
phy and antarctic bottom water formation. Deep-Sea Research, 17,
935-962.

Jacobs, S. S., Gordon, A. L., and Ardai, J. L., Jr. 1979. Circulation and
melting beneath the Ross Ice Shelf. Science, 203, 439-443.

Jacobs, S. S., Huppert, H. E., Holdsworth, G., and Drewry, D. J . 1981.

Thermohaline steps induced by melting of the Erebus Glacier
Tongue. Journal of Geophysical Research, 86(C7), 6547-6555.

Johnson, M., Biggs, D. C., and Amos, A. F. 1982. Oceanographic time-
series studies with an STD-submersible pump combination. Antarctic
Journal of the U.S., 17(5).

Oceanographic time-series studies
with an sm-submersible pump

combination

MARK A. JOHNSON and DOUGLAS C. BIGGs

Department of Oceanography
Texas A&M University

College Station, Texas 77843

ANTHONY F. AMOS

University of Texas-Austin
Marine Science Institute

Port Aransas Marine Laboratory
Port Aransas, Texas 78373

As part of the Ross Sea ammonium flux experiment, we
investigated the temperature, salinity, and nutrient signature of
the ice shelf water that flows northward from beneath the Ross
Ice Shelf into the Ross Sea. Working with the hypothesis that ice
shelf water is a principal source of subsurface ammonium (see
Biggs, Antarctic Journal, this issue), we identified the mesoscale
variability of water column ammonium along four meridional
lines of Niskin-bottle cast salinity-temperature-depth (STD) and
stations and contrasted this with fine-scale variability deter-
mined from hydrocasts with an STD recorder-submersible
pump combination.

Following the drift path of a surface buoy drogued at 100
meters within the subsurface ammonium maximum, we pump-
sampled the upper 120 meters of the water column using a
Berkeley model AL-28 centripetal pump mounted to the frame
of a Plessey 9040 STD recorder (see figure 1). Two vertical casts
and a 2-3-hour horizontal cast were completed at each of two
drogue stations. The pump pushed water to analytical equip-
ment aboard the ship for continuous measurement of am-
monium, nitrate, nitrite, silicate, dissolved oxygen, and in vivo
fluorescence. Details of this sampling and analytical system
have been given by Johnson (1981). The horizontal drift hydro-
casts, during which the pump was suspended for several hours
within the thermocline, generated concurrent time-series data
on nutrients, chlorophyll, temperature, and salinity.

Ship drift complicates the interpretation of the time-series
data. During the horizontal pump cast at station 17, the ship was
pushed by surface currents and the wind at a speed of about 1
knot, whereas ship drift was only about 1/3 knot at station 33.

STD time-series data for station 17 in the east and station 33 in
the west (figure 2; see figure 1 in Biggs, Antarctic Journal, this
issue, for locations) show evidence of internal wave activity,
particularly in the temperature signal. The STD recorder was
held in the thermocline at depths of 68 meters (station 17) and 65
meters (station 33). The vertical temperature structure near

Figure 1. Submersible pump mounted to the frame of a Plessey 9040
salinity-temperature-depth recorder, showing Niskin bottles for dis-
crete sampling and pump-hose combination for continuous
sampling.
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station 17 (see figure in Amos, Antarctic Journal, this issue) and
the magnitude of the temperature excursion during this series
indicate that these internal waves had amplitudes greater than
20 meters. Their periodicity is not known, but smaller, more
regular peaks with periods of several minutes are superim-
posed on the temperature trace at all the time-series stations.
The "clipping" of the temperature signal at station 33 (figure 2B)
probably was caused by the traveling of internal waves along a
narrow pycnocline separating two mixed layers (i.e., a step in
the thermocline). This phenomenon also has been observed in
time-series data taken beneath the arctic pack ice (see figure 10 in
Amos 1975).
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Figure 2. Time-series records at station 17 (A) and station 33 (B)
showing depth (top; in meters), salinity (middle; in parts per thou-
sand), and temperature (bottom; in degrees Celsius). Records are
annotated to show collection of the water sample by rosette multi-
sample. The time axis is marked at hour intervals, subdivided into
10-minute intervals.
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Figure 3. Time-series records of ammonium concentration, in micro-
gram-atoms per liter, from station 17. Records are plotted at half-
minute intervals and were calibrated from concurrent Niskin bottle
samples.

