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My study of morphology and of buoyancy mechanisms
in antarctic fishes continued at McMurdo Station from mid-
October until early December 1979. Field personnel in-
cluded J. T. Eastman, Wayne Van Voorhies, and Beth
Marks. As in previous years of this study, fishes were col-
lected from McMurdo Sound within 8 kilometers of the
station.

At the morphological and ecological levels, little is
known about the adaptation of swim bladderless noto-
thenioid fishes to a variety of water column habitats. There
are marked differences in the buoyancy of McMurdo Sound
notothenioids (Eastman 1979). Buoyancy alterations, result-
ing from evolutionary specialization of many body sys-
tems, have allowed this single group of fishes to radiate into
a variety of interesting habitats in the Sound.

The southern ocean south of the Antarctic Convergence
is the largest and most conspicuously coherent ecosystem in
the world. The role of notothenioid fishes in this ecosystem
is poorly understood (Knox 1970; Laws 1977; May, Bedding-
ton, Clark, Holt, and Laws 1979). By providing data on buoy-
ancy adaptations and habitats, this study aids in elucidating
the place of these fishes in the ecosystem. This information
is vitally needed for intelligent management of antarctic
marine resources (Everson 1978).

Buoyancy determinations (Eastman 1979) indicated that
McMurdo Sound notothenioids ranged from relatively
heavy bottom dwellers to neutrally buoyant pelagic fishes
(figure 1). Since all species lacked a swim bladder, evolu-
tionary buoyancy alterations were associated with weight
modifications of the skeletal, muscular, and integumentary
systems. Possible buoyancy strategies include reducing
heavy body components (skeleton and musculature) and/
or increasing the proportion of lighter material (lipid).

Pelagic species. Neutrally buoyant pelagic species were
Dissostichus mawsoni, Pleuragramma antarcticum (figure 2A),
and Aethotaxis mitopteryx. Life in the antarctic midwaters
has required extensive evolutionary modification of the
benthic notothenioid body type (compare figures 2A and
2C). We have documented specializations for pelagic life in
Pleuragramma (DeVries and Eastman 1978) and Dissostichus
(Eastman and DeVries 1980).

Cryopelagic species. The cryopelagic habitat is associated
with the undersurface of the sea ice. Although not neutrally
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Figure 1. The water column in McMurdo Sound, Antarctica, showing the general appearance and preferred depth ranges of
various notothenioid species. Also indicated are some characteristic sea ice formations in the Sound. In the case of fishes with
similar habitat preferences, only the first named species is illustrated.
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Figure 2. Histological cross sections from the posterior one-fifth of the body of: (A) Pleuragramma antarcticum,
(B) Pagothenia borchgrevinki, and (C) Tremafomus bernacchii. A is a pelagic species, B is cryopelagic, and C is benthic. Note
the compressed body in A and B and the depressed body in C. Note also the large persistent notochord and thin vertebral collar
in Pleuragramma. The small size of the vertebral column in T. bernacchii is an artifact—the section was cut at the midpoint
of an amphicoelous vertebral centrum where the diameter is smallest. Compare the large area occupied by adipose tissue and
sacs In Pleuragramma to the dense lipid-free body of Trematomus. Hematoxylin and phioxine stain. IAT, intermuscular adipose
tissue; ILS, intermuscular lipid sacs; NV, notochordal vesicles; RMLS, red muscle fibers of the lateralls superficialis; SLS,
subcutaneous lipid sacs. (Photo: William Winn, University of Illinois Medical Center).

buoyant, cryopelagic species were less dense than most
other notothenioids. Pagothenia borchgrevinki (figure 2B)
was the Only true cryopelagic species in McMurdo Sound.
Trematomus newnesi was both cryopelagic and benthic.

Benthopelagic species. Benthopelagic species had reduced
body weights and morphological adaptations, indicating
that they lived close to, but not on, the bottom. In McMurdo
Sound, Trematomus loennbergii and T. lepidorhinus were in-
cluded in this group. Their preferred depth range was
greater than 450 meters, an ice-free habitat.

