
sia superba (stations 8, 9, and 11), seven samples of
E. crystallorophias (stations 11 and 13-17), eleven
samples of phytoplankton (stations 7-9, 11, 13-15,
and 18), and eleven samples of copepods (stations
7-9, 11, and 18), collected in the Ross Sea during
Eltanin Cruise 51. The fatty acid profiles of the
three samples of E. superba resembled each other
closely. In two cases in which the hepatopancreas
and stomach were analyzed separately from the re-
maining carcass, the fatty acid compositions were
almost identical, suggesting that very little differ-
entiation of organ lipids occurs in these animals. The
fatty acid patterns of the E. crystallorophias samples
were also similar to each other but differed markedly
from those of E. superba: E. Crysta.11orophias lipids
contained less C 14 and C16 saturated fatty acids and
about twice as much C 18 monoenoic acid (40 to 48
percent of the total acids) than E. superba. The con-
tent of C20 and C22 penta- and hexaenoic fatty
acids (HUFA) was practically the same in both
euphausiids. Therefore, owing to the large excess of
monoenoic acid, E. crystallorophias lipids are more
unsaturated than those of E. superba.

In an attempt to determine trophic relationships
through the study of lipids, the fatty acid profiles of
the two euphausiids were compared to those of
phytoplankton from corresponding stations. We
found a higher degree of similarity between E. su-
perba and phytoplankton fatty acid patterns than
between those of E. crystallorophias and phytoplank-
ton. In particular, the phytoplankton of station 11,
which contained abundant Fragilaria sp., showed the
fatty acid pattern closest to that of E. superba. Very
little correlation could be established between the
fatty acid profiles of euphausiids and copepods. The
copepod collections from stations 11 and 18 were

abundant and could be fractionated by means of
sieves of various sizes. When the fatty acid profiles
of those copepod fractions were compared to those
of phytoplankton from stations 11 and 18, close simi-
larity was found with the copepods between 0.5 and
2 millimeters in size. Larger or smaller copepods did
not show the same agreement.

Copepods were very rich in HUFA, each of the
samples examined containing about 40 percent of
these acids. Euphausiid lipids contained about 25
percent HUFA. Phytoplankton levels of HUFA
varied between 3 and 35 percent. The fact that all
the phytoplankton samples contained HUFA suggests
that these acids may originate in phytoplankton and
then be transferred to the upper trophic levels, where
they are concentrated by a process as yet unknown.
The fatty acids of a sample of the amphipod Para-
themisto gaudichaudii (station 4) closely resembled
both in type and proportions those of a sample of the
same organism found in the stomach of sei whale
caught in antarctic waters south of Africa in 1967.

This work was supported by National Science
Foundation grant GV-30413.

Stable carbon isotope variations
in the antarctic marine ecosystem

W. M. SACKETT and J . M. BROOKS
Department of Oceanography

Texas A&M University

Our program goals for USNS Eltanin Cruise 51
were-

1. To collect all types of biota with special em-
phasis on subdividing net tows into all possible corn-

Eltanin Cruise 51 sample collection for carbon isotope analysis.

Station	 1	2	3	4	5	6	7	8	9	10 11 12 13 14	15 16 17 18 Total

Sediment
Core	 1	 1	3	1	2	1	2	1	 1	2	1	117
Menzies	 1	 2	 1	 4

Water
Total CO2	 6 5	3	 4	6	24
DOC	 66	5	 4	3	24

Biota
Bulk	 1	1	 4	1	14	 1	1	1	15
Euphasiids	 1	 1	1	1	2	2	1	2	1	12
Phyto	 1	1	1	 1	1	 1	1	1	 8
Fish	 1	 1	1	5	2	1	2	2	1	3	 19
Kelp	 1	 1
Sponges	 1	 1	 1	 3
Anelids	 1	 1	 2
Salps	 1	 2	 1	2	 6
Parathamistas	 1	1	 2
Pterapods	 2	1	 2	 1	 6
Amphipods	 2	1	2	1	 1	1	 8
Chaetognaths	 1	 1	1	 3

Other	 1	 1	1	2	3	2	2	1	 13
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ponents to determine the magnitude of isotope frac-
tionation, if any, as carbon is transfered from one
trophic level to another.

