
remain small at this temperature. Thus, it is unlikely that the
large differences in the dynamics of antarctic fish micro-
tubules at low temperatures and bovine microtubules at high
temperatures are due to the temperature difference alone.
Rather, some difference in tubulin structure must account
for them.

In summary, our results show that microtubules from
the cold-adapted antarctic fishes are dynamic polymers at
low temperatures but much less so than are the microtubules
of homeotherms. The greater stability of antarctic fish micro-
tubules, relative to the mammalian polymer, appears to
result not from the alteration of a single aspect of dynamic
instability but from alteration of them all.
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RACER: Feeding incidence andyolk resorption in three species
of antarctic larval fishes

EDWARD A. LAMAN and VALERIE J. L0EB, Moss Landing Marine Laboratories, Moss Landing, California 95039

F
ishes of the perciform suborder Notothenioidei show
numerous adaptations to the extreme and variable envi-

ronment in the southern oceans. Yolk reserves of spring-
hatched larvae may allow survival for extended periods in the
plankton if the breakup of the pack ice and subsequent spring
bloom are delayed. Notothenioid larvae over a wide range of
length and development have been observed with yolk
reserves, indicating that yolk resorption may be related to
early feeding success and food availability (North and Keller-
mann 1989; Kellermann 1990). Exogenous feeding can com-
mence prior to complete yolk resorption for some species
(e.g., Chionodraco rastrospinosus and Lepidonotothen larseni;
Kellermann 1986, 1990) and is possibly characteristic of all
notothenioids. Hatching periods for each species show little
variation between years (North and Kellermann 1989) and
may be linked to the highly seasonal secondary production
cycle (North and White 1987, pp. 381-390).

This study examined the relationship between feeding
incidence and yolk utilization by three species of larval fishes
collected in Gerlache Strait by the Research on Antarctic

Coastal Ecosystem Rates (RACER) program during spring
(October and November) 1989. Feeding incidence and yolk
utilization were also examined with respect to possibly differ-
ent feeding conditions within regional hydrographic regimes
in Gerlache Strait. The three species, Lepidonotothen larseni,
Trematomus lepidorhinus, and T. newnesi, numerically domi-
nated the 1989 samples. All three had variable amounts of
yolk reserves present over the whole size range sampled
(Laman and Loeb 1993). Yolk reserves were measured using a
specific surface area (SSA) index with the aid of an image
analysis system (see Laman and Loeb 1993). Feeding inci-
dence for these fishes was calculated as the percentage of guts
containing food out of all guts sampled. Yolk utilization rates
were estimated as the slope from a regression of SSA on larval
length. Using reported larval growth rates, length was con-
verted to units of time to yield an estimate of resorption; indi-
cated by a decreasing SSA.

During spring of 1989, the hydrography of Gerlache Strait
was characterized by a swift axial current (ranging from 15 to
60 centimeters per second) flowing from southwest to north-
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east with a coastal mesoscale eddy flanking it to the south
(Lopez, Huntley, and Lovette 1993). Three regions in Gerlache
Strait were distinguished on the basis that different feeding
conditions may exist within the varying hydrographic
regimes, identified as the following:

the coastal bays (Hughes, Charlotte, and Wilhelmina Bays);
• station "A" located in the mesoscale eddy between the

coastal bays and axial flow; and
• the remaining stations in the channel or main axial flow

