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Sinking is an important process in the dynamics of oceanic
seston, particularly at high latitudes. Estimates of downward
rates of particle flux contribute to analyses of nutrient sources
supporting primary production and the fates of the material
produced (Smith et al. 1986; Karl et al. 1988; Laws etal. 1988; Karl
and Asper 1990; Karl et al. 1991; Nordhausen and Huntley 1990;
Vernet and Karl 1990; Bienfang and Ziemann 1992).

Sinking and material flux rates are estimated by two basic
strategies. Particles are collected in traps deployed at selected
depths for a period of one to several days, yielding flux rates in
typical units (for pigments) of milligrams per square meter per day.
Alternatively, sinking rates of particles in water samples (meters
per day) may be determined by the SETCOL method (Bienfang
1981), and flux rates derived as products of sinking rates and
ambient concentrations (milligrams per cubic meter). The trap
method integrates processes over depth and time, while SETCOL
analyses are closer to "point" estimates from discrete depths during
short periods (2 to 6 hours). SETCOL analyses exclude relatively
rare particles such as fecal pellets because they are not caught
frequently (due either to abundance or to sampling efficiency) in
the water samplers from which experimental water is taken.

We employed both methods at a station in the northern
Gerlache Strait during the Research on Antarctic Coastal Ecosys-
tem Rates 3 (RACER3) cruise in December 1991. Sinking and flux
rates are analyzed here in terms of chlorophyll a and
phaeopigments that were determined fluorometrically aboard
ship (Holm-Hansen and Riemann 1978). Other particulate mate-
rials (adenosine triphosphate, carbon, nitrogen, and silicon) were
sampled during these experiments, but analyses were incom-
plete at this publication date.

SETCOL incubations were performed in duplicate using an
array of 12 clear acrylic columns 0.5 meters in height and 400
milliliters incapacity, contained in a clear water jacket filled with
surface seawater suspended in shade on deck for periods of 3.5 to
5.5 hours. Columns were filled with seawater collected from
various depths (0 to 75 meters) with a bucket or Niskin samplers.
Sinking rates were calculated from the distribution of pigments
among upper, middle, and bottom regions of the columns after
incubation. Free-floating MULTITRAP arrays (Karl et al. 1991)
were deployed at 20-meter depth intervals from 40 to 140 meters
during each of three occupations of this station (station A) during

December 1991; the deployment periods were of 32-,27-, and 41'_
hour duration. Pigment analyses were performed on subsamples
of high-density trap solutions (1.5 molar sodium chloride) lackt-ing preservatives.

SETCOL- derived sinking rates ranged from 0.19 to 0.72 meter
per day for chlorophyll  and from 0.18 to 0.96 meters per day for
phaeopigments. The overall mean rates for the two materials
were 0.51 and 0.55 meters per day, respectively, which did not
differ significantly at a = 0.05. The vertical pattern in sinking rat-
es (figure 1) was similar to the temperature profiles, which in
general showed little or no mixed layer, approximately linear
decrease in temperature to about 50 meters, and isothermal
conditions at greater depth.

Flux rates calculated independently from SETCOL and
MULTITRAP experiments are shown in figure 2. Surface flux
rates of chlorophyll a were relatively high, being products of
reasonably high sinking rates (Bienfang 1984; Culver and Smith
1989) and high pigment concentrations (5 to 10 milligrams per
cubic meter) in the upper 20 meters. Below 20 meters, both
SETCOL and MULTITRAP-derived flux rates indicate an ap-
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Figure 1. SETCOL-determined sinking rates of particulate chloro-
phyll a (filled symbols) and phaeoplgments (open symbols) at
station A during MULTITRAP deployments on 12 December
(triangles), 19 December (squares), and 25 December (circles) 1991.
Each point represents the mean rate derived from duplicate column
incubations. Temperature profiles from the four hydrocasts providing
experimental water are shown as dotted lines.
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Figure 2. Vertical flux rates of particulate chlorophyll aas determined
by SETCOL experiments (filled symbols) and by MULTITRAP
collections (open symbols). Dates are represented by different
symbols (as In figure 1).

