most other aspects of the life history. On the basis of buoyancy measurements, McMurdo Sound notothenioids were
grouped into the four adaptive or ecological types mentioned above. Publications now in preparation will document 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 ecosystem. In the absence of competition from other fish groups,
they radiated into several underutilized water column habitats. 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 seasonally stable food resource in the southern ocean.
This work was supported by National Science Foundation 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 included (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 bioacoustic studies of Weddell seal vocalizations.
Fifteen ultrasonic fish tags operating at frequencies between 25 and 50 kiloHertz were designed and constructed
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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 surfaceto-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 approximately 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 automatic tracking system consisting of a three-hydrophonereceiver array with signal timer which measured the time
delay for signals reaching the hydrophones from individual 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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individual fish within range. Tide cracks and seal holes
were also used as monitoring points.
Information from the nine radio-tagged fish released this
year indicated that upon release the antarctic cod moved
slowly but continuously away from the release point.
Swimming speeds ranged from 0 to 50 meters/minute and
averaged 2.3 meters/minute. Generally, fish dispersed
along the permanent ice edge in two directions: toward
Scott Base and toward the "dirty ice." These data, along
with a very low recapture rate (DeVries, DeVries, Dobbs,
and Raymond 1974), suggest that the antarctic cod is a
relatively nomadic species.
This season we collected the 10th year of data concerning
the life histories of marked Weddell seals. A total of 476
seals (105 adult females, 78 adult males, 54 subadult females, 14 subadult males, 8 yearling females, and 217 pups)
were tagged. Seven census periods produced significant
evidence of an increase in pup production over the past few
years (maximum count of 386 pups). In addition, during
several census periods we observed large groups of various
sizes of subadults near the ice edge. This was our first
observation of such a mixed age group of subadults.
In an ongoing attempt to determine the factors that
might affect the survival of pups, we analyzed weight gain
and molt. Pups whose ages were known were weighed
weekly at Hutton Cliffs (77°44'S 166°51'E) (12 pups) and
Turtle Rock (77°45'S 166°46'E) (14 pups). The weight gain
of pups at the two colonies appears to differ, but data must
be analyzed alongside information gathered in previous
years to determine the mechanism of this differential
weight gain. Each day the molt condition (premolt, molting, molted) of pups of known age at Hutton Cliffs was
noted. This survey showed that pup molt was more variable than expected, both with respect to age of molt and
length of molt.
This season we made the second observation of twin
Weddell seal pups (Smith and Burton 1970, first report).
Although we did not see the birth of both pups, we marked
a pup on the evening of 27 October and the next morning
observed another newborn nursing from the older pup's
mother. Both pups were female. Although both pups suckled from the same mother at an early age, one pup was seen
more often with the mother.
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Acoustic studies of both the underwater and surface vocalizations of the Weddell seal were conducted to investigate further the meaning of certain calls documented
by Thomas (1979). Several recordings of seals of known sex
and age were made on the ice surface to examine individual
variations in vocalizations. Geographic variability in call
structure was investigated by recording calls at the geographically distinct locations of Spike Cape, Lewis Bay, and
White Island. Additionally, underwater vocalizations of
leopard seals (Hydrurga leptonyx) were recorded at Lewis
Bay on 28 November; killer whales (Orcinus orca) were
heard near the ice edge on 12 December.
Several investigators have suggested that seals may be
able to echolocate. We began preliminary trials to study this
matter. Two approaches were taken: (1) antarctic cod were
suspended in seal haul-out holes, and the seal's responses
were observed by underwater television camera; (2) seals
were blindfolded and placed in melt pools for observation.
We found no evidence of echolocation from these trials.
This research was supported by National Science Foundation grant DPI' 78-21713. We acknowledge the assistance
of A. DeVnes, J. Turner, W. Van Voohries, M. Wolf, S.
O'Grady, and B. Marks in providing fish and technical support of our fish tracking project. J . Eastman consulted
with us on anatomical topics concerning both antarctic cod
and the Weddell seal. We appreciate the sonobuoys and
receiver provided by W. Evans of Hubbs-Sea World Re- search Institute.
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The major purpose of R/V Hero cruise 80-5 was to pass
from Ushuaia, Argentina, to Callao, Peru, a fueling stop on
the way to Los Angeles, where Hero was to undergo major
repairs. We took this opportunity to gather information on
the distribution and occurrence of marine birds as affected
by several oceanographic factors. Cruise 80-5 was the
fourth in a series of north to south transects of the south
Pacific Ocean, spaced rather evenly toward the east from
the westernmost Sydney-to-Los Angeles cruise. Once disembarking the Chilean pilot, we attempted to stay far
enough offshore that proximity to land would have a minimum effect on bird occurrence. We also attempted to remain along the subtropical, western boundary of the Peru
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