
bacteria under different conditions and using different
methods, (2) observation of the deterioration of whole-
hill samples at 3Ø0, 2°, and 4°C., (3) registration of
organoleptic characteristics of fresh material at dif-
ferent periods to correlate them with microbiological
and biochemical characteristics, and (4) determina-
tion of water content (percent H 2 0) in recently cap-
tured krill. Other chemical determinations included
total nitrogen (milligrams nitrogen per gram wet
bill), pH, and percentage of ash.

Throughout the cruise we recorded sightings of
birds and mammals, noting date and time, position of

the ship, sea conditions, weather (wind intensity and
direction, cloudiness, temperature) swimming or fly-
ing characteristics, and behavior. Sixty-four birds and
10 cetaceans were recorded. After processing and
analysis, these data will be published by the Argentine
Antarctic Institute in its Series Contribuciones Cien-
t/icas.

We thank the Argentine navy officers and crew of
Islas Orcadas for their dedicated support.

Solar radiation in the South Atlantic
Ocean

Guy A. FRANcFscHINI
Department of Meteorology

Texas A &M University
College Station, Texas 77843

Through cooperative arrangements between Argen-
tina and the United States aboard ARA Islas Orcadas
(formerly USNS Eltanin), the large gap in our
knowledge of the solar radiation environment over the
southern South Atlantic Ocean is gradually being
filled. Since solar radiation is the primary source of
energy for physical, chemical, and biological pro-
cesses, such increased understanding is indeed
welcome. To date, data have been obtained for the
western sector of the South Atlantic (i.e., Drake
Passage and the western area of the Scotia Sea). Total
and photosynthetically active radiation (PAR) were
determined from measurements that were made dur-
ing the 1974-1975 austral summer during cruises 3 and
4.

Measurement program

Incident global solar radiation was measured with
Eppley precision spectral pyranometers. Four inter-
calibrated sensors were used to obtain the spectral flux
over four broad wavebands between 285 and 2,800
nanometers. Continuous daytime measurements,
which were digitized and recorded at 2-minute inter-
vals, formed the basis of flux determination.

Unfortunately, biological experiments of primary
production were curtailed due to operational priorities
during cruise 3, and these were not scheduled for
cruise 4. Nevertheless, these cruises offered the needed
opportunity to extend our knowledge of the solar
radiation milieu over waters around Antarctica.

Results

General. Since photosynthetically active radiation is
associated with wavelengths from 285 to 700
nanometers (i.e., the visible part of the spectrum), on-
ly the data for this broad waveband and the total in-
solation are presented in this interim diagnostic
report. Based on half-hour averages, summations were
determined for the pre- and post-noon (a.m. and
p.m.) periods of the local apparent solar day. Results,
in terms of daily arithmetic averages and extrema for
5°-latitude zones, were obtained from these. The
period of cruise 3, 14 to 26 December 1974, was
centered on the time of the austral-summer solstice (22
December), when the fluxes of solar energy were max-
imum. The period of cruise 4, 12 January to 24
February 1975, was centered in early February, more
than a month after the solstice, when solar fluxes were
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appreciably diminished. Results are presented in
tables 1 and 2. The extrema in the tables, viz., the
maximum and minimum fluxes of total as well as PAR,
correspond respectively t& days with minimum and
maximum cloudiness.

Latitudinal variations and anomalies. In tables 1
and 2, the average value of the total flux, as well as
PAR, is seen to decrease with the southward increase of
latitude south of 4505 for both cruises. This is
especially noticeable in the west Scotia Sea at 551W.
and is also apparent in the maximum values (i.e.,
those associated with minimum amounts of
cloudiness). An exception to this anticipated variation
is the anomalously low value during both cruises in the
55 0S. zone as a result of increased cloudiness. This
latitude zone presumably marks the storm track dur-
ing these periods.

Interdiurnal ranges. In addition to masking the
latitudinal variation, a dominant role played by
cloudiness is seen in the large day-to-day differences
and in the ranges between maximum and minimum
values. In the Drake Passage and the western area of
the Scotia Sea, the largest ranges are found in the
55°S. zone, the belt of anomalously low values of inci-
dent flux. Such large variability is associated with the
succession of migratory storms and their attendant
cloud systems that repeatedly move eastward at these
latitudes. The smallest interdiurnal ranges, associated
with a lesser variability in cloud amounts, are seen on
either side of this zone. This is especially well-marked
in the cruise-3 data (table 1) at 600S.

