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From an ice observation chamber near Danger Slopes on
Ross Island (figure) (Ray 1973), we observed the behavior of
nototheniid fish during the 1990-1991 austral summer. We ob-
served in 1- to 3-hour sessions, morning or afternoon, on 13
dates from 3 November to 29 November. Snow was removed to
improve light penetration. To help our mapping and to enhance
our ability to judge fish sizes, we suspended objects of known
size through holes drilled. We recorded our observations of
benthic fish, cryopelagic fish, and their responses to seals on
audio tape.

Benthic fish. The only benthic fish we could definitely identify
species were seven Trematomus bernacchi (henceforth called "ber-
nach"), which had a light nape patch. Several other benthic
fish were probably more cryptically marked bernachs, possibly
T centronotus or T hansoni. All of these fish moved in a saltatory
pattern; usually lying in one position for a few seconds, then
flapping the pectoral fins for one to several strokes to a new
position. We determined the time spent at a position for six
bernachs; all had modal stopping times between 5 and 15 sec-
onds with 78 percent of the observed stops lasting less than 15
seconds. Usual distance moved between positions was esti-
mated at one to two body lengths (64 percent of hops).

Some benthic fish ranged at least as far north and south as
the icicles (see figure), moving up and down slope in a sinusoid
fashion. Because we saw three bernachs biting into the sub-
strate, we interpreted the saltatory movement as prey-search
behavior. The primary food of the bernach is cryptic benthic
invertebrates, especially polychaetes (Oliver and Slattery 1985;
Eastman 1985). Sighted and blinded bernachs in aquaria search
for food in a similar saltatory pattern and respond to food
touching the anal and pelvic fins or to hydromechanical stimuli
by turning and biting (Janssen et al. 1990). It is possible that
the fish were patrolling a territory; however, they appeared to
be exploring, not patrolling a border. Two bernachs that en-
countered each other swam parallel to each other for a few
meters, then lay about 1 meter from each other before resuming
parallel swimming. Bernachs in aquaria are territorial, and
sighted and blinded fish engage in biting and tail beating, an
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Map of features near the ice observation chamber. The chamber,
near Danger Slopes, Ross Island, was located along a steeply
sloping bottom in about 15 meters of water. Subice structures are
single or cross-hatched. Both the north and south icicle clusters
were about 11 meters from the chamber and measured about 2
meters long. The largest icicle was about 4 meters long and 5
meters from the chamber. The thick shore ice with platelet ice was
about 13 meters from the chamber.

exaggerated body undulation in which one fish directs caudal
thrusts at an opponent.

It is possible that most of the time benthic fish do not move
about. We spotted them only when they were moving; most of
the time, we saw no fish. When bait was dropped through
holes in the ice, many benthic fish were attracted, from a radius
of at least 10 meters. When the bait object was retrieved, these
fish dispersed and disappeared from view.

Cryopelagic and pelagic fish. It was usual for us to observe
borchs, Pagothenia borchgrevinki. Adults (about 20 centimeters
in length) were seen singly and in groups of two or three either
swimming between the platelet ice in the shore ice and the
icicles or swimming along one of the ice cracks. Some medium
borchs (about 12-15 centimeters long) defended the icicle clus-
ters as territories. They chased away smaller borchs but avoided
the large borchs. All borchs investigated cracks and the inside
and outside of icicles; they appeared to bite at food on the ice,
and three times ate amphipods disturbed from an icicle.

Responses to seals. We heard Weddell seals in 11 of 13 sessions
and seen during 5 sessions. Borchs were always visible, even
during seal vocalizations, except when a seal was near them.
As a seal approached to within 10 to 15 meters, the borchs hid
in the ice cracks or among the icicles. Andriashev's observation
(1986) that Weddell seals frequently eat only borch tail ends
may be explained by the observation that the seals bite exposed
borch tails.

We observed benthic fish too infrequently to be certain of
their response to seals; however, a brown fish, swimming past
the chamber with the smooth gliding of the near-benthic Tre-
matomus newnesi, bolted for the bottom when the observer
moved for window cleaning.

Borchs are of particular evolutionary interest because they
are descended from benthic species (Eastman and DeVries
1981). They appear to have adopted the sea ice bottom as an
inverted benthos, eating in part the abundant sea-ice inverte-
brate prey (Garrison 1991), using platelet ice (Andreishev 1986),
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icicles, and cracks as shelters, defending icicles, and perhaps
using the network of cracks as landmarks for navigation. Ju-
veniles of certain benthic nototheniids associate and cling to
sea ice (Andriashev 1970) suggesting that the evolutionary tran-
sition from benthic to cryopelagic habit is a behavioral and
morphological paedomorphosis. Borchs apparently have ap-
plied aspects of their benthic ancestry to their cryopelagic life.

We thank A. P. Andriashev, Russian Academy of Sciences, St.
Petersburg, for discussion. This work was supported by Na-
tional Science Foundation grant DPP 88-16775.
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Our research represents a new approach to the evaluation of
critical periods in the life histories of antarctic fishes—micro-
structural otolith analyses, a technique that can document past
environmental conditions encountered by individual fishes. We
hope that our investigations will advance the use of this new
approach, as well as the use of elemental composition analyses

of otoliths, to determine past environmental and, possibly, food
conditions encountered by antarctic fishes.

Otolith techniques help researchers determine which events
in the life histories of antarctic fish larvae and juveniles have
the greatest influence on growth and survival in those fish that
do recruit. Our goal is to improve our understanding of the
causes underlying the development of early life-history strate-
gies. It should be possible, with further refinement, to combine
a fish's hydrographic history with otolith microstructural stud-
ies, to model factors affecting early life history.

Although the combination of these techniques is still in the
early stages of refinement (Radtke 1988; Townsend et al. 1989),
research has involved the systematic verification of the rela-
tionship between structural and chemical patterns in otoliths
(Radtke 1984; Radtke and Targett 1984; Townsend et al. 1989;
Radtke et al. 1990). Tentative relationships and assumptions in
otolith chemical and structural patterns have been identified.
Still, the research into relationships between strontium-to-cal-
cium concentration ratios and hydrographic conditions should
be considered preliminary, but promising.

Electron microprobe analyses were carried out using wave-
length-dispersive fixed crystal spectrometers on a Cameca Ca-
mebex Microbeam microprobe (see Radtke 1988). Analyses
were made with a square raster of 5-micrometer probe current;
accelerating voltages were 30 nanoamps and 15 kilovolts, re-
spectively.

Samples bombarded with an electron microprobe beam emit
X rays. The wavelength and dispersion of the X rays is unique
to each element and the amount of that element being ana-
lyzed, in this case strontium and calcium. To reduce diffractions
of X rays and increase conductance of the impinging electrons,
the specimens were carbon coated in a carbon evaporator to a
thickness of 25 micrometers. Strontium-to-calcium concentra-
tion ratios were multiplied by 103 for presentation.

The three specimens analyzed were captured during a winter
cruise on the R'V Polar Duke (June through August 1989) along
the Antarctic Peninsula (north to south) using a 60-centimeter,
double-yolked bongo net with mesh sizes of 300 and 500 mi-
crometers. Many other larval fishes of various species were also
acquired during this cruise. They still require further analysis,
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