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p
ersistently elevated nutrient concentrations [nitrate
(NO3-), phosphate, silicic acid) in the surface waters south

of the antarctic polar front (approximately 55°S), due to large-
scale upwelling and turbulent mixing, are characteristic of the
southern oceans and do not appear to limit phytoplankton
growth (for example, review by Harrison and Cota 1991). Dur-
ing intense diatom blooms, however, low and colorimetrically
undetectable levels of nitrogen have been reported for the
western Ross Sea ice-edge (Nelson and Smith 1986) and the
coastal waters of the Antarctic Peninsula (Kocmur, Vernet,
and Holm-Hansen 1990) in the austral summer and spring,
respectively. It is generally considered that the supply to the
euphotic zone of nitrogenous nutrients is of major impor-
tance in regulating phytoplankton production in the oceans.
Nitrogen forms (due to the relationship between their oxida-
tion state and origin) provide a convenient means of parti-
tioning primary production into "new" and "regenerated"
production, based on the supply processes fueling them
(sensu Dugdale and Goering 1967). In this regard, the con-
cepts of "new" (here defined as NO3 -based) and "regenerat-
ed" [ammonium (NH 4 ) and urea-based] production are of
particular interest for the sequestering of carbon to the deep
ocean and sediments and for the assessment of the overall

role of the southern oceans in influencing global climatic
change. Previous studies of the nitrogenous nutrition of phy-
toplankton of the southern oceans have been conducted
exclusively in the austral spring/summer months, and the
dynamics of nitrogen utilization during the less productive
winter months are largely unknown. As part of the phyto-
plankton component of the research on antarctic coastal
ecosystem rates (RACER) program (Huntley et al. 1991), we
measured nitrogen (NO 3-, NH4 , and urea) uptake by natural
planktonic communities within the euphotic zone of the
coastal waters of the Gerlache Strait during the austral winter
of 1992. We present here preliminary information on the
uptake rates of new and regenerated nitrogen in the RACER
area.

Experiments were performed with water collected from
three "fast" grid stations: FA-58, FA-30, FA-08, and from sta-
tion A (Stn A) during the period from 20 July to 10 August 1992
(see table for locations). Discrete samples were collected from
2, 5, 10, 20, and 50 meters (m) by means of PVC Niskin bottles
(equipped with Teflon-coated springs) mounted on an instru-
mented rosette. The rosette was equipped with sensors to
measure conductivity, temperature, chlorophyll-a fluores-
cence, beam attenuation, and photosynthetically available
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Integrated values (0-50 m) of nitrogen uptake and
average ambient inorganic nitrogen concentrations in
the euphotic zone of the Gerlache Strait, during austral
winter

	FA-58 64 007.6 S 32.4 0.30 450 15815	0.72
61016.9'W

	

FA-30 64 002.9 S 31.7 0.19 226	19	3	0.91
61031.0'W

	

FA-08 64 029.5' S 33.1 <0.03 317	33	22	0.85
62021.6'W

Stn-A

	

	64011.3' S 32.1 <0.03 401	41	20	0.87
61019.5'W

aAverage concentration expressed in [tg-at N L-1.
bintegrated uptake rates expressed in [tg-at N rn-2 d-1.
Cf=pNQ3/(pNO3+pNH4+purea)

