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The Photic Zone: Eleven Studies During Eltanin Cruise 46
SAYED Z. EL-SAYED

Department of Oceanography
Texas A&M University

Eltanin Cruise 46 began at Fremantle on Novem-
ber 20, 1970, and ended there on January 20, 1971
(fig. 1). The primary objective of this special biologi-
al oceanography cruise was to study some aspects of
he structure and function of the antarctic marine
cosystem. Although we have a fairly reasonable
nowledge of the composition and abundance of the

-nain components of the antarctic ecosystem, we
acked information about the relationship between

Iy

he trophic levels and the flow of energy through the
stem. What was needed was a program for a thor-

ugh understanding of how the biological system
orks and how it relates to the physical and chemical
ilieu within which it operates. Like Cruise 38

Pomeroy, 1969), Eltanin Cruise 46 was noted for
ts interdigitated biological, chemical, biochemical,
nd physical programs, all of which were designed
o answer some of the outstanding problems of the
ntarctic marine ecosystem (fig. 2).

Eleven major programs were carried out:
Study of hydrographic conditions in the southeast-

rn Indian Ocean; study of primary productivity,
standing crop of phytoplankton, and nutrient chem-
istry. Principal investigator: Dr. S. Z. El-Sayed,

exas A&M University. The objectives of this in-
estigation were to assess the standing crop of phy-
oplankton and phaeo-pigments in the upper 300 m
A the water column and to estimate the rates of pri-
ary production (using the in situ C14 uptake
ethod) in the euphotic zone. Water samples were

aken from the Nansen casts to determine the in-
rganic nutrient salts (for example, silicates, phos-
hates, and nitrates). Studies were also made of the
pecies composition and relative abundance of the
hytoplankton collected in net plankton hauls (35/L)

and in water samples (1 liter each) taken from the
surface to a depth of 300 m. The productivity data
together with other biological and chemical param-
eters studied during this cruise will be correlated
with the prevailing hydrographic conditions in the
areas investigated.

Dr. El-Sayed was the U.S. Antarctic Research Program
representative on Cruise 46.

Carbon pathways in the antarctic ecosystem. Prin-
cipal investigator: Dr. William M. Sackett, Texas
A&M University. The pathways of carbon were
traced through the complete antarctic ecosystem using
natural variations in carbon and hydrogen isotopes.
With knowledge of the C13/C12 and H2 /H 1 ratios in
inorganic compounds and in marine organisms, it is
possible to predict the pathways of carbon through
the marine ecosystem—beginning with carbon dioxide
in the atmosphere and ending with the final members
of the food pyramids.

Occurrence, distribution, and number of zoos poric
and saprophytic fungi. Principal investigator: Dr.
Frederick K. Sparrow, University of Michigan. Data
were obtained on the composition and distribution
of fungal populations in the water column and in the
bottom sediments. Phytoplankton samples were ex-
amined microscopically for parasitic fungi.

Figure 1. Track of Eltanin Cruise 46. Numbers identify stations,
shown as circles.
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Figure 2. Aspects of
oceanic ecosystem in
photic zone as stud

during Cruise 46.

Metabolism of the ultra and net plankton. Prin-
cipal investigator: Dr. Lawrence R. Pomeroy, Uni-
versity of Georgia. The metabolic contribution of the
ultraplankton and net plankton in the upper 500 m
of the water column and the factors that regulate
the metabolism of the ultraplankton were studied.
Ultraplankton was taken with Gerard-Ewing sam-
plers and processed with Dodson-Thomas concentra-
tors. Metabolic analysis was conducted on the con-
centrates using the electron transport system assay
and the oxygen electrode-respirometer system.

