
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
studies of antarctic fishes

JOSEPH T. EASTMAN

Department of Zoology and College of Medicine
Ohio University

Athens, Ohio 45701

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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Figure 1. Ventral body wail of Dlssostichus mawsoni stained
with Sudan Black B for lipids. This cross section shows:
dermis (D), subcutaneous lipid (SCL), white muscle (M) rid-
dled with lipid (arrows), subperltoneal lipid (SPL), and par-
letal peritoneum (PP). (Photograph courtesy PH2 Ed Whit-

ton, U.S. Navy)

and it is these that we are especially interested in study-
ing in terms of their buoyancy.

The mid-waters south of the Antarctic Convergence
are highly productive and support an enormous biomass
of krill, but subzero water temperatures generally pro-
hibit temperate and subantarctic fishes from feeding
south of the convergence. However, a few notothenioids
have evolved the body specializations necessary to ex-
ploit this rich mid-water habitat.

In -I' C seawater, we found two McMurdo Sound
species that weighed less than one percent of their
weight in air (see table), indicating that they were close
to neutral buoyancy. DeVries and Eastman (1978) de-
scribed buoyancy adaptations in Pleuragramma antarcti-
cum. We were surprised to find that the largest (up to
70 kilograms) notothenioid, Dissostichus mawsoni, was
neutrally buoyant. The densities of the other species
generally reflected their activity and habitat (see table).
In the genus Trematomus, we found it possible to distin-
guish among cryopelagic, benthopelagic, and benthic
species.

Neutral buoyancy conserves muscular energy. A neu-
trally buoyant fish has no weight to support and no com-
ponent of forward locomotion must be diverted to pro-
vide hydrodynamic lift. In a fish without a swim bladder,
the attainment of neutral buoyancy is associated with
profound modifications of the skeletal, muscular, diges-
tive, and integumentary systems. Especially important
are those adaptations that reduce density. In Dissostichvs
mawsoni, for example, we found that large areas of the
skull are cartilagenous, the exposed portions of the
scales are not ossified, and the skeleton as a whole is
weakly mineralized (0.6 percent ash compared with 1.5-
2.0 percent ash in other fishes) (Vinogradov, 1953; Chil-
dress and Nygaard, 1973).

Figure 2. Electron micrograph of Dlssostichus mawsoni liver
showing a stellate cell (SC) and several hepatocytes (H).
Note the abundant lipid droplets (LD). Other labeled organ-
elles: mitrochondrion (M), nucleus (N), and nucleolus (NL).

Dissostichus obtains static lift from extensive lipid de-
posits. A 2-to-8 millimeter thick subcutaneous lipid leyer
(figure 1) occupies as much as 5-6 percent of the body
volume. There is also considerable lipid in the white
muscle (figure 1). Lin, Dobbs, and DeVries (1974) re-
ported the lipid content of this muscle as 25.6 percent
on a dry weight basis. Our histological preparations re-
vealed lipid around and within all muscle fasciculi. Fur-
thermore, every muscle fiber was bordered by lipid on
at least one side. Unlike the condition in Pleuragramma
(DeVries and Eastman, 1978), all lipid in Dissostichwc is
contained in lipocytes.

The liver of Dissostichus constitutes a fraction of the
body weight, similar to that of other teleosts (1 to 5 per-
cent) (Aleyev, 1977). Ultrastructural examination showed
that the liver is very active in the mobilization, transport,
and storage of lipid.

Dissostichus has a very large population of stellate (fat-
storing) cells in the liver (figure 2)—cells that have not
been studied in fishes. In mammals, their role is poorly
understood, although Wake (1971, 1974) demonstrated
that they store vitamin A. Dissostichus stellate cells are
extremely numerous and contain more and larger di-
ameter lipid droplets than their mammalian equivalents.
The stellate cells display two features indicative of active
protein synthesis; these are a prominent nucleolus and
an extensive rough-surfaced endoplasmic reticulum
(figure 2). Our preliminary results for the family No-
totheniidae indicate that the number of stellate cells in
the various species correlates positively with the body
lipid content. Stellate cells may represent an important
cytological component of the buoyancy mechanism in
these fishes.
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Table 1. Density, selected organ weights, and mode of life In some fishes from McMurdo Sound, Antarctica

Wt. in sea water x 100	
Liver wt.	 Ashed skel. wt. x 100	Habitat & depthX 100

Species	 No.	Wt. in air	 Total body wt.	Total body wt.	 range (m)

NOTOTHENIIDAE	 Benthopelagic;
Dissostichus mawsoni	18	 0.00-0.04	 1.60	 0.59	 300-500 m
Pleuragramma

anlarcticum	 11	 0.57	 0.92	 0.34	Pelagic; 0-500 m?
Aethotaxis mitopteryx	0	 ?	 ?	 ?	 Pelagic; 0-500 m?

