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The lipid components of marine organisms constitute a major
metabolic fuel reserve in the sea. The importance of lipids to
energy metabolism of individuals and to energy transfer
through marine food webs has been clearly demonstrated for
temperate species (Lee, Nevenzel, and Paffenhofer 1971). Less
attention has been paid to the importance of lipids in energy
metabolism in polar regions, although DeVries (1978) suggests
that lipids are the primary energy reserve in antarctic species
and may also play a role in buoyancy and other bodily
functions.

Several studies have attempted to determine antarctic food
chain relationships on the basis of simple chemical compounds
being transferred from one organism to another (see, for exam-
ple, Ackman and Eaton 1966; Bottino 1974). The isoprenoid fatty
acids constitute a group of compounds that have shown unique
potential as indicators of metabolic processes and food chain
transfers. Ackman and Hooper (1968) examined the con-
centration ratios and stereochemistries of three isoprenoid fatty
acids in samples of 12 fish oils and 14 oils from marine mam-
mals. The ratios of 4, 8, 12-trimethyltridecanoic acid (TMTD), 2, 6,
10, 14-tetramethylpentadecanoic acid (pristanic acid), and 3, 7,
11, 15-tetramethyihexadecanoic acid (phytanic acid) suggested
a correlation with a change in food intake for marine mammals
from a primarily zooplankton diet through a partial fish diet to
an exclusive fish diet. The ratios were based on the "phytanic
index" defined as

TMTD acid	 pristanic acid >< 100.
phytanic acid >( 100 or phytanic acid

Each species was found to have a characteristic set of "phytanic
index" values. The degree to which the pristanic and phytanic
acid molecules had been catabolized during the food chain
transfer was determined by examining the stereochemistry of
the asymmetric carbon atoms in these molecules for each spe-
cies. Ackman and Hooper (1968) determined the LDD/DDD ratios
of the three asymmetric carbon atoms in pristanic and phytanic
acids (later determined to have the absolute stereochemistries
designated SRR/RRR: Cox et al. 1970; Maxwell et al. 1973). The
stereoisomers of pristanic acid are shown in the figure (Kven-
volden 1980). Ackman and Hooper (1968) found that a decrease
in the ratio of LDD/DDD diastereomers correlated with a high
level of TMTD acid and suggested a relationship to fat catabolism.
By examining both the stereochemistry and concentration ratios
of the isoprenoid fatty acids, relationships between different
levels of simple oceanic food chains can be more reliably deter-
mined than by more conventional chemical methods using
single molecules.

In the present research, we are investigating the lipid bio-
chemistry of samples collected from several trophic levels of the
antarctic midwater food web (table). Samples were collected in
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Croker Passage (64°05'S 61°51'W) and near Palmer Station.
Specifically, amounts and types of wax esters, triacylglycerols,
hydrocarbons, and steryl esters are being determined by gas
chromatography and computer-interfaced high resolution gas
chromatography/mass spectrometry. Wax esters and tn-
acylglycerols are being further analyzed for their individual
fatty acid and fatty alcohol composition. Information on the wax
esters and triacyglycerols is being used to investigate the extent
of fat storage for insulation, primary metabolic energy reserve
units of various species, and the extent to which lipids may
influence the buoyancy of individual organisms. These results
will complement chemical composition studies on total lipid,
protein, and carbohydrate in the fish and crustaceans being
conducted by other investigators (B. Robison, University of
California-Santa Barbara). In addition, individual compounds
or groups of compounds are being studied as potential tracers to
investigate feeding relationships and fat catabolism within the
organisms. In particular, three isoprenoid fatty acids (4, 8, 12-
trimethyltridecanoic, pristanic, and phytanic acids) are being
analyzed to determine the "phytanic index" characteristic of
each species. This information is being compared with predator/
prey relationship studies based on analysis of gut contents