Benthic species. The majority of McMurdo Sound noto-
thenioids were benthic and inactive, spending most of their
time resting on the substrate. Although they were nega-
tively buoyant, their bodies were somewhat lighter than
would be expected in the absence of a swim bladder. Most
species exhibited habitat specialization (figure 1). Gymno-
draco was a lie-in-wait piscivore in relatively shallow water.
Histiodraco had a mental barbel that served as an attractant

lure. The benthic Trematomus species exhibited numerous
substrate contact adaptations including thickened and fore-
shortened fin rays, thick skin over pelvic and anal fins, and
relatively heavy ctenoid scales. Trematomus bernacchii
(figure 2C) and T. centronotus were found in shallow and
deep water. Trematomus nicolai was found in shallow water,
often near the anchor ice. Trematomus hansoni also lived in
both shallow and deep water. This was the most active
benthic species, as indicated by greater swimming activity
in captivity and by its tendency to perch on vertical under-
water surfaces using pectoral and pelvic fins. Trematomus
hansoni was the lightest of the benthic species, an additional
indication of its greater activity.

Ecological and evolutionary considerations. My study of eco-
logical morphology and evolutionary divergence in noto-
thenioids has emphasized buoyancy because this aspect of
the biology of these fishes has received little attention in
spite of its great significance in swimming, feeding, and
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most other aspects of the life history. On the basis of buoy-
ancy measurements, McMurdo Sound notothenioids were
grouped into the four adaptive or ecological types men-
tioned above. Publications now in preparation will docu-
ment the morphological specializations of each of these
types.

The notothenioid fishes of McMurdo Sound are an old,
well-adapted group that probably evolved with the ecosys-
tem. In the absence of competition from other fish groups,
they radiated into several underutilized water column hab-
itats. In adapting to these habitats, the basic benthic body
type was extensively modified in some species. Buoyancy
adaptations, allowing more efficient swimming and feeding
in the water column, evolved in many body systems. The
majority of notothenioids, however, remain trophically
generalized bottom dwellers that feed on benthos, a season-
ally stable food resource in the southern ocean.

This work was supported by National Science Founda-
tion grants DIP 77-15612 and DPI' 79-19070.
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Research for this project was conducted from 16 October
through 14 December 1979 in McMurdo Sound. Work in-
cluded (1) development of radio tracking of the antarctic
cod (Dissostichus mawsoni), (2) continuation of tagging and
census studies on the population dynamics of the Weddell
seal (Leptonychotes weddelli), and (3) continuation of bio-
acoustic studies of Weddell seal vocalizations.

Fifteen ultrasonic fish tags operating at frequencies be-
tween 25 and 50 kiloHertz were designed and constructed

at the Cedar Creek Bioelectronics Laboratory, University of
Minnesota. They had a volume of 230 milliliters resulting in
a weight of 93 grams in water. Range tests in McMurdo
Sound indicated the transmitters had an audible surface-
to-surface range of approximately 3.6 kilometers and a
range of 3.0 kilometers from a depth of 350 meters to a
hydrophone at the surface. Fish were captured approxi-
mately 3 kilometers offshore from McMurdo Station on a
450-meter vertical set line baited with various small fish
and seal meat (Raymond 1975). Fish were anesthetized with
MS-222 or tricaine methanesulfonate (200 milligrams/
liter), and transmitters were surgically implanted in the gut
cavities (Hart and Summerfelt 1975). Fish were maintained
under anesthesia by continuously pumping recycled and
chilled MS-222 solution over the gills. Since fish this large
cannot be readily operated on while in the water, the skin
was kept moist with wet towels. Following the tagging
operation, fish were allowed to recover for 1 or 2 days prior
to release.

One antarctic cod was equipped with a transmitter and
held in aquaria for 23 days to observe any transmitter
effects. This fish moved about the tank like other, untagged
fish. After the 23-day holding 'period, we sacrificed the fish
for examination. Results of the examination showed that
the incision had not healed, but there was no infection. All
internal organs appeared to be intact with no signs of tissue
rejection. The intestinal mesentery had begun to envelop
thq transmitter.

Fish tracking was accomplished in two ways: (1) an auto-
matic tracking system consisting of a three-hydrophone-
receiver array with signal timer which measured the time
delay for signals reaching the hydrophones from indi-
vidual fish, and (2) the fish were located manually on a
pre-established flagged grid. Manual tracking involved
driving to numbered flags, drilling through the ice, and
submersing an omnidirectional hydrophone to listen for
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