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During the RACER (Research on Antarctic Coastal Ecosys-
tem Rates) pilot program (austral summer 1986-1987), we ex-
amined microzooplankton grazing on phytoplanton by
performing mortality and production (dilution) experiments
on five occasions at three distinct stations:
• Station 43—nearshore, eastern Gerlache Strait,
• Station 13—Bransfield Strait west of Low Island, and
• Station 20—oceanic, Drake Passage.

The 20-liter samples collected from the fluorescence maxima
(10-45-meter) at each station were treated as follows:
• Subsamples were pre-filtered through a 200-micrometer Ni-

tex mesh to exclude macrozooplankton and evaluate micro-
zooplankton grazing only.

• Subsamples were filtered through Millipore GS filters (0.22-
micrometer).

• Dilutions of 0, 40, 60, 80, and 90 percent were prepared with
filtrate and sample.

• One-liter samples of each dilution were incubated in on-
deck incubator under neutral-density optical screens (-0.5
to + 1.5°C and approximately 25 percent incident irradiance
(Is).

• Subsamples were taken upon initiation and again at 1 day
for pigment analysis and bacterial and protistan numbers.
Slides for epifluorescence microscopic counts of bacteria and
mastigote protistans were prepared at sea using DAPI and
proflavine and counted back in the laboratory (Porter and
Feig 1980; Haas 1982). Mastigotes (a component of the mi-
crozooplankton) observed microscopically included all na-
ked species and choanoflagellates; 82-96 percent appeared to
be heterotrophic. Assuming exponential rates (P =
excess nutrients, and an inverse proportionality between
apparent production and grazer abundance, the specific
growth rate, k, and mortality rate, g, of population, P. were
calculated as described in Landry and Hassett (1982).
Inorganic nutrients were abundant in all samples (table 1).

Although irradiance did not vary widely between samplings
(table 1; except station 20), the average photoperiod, incident
solar angle, and mean photon flux were decreasing during the
sampling period. Therefore, the actual photo-history of the
plankton communities varied substantially between samples.

Chlorophyll a production rates were observed to vary in-
versely with fraction unfiltered (figure). For example, estimates
of k and g at station 43 (21 March 1987) were 0.488 and 0.766
per day, respectively (figure, block A). Similarly, relatively
high rates of production were observed at station 13, 0.558 per

* Also affiliated with the Hawaii institute of Geophysics, University of
Hawaii at Manoa, Honolulu, Hawaii 96822.

day, but mortality (0.208 per day) was much lower than at
station 43 (figure, block B). Corresponding with the lower mor-
tality rate, a lower proportion of nanoplankton and three times
less mastigote biomass were observed at station 13 than those
observed at station 43 (table 2). A similar analysis of bacterial
production based on microscopic counts yielded no consistent
trends.

Station 43 had the highest nanoplankton fraction, mastigote
biomass, pigment concentrations, daily production rates, and
mortality rates (table 2). Consistent with decreases in phyto-
plankton biomass (10.90-2.25 milligrams of chlorophyll a per
cubic meter) and daily production, increases in nanoplankton
fraction, mastigote biomass, and specific mortality rates (0.107-
0.766 per day) were observed between 28 February 1987 and
21 March 1987 at station 43 (table 2). Station 20, which had the
lowest observed values for all biotic parameters, yielded neg-
ative specific growth rates, k, (-0.281 and –0.070 per day)
and low (0.041 per day) to non-detectable mortality rates. The
decreases in chlorophyll a concentrations and daily production
observed between 4 March 1987 and 23 March 1987 indicate a
declining population and correspond to negative specific growth
rates, but we cannot attribute this loss to microzooplankton
grazing due to our low values for g and r 2 (table 2).
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Fraction Unfiltered
Apparent pigment production rates, (k–g), (per day) in dilution ex-
periment as measured by changes in chlorophyll a ( ) and pheo-
pigment ( ) concentrations (analyses courtesy of 0. Holm-Hansen).
V-intercept equals intrinsic phytoplankton growth rates in the ab-
sence of grazers (g–o) and the negative slope equals mortality
coefficient, g. At x = 1, sample is undiluted and (k–g) represents
apparent production rate in the presence of micro-grazers. A. Sta-
tion 43 (21 March 1987). B. Station 13 (3 March 1987).
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Table 1. Selected environmental variables for dilution experiments.

