear in figure 2 where the subscripts on the event
labels indicate the lightning source (e.g., A0), the one-hop
whistler (A 1 ), and the two-hop whistler (A2).

The sequence of a typical event (e.g., F) begins with a
lightning source in the northern hemisphere (F0) which
launches a vu: wave into the magnetosphere. The whistler-
mode wave is ducted along the Siple-Roberval field line
and resonates with counter-streaming electrons. Wave
growth results from the interactions and therefore the wave
becomes more efficient in scattering electrons as it travels
past the equator. North-going electrons which are scattered
into the loss cone continue spiraling along the field line
toward Roberval while the wave travels south and is seen
at Siple Station (F 1 ) as a one-hop whistler. The precipitating
electrons then cause the ionospheric optical burst (F) seen
at Roberval and finally the two-hop whistler (F 2) arrives
after the expected delay.

The new Roberval results support the model used to
explain the 1977 vu:-photometer correlations seen at Siple

Station. In the 1980 campaign at Roberval, the photometer
output will be recorded on the vu: audio tapes to give better
resolution of the relative timing of correlated events.

The Stanford Radioscience Laboratory vu: experiment at
Roberval was supported by National Science Foundation
grant DPP 7845746. The assistance of Richard Taillefer
for field operation of the photometer is gratefully
acknowledged.
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Direct observation of mlcroburst
electron characteristics

D. L. MATrHEWS

Institute for Physical Science and Technology
University of Maryland

College Park, Maryland 20742

Electron microbursts are fluxes of precipitating energetic
electrons (tens to hundreds of kiloelectron volts) of du-
ration approximately 50 to 500 milliseconds. Microbursts
are a well-defined phenomenon, as yet poorly understood,
expected to be observed in the Siple Station rocket-balloon
program that was postponed to summer 1980-81. Here and
in another paper in this volume we outline progress made
by the University of Maryland group in understanding
microbursts and related events.

In the companion paper, Siren, Rosenberg, Detrick, and
Carpenter (Antarctic Journal U.S., this volume) discuss new
results on the relationships between microbursts and vu
chorus. The present note outlines some characteristics of
the precipitating particles themselves as directly observed
from a sounding rocket. A brief report of these observa-
tions was published by Matthews and Simons (1973), and
Rosenberg, Foster, Matthews, Sheldon, and Benbrook
(1977) reviewed what is known about microbursts; the lat-
ter paper should be consulted for further references.

The rocket observations were made in May 1972 from the
Andbya Rocket Range, Norway, in the aurora! zone. The
observed properties should also be characteristic of bursts
in the lower geomagnetic latitude of Siple Station and its
magnetic conjugate point, Roberval, Canada.

In the rocket data about 80 microbursts were found,
typically distributed in duration and grouping. What fol-
lows is a summary of those features of the observations
which I consider both new and typical.

1. Maximum energy. Electrons up to at least 600 kilo-
electron volts (keV) are precipitated in strong microbursts.

2. Energy spectrum. The measurable spectrum (50 to 300
keV) cannot be described by a single power law or ex-
ponential but hardens at the higher energies. Up to about
200 keV an e-folding energy of 50 keV fits the strongest
bursts; in these the integral flux from 50 to 300 keV ap-

proaches 108 per square centimeter per second. The bursts
emerge from a background flux with an e-folding energy of
approximately 20 keV. The background is about half the
burst intensity at 50 keV and zero above 200 keV. The
integral flux at background is still considerable at approxi-
mately 2 X 107 per square centimeter per second.

3. Pitch-angle distribution. The angular distribution of
downcoming electrons can be described by a flatness
parameter which increases with the flux. At background
this parameter, which is (flux (30°)/flux (85°)), is less than
0.3, but at maximum flux it equals or exceeds unity, even at
the highest energy (300 keV), that is, the flux becomes very
nearly isotropic.

These results show that an approach to strong diffusion
is occurring in the microburst process up to surprisingly
high energies, corresponding to low resonant frequencies.
(No radiowave data are available.)

Cross-correlation analysis has yielded two results. In a
comparison of burst components of the same energy but
different pitch angles, hence different parallel velocities,
the bursts are found to have originated at an altitude greater
than about one earth radius. However, when one compares
different energies at the same pitch angle, one finds that the
more energetic component arrives significantly later than
the less, and is of shorter duration. This implies a growth
rate for the operative instability that decreases with in-
creasing energy.

This work was supported in part by National Aeronautics
and Space Administration research contract 21-002-077 and
by National Science Foundation grant DPP 77-22401. Inte-
gration and launch support were provided by the Royal
Norwegian Council for Scientific and Industrial Research
and the Norwegian Defence Research Establishment. Com-
puter time was provided by the Computer Science Center
of the University of Maryland. I thank D. J. Simons and
T. J. Rosenberg for discussions and assistance.
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Characteristics of the common
origin of electron mlcrobursts

and VLF chorus
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D. L. CARPENTER
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Electron microbursts are fluxes of precipitating energetic
electrons lasting from less than 100 milliseconds to several
hundred milliseconds. They occur in auroral and sub-
auroral latitudes following midnight sector substorms.
Balloon-borne X-ray experiments have provided the most
informative data about microbursts (Rosenberg 1976). Evi-
dence has been presented (Rosenberg, Siren, and Lanzerotti
1980; Siren, Rosenberg, Detrick, and Lanzerotti in press)
that corresponding, simultaneous fluxes can be observed at
conjugate points.

Very-low-frequency (vu:) chorus possesses many of the
same geophysical occurrence characteristics as microbursts.
It is composed of isolated or superposed rising-tone emis-
sions or riser elements lasting a fraction of a second. It is
thought to originate on closed magnetic field lines as a
result of the interaction of hot plasma from the plasma
sheet with the cold, dense plasma in the plasmasphere.

Rosenberg, Marthinsen, Holtet, Egeland, and Carpenter
(1978) reported a close correlation between individual mi-
crobursts at Roberval, Quebec and vu: riser elements at
Siple Station. The observed correlation could be explained
by the Doppler-shifted cyclotron resonance involving vu:
waves and trapped energetic electrons near the magnetic
equatorial plane. Here we report a longer lasting event at
the same sites that permitted further conclusions to be
drawn.

An example of microbursts and vu: chorus that were
observed simultaneously is shown in figure 1. A substorm
had occurred within 3 hours of the time shown, and the
plasmapause was probably at a lower latitude. Visible in the
VLF spectrum (upper panel) is a band of discrete chorus
risers. The amplitude of the vu: chorus is shown in the
center panel. In the bottom panel is shown the conjugate
X-ray count rate. In the VLF amplitude plot, each spike
corresponds to a riser or a small group of risers. In the X-ray
plot many microbursts are evident.

There is evidently a detailed correspondence between
many vu: risers and microbursts. For about an hour includ-
ing the small data segment shown here, some detailed cor-
respondence such as this was present in the data, with a
greater or smaller degree of correlation. (VLF data was avail-
able 1 minute out of each 5.) The interval 1100 to 1125
universal time (UT) was selected for closer study.

We cross-correlated 1-minute segments of these two data
sets with lags that were multiples of 100 milliseconds. A
highly significant peak was always found near zero lag. The
width and location of the centroid of this peak could be
measured to considerable precision. Typically its width was
about 0.25 second and the centroid of the peak was some-
what "early:" the vu: waves arrived slightly more than half
a lag before the electrons. The maximum energy of the
resonant electrons was roughly 200 kiloelectronvolts.

SIPLE VLF/ROBERVAL BALLOON X-RAYS

9 JULY 1975



The arrival time difference between electrons and waves
contains precise information about the mechanism of the
wave-particle interaction. Calculations were performed
modeling both the wave-particle interaction process itself,
and the subsequent propagation of waves and particles to
Siple and Roberval in order to interpret the arrival time
difference, which was the most precise observable quantity.
Physical parameters used in the modeling were taken from
the data. An important constraint was the whistler mode
wave propagation time between conjugate points. Many of
the chorus bursts at Siple were received also at Roberval
after one hop. This gave a direct measurement of the wave
propagation time, to a precision of roughly 0.1 second. In
the top panel of figure 2 are shown values for the wave
propagation time measured by this method, at 5-minute
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intervals. (The 1-minute segment at 1105 UT had too little
vu: activity to allow this determination; microbursts were
also almost absent.) A whistler that occurred about an hour
later gave a comparable wave propagation time. In the
center panel are shown the widths of the cross-correlation
peaks for the five 1-minute data segments. Also shown are
the peak widths of the autocorrelated VLF and X-ray data. It
is evident that the peak widths for each data segment were
similar. We take this as evidence that the full width of each
VLF riser element from leading edge to trailing edge was
involved in the interaction. In the bottom panel are shown
the observed arrival time differences expressed as the
centroid of the cross-correlation peaks. The arrival time
differences were all within about one standard error of the
overall mean.

The most important unknown quantity was the point
along the magnetic field line where the wave-particle inter-
action took place. We used the position of this point as a free
parameter. In figure 3 are shown plots of the calculated
arrival time difference, as a function of the dipole latitude
of the point of interaction. Three different model calcu-
lations are shown by solid curves. The curves cut off at
latitudes where the interaction energy is over 200 kilo-
electronvolts. The hatched area is the range of actual arrival
times.

The modeling shown by the solid curves assumes that
the interaction takes place instantaneously. The actual
physics of the process, however, is more complex. The
wave-particle interaction may require as much time as the
full duration of the wave packet in the frame of reference
of the moving electron. We combined an assumed wave
packet duration of 250 milliseconds with our arrival time
difference calculations to obtain the maximum possible par-
ticle delay that might be observed. In figure 3 the effect of
the maximum possible delay is shown by the dashed
curves.

Comparing these model calculations with the observed
arrival time differences, we find that only the diffusive
equilibrium models were appropriate; for the range of pos-
sible interaction latitudes (10° to 20° S) the models are
almost independent of density; electron energies were 50 to
200 kiloelectronvolts; and nearly the maximum possible
scattering time was required for the interaction.

