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During the RACER pilot study in 1986-1987 (Huntley et al.
1987) many of the stations in and around Gerlache Strait showed
high phytoplankton biomass (>10 milligrams of chlorophyll a
per cubic meter; >400 milligrams of chlorophyll a per square
meter) during December and January. Because the phyto-
plankton biomass during the first sampling period in early
December was high (>8.0 milligrams of chlorophyll a per cubic
meter), it was obvious that the seasonal spring bloom of high
primary production had already started by the beginning of
our field work.

The RACER study in 1989, which sought to examine the
conditions necessary for the development of the annual phy-
toplankton bloom, thus made initial observations in early Oc-
tober and detailed observations throughout the month of
November (see Huntley et al., Antarctic Journal, this issue, for
overall description of program).

To interpret phytoplankton distribution relative to in situ
conditions in the upper water column, we used an instru-
mented rosette profiling system (Amos, Jacobs, and Hu, Ant-
arctic Journal, this issue) for simultaneous measurement of
pertinent physical, chemical, and optical conditions in the up-
per 200 meters of the water column. Water samples were ob-
tained from 10-liter Niskin bottles equipped with teflon-covered
springs. Chlorophyll a concentrations were measured by fluo-
rometric analysis (Holm-Hansen and Riemann, 1978). Rates of
primary production were measured by in situ deployments on
a free-floating buoy array using conventional radiocarbon
techniques.

Distribution of chlorophyll a in surface waters of the RACER
study area during the four "fast grids" in November of 1989
is shown in figure 1. It is seen that chlorophyll a concentrations
were low throughout much of the grid during fast-grid A but
were elevated (5-10 milligrams per cubic meter) in some of the
bays of the Antarctic Peninsula and in the vicinity of station
A. The bloom developed rapidly so that by fast-grid B many
stations on the eastern side of Gerlache Strait had chlorophyll
a concentrations of over 20 milligrams per cubic meter. Con-
centrations throughout the grid were generally somewhat lower
during the next two fast grids, but the lowest values were still
in Bransfield Strait and in the waters surrounding Brabant and
Trinity Islands. Integrated chlorophyll a values (0-100 meters)
showed similar patterns within the study area, with the con-
centrations ranging from <50 to >500 milligrams of chloro-
phyll a per square meter (Holm-Hansen unpublished data).

During our first work at station A (which is identical in
location to station 43 during the RACER studies in 1986-1987)
in early October, phytoplankton biomass in the upper 50 me-
ters was very low (approximately 0.3 milligrams of chlorophyll
a per cubic meter), and there was very little density stratifi-
cation of the upper water column. The bloom developed rap-
idly during the first 3 weeks of November, with average surface
chlorophyll a concentrations of 16 milligrams per cubic meter
between 13 and 15 November. Within 1 week (19 to 21 No-
vember) the bloom had already started to decline (figure 2),
with average surface chlorophyll a concentrations of 12.4 mil-
ligrams per cubic meter.

It is to be noted that these profiles shown in figure 2 rep-
resent the mean values for between 8 and 15 separate profiles
during each period we occupied station A. There was much
variation in the upper 200 meters of the water column in regard
to physical, chemical, and biological features. The variation in
chlorophyll distribution in the upper 40 meters at station A
during each of the 3-day intensive study periods is also shown
in figure 2. Although there was considerable variation within
any one 3-day period, it is seen that the lowest phytoplankton
biomass period was Al, with increasing concentrations through
period A3, which was followed by a decline in the crop as
seen during period A4.

High chlorophyll a concentrations were found only when
there was a relatively stable and shallow (<20 meters) upper
mixed layer. This is illustrated by the data in figure 3, which
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Figure 1. Concentrations of chlorophyll a (in mg per cubic meter) in surface waters throughout the RACER study area during tour "fast
grids" in November, 1989. A. 2 to 5 November. B. 9 to 13 November. C. 16 to 18 November. D. 22 to 24 November.

shows physical and biological characteristics from 0- to 30-
meter depth at stations FC04 and FC08 (see Huntley et al.,
Antarctic Journal, this issue, for locations). Station FC08 did not
have stable upper mixed layer, and the chlorophyll a concen-
trations were uniform at 1.2 milligrams per cubic meter to 30-
meter depth. In contrast, station FC04 had a stable and shallow
upper mixed layer and had high chlorophyll a values (maxi-
mum of 36 milligrams per cubic meter at 9-meter depth). The
lower chlorophyll a concentrations between 0- to 5-meter depth
are most likely due to nutrient depletion as nitrate concen-
trations were close to the limit of detection in this depth
interval (Kocmur, Vernet, and Holm-Hansen, Antarctic Journal,
this issue).