Distribution of biochemical activity and chemical
composition of plankton. Principal investigators:
Drs. 0. Holm-Hansen, P. J. Williams, and A. F.
Carlucci, University of California (San Diego). The
natural radiocarbon activity in phytoplankton, zoo-
plankton, bathypelagic crustaceans, and fishes was
assessed to determine the rate of transfer of photo-
synthetically fixed carbon from the surface to the
deep sea. Other objectives were to estimate the total
biomass of microbial cells in surface water and in the
water column and to obtain detailed profiles of dis-
solved and particulate organic carbon, nitrogen and

phosphorus, vitamins B 1 and B12 , and biotin. Also
studied was the chemical composition of phytoplank-
ton and zooplankton populations.

Analytical study of nutritional relationships of pri-
mary consumers (zooplankton). Principal investiga-
tor: Dr. Mary Alice McWhinnie, DePaul University.
This study was designed to ascertain whether polar
marine crustaceans absorb soluble nutrients directly or
indirectly (via bacteria, absorbed particulates, etc.).
Also, the effect of antibiotics on the studied organ-
isms was assessed. Animals representing several taxa
were studied with respect to both treatment by anti-
biotics and the extent of absorption of C14-labeled
glycine.

Response of phytoplankton to changes in light and
temperature. Principal investigators: Messrs. Harr
Jitts and David Carpenter, Commonwealth Scientifi c
and Industrial Research Organization, Division o
Fisheries and Oceanography, Cronulla, Australia
Using the C14 uptake method, a comparison wa
made of in situ and simulated in situ primary pro -
duction.Also, the rate of carbon uptake as affecte4
by changes in temperature and radiant energy wa

im
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studied. The first part was carried out in conjunction
with Dr. El-Sayed's investigation. To enable a real-
istic comparison, the same techniques and equipment
of the CSIRO group were applied to both the in
situ and the simulated in situ methods, the only dif-
ference being the place of incubation (fig. 3).

Heterotrophic activity. Principal investigator: Dr.
Richard Y. Morita, Oregon State University. The
rate of heterotrophic activity was measured by ki-
netic analysis of the assimilation and respiration of
C 14-labeled glucose, acetate, and various amino acids.
A liquid scintillation counter (Nuclear Chicago, Inc.,
Unilux 2A) was used to measure the low levels of
activity.

Antarctic copepods: systematic and distribution
studies. Principal investigator: Dr. Tai Soo Park,
Texas A&M University. Zooplankton samples were
collected for study of the systematics and distribution
of antarctic copepods. Special attention was given to
deep-living forms. Brown-McGowan opening and
closing nets (Bongo nets) were used for sampling
the zooplankton population at various depths.

Spectral distribution of solar radiation influencing
primary productivity. Principal investigator: Dr. Guy
A. Franceschini, Texas A&M University. To deter-
mine the spectral composition of solar radiation enter-
ing the water (that is, made available for photosyn-

thesis), downwelling and upwelling radiation was
measured. Four precision spectral radiometers were
mounted on the bow facing downward, and four
similar probes on the helicopter pad facing upward.
A continuous scanning spectroradiometer, enclosed
within a lucite case and mounted on the helicopter
pad, served as a continuity check for the other
probes.

Computer evaluation; record and data analysis.
Principal investigator: Miss Betty Landrum, Smith-
sonian Oceanographic Sorting Center, Washington,
D.C. USARP data forms were evaluated under ac-
tual collecting conditions, and appropriate proced-
ures were developed for their use. The feasibility was
studied of using the computer for permanent docu-
mentation and data retrieval.

In addition to the above programs, two Australian
meteorologists from the Commonwealth Bureau of
Meteorology, Melbourne, Australia, made regular
weather observations.