These interdiurnal ranges of PAR may be taken as a
measure of the reduction of incident flux as a conse-
quence of excessive cloud amounts. A comparison of
minimum and maximum values shows that during
cruise S (table 1) reduction by clouds varied between 5
and 67 percent; during cruise 4 (table 2), between 5
and 78 percent. Awareness of such a major control is
necessary for any consideration of energetics, both
physical and biological.

Coastal anomaly. Another exception to the
latitudinal decrease is the anomalous increase that is
apparent in the maximum values during cruise S
(table 1) at 65°S. This zone is adjacent to the islands
and coastal regions of the Antarctic Peninsula. The in-
terplay of reflection by snow-covered topographic
features, as well as the lesser amounts of cloudiness in
the coastal regions, are considered responsible for the
observed enhancement.

Diurnal asymmetry. Since estimates of primary pro-
ductivity are often based on experimental, in situ in-
cubation periods during half-day intervals, it is
necessary to determine if the incident solar flux is sym-
metrical about local apparent noon (LAN). In tables 1
and 2, values are given for the percent of the daily PAR
that was realized during the p.m. period. Apparently
there was a cloud-induced, unequal partitioning with
respect to LAN. Hence, in addition to causing large
reductions that are manifest in latitudinal and coastal
anomalies, and large interdiurnal ranges, cloudiness
variations also produce a diurnal asymmetry. During
cruise 5, the extreme values of percentage-in-p.m. of

Table 1. Daily average and extrema of incident solar radiation, total and photosynthetically active (PAR), for 5°-latitude zones
during ARA bias Orcadas cruise 3 (December 1974) in the southwest South Atlantic Ocean.

Lat(°S.)/Long(°W.)
Date

45/62
14

50/65
15,16

55/66
18,26

60/62
19,24,25

65/63
20,21,22

30

Total

(CaI/cm5day)

Avg	 700

Avg	 564
Max	 663
Mm
	

465

Avg	 279
Max	 428
Mm
	

129

Avg	 412
Max	 427
Mm
	

384

Avg	 270
Max	 451
Mm
	

123

Photosynthetically active radiation

(Cal/cm'day)	(% in p.m.)	(% of total)

323
	

48
	

46

264
	

56
	 47

307
	

51
	

46
220
	

64
	

48

146
	 51
	

52
213
	

44
	

50
78
	

70
	

60

208
	

57
	

51
213
	

66
	 50

202
	

47
	

53

147
	

51
	

55
232
	 54
	 51

76
	

63
	

62

ANTARCTIC JOURNAL



PAR were 44 to 70 percent, while for average zonal
values they were 51 to 57 percent. Corresponding
values for cruise 4 were: 36 to 63 percent for extremes;
40 to 57 percent for zonal averages. Consequently,
long-term estimates of organic production based on
half-day experiments should take this diurnal asym-
metry into account.

minimum cloudiness, and 50 to 67 percent with max-
imum cloudiness.

Comparison with other studies

PAR as a percent of total. One major requirement
of primary productivity efforts is a quantitative
estimate of the amount of PAR that is made available
to the biomass. Since measurements and estimates of
the incident solar radiation (i.e, the flux here referred
to as total) are often available in climatological
atlases, it would be very useful if PAR were known as a
percentage of the total. The variation of this
parameter of PAR (namely, percentage of total) is
shown in the tables. For both cruises, the smaller
values are associated with the maximum fluxes, while
the larger values are associated with the minimum
fluxes (i.e., a larger fraction of the total is photosyn-
thetically active under cloudy skies than under clear to
partly cloudy skies). Again the influence of cloudiness
also extends to modification of the quality of incident
solar radiation. In table 1, the values range from 46 to
51 percent during days with lesser cloud amounts, to
48 to 62 percent with greater cloudiness. Correspon-
ding values from table 2 are 46 to 53 percent with

Results presented here were compared with those of
studies of the southeast South Indian Ocean (Eltanin
cruise 46), southwest South Pacific Ocean (Eltanin
cruise 51) (Franceschini, 1971, 1972, 1973), and with
a study of the influence of clouds on insolation at sea
(Franceschini, 1968). There is excellent agreement
between these findings, as well as those presented in a
summary account by Holm-Hansen et al. (in press).
Specifically, remarkable consistency is found in all
features with regard to: latitudinal variations and
anomalies; coastal enhancement; and the dominant
role of cloudiness on PAR, its variability, its interdiur-
nal range, and its diurnal asymmetry. Apparently,
these are fundamental characteristics of solar radia-
tion in the regions studied.