Figure 3. Ratios of particulate phaeopigments to chlorophyll sin the
water column (dotted lines) and in vertical flux rates, as determined
by SETCOL experiments (filled symbols) and by MULTITRAP
collection (open symbols). Dates are represented by different symbols
(as In figure 1).

proximate order of magnitude decrease to relatively constant
rates in the remainder of the depth range studied (40 to 140
meters). Phaeopigment flux rates (not shown) were lower than
chlorophyll rates near the surface (due to lower concentrations),
but greater below the photiczone. Downward flux rates of chlo-
rophyll a and phaeopigments ranged from 0.04 to 2.88, and 0.03
to 2.83 milligrams per square meters per day, respectively, taking
both methods together. These ranges, obtained after the peak of
the 1991 bloom period, overlap with, but are generally lower
than, those observed at station A in November 1989 during the
spring bloom (Vernet and Karl 1990).

Phaeopigment flux in relative importance with depth, gained
as shown by the increasing ratio of phaeopigment flux/chloro-
phyll a flux rates (figure 3). This trend continued smoothly
through the transition from SETCOL to MULTITRAP-derived
flux rates at 30 to 40 meters. A similar depth-related increase was
evident in the ratio of phaeopigment/chlorophyll a concentra-
tions (P/C) in the suspended particulates collected by the Niskin
samplers.

Although traps make direct assessments of flux rates, these,
like SETCOL-derived rates, may be considered products of sink-
ing rates and concentrations. Pigment concentrations were rela-
tively low below 50 meters (less than 0.4 milligrams per cubic
meter) and did not increase withdepth. Thus, larger phaeopigment
flux rates below 50 meters imply rapid sinking rates of tens of
meters per day, which are characteristic of fecal pellets or large
organic aggregates. Few pellets were seen on filters collecting
trap material from 40 and 60 meters, but increasing numbers

appeared with increasing depth. The influence of pellets on flux
rates is illustrated by the discrepancy between the phaeopigment
contribution to the SETCOL rate at 75 meters (which has no fecal
pellet component) and to the MULTITRAP rate at 80 meters (open
and closed circles in figure 3) on the same date. The two methods
address the same natural process, but the characteristic exclusion
of large particles from SETCOL experiments can be exploited to
quantify the separate contribution of such particles to total ver-
tical flux.
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Most dissolved organic matter (DOM) in seawater consists of
polymeric substances that must be hydrolyzed by exocellular
enzymes before being assimilated by microorganisms. Tech-
niques for measuring enzyme activities using fluorescent sub-
strate analogs have been in use for several decades but have only
recently been applied to marine plankton, and never, to our
knowledge, in Antarctica.

During the 1991-1992 austral summer the Research on Antarc-
tic Coastal Ecosystem Rates (RACER) cruise, activities of bacte-
rial exocellular enzymes beta-glucosidase (BGase) and leucine
aminopeptidase (LAPase) were measured in the Gerlache Strait.
Two fast grids (30 to 40 stations sampled over approximately 72
hours) of surface water samples were taken, and four depth
profiles (0 to 200 meters) at station A (64117S 61'19.5' W).

Because these experiments are conducted at saturating sub-
strate concentration (Hoppe 1983) and the concentration of sub-
strate in situ is not known, these results must be considered
indices of potential activity rather than estimates of actual activi-
ties in situ. Enzyme activities are expressed as nanomoles of
substrate analog (methylumbelliferyl-beta-glucoside orL-leucyl-
beta-naphthylamine) hydrolyzed per liter per day at saturating
substrate concentration.

It has been suggested that such potential activity measure-
ments are an index of bacterial biomass rather than growth or
activity (Billen et al. 1990). If this is correct, then the potential
activities of the two enzymes should be strongly positively
correlated. However, an important result of this work is that the
activities of these two enzymes are uncoupled in space or time,
or both. Across two fast grids of surface samples there is little
correlation between the activities of the two enzymes (figure 1).
In fast grid B (22 to 25 December) there is only a weak positive
correlation between the two (r2 = 0.264, but if the three outlier
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points, see figure la, are removed r2 = 0.695). In fast grid C (27 to
30 December) there is no correlation at all (r 2= 0.156).

Weak correlations beween BGase and LAPase suggest that
enzyme activities are not a simple function of bacterial biomass.
Our results from Hawaiian waters also show that while there is
a positive correlation of enzyme activity with biomass, activity
per unit biomass is highly variable.
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Figure 1. Relationship between the activities of beta-glucosldase
(BGase) and leucine aminopeptidase (LAPase) on (top) fast grid B
(22 to 25 December 1991)and (bottom)fast grid C(27to 30 December
1991). Activities are in nanomoles per liter per day.
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