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Most mass occurrences of adult and subadult Euphausia su-
perba in the Bransfield Strait and the adjacent Drake Passage
have been reported to be in coastal waters, usually near the
slopes or over shelves of the South Shetlands and the Antarctic
Peninsula (e.g., Marr 1962; Kittel 1980; Brinton and Antezana
1984; Quetin and Ross 1984; Siegel 1986; Brinton et al. 1987).
Many of the more recent of these samplings have been directed
at acoustically recognized targets. The more dispersed krill have
not often been sampled in a systematic way, making it difficult
to estimate overall abundances from the catches. During the
December 1986 to March 1987 Research on the Antarctic Coastal
Ecosystem Rates (RACER) surveys of these areas (Huntley et al.,
Antarctic Journal, this issue) sampling was done on predeter-
mined grids of stations, extending across the deep basins of the
Bransfield and well into the Drake Passage. This provided op-
portunities to estimate areal abundances from nearshore and
oceanic regions, both separately and in combination.

For the present preliminary description of E. superba popula -
tion characteristics, the relatively numerous samples from the
four monthly fast-grid surveys will be used. These were ob-
tained by bongo nets in the 0-40-meter layer. Results from more
comprehensive, though fewer, samplings of the slow-grid sur-
veys (0-100 meters, 100-200 meters, and sometimes deeper)
will be dealt with at a later time. In general, nighttime sampling
in the 0-40-meter layer provided body-length frequencies com-
patible with population structures determined across the great-
er ranges of depth. Length-frequency distributions of E. superba
are presented here by region.

Three nominal domains were defined by Huntley and Brin-
ton (Antarctic Journal, this issue):
• Area I—the northern part of the Gerlache Strait and adjacent

peninsular waters;
• Area IT—the Bransfield Strait, bounded on the north by the

South Shetlands and Smith Island; and
• Area Ill—a portion of the Drake Passage extending north-

ward from the westernmost islands of the South Shetland
chain.
The predominantly bimodal (e.g., Brinton et al. 1987) or

trimodal (Siegel 1986) size-frequency distribution of post-larval
E. superba derives from the strong seasonality of reproduction
and growth in this species and the 2-2+ year life span. In the
bimodal interpretation, krill in their second season of growth (1
year old) are approximately 20-43 millimeters in length, with
the smaller sizes either having been produced late in the pre-
vious summer or undergone slower growth than other krill of
the same age, or both; body-length in this year-class usually
centered near 30-35 millimeters in February and March, 1987.
Most krill larger than approximately 43 millimeters by January
are mature in the breeding season and are considered, here, to

be 2 or more years old; the February-March mode for males
commonly crests at a somewhat greater body length (approx-
imately 50 millimeters) than for females (approximately 45-48
millimeters) which must expend greater reproductive energy.

Relatively few krill were netted during the December and
January coverages when phytoplankton concentrations were
dense, particularly in area I (Gerlache Strait and peninsular
waters) (Holm-Hansen, Letelier, and Mitchell, Antarctic Journal,
this issue). Krill were then either positioned deeper than the
towing depths, remaining beneath the layer of dense phy-
toplankton, or were particularly adept at avoiding the nets. No
reproductive female krill were caught in area I during December
and January, although January was the time of most intense
production of larvae there; a number of immature (1-year-old)
krill, 2640 millimeters in size, were netted. This enigma must
be addressed in future studies. No postlarval krill were caught
in area II (Bransfield) in January, but area III (Drake Passage)
yielded prereproductive krill, almost all of which were 2 years
or 2 + years old; the females were gravid, evidently about to
produce eggs for the conspicuous February hatchings in the
Drake Passage (Huntley and Brinton, Antarctic Journal, this
issue).

Questions are raised by these results. Where was the adult
stock which gave rise to the large, distinct cohort of January
larvae emanating from the Gerlache Strait (Huntley and Brin-
ton, Antarctic Journal, this issue)? This and previous descrip-
tions of postlarval krill from coastal waters of the peninsula
(e.g., Brinton and Antezana 1984; Quetin and Ross 1984;
Fevolden and George 1984; Siegel 1986) show area I krill to be
dominated by 20-40-millimeter sizes, and few larger krill have
been found there. Of these small krill, only a few (in the 37-40-
millimeter range) were found to have been reproductive. As
also was the case in previous investigations, most of the large,
45-55-millimeter krill, possibly capable of far greater egg pro-
duction than smaller krill, occurred away from the peninsula,
off the South Shetlands, and tended to spawn relatively late in
the season. It may be significant that a portion of the Drake
Passage north of Livingston Island remained ice-bound in De-
cember 1986, whereas the Bransfield, in which krill reproduc-
tion had by then commenced, was already ice free.

When reproduction occurs in two principal pulses (e.g., early
January and late February) possibly from parental stocks of
different year classes, might the two groups of recruits be dis-
tinguishable on the basis of size a year later? The February and
March 1987 population curves (figure) suggest that this may,
indeed, be possible. Paired secondary modes of near-equal
magnitude can be seen within the principal 28-37-millimeter
mode in most of the examples presented, perhaps reflecting
differences in the timing of their origins. Furthermore, still
smaller (20-millimeter) juveniles, though few, occurred in a
number of the samples, possibly derived from a third, though
weak, reproductive pulse which occurred even later in the 1986
season than the two main ones. Understanding the relative
roles of timing of reproduction vs. differential growth rates of
young (Huntley and Brinton, Antarctic Journal, this issue) in
producing such secondary modes is the object of continuing
study.