Results to date are valuable and encouraging.
However, an urgent need exists for evaluating solar
energy as a function of depth within the water mass.

This study was supported by National Science Foun-
dation grant DPP 76-01121. Appreciation is extended

Table 2. Daily average and extrema of incident solar radiation, total and photosynthetically active (PAR), for 5°-latitude zones
during ARA Islas Orcadas cruise 4 (January and February 1975) in the southwest South Atlantic Ocean.

Lat(°S.)/Long(°W.)
Date

40/55	 Avg
12-13Jan	 Max

Mm

45/58	 Avg
14-15Jan	 Max

Mm

50/62	 Avg
16-17Jan	 Max

Mm

55/61	 Avg
18-19Jan	 Max
7-24 Feb	 Mm

60/66	 Avg
2OJan-	 Max
1 Feb	 Mm

60/55	 Avg
12-15 Feb	Max

Mm

March/June 1977

Total	 Photosynthetically active radiation

(Cal/cm2day)	(Cal/cmtday)	(% in p.m.)	(% of total)

455	 220	 51	 49
493	 225	 51	 46
416	 215	 51	 50

513	 268	 40	 52
577	 300	 39	 52
448
	

235	 41	 53

438	 219	 50	 50
497
	

245	 48	 49
378	 192	 51	 51

275	 148	 50	 54
463	 255	 36	 53

90	 55
	

45
	

61

289	 164	 55
	

56
387	 189	 50

	
49

182	 122	 56	 67

243	 125	 57
	

51
303	 150	 53	 49
182	 99

	
63	 55

31



to P. Dudley-Hart and A. Abregu for their valuable
field assistance.
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International Antarctic Glaciological
Project: past and future

UWE RADOK
Department of Meteorology

University of Melbourne
Parkville, 3052, Australia

Nearly 10 years have passed since the initial discus-
sions that led to the creation of the International Ant-
arctic Glaciological Project (IAGP) in 1969. Since, the
original three participating nations have been joined
by two others, there have been six meetings of the IAGP
coordinating council, and six field seasons have come
and gone—more than half of the tentative 10-year
duration originally planned for the project. It
therefore seems timely to raise such questions as: What
concrete results have been obtained? How have the
original plans been fulfilled? What remains to be
done? What lessons have been learned?

Results to date

Before the inception of IAGP, its study area, between
longitudes 60°E. and 160°E. and between the coast

The International Antarctic Glaciological Project is a cooperative
venture linking Australia, France, the Soviet Union, the United
Kingdom, and the United States in a study of a large part of the East
Antarctic Ice Sheet.

and the 80th parallel, had been explored by
Australian, French, U.S., and U.S.S.R. traverses
(figure 1). Initially, IAGP set up standards on tech-
niques, measurements, and accuracies to be sought.
Later field seasons saw the work summarized in figure
2. There have been new traverses from Casey
(66 017'S. 110 032'E.) and Dumont d'Urville
(66 040'S. 140 001'E.) toward the summits of the ice
sheet and several complete crossings from Mirnyy
(66 033'S. 93 001 'E.) to Vostok (78 028'S. 106048'E.)
and back. Holes cored into the ice sheet include two to
950 .meter.depths at Vostok, a 450-meter hole at
Vostok 1, and two holes to 350-meter .depths near
Casey and one near Dumont d'Urville. Numerous
shorter and surface-layer cores have clarified regional
details of firn chemistry and the concentrations of
both stable and radioactive isotopes in the ice. Air-
borne radio-echo sounding has defined the detailed
topography and thickness of the ice sheet over the
eastern half of the IAGP area along a line between
Mirnyy- Vostok- Pole of Inaccessibility-Amery Basin-
Mirnyy, and around the Amery Basin (figure 3).

Concurrent with these field studies, computer
modeling of the thermodynamics and dynamics of the
East Antarctic Ice Sheet has achieved the first
reconstructions of its changes over periods of the order
of hundreds of thousands of years, with predictions of
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