Deep water
Trematomus	 benthopelagic;

loennbergii	 11	 2.28	 1.41	 0.81	 350-550m
Partially pelagic or

cryopelagic; 0-
Trematomus newnesi	1	 2.62	 3.20	 -	 150 in
Pagothenia	 Cryopelagic in and

(=Trematomus)	 near platelet
borchgrevinki	30	 2.75	 2.40	 0.69	 ice; 0-6 m

Shallow and deep
water benthic;

Trematomus han.soni	26	 2.91	 2.12	 0.95	 20-550 m
Trematomus	 Shallow water

centronotus	 24	 3.04	 1.99	 1.28	 benthic; 20-
gravid females	6	 2.99	 3.59	 -	 200 m

Shallow water
benthic near
anchor ice; 20-

Trematomus nicolai	16	 3.13	 1.48	 1.85	 50 m
Trematomus	 Shallow and deep

bernacchii	 26	 3.37	 2.36	 1.08	 water benthic;
gravid females	5	 3.62	 4.03	 -	 20-550 m

BATHYDRACONIDAE
Gymnodraco

acuticeps	 25	 3.41

HARPAGIFERIDAE
Histiodraco velfer	1	 3.70

LIPARIDAE
Paraliparis devriesi	12	 0.18

ZOARCIDAE
Rhigophila dearborni	2	 2.71

Shallow water
benthic; 20-50

2.75	 1.27	 m

Shallow water
benthic; 20-

-	 -	 150m?

Deep water benthic
or
benthopelagic;

1.46	 0.25	 500-600m
Deep water

benthic; 500-
2.02	 0.59	 600 in

In addition to the above-described research, A. L.
DeVries (University of Illinois) and I are also working
on kidney structure and function in the pauciglomerular
zoarcid Rhigophila dearborni, and R. B. Boyd (University
of Pennsylvania) and I are studying notothenioid gill
ultrastructure.

Our buoyancy and morphological studies have been
supported by National Science Foundation grant DPP
77-15612.

References

Aleyev, Yu. G. 1977. Nekton. The Hague: Dr. W. Junk.
Childress, J . J . , and M. H. Nygaard. 1973. The chemical com-

position of midwater fishes as a function of depth of occur-
rence off southern California. Deep-Sea Research, 20: 1093-
1109.

DeVries, A. L., and J . T. Eastman. 1978. Lipid sacs as a buoy-
ancy adaptation in an antarctic fish. Nature, 271: 352-53.

DeWitt, H. H. 1971. Coastal and Deep-water Benthic Fishes of the
Antarctic. Antarctic Map Folio Series, folio 15. New York:
American Geographical Society.

Lin, Y., G. H. Dobbs, III, and A. L. DeVries. 1974. Oxygen
consumption and lipid content in red and white muscles of
antarctic fishes. Journal of Experimental Zoology, 189: 379-
86.

Norman, J . R. 1938. Coast fishes. Part III. The antarctic zone.
In Discovery Reports, XVIII: 1-104.

Regan, C. T. 1914. Fishes. In British Antarctic ("Terra Nova")
Expedition, 1910, Natural History Report, Zoology, 1(1): 1-54.

Vinogradov, A. P. 1953. The Elementary Chemical Composition of
Marine Organisms. Sears Foundation for Marine Research,
memoir no. 2.

Wake, K. 1971. "Sternzellen" in the liver: Perisinusoidal cells
with special reference to storage of vitamin A. American Jour-
nal of Anatomy, 132: 429-62.

Wake, K. 1974. Development of vitamin A-rich lipid droplets
in multivesicular bodies of rat liver stellate cells. Journal of
Cell Biology, 63: 683-91.

166


