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Previous Research on Antarctic Coastal Ecosystem Rates
(RACER) field experiments conducted in the northern Gerlache
Strait during 1986-1987, 1989, and 1990-1991 have revealed sig-
nificant regional variability in the distribution and abundance of
micro- and nanoplankton, often with order-of-magnitude con-

centration changes over horizontal scales of 100 kilometers or less
(e.g., Bird and Karl 1991; Karl et al. 1991; Tien et al. 1990).
Superimposed on these spatially diverse habitats is an intense
temporal variability, perhaps the most extreme seasonality ob-
served anywhere in the world ocean. To date, measurements of
microbial processes in the southern ocean are predominantly
from the Antarctic Peninsula region during summer. This could
result in a serious spatial and temporal bias of the extant data
base. While the standing stocks of micro-organisms are expected
to be low during the austral winter, direct observations are almost
non-existent. Furthermore, we know of no previous study that
has occupied the same set of hydrographic stations during both
the spring-summer bloom and in mid-winter. Comparisons of
this type are crucial for a complete understanding of food web
dynamics, particle fluxes, and ocean-atmosphere exchange of
biogenic gases.

During the RACER4 expedition (July and August 1992), we
had an opportunity to return to a region of the Antarctic Penin-
sula where we previously had measured summer microbial
biomasses that were among the highest ever reported for the
neritic portion of the world ocean. The following initial results,
reported underway from the R/VNathaniel B. Palmer in Gerlache
Strait, indicate that microbial biomasses in this same region

63W	 62'W	 61'W

Figure 1. P-ATP concentration contours for the surface waters of the
RACER study area for the period 16 to 19 November 1989. Solid
circles indicate the locations of the hydrostations sampled during
each "fast grid" survey. Concentrations of P-ATP are in micrograms
per liter. Contour interval is 0.5 micrograms per liter.
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Figure 2. P-ATP concentration contours (as in figure 1)for the period
201026 July 1992. Concentrations of P-ATP in nanograms per liter.
Contour interval is 2 nanograms per liter.
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during wintertime are among the lowest ever reported from the
surface ocean.

The sampling technique for particulate adenosine triphos-
phate (P-ATP) was similar to that used in previous RACER
program cruises and included both vertical profiles (to 200 meters)
at station A (64' 11.75 S 61' 195 W) and near-surface water
(approximately 2 meters) collections from 35 to 40 stations lo-
cated within a 500-square-kilometer survey region (Huntley etal.
1990). The main differences between spring-summer and winter
sampling procedures were the times required to complete the
quasi-synoptic "fast" grid (3 to 4 days vs. 7 days) and the number
of surveys conducted during any one cruise (three to four vs.
one). All seawater samples for P-ATP were screened through a
202 micrometers mesh Nitex screen to remove large zooplankton
and processed in triplicate using procedures described elsewhere
(Karl et al. 1991). The samples collected during the winter cruise
were analyzed at sea. During the spring-summer cruises, water
samples routinely were fractionated into at least two size classes
(<202 micrometers and <20 micrometers) prior to extraction.
Using this approach, we previously had documented a system-
atic progression from a microbial assemblage dominated by
microplankton (20 to 202 micrometers) to an assemblage domi-
nated by nanoplankton (<20 micrometers) (Karl et al. 1991).
These results, supported by independent measurements of chlo-
rophyll a (Holm-Hansen and Mitchell 1991) and direct micros-
copy, indicate a seasonal succession from large diatoms to small
autotrophic flagellates. During spring and summer periods, bac-
terial biomass comprised less than 10 percent of the total micro-
bial biomass (Karl et al. 1991; Karl and Tien 1990).

During the spring bloom (exemplified by RACER2, fast grid
survey FC; figure 1), total microbial adenosine triphosphate
(All?) in the near-surface waters of Gerlache Strait, ranged from
147 to 2,500 nanograms per liter, with highest concentrations in
the coastal bays and fjords and lowest concentrations in the core
of the Gerlache Strait current. The maximum of ATP concentra-
tions corresponds to a microbial biomass in excess of 0.5 gram of
carbon per cubic meter of seawater. This is among the highest
standing crop reported for any neritic portion of the world ocean.
In contrast to these biomass-enriched waters, our recently con-
cluded wintertime survey revealed a depauperate assemblage of
microorganisms, with P-ATP concentrations approximately two
orders of magnitude lower than the summertime values through-
out our study area (figure 2). Furthermore, the characteristic
spatial gradients in biomass were totally absent. These wintertime
P-All? concentrations are lower, by approximately a factor of 2,
than P-ATP values reported for the surface waters of the central
North Pacific Ocean (Chiswell et al. 1990) and, therefore, are prob-
ably among the most oligotrophic surface ocean waters on earth.

Representative vertical profiles of P-ATP conducted at station
A confirmed the patterns observed in the near surface waters
(figure 3). The near-surface biomass enrichments which com-
prise the "bloom" and which result in substantial production of
organic matter during the well-stratified summer conditions
were absent in winter. Typical upper-water column (0 to 50
meters) inventories of P-ATP at the height of the bloom and in
winter are 50 and 0.8 milligrams ATP per square meter, respec-
tively. Even the deeper portions of the water column, well below
the euphotic zone (>100 meters), are substantially depleted in
P-ATP during winter (figure 3). This indicates that the effects of
the bloom extend into the mesopelagic zone of the water column.

This remarkable contrast between summer and winter condi-
tions must have a major influence on the structure and function
of the microbial food web (Karl 1993) and on physiological and
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Figure 3. P-ATP concentration vs. depth profiles for samples
collected at RACER station A in Gerlache Strait on 26 January 1987
and (left panel) 18 July 1992. Note the change of scale for the P-ATP
concentration axis between the two graphs.

metabolic strategies of survival during the periods of extreme
oligotrophy. This example of a feast-or-famine existence for the
microbial assemblages of Gerlache Strait emphasizes the impor-
tance of year-round investigations of the antarctic marine eco-
system in order to understand adequately carbon and bioele-
ment cycling, especially the inception and demise of the annual
spring bloom.
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