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Comparison of austral summer (AJAX) and winter (wws 86) near-
surface properties along the Greenwich Meridian. ("1iM/1" denotes
"micromole per liter?' "ml/l" denotes "microliter per liter?')

RV Somov cruise, a joint U.S./U.S.S.R. project in 1981 to the
Weddell Sea. The wwsp 86 data set combined with the AJAX

summer data set should enable us to estimate more accurately
the productivity implied by the seasonal nutrient depletion.

One source of the high primary productivity implied by the
observed seasonal nutrient depletion could be the occurrence of
ice-edge phytoplankton blooms. Such blooms have been ob-
served frequently in the southern ocean and their relative bre-
vity and restricted spatial extent (following the receding ice
edge), would account for the lower estimates of primary pro-
duction based on open-ocean measurements of radiocarbon
and/or nitrogen-15 uptake. Although not all of the samples have
been analyzed yet, the preliminary indications are that even in
mid-winter there was significantly higher biomass associated
with the ice-edge region than was present under the ice or in the
open ocean away from the ice edge.

This work could not have been accomplished without the
generous and enthusiastic support of the officers and crew of RV

Polarstern and the scientific parties under the direction of chief
scientists E. Augstein (ANT V/2 and C. Hempel (ANT V/3). We are
particularly grateful to S.A. Moore, C. Dieckmann, and V.
Smetacek for their support and assistance.

This work was supported by National Science Foundation
grant DPP 85-01717.
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During Ocean Drilling Program (ODP) leg 113, we used a free-
vehicle, drifting sediment trap array to investigate the summer
flux of natural particulate materials from Weddell Sea surface
waters. To carry out these upper ocean studies without interfer-
ing with downhole drilling, our program was based aboard the
ice escort vessel Maersk Master rather than on the driliship itself.

This arrangement was highly successful, allowing our array to
be deployed on 16 occasions for 23-59 hours each during the
course of the Master's ice-tending duties.

The array consisted of two sediment traps suspended on
braided nylon mooring line below a primary flotation sphere, to
which we tied a spar buoy outfitted with a radio beacon, flash-
ing strobe, radar reflector, and flag. We put the shallow trap at
100 meters, within the "winter water" temperature minimum
(about -1°C), while the deeper trap was below this tem-
perature minimum zone, at 200 meters.

Our traps were non-closing, gel-coated fiberglass cones of
Rice University design (Dunbar 1984), which are inexpensive to
fabricate, simple to operate, and easy to service on deck. These
cones have a collecting cross section of 1,600 square centimeters
baffled with a carbon fiber honeycomb material with cells 2
centimeters wide by 5 centimeters deep. Laboratory studies
indicate that a baffle with these dimensions prevents the pen-
etration of turbulent eddies into the trapping chamber (Dy-
mond et al. 1981), which our field experience on leg 113 con-
firmed. Flocculent material in the collecting chamber at the base
of the cone was not resuspended back up into the cone, even
when traps surged near the surface during recoveries in seas
running 2-3 meters.

Generally good weather during leg 113 allowed us to achieve
our principal goal of collecting consecutive, multi-day records
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of austral summer upper ocean particulate fluxes. We recovered
and then redeployed an array for 2-day to 7-day time series in
four of the operations regions (two consecutive periods at W-2, 5
at W-4, 3 at W-5, 4 at W-8) and in addition made 1-day deploy-
ments at regions W-1 and W-7 (see figure 1).

Each time that the traps were recovered, samples were scan-
ned under a dark-field binocular microscope for the presence of
"swimmers," because inadvertently trapped vertical migrators
will bias estimates of upper ocean particulate flux (Harbison and
Gilmer 1986). However, on leg 113 such "swimmers" were
trapped but rarely during our short-term deployments (never
more than 1-2 pteropods or 1-2 copepods per trap).

After scanning, samples were split with a Motoda-style
plankton splitter to 1/4 or 1/8 aliquots. One aliquot was archived in
10 percent buffered formalin, while the others were filtered and
processed (deep frozen or dried at 60°C) for post-cruise deter-
mination of their geochemical and biochemical constituents.

Detailed analyses of our collections are currently being car-
ried out by researchers from several institutions. We are de-
scribing particle morphology and numbers (R.B. Dunbar and
A. Leventer, Rice University); organic carbon, organic nitrogen,
amino acid, and carbon-13/nitrogen-15 composition (M.A. Al-
tabet, Woods Hole Oceanographic Institution, and S.A. Macko,
Newfoundland Institute for Cold Ocean Science); biogenic sil-
ica content (D.J. DeMaster and C.A. Nittrouer, North Carolina
State University); and chlorophylls plus their degradation prod-
ucts (R.R. Bidigare and M.E. Ondrusek, Texas A&M
University).