Data in the table show rates of primary production and phy-
toplankton specific growth rates at representative in situ stud-
ies at station A during the second, third, and fourth intensive
study periods. Adverse weather conditions during the first
period of work at this station precluded any in situ deploy-
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ments. For specific growth rate calculations we assumed that
the phytoplankton organic carbon content (which will be done
by floristic analyses but have not as yet been completed) was
close to the particulate organic carbon values shown in the
table. Estimates of growth rates will thus represent minimal
values, because there is always some non-phytoplankton par-
ticulate organic carbon in natural water samples. Since our
study was done during the early stages of bloom, this error
probably does not amount to more than 10-20 percent, which
is also supported by the particulate organic carbon to chloro-
phyll a ratios, which were 50, 70, and 73 at the three stations.
These ratios are close to the phytoplankton carbon to chloro-
phyll a ratio of approximately 60 reported for high-biomass
stations by Hewes et al. (1990). The assimilation numbers and
the specific growth rates shown in the table all are in the upper
range of fast-growing phytoplankton populations at approxi-
mately 0°C as predicted by Eppley (1972) and Neori and Holm-
Hansen (1982). The integrated rates of primary production
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Figure 2. Chlorophyll-a (CHL-a) concentrations at station A, showing development and subsequent initial decline of the spring bloom. Left
side: Average CHL-a concentration (0 to 100 meters) during each study period at station A; AA, profile on 9 October; A, average values
from 8 profiles during the period from 30 October to 2 November; B, average values from 15 profiles during the period from 6 to 9 November;
C, average values from 10 profiles during the period from 13 to 15 November; D, average values from 14 profiles during the period from
19 to 21 November. Four figures on right side: Variation in distribution of CHL-a in the upper 40 meters of the water column at station A
during each of the 3-day periods of intensive studies. Al, 30 October to 2 November; A2, 6 to 9 November; A3, 13 to 15 November; A4, 19
to 21 November. (m denotes meter. mg m 3 denotes milligrams per cubic meter.)
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Figure 3. Relationships between chlorophyll-a (Chi) concentrations, as indicated by extracted pigments and transmissometer data, and
temperature and salinity in the upper water column at two contrasting RACER stations. A, station FC04, in Charlotte Bay (Antarctic Peninsula);
B, station FC08, close to the southern coast of Brabant Island. (m denotes meter.)
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Rates of primary production and estimates of phytoplankton growth rates at station A during the month of November. The rates of
primary production are calculated per mean light day for the entire month.

Assimilation number
Particulate	 (in milligrams of

Chlorophyll a	organic carbon	 Productivity	carbon per milligram
Depth	(in milligrams	(in milligrams	Carbon-to-chlorophyll	(in milligrams of carbon	of chlorophyll a per	Growth

Station (in meters) per cubic meter) per cubic meter)	ratio	per cubic meter per day)	hour)	(per day)

56
49
48
47
83
77
69
46
60
60
52
72

A213	1	12.2	 689
5	12.3	 601

10	11.9	 582
20	 5.6	 267

A301	1	13.4	 1,114
5	14.9	 1,151

10	14.8	 1,015
20	14.8	 679

A407	1	 9.5	 575
5	15.0	 908

10	14.9	 781
15	 5.8	 417

a Estimated assuming same carbon-to-chlorophyll ratio as at 5 meters.

	

210	 1.9	 0.26

	

273	 2.4	 0.37

	

246	 2.2	 0.35

	

44	 0.8	 0.15

	

1,332	 3.2	 0.78

	

611	 1.3	 0.42

	

110	 0.25	0.10

	

3	 0.01	 0.005

	

343	 2.6	 0.46

	

308	 1.5	 0.29

	

60	 0.3	 0.07

	

6	 0.08	0.015

during the second, third, and fourth study periods were 3.73,
5.32, and 2.27 grams of carbon per square meter per mean
light day, which are in the same range as reported previously
in this area for early December (Holm-Hansen and Mitchell in
press). These rates are significantly higher than the "net" pho-
tosynthetic rates as calculated by Karl and Hebel (Antarctic
Journal, this issue) and suggest that there is considerable re-
cycling of organic material within the euphotic zone by het-
erotrophic organisms. This conclusion is supported by nitrogen
uptake studies done concomitantly with our radiocarbon work
(Tupas, Koike, and Holm-Hansen, Antarctic Journal, this issue).
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ence Foundation grant DPP 88-17635 to 0. Holm-Hansen and
M. Vernet.
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