This research was supported by the National Science
Foundation grants DPP 74-01704 and DPP 76-82041 and by
the Office of Naval Research under contract N00014-
67-A-0239 0033. We acknowledge the cooperation of the
University of Maryland Computer Science Center for aid in
the model calculations.
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Observations of Siple transmitter
signals on the ISIS satellites

J. P. KATsuFiius and R. A. HELUWELL
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C. JAMES

Communication Research Centre
Shirley Bay

Ottawa, Ontario, Canada K2H 8S2

Since February 1979, through arrangements between the
Communications Research Centre of Canada and Stanford
University, VLF transmissions have regularly been made
from Siple, Antarctica, to the IsIs-i and -2 satellites in the
northern hemisphere conjugate region. Both satellites are
in polar orbit, with isis-2 at approximately 1,400-kilometer
altitude and isis-i at altitudes ranging from 600 to 3,500

kilometers. In earlier experiments in 1975, transmitter sig-
nals were received on the satellites but the number of cases
observed was relatively small. In the recent and longer
campaign, strong Siple signals have been received on a
large fraction of the orbits, apparently because of the ap-
proximately 7-decibel higher power achievable with the
new Jupiter transmitter at Siple.

This new data set provides a strong basis for studying
magnetospheric very-low-frequency (vu) propagation and
associated wave-growth phenomena. We present here spec-
trographic illustrations from some of the first data tapes
surveyed.

Figure 1, second and third panels, shows spectrograms of
signals received on isis-2 during a northbound pass near
local noon (15 August 1979) and a southbound pass near
local midnight (23 August 1979). The transmitted format is
shown at the top; the approximately 2-second offset be-
tween it and the receptions is due to propagation delay
along the magnetospheric paths. A striking feature of the
records is the Doppler shifts of approximately 100 hertz on
both sides of the transmitted frequency. These are particu-
larly well defined near t = 16 seconds in the middle panel.
The frequency offsets are due to the occurrence of non-
ducted propagation, in which the wave normal is bent
away from the direction of the magnetic field according to
the distribution of gradients in the plasma and geomagnetic
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Figure 1. Frequency-time records of SipI. Station VLF trans-
mitter signals received In the northern hemisphere on the
sas-2 satellite. The transmitted format is at the top.

field along the ray path. The orbital motion of the satellite
is nearly parallel to the direction of the wave normals with
largest angles, so that relatively large Doppler shifts can be
observed in such cases. Multiple shifts are believed to be
caused by multiple ray paths from the source to a point in
the conjugate region, each with characteristic wave normal
angle and group delay. Unshifted signals probably have
wave normals that are near the magnetic field direction,
either because of special properties of a nonducted ray path
or because of a ducting process that constrains the wave
normals. The separate nature of the ray paths of the three
signals is suggested by the differences in their respective
group delays.

In the lower panel there is an apparent drift in frequency
with time of individual pulses. The pulses at the upper and
lower frequencies are clearly much longer than the trans-
mitted pulses, indicating propagation on multiple paths
with an extended range of travel times. The apparent
change in Doppler shift with time may reflect the succes-
sive arrival times of waves with different wave normal
angles.

Figure 2 illustrates a case in which the signals observed
on Isis-1 (middle panel) resembled those observed simulta-
neously at the ground station Roberval, Canada (lower
panel). Their travel times are in good agreement, and the
similarity in spectral forms suggests that both sets of signals
traveled on ducted paths of the type required for reception
at the ground station. Differences in the records may be due
to the coupling of energy to the satellite from a number of
ducted paths not seen on the ground and also to nonducted
propagation.

The general type of relationship illustrated in figure 2 is
shown again in figure 3, which includes an is-1 satellite
recording in the southern hemisphere (below the trans-
mitter format). The transmitter signal first appears near

t = 1 second on the spin-modulated isEE record. It is then
received nearly simulteneaously at isis-2 and Roberval. Al-
ter its termination in the north, the signal continues to be
seen in a multi-hop mode on isa, but there is no evidence
of stimulated emissions. The isis record shows similarities
to a number of features of the ducted signals received on
the ground, but also contains a large number of discrete
rising tones, falling tones, hooks, etc., that are not detected
at Roberval Station. These have the characteristics of emis-
sions triggered by ducted signals and are probably evidence
of propagation to the satellite from ducts whose signals are
not being detected at the ground station. These and many
other features of the Isis data are now under investigation.

This research was supported by National Science Foun-
dation grants DPP 76-82646 and DPP 78-05746, and in part
by National Aeronautics and Space Administration grant
NGL-05-020-008.
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High altitude satellite
observations of signals from the

instrumentation, each spacecraft has played a unique role
in supporting the Siple Station investigations.

Siple transmitter
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Satellite observations have been an important compo-
nent of recent very-low-frequency (vu) wave-injection ex-
periments carried out with the aid of the Siple Station (76°S
84°W) vu transmitter. The goal of these experiments is to
study interactions in the magnetosphere between coherent
VLF waves and energetic particles, and in particular to study
the physics of the VLF emission generation process. The
coherent waves involved in this study are injected into the
magnetosphere by the Siple Station VLF transmitter, while
VLF wave and energetic particle measurements are obtained
on one or more spacecraft. Wave observations are also car-
ried out at a number of ground stations, such as that at
Roberval, Canada (Helliwell and Katsufrakis 1974).

Although ground-based measurements can determine a
number of important features of the interactions involving
ducted waves, most of the waves injected by the Siple Sta-
tion transmitter propagate in the magnetosphere in a non-
ducted mode, and although these waves are capable of
strong interaction with energetic particles in the magneto-
sphere, the output of these interactions is not observable on
the ground because the nonducted waves generally cannot
penetrate the lower ionosphere. Thus the only means of
observing the output of wave-particle interactions in-
volving nonducted waves is through the use of satellites or
rockets.

In the past year, two high-altitude satellites have ob-
tained measurements in the magnetosphere during Siple
Station VLF wave-injection experiments, namely the Isa-i
and the EXOS—B spacecraft. Because of differing orbits and

The high-altitude Isa-i spacecraft has been uniquely
valuable in obtaining measurements of Siple transmitter
signals outside the plasmasphere in the low plasma density
region where strong interactions with high-energy elec-
trons (energy greater than 40 kiloelectronvolts) takes place
(Bell, man, and Helliwell in press). Emissions triggered by
Siple transmitter signals outside the plasmasphere are
shown in figure 1; they are representative of an approxi-
mately 15-minute period during which Siple signals were
observed on Isa-1. As shown in figure 1, the transmitter
pulses were occasionally observed to trigger very intense
noise bursts. The upper panel shows a 5.8 kilohertz pulse
(near the 5-second mark) triggering a very intense burst of
rising emissions. Subsequently a second, less intense noise
burst is triggered by a 5.6 kilohertz pulse (near the 9-second
mark). The lower panel shows the format of the Siple trans-
mitter signals as actually transmitted. In general the trig-
gering of vu emissions was associated only with pulses
with frequencies near 5.6 kilohertz. This frequency selec-
tivity of the emission process is a common feature of wave-
particle interactions in the magnetosphere.

ISEE - 1
kHz 133849 UT	 27 JUL 79

tv

0	 5	 10	 15	sec
Figure 1. isis—i satellite observations of Siple Station trans-
mitter pulses triggering VLF emissions.

During campaigns in the periods July to September 1979
and December 1979 to January 1980, experimenters from
Stanford, Kyoto, and Tokyo Universities conducted joint
wave-injection experiments using the Siple Station VLF
transmitter and the Japanese high-altitude satellite EXOS—B.
During these experiments the properties of the transmitter
pulses and associated emissions were measured on the sat-
ellite by a VLF receiver (Matsumoto, Miyatake, Tsuruda,
Morioka, Ohtsu, Oya, and Kimura in press) while the prop-
erties of the interacting energetic electrons in the range 4
electronvolts to 6.9 kiloelectronvolts were measured by an
onboard energetic particle experiment (Kubo, Mukai, and
Kawashima in press). Results of these joint studies will be
reported in the near future.

An example of the vu wave data acquired on EXOS—B
during the joint campaign is shown in figure 2. The upper
panel shows strong emissions triggered by Siple trans-
mitter pulses near 5 kilohertz. The second panel shows

-

-
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EXOS-B AUG 17, 1979

Geomagnetic	Lot	51.9 0 N
Geographic Long. 67.3 0 W

kHz L5.62	 -0931 UT
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4:

the actual transmitter format. The third panel shows
strong emissions and a hiss-like noise burst being triggered
by a long-duration transmitter pulse. The fourth panel
shows the actual transmitted format appropriate to panel
three.

The joint Siple Station/Exos-B experiments are note-
worthy in that they represent the first successful attempt
to obtain simultanoous vu wave and energetic particle
measurements on a high-altitude satellite located near the
wave-particle interaction region during wave-injection ex-
periments. It is precisely this type of simultaneous wave
and particle data which is necessary to understand the
mechanisms through which vi.F waves and energetic par-
ticles interact in the magnetosphere.

This research was supported under National Aeronautics
and Space Administration grants NAS 5-25744 and NGL
05-020-008.
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Sinusoidal oscillations of the Earth's magnetic field, near
1 hertz in frequency, are often observed at Siple Station.
These oscillations are thought to result from a cyclotron
resonant interaction of hydromagnetic waves with protons
in the magnetosphere (Gendrin 1975). Similar waves have
been occasionally observed in the magnetosphere with
satellite borne detectors (Taylor, Parady, and Cahill 1975).
Some of these magnetosphere wave events were correlated
with observations of enhanced proton fluxes (Taylor and
Lyons 1976). Recently we observed indirect evidence of
wave particle interactions by simultaneous observation at
Siple of periodic modulations of 1 hertz fluctuations (pearls)
and of auroral light intensity (Mende, Arnoldy, Cahill,
Doolittle, Armstrong, and Fraser-Smith 1980). In the single
case reported the observations agree with a model inter-
action between protons and waves only if the protons are
more than 20° latitude from the equator. Helium ions 15°
from the equator can also interact with the waves to
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produce the observed results. Further study of the 1977 and
1978 Siple data has yielded two additional wave-particle
events which will be discussed here.

The model involves, first, observation of the 1 hertz-
waves at Siple. The waves reflect and travel to the inter-
action region; then the particles (reduced in pitch angle
during the interaction) travel to Siple and are observed as
auroral light pulsations. The observed quantities are the
bounce time of the wave packets, the wave frequency, and
the delay time between corresponding wave and aurora!
pulsations. From the bounce time (near 50 seconds) the
wave velocity can be determined, assuming the distribu-
tion of electron number density along the field line. This
also establishes the model equatorial number density. Then
the wave propagation time from Siple to any interaction
region along the field line can be determined. Similarly the
parallel ion velocity is established as that velocity necessary
to Doppler-shift the observed wave frequency to the reso-
nant frequency at the interaction region. Then the particle
travel time from the interaction region to Siple can be calcu-
lated.

