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Figure 2. Egg tubulin polymerization at three temperatures. Samples
of once-cycled egg tubulin from N. corllcepsneglecta(0.3 milligrams
per milliliter in a polymerization buffer containing 8 millimolar
calcium chloride) were prepared at 0 C. Polymerization was initiated
atzerotimebyadditionot[ethylene-bls(oxyethyienenitriio)]tetraacetic
acid (EGTA;final concentration = 10 millImolar)foilowed immediately
by temperature Jumps from 0 to 5, 10, or 20 C, and microtubule
formation was monitored by turbidimetry. The development of
turbidity (change in apparent absorbance at 350 nanometers) is
plotted as a function of time after warming. Note that addition of the
antimitotic drug podophyilotoxin (PLN; final concentration = 50
micromoiar)to the 10 sample (see arrow)caused a rapid decrease
In solution turbidity, consistentwith depolymerization of microtubules
(cf. Detrich and Wilson 1983). Reprinted from Detrich et al. (1992)
with permission. (Copyright 1992 American Society for Biochemis-
try and Molecular Biology.)

that of the neural tubulin. In agreement with the multitubulin
hypothesis, we conclude that egg and brain tubulins are func-
tionally distinct in vitro (and, possibly, in vivo), due either to
differences in isotypic composition, to differential posttransla-
tional modification of shared isotypes, or to both.
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Children's Research Hospital, Jonathan H. Dinsmore of Massa-
chusetts Institute of Technology, and Silvio P. Marchese-Ragona
of Pennsylvania State University for their participation in this
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The coastal antarctic fish fauna is dominated by highly en-
demic species of the suborder Notothenioidei. These species,
with few exceptions, live demersal lifestyles as adults but de-
velop from larvae that must survive in the pelagic environment.
Dramatic seasonal variation and extreme climate of the antarctic
present challenges to the fish larvae. Cold temperatures aside,
the shortness of the summer season, when photosynthetic pro-
duction and copepod abundance peak, is probably the greatest
selective force acting on the early life-history strategies of antarc-
tic fish.

Thorson (1950) and Marshall (1953), discussing invertebrates
and fish respectively, believed that the pelagic phase would be
restricted to the summer season when prey are at maximum
concentration. As late as 1984 (Everson 1984) available data
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supported this hypothesis. Kock and Kellermann (1991) identify
three separate early life-history strategies, distinguished by egg
size and duration of the pelagic phase. Int two groups, adult
females produce many relatively small eggs. Larvae hatching
from these eggs may be considered as planktotrophic. Plankto-
trophic larvae are endowed with limited yolk reserves and must
fill most of their energetic and material needs through feeding
on the plankton. Larvae of these two groups hatch in spring and
summer when prey are present.

The two planktotrophic groups may be distinguished by the
duration of their pelagic development. In agreement with the
predictions of Thorson and Marshall, one group completes its
pelagic development before the onset of winter (single-season
planktotrophic larvae). These larvae are hypothesized to grow
and develop at a relatively rapid rate; they are able to achieve an
ecologically viable settlement size and development stage by the
end of the summer season. Species of the other group extend
their pelagic development over the winter months (multi-season
planktotrophic larvae). This strategy is hypothesized to grant an
extended period for growth and development which will allow
larvae to settle at a more advanced stage and at a larger, more
competitive size, or to compensate for an inability to grow and
develop to a sufficient size and stage for settlement before the
end of summer. Alternatively, a prolonged pelagic stage allows
new recruits to enter the demersal environment when interspe-
cific competition in the new habitat is lowest (Kellermann and
Schadwinkel 1991).

The third and final group produces few large, yolky eggs.
Larvae in this group may be considered lecithotrophic. Endowed
with a relatively large yolk supply, they are not as adversely
affected by fluctuations in food supply as planktotrophic larvae.
Hatch dates of these fish are largely independent of the seasonal
zooplankton production cycle.

This research focuses upon the two development strategies of
the planktotrophic larvae; single-season and multi-season pe-
lagic development. One species from both groups (each in the
family Nototheniidae) has been selected and assumed to be
typical of its group. Notothen ia gibberifrons is a species with single-
season (summer) pelagic development. Nototheniops larseni is a
species with multi-season (over-winter) pelagic development.

Samples of both species were collected from South Georgia
and the western Bransfield Strait region on three different cruises:
the U. S. Antarctic Marine Living Resources project (AMLR) '87/
'88 (South Georgia), AMLR '88/'89 (South Georgia), and the
Research on Antarctic Coastal Ecosystem Rates project '86/'87
(Bransfield Strait). Samples were collected with IKMT and Bongo
nets and preserved in alcohol.

In the lab, otolith techniques are used to help measure and
compare the parameters that are central to the adaptive strate-
gies practiced by the two groups, i.e., season and duration of the
hatch period, growth rates, and developmental rates. An otolith
is one component of the ear of a fish. Its usefulness to ecologists
lies in the concentric ring nature of its build, which can be used
much like the rings of a tree to measure the age of a fish. Also,
once the relation between otolith and fish size is known, it can be
used to determine the growth rate of an individual. The use of
otoliths is rooted in the assumption that rings are formed at a
known and constant rate. Daily ring formation in otoliths of any
species was first discovered by Pannella (1971), but today it has
been validated in few antarctic fish. White (1991) lists the three
species with daily rings currently known: Trematomus newnesi
(Radtke et al. 1989), Nototheniops nudifrons (Radtke and Hourigan
1990), and Harpagfer antarcticus (White, unpublished data).

