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radiocarbon during the ensuing dark period. These data will
be used to calculate the quantum efficiency of photosynthesis
and will also be used in attempts to model primary production
in the Antarctic on a seasonal and geographical basis.

Cellular adaptation. The relatively low standing stock of phy-
toplankton in nutrient-rich antarctic waters most likely reflects
grazing pressure as well as loss of cells from the euphotic zone
by physical mixing processes. The ciD data indicated a "mixed
layer" in nearly all vertical profiles. The extent to which cells
have time to adapt, either chemically or physiologically, to
conditions at any depth will be controlled by the rate at which
the water is mixed in the upper layer. If the rate of turbulent
mixing is high, one would not expect to detect chemical or
physiological adaptation in cells as a function of depth. Our
studies with cells from various depths in the euphotic zone
suggest that cells do have time to adapt to conditions existing
at various depths. This is suggested by the following obsei-

vations:
1. In the many radiocarbon incorporation experiments in

which cells from various depths were exposed to a range of
light intensities, cells from deeper water showed photoinhi-
bitory effects much more than did cells from surface waters.

2. Absorption and spectral fluorescence characteristics
showed differences in cells from various depths in the water
column.

Many samples were taken for chemical analyses (carbon,
nitrogen, phosphorus, biogenic silica, adenosine triphos-
phate, lipid, protein, carbohydrate, and photosynthetic pig-
ments) to see if the differences in physiological characteristics
are also reflected in chemical composition of the cells. Data on
the species composition of these samples will also be consid-
ered in regard to interpretation of the physiological and chem-
ical information.

In addition to the study of phytoplankton, a limited number
of water and net samples were obtained at eight stations for
a preliminary examination of the species and numbers of
microzooplankton; these samples will be examined by J . R.
Beers at Scripps Institution of Oceanography.

Authors Paden and Holm-Hansen participated in both legs
of the Melville expedition; Hewes and Weaver participated in
leg 1, and Kiefer, Neon, and Sakshaug participated in leg 2.
This work was supported by National Science Foundation
grant DPP 79-21295.
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Bacterioplankton distributional
patterns and metabolic activities in

the Scotia Sea
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growth rates followed chlorophyll a profiles (rather than pri-
mary productivity profiles), suggesting that bacterial growth
was not directly related to the new photosynthate production
(figure). (4) Average population doubling times were 2-4
days. (5) Leucine and glucose pool turnover rates were rapid,
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We carried out a comprehensive study of the distributional
patterns and production rates of bacterioplankton during leg
2 of the Melville cruise. The bacterially mediated turnover of
selected dissolved organic matter (Dom) components was also
measured. These measurements were done at all stations and
generally at 12 depth intervals. The broad objectives of the
study were (1) to quantify the energy and material flow
through the bacterioplankton component of the food web and
(2) to evaluate the role of bacterioplankton in nitrogen and
carbon cycles in the study area.

Results available to date suggest the following general fea-
tures of bacterially mediated processes studied: (1) Bacterial
standing stocks were 200 million to 500 million bacteria per
liter, roughly equal to the standing stocks in southern Califor-
nia offshore water. (2) Bacteria were large; the average bacterial
volume was consistently and significantly (perhaps 50-100
percent) larger than bacteria in southern California water. (3)
The depth distribution of bacterio plankton occurrence and
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Bacterioplankton production rates and light profiles at station 141
(1-A); Bacterioplankton production rates and chiorophylla profiles
at station 142 (B). (Bacterloplankton production rates given in cells
produced per liter per day; chlorophyll  in micrograms per liter.)
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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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