
on the order of 5 percent per hour and 1 percent per hour,
respectively. (6) Temperature optimum for growth and metab-
olism was around 7°C, although the rates at -1'C were only
about 30 percent lower than the maximum.

Our study leads to a general picture of bacterioplankton in

the study area as a quantitatively significant and metabolically
dynamic component of the biota.

All three authors were on the ship during leg 2. This work
was supported in part by National Science Foundation grant
DPP 79-21295.
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Waters south of the Antarctic Convergence (Polar Front) are
high in nutrients, with nitrate concentrations generally in the
range of 15 to 30 micromolars (Holm-Hansen et al. 1977). It is
unlikely that phytoplankton growth rates are ever limited by
any inorganic nutrient deficiency. There is much interest,
however, in microbial nitrogen metabolism, for the following
reasons: (1) by determining the relative uptake rates of ammo-
nia and nitrate, it is possible to estimate what fraction of
primary production is remineralized in the euphotic zone and
how much is lost to deeper water and to the benthos (Dugdale
and Goering 1967; Eppley and Peterson 1979); (2) the rates of
assimilation, transfer, and mineralization of nitrogenous com-
pounds by various populations of organisms are an important
component in efforts to model dynamics of the food web 'in
antarctic waters.

Previous studies have shown that uptake of ammonia by
antarctic phytoplankton occurs at rates comparable to rates of
uptake of nitrate (Olson 1980). Ammonia concentrations in
antarctic waters are generally fairly high, in the range of 0.1 to
3.0 micromolars throughout the euphitoc zone (Bidigare, John-
son, and Biggs, Antarctic Journal, this issue; Biggs et al. 1979).

As part of the RN Melville expedition to the eastern Scotia
Sea, we investigated the uptake and recycling of nitrogenous
nutrients by microbial assemblages by use of the nitrogen-is
( 15 N) tracer technique. All water samples were incubated in
either polycarbonate or borosilicate bottles maintained at sur-
face water temperature and exposed to varying light intensities
by use of neutral density filters. During leg 1, nitrite, nitrate,
and ammonia uptake rates were determined at three different
depths (40 percent, 8 percent, and 1 percent of ambient light

intensity) at 13 stations; during leg 2, rates of nitrate and
ammonia were similarly studied at 11 stations, including
coastal waters near Elephant Island, pelagic waters both north
and south of the Scotia Ridge in the vicinity of South Orkney
Islands, and waters north and south of the Polar Front in the
Drake Passage. Several other measurements were also taken
to support and to help in interpretation of the assimilation
data. Assimilation rates of nitrate and ammonia were deter-
mined on samples that were (1) prefiltered through nylon nets
having mesh sizes of 10, 20, or 100 micrometers; (2) exposed
to light intensities other than those simulating the light flux
at the depth from which the sample had been obtained; (3)
enriched with varying concentrations of the 15N substrates;
and (4) incubated for varying periods of time. The rates of
ammonia regeneration by microbial cells were determined by
a 15N-dilution technique. These data on ammonia regenera-
tion by microbial cells will be considered in conjunction with
data on ammonia excretion by larger planktonic organisms
(see Bidigare et al., Antarctic Journal, this issue; Ikeda, Antarc-
tic Journal, this issue).

The table (page 166) shows the uptake rates of ammonia and
nitrate at three depths of the euphotic zone at a station near
Elephant Island, in addition to some fractionation data. At
this station, concentrations of nitrate (24 to 25 micromolars),
ammonia (1.8 to 2.1 micromolars), and chlorophyll a (0.6 to 0.8
microgram per liter) were nearly uniform in the euphotic
zone. The rate of ammonia assimilation with depth decreases
much less than that of nitrate; ammonia uptake accounted for
72, 84, and 95 percent of total nitrogen uptake in samples from
2, 10, and 30 meters, respectively. Thus, ammonia, which is
supplied primarily by means of regeneration within the
euphotic zone, is the major nitrogenous source for phyto-
plankton growth. The fractionation data in table indicate that
small phytoplankton (those that pass through a net having a
mesh size of 10 micrometers) show a relatively higher rate of
ammonia assimilation as compared to nitrate assimilation
rates at the three depths investigated. Such a difference in
nitrogen preference in relation to cell size might have impor-
tant implications in regard to species composition as influ-
enced by nitrate and ammonia concentrations.

In addition to conducting these 15N-enrichment experi-
ments, we obtained samples for determination of the natural
abundance ratio of 15N/14N in the organic matter in krill, phy-
toplankton, and fish; water samples were also preserved, with
mercuric chloride (HgC12), for determination of this ratio in
nitrate and ammonia. These data, in conjunction with isotopic
fractionation factors for various pathways of nitrogen metab-
olism, will aid in interpretation of routes and fluxes of nitrogen
in the lower trophic levels in antarctic waters.

Author Rçnner participated in leg 1, Koike in leg 2, and
Holm-Hansen in both legs. This work was supported in part
by National Science Foundation grant DPP 79-21295.
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Ammonium (NH) and nitrate (NO) rates of microbial cells from station 138 near Elephant Island

Cell size
Control

Measurement	 (without fractionation)	Less than 100 /Am	Less than 10 Mm

Depth, 2 meters; light, 46% of la
Chlorophyll a (Mg/I)
NH uptake rate (A)b

(B)C
NO uptake rate (A)

(B)
Depth, 10 meters; light, 8.2% of

Chlorophyll a (Mg/I)
NH1 uptake rate (A)

(B)
NO uptake rate (A)

(B)
Depth, 30 meters; light, 1.3% of 10

Chlorophyll a (Mg/I)
NH1 uptake rate (A)

(B)
NO uptake rate (A)

(B)

al. = light flux at sea surface.
b Rate in nanogram-atom nitrogen per liter per day.
c Rate in nanogram-atom nitrogen per microgram chlorophyll a per day.
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Distribution and abundance of krill in
the Scotia Sea as observed

acoustically, 1981
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As part of FIBEX (First International Biological Investigations
of Antarctic Systems and Stocks Experiment) the National
Oceanic and Atmospheric Administration (NOAA), in cooper-
ation with the National Science Foundation, this year fielded
a hydroacoustic assessment team to assess the antarctic krill
population. The team, composed of personnel from the North-
west and Alaska Fisheries Center and the Northeast Fisheries
Center, was directed to use high-frequency sound to estimate

the krill population in the area to be covered during the Scripps
Institution of Oceanography's Vulcan-6 and Vulcan-7 surveys
of the Scotia Sea (53°S to 60°S, 50°W to 33°W).

The experiment was conducted by transmitting three fre-
quencies simultaneously from a 4-foot V-fin (Braincon, Inc.)
towed at a depth of 6-8 meters. The transducers were mounted
in the fin in such a way that two frequencies (50 and 120
kilohertz) were directed downward and the third frequency
(105 kilohertz) was directed sideward. This combination per-
mitted simultaneous observations of acoustic targets in the
vertical/horizontal planes.

Field analysis of the acoustic data was done by the method
recommended in BIOMASS handbook 7. The target strength per
unit biomass of krill was estimated to be approximately -65
decibels per gram (wet weight) of krill (Mathison personal
communication). This value was used to calculate the biomass
of krill reported in this article. It should be noted that the
results reported here are based on a limited analysis of data
conducted in the field.

The abundance of krill patches observed on the first leg of
the cruise was very low. Small patches (10-40 meters horizon-
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