To provide a model where the electron density is uni-
form along the field line [A = 0 in figure 11 the delay time
(the sum of wave propagation time to the interaction region
and the particle travel time to Siple) is shown as a function
of interaction latitude in figure 1. Another model where
electron density is proportional to B, the magnetic field
intensity, is also shown for protons as a source. Note that,
for this 4 August 1977 event the proton locations are 5° and
25° from the equator for A 0 and A = 1. The locations
for He+ and 0+ are 15° and 30 0 , A = 0. A second event
in May 1976 is shown in figure 2.

The near equatorial interaction regions are expected
because trapped particle densities are highest near the
equator. Also very high parallel ion velocities and energies
are needed to achieve resonance at the higher off-equatorial
cyclotron frequencies. For example, protons with mega-
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Figure 1. Wave-particle interaction event, 4 August 1977.
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Figure 2. Wave-particle interaction event, 29 May 1978.

electronvolt energies are needed for the 25° location while
200-kiloelectronvolt protons fit the 5 0 location.

Although these results provide further evidence of the
generation of Pc 1 micropulsations, the name for sinusoidal
magnetic fluctuations between 0.1 and 5 hertz, by wave-
particle interaction with protons, the evidence is indirect.
There is still the possibility of other ions, He+ or 0+
causing the waves and the auroral pulsations. it is even
possible that electrons are involved in the wave-particle
interaction. During the 1979 season auroral light intensity
and the micropulsations were recorded on the same data
tape, making the identification of interaction events easier
and the analysis more effective.

For the future we anticipate the possibility of wave obser-
vation on the ground, at Siple and Roberval (in Quebec),
and near the equator. The Dynamic Explorer B satellite to
be launched in the summer of 1981 will carry a fluxgate
magnetometer suitable for observing Pc 1 signals. Particle
detectors also will allow- identification of ion type and meas-
urement of changing pitch angle. These observations may
provide direct evidence of generation of Pc 1 waves from
the trapped ions. This research was supported by National
Science Foundation grant DPP 77-21924.
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Propagation of Pc I signals into
the polar cap

J. V. OLSON

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Pc 1 pulsations are a class of naturally occurring, nearly
sinusoidal, fluctuations in the Earth's magnetic field with
frequencies between 0.2 and 5 hertz. When observed in
subauroral latitudes these pulsations are often structured
sequences comprised of repetitive rising tones. While the
entire pulsation train may last an hour or more the individ-
ual pulses are separated by a few minutes in time. The
characteristics of each repetition are determined by the
plasma conditions at the pulsation's source and the index of
refraction along the path of propagation. Plasma waves in
this frequency range have wavelengths much smaller than
the scale of the Earth's field and propagate freely as packets
guided by the local magnetic field. The medium in which
the waves travel is dispersive, with an index of refraction
that increases with frequency for this mode, causing the
higher frequency components to lag behind the lower fre-
quency components. Thus, a burst of radiation may be
generated by an ion-cyclotron associated instability near
the Earth's equator a few Earth radii from the Earth. The
packet then propagates along the field to the ionosphere
where it is reflected to retrace its path along the field. The
result of many passages from hemisphere to hemisphere is
recorded on the ground as a sequence of wave-like bursts
(originally called "pearls" due to the appearance of their
waveform on charts) sometimes lasting for hours (see Ja-
cobs 1970).

Ordinarily one would expect to observe Pc 1 pulsations
only at sites near the field line along which the packet
travels. To be sure, it is at middle latitudes that the signal
amplitudes are the largest. However, the events are also
observed at sites quite distant from the apparent source. It
is thought that propagation to distant locations takes place
primarily through an ionospheric wave-guide. The wave-
guide is a result of the increased ionization density in the
F-region of the ionosphere with the wave-guide centered
near 300 kilometers. In order to propagate in the wave-
guide perpendicular to the Earth's field, some of the origi-
nal, left-hand Pc 1 energy must be converted to energy in
a right-hand mode. The detection of right-hand polarized
Pc is indicates propagation through the ionospheric duct
from distant sources (Manchester 1966).

A three-component induction magnetometer system has
been operated at the Soviet Union's Vostok Station (78°28'S
106°48'E) for a number of years. The system has recorded
magnetic pulsation data over the frequency band from zero
to 30 hertz during this period in both direct record and
digital formats. Although the polar cap is not near primary
sources of Pc 1 band radiation such signals do occasionally
occur there indicating propagation from distant low-
latitude regions into the polar cap via the F-region, iono-
spheric duct.

We show in the figure three sets of data, displayed in
sonagram format, which contain Pc 1 emissions. The data
were recorded on 28 to 29 July 1977 during the Inter-
national Magnetospheric Study (IMs) at College, Alaska;
MacQuarie Island, Australia, and Vostok, Antarctica. The
College pulsations have been the subject of a detailed study
(Olson and Heacock 1980). The source of the pulsation se-
quence near 0.6 hertz which occurs between 2330 universal
time (UT) and 0010 UT has been located near L =6. The
pulsations were evidently generated by the enhanced injec-
tion of plasma sheet particles into the magnetosphere as the
interplanetary magnetic field turned southward at 2330 ur
increasing magnetospheric convection. This fresh plasma
destablilized the plasma at the outer edge of the plasma-
sphere giving rise to the Pc 1. The pulsations are also visible
at MacQuarie Island which is nearly conjugate to College.
The lack of exact conjugacy results in signals which vary
slightly in their characteristics due to differing distances
from the source region. However, there are many simi-
larities in the two sonagrams indicating the stations were
near the source flux tube.

As can be seen in the sonagram from Vostok there are
traces of a pulsation present at nearly the same time and in
the same frequency band. We believe this signal at Vostok
may represent the ducted Pc 1 generated near the Mac-
Quarie Island-College L shell. We are currently in the proc-
ess of analyzing the polarization content of these records in
order to verify this hypothesis. We believe this pulsation
event will provide information on the state of the F-region
duct and the afternoon sector of the magnetosphere in the
period before the sudden commencement of 0027 UT of 29
July 1977.

This research was supported by National Science Foun-
dation grants DPP 79-00882 and ATM 79-23780.
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Services, support, other

Polar Research Board activities,
June 1979 - June 1980

POLAR RESEARCH BOARD STAFF

Polar Research Board
National Academy of Sciences

National Research Council
Washington, D.C. 20418

The Polar Research Board (PRB)t advises the U.S. Govern-
ment on research in the antarctic and arctic regions and
adheres to the International Council of Scientific Unions'
Scientific Committee on Antarctic Research (scAR), on be-
half of the National Academy of Sciences. Because of its
regional orientation and multi-disciplinary character, the
Board is able to engage in a wide range of studies involving
the physical and life sciences and questions of environ-
mental concern. During the last year, the Board met twice,
19-20 October 1979 and 21-22 March 1980, and its sub-
groups met 12 limes. Board members also participated in
five meetings of SCAR Working Groups and two meetings of
scAR Groups of Specialists. The Board issued four reports,
one special and three annual reports; over the next year,
five special plus three annual reports are expected to

membership: A. L. Washburn (Chairman), Robert A.
Heffiwell (Vice-Chairman, retired June 1980), Vera Alex-
ander, Jerry Brown, Campbell Craddock (International
Union of Geological Sciences Delegate to scAR), Albert P.
Crary, George H. Denton (retired June 1980), Joseph 0.
Fletcher, David M. Hickok (retired June 1980), Hans 0.
Jahns,J. Murray Mitchell, Jr., Clayton A. Paulson, Chester M.
Pierce, E. Fred Roots, Donald B. Siniff, Norbert Untersteiner
(retired June 1980). Er-Officio: Charles R. Bentley, Chair-
man, Committee on Glaciology; James H. Zumberge, U.S.
Delegate to SCAR and Chairman, Committee on Interna-
tional Polar Relations; Troy L. Pèwè, Chairman, Committee
on Permafrost; Laurence M. Gould, past PRB Chairman and
past President of SCAR. Staff: Louis DeGoes, Executive Secre-
tary; W. Timothy Hushen, Staff Officer; Ruth F. Barritt, Staff
Associate.

emerge. The present article is limited to the Board's
antarctic-related activities.

International activities. During the past year, Board mem-
bers, through SCAR, continued response to requests from
the Antarctic Treaty nations for scientific advice on research
programs that provide information about wise manage-
ment of the living resources of the southern ocean. The
Board has also participated in studies concerning the possi-
ble environmental effects of mineral resource exploration
and exploitation in Antarctica.

U.S. scientists head five of the ten SCAR Working Groups
and serve as Convenors of two of the four Groups of Spe-
cialists. To reinforce U.S. participation in SCAR, the Board
issued guidelines for U.S. participation in that organization.

The SCAR Working Group on Meteorology refined its
interdisciplinary program on Antarctica's role in world
climates. The Working Group on Glaciology, under the
leadership of Colin B. Bull, reviewed national antarctic
glaciological research programs and laid plans for a Sym-
posium on Antarctic Glaciology to be held in Columbus,
Ohio, 7-12 September 1981. The SCAR Working Groups on
Solid Earth Geophysics and Geodesy and Cartography also
met.

The 16th meeting of SCAR will be held in New Zealand
13-24 October 1980. The delegates are expected to focus
attention on the possible revision of the structure of SCAR
and review the Biological Investigations of Marine Antarc-
tic Systems and Stocks (BIOMASS) program, including the
question of whether to establish a BIOMASS secretariat. SCAR

will also consider the Antarctic Treaty nations' request for
additional advice on scientific information needed to esti-
mate the possible environmental impacts of mineral ex-
ploration and exploitation in the Antarctic.