(figure 1).
Preliminary results indicate that the three species had

very different feeding incidence. T. newnesi had the highest
overall feeding incidence for all regions followed by L. larseni
and then T. lepidorhinus (figure 2A). Feeding incidence of L.
larseni at station "A" was higher than in either the coastal bays
or channel. T. lepidorhinus collected from channel stations
had the lowest overall feeding incidence (0 percent) followed
by station "A" with the highest incidence in the coastal bays. T.
newnesi from station "A" had similar incidence of feeding to
those collected from coastal bays; larvae collected from chan-
nel stations had lower feeding incidence than either station
"A" or coastal bays. In some cases, feeding incidence of larvae
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with yolk reserves present was higher than that of larvae with
totally depleted yolk reserves (figure 2B) partially supporting
the hypothesis that retarded yolk-sac resorption is due to early
feeding. For larvae collected from station "A" in the eddy,
feeding incidence did not appear to be size dependent for L.
larseni or T. newnesi but may be for T. lepidorhinus (figure 2C).
T. newnesi had relatively high feeding incidence at all stations;
feeding incidence did not appear to be size dependent. Larvae
of L. larseni, T. lepidorhinus, and T. newnesi all showed evi-
dence of feeding prior to complete yolk-sac resorption.

In addition to having yolk reserves over the entire length
range sampled, each species had variable amounts of yolk
reserves within 1-millimeter size classes. Overall, yolk reserves
were steadily resorbed as larval length increased; yolk resorp-
tion was indicated by decreasing yolk reserve sizes with length.
Yolk resorption rates ranged from 0.8 for L. larseni to 4.4 (SSA
per day) for T. newnesi. These values compare favorably with
reported growth rates for relatively slow-growing L. larseni
(0.08 millimeters per day; Kellermann 1986) and the relatively
faster growing T. newnesi (0.4 millimeters per day; Radtke et al.
1989). Growth rates of larval T. lepidorhinus are not presently
available.

Feeding incidence, which is not
size dependent, may indicate favor-
able feeding conditions for all sizes
of larvae collected from a particular
region. Relatively high feeding mci-

-	dence for T. newnesi at all stations
over the whole length range sam-

)	 pled indicates that feeding condi-
tions were similar and favorable for

7	 these larvae throughout Gerlache
Strait. T. lepidorhinus collected at

—') station "A," however, showed a lin-
ear relationship between feeding
incidence and larval length. Lower
feeding incidence for larvae of all
three species collected from the
channel may be the result of more
widely dispersed prey because wide
dispersal makes feeding more diffi-
cult. Feeding incidence of larvae
from the coastal bays was highest for
T. newnesi and T. lepidorhinus but

Antarctic	lowest for L. larseni larvae reflecting
Peninsula	the primarily coastal distributions of
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Figure 1. RACER study area with tracks of Tristar drifters launched during the sampling period and
three regions of possibly differing feeding conditions (modified from Lopez et al. 1993).
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Figure 2. Percent feeding incidence for L. larseni, T. lepidorhinus, and T. newnesi collected in
Gerlache Strait and adjacent areas during October and November 1989. A. Overall feeding
incidence. B. Feeding incidence by yolk stage (Y denotes yolk, NY denotes no yolk, numbers
in parentheses above bars are sample size). C. Feeding incidence by notochord length.
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Spatial and behavioral responses by foraging seabirds to
antarctic krill swarms

RICHARD R. VEIT, Department ofZoology, University of Washington, Seattle, Washington 98195
EMILY D. SILVERMAN, Center for Quantitative Science, University of Washington, Seattle, Washington 98195

ROGER P. HEwrrr and DAVID A. DEMER, Southwest Fisheries Science Center, La Jolla, California 92093

W
e sampled the ocean surrounding South Georgia
board the R/V Nathaniel B. Palmer from 26 May to 27

June 1993 with the primary intent of quantifying the numeri-
cal and behavioral responses by foraging seabirds to krill
swarms. Our sampling scheme consisted of strip transects,
during which we used binoculars to count birds and seals and
echo sounders to estimate krill abundance. In addition, while

the ship was stationary, we made more detailed examinations
of bird behavior within flocks feeding at krill swarms. Closely
linked with these surveys were studies of circulating hormone
levels in seabirds and evaluation of the importance of olfac-
tion to birds searching for food. The link between hormone
levels and behavior is that elevated levels of corticosterone in
birds, which can result during stressful conditions such as

ANTARCTIC JOURNAL - REVIEW 1994
164