Figure 3 shows a 2-hour ammonium time series at 65 meters
from station 17. Ammonium concentrations varied with tem-
perature and ranged from 0.5 microgram-atom per liter when
temperature at 68 meters was highest to 1.0 microgram-atom per
liter when temperature at 68 meters was lowest. By contrast,
ammonium concentrations at this station in the 0-50-meter
mixed layer were only 0.2-0.3 microgram-atom per liter. Thus,
the local temperature minima in figure 2A mark locations where
"patches" of high ammonium concentration, seen in figure 3,
have been injected into or near the base of the mixed layer,
increasing by three- to fivefold the local supply of reduced
nitrogen available for phytoplankton growth and maintenance.

As at station 17, maxima of ammonium at station 33 varied
with minima of temperature, ranging at 65 meters from 1.6
microgram-atoms per liter at —0.8°C to 2.0 microgram-atoms
per liter at —1.3°C. However, at this station, ammonium con-
centrations in the mixed layer (from 0 to 50 meters) were high,
ranging from 0.9 to 1.2 microgram-atoms per liter.

Silicate and oxygen records also showed wavelike fluctua-
tions within the thermocline, although the peak-to-peak ampli-
tudes were smaller than those of ammonium. Nitrate and nitrite
concentrations remained rather constant; gradients in these
more oxidized forms of inorganic nitrogen were small within
the range of the thermocline.

The regional physical oceanographic study (see Amos, Ant-
arctic Journal, this issue) showed that, beneath the thermocline,
both warm water cores and cold ice shelf water entered the
eastern part of the study area. The colder, ammonium-rich
water tends to be similar to ice shelf water in physical properties
such as temperature and salinity. However, the higher tempera-
ture, lower ammonium water is more similar in temperature
and salinity to antarctic surface water than to the warm, subsur-
face water masses found by us and by others (e.g., Jacobs,
Gordon, and Ardai 1979) along the Ross Ice Shelf edge.

This research was supported by National Science Foundation
grant DPP 79-21355.
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Phytoplankton distribution,
biomass, and activity

in the southwest Ross Sea
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Our work on the USCGC Glacier in January 1982 had three basic
objectives: to obtain data relevant to the ammonium flux experi-
ment as described by Biggs (Antarctic Journal, this issue); to
continue our investigation of physiological adaptations of phy-
toplankton to environmental conditions; and to increase our
understanding of the dynamics of the initial stages of the food
web in antarctic waters. Water samples were obtained at 26
stations in open water northeast of Ross Island; in addition,
samples were taken from the surface to 130 meters, by means of
a profiling pump system, at eight locations along the drift track
of a drogued surface buoy (see Biggs, figure 1, for station
locations).

Phytoplankton distribution and biomass. Recent work (Glibert,
Biggs, and McCarthy 1982; Koike, Rönner, and Holm-Hansen
1981; Olson 1980) has shown that 50 to 90 percent of the nitrogen
assimilated by phytoplankton in the Antarctic is derived from
ammonia. Most of the remainder is furnished by nitrate, but
urea, nitrite, and dissolved organic compounds also are used.
Although ammonia is the preferred nitrogenous nutrient for
antarctic phytoplankton, it is not known if ammonia has a
significant effect on either the rate of primary production or
species composition. During the ammonium flux experiment,
we wanted to determine the distribution, biomass, and species
composition of the phytoplankton crop relative to the avail-
ability of ammonia.

*Permanent address: Ocean Research Institute, University of Tokyo,
Nakamo, Tokyo 164, Japan.
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Figure 1. Contours of chlorophyll a (micrograms per liter) along
transects centered on 1 69°E longitude (upper section) and on 1730E
longitude (lower section). Arrows to the right of each section indi-
cate approximate depth of the Ross Ice Shelf, which was a few
hundred meters to the south of stations 1 and about 16 kilometers
from station 29. Shaded area denotes absence of bottle samples.
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