The BIOMASS program is the first coordinated interna-
tional research program directed toward providing a basis
for the wise management of the living resources of the south-
ern ocean. It is sponsored by SCAR, the Scientific Committee
on Oceanic Research (scoR), the International Association
for Biological Oceanography, and the Advisory Committee
on Marine Resources Research (AcMRi) of the Food and
Agricultural Organization, and endorsed by the Antarctic
Treaty nations and the Intergovernmental Oceanographic
Commission (bc). Professor Sayed Z. El-Sayed, a member
of the Board's Committee on International Polar Relations,
serves as Convenor of the Group of Specialists on Living
Resources of the Southern Ocean, which is advising the
BIOMASS program, and 12 other U.S. scientists serve on
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BIOMASS subgroups. Much effort has been directed toward
preparing for the First International BIOMASS Experiment
(FiBEX), to be held January-February 1981. FIBEX's main
thrust will be a multi-ship acoustic survey of krill and
meso- and small-scale studies of krill swarming behavior. A
BIOMASS Newsletter, BIOMASS Report Series (1-10) and a
BIOMASS Directory have been issued by sc4. Over the next
year, a series of BIOMASS Method Manuals and BIOMASS
Volume II, Selected Contributions from the Woods Hole Confer-
ence on Living Resources of the Southern Ocean, are expected
to emerge. The PRB, at the request of NSF, is selecting, coor-
dinating, and providing some administrative support for
U.S. experts' participation in international BIOMASS scien-
tific and planning meetings.

In response to an Antarctic Treaty nation's request for
further development of the SCAR report, Possible Environ-
mental Effects of Mineral Resource Exploration and Exploitation
in Antarctica, the PRB arranged an international workshop
suported by The Rockefeller Foundation. The workshop
report, Oil and Other Minerals in the Antarctic, published by
sc, considers the likely location and technical nature of
antarctic mineral exploration and exploitation and exam-
ines the extent to which such development might affect the
environment.

A recommendation developed during the Tenth Antarc-
tic Treaty Consultative Meeting calls for Treaty govern-
ments, through national committees, to encourage SCAR to
define specific programs that could provide information
required to deal with the mineral resource question. ScAR
called upon Robert H. Rutford, member of the Board's
Committee on International Polar Relations, to head an
international group to draft a possible SCAR response to the
Antarctic Treaty request. fl is possible that this activity will
be a new SCAR thrust in the 1980's.

Domestic activities. Important changes have occurred in
the polar regions (especially in relation to resource exploi-
tation) since publication in 1970 of the Board's report, Polar
Research—A Survey. Accordingly, the Board plans to con-
duct a series of studies over the next few years to develop
an overall strategy for polar research for the decades ahead.
The Board's Executive Committee is serving as the steering
group for this several-year program of studies and is devel-
oping an overall framework for the strategy.

One study was activated in 1979, the role of the polar
regions in climatic change, under the chairmanship of
J. Murray Mitchell, Jr. This committee is preparing a report
that considers the polar regions' influence on climate dy-
namics, the polar regions as a window to the past, and the
polar regions as a concern for the future, especially the
possible influence of increased carbon dioxide and other
activities on the stability of the large ice sheets.

The Committee on Glaciology under the chairmanship of
Charles R. Bentley held a workshop in June 1980 to develop
guidelines and recommendations for glaciological research.
The workshop was attended by over 40 experts from the
United States and Canada. The committee is preparing a
report, Snow and Ice Research—A Strategy, that will provide
guidelines for research in four broad areas: physical proper-
ties of ice, seasonal snow, floating ice, and glaciers and ice
sheets. Interdisciplinary aspects of the study will include an
assessment of the hazards of snow and ice, the role of snow
and ice in climate, logistics, instrumentation, techniques
needed for snow and ice research, and international cooper-
ation and education.

Discussions between the Board and government officials,
primarily from NSF, the National Oceanic and Atmospheric
Administration (No), and the Marine Mammal Commis-
sion (MMc), identified a need for recommendations con-
cerning the nature of U.S. scientific participation in the
international BIOMASS program. The NSF, NOAA, and MMC
pooled resources to support a joint committee of the PRB and
the Ocean Sciences Board under the chairmanship of John C.
Steele, Director, Woods Hole Oceanographic Institution, to
undertake the study. The committee is preparing a report
which: (1) evaluates national and international plans for
marine ecological studies in the Antarctic in relation to U.S.
scientific interest; (2) recommends appropriate targets for
U.S. contribution to antarctic marine ecosystems research;
and (3) examines the national and international manage-
ment structure for BIOMASS and makes suggestions to inter-
ested U.S. agencies. At its first meeting, held 5-6 May 1980,
the committee reviewed past, present, and planned antarc-
tic marine ecosystem research with knowledgeable antarc-
tic scientists. The committee report should be available by
August 1981.

In a review of U.S. capabilities to conduct polar oceans
research, the PRB, jointly with the Ocean Sciences Board, con-
cluded that effective basic and resource-related research is
seriously handicapped by our lack of suitable ice-strengthened
research vessels. First-order scientific problems in the pack
ice remain largely unattended because such a vessel is not
available to U.S. scientists. The Board recommended mod-
ernization or replacement of the research vessel USNS El-
tanin, and sent this recommendation to the Office of Science
and Technology Policy, the National Science Foundation,
Department of Navy, National Oceanic and Atmospheric
Administration, Maritime Administration, and U.S. Coast
Guard.

The work described in this article was supported
largely by National Science Foundation grants DPP 79-
13076 and DPP 79-27065 and a grant from The Rockefeller
Foundation.
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Inspection of non-U.S. stations
In Antarctica

R. TUCKER SCULLY

Director, Office of Oceans and Polar Affairs
U.S. Department of State
Washington, D. C. 20520

In January 1980, the United States carried out an inspec-
tion of foreign stations in Antarctica under the terms of the
Antarctic Treaty of 1959. Exercise of the rights of inspection
provided under the treaty is one of the important but least
known activities supported by the U.S. Antarctic Research
Program (us").

Under article VII of the Antarctic Treaty, each Antarctic
Treaty Consultative Party has the right to designate observ-
ers who have complete freedom of access to all areas of
Antarctica, including all stations and installations there.
This inspection system is designed to promote the objec-
tives and ensure the observance of the provisions of the
Treaty. These include the reservation of Antarctica exclu-
sively for peaceful purposes, with a prohibition on military
activities, nuclear explosions, and disposal of nuclear waste
there; freedom of scientific research in Antarctica and the
exchange of plans for, and the results of, such research; and
the conservation of living resources. Regular exercise of the
rights of inspection in support of these goals is an im-
portant element of U.S. antarctic policy.

The 1980 inspection, carried out by a five-person inspec-
tion team, covered six stations of Argentina, Chile, Poland,
the Soviet Union, and the United Kingdom in the Antarctic
Peninsula area. The team was led by R. Tucker Scully,
Director of the Office of Oceans and Polar Affairs, Depart-
ment of State, along with Commander Richard Schaus,
United States Navy, Lt. Commander Maria Kazanowska,
United States Navy, and Darold W. Silkwood and Charles R.
Oleszycki, U.S. Arms Control and Disarmament Agency
(figure 1).

The conduct of the 1980 inspection was made possible by
the aircraft and icebreaker capability available to usi.m'.
The team was flown to the U.S. McMurdo Station from
Christchurch, New Zealand, by USAIU' C-130 aircraft. Once
at McMurdo, the team embarked on U.S. Coast Guard ice-
breaker Polar Sea (wAGB.-11) (figure 2). The inspection of
stations took place during the transit of Polar Sea from
McMurdo to Ushuaia in southern Argentina, along the
Antarctic Peninsula. Coast Guard helicopters assigned to
Polar Sea flew the team from the icebreaker to each station
inspected (figure 3).

Following the departure of Polar Sea from McMurdo on
17 January, the team made its first inspection 27 January at
the United Kingdom station, Rothera, on Adelaide Island.
On 29 January it inspected the Argentine station, Almirante
Brown, on Paradise Bay, and then on 30 January, the Chi-
lean station, General Bernardo O'Higgins, on the Trinity
Peninsula.

Figure 1. U.S. inspection team (left to right): Charles R.
Oleszycki, U.S. Arms Control and Disarmament Agency;
R. Tucker Scully, Director of the Office of Oceans and Polar
Affairs, U.S. Department of State; Lt. Commander Maria Ka-
zanowska, U.S. Navy; Darold W. Silkwood, U.S. Arms Control
and Disarmament Agency; and Commander Richard Schaus,
U.S. Navy.

Figure 2. U.S. Coast Guard icebreaker Polar Sea (WAGS-11),
off the Antarctic Peninsula.

Figure 3. Inspection team approaches by U.S. Coast Guard
helicopter.
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Polar Sea then crossed the Bransfield Strait to King George
Island, where inspections were made 31 January of the
Polish station, Arctowski, on Admiralty Bay and the Soviet
station, Bellingshausen, on the Fildes Peninsula. From King
George Island Polar Sea returned to the northern tip of the
Antarctic Peninsula, and the inspection team carried out its
final inspection at the Argentine station, Esperanza, on 1
February. From there, Polar Sea crossed the Drake Passage
to Ushuaia, Argentina, and the team disembarked 4 Febru-
ary for return to the United States.

The 1980 inspection, like the five previous inspections
carried out by the United States, reflected the amicable and

cooperative spirit characteristic of the operation of the Ant-
arctic Treaty since its inception. The individual station in-
spections were organized as official, yet friendly, visits. The
team found no evidence of violations of either the letter or
spirit of the Treaty. At each of the six stations inspected,
they were received with warmth and hospitality. At each
station, the team witnessed specific activities demonstrating
the practical realization of the goals and objectives of the
Treaty. The 1980 inspection once again corroborated the
unique and pragmatic international communication and
cooperation taking place under the aegis of the Antarctic
Treaty.

Study of the U.S. Antarctic
Research Program since

World War II

LAWRENCE J. BAACK

Director, Educational Activities
Pacific Gas and Electric Co.

San Francisco, California 94206

The • purpose of this project was to begin a historical
investigation of the genesis of the United States Antarctic
Research Program in the period after 1945. The specific
goals of the project were: (1) to provide an accurate record
of the research effort by the United States Government and
the scientific community over a period of three decades; (2)
to examine how this substantial research effort was orga-
nized, funded, and sustained; and (3) to analyze the cooper-
ative international framework that emerged in Antarctica
during this period.

In 1979 I began research, concentrating on the period
1945 to 1961 and visiting Antarctica during the 1979-80
season. I conducted primary research in the extensive polar,
scientific, and naval collections of the National Archives in
Washington, D.C., and began additional, supplementary
work in the records of the U.S. State Department and the
National Security Council. The collections of the Dwight D.
Eisenhower Presidential Library in Abilene, Kansas, also
yielded useful material. The documentary foundation for
the study is substantial, but fragmented. In some areas
research is hampered by the restrictions of government
classification. Nevertheless, I have found materials that doc-
ument the origins of the modern policies of the United

* Formerly with the Department of History, University of
Nebraska.