A subsample was randomly selected from larvae collected on
each cruise. The samples were measured, their development
state assessed, and otoliths removed. The development state was
most easily characterized by observing the fins (whether they
were buds only, had incipient rays, or had formed rays, and the
count of the rays). After otoliths were removed, the majority were
prepared for light microscopy and observed at lOOx, 400x, or
1000x magnification. The images were displayed on a video
monitor where the total diameter and distance from the center to
each ring were measured (figures 1 and 2). A small group of
otoliths was observed under scanning electron microscopy
(SEM), and the same dimensions were measured. Using SEM not
only helps control for artifacts of preparation and ring-count
estimation techniques, but it is often the only way to see the

Distance from Center
(gm)

Figure 1. Profile of ring widths of a typical N. gibberifrons otoiith
from South Georgia.

ffH

100	 200

Distance from Otoiith Center
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Figure 2. Profile of ring widths averaged in 5 and 10 micrometer
bands outward from the otoiith center. These values are used to
estimate the number of rings hidden within an unreadable zone of an
individual sample which depend upon the position of the zone from
the otoiith center. SEM results were used to estimate the number of
very small rings between the first band and the otolith core, In this
case this value has been found to be9(j3, n=1 1). This profile isfrom
N. gibberifrons from South Georgia (n=23).
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smallest, innermost rings. Electron and light microscopy tech-
niques give similar results, suggesting that optical and sample
preparation artifacts are not a problem.

By examining the otoliths of N.gibberfrons captured in mid-
January 1989 at South Georgia, a preliminary estimation of the
age of each individual was made. Using the average of three
independent readings of each otolith from a sample 23 fish, the
average age was found to be 71 days (±8,95 percent confidence
intervals); therefore they hatched sometime between mid-Octo-
ber and late November. By the time they were caught, they had
grown to 21.7 milimeters (± 2.8). If these fish hatched at the
smallest reported size of 8.5-11.5mm (Efremenko 1979), then
they grew at a rate of .14 to .19 milimeters per day. Loeb (1991)
reports a growth rate of .12 mm/day for N. gibberifrons from the
peninsula area.

Estimation of the ages of N.larseni captured from the same
cruise (18.8 mm±5.6 mm) must await SEM analysis to determine
the number of smallest rings adjacent to the core. However,
counts of the outer visible rings (n= 6) show that these fish are at
least 50 days old (± 14) and therefore hatched before late Novem-
ber to late December.

N.larseni develop slowly. Pelvic fin-buds have not appeared
and rays in other fins are still not fully developed nearly two
months after hatching. In comparison, at a little more than two
months from hatching, N.gibberfrons are relatively well devel-
oped and have a complete set of fully developed fins.

Description of the growth history of individual fish awaits
an understanding of the relationship between fish size and
otolith size over a range of sizes. When this is achieved, the
description of growth and development rates through different
season, stages of development, and between two different re-

gions will be possible along with a better understanding of the
two different life-history strategies.

I thank those who have assisted with this research in the field
and in the lab: B. Shepherd, D. Shafer, A. Kellermann, S.
Schadwinkel, P. Verlaan, N. Rojek, B. Moralez-Nin, R. Radtke,
and S. Kayatani. This work was supported by National Science:
Foundation grant DPP 88-16521.
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Responses of antarctic fishes to	Habitat, diet, and presence or absence of response

tactile stimuli	 to tactile stimuli in McMurdo nototheniods

Species	Habitat	Diet	Fin tact. Conjectural
response	bites

JOHN JANSSEN

Biology Department
Loyola University

Chicago, Illinios 60626

Antarctic fishes, particularly the southernmost populations,
must feed during long periods of darkness. They have no
particular visual adaptations for feeding in low light (Eastman
1988; Pankhurst and Montgomery 1989), so they must rely on
either mechanical or chemical cues to locate prey. A variety of
notothenioids respond well to hydromechanical stimuli through
lateral line (Janssen et al. 1990), and a plunderfish
(Artedidraconidae) uses its mandibular barbel as a lure (similar
to anglerfish), biting when the barbel is pinched (Janssen et al.
forthcoming). Observations presented below indicate that tac-
tile stimuli, integrated with lateral line responses, are important
to those fishes whose diet is primarily polychaetes.

In laboratory aquaria blinded Trematomus bernacchii fed on
errant polychaetes, benthic amphipods (Orchomene sp.), and
Euphausia crystallorophias showed a stereotypical response to

T. bernacchii	benthic	polychaeta	yes	yes
T. centronotus	benthic	polychaeta	yes	no
T. hansoni	benthic	polychaeta	yes	yes
T. loennbergi	benthopelagic polychaeta	yes	yes
P. borchgrevinki cryopelagic	zooplankton	no	no
T. nicolai	anchor ice	zooplankton,	no	no

fish
G. acuticeps	anchor ice	fish	yes	no

Note: Diet for each fish is the one or two most important items as
reported by Eastman.

prey touching pelvic and anal fins. The fish repositioned its head
to about above the position where the prey collided with the fin
(the fin was moved aside as the body turned). It then bit at the
hydromechanical stimuli from the prey.

To experiment with the response of the fishes listed in the
table, a "worm-shaped" piece of squid mantle or silicone rubber
attached to a thread was dragged along the bottom, so it deli-
cately contacted one of the pelvic fins. Alternatively, a piece of
squid or silicone rubber was attached to a thin wire and deli-
cately touched the anal fin. There were ten trials for each fish.
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