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As part of the First International BIOMASS Experiment (FIBEx),

our January—March 1981 fieldwork aboard iJv Melville contin-
ued and extended investigations of the interrelationships
between phytoplankton-zooplankton-ambient NH which
we had initiated in the Scotia Sea in 1978-79 on Islas Orcadas
cruises 17 and 19 (Biggs et al. 1979). Those cruises had con-
firmed that high levels of ambient NH ("regenerated nitro-
gen") reduced the uptake of NO ("new nitrogen") by Scotia
Sea phytoplankton assemblages (Glibert, Biggs, and McCarthy
in preparation; Olson 1980). Such a reduction is ecologically
significant, for when phytoplankton and zooplankton are cou-
pled in a mass balance for nitrogen, a reduced uptake rate of
"new nitrogen" means that less production is available for
export to higher trophic levels (Eppley and Peterson 1979).
Specifically, previous studies had shown that NO uptake
accounted for less than half of the total nitrogen uptake when
ambient NH levels exceeded 0.5-1.0 microgram-atoms per
liter. Since average ambient NH1 in the mixed layer of the
Scotia Sea increases threefold, from 0.3 to 1.1 microgram-atoms
per liter, as austral spring proceeds into austral summer (Biggs
and Bidigare 1981), this suggests a broadly seasonal shift in
ecosystem structure, from dependence on "new nitrogen" to
dependence on "regenerated nitrogen."

For FIBEX, we examined the spatial variability in ambient
NH in relation to NOj , NO , PO 3, Si(OH)4 , and selected
physical and biological parameters. On leg 1 (Vulcan-6) five
mesoscale transects were run, with conductivity-temperature-
depth (ciD) cast hydrostations spaced about every 15 kilome-
ters (see Holm-Hansen and Foster, Antarctic Journal, this
issue). At each of these stations, discrete water samples were
collected at 12 depths in the upper 1,000 meters (seven or more
of these samples were in the upper 200 meters) by a rosette
multisampler attached to the ciD and analyzed aboard ship
with a five-channel autoanalyzer. On the subsequent leg (Vul-
can-7), we looked at finer scale spatial variability in nutrient
distribution. A dozen vertical pumped profiles (0-120 meters)
and one horizontal pumped profile (1,500 meters horizontally
at a depth of 42 meters) were made by attaching a submersible
pump immediately below the CTD (figure 1). This multi-instru-
ment package allowed fine-scale resolution of physical
(salinity, temperature), chemical (oxygen, nutrients), and
biological (chlorophyll fluorescence) parameters when the
sample stream was fed into the shipboard autoanalyzer which
sampled in continuous flow mode and through a flow-through
fluorometer (Turner Designs, model 10). Our pumped profiles
were made in conjunction with net and acoustic surveys car-
ried out by other investigators (Brinton et al., Antarctic Journal,
this issue; Macaulay, Antarctic Journal, this issue) so that we
could correlate ambient NH concentrations with approxi-
mate zooplankton biomass.

Figure 2 presents two pumped vertical profiles taken inside
a krill "super swarm" observed off Elephant Island and two
taken adjacent to but outside the swarm. Note that NH con-
centrations in the swarm were elevated 50-100 percent, reach-
ing levels that saturate phytoplankton nitrogen-uptake kinet-
ics. Conversely, chlorophyll levels inside the krill swarm were
reduced 60 percent, suggesting intense phytoplankton graz-
ing. The differences in ambient NH and 0 2 between the
swarm and outside, coupled with measured metabolic rates
for krill (Biggs and Bidigare 1981; also see below) suggest that
krill swarms at a density of 5 grams per liter interact with and
modify water parcels on time scales of 40-60 minutes. Our
data emphasize that, on a time scale of hours, krill swarms can
excrete enough NH to mediate fine-scale and coarse-scale
shifts in nitrogen-based production that are independent of
the broadly seasonal change noted earlier.

Bidigare and King (in press) have reported that glutamate
dehydrogenase (GDH) activity is tightly coupled to rates of
NH excretion in temperate crustaceans. Since GDH activity
(microgram-atoms NH per milligram biomass per hour) can
be assayed readily, and zooplankton biomass (milligrams per
cubic meter) can be computed from net hauls, one can calculate
the impact of ammonium excretion (microgram-atoms NH
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Figure 1. Sampling configuration of submersible pump employed
for R/vMeIvlIle fieldwork, March 1981, with pump shackled below
CTD fitted with rosette multisampler frame.
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Figure 2. Pumped vertical profiles of (A) NH and (B) chlorophyll measured by M. Johnson and A. Neon, respectively, during FIBEX

fieldwork aboard n/v Melville. Casts 79 and 80 were made within a "super swarm" of krill, for which biomass averaged 5 grams per liter
distributed throughout an area of 5 square kilometers and ranging in depth from 10 to 200 meters. Casts 76 and 77 were made adjacent
to and outside the swarm. ug • at titer-' = microgram-atoms per liter; mg m 3 = milligrams per cubic meter.