States toward Antarctica. The involvement of Congress, the
importance of certain concerns deriving from acute east-
west tensions, the wisdom of President Eisenhower, and a
rather miraculous confluence of scientific interests with na-
tional interests had already created the nucleus of our pres-
ent policies by July 1954. Materials on the International
Geophysical Year are rather extensive and the picture of
this important formative period is also taking shape. Prob-
lems of classification inhibit, for the time being, compre-
hensive basic research on the immediate background to the
Antarctic Treaty, although! have obtained valuable materi-
als on this aspect of the project.

The beginnning of this study.was supported by an award
of the first Antarctic Fellowship of the National Endow-
ment of the Humanities. This fellowship is a joint venture
of the Endowment and the National Science Foundation
and was established to give humanists a formal opportu-
nity to investigate topics relevant to Antarctica. The fellow-
ship provided a research trip to Antarctica so a historian
could observe the scientific investigations being supported
by the U.S. Antarctic Research Program. My trip in Novem-
ber and December 1979 allowed me to accomplish several
things. First, I was able to experience the environment of
Antarctica both at the major stations and at more remote
camps. This is essential for a historian's understanding of
operations in the area. Second, I was able to view and dis-
cuss with others the organizational structure that currently
governs our antarctic activities. And, third, I had the oppor-
tunity to observe firsthand the scientific research conducted
by participants in this year's program. Specifically, in addi-
tion to McMurdo Station, I visited the South Pole, Siple
Station, the dry valleys, and the Ellsworth Mountains.

This combination of documentary research and onsite
experience is especially appropriate for a historical topic.
Moreover, the Antarctic Fellowship, which provides an
opportunity to bridge the gap between science and the
humanities, aids in establishing sound and sympathetic
communications between the disciplines. The perspectives
gained from this opportunity should make the study on the
United States and the Antarctic since World War II more
useful.
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Antarctic bibliography available
on-line

GEZA T. THURONY!

Science and Technology Division
Library of Congress

Washington, D.C. 20540

The Cold Regions Bibliography Project at the Library of
Congress has been providing bibliographic coverage of ant-
arctic literature for some 18 years. Citations and abstracts of
books, journal articles, technical reports, and other forms of
written material are recorded in machine-readable form,
along with proper indexing terms, and added to a data base
that now contains more than 23,000 records. Once recorded
in this manner, the bibliographic information can be ma-
nipulated and presented in a variety of forms, without
reentry.	-

Since September 1972, the monthly publication Current
Antarctic Literature has been produced from the data base,
with author and subject indexes (extracted and arranged
automatically) issued every 4 months.

Every 18 months, a clothbound, cumulative volume,
with author, subject, geographic, and grantee indexes, is
published under the title Antarctic Bibliography. The cumu-
lative volumes, like the monthly issues, are extracted and
formatted automatically. The cumulative volume is then
printed by photocomposition.

The data base is also used occasionally to prepare bibliog-
raphies on specialized topics or for statistical studies such as
the one reported in last year's Antarctic Journal (Thuronyi
1979).

The latest development in the use of the data base is its
availability for on-line searching. The System Development
Corporation (soc) of Santa Monica, California, is offering
this on-line service to its customers.

On-line searching presents several advantages over
searching in published bibliographies. One is the number
of access points. The file can be searched by index terms
assigned to each record by the compiler of the bibliography,
by single words within the index term, by words in the title
or abstract, by author, by country of publication, by year of
publication, by document type, by language, by subject
category, and others. Several terms may also be combined,
thus expanding or limiting the search according to boolean
logic. For example, one can look for items in subject cate-
gory M (political geography) published in Norway after
1975, for monographs in English on crustaceans, except
krill, or for a specific title by a known author—the possibili-
ties are practically unlimited. The terms may also be en-
tered in truncated form, so that words with a common root
can be retrieved by a single command.

Another advantage, of course, is quick response time and
the physical ease of examining the entire data base instead
of scanning several indexes and having to locate pertinent
citations in volume after volume of printed bibliography.

Results of the search may be printed or displayed on a
screen, or both, depending on the type of terminal used. If
there is a large amount of material to be printed, printing
can be done off-line, to save cost. Off-line printed listings
are usually received within 48 hours. If the user needs to
repeat a search periodically, in order to keep up with litera-
ture on certain topics, the search strategy (sometimes cover-
ing a variety of subjects, defined in complex ways) can be
saved and put into operation by a simple command. Only
the last input is picked up from the data base for these
periodic searches.

The project's data base is named COLD. It contains, in
addition to the antarctic records mentioned earlier, some
50,000 records of the Bibliography on Cold Regions Science and
Technology, which covers literature on snow, ice, perma-
frost, and engineering as well as ecological problems related
to cold climates. The COLD data base can be searched as a
whole, but the search can also be limited to either the
antarctic or the "cold regions" file segment.

The COLD data base is available through s's Online
Retrieval of Bibliographic Information Time-Shared (ORBrF)

system, along with a number of other data bases. Like similar
systems of other information utilities, ORBIT may be accessed
by registered users over regular telephone lines or over data
communications networks such as TYMSHARE or TELENET.
The number of terminals regularly used to query the data
bases made available by the information utilities is increas-
ing throughout the U.S. and abroad. They are now in use
by libraries, research institutions, universities, and informa-
tion brokers, the latter serving as intermediaries between
the utility and the individual seeking the information.

The Cold Regions Bibliography Project itself uses these
utilities to search other bibliographic data bases for antarc-
tic literature, as has been described before (Smith 1978).

It is impossible to give detailed instructions here concern-
ing the use of the COLD and other on-line data bases. Cost
information has been purposely omitted, since it depends
on a variety of circumstances. Those interested in obtaining
on-line services may do so by writing to the SOC Search
Service, 2500 Colorado Ave., Santa Monica, CA 90406,
U.S.A.; to INFOMART, Suite 1506, One Yonge St., Toronto,
M5E 1E5, Canada; or to s's representatives in several U.S.
cities as well as in Europe and Japan.

Finally, it should be mentioned that the Cold Regions
data base has been made available to the National Institute
of Polar Research, Tokyo, Japan, where it has become part
of an information and data service, using programs devel-
oped by the Institute. Another copy of the data base goes to
the World Data Center A for Glaciology at Boulder, Colo-
rado, under a shared cataloging agreement.
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Antarctic Research Series

JUDY C. HOLOVIAK

American Geophysical Union
Washington, D.C. 20009

The Antarctic Research Series, published by the Ameri-
can Geophysical Union (Acu) with the aid of a grant from
the National Science Foundation, was an outgrowth of re-
search done in the Antarctic during the International Geo-
physical Year and has been disseminating the results of all
phases of antarctic research since 1964.

As of May 1980, 31 volumes have been completed in the
series and 4 others are in the publication process. The most
recent titles are Biology of the Antarctic Seas, VIII (volume
28), edited by D. L. Pawson and Louis S. Kornicker; Terres-
trial Biology III, (volume 30), edited by B. Parker; and Biology
of the Antarctic Seas IX, (volume 31), edited by Louis S.
Kornicker.

The Antarctic Research Series provides extensive and au-
thoritative reports of research results in human behavioral
sciences, marine and terrestrial biology, solid earth geo-

physics and geochemistry, oceanic and atmospheric stud-
ies, and geology. The scientific and library communities
have come to look to the series for continuing access to
south polar research results.

The American Geophysical Union has been striving to
accelerate the publication of the volumes in the series and
at the same time maintain printing costs at a level that
would allow volumes to be priced within the individual
researcher's budget. In 1974, the minibook format was in-
troduced; it allows individual papers to be published at a
steady pace rather than held for inclusion in complete vol-
umes, providing more timely dissemination of current re-
search results. Faced with continually rising printing costs,
AGU is investigating several methods of lowering produc-
tion costs, such as the use of author-prepared copy or word-
processing equipment.

The series volumes currently in preparation include the
following: Biology of the Antarctic Seas X (volume 32), edited
by Louis J. Kornicker; Dry Valley Drilling Project (volume
33), edited by L. D. McGinnis; Biology of the Antarctic Seas XI
(volume 34), edited by Louis J. Kornicker; and A Contribu-
tion to the Flora and Vegetation of Isla De Los Estados (volume
35), by T. R. Dudley and G. E. Crow.

Publication of the Antarctic Research Series currently is
supported by National Science Foundation grant DPP
77-21859.

Compilation of
antarctic glaciological
and geophysical folio

D. J. DREWRY and S. R. JORDAN

Scott Polar Research Institute
University of Cambridge

Lenfield Road
Cambridge CB2 1ER, United Kingdom

A systematic grid network of airborne geophysical
sounding, covering 50 percent of Antarctica (as shown in
the figure), has been completed during the last decade. The
data comprise radio-echo soundings by the National Sci-
ence Foundation, Scott Polar Research Institute and the
Technical University of Denmark. Since 1911, simultaneous
magnetic profiling was carried out on these flights by the
Applied Physics Laboratory of Johns Hopkins University
and the U.S. Geological Survey under the direction of John

Behrendt. This material is now being synthesized in Cam-
bridge prior to the production of a comprehensive Antarctic
Glaciological and Geophysical Folio in late 1981.

The folio is intended to provide a unique, high-quality
data source with a large-scale atlas format. It is aimed to be
of value and interest to research organizations, industry,
and individuals. There will be upwards of 24 four-color
sheets depicting parameters of ice sheet and bedrock that
have been directly measured or intepreted principally from
measured radio-echo and magnetic data. Each sheet will
display a map (scale 1:1, 1:6, or 1:10 million, according to the
complexity and quantity of data) and will include tabulated
and graphical data, cross profiles, and computer sections
where appropriate. Explanatory text and references of ap-
proximately 2,000 words will accompany each sheet.

Following an introduction, which will present a brief
history of antarctic radio-echo sounding, description of
equipment used, season-by-season coverage maps, and
evaluation of data quality, the folio will pay equal attention
to glaciological and geophysical aspects.