2. To determine dissolved organic carbon (DOC)
and particulate organic carbon (POC) in the sea,
sea surface slicks, ice, snow, rain, interstitial water in
sediments, and the sediments themselves, since a
knowledge of the amount of carbon transfered
is necessary for understanding changes in isotopic
composition.

3. To collect a suite of gravity cores to apply the
knowledge developed in this study on carbon isotope
variations in the antarctic marine ecosystem for
understanding the paleomarine ecosystem and the
paleodepositional environments as seen in the antarc-
tic marine sediments.

All these programs were largely realized. A sum-
mary of the samples collected is given in the table on
page 179.

This work was supported by National Science
Foundation grant GV-24754.

Heterotrophic potential of
antarctic marine microorganisms

R. Y. MORITA, R. P. GRIFFITHS, and S. S. HAYASAKA
Departments of Microbiology and Oceanography

Oregon State University

Our studies during USNS Eltanin Cruise 51 were
a continuation of those made by Morita et al.
(1971) during Cruise 46. Our main objective was
to measure the extent of microbial participation in
the mineralization process in antarctic waters. The
rate at which this process proceeds has important
implications in determining the route of energy flow
through the biosphere as well as determining the po-
tential inorganic nutrient recycling rates associated
with microbial activity.

We used a modification of a technique first de-
scribed by Wright and Hobbie (1965 and 1966) and
Hobbie and Crawford (1969). This technique in-
volved incubating sea water with various concentra-
tions of uniformly labeled carbon-14 substrates in the
dark at in situ temperatures. By measuring the
amount of label appearing in the evolved carbon
dioxide and in the cell fraction, one can calculate
the time required for the natural microbial population
to turn over the natural substrate concentration.
From these data the maximum rate at which the
microorganisms can take up a given substrate (Vmax)
can also be calculated.

We also isolated bacterial strains from sediments,
benthic organisms, melted ice, and sea water taken

from all depths. It was hoped that this would give
us the widest possible sampling of microorganisms for
future study. By using pure cultures from these
sources we hope to duplicate, under more stringent
laboratory conditions, the type of data obtained from
the actual sea water samples. Initial studies of
growth-temperature characteristics and substrate
utilization already have given encouraging results.
For example, many of the isolates have maximum
growth temperatures below 15°C.

Because of the extremely low water temperatures
in antarctic surface waters, we were particularly in-
terested in the effect of incubation temperature on
measured heterotrophic potential (V max ). In most
water samples studied, there was a marked increase
in V. with increased incubation temperature within
the — 2.5 0 to 11.0°C. range. In most cases, there
was a significant reduction in substrate uptake above
11°C. These data indicate that, to avoid obtaining
erroneous estimates of heterotrophic potential, in
situ temperatures must be used.

Fourteen different labeled substrates were eval-
uated for their ability to be taken up by marine
microorganisms. In most water samples tested, serine,
alanine, and glutamate were taken up at the highest
rate. Three of the substrates (ribrose, sucrose, and
glycerol) showed little or no uptake. Even though
the Vmax varied with substrate used, the relative levels
of uptake for all substrates were surprisingly constant
in any given water sample. There was also a rela-
tively high degree of consistency in the measured
percent respired (the measured radioactivity associ-
ated with carbon dioxide relative to the total radio-
activity taken up by the organisms) for each of the
substrates. In most cases, malate, glutamate, and
aspartate showed the highest respiration percentages.
It is probably significant that all of these substrates
are closely associated with the Krebs cycle.

Heterotrophic potential was measured using gluta-
mate at each of the first 17 stations. In general, the
lowest activities were measured at the stations north
of the Antarctic Convergence; the highest (stations
10, 11, 14, and 15) were at or near the Ross Ice
Shelf. Heterotrophic potentials also were calculated
with depth at several stations. In most cases, the
highest turnover was measured within or just below
the photic zone and little, if any, was measured below
500 meters.

This work was supported by National Science
Foundation grant GV-27057.
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