radiation. Water was also collected from 1, 2.5, and 5 m
beneath the sea ice at two pack-ice stations (ice-3 at 66037.1'S
67°27.2'W and ice-9 at 64°34.9'S 61 038.6'W) with similarly
equipped Niskin bottles hand-lowered through drilled holes
in the ice and immediately transferred within insulated con-
tainers to the ship. Within 1 hour after sampling, incubations
for the nitrogen-uptake experiments were started by adding
nitrogen- 15-labeled ( 15N-labeled) nitrate, ammonium, or
urea (all 99 atom percent, Cambridge Isotope Laboratories) to
the samples in 1.0-liter (L) clear polycarbonate bottles (Nal-
gene). In the NO3- experiments, sodium nitrate (Na'5NO3)
was added to bring the final 15N concentration to 3.0 micro-
gram-atoms nitrogen per liter (ptg-at N L- 1), and in the urea
and NH4 '- experiments, urea [CO( 15NH2 ) 2] and ammonium
chloride ( 15NH4C1) were added in final concentrations of 0.10
Lg-at N L-'. The latter enrichments were not true tracer addi-
tions (usually defined as less than or equal to 10 percent of
ambient concentration), but the term "tracer" will be used
here to distinguish these low enrichments from saturating
additions of 15NH4C1 (10 kg-at N L- 1 ); the saturating additions
were used at selected depths to assess nutrient preference.
Enriched samples were then placed within neutral-density
screening to simulate the in situ irradiance of collection and
incubated on deck. Temperature was regulated with flowing
surface sea water. After 24 hours, incubations were terminat-
ed by filtration [pressure differential less than 150 millimeters
of mercury (mm Hg)] onto combusted Whatman GF/F filters
and frozen for transport to the United States. Dried filters
(less than 60°C) were analyzed for 15N enrichment and partic-
ulate nitrogen (PN) content with an Europa Scientific Robo-
Prep Tracermass mass spectrometer. Absolute (transport) and
particulate nitrogen-specific uptake rates were estimated
according to equations 3 and 5, respectively, of Dugdale and

Wilkerson (1986). The "tracer" NH 4 and urea uptake rates
should be considered conservative estimates because correc-
tions were not made for possible isotopic dilution from rem-
ineralization of 14NH4 (for example, Glibert et al. 1982b) and
14N-urea (Hansel! and Goering 1989) during the incubation,
and the ambient urea concentrations used in these calcula-
tions are considered to be zero (Eppley et al. 1977). Ambient
concentrations of NO3- and nitrite were analyzed with an Alp-
kern Rapid Flow autoanalyzer and NH4 was manually ana-
lyzed in duplicate (using 10-centimeter curvettes) with a
Beckman DU-64 spectrophotometer, according to Soldrzano
(1969).

In high NO3- environments, nitrogen forms are generally
utilized at rates proportional to their availability, and thus,
the nitrogen demands of phytoplankton are usually supplied
by NO3- and not the reduced nitrogen forms—NH4 and urea
from regenerative processes (for example, Dortch 1990; Harri-
son, Platt, and Lewis 1987). In this regard, the nitrogenous
nutrition of the winter phytoplankton of the Gerlache Strait
conforms to this generality with ratios (f) of NO3-
uptake/total (NO 3-+NH4 +urea) uptake of 0.7-0.9 (see table),
values that approximate those found for ice-algal and water
column assemblages in the Weddell Sea during late winter
and early spring (greater than 0.88; Kristiansen, Syvertsen,
and Farbrot 1992). Researchers know from previous nitrogen
uptake studies, conducted mainly in the Scotia and Weddell
seas, that there appears to be a seasonal shift from approxi-
mately equal utilization of NO 3- and NH4 during the late
winter and early spring to greater dependence on regenerated
nitrogen during the austral summer coincident with higher
ambient NH 4 concentrations (see, for example, Tupas,
Koike, and Holm-Hansen 1990; Goyens et al. 1991 and refer-
ences therein). These studies, however, did not measure urea
uptake, and according to our results, conservative urea-
uptake rates were low but similar to rates of NH 4 uptake
throughout the water column (figure 1) and may be a quanti-
tative significant nitrogenous source later in the season when
regenerative processes dominate.

Based on the relative magnitude of potential (maximal)
NO3- and NH3-'- specific uptake rates, NO3- is the preferred
nitrogen source for uptake at all stations studied. (See figure
2.) Although most phytoplankton "prefer" NH 4 over NO3
for uptake and growth (review by Dortch 1990), our results
agree with the NO3- preference reported for phytoplankton in
other NO3--rich upwelling areas (see for example, Cochlan,
Harrison, and Denman 1991 and references therein). Our
measure of preference should not be confused with the rela-
tive preference index (RPI; McCarthy, Taylor, and Taft 1977)
which is of limited ecological use in natural systems.