Glaciological sheets will include: ice sheet configuration
including constructed flow lines; ice thickness; location of
sub-ice water and geothermal heat; internal ice sheet layer-
ing; basal shear stress; reflection loss and dielectric absorp-
tion; surface accumulation; and surface temperature.
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Radio echo sounding flight tracks, Antarctica, 1967-79.

Specific regional sheets will include: Ross Ice Shelf; Ronne-
Filchner Ice Shelf; the west antarctic ice sheet; McMurdo
Sound area; and Transantarctic Mountains and outlet
glaciers.

Geophysical sheets will include: bedrock configuration;
isostatic compensated bedrock configuration; terrain rough-
ness; bedrock reflection strengths; and sub-ice bedrock geo-
logic syntheses.

Special geological studies are to be made of: Wilkes Sub-
glacial Sedimentary Basin; Ross Sea Sedimentary Embay-
ment; junction between East and West Antarctica; principal
basement structures in Wilkes Land; West Antarctic Ceno-
zoic Volcanic Province; and Dufek Massif layered igneous
intrusion.

Particular attention will be paid to tectonic reconstructions
of Southern Hemisphere continents (especially Australia-
Tasmania-Antarctica and South America-southern Africa-
Antarctica). The reassemblies are based on new antarctic
data and, it is believed, are in advance of most previous
models.

The Radio Echo Sounding Programme is funded in the
United Kingdom by the National Environmental Research

Council and has received full logistic support in Antarctica
from the National Science Foundation during six seasons
since 1967-68.
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Support of biological studies

B. J. LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution
Washington, D.C. 20560

The Smithsonian Oceanographic Sorting Center (sosc) is
continuing in its role as a centralized source of polar biolog-
ical specimens and data on the collections. The Sorting
Center became involved with the U.S. Antarctic Research
Program (usARP) in 1963. Its primary services to USARP have
been: (1) the processing of bulk collections of marine inver-
tebrates and algae so that collections are accessible for study
by many specialists in various groups; and (2) the compila-
tion, storage, and dissemination of data on specimen-related
activities in Antarctica by U.S. investigators. About 190 sci-
entists have been sent specimens from antarctic collections
processed at sosc. Some studies are current while others
now are completed. The resultant analyses and publications
are adding significant new information to our former
knowledge of antarctic and subantarctic biota.

In more recent years, our efforts toward dissemination of
specimens and data have centered on special groups of
organisms. These groups require more definitive sorting
than do the standard bulk collections in order for reasona-
ble numbers of specialists to study them in a timely fashion.
We began more specialized sorting with polychaet worms
from the benthic fauna and copepods from the zooplankton
collections. This year we have added the crabs and shrimps.
These groups, which both comprise a substantial part of the
unstudied collections, are being classified into families and
sometimes genera. We plan to add the Tanaidacea as a
special project this year. Classification of these groups has
added considerable impetus to their study by specialists. Of
the benthic fauna, over the last year we sorted 104,000
specimens—including 7,000 polychaets—into about 100
taxa. About 77,000 specimens in 17 major taxa and speci-
mens representing 16 polychaet families were shipped to 22
specialists. Zooplankton projects included sorting of about
11,000 copepods to genera and very recently over 800
shrimps to families. About 100,000 copepods were sent to
six specialists; four other major taxa numbering over 50,000
specimens were sent to four specialists. Additionally the
euphausiids and decapod crustaceans are being taken from
unsorted portions of zooplankton and midwater samples
from the USNS Eltanin collections. These extant samples are
being prepared for future analyses. Now over 9,000 speci-

mens of marine algae have been mounted, usually identi-
fied to genera, and shipped to 19 specialists for study. The
published results from the specialists who are sent materi-
als should prove of significant value to our knowledge of
the polar seas and to assessment of potential resources to
man.

As part of the plan to expedite study of the usARP biologi-
cal collections, we cooperate with the Division of Polar Pro-
grams by contracting with specialists to analyze and report
on some unstudied taxa that might not otherwise be treated
for many years. A number of these results have appeared in
the past year in the Antarctic Research Series and other scien-
tific journals or are in press. Some of the studies that should
be completed this year are: the copepods Scaphocalanus, Het-
erorhabdiadae, and Euchaetidae; two studies on marine algae;
various amphipods, scyphoyoans, echinoids, and several
families of polychaet worms. Early in 1981 major works on
the biogeography of chaetognaths and on actinians are ex-
pected. Various other reports are scheduled for completion
later in the year.

All of the antarctic samples which have been processed
at sosc are recorded in a computer data base. These data
contain the basic sampling information on location, depths,
date of collection, etc., the taxonomic classification of speci-
mens established during sorting, the counts or estimated
numbers of each taxa, and various other identifying data.
This file, besides being a comprehensive inventory of about
6,000 biological (mostly marine) samples taken in the ant-
arctic region, has become a valuable tool in designing re-
search projects. We provide investigators with listings of
available specimens; with specific selections of samples ob-
tained in prescribed geographic areas or within depth
boundaries; and with geographic plots of the distributions
of taxa of interest. The plots are prepared on a Cal-Comp
plotter directly from data on magnetic tape, avoiding errors
in transcription and reducing costs over manual plotting.
Our staff encourages investigators to discuss data needs and
services to obtain maximum usage of the data system's
capabilities.

The sosc has professional staff members responsible for
processing marine algae, benthic invertebrates, fishes, zoo-
plankton, and the center's records and data. Collections are
available from both polar regions as well as from numerous
tropical and temperate regions. Investigators in the polar
programs, or other scientists, are invited to discuss the serv-
ices we provide, the availability of desired specimens, and
data processing services.

The processing of polar collections and maintenance of a
centralized data base is supported by National Science R)un-
dation contract DPP 74-13988. The cooperative systematic
studies are supported under National Science Foundation
grant DPP 76-23979.
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Antarctic Marine Geology
Research Facility, 1979-80

DENNIS S. CASSIDY

Department of Geology
Florida State University

Tallahassee, Florida 32306

The curatorial program at the Antarctic Marine Geology
Research Facility and Core Library for the year 1 June 1979
to 31 May 1980 has been concerned with the distribution of
samples, the receipt of new materials, and core-describing
work leading to the publication of several volumes of core
descriptions.

Sample distribution was as follows:
Eltanin: 2,180 samples were distributed from 164 different

piston cores collected aboard 29 of the 47 coring cruises; 11
samples were removed from 11 trigger cores of 4 cruises.
Also distributed were 5 samples from rock dredge, Blake
trawl, and camera-Campbell grab recovery stations of 5
cruises.

Islas Orcadas: 1,643 samples were taken from 91 individ-
ual piston cores representing each of the 5 coring cruises
(Islas Orcadas 0775, 1176, 1277, 1578, and 1678), and 13 sam-
ples were taken from 12 trigger cores of 3 cruises. (See
Cassidy, this volume for a complete summary of A.RA Islas
Orcadas core recovery and sample distribution.)

Ross Sea (usccc Glacier, 1976): Six samples were removed
from one piston core.

Deep Freeze 1979 (usccc Glacier): 277 samples were dis-
tributed from 24 piston cores, 7 trigger cores, and 3 grab
samples collected off the Adélie and George V Coasts of
Antarctica.

International Weddell Sea Oceanographic Expedition (IwSOE):
160 samples were removed from 28 piston cores and 1
Phleger core retrieved aboard the 1968, 1969, and 1970
IWSOE cruises of USCGC Glacier.

Ross Ice Shelf Project (RIsP): 19 samples were removed
from 3 of the 47 gravity cores recovered through the
1978-79 RISP J-9 drill hole.

Dry Valley Drilling Project (DVDP): 36 samples were dis-
tributed from frozen drill cores of 4 holes (DVDP 4A, 11, 13,
and 14).

Miscellaneous: 57 samples were distributed from 5 Kullen-
berg cores collected by the 1965 reconnaissance survey of
USCGC Glacier in the Kara Sea (Arctic); 7 samples were dis-
tributed from 1 l'hleger core taken aboard a companion
survey in the Barents Sea by USCGC Edisto in 1967.

The 4,414 samples distributed were received by 26 inves-
tigators representing 17 institutions in Australia, England,
India, and the United States. In addition to these samples,
minuscule amounts of core sediment were removed for the
preparation of approximately 2,200 smear slides used in
core-describing.

Augmenting the more than 14,000 meters of sediment
cores now stored at the facility were approximately 350

meters of cored and bottom-grabbed sediments retrieved in
the western Ross Sea aboard USCGC Glacier during Deep
Freeze 1980 (Anderson and Kurtz 1980). Also received were
approximately 60 kilograms of dry valley rocks collected in
Antarctica by E. Imre Friedmann (Florida State University,
Department of Biology).

Core-describing and publication of the descriptions have
been a dominant part of the work during the past year. The
staff described more than 330 meters of core sediment col-
lected aboard ARA Islas Orcadas cruise 1578 (Kaharoeddin,
Eggers, Goldstein, Graves, Watkins, Bergen, and Jones in
preparation), and the 47 gravity cores (31.56 meters) recov-
ered through the 1978-79 RISP J-9 drill hole (Webb 1979).
Descriptions were published of piston and trigger core sedi-
ments (approximately 520 meters) retrieved during cruise
1277 of Islas Orcadas (Kaharoeddin, Eggers, Graves, Gold-
stein, Hattner, Jones, and Ciesielski 1979).

Extensive assistance was provided to researchers at the
University of Maine (Tom Kellogg) and Rice University
(John Anderson) in support of their core-describing projects
involving Ross Sea sediments retrieved aboard two cruises
of usccc Glacier during 1976 and 1978 and the Deep Freeze
1979 materials recovered by Glacier in continental shelf waters
adjacent to the Adélie and George V Coasts of Antarctica.
These descriptions will appear in two volumes (Kellogg,
Kellogg, Melanson, and Austin in preparation; Davis, An-
derson, Domack, and Kurtz in preparation); the Deep
Freeze 1979 volume will include an appendix of descrip-
tions for all cores collected aboard the 1968-70 IWSOE cruises
of Glacier.

In progress is the processing and description of core sedi-
ment (approximately 330 meters) retrieved aboard cruise
1678 of Islas Orcadas, the results of which will constitute the
final issue in the series of Islas Orcadas core description
volumes.

