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The intensive austral spring/summer phytoplankton bloom
in the Antarctic Peninsula region can result in phytoplankton
standing stocks in excess of 20 milligrams of chlorophyll a per
cubic meter (Krebs 1983; Holm-Hansen et al. 1989; Holm-Han-
sen and Mitchell in press) and sustained production rates of
2-5 grams of carbon per square meter per day (Holm-Hansen
and Mitchell in press; Karl et al. in press). In spite of this well-
documented coastal ocean phenomenon, we know little about
the physical-chemical controls on the initiation, temporal var-
iations and the demise of the spring bloom, and even less
about the immediate and long-term fate of this seasonal pri-
mary productivity pulse. To model the antarctic coastal eco-
system, we require additional information on the residence
time of particulate organic matter in the euphotic zone and on
the processes responsible for controlling the rate of new (i.e.,
export) production. Phytoplankton cells are consumed in the
upper water column by both micro) and macrozooplankton
grazing. During macrozooplankton (and especially Euphausia
superba) feeding, the ingested phytoplankton cells are, in part,
repackaged into larger, denser fecal pellets which are rapidly
removed from the water column by gravitational settling
(Nordhausen and Huntley, Antarctic Journal, this issue). In
addition, phytoplankton cells can also be removed, either sin-
gly or as aggregates, by directly sinking out of the surface
layers of the ocean during wind-induced vertical mixing. The
net effect of these processes is that the seasonal surface water
bloom also causes a seasonal pulse in the downward flux of
particulate organic matter thus providing a predictable supply
of reduced carbon, i.e., energy, to the mesopelagic zone and,
eventually, to the benthos. While these coupled ecosystem
processes are known to occur in coastal antarctic habitats (data
summarized in Karl, Tilbrook, and Tien in press), details of
the rates, mechanisms, timing, and overall ecological conse-
quences of the coupled production and flux of particulate or-
ganic matter are poorly understood.

During the 1989-1990 Research on Antarctic Coastal Eco-
system Rates (RACER) field program, we conducted a series
of sediment-trap experiments at a station located in the north-
ern portion of the Gerlache Strait (figure 1). These studies
employed both a bottom-moored, time-series sediment trap
which provided a continuous 5-month record (with a resolu-
tion of 11.5 days) of particle flux before, during and after the
seasonal spring bloom and several deployments of a short-
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Figure 1. Map of the RACER 1989-1990 study region showing the
location of the sediment trap station (indicated by star).

term (with a resolution of 1-2 days), free-floating sediment-
trap array during the initiation of the spring bloom (the table
and figure 2). The latter experiments also provided detailed
information on vertical changes in particle flux between 40 and
140 meters (table).

At present, the samples collected on our 1989-1990 expe-
dition are in various stages of analyses; thus, a comprehensive
data presentation is premature. Nevertheless, several salient
features in the emerging database deserve mention. First, the
5-month continuous record for total mass (dry weight basis)
flux at station A revealed a highly variable signal ranging from
a maximum of 1.8 milligrams per square meter per day in
January 1990 (figure 3). The onset and duration of this major
November flux "event" must be extremely rapid and of short
duration. With a collection period resolution of 11.5 days, the
likelihood of an event of moderate duration, exactly coinciding
with our collection period, is small. It is more likely that the
flux pulse was short-lived (e.g., a few days) and fell within
the collection period. If this were the case, the actual mass flux
during this event would be even greater than that estimated
here.

Another interesting aspect of these data was the presence
of a double peak in mass flux separated by a period of relatively
low particle flux. Given the design of the MK7-13 sediment
traps (Honjo and Doherty 1988) and the performance verifi-
cation information recovered from the sediment-trap computer
at the end of our experiment, it is highly unlikely that the
apparent "null" period was the result of a malfunction in the
computer-assisted timing or rotation mechanisms. Further-
more, our temporal data indicate that a relatively high particle
flux is already evident at the start of our experiment in mid-
October, approximately 1 month prior to the initiation of the
spring bloom (see figure 2).

