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During the austral summer season of 1978-79, we
performed studies on two collections of Euphausia su-
perba (krill). We obtained one collection in this research
season while aboard Jv Hero; we had collected the other
the season before and had kept it over the winter in
aquaria at Palmer Station.

The fresh krill were collected by two members of our
team during 27 days aboard Hero. A total of 137 samples
were gathered. We also collected krill en route to Palmer
Station on 6 and 7 December 1978. These collections
were made near Smith Island (at 62°51'S162°23'W, near
or within the circumpolar west wind drift) and in Croker
Passage (at 63°59'S/61°41'W, possibly a ring system of
the west wind drift as it passes east of the South Shetland
Islands to become the major current of Bransfield
Strait).

These krill provided the initial population for studies
of female reproduction, the influence of feeding level
on individual growth rates, visual pigments and their
physical characteristics, adaptation and survival at ele-
vated temperatures, and genetic tracing of polymorphic
enzymes. The genetic tracing study was conducted on
krill collected in Croker Passage, the eastern Belling-
shausen Sea (63°23'S164032'W), the western Weddell
Sea (63°51'5144°58'W), and near the South Orkney Is-
lands (60051'S/44°57'W). At Palmer Station, the samples
were kept in flow-through seawater aquaria (figure 1).

The krill maintained during the winter had been col-
lected in Croker Passage on 25 and 26 March 1978 and

had been kept in aquaria having a flow-rate of 150 to
200 liters of seawater per hour (McWhinnie and Denys,
1978); water temperature ranged from 00 C to —1.8° C
(figure 2). Approximately one-half of the winterover
population was preserved on 9 December 1978 for anal-
ysis of growth and maturity during the winter; the re-
maining animals were preserved on 27 March 1979,
after summer feeding and one year in the laboratory.

During the fall and early winter of 1978, the krill were
fed phytoplankton (Chaetoceros sp. and Navicula sp., es-
tablished in monoculture by M. Meyer through a co-
operative arrangement with S. Z. El-Sayed of Texas
A&M University), but during the austral winter and
spring, they were given scrapings of frozen lobster meat.
Analyses of bottom sediments in each aquarium by R.
Zogbaum showed almost no microplankton in Novem-
ber 1978. In contrast, a control aquarium, with the same
seawater flow but no krill through the same period,
showed a naturally rich accumulation of small copepods,
amphipods, isopods, foraminifera, and achiorotic dia-
toms in the sediment. Filter-feeding by krill continued
throughout the winter, and a minimum food source of
microplankton probably represents the food-limiting
conditions that prevailed. Cannibalism was observed
among the krill throughout the winter.

The krill populations maintained under these condi-
tions did not show growth over the eight months; in fact,
they decreased in size. The range in body length of the
initial subsample was 18 to 43 millimeters on 26 March
1978; the mode was 30 millimeters, and all maturity
stages (Bargmann, 1945) were represented in both
sexes. The modal stages were as follows: Males, C; fe-
males, B and D (A to D; adolescent and submature). As
measured on 9 December 1978, individual animal
length ranged from 15 to 33 millimeters, taking into
account those krill that died during the winter; the
modal length was 23 millimeters, a 23-percent decrease
in range from the initial subsample. The dominant ma-
turity stages were as follows: Male, B; female, C. Few
males were in stage G (fully adult; breeding). By 15 De-
cember 1978, it was evident that mating had occurred
among the winterover krill and the females spawned.

Figure 1. Interior of krill aquarium research laboratory at
Palmer Station (Photograph courtesy A. J. Wolak).

Figure 2. Euphausla superba in aquarium in Wet Laboratory
of Biology Building at Palmer Station, March 1979, one year

after collection in Croker Passage.
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Like other pelagic Crustacea, the krill continued to
molt, even though body length tended to decrease. Re-
gardless of negative growth, reproductive differentia-
tion advanced and the smaller post-winter population
became reproductively mature. These data and other
evidence (Mackintosh, 1967), establish the fact that
length is not a measure of maturity or age for this Cu-
phausiid species.

By 27 March 1979, having fed through the austral
summer, the krill population maintained at Palmer Sta-
tion increased to within 6 percent of the range of a sub-
sample of this population collected one year earlier.
Body length increased from the range in early summer
to 19 to 36 millimeters; the mode was 27 millimeters (10
percent less than that of the initial subsample). The
dominant male stage was C, as it was the previous
March; females showed two dominant stages, B-like and
I. All females were in the post-spawned condition. Stage
I has been established to identify the reproductive con-
dition and point up the discrepancy between the stage
of maturity and body length.

The above information could not have been estab-
lished with certitude by studying only preserved speci-
mens. In 1974 evaluation of earlier data, inconsistencies
between size and maturity of E. superba were evident
(McWhinnie, 1978a, 1978b). Moreover, by deduction
from a study of summer, winter, and spring samples of
E. superba collected in 1965, 1967, and 1969, Makarov
(1976) considered that a high incidence of sexually im-
mature specimens in August could result from regres-
sion of secondary sex characteristics. Our extensive
study of living animals confirms and strongly establishes
this phenomenon.

For continuing study of biological phenomena under
conditions of assured winter feeding, we are maintaining
at Palmer Station a population of krill collected in
Croker Passage on 24 and 25 March 1979 and also ma-

ture breeding and spawning krill collected early in De-
cember 1978.

We are especially grateful to J . Konecki, who is main-
taining these animals. P. Harding, G. Fitzsimmons, J.
Parr, and R. Winnery contributed greatly to this study
by maintaining the krill through the winter of 1978. R.
Zogbaum readied the aquaria upon preseason arrival at
Palmer Station and conducted temperature adaptation
and metabolic studies during the 1978-79 austral sum-
mer; his collection of phytoplankton and its preparation
as natural food for the winter was a very demanding
and important task.

This research has been supported by National Science
Foundation grant DPP 76-21747 to DePaul University.
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Buoyancy and morphological
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We are studying the anatomy, histology, and ultra-
structure of a unique group of about 75 species of teleost
fishes that is confined almost exclusively to the cold
waters of the Southern Ocean. We are especially inter-
ested in structure as related to the physiology, biochem-
istry, ecology, and evolution of the fishes in this group
(suborder Notothenioidei). Our ultimate goal is a better
understanding of the role of notothenioids in the south-
ern ocean ecosystem.

Our field party, comprised of J . T. Eastman, R. B.
Boyd, F. Whoriskey, and J . Schragg, was based at
McMurdo Station from mid-October until mid-Decem-
ber 1978. We collected several hundred fishes repre-
senting 13 species. For these collecting activities, we used
three fish houses located on the sea ice of McMurdo
Sound within 8 kilometers of the station. Arthur L.
DeVries of the University of Illinois, my collaborator in
the buoyancy studies, supervised the fishing operation.
His knowledge and experience in this area were in large
part responsible for our successful field season.

Anatomical material was processed in the Eklund Bi-
ological Center. We took 180 histological and 75 ultra-
structural organ samples, (these samples are now being
evaluated).

We were also able to perform buoyancy determina-
tions on all 13 species. Notothenioid fishes evolved from
a bottom-dwelling perciform stock at least 40 million
years ago (Regan, 1914; Norman, 1938; DeWitt, 1971),
and as true bottom fishes, they lack swim bladders, are
denser than seawater, and spend considerable time rest-
ing on the bottom. A few species, however, are pelagic,
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