Core curation is supported by National Science Founda-
tion contract C-1059.
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ARA Islas Orcadas: Core recovery,
core storage, and sample

distribution

DENNIS S. CASSIDY

Antarctic Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306

This article presents a brief review of the status of cura-
torial activities at the Florida State University's (Fsu) Ant-
arctic Marine Geology Research Facility and Core Library
with respect to the recovery, receipt, processing, storage,
and sampling of the sedimentary materials retrieved
aboard ARA Islas Orcadas. Seven representatives of the facil-
ity (Paul Ciesielski, David DeFelice, John Hattner, Steve
Jones, Duncan McKenzie, Jan Smolko, and Sherwood Wise,
Jr.) participated in 5 of the 19 research cruises of this vessel
(cruises 0775, 1176, 1277, 1578, and 1678), during which
more than 2,100 meters of piston, trigger, and Phleger cores
were recovered. Augmenting this total are approximately
50 meters of piston and trigger cores collected for the Ar-
gentine scientific program aboard several of the 14 Argen-
tine cruises. These cores are curated in Buenos Aires and are
not included for discussion in this report. (One member of
the facility, Steve Jones, assisted in coring aboard Argentine
cruise 13/14.)

The first shipment of cores (cruise 0775) was received at
Fsu on 30 January 1975, and the final shipment (cruise 1678)
on 10 July 1978. Cores were shipped to the United States by
both ocean freight and air freight. Some cores were shipped
nonrefrigerated; others were shipped frozen. All cores pres-
ently are stored at 2°C.

Figure 1 graphically represents piston core recovery
aboard each of the five cruises. Figure 2 provides similar
data for the trigger and Phleger cores. (See Cassidy and
Shepley 1977 for a presentation of similar data concerning
USNS Eltanin core recovery.) For both figures, the recovery
totals are for all cores recovered, regardless of whether or
not all cores were received at FSU. (Six of the 253 piston cores
were retained by the Republic of Argentina, and 1 was lost
enroute to the facility.) For cores of cruises 1578 and 1678,
the meterage totals are unofficial since core-describing is
not yet complete. (Official values, given in the published
core description volumes, are usually about 1 percent to 2
percent less than unofficial values.)

Three volumes of core descriptions have already been
completed for Islas Orcadas cores (Cassidy, Ciesielski, Kaha-
roeddin, Wise, and Zemmels 1977; Kaharoeddin 1978; Ka-
haroeddin, Eggers, Graves, Goldstein, Hattner, Jones, and
Ciesielski 1979). A fourth volume is nearing completion
(Kaharoeddin, Eggers, Goldstein, Graves, Watkins, Bergen,
and Jones in preparation) and descriptive work is well un-
derway on cores of cruise 1678, which will appear in the
fifth and final volume of this series. In these volumes core
descriptions are based on quantitative as well as qualitative
analyses. A variety of attendant information such as basal
sediment ages of the piston cores, graphic logs using stand-
ard lithologic symbols, descriptions of sediment recovered
by the core catcher and core cutter, and a presentation of
the descriptive criteria and methods used in classifying the
sediments are also included.

Figure 3 identifies the positions of all cores recovered
aboard the five Argentine-United States cruises of Islas Or-
cadas. Precise core location data (type of core, core number,
core length, water depth, latitude, and longitude) can be
found by reference to the maps and tables appearing in the
core description volumes.
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An important function of the curatorial program is the
distribution of samples to authorized investigators. As of 31
May 1980, 19,107 samples had been distributed from Islas
Orcadas cores housed at the facility. The table shows sample
distribution totals by cruise and by core type. These sam-
ples have been received by 25 investigators representing 16
institutions in India, Sweden, and the United States. To
evaluate the effort required to distribute this number of
samples and the extent of research making use of them, the
reader is reminded that the sample totals do not include (1)
samples taken from the cores aboard ship, (2) samples re-
moved for the preparation of smear slides for descriptive
work, or (3) the redistribution of sample portions by the
sample recipient. Experience has shown that from two to
five investigators usually are involved in the analysis of

samples charged, for inventory purposes, to a single indi-
vidual. One hundred samples requested by one individual,
for example, may serve as research material for several
graduate theses and/or dissertations and subsequent publi-
cation of results.

Distribution of samples from ARA IsIss Orcadas piston and
trigger cores as of 31 May 1980

Cruise	Piston core	Trigger core	Total number
number	samples	samples	per cruise

0775	3,662	33	 3,695
1176	5,148	25	 5,173
1277	4,833	87	 4,920
1578	2,987	14	 3,001
1678	2,318	—	2,318

Totals	18,948	159	19,107

Note: Approximately 75 percent of the total number of cores
have been sampled; Phleger cores remained unsampled.

In retrospect, the circumpolar survey begun by Eltanin in
1962 was notably extended by the Islas Orcadas phase of
operation. The final chapter of coring in the southern ocean
cannot be written, however, until the broad area of ocean
eastward from the southern tip of Africa to Kerguelen Is-
land has been cored by a U.S. national research vessel.

Curatorial duties have been supported by National Sci-
ence Foundation contracts C-564 and C-1059. Coring oper-
ations aboard ship were supported by National Science
Foundation grants GV 42650, DPP 74-20109, DPP 75-20497,
DPP 77-19360, and DPP 78-07183.
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Ship operations, Deep Freeze 80

CoMMANDER P. R. TAYLOR
U.S. COAST GUARD

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

Three U.S. Coast Guard icebreakers operated in Antarc-
tica during Deep Freeze 80. UscGc Polar Sea from Seattle,
Washington, performed the channel break-in to McMurdo,
escorted the USNS Maumee into Winter Quarters Bay, sup-
ported science and provided transport for passengers and
cargo enroute Ushuaia, Argentina, via Palmer Station, and
supported science in the Weddell Sea. UscGc Northwind
from Wilmington, North Carolina, called at Campbell Is-
land, supported Ross Sea science, and assisted with the
McMurdo icebreaking and channel tending. Usccc Glacier
from Long Beach, California, supported Ross Sea science,

provided resupply ship assistance, towed the ice wharf to
sea, and called at Campbell Island. The dry cargo ship USNS

Pvt. John R. Towle and tankship USNS Maumee provided the
cargo and fuel resupply to McMurdo. The McMurdo ice-
breaking and resupply ship operations were accomplished
as originally planned. There was no ship ice damage.

Ice conditions during the shipping season were generally
light. The Ross Sea was open water except for the western
area extending south to Ross Island. A light band of pack,
approximately 5 nautical miles wide, ran in a NNW/SSE
direction from Cape Bird to Beaufort Island and north,
joining the ice pack in the western Ross Sea. The coastal
area west of Cape Adare was unusually light and open,
which allowed Glacier to conduct an extensive bathymetry
and piston coring program in this normally impregnable
area. The fast ice edge in McMurdo Sound extended north
of Hut Point (McMurdo) 16.5 nautical miles in early Janu-
ary. Neither Maumee nor Towle required an icebreaker es-
cort through the Ross Sea or McMurdo Sound. Icebreaker
escort through the channel was required. By 12 February,
when McMurdo shifted to winter-over operation, all fast
ice had broken out and there was open water to the Ross Ice
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Shelf; Scott Base (New Zealand) was ice free. Several bergs
resulting from Ross Ice Shelf calving were in evidence.

Icebreaker operations. Usccc Polar Sea departed Seattle on
10 November 1979 and arrived Wellington, New Zealand,
on 14 December. She departed on 26 December with two
New Zealand scouts (K-36) aboard. The evening of 2 Janu-
ary Polar Sea arrived at the fast ice edge, McMurdo Sound.
At 0800 on 3 January Polar Sea commenced the channel
break-in with the Commandant, U.S. Coast Guard, Admiral
John B. Hayes aboard. Hut Point was abeam 17 hours 44
minutes and 35 seconds later. Progress in the fast ice was
continuous through up to 2.5-meter thick ice, except for
occasional stopping to clear the sea chests of brash and
slush. Upon reaching Hut Point, Polar Sea turned around
and cut a nearly parallel track to the east of her original
track. The eastern track terminated at the fast ice edge ap-
proximately 500 yards east of her original inbound track.
Polar Sea, Northwind, and Glacier nested at the ice edge;
Northwind's aviation detachment transferred to Polar Sea,
and JP-5 from Northwind was transferred to Glacier. Polar
Sea moored to the ice wharf at McMurdo for 2 days conduct-
ing machinery maintenance and checking for icebreaking
damage; on 9 January she was underway for channel
tending and cutting out the turning basin. She moored
again on 15 January to load cargo for Palmer Station. Polar
Sea escorted Maumee through the loose brash and small
floes to McMurdo on 16 January. She refueled from Mau-
mee, embarked science events S-034, S-308, S-312, and
Palmer Station passengers, and departed McMurdo on 18
January enroute Ushuaia, Argentina, via Palmer Station.
Two French iceberg tracking beacons (S-312) were placed
on icebergs at 75°08'S 164 004'W and 750321S 1600521W.

Polar Sea called at Palmer Station on 29 January, dis-
charged 2 tons of cargo and transported passengers ashore,
loaded 5 tons of retrograde cargo for the continental United
States, and departed the same day.

Between 29 January and 1 February, the U.S. Antarctic
Treaty Inspection Team (5-308) visited the following sta-
tions: Rothera (United Kingdom), General Bernardo
O'Higgins (Chile), Esperanza and Alinirante Brown (Ar-
gentina), Henri Arctowski (Poland), and Bellingshausen
(U.S.S.R.). A visit to Frei Station (Chile) was cancelled due
to surface fog.

Polar Sea arrived Ushuaia, Argentina, on 4 February, dis-
embarked S-034 and S-308, loaded stores, and departed on
7 February enroute the Weddell Sea for science support
with S-200 and S-205 embarked. Project S-200 recovered
two current meters in the southern Weddell Sea and took
oceanographic stations through the south and central Wed-
dell Sea and west of the South Orkney Islands in the Scotia
Sea; S-205 collected ice cores from floes and bergs and
placed four data buoys on floes and bergs.

On 10 February Polar Sea had problems with her ship
service generators. Through the efforts of Coast Guard Ice-
breaker Support Facility Seattle, USDAO Buenos Aires, and
Argentina Air Force C-130 aircraft, critical parts were ob-
tained and Polar Sea was able to continue operations. She
crossed 60°S on 5 March and arrived in Seattle on 12 April
1980, completing her first Deep Freeze deployment.

