
the failure of hemoglobin synthesis and red blood cell develop-
ment in the icefishes. Erythrocytelike cells were present at
concentrations of only 0.03-0.1 x 108 cells per milliliter in plas-
ma of C. aceratus and Ch. hamatus, compared with values averag-
ing 11 x 108 in the four nototheniid species and 17 x 108 in L.
nigripalatum. The appearance of the head kidney and trunk
kidney of C. aceratus resembled that of N. coriiceps (figure 2)
except for the almost complete absense of pigmentation. The
amount of head kidney as a percentage of body weight was 0.56
± 0.23 in C. aceratus (12 animals measured) and 0.65 ± 0.15 in N.
coriiceps (12 animals measured). The results in table 2 indicate
high rates of protein synthesis in head kidney of both species.
Future studies will examine the distribution of proteins
synthesized.

The field party included A. Haschemeyer, C. DiPrisco, S.
Rappaport, H. Jannasch, and R. Devereaux. The project was
supported by National Science Foundation grant DPP 80-21454.
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Temperature and levels of
glycopeptide antifreeze in antarctic

fishes

A. L. DEVRIEs, S. M. O'GRADY, and J. D. SCHRAG

University of Illinois
Urbana, Illinois 61801

Our field season began in early October 1981 with the arrival
of W. Van Voorhies, S. Munsell, and J. Alhgren of the University
of Illinois. R. Williams of Vanderbilt University, D. Powers of
Johns Hopkins University, and J. C. Ellory of the Physiological
Research Laboratory, Cambridge University, joined the group
during the latter part of the season.

Two fishing stations were established on the ice of McMurdo
Sound and were maintained until late December, when sea-ice
conditions became too hazardous to support the vehicles used
to move the fish houses across the tidal crack. From these
stations, specimens of the various Trematomus fishes and 300
specimens of the large antarctic cod, Dissostichus mawsoni, were
obtained. Most of the Dissostichus were too large for our experi-
ments and thus were weighed, measured, tagged in three
places, and released. Some of the smaller specimens were trans-
ported to the Jamesway aquarium and used for studies of the
distribution of antifreeze in the bile, intestinal fluid, and other
tissues spaces, and for studies of glycopeptide antifreeze
turnover.

One of the Dissostichus had been captured 7 years earlier. The
three tags were intact, and the tissue surrounding them showed
little erosion or tissue reaction to the tag. Over the 7 years the
fish had increased in length from 120 to 141 centimeters, and in
weight from 21.7 to 37.6 kilograms. It appeared to be healthy
and well fed. The recapture indicates that this species returns to

McMurdo Sound; its rate of growth is moderate despite the low
water temperatures of the high latitudes of the southern ocean.

This season also marked the completion of our studies of the
effects of warm acclimation on the concentration and synthetic
rate of antifreeze glycopeptides in antarctic fishes. To examine
the problem we acclimated two groups of Pagothenia
borchgrevinki for 7 weeks, one group at + 4°C (warm acclimation)
and the other at –1.5°C (environmental temperature of
- 1.9°C). The effect of temperature on rate of synthesis of anti-
freeze glycopeptide was investigated using isolated
hepatocytes in culture over a 5-day time course. Cell viability
was monitored by trypan blue staining, INT Formazan incor-
poration, and incorporation of carbon-14–leucine into TCA (tri-
chloroacetic acid) precipitable protein. The isolated hepatocytes
effectively incorporated labeled amino acids for 5 days. Incor-
poration of hydrogen-3–alanine into antifreeze glycopeptides
followed Michaelis-Menton kinetics, with a maximum velocity
of 20 and 32 nanomoles per milligram of protein per hour at
–1.5°C and +4°C, respectively. Polyacrylimide gel elec-
trophoresis showed that isolated hepatocytes synthesize all
four antifreeze fractions found in the serum of P. borchgrevinki
(O'Grady, Clarke, and DeVries 1982).

The table shows the freezing point depressing activity of
antifreeze glycopeptides from the serum of warm- and cold-
acclimated fishes. Warm acclimation had little effect on the
levels of antifreeze glycopeptide in the serum. Since antifreeze
glycopeptides have a long turnover time-3 weeks or more
(DeVries 1974)—this finding suggested that changes in levels of
antifreeze mRNA (messenger RNA) had occurred that could not
be detected by changes in antifreeze activity in the serum.
Therefore, we examined the effects of warm acclimation on
levels of antifreeze mRNA by indirectly comparing translational
activity from warm- and cold-acclimated specimens using a cell-
free translation system.

Figure 1 shows a comparison of wheat germ translation prod-
ucts from poly A containing RNA from the black cod, Notothenia
angustata, and from D. mawsoni. Translation products corre-
sponding to antifreeze glycopeptides in D. mawsoni were deter-
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Quantitatlon of wheat germ-translatable antifreeze glycopeptide MRNA from warm- and cold-acclimated P borchgrevinkl

Melting point	Freezing point	 Immunoprecipitable
Number Acclimation temperature	(M. P) ± S. E.	(FR) ± S. E.	FR - M.P	Total counts per p.g RNA 	 countsa

6	 —1.5°C	—1.13°C ± 0.03 —2.71°C ± 0.05
	

1.58°C
	

13,455
	

4,125
10,268
	

2,634
11,132
	

2,861
(11,618)
	

(3,206)
4°C	 —1.11°C ± 0.04 —2.64°C ± 0.06

	
1.53°C
	

11,360
	

2,842
14,258
	

3,816
12,875
	

3,355
(12,831)
	

(3,338)

aCounts are for three animals in each acclimation group; numbers in parentheses are means.

mined by specific immuno precipitation with an antibody that
reacts with the peptide portion of the glycopeptide. Antifreeze
translation products are not present in the black cod; nor does
this fish synthesize an antifreeze in nature. Translational ac-
tivity of MRNA isolated from equal amounts of liver from three
warm- and three cold-acclimated P. borchgrevinki is shown in the
table. Immuno precipitation of translation products with
glycopeptide antifreeze antibody indicates that no significant
change in antifreeze glycopeptide RNA occurred as a result of
acclimation (O'Grady and DeVries in preparation).

