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Ross Sea ammonium flux experiment
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From 17 to 24 January 1982, 11 ocean scientists from Texas
A&M University, Scripps Institution of Oceanography, Univer-
sity of Texas, University of Tokyo, and University of California-
Santa Barbara carried out an interdisciplinary biological, chemi-
cal, and physical oceanographic study of the southwest Ross
Sea. The cruise track and station schedule were designed to
define summertime fine scales of temporal and spatial vari-
ability in water column ammonium (NH) and investigate the
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Figure 1. Oceanographic stations occupied during Glacier cruise 2,17-24 January 1982, as part of the Ross Sea ammonium flux experiment.
Stations 16-18 and 30-34 were sets of time-series observations, where pumped hydrocasts were taken following the drift track of a surface
buoy drogued to a depth of 100 meters. The field area was in open water; the retreating edge of the sea ice pack on 13 January and 23 January is
shown.
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NH content of the ice shelf water that flows northward into the
open Ross Sea from beneath the Ross Ice Shelf.

A previous biological survey of the Ross Sea (El-Sayed et al.
1978) had encountered extensive blooms of planktonic algae
along the barrier edge of the Ross Ice Shelf, extending from
167°E to 164°W. Within algal blooms, NH 4'concentrations were
less than 0.2 microgram-atom per liter to depths of 70-100
meters but reached 0.6-1.4 microgram-atoms per liter imme-
diately below (Biggs 1982). Since NH promotes and regulates
nitrogen-based primary production in the southern ocean
(Glibert, Biggs, and McCarthy 1982; Olson 1980), it is of interest
to determine the origin of the subsurface NH maximum and to
investigate how much of this reservoir of NH may flux into the
photic zone by physical processes including advection, internal
waves, and Ekman pumping.

The continental ice of the Ross Ice Shelf and the water imme-
diately beneath it at Ross Ice Shelf Project drill site J-9 are high in
NH (Horrigan 1981; Jacobs, Gordon, and Ardai 1979). We the-
orized that outflows of ice shelf water along the barrier edge also
should have a high NH content. The literature shows that
filaments of ice shelf water at the barrier edge can be injected
near the surface (see figure 1 in Jacobs, Gordon, and Amos 1979).
We hypothesized that injection might be relatively common in
space and time along the barrier edge if injection were forced by
wind-driven upwelling and/or by thermohaline tracking along
isopycnal surfaces over the denser high-salinity shelf water. The
latter water mass comprises most of the midwater and deep
water in the southwest Ross Sea (see Jacobs, Amos,
Bruchhausen 1970).

Beginning at the barrier edge of the Ross Ice Shelf, we tran-
sected the southwest Ross Sea with four lines of salinity-tem-
perature-depth-nutrient chemistry hydrocast stations sited me-
ridionally along 169°E, 171°E, 173°E, and 175°E (figure 1). Stations
extended seaward to 76°50'S, spaced roughly every 5 minutes of
latitude. Bottom depths ranged from 575 to 950 meters along the
three westerly transects; station depths along the easternmost
transect shoaled to 320-450 meters over Pennell Bank.

In January 1982, the barrier edge of the Ross Ice Shelf ex-
tended some 10-15 kilometers farther north than had been
reported in 1974 and rose 20 meters above sea surface (figure 2).
Assuming that the ice of the seaward edge of the Ross Ice Shelf
has an average density of 0.857 and is floating isostatically, its
subsurface mass would extend to a depth of about 130 meters. In
fact, rosette bottle samples—which were tripped every 20
meters within the upper 100 meters and at 125, 150, 200, and 250
meters—demonstrated sharply defined subsurface maxima of
NH at depths of 120-140 meters at the barrier edge (figure 3).
Isopleths of NH generally sloped upward and decreased in
concentration from this point. The raw salinity data suggest a
correspondence between these NH gradients and local densi-
ty surfaces, although assignment of this NH to a source of ice
shelf water must await final processing of the salinity-tempera-
ture-depth data (Amos, Antarctic Journal, this issue).

At two locations, the subsurface NHmaximum was drogued
and then time-series-sampled by following the drift path of a
surface buoy. These time series stations (casts 16-18 and 30-34 in
figure 1) contrasted an easterly zone of high phytoplankton
biomass with a westerly area of lower chlorophyll con-
centrations; biogenic turnover rates of NH in these two loca-
tions were estimated in vitro by shipboard uptake of 15 NH- and
NO (stable mass isotopes of ammonium ion and nitrate ion,

respectively) under several regimes of light and nutrient enrich-
ment (Holm-Hansen, Neori, and Koike, Antarctic Journal, this

Figure 2. A Coast Guard helicopter hovers atop the barrier edge of
the Ross Ice Shelf. At its seaward terminus, the Ross Ice Shelf rises
20 meters above sea level and extends some 120-140 meters below
the sea surface.

issue). Short-term temporal variability (minutes-to-hours scale)
in pumped profiles of ambient NH 4'was investigated in relation
both to concurrent variation in temperature, salinity, and sigma-
theta and to variation in dissolved oxygen and other inorganic
nutrients (Johnson and Amos, Antartic Journal, this issue). Am-
monium excretion and grazing pressure of the zooplankton
standing crop were estimated biochemically from samples col-
lected with BONGO nets. In addition, the effect of starvation on
the extractable protein content, NH excretion, and glutamate
dehydrogenase activity of Euphausia crystallorophias was investi-
gated (Bidigare and Cox, Antarctic Journal, this issue).

We thank Captain J. W. Coste, the other officers, and the
marine science technicians of USCGC Glacier for their keen inter-
est in and outstanding logistic support of this research pro-
gram. Texas A&M marine technicians J. D. Guffy and M. A.
Spears provided round-the-clock shipboard autoanalyzer sup-
port. Texas A&M University contributions to this research were
supported by National Science Foundation grant DPP 79-21355.
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Figure 3. Ammonium concentrations (in microgram-atoms per liter) in the upper 250 meters along a 64-kilometer (40-mile) transect seaward
from the barrier edge of the Ross Ice Shelf at 175 0E. Shaded area denotes absence of bottle samples; see figure 1 for station locations.
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During the Ross Sea ammonium flux experiment (see Biggs,
Antarctic Journal, this issue), the regional oceanography of the
southwestern Ross Sea was investigated by making surface-to-
bottom and time-series salinity/temperature profiles (Johnson,
Biggs, and Amos, Antarctic Journal, this issue) with a salinity-
temperature-depth (STD) sensor.

Twenty-eight vertical stations and two main time-series sta-
tions were occupied (see station map in Biggs, Antarctic Journal,
this issue). Five additional stations were occupied along the sea
ice edge in McMurdo Sound to compare with a similar section I
made in 1979 (see Jacobs et al. 1981). The present investigation
was done aboard USCGC Glacier during Deep Freeze 82, using a
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