Usccc Northwind departed Wilmington on 3 November
1979. Upon arrival in Wellington on 15 December, she re-
fueled, completed voyage repairs, loaded stores and Camp-
bell Island cargo and passengers, embarked science events
S-013, S-034, and S-255, and departed on 19 December.
Northwind anchored in Perseverance Harbor, Campbell Is-
land, on 22 December, transported passengers and cargo
ashore via LCVP, and departed on 23 December. Ross Sea
science (S-013, 5-034, and S-255) was supported until the
evening of 2 January, when Northwind arrived at the fast ice
edge. From 3 to 5 January Northwind cut a "backdoor"
channel to just south of Tent Island, completed S-013 in the
Ross Sea, and returned to the McMurdo area on 9 January,
where she assisted the Polar Sea channel tending, except for
2 days of maintenance at the ice wharf. On 18 January,
Northwind refueled alongside Maumee and departed for the
Ross Sea to make one last attempt to recover two current
meters placed by usccc Burton Island during Deep Freeze
78. (Glacier had been unsuccessful in recovering them dur-
ing Deep Freeze 79.) Efforts were still unsuccessful and
Northwind headed for Wilmington via Melbourne and Bris-
bane, Australia, and Suva, Fiji, crossing 60°S on 24 January.
Northwind provided transport from McMurdo to Mel-
bourne for 11 Australian personnel from Casey Station and
arrived home on 24 March 1980.

Usccc Glacier departed Long Beach on 15 November
1979. She arrived Auckland, New Zealand, on 10 Decem-
ber, refueled, completed voyage repairs, and embarked
Campbell Island passengers and cargo science event 5-207.
Equipment for science event K-12, to be used at the end of
the season, was also loaded, and Glacier departed on 15
December. The Campbell Island passengers and cargo were
flown ashore on 19 December and Glacier headed for the
Victoria Land coast to support 5-207. During this period
Glacier, with unusually light ice conditions, conducted an
extensive bathymetry program along the coast west of Cape
Adare. Soundings in this area were sparse to nonexistent. In
addition to the piston coring and bottom-grab projects, sev-
eral significant submarine canyons were discovered. Heli-
copters were used to obtain iceberg and glacier sediment
samples. From 6 to 18 January Glacier continued support for
S-207 in McMurdo Sound and the Ross Sea, then refueled
from Maumee, and on 19 January unsuccessfully attempted
to tow Maumee out of Winter Quarters Bay. Wind condi-
tions caused the 8-inch towing hawser to part and Glacier
temporarily grounded on the Hut Point shoal. Maumee sub--
sequently was towed (bow-to-stem) under more favorable
conditions on 24 January.

Glacier moored to the ice wharf and personnel conducted
a sounding survey of Winter Quarters Bay using the Arctic
Survey Boat. The ice wharf face was blasted and Glacier
sheared the face in preparation for Towle's arrival. Glacier
escorted Towle through loose pack into Winter Quarters Bay
and then departed for the Cape Adare area for continuation
of S-207. Glacier returned to McMurdo on 5 February and
embarked personnel for event K-12 and Campbell Island
passengers. Cargo operations were completed on the fol-
lowing day, but due to wind conditions Towle was not
towed out of the bay until the 7th. As with the Maumee, the
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bow-to-stern method was employed. Glacier returned and
towed the deteriorated and cracked ice wharf to sea. Science
events K-12 and 5-207 were supported until 12 February,
when Glacier headed for Wellington via Campbell Island.
Three days later, in severe weather, Glacier's LCVP (Landing
Craft Vehicle Personnel) was carried away—all that re-
mained was the keel. While anchored in Perseverance Har-
bor on 18 February, the Campbell Island discharge and
pickup of passengers was accomplished using one helicop-
ter and Glacier's motor surf boat. Glacier arrived in Welling-
ton on 21 February, departed on 29 February, and arrived
in Long Beach on 24 March 1980.

Resupply Ship Operations. USNS Maumee arrived in Winter
Quarters Bay under escort of Polar Sea on 16 January. The
channel transit was essentially ice-free except for small floes
in the vicinity of Hut Point. Maumee discharged her cargo
of petroleum products at McMurdo Station, refueled Polar
Sea, Northwind, and Glacier, and was ready to be towed on
19 January. When Maumee took in her lines and started to
move, the hawser parted, due both to heavy strain and to
riding against Glacier's flight deck stanchion. Glacier tempo-
rarily grounded on the Hut Point Shoal. Four days later

another attempt was made, when Maumee and Glacier
moored to each other, bow to stern—stern to bow or "Chi-
nese style." This was unsuccessful and Maumee's stern was
set down on the shoal. The decision was made to attempt a
bow-to-stern tow, which was successful; Maumee departed
on 24 January, and arrived in Port Lyttelton, New Zealand,
on 30 January 1980.

UsNs Pvt. John R. Towle moored csc Port Hueneme, Cali-
fornia, on 23 December 1979, loaded cargo, and departed for
Port Lyttelton on 4 January. Towle arrived Port Lyttelton on
21 January, worked cargo, and departed 2 days later. On 29
January Towle rendezvoused with Glacier in the Vicinity of
Tent Island and was escorted through the small floes to
Winter Quarters Bay. Towle completed cargo operations on
6 February; however, departure was delayed until the next
day due to unfavorable winds. Towle proceeded to Port
Lyttelton with 113 passengers and arrived on 13 February
1980.

The cargo ship operations were supported by National
Science Foundation Interagency Agreement cA-165. Ice-
breaker operations were supported by a National Science
Foundation agreement with the U.S. Coast Guard.

Antarctic activities of Holmes
and Narver, inc.

ROBERT L. Mu"Hy

Antarctic Support Division
Holmes and Narver, Inc.
Orange, California 92668

Holmes and Narver, Inc. (H&N) completed its 12th year of
providing scientific support services to the United States
Antarctic Research Program (usARP) during the 1979-80
season. During this season H&N deployed over 200 employ-
ees to the three stations and two field camps it operated, to
the McMurdo area, and on board the R/V Hero.

The winter-over season of 1979 was considered one of the
most successful yet for contractor operations of South Pole,
Siple, and Palmer Stations. Interpersonal relationships
among individuals of the H&N support crews and the scien-
tific teams seemed excellent. Facilities were maintained in
accordance with the scheduled preventive maintenance
program and turned over to the incoming teams in gener-
ally better condition than when the winter had begun.

The winter fly-in period (wINRY) crew deployed by H&N

in the McMurdo area was the largest ever provided by a
contractor organization in Antarctica. This crew of 46 crafts-
people and support personnel not only provided assistance
to the science activities while preparing facilities to receive
the main deployment, but also rushed completion of two

new 50-person dormitories begun the season before, in an
effort to provide increased and improved housing. Con-
struction of the new Williams Field complex, adjacent to
McMurdo Station, was reactivated during wINflx, and
modifications to the Naval Support Force Antarctica mete-
orology area was begun to prepare for a new computer.

Early in the season a new camp was constructed in the
Ellsworth Mountains to serve as a base facility for a major
scientific study of the geology and glaciology of this remote
region. Aircraft problems and bad weather caused some
delays, but after full activation, the camp provided out-
standing support. The H&N crew was experienced, since
most of them had served at the Darwin Glacier Camp the
prior season.

The Dome Charlie Camp was reopened by virtually the
same crew that had engineered the operation the season
before. The scientific efforts and the support activities pro-
gressed successfully at Dome C, including evacuating four
scientists at different times for various illnesses and minor
accidents.

Williams Field. The new facility is a 155-person camp
composed of mobile and relocatable buildings for support-
ing us air operations. The entire facility was designed,
procured, and constructed by H&N. The elapsed time from
conceptual engineering to beneficial occupancy was 3½
years. The facility was designed for frequent relocation be-
cause of the advancing and calving ice edge of the Roes Ice
Shelf, and to keep the facilities from becoming deeply bur-
ied by the heavy annual snow drifting.

McMurdo. Two new 50-bed dormitories were turned over
to the Commander, U.S. Naval Support Force Antarctica

-
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for occupancy early in the season. Three additional dormi-
tories were worked on and were well ahead of schedule
when the season ended. Over half of the construction crew
had worked in Antarctica during previous seasons. A new
interim photo laboratory was completed; the old facility
had to be demolished toward season's end to make room for
additional new dormitory construction in coming seasons.
The footings for the new power plant were delivered by the
USNS Towle and placed in position before station closing to
ensure an early start on the construction of the power plant
facility during usARP 81.

H&N assumed the responsibilities for trash collection, fa-
cilities' fueling, and shuttle-bus service between McMurdo
and the air fields.

South Pole Station. The outgoing crew included the first
female, the station physician, to winter-over at an inland
station. A new sewage lift station and sewer outfall were
installed; the old system was creating a large slump area
adjacent to the geodesic dome, threatening to cause further
undesirable subsidence of the station facilites. While ready-
ing the fresh air distribution system for activation within
the dome and arch at South Pole, the second H&N fatality
in 12 years occurred. Casey A. Jones, the summer cook, was
excavating compacted snow from an air plenum duct when
the entire column of ice and snow collapsed on him. De-
spite prompt rescue efforts, he was dead when his body was
uncovered.

Siple Station. The new facility weathered its first winter-
over in fine condition. The planned balloon and rocket
scientific programs were cancelled due to airlift capability
reductions. The summer crew concentrated its efforts on
the construction of a new summer camp, including relocat-
able kitchen and sanitary facilities.

Palmer Station. H&N completed the second consecutive
year of operations with no personnel turnover. The new
Zodiac boat launching area that had been installed the pre-
ceding year survived the rigors of winter ice. Station per-
sonnel continued their efforts on area clean-up; the Chilean
vessel Yelcho removed about 10 tons of scrap. A new X-ray
unit was installed in the medical clinic, and the biology
laboratories were thoroughly inventoried and reorganized.
Satellite communications capabilities between the station
and the home office were improved by the successful trans-
mission of TEixFAx during the winter.

Research vessel Hero was found to be infested with tere-
dos (shipworms) and sailed to Buenos Aires for emergency
drydocking. This reduced some of the science programs
planned for the peninsula area during the summer. Repairs
were successful, however, and she finished the season by
providing assistance to the Fm Bransfield, which had sus-
tained hull damage when she ran aground on uncharted
rocks near Rothera Point.

These activities were supported by National Science
Foundation contract C-793.
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