There are at least two possible explanations for these results.
First, it is possible that the mass flux leading up to and in-
cluding the first peak (i.e., 13 October 1989 to 16 November
1989) represents a period where the mass flux is dominated
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Summary of sediment-trap experiments conducted during RACER 1989-1990a.

l3'	Total mass, aluminum, carbon, nitrogen,
phosphorus, silicon, pigments
microscopy, bomb calorimetry

Carbon, nitrogen, phosphorus, silicon,
ATP, pigments, microscopy

8C	Carbon, nitrogen, phosphorus, silicon,
ATP, pigments, microscopy

8C	Carbon, nitrogen, phosphorus, silicon,
ATP, pigments, microscopy

Total mass, aluminum, carbon, nitrogen,
phosphorus, silicon, pigments, bomb
calorimetry

	

10-13-89	03-11-90	MK7-13	 100
(bottom-moored)

	

11-6-89	11-8-89	MULTITRAP ARRAY	40, 60, 80, 100,
(free-floating)	 120, 140

	

11-13-89	11-14-89	MULTITRAP ARRAY	40, 60, 80, 100,
(free-floating)	 120, 140

	

11-19-89	11-21-89	MULTITRAP ARRAY	40, 60, 80, 100,
(free-floating)	 120, 140

	

03-21-90	01-21 _91d	MK7-13	 100,200
(bottom-moored)

a All sediment-trap experiments were performed in the northern Gerlache Strait near 64 0 11.7'S 61019.5'W.b Sequential collections.
c Simultaneous collections.
d Anticipated recovery date.

by terrigenous (primarily inorganic) particles previously ac-
cumulated onto sea ice and released into the water by melting
or resuspension of bottom sediments by wind-induced mixing
and subsequent deposition, or both. In support of this former
hypothesis, we did recover some gravel) and sand-sized par-
ticles in the early fall sediment-trap collections (prior to 1 No-
vember) which were absent later in the season. Furthermore,
there was a severe storm (50-60 knot winds) in this region of
the Antarctic Peninsula which began on 30 October 1989 and
lasted for approximately 2 days. If sediment resuspension was
important, however, we would have to invoke a lagged storm-
induced, shelf-to-basin transport of particulate matter because
the timing of the storm and the first peak in particle flux appear
to be offset by at least 7 days. In any case, we will eventually
have sufficient data to distinguish among terrigenous particles,
resuspended sediments and nascent biogenic material flux. A
combination of direct microscopy, size-grain analysis, alumi-
num and silicon content analysis, and organic-matter analyses
(carbon, nitrogen, and phosphorus) will be used to help iden -
tify the primary mechanism.

Finally, there is evidence in our mass flux data of what might
be interpreted as a "fall" bloom. From nutrient measurements
at station A, we know that the spring/summer bloom caused

a substantial utilization of dissolved inorganic nutrients (see
figure 2) which may place a limit on midsummer (January)
export production. When the water column is mixed by a com-
bination of density-driven (caused by surface cooling) and wind
mixing, inorganic nutrients are resupplied to the upper water
column, a process which under appropriate environmental
conditions could result in a fall phytoplankton bloom and sub-
sequent particle export. Again, more detailed chemical and
compositional analyses of the sample materials collected dur-
ing RACER 1989-1990 should allow us to better interpret and
model the coupling between nutrient supply and particle flux.

We thank the officers and crew members of the RIV Polar
Duke, RACER-11 colleagues and especially the University of
Hawaii participants (C. Tien, A. Brittain, D. Bird, R. Letelier,
D. Hebel, and L. Asato) for their assistance with sample col-
lection and analysis. This research was supported, in part, by
National Science Foundation grant DPP 88-18899. Contribution
number 2415 of the School of Ocean and Earth Science and
Technology of the University of Hawaii.
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Figure 2. Time dependence of nitrate (NO3) and phosphate (PO4)
uptake and accumulation of biomass (ATP) associated with the
initiation of the 1989 spring bloom. The shaded portions at the top
of the graph indicate the collection periods for samples 2-4 of the
bottom moored sediment trap and the shaded portions at the bot-
tom of the graph indicate the collection periods for the three MUL-
TITRAP deployments.
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Figure 3. Particle mass flux (dry weight) versus time for a contin-
uous 5-month period during the 1989-1990 austral summer. Inset
presents an expanded view of the flux data collected from 9 De-
cember 1989 to ii March 1990. (mg m 2 d' denotes milligrams
per square meter per day.)
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RACER: Mesoscale variation
in body size of Metridia

