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the large ammonium maximum. The direct relationship of nitrite
with depth at type LB stations suggests a source not associated
with phytoplankton; in this case, nitrite is probably produced
through oxidation of ammonium by nitrifiers. The accumulation
of nitrite at these depths, however, indicates low activity of
nitrite-oxidizing bacteria. Given the low light intensities at the
deeper depths sampled, this is probably not associated with
differential light inhibition (Olson 1981), but may be a succes-
sional phenomenon (Dore and Karl this issue).

The distinction between the MB and LB stations is supported
by associated data on chlorophyll a and bacterial exoenzyme
activity. Depth-integrated values of the nitrogenous nutrients
show large positive shifts for nitrite and ammonium and a
negative shift for nitrate between the MB and LB stations (table).
These are paralleled by an upward shift in integrated chlorophyll
a (Karl et al. this issue) and in integrated beta-glucosidase activity
(Christian and Karl personal communication). These data indi-
cate that both autotrophic biomass and heterotrophic activity are
substantially higher at LB stations than at MB stations. Further
study of the transect data set should focus on the physical
phenomena responsible for the transition, particularly the role of
the melting ice pack.

This research was supported by National Science Foundation
grant DPP 88-18899, awarded to D. M. Karl and by a fellowship
from the Research Corporation of the University of Hawaii
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Duke and the entire RACER team for their assistance with sample
collection and Ted Walsh for his nutrient autoanalyses.
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RACER: Small-scale distribution of
Euphausia superba in winter

measured by acoustic Doppler
current profiler
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In spring and summer the antarctic krill, Euphausia superba
Dana, is distributed throughout the upper 200 meters (Bargmann
1937; Marr 1962). The species does not appear to exhibit diel
vertical migration, but diel changes in aggregation behavior are
observable. Dense concentrations, ranging from hundreds of
meters to several kilometers in horizongal extent, have been
reported to be dispersed at night and concentrated during day-
light (Macaulay etal. 1984). In the Gerlache Strait, juveniles and
small adults (25 to 33 millimeters), however, have been consis-
tently found concentrated in the upper 50 meters during spring,
with no apparent differences between day and night distribu-
tions (Huntley et al. 1990).

We observed the same types of distributions during investiga-
tions in the Gerlache Strait in spring 1991-1992. A major question
remains regarding the distribution of antarctic krill during win-
ter. Whether they aggregate near the extensive surface sea ice
(Marschall 1988), perform a bathypelagic winter ontogenetic
migration, reside in the coastal shelf benthos (Kawaguchi et al.

1986), or remain distributed, as they are in summer, is simply
not known.

One of the principal goals of the 1992 winter Research on
Antarctic Coastal Ecosystem Rates (RACER) expedition was to
investigate the distribution of E.superba in ice-covered seas in
waters west of the Antarctic Peninsula. The two instruments we
used to make such observations were a Multiple Opening Clos-
ing Net and Environmental Sampling System (MOCNESS) and a
150 kilohertz acoustic Doppler current profiler. The MOCNESS

LOG (ABUNDANCE * LENGTH ' 2)

Figure 1. Mean backscatter intensity (db) recorded by the 150-
kilohertz acoustic Doppler current profiler during a MOCNESS
tow at station 26 in the northern Gerlache Strait and plotted as a
function of biomass of euphausiids caught in each of the eight nets
of the discrete-depth sampling MOCNESS. The euphausiids were
primarily Euphausia superba and some Thysanoessa macrura.

1992 REVIEW
	 179



was used following a protocol similar to that we have used in
previous RACER investigations (Huntley et al. 1990), sampling
eight depth intervals in the upper 290 meters. In 1989, we
sampled at nine depth intervals: six 40-meter intervals from 290
meters to 50 meters, and then from 50 to 15, 15 to 5, and 5 to 0
meters. The MOCNESS we used in winter 1992 had one net less,
so we combined the two upper sampling intervals into a single
one-0 to 15 meters.

Acoustic Doppler current profilers (ADCP) have only re-
cently begun to be used for measuring the distribution and
abundance of marine zooplankton (Flagg and Smith 1989) but, to
our knowledge, have never been employed to observe Antarctic
krill. We used a four-beam ADCP manufactured by RD Instru-
ments, Inc. (San Diego, CA) operating at 150 kilohertz, with
transducers mounted in the hull of the R/V Nathaniel B. Palmer.
This instrument operates effectively over a range of about 300
meters, roughly equivalent to the depth of our MOCNESS sam-
pling. During MOCNESS deployments, the ADCP data acquisi-
tion software was set to collect backscattered acoustic signal
intensity at 4-second intervals. At our typical towing speed of 2
knots, each profile represents the average of acoustic backscatter
over a horizontal distance of approximately 3 nautical miles. A
postdata collection program was written in C++ computer lan-
guage to extract the average backscatter intensity data from the
four beams, match them to the time at which MOCNESS samples

were taken, and produce a visual image of the vertical distribu-
tion of backscatter intensity throughout the duratin of thç
MOCNESS tow. Thus, we were able to "tow" the MOCNES5
through the ADCP data image—and thereby identify those bin
of acoustic data which, if integrated, would correspond to th
zooplankton biomass sampled by the net system. This proc&
dure allowed calibration of the ADCP.