Uptake rates in this study (and most other recent studies)
were calculated from the 15N enrichment of particulates col-
lected by filtration onto Whatman GF/F filters; these filters do
not discriminate completely between bacteria and phyto-
plankton, and we found that approximately 30 percent of the
bacteria were captured during routine 15N filtrations. Because
natural assemblages of bacteria can utilize NH 4 '- (for example,
Wheeler and Kirchman 1986) and NO3- (for example, Kirch-
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Figure 2. Relationship between nitrogen-specific uptake rates of NH4
and NO3-. Solid line represents theoretical 1:1 relationship between
the two maximal (potential) uptake rates which is realized if there is
no nitrogen preference. Stations: FA-30 (0), FA-08 (A), A (•), ice-3
(N) ice-9 (Lii).
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man et al. 1991), the uptake rates reported in this study may
include a heterotrophic component as well, although at pre-
sent, the bacterial contribution to total N uptake in antarctic
waters is unknown.
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T
he overall objective of this study, which was one compo-
nent of the multidisciplinary research on antarctic coastal

ecosystem rates (RACER) program (see Huntley et al. 1991),
was to document the biomass and primary productivity of
phytoplankton throughout the Gerlache Strait during the aus-
tral winter. Massive spring blooms have been reported previ-
ously in this coastal area (for example, Holm-Hansen and
Mitchell 1991; Vernet, Letelier, and Karl 1991). Chlorophyll-a
concentrations in the surface waters have been reported to be
20-25 milligrams of chlorophyll-a per cubic meter (mg chl-a
M-3) [500-700 milligrams of chlorophyll-a per square meter
(mg chl-a rn-2) and estimates of daily rates of primary pro-
ductivity within the euphotic zone have been 2-5 grams of
carbon per square meter per day (g C rn-2 d'). It is anticipat-
ed that the winter data reported in this article will provide suf-
ficient baseline data to estimate the annual primary produc-
tion more accurately in this otherwise well-studied area.

Field data were obtained on the R/V Nathaniel B. Palmer
cruise between 11 July and 17 August 1992. Primary produc-
tion experiments were performed with water collected from
"fast" grid stations: FA58, FA57, FA46, FA38, FA30, FA08, and
also from station A (Stn A) (the principal RACER time-series
station). Discrete samples were collected 1-2 hours (h) before
sunrise from 2, 5, 10, 15, 20, 30, 50, and 75 meters (m) by
means of PVC Niskin bottles (equipped with Teflon-coated
springs) mounted on an instrumented rosette. The rosette
was equipped with sensors to measure conductivity, temper-

ature, chlorophyll-a fluorescence, beam attenuation, and
photosynthetically available radiation. Carbon uptake rates
were measured by adding 10 microcuries (tCi) of sodium
bicarbonate (NaH 14CO3) to duplicate samples in 250-milliliter
(mL) borosilicate glass bottles (with Teflon lids). After thor-
ough mixing, the bottles were incubated for the duration of
the light day (approximately 6 h) in simulated in situ deck
incubators corresponding to the light levels from which the
samples were taken (achieved with neutral density screening),
and in situ temperature was maintained with continuously
flowing near-surface sea water. Dark bottles were collected
from 2 and 75 m, and the average radiocarbon counts were
used for correction of nonphotosynthetic carbon uptake.
Incubations were terminated by filtration [pressure differen-
tial less than 150 millimeters of mercury (mm Hg)] onto 25
mm Whatman GF/F filters and placed directly into scintilla-
tion vials, exposed to concentrated hydrochloric acid fumes
for approximately 15 h, dried, and vented (for 8 h or more).
The incorporated radiocarbon was then determined by stan-
dard liquid scintillation procedures, using a Wallac model
1409/11 liquid scintillation counter and Ecolume scintillation
cocktail. Daily rates were calculated from hourly rates based
on the portion of the light day (determined with a continu-
ously recording Biospherical Instruments, Inc., quantum
meter QSR-250) that the incubation period covered.

Samples for chlorophyll-a measurements (280 mL) were
collected on 25 mm Whatman GF/F filters (pressure differen-
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