By late February 1987, phytoplankton stocks were in sharp
decline and postlarval krill were caught throughout the study
area. Area I continued to harbor predominantly 1-year-old (im-
mature) krill, now at a mean density of 140 per 1,000 cubic
meters (figure, block a); mature, postreproductive krill (40-53
millimeters in size) were present but averaged only 29 per 1,000
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February and March, 1987, respectively. Abundances are averages from nighttime and positive daytime samples in each area. Juveniles enter
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cubic meters. Area II (figure, block b) yielded almost as many 2-
year-old krill as area I but far fewer 1-year-old juveniles. Area III
(Drake Passage) krill (figure, block c) were predominantly 2
years old and postreproductive; most of these were in swarms
along the northern shelf of Livingston Island, compared with
the more-dispersed oceanic distribution of mature pre-
reproductive krill in the area a month earlier.

Population structure of March krill in the Gerlache Strait area
(figure, block d) closely resembled that of February (figure,
block a). Male petasmas of the few 2-year-old krill were almost
all in the regressed (immature) condition and female ovaries
were spent, indicating that reproduction had ceased. The same
condition obtained in March males of areas II and III, to the
north, although substantial production of larvae had occurred
in these areas only a month before. March krill in the Drake

Passage (figure, block 0 seemed significantly fewer than in
February, possibly indicating considerable February-March
mortality in this population of older krill.

This work was supported in part by National Science Founda-
tion grant DPP 85-17269.
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The Research on Antarctic Coastal Ecosystem Rates (RACER)

program has provided one of the most comprehensive studies
to date of mesoscale ecosystem dynamics in antarctic coastal
waters. The key hypotheses and fundamental sampling strat-
egy are discussed by Huntley etal. (Antarctic Journal, this issue);
here we present a summary of our findings in the pilot field year
of the program. Amos (Antarctic Journal, this issue) defined
seven distinct water masses within the 25,000-square-kilometer
study area, some of which were not revealed by previous stud-
ies using coarser sampling. A strong northeasterly flow (up to
30 centimeters per second) across the Bransfield Strait, from
Brabant to Livingston Island, marks the front between "Bell-
ingshausen" and "Weddell" waters. An unusually warm
>2.5°C) zone of surface water which appeared at the northern
entrance to Gerlache Strait in December and persisted through
January indicates a possible eddy created by the island effect we
hypothesized. Biologically productive areas were characterized
by high temperatures, steep pycnoclines, a shallow mixed layer
(approximately 10 meters) and low penetration of irradiance
(Amos; Mitchell, Menzies, and Holm-Hansen, Antarctic Journal,
this issue). Beam attenuation and diffuse attenuation coeffi-
cients showed that in productive waters, there was often insuf-
ficient light for photosynthesis below 15 meters (Mitchell, Men-
zies, and Holm-Hansen, Antarctic Journal, this issue).

The spring phytoplankton bloom was well underway by De-
cember and declined in succeeding months. Primary productiv-
ity, phytoplankton biomass, bacterial production, and biomass

were greater—by more than one order of magnitude—in waters
of the Gerlache Strait and north of Brabant Island than in waters
of the southern Drake Passage (Holm-Hansen, Letelier and
Mitchell; Bailiff et al.; Haberstroh et al., Antarctic Journal, this
issue). Pigment-specific primary production was linearly re-
lated to temperature within the ambient range observed (Holm-
Hansen et al., Antarctic Journal, this issue). The ranges in chlo-
rophyll a (0.2-20 micrograms per liter), particulate ATP (18-1,400
nanograms per liter), and primary production (80-3,000 milli -
grams of carbon per square meter per day) span the full range of
these variables previously reported for surface waters of the
world ocean.

With the decline of the spring phytoplankton bloom, we
observed the following significant changes:
• nitrate concentrations decreased from more than 25 micro-

moles to less than 3 micromoles (Karl et al., Antarctic Journal,
this issue)

• ammonia concentrations increased from undetectable levels
to more than 10 micromoles (D. Karl, University of Hawaii,
unpublished data);

• particulate matter was dominated first by large (more than 20
micrometers) then by smaller (less than 20 micrometers) par-
ticles (Tien et al., Antarctic Journal, this issue);

• community succession from large diatoms to bacteria and
autotrophic nanoplankton, and finally to heterotrophic
flagellates (Tien et al., Antarctic Journal, this issue).

Downward flux of biogenic carbon lagged the bloom, reaching a
maximum in the northern Gerlache Strait of 373 milligrams of
carbon per square meter per day in January, and falling to less
than 15 milligrams of carbon per square meter per day by late
March (Karl et al., Antarctic Journal, this issue). During the early
phase of the bloom most carbon production contributed to a net
increase in phytoplankton standing stock; vertical flux consis-
ted primarily of living matter. As the bloom declined the down-
ward flux came to be dominated by nonliving matter such as
dead algae, detritus, and zooplankton feces (Karl et al., Ant-
arctic Journal, this issue).

Among the copepods, Calanoides acutus dominated in De-
cember and January and Metridia gerlachei became important in
the late summer. Grazing rates of C. acutus were greatest in areas
of high phytoplankton biomass and primary production, but
their egg production was not related to ambient food conditions
(Huntley, Mann, and Oresland, Antarctic Journal, this issue).
The first major spawning of Euphausia superha occurred in De-
cember, with early larvae appearing in mid-January in the
Gerlache Strait and southwestern Bransfield Strait (Huntley
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