
predatory protists which were abundant in January. We might
also ask whether this bloom represented a normal successional
phase that has simply been missed by undersampling in the
past, or was it something rare, or new?
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RACER: Phytoplankton growth rates
in the northern Gerlache Strait

during the spring bloom of 1989
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Massive phytoplankton blooms are observed during the
spring in the southern Bransfield and Gerlache straits, both
located on the western coast of the Antarctic Peninsula. Maxi-
mal chlorophyll a concentrations are always in surface (0-20
meters) waters (up to 30 milligrams of chlorophyll a per cubic
meter) and account for 60 percent of the 0-150-meter integrated
water-column pigment (200-300 milligrams of chlorophyll a per
square meter). During the 1989-1990 bloom, estimates of daily
primary production were 2-5 grams of carbon per sqaure meter
per day (Holm-Hansen and Vernet 1990) and nitrate concentra-
tions were usually larger than 15 micrometers (Kocmur, Vemnet,
and Holm-Hansen 1990). Diatoms and a chlorophyll-b-contain-
ing flagellate similar to Pyramimonas sp. dominated the phyto-
plankton in the Gerlache Strait (as found in the northern Brans-
field Strait by Sommer 1989). Cryptomonads dominated the
offshore stations in the southwestern Bransfield Strait, where
no bloom was observed. The questions addressed in this study
were the following:
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• What are the specific growth rates of phytoplankton during
the spring?

• How much phytoplankton carbon is associated with these
blooms?
Specific growth rates of phytoplankton and carbon-to-chlo-

rophyll a ratios were estimated by labeling with radiocarbon
followed by biochemical separation of the end-products (Re-
dalje and Laws 1981). Water was always collected from the
mixed layer (1 to 30 meters) from six stations in the northern
Gerlache Strait between 6 and 25 November 1989. Samples were
collected with Niskin bottles attached to a conductivity-depth-
temperature rosette and incubated on deck in 2-liter polycar-
bonate bottles using neutral density screens to simulate in situ
irradiance levels. Incubations lasted for 24 hours, starting al-
ways before sunrise (day length of 18 to 20 hours). Temperature
was kept at 0±0.5 °C with running seawater.

Nitrate Concentration (p.M)

Figure 1. Phytoplankton specific growth rates per day (d- 1 ) as a
function of ambient, micromolar (pM) nitrate concentrations for all
mixed-layer experiments. j =axe( nitr8te), where a=0.149,
b = 0.045,  r2 = 0.63.

Photosynthetic rates per unit chlorophyll a (milligrams of
carbon per milligram of chlorophyll a per hour) at the mixed
layer were always light saturated at an irradiance greater than
100 micromoles per square meter per second. Similar results
were observed for in situ incubations (Holm-Hansen and Vernet
1990). Average growth rates for all 24-hour experiments were
0.31 ± 0.13 per day (range of 0.16-0.64 per day, n = 5). Maximum
growth rates were measured in the cryptomonad-dominated
phytoplankton (0.4-0.5 per day) where no bloom was observed
(chlorophyll a = 1 milligram per cubic meter). For all stations
combined the results were as follows:
• Specific growth rates (per day) were nonlinearly related with

ambient nitrate concentrations (micromolar) (figure 1).
• Chlorophyll-to-carbon (weight-to-weight) ratios were posi-

tively correlated with growth (figure 2), as observed by Laws
and Bannister (1980) in nutrient-limited growth of Thalassio-
sira fluviatilis at 20 °C.

The observed growth rates in the Gerlache Strait can be mod-
eled as a function of irradiance using the formulation of Cullen
(1990) (figure 3):

(p. + r) = Chi : C X D X PB(1 -

where

R is specific growth rate per day,
r is respiration rate per day,

Chi:C is the chlorophyll-to-carbon ratio (in grams per
gram),

D is the ratio of daylength to total day (dimensionless),
PB is the maximum rate of carbon uptake per unit chlo-

rophyll a (in milligrams of carbon per milligram of
chlorophyll a per hour),

I, is the incident irradiance (in micromoles per square
meter per second), and

'k is the irradiance at which photosynthesis reaches sat-
uration (micromoles per square meter per second).

Because most of the growth in the mixed layer was light satu-
rated, growth rates were function of the chlorophyll-to-carbon
ratios.

Growth rate (d')

Figure 2. Chlorophyll-to-carbon (Chl:C) weight-to-weight ratios as
a function of growth rates per day (d- 1 ). Chl:C=axe, where
a = 0.004, b = 2.622, r2 = 0.53.