Antifreeze glycopeptides isolated in large amounts from the
blood of D. mawsoni were used to investigate the antifreeze
properties of glycopeptide 6. This glycopeptide was resolved
into four bands by electrophoresis, using a fluorescent stain,
and its antifreeze activity was compared with that of a glycopep-
tide similar in molecular weight isolated from the Atlantic torn-
cod, Microgadus tomcod (O'Grady et al. in press). The purified
glycopeptides also were used to investigate the relationship of
amino acid composition and size to freezing point depression.
Variations in the amino acid composition of similar-sized
glycopeptides had no effect on the freezing point depression of
similar-sized, low-molecular-weight glycopeptides when com-
pared on a weight basis (Schrag, O'Grady, and DeVries in
press). Glycopeptides 6, 7, and 8 from D. mawsoni contain
significant amounts of proline, which replaces alanine, while
glycopeptides from the arctic cod, Eleginus gracilis, contain both
proline and arginine, which replace both alanine and
threonine. Comparisons of antifreeze activity of individual
glycopeptides on a molar basis indicated that the effectiveness
of the antifreeze glycopeptides is related to molecular size and
not to differences in amino acid composition. The large
glycopeptides produce a larger depression of the freezing point
of water than the small ones. (See figure 2).

The purified large and small glycopeptides also were used to
investigate the cooperativity phenomenon (Mulvihill et al. 1980;
Osuga et al. 1978). Measurements of the noncolligative freezing
point depression of water by the various antifreeze glycopep-
tides, using a freezing point osmometer, have lead to the desig-
nation of active glycopeptides 1 through 5 and inactive
glycopeptides 6, 7, and 8. The latter show only a colligative
depression of the freezing point when freezing points are deter-
mined with a freezing point osmometer. Measurements using a
freezing point osmometer (Osuga et al. 1978) indicated that the
presence of a small amount of glycopeptides 1 through 5 poten-
tiated the noncolligative freezing point depressing activity of

glycopeptides 7 and 8. With this technique, freezing occurs
very rapidly because samples are supercooled by approx-
imately 4°C, significantly affecting antifreeze activity. When the

.HL

Figure 1. Comparison of wheat germ translation products from two
notothenlid fishes, the black cod, Notothenia angustata (left), and
the antarctic cod, Dissostichus mawson! (right). Antifreeze transla-
tion products are indicated with arrows.
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Figure 2. Relationship between freezing point depression and mo-
lecular weight. All concentrations are 1 milllmolar.

antifreeze activity of glycopeptides 6, 7, and 8 is determined
visually by determining the temperature at which a small seed
crystal grows as the temperature is lowered slowly (0.01°C per
minute), the small antifreeze glycopeptides show two-thirds
the activity of glycopeptides 1 through 5 when compared on a
weight basis. Thus, with slow cooling, the small glycopeptides
show antifreeze activity or a significant noncolligative lowering
of the freezing point (Duman and DeVries 1972). Addition of
small amounts of glycopeptides 1 through 5 to the small
glycopeptides does not produce the potentiation described
when a freezing point osmometer is used (Schrag and DeVries
in press).

The potentiation of antifreeze activity of the large glycopep-
tides on the small glycopeptides most likely is associated with
rapid freezing in the freezing point osmometer and is of no
biological relevance, because fishes would never be exposed in
nature to 4 degrees of supercooling. Polar fishes seldom freeze
in their natural environment. If they are exposed to freezing
conditions the cooling of these fish to the freezing point is
gradual; under such conditions the low-molecular-weight
glycopeptides would exhibit antifreeze activity and thus play a
vital role in avoidance of freezing.

This research was supported by National Science Foundation
grant DPP 78-23462.
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Population studies of the
south polar skua

DAVID C. AINLEY and ROBERT C. WOOD

Point Reyes Bird Observatory
Stinson Beach, California 94970

Most of what is known about seabirds concerns their social
behavior and breeding biology, that is, the part of their natural
history leading up to and culminating in the fledging of young.

We know only a little about population biology—the informa-
tion on adult survivorship, mortality, and longevity needed to
place data on breeding productivity in perspective. It is the
adjustment between fledging success rates and postfledging
young and adult survival rates that determines whether popula-
tion size changes or remains stable. Both types of data are
needed to construct a species' life table and to understand
changes in population size, since environmental change can
affect either or both of the rates.

We are studying the population biology of the south polar
skua (Catharacta maccormicki) at Cape Crozier, Ross Island. The
project actually began in the 1961-62 season, the first of nine
consecutive seasons in which Robert C. Wood banded all chicks
that hatched and survived to about 2 weeks of age. When these
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