For example, chlorophylls and their degradation products are
being characterized by high performance liquid chromatogra-
phy (HPLC). Figure 2 gives an example of two chromatograms,
comparing material trapped at 100 meters with that trapped at
200 meters. (Table 1 supplements figure 2.) At all areas and at
both depths, chlorophyll a dominates over chlorophyll b or
chlorophyll c though phaeophorbide a and some of its degrada-
tion products are consistently more abundant at 200 meters
than at 100 meters (see table 2). In addition, the ratio of pha-
eophorbide a (retention time 4.9 minutes) to its degradation
products (retention times 5.7, 6.5, 7.3 minutes) also shows
consistent differences between 100-meter and 200-meter sam-
ples. Pigment identities in HPLC chromatograms are based on
comparison with standards and are confirmed using Diode
Array Spectrometry. Carotenoids are being determined in tan-
dem with chlorophylls, by visible detection concurrent with
fluorescence detection.

Because sediment trapping studies integrate geochemical
with biological processes, our work can provide a framework
for the interpretation of downhole sediments. Specifically, our
upper ocean sediment trapping program will extend funda-
mental insights into the time scales over which new production
and sinking are coupled in the southern ocean (see Eppley and
Peterson 1979). Previous studies of the uptake of nitrate-15 and
ammonium-15 there by us and by others have suggested indi-
rectly that there should be marked spatial and temporal varia-
tions in the flux of "new" production out of the surface layer, as
the flora deplete near surface ammonium concentrations and

Figure I. Chart of Weddell Sea sector of the southern ocean, with location of Ocean Drilling Project leg 113 operations areas W-1 and W-2 (sites
689 and 690), W-4 (sites 691-693), W-5 (site 694) and W-6, W-7, and W-8 (sites 695-697). Sea-ice coverage (in tenths) is shown for late January to
early February, from U.S. Navy/National Oceanic and Atmospheric Administration Joint Ice Center summary of Northern Ice Limit on 29
January 1987 (i.e., 4/6 denotes 4 to 6 tenths; 7/9 denotes 7 to 9 tenths, etc.; fast ice along the continental margin is identified by cross-hatching).
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Table 2. Upper ocean pigment flux at site W-4 (quantity trapped
as micrograms per square meter per day) computed from the

chromatograms in figure 2.

Pigment identity	 At 100 meters At 200 meters

Chlorophyll a plus allomer
Phaeophorbide a plus 3 derivatives
Phaeophytin a
Chlorophyllide a
Chlorophyll c
Total flux

	

6.0	 5.9

	

5.2	 8.7

	

2.3	 1.2

	

0.4	 0.5

	

0.8	 0.8

	

14.7	17.1
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Figure 2. Example of high performance liquid chromatography (HPLc) pigment chromatograms (relative fluorescence on y-axis, with retention
time in minutes printed above peaks) for material trapped in operations area W-4 (26-hour array deployment, 28 January 1987,1/4 split) by (a)
trap at 100 meters and (b) trap at 200 meters. Pigment identity is based on comparison with standards; peak heights integrated electronically
give concentration information.

Table 1. High performance liquid chromatography data
from site W-4. (Graphic presentation appears in figure 2.)

HPLC retention time (minutes)	 Pigment identity

	

1.5	 Chlorophyllide a

	

2.7	 Chlorophyll c
	4.9	 Phaeophorbide a

	

5.7	 Phaeophorbide aderivative

	

6.5	 Phaeophorbide aderivative

	

7.3	 Phaeophorbide aderivative

	

12.9	 Allomerized chlorophyll a

	

13.6	 Chlorophyll a

	

22.2	 Phaeophytin a

shift over to taking up greater amounts of nitrate to meet their
total daily nitrogen requirements. The direct measurement of
the fluxes of particulate organic carbon and particulate organic
nitrogen by our sediment trap deployments, coupled with an
estimate of the new production/total production flux from the
nitrogen-15 natural abundance signature, will allow us to test
these inferences critically, as Eppley, Renger, and Betzer (1983)
have done recently for the Southern California Bight.

The Ocean Drilling Program is an international project, sup-
ported by participant nations, the National Science Foundation,
and the Joint Oceanographic Institutions, Inc., an independent
consortium of U.S. universities. Our work was sponsored by
National Science Foundation grant DPP 86-02762 and by the U.S.
Science Advisory Committee to Joint Oceanographic Institu-
tions, Inc. Ship time was provided by the Ocean Drilling
Program.
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