MOCNESS samples were taken in the Gerlache Strait
Grandidier Channel and Crystal Sound in the period from 16 Jul
to 12 August 1992. The MOCNESS was first deployed at 6-ho9
intervals over a 4-day period at station A, at 36 stations through
out the subsequent Fast Grid in the Gerlache Strait, at seven
stations in the Grandidier Channel and Crystal Sound, and finally
at six stations (including station A) in Gerlache Strait in mid-
August. On 11 and 12 August, we carried out an acoustical
survey of the northern Gerlache Strait over a total distance of
approximately 75 nautical miles, travelling at the speed to 2
knots. The slow speed was necessitated by heavy ice coverag
that not only impeded progress, but interfered with the acoustical
signal at greater speeds. Most MOCNESS tows were made in ice-
covered waters, with coverage ranging from about 7/10 to 10/ ic$
and consisting of loose pancake ice to fast ice. In fast ice, it waà
sometimes necessary to cut a channel, reverse direction, and to
through the channel; ice thickness generally ranged from 30 to
150 centimeters.
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Figure 2. Mean backscatter intensity (db) in the upper 400 meters recorded by the 150-kilohertz acoustic Doppler current profiler during
a MOCNESS tow at station 26 In the northern Gerlache Strait. Biomass of krill was greatest In the upper 25 meters. The trace of the
MOCNESS tow Is shown, with markings Indicating depths at which nets were closed. The 0 meter in the vertical starts from 15 meters
below the sea surface.
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We quickly recognized that the ADCP profiles of backscatter
intensity appeared to be well-correlated to vertical distributions
of euphausiids, principally E.superba, but including Thysanoessa
macrura. Zooplankton samples from a few MOCNESS deploy-
ments were analyzed on shipboard to provide some of the results
presented here; the remainder will be analyzed in the coming
months at our laboratory. Acoustic backscatter intensity from the
150 kilohertz transmitter was highly correlated to the total bio-
mass of E.superba and T.macrura (figure 1), approximated as the
sum of squared length, at station 26 in the northern Gerlache
Strait. The correlation to the square of length, rather than to its
cube, suggests a correspondence to body surface area rather than
to body volume. There appears to have been little effect on the
value of total backscatter intensity from other zooplankton.

E.superba in the coastal waters of the Antarctic Peninsula
appears to have much the same vertical distribution pattern
observed in summer. Several features of the distribution are well-
illustrated by the combined MOCNESS/ADCP sampling con-
ducted at station 26 (figure 2). First, the greatest abundances of
krill tended to occur in the upper 50 meters, though they could be
found in relatively high abundance to depths of approximately
150 meters. Second, patches of krill tended to range, in horizontal
cross-section, from hundreds of meters to several kilometers.
Third, the krill population tended to be size-partitioned accord-
ing to depth, with a distinct upper layer composed of small
individuals (20 to 35 millimeters) and a deeper layer of less
abundant but larger individuals (40 to 55 millimeters); these
layers are seen in figure 2. T.macrura was consistently most
numerous at greater depths, below 100 meters.

The occurrence of E.superba in the upper water column during
winter appears to be ubiquitous, at least through the ice-covered
coastal region west of the Antarctic Peninsula. We found no evi-
dence of either association with the immediate under-ice envi-
ronment or of phytoplanktivory. The vertical distribution during
winter appears to be strongly related to the purely carnivorous
feeding habits of E.superba in winter (Nordhausen et al. this issue).

This research was supported by National Science Foundation
grant DPP 88-17779 to M. Huntley, E. Brinton, and P. Niiler and
ONR grant N00014-92-J-1618 to M. Huntley. The authors thank
Stacey Beaulieu, Clifford Dacso, Alejandro Gonzales, Judy Illemafli
and Vidar Oresland for their assistance in collecting MOCNESS
samples, Tony Schanzle and Rory Smyth for their assistance in
collecting ADCP data, and the crew and officers of the R/V
Nathaniel B. Palmer for their cooperation. Without the indefati-
gable efforts of Antarctic Support Associates personnel, Skip
Owen, Phil Sacks and Herb Baker, we would have been unable to
accomplish our goals.
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RACER: Carnivory by Euphausia
superba during the antarctic winter
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The trophic role of Euphausia superba during the winter has
long been a mystery. During the spring and summer, antarctic
krill feed almost exclusively on phytoplankton, as evidenced by
the experimental measurements of feeding rate (Schnack 1985;
Quetin and Ross 1985) and the calculated, or observed ability to

grow on a diet of available phytoplankton (Holm-Hansen and
Huntley 1984; Ikeda 1984). Larval krill may exhibit cannibalism
in the laboratory, and juveniles and adults have been reared on
a diet consisting partly of larval Artemia sauna (Ikeda and Tho-
mas 1987). E.superba have been observed to ingest antarctic
zooplankton, but not in sufficient quantities to sustain growth
(Price et al. 1988). Examination of the gut contents of individuals
caught in summer in the Antarctic Peninsula region fail to show
any evidence of carnivory (Hopkins 1985).

Phytoplankton biomass in the water column is extremely low
from March through October, and the absence of substantial
reserve lipids (Clarke 1984) suggests that E.superba must adopt a
metabolic strategy that is unique to this long period. The lack of
observation has generated many hypotheses to explain how krill
may survive through the winter. These include reduced growth
rate (Mackintosh 1973), actual shrinkage due to starvation (Ikeda
and Dixon 1982), feeding on detritus near the sea bottom
(Kawaguchi etal. 1986), and feeding on ice algae on the underside
of fast ice (Marschall 1988). Smetacek etal. (1990) summarize the
current view of the krill life cycle as follows: In summer, E.superba
feed heavily on pelagic phytop!anktonblooms and grow rapidly;
in winter, they exploit what phytoplankton there is in the water
column and scrape algae from underneath the ice, which they
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