Cruise track

Eighteen stations were occupied (fig. 1). Stations
1-8 were along 115'E.; stations 8-11 were all in
pack ice. Since ice conditions at the time of the
year of this cruise prevented any further southern

Scientific activities aboard USNS Eltanin during Cruise 46, November 20, 1970—January 20, 1971
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1 Isaacs-Kidd midwater trawl; includes 45 trawls with 1-rn	'0.5-rn net, stations 1 to 8; 1-rn net, stations 10 to 18.
net, two with 3-rn net, and six modified vertical tows.	 Brown-McGowan opening and closing net.
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Robert Forrest
Figure 3. Controlled light and temperature incubator (foreground)

aboard Ettanin used by CSIRO scientists during Cruise 46.

or western penetration, we were forced to skirt the
ice by moving northwesterly until we reached 60°S.
The open waters there gave us an excellent oppor-
tunity to resume our southern penetration to ice-free
station 12. This was followed by occupying two ice-
covered stations, 13 and 14, which marked the
southernmost position attained-65°30'S. 74°47'E.

Heading north, Eltanin occupied station 15, al-
most a repeat of station 12 occupied a few days
earlier, to check the variability of the hydrographic
and biological parameters at this exceptionally pro-
ductive station. From station 15 we headed north to
station 16, between Heard and McDonald Islands.
From there we continued on a northwesterly course
and occupied station 17, off the east coast of Ker-
guelen Island and, incidentally, north of the Converg-
ence according to the hydrographic observations.

The last station-18—was southeast of Kerguelen
Island. Although no stations were occupied between
station 18 and Fremantle, XBTs, mechanical BTs,
and surface water samples were collected every 4
hours; the water samples were used mainly to study
the concentration of phytoplankton pigments. Oc-
casionally, we used the midwater trawl to collect ma-
rine organisms for study of their metabolic activities.
Precision depth recorder watches were kept through-
out the cruise. The table summarizes the cruise
activities.

Collaboration of Cruise 46 participants will con-
tinue in the analysis of data and preparation of re-
ports as well as in the projection of plans for annual
cruises through 1975. A cruise in the Ross Sea plan-
ned for January 1972 will continue and expand the
current studies on the dynamic role of the photic
zone in the marine ecosystem.

Reference

Poineroy, L. R. 1969. Eltanin Cruise 38. Antarctic Journal
of the U.S., IV(5): 249.

Antarctic Research Series
Volume 15 Published

Antarctic Oceanology I, the 15th volume of the
Antarctic Research Series, contains 13 papers on the
topography, magnetics, and seismicity of the sea floor,
the characteristics and circulation of the water masses,
and the constituents and chemistry of the sediments
in antarctic waters. The 343-page volume was edited
by Joseph L. Reid.

The Antarctic Research Series is supported by a
grant from the National Science Foundation. Copies
are for sale by the American Geophysical Union,
Suite 435, 2100 Pennsylvania Avenue, N.W., Wash-
ington, D.C. 20037. Vol. 15 costs $22.

Dr. Frank F. Snodgrass
Honored by Flinders University

Flinders University of South Australia has granted
a doctor of science degree to Dr. Frank E. Snodgrass
of the Scripps Institution of Oceanography in rec-
ognition of his investigations of antarctic tides.

Dr. Snodgrass designed and developed a deep sea
instrumentation capsule for recording water tempera-
ture, currents, and pressure on magnetic tape. During
Cruise 41 of the Eltanin (Antarctic Journal, VI(1)
12-14), data collected by means of the capsules
showed the midocean tide to be of modest height,
an observation conflicting with the generally accepted
theory of large-amplitude midocean tides in the
southern oceans.

State and Navy Departments
Reassign Antarctic Responsibility

Both the Department of State and the Department
of the Navy have shifted responsibility for antarctic
affairs within their organizations.

In a March 20, 1971, memorandum, the Honor-
able John W. Warner, Under Secretary of the Navy,
designated the Navy's assistant secretary for research
and development as the representative for antarctic
matters. The Office of the Chief of Naval Operations
had been the responsible agency.

The Department of State, effective April 7, 1971,
transferred responsibility for antarctic affairs from
the Bureau of International Organization Affairs to
the Bureau of International Scientific and Techno-
logical Affairs. In conjunction with this realinement,
Mr. Herman Pollack became chairman of the Ant-
arctic Policy Group, replacing Mr. Samuel De Palma.
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