per cubic meter per hour), subject to the normal limitations
and biases of estimating zooplankton biomass with nets.
Aboard Melville ,. both NH excretion and GDH activity were
assayed using mixed zooplankton samples, collections of larval
krill, and hyperiid amphipods and adult krill selected individ-
ually from plankton tows. GDH activity tracked NH excre-
tion over a three-order-of-magnitude range in body size
(1-1,000 milligrams wet weight), although both indices were
highly variable in freshly field-collected adult krill. Two time-
course excretion experiments, in which adult krill were main-
tained for 54 hours in filtered seawater, demonstrated that
NH excretion could decrease 50 percent after only 24 hours of
starvation. This suggests that much of the variability in NH4
excretion among krill of similar size probably reflects differ-
ences in their nutritional state in their natural environment.

A two- or threefold change in NH excretion on a 24-hour
time scale, coupled with an ambit of 30-40 centimeters per
second for individual krill (Kils 1979), has important implica-
tions for NH patchiness, which, in turn, will influence phy-
toplankton NO uptake on coarse- and mesoscales of time
and space. Other experiments showed that urea excretion rep-
resented about one-third of the total nitrogen regenerated by
krill. Urea, like NH , is taken up preferentially to "new nitro-
gen" by oceanic phytoplankton (McCarthy, Taylor, and Taft
1977).

J. D. Guffy was a participant in leg 1; R. R. Bidigare and
M. A. Johnson participated in leg 2. This research was sup-
ported by National Science Foundation grant DPP 79-21355,
directed by D. C. Biggs.
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Chemical sampling of the eastern
Scotia Sea
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On leg 1 of the Scotia Sea expedition, samples were collected
for analysis of nutrients, tritium, and carbon-14. Nutrients
were collected at all odd-numbered stations at eight depths
(5, 50, 100, 200, 300, 500, 750, and 1,000 meters). Tritium pro-
files were collected at stations 1, 7, 11, 15, 29, 33, 37, 43, 47, 55,
71, and 79; 12 samples were collected at each station (one at
each of 12 depths-5, 25, 50, 75, 100, 150, 200, 300, 400, 500,
750, and 1,000 meters). Results from samples analyzed from
station 1 are reported in the table. One precipitation sample
was collected at station 28; it had a tritium concentration of 9.8
+ 0.4 i'u (1 ni equals 1 tritium atom per 1018 hydrogen atoms).
Tritium stations were chosen to encompass the water masses
on each side of the convergence as well as in the convergence.
Upwelling tends to lower tritium concentrations throughout
the water column, while overturn adds tritium to the deeper
layers. We expect our sampling series to clarify the importance
of these two processes in the convergence.

Samples of dissolved inorganic carbonate in surface waters
were collected at approximately every third station and
extracted by the method outlined by Williams and Linick

(1975). These samples are being returned to the Mount Soledad
Radiocarbon Laboratory to be analyzed for carbon-14. Sam-
pling programs in the early 1970's had shown a significant
difference in the surface carbon-14 concentrations of Weddell
Sea waters and those of the Drake Passage (Ostlund et al. 1976;
Weiss, Ostlund, and Craig 1979). Sections across the conflu-
ence should indicate whether this difference still exists.

Biological samples were also collected for carbon-14 analysis
from selected net tows. Samples of krill were obtained from
stations 74, 94, 95, and 100. A phytoplankton sample was
collected from station 95. Biomass such as krill should have a
carbon-14 content representative of the waters in which they
feed. Assuming a difference in carbon-14 between Weddell
and Scotia Sea waters, we should be able to observe whether
the krill we collected are long-term residents of the water
masses in which they were found or migrants from the other
side of the convergence. During the 1980 International Weddell
Sea Oceanographic Expedition, two krill samples were col-
lected for carbon-14 analysis (Foster et al. 1980). Both appar-
ently were living in Weddell Sea water masses, and they had
similar carbon-14 contents (station 80, 74°21.4'S 31°17.3'W,

= —92 ± 6°/oo; station 130, 59°25.6'S 47(57.8'W, A14C =
-96 ± 13%o, where A14 is the depletion inputs per mil of
carbon-14 relative to pre-1950 atmospheric concentration in
CO2).

This program was supported by National Science Founda-
tion grant DPP 79-21295. E. M. Druffel and T. W. Linick ana-
lyzed the carbon-14 samples, and T. L. Jackson was in charge
of technical analysis of tritium samples. The sampling program
was carried out by R. L. Michel and S. M. Griffin aboard the
R/V Melville from 20 January to 20 February 1981.

Concentration of tritium units as a function of depth In the Scotia
Sea, station 1, 24 January 1981

Depth (in meters)	 TUa

	

5	 0.47

	

25	 0.43

	

50	 0.44

	

100	 0.32

	

150	 0.25

	

200	 0.25

	

300	 0.29

	

400	 0.16

aQne TU equals 1 tritium atom per 1018 hydrogen atoms.
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