(I)
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Predicted growth rates (d')

Figure 3. Correlation between phytoplankton growth rates ob-
served per day (d- 1 ) ( Redalje and Laws 1981) and predicted growth
rates per day calculated from Cullen (1990) using variables ob-
tained from the chlorophyll-labeling experiments. Model II Regres-
sion, r2 = 0.59, b=1.02.
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Differences in respiration rates among samples (not meas-
ured) could account partly for the unexplained variance, al-
though rates at 0 °C are expected to be lower than the 12 percent
assumed for 20 °C (Sakshaug, Kiefer, Andresen 1989).

In conclusion, phytoplankton growth rates at the mixed layer
were on the average 53+22 percent of the maximal rates ex-
pected (0.58 per day) for the ambient temperature (Eppley 1972;
Spies 1987). Maximum growth rates were observed in a non-
bloom assemblage, and lowest growth rates were associated
with low nitrate concentrations at the surface. Growth rates
can be modeled as a function of irradiance, but at saturated
irradiance, they are mainly dependent on the chlorophyll-to-
carbon ratios.
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Duke for their help, C. Fair for technical assistance, and E.
Brody for graphics. This project was funded by National Sci-
ence Foundation grants DPP 88-17635 to 0. Holm-Hansen and
M. Vernet and DPP 88-18899 to D. Karl.
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polar and temperate
echinoderm larvae
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Echinoderm larvae are widely distributed in the plankton of
polar and temperate oceans (Mileikovsky 1971). Although phy-
toplankton are considered to be their primary food source,
recent studies suggest that echinoderm larvae may be nutri -
tionally quite opportunistic. They may assimilate a variety of
dissolved substrates and ingest both autotrophic and hetero-
trophic microbiota (Manahan, Davis, and Stephens 1983; Riv-
kin et al. 1986; Strathmann 1987; Manahan et al. 1990). The
seawater concentration of both dissolved and particulate ma-
terial is spatially and temporally variable, hence the nutritional
modes may differ for larvae in distinct geographic regions or
for larvae from the same region during different times of the
year. As part of a collaborative study to evaluate the nutritional
importance of dissolved and particulate resources, we report

*present address: Ocean Sciences Centre, Memorial University of Newfound-
land, St. John's, Newfoundland, A1C 5S7 Canada.

here the rates of particle ingestion for representative field and
laboratory experiments with morphologically similar echino-
derm larvae from polar (Odontaster validus) and temperate (As-
terina miniata) environments.

Natural microbial populations collected at the ice edge in
McMurdo Sound, Antarctica, and approximately 2 kilometers
offshore of Santa Cruz, California, in Monterey Bay were seri-
ally size fractionated through 64-micrometer and 10-micrometer
Nitex mesh and a 1.0-micrometer Nuclepore filters (designated
the <64-micrometer, <10-micrometer, and <1.0-micrometer
size fractions, respectively). We are assuming that only algae
assimilated the carbon-14 sodium bicarbonate in the <64-mi-
crometer and <10-micrometer size fractions and that primarily
bacteria incorporated methyl, tritiated thymidine in the <1.0-
micrometer size fraction. The <64-micrometer and <10-mi-
crometer fractions were incubated with carbon-14 sodium bi-
carbonate (1-2 microcuries per milliliter final activity) for 6 to
36 hours and the <1.0-micrometer fraction was incubated with
methyl, tritiated thymidine (approximately 7-10 nanomolar
TdR per liter) for 6 to 12 hours. Laboratory cultures of the
chlorophyte Dunaliella tertiolecta were labeled with carbon-14
sodium bicarbonate (1-2 microcuries per milliliter final activity)
for at least 12 hours. Mid- to late-stage bipinnaria larvae were
added to the radiolabelled prey, and after incubating replicate
bottles (n = 3 or 4) for 2 to 6 hours at ambient temperatures in
the dark, the larvae were gently collected onto 73-micrometer
Nitex screening, rinsed several times with ambient tempera-
ture seawater to removing adhering particles and backwashed
into isolation dishes. Using micromanipulation, 8 to 10 larvae
were isolated into replicate (n = 5) scintillation vials, and their
radioactivity was counted using liquid scintillation spectrome-
try (Rivkin, Anderson, and Gustafson in preparation). All sam-
ples were corrected for quench by the external standards
method and for background radiation. The data were tested for
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