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Ecologists who study plankton do not know what controls
bacterial activity in the southern oceans. As part of the micro-
biology and carbon flux component of Research on Antarctic
Coastal Ecosystem Rates (RACER) (Huntley et al. 1987), ex-
tensive data were collected that would permit us to assess the
relative importance of physical variables and biological com-
munity characteristics to in situ microbial production and loss
rates. We now report preliminary results derived from studies
of uptake and incorporation of the amino-acid glutamate and
the nucleoside thymidine.

Sixty-nine stations on a coarse geographic scale (25,000-square-
kilometer grid including both shelf and deep-water zones) were
sampled rapidly (within 5 days) on four cruises during the
1986-1987 austral summer (December through March). Surface
(0-1-meter) water samples were collected using a tethered plastic
bucket. Subsamples (25 milliliters each) were incubated with

* Also affiliated with the Department of Oceanography, University of Ha-
waii, Honolulu, Hawaii 96822.

[methyl-3H] thymidine (Tdr; 45 curies per millimole; 6.25 mi-
crocuries per incubation) or [3,4- 3H] L-glutamic acid (Glu; 50
curies per millimole; 6.25 microcuries per incubation) for 6
hours at ambient surface seawater temperatures. The samples
were filtered onto microfine glass fiber filters (Whatman, GFF)
and stored frozen for subsequent analysis of radioactivity in-
corporated into RNA, DNA, and protein (Karl 1982). In ad-
dition, comprehensive biochemical measurements were made
on both auto- and heterotrophic components of the plankton
(Huntley et al. 1987).

Relationships among the variables were explored by mul-
tivariate regression analysis (SAS Institute 1987). Variables in-
cluded in the analysis were the concentrations of chlorophyll
a, phaeopigments, particulate DNA (total and <20 microme-
ters), particulate ATP (total and <20 micrometers), and dis-
solved DNA, as well as temperature, salinity, and interaction
terms. Variables were not transformed in order to retain the
influence on the analysis of observations made during and
after an intense Phaeocystis bloom in the northern Gerlache
Strait (Holm-Hansen, Letelier, and Mitchell 1987).

We first examined the relationship between Tdr and Glu
incorporation rates. Tdr labeling ranged two orders of mag-
nitude among stations and dates while Glu varied over 600-
fold. Both were greatest in January during the decline of the
November-December phytoplankton bloom, then fell in Feb-
ruary-March. The overall relationship between Glu and Tdr
incorporation rates was significant, but not strong (r 2 = 0.60;
figure 1), suggesting that as expected, these rates represent
different, albeit related, aspects of bacterial metabolism. The
proportion of radioactivity incorporated into DNA alone out
of total macromolecules labeled by Glu and Tdr was not cor-
related between the two substrates.

The best predictors of Tdr and Glu incorporation rates (nan-
ocuries per liter per hour) were variables describing the size
and condition of the biological communities. Total Glu incor-
poration was described by the following model (figure 2):
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Figure 1. Scatter plot of the relation between glutamate (Glu) and thymidine (Tdr) incorporation rates at RACER stations during the austral
summer of 1986-1987. (nCil 1 h 1 denotes nanocuries per liter per hour.)
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Figure 2. Scatter plot showing observed glutamate (Glu) incorporation rates versus rates predicted from a model based on phaeoplgment
concentration, pigment ratio, and total particulate DNA. (nCil'h 1 denotes nanocuries per liter per hour.)

Glu incorporation
= —32 + 1.4 PHAEO + 39.1 P/C + 10.8 PDNA

F=142, R 2 =0.84, n=86

where	= phaeopigment concentration (in micrograms per
PHAEO liter),

P/C = the ratio of phaeopigment to chlorophyll a, and
PDNA = the concentration of total particulate DNA <200

micrometers (in micrograms per liter).

The positive phaeopigment factor is interpreted as the influ-
ence of greater detritus concentrations on bacterial community
Glu uptake. The strongly significant influence of P/C pigment
ratio is taken to represent the intensity of grazing by zooplank-
ton on phytoplankton and the effect of the associated release
of nutrients on bacterial activity. Total particulate DNA, rep-
resenting microbial community biomass, was a slightly better
predictor of Glu incorporation than the closely related variable
total particulate ATP. This observation, coupled with the con-
sistent increase seen in P-DNA to P-ATP ratio from month to
month, suggests that particulate DNA represented not only
the biomass of the living plankton but also a detrital compo-
nent of the seston. Tdr incorporation rate was predicted most
successfully (r2= 0.79) by a model containing the same vari-
ables as the Glu equation.

A surprising aspect of these models is the lack of direct
significance of temperature as an influence on microbial rate
processes. Evidence of the strong influence of temperature on
primary production during RACER (Holm-Hansen, Letelier,

and Mitchell 1987) suggests that direct effects on bacteria were
overshadowed by larger effects on other plankton components
which then indirectly stimulated bacterial growth.
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