Species collected near Palmer Station by RIv Hero in February 1982
that are being analyzed for lipid composition and isoprenoid fatty

acid stereochemistry

Pelagic fish and crustaceans	 Zooplankton

Electrona antarctica	 Antarctomysis sp.
Electrona carisbergi	 Tomopteris sp.
Euphausia superba	 Sagitta sp.
Lampanyctus achirus	 Thysanoessa sp.
Protomyctophum bolini	 Eusirus sp.
Bathylagus antarcticus	 Cyphocaris sp.
Gymnoscopelus nicholsi	 Three unidentified

amphipod species
Pleurogramma antarcticum	 Mixed zooplankton

(adult and larvae)	 sample
Chaenichthyidae sp.
Unidentified Zoarcid
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(T. Hopkins, University of South Florida). The degree to which
the fatty acid molecules have been catabolized in the organisms
can be estimated by determining the absolute stereochemistries
of the isoprenoid acids. By examining both the stereochemistry
and concentration ratios of these acids, both feeding rela-
tionships between adjacent members of the antarctic food
chains and energy metabolism within organisms are being
determined.

This work is being supported by National Science Foundation
grant DPP 80-23961. I gratefully acknowledge the help of field
personnel Bruce Robison, Tom Hopkins, and Tom Lancraft who
collected the samples during February and March 1982.
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The role of glycoprotein antifreezes in
freezing avoidance of antarctic fish
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The work for this season began in early October with the
establishment of an intensive fishing operation. With the help
of Lisa Crockett and Steve Munsell, three deep-water fishing
stations were established and operated through the end of
December. These stations were located 5 kilometers west of
McMurdo Station. During this time more than 300 specimens of
Dissostichus mawsoni weighing a total of nearly 15 tons were
caught. Several small specimens were transported to the aquar-
ium where they were kept alive for the duration of the season
and used in studies of the physiological and biochemical roles
of the glycopeptide antifreezes in freezing avoidance. The re-
mainder of the fish were too large for experimental use and so
were weighed, measured, tagged, and released. About 2,000
fish have been tagged over the past several years. Three spec-
imens of this tagged population were recaptured this year: a
specimen that had been released 3 years earlier had grown 7
centimeters and gained 4 pounds; a fish from 2 years earlier had
grown 2.5 centimeters and gained 3 pounds; and another fish
from 2 years earlier had grown 4 centimeters and gained no
weight. While there may be significant error in the actual weight
changes depending on whether or not the fish had just eaten,
these three samples tend to indicate that fish in the 60-70 pound
range grow quite slowly; a fact of considerable interest if these

fish were ever to be commercially exploited. When further
tagged specimens of differing sizes are caught, it should be
possible to describe more accurately the growth rate of this
species.

Many species of smaller fish from the families of
Nototheniidae, Bathydraconidae, and Zoarcidae were also caught.
About 20 specimens of Gymnodraco acuticeps were caught
providing a unique opportunity to characterize its antifreeze,
which was found to be identical in composition to that present
in the Trematomus fishes, but different in quantity.

A problem of intensive investigation over the past several
years has been the slow rate of turnover of the antifreeze mole-
cules. Experiments have been difficult because fish must be
maintained for several months and because of the long periods
of captivity the results vary depending upon the nutritional
state of the specimens. Turnover experiments this year were
done using only healthy, feeding D. mawsoni. The fish were
small specimens weighing between 20 and 50 pounds. They
were injected with either antifreeze glycopeptide (AFGP) 8 (mo-
lecular weight of 2,600 daltons) or AFGP 1-5 having a molecular
weight of 10,000-25,000 daltons). The fish were maintained
with an indwelling venous catheter and sampled daily for up to
100 days. The results of this study indicate that the half-time for
circulating AFGP 8 in feeding specimens is on the order of 5
weeks while for AFGP 1-5 the time is 11 to 12 weeks and the
variability within each group was much less than that found in
the previous year with non-feeding specimens. Because anti-
freeze levels are nearly constant in the blood, these values allow
an estimate of the synthesis rate. The experiment this year also
confirmed our previous interpretation of such experiments: that
turnover rates are slow and are greatly dependent upon the
nutritional states of the fish.

The role of antifreeze in the bile and intestinal fluid was
investigated in several species of McMurdo Sound fishes. Isola-
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