gerlachei (Copepoda: Calanoida)
in the western Bransfield

Strait region, austral summer,
1986-1987

M.E. HUNTLEY and F. EscRIToL

Scripps Institution of Oceanography
La Jolla, California 92093

Metridia gerlachei is, in terms of both abundance and biomass,
one of the most important copepod species endemic to the
southern ocean. It can be especially abundant in coastal regions
where, together with Ca/anoides acutus, Euchaeta antarctica, and
Calanus propinquus, it may account for as much as 90 percent
of the total zooplankton biomass caught on 30-micron mesh
(Hopkins 1985a; Hopkins and Torres 1988). The species is ap-
parently omnivorous (Hopkins 1985b), although there are few
quantitative measurements of its feeding rate, either as an
herbivore (Schnack 1985; Schnack et al. 1985) or as a carnivore
(Huntley and Lopez, Antarctic Journal, this issue). Its life cycle
is not well understood; unlike herbivorous antarctic copepod
species such as Calanoides acutus or Rhincalanus gigas, it does
not appear to undergo an ontogenetic seasonal vertical migra-
tion (Atkinson and Peck 1988).

Our zooplankton collections during the 1986-1987 RACER
(Research on Antarctic Coastal Ecosystem Rates) program,
having been distributed over a 4-month period from December
through March in a 25,000 square kilometer area of the western
Bransfield Strait, provided an excellent opportunity to study
the spatial and temporal variability of Metridia gerlachei pop-
ulations in a coastal environment well characterized in terms
of other physical, chemical, and biological variations (Huntley
et al. in press). Our initial assumption was that the M. gerlachei
population in this area would be univoltine and that, as for
Calanoides acutus or larval Euphausia superba (Huntley and Es-
critor in press; Huntley and Brinton in press), an analysis of
stage-frequency distributions through time might yield plau-
sible estimates of in situ development rates. We restricted our
analysis of stage-frequency distributions to stations visited during
the 24-station "slow grid," where samples were collected in

two equal strata to a depth of 200 meters, because M. gerlachei
is thought to be a strong diel vertical migrator (Mackintosh
1937), and might not have been adequately represented in our
0-40 meter "fast grid" zooplankton samples.

Copepodite stages were identified and counted in each sam-
ple following the same procedure we used for Calanoides acutus
(Huntley and Escritor in press). Unlike C. acutus, however,
copepodite stages IV and V (CIV, CV) of M. gerlachei cannot
be identified using gross morphological characters such as the
number of pleopods and/or the number of urosomal segments.
We chose to identify CIV and CV by length measurements
because the alternative, detailed microscopic examination of
individual appendages, would have been impractical.

A total of approximately 10,000 individual length measure-
ments were made (50 individuals in each of 200 samples). At
a given station, data for both depth strata were combined,
yielding a bimodal frequency distribution based on approxi-
mately 100 individuals. We used statistical techniques to infer
the most probable combination of two unimodal distributions
by iteratively decomposing the raw data in the suspended area
of overlap until we found the combination which gave the best
fit to a normal distribution for both distributions using the C-
test (Sokal and Rohlf 1981).

For each cruise period, cluster analysis was performed on
the standardized unimodal stage-frequency distributions for
each copepodite stage using Pearson's product-moment cor-
relation coefficient; this analysis was performed using SYSTAT
(Wilkinson 1989). The number of clusters formed by this method
ranged from two to four. The mean length of CIV and CV
copepodites in each cluster during each 1-month cruise period
is shown in the table. Stations linked by cluster analysis were
also geographically coherent (figures 1 and 2).

The largest copepodites were always found associated with
waters of the northern Gerlache Strait. In December, size de-
creased from east to west, but during the next 3 months, there
was a clear diminution in size from south (Gerlache Strait) to
north (Drake Passage). This reflects the general pattern ob-
served in the distribution of chlorophyll, primary productivity
(Holm-Hansen and Mitchell in press), and in the abundance
of Calanoides acutus (Huntley and Escritor in press), larval Eu-
phausia crystallorophias (Brinton in press) and larval Euphausia
superba (Huntley and Brinton in press).

It is tempting to suggest that there might have been a direct
relationship between copepodite size and contemporaneous
distributions of chlorophyll, for example. At all locations, how-
ever, the largest copepodites of both stages tended to occur in
January, following by 1 month the seasonal peak of the annual
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