Irradiance a	Nutrientsb
Depth

Station	Date	(in meters)	Daily PAR at Omc	PAR at Depth'	Nitrate+ Nitrite	Ammonium	Phosphate	Silicate

43	2/28/87	10	 22.6	 1.0
	

18.24
	

1.04
	

1.33
	

69.14
3/21/87	40	 35.2	 0.2

	
22.50
	

2.24
	

1.84
	

60.90

13	3/2/87	15	 42,7	 2.5
	

24.22
	

3.27
	

1.79
	

50.13

20	3/4/87	45	 38.5	 0.6
	

27.76
	

1.36
	

1.68
	

31.10
3/23/87	30	 11.6	 1.8

	
26.39
	

6.61
	

1.62
	

29.97

a G. Mitchell and 0. Holm-Hansen (unpublished data).
b D. Karl (unpublished data). All expressed in millimoles per cubic meter.
c l ' einsteins per square meter per day.
d Photosynthetically available radiance percent 10.

In three of the five experiments, pheopigment production	During February and March, 92 percent (n = 130) of the
generally increased over the lower range of fraction unfiltered	chlorophyll a was in the <20-micrometer fraction in surface
(figure and table 2). Trends in pheopigment production sug-	waters of the RACER grid which contained 69 stations (Holm-
gest that microzooplankton grazers were active at station 43	Hansen unpublished data). Similarly, at 54 of 69 stations in
and 13 and not at 20 (table 2).	 March, >90 percent of particulate ATP was in the nanoplank-

Table 2. Biological variables and production and morality estimates from dilution experiments.

Station 43	Station 43	Station 13	Station 20
	

Station 20
Parameter measured	 (2/28/87)	 (3/21/87)	 (3/3/87)	 (3/4/87)

	
(3/23/87)

Nanoplankton fraction a	0.45	 0.92	 0.70	 0.62	 0.54

Mastigote biomass b	784	 1,598	 525	 277	 345
(in micrograms of carbon
per cubic meter)

Chlorophyll a c	10.90	 2.25	 0.66	 0.91	 0.42

(in milligrams per cubic
meter)

Pheopigments c	4.08	 0.80	 0.39	 0.50	 0.30
(in milligrams per cubic meter)

Daily production 	 763	 178	 354	 415	 217
(in milligrams carbon per
square meter per day)

Specific growth ratee	 0.233	 0.488	 0.558	 -0.281	 -0.070
(k, per day)

Specific mortality ratee	 0.107	 0.766	 0.208	 0.041	 ND!
(g, per day)

Regression correlation	 0.140	 0.992	 0.611	 0.111	 0.021
coefficient (r2)

Pheopigment 9 trend	 Pos	 Pos	 Pos	 No	 No

a Mean value for six depths in the upper 50 meters was calculated as <20 micrograms of ATP divided by <200 micrograms ATP (Karl unpublished
data).

b Cells per cubic meter 33.5 cubic micrograms per cell 8.8 x 1014 grams of carbon per cubic micrometer.
c Determined fluorometrically shipboard on MeOH extractions from Whatman Gf/F filters (courtesy of 0. Holm-Hansen).
d Photic zone production (Holm-Hansen et al. 1987).
e k and g are y-intercept and negative slope of apparent production vs. fraction unfiltered regression, respectively.
Not detectable.

g Pos-pheopigment production increases with fraction unfiltered.
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ton fraction (Karl unpublished data). These data reflect the
importance of smaller organisms during the post-bloom period
in this region. Furthermore, our results strongly support the
hypothesis that microzooplankton are important grazers of this
smaller size class of phytoplankton in the Bransfield Strait
region and warrant further study in the southern ocean.

We thank the crew members of the RN Polar Duke and staff
at Palmer Station for expert logistical support and 0. Holm -
Hansen, D. Menzies, S. Owen, and M. Simpson for assistance
in the field program. This research was supported by National
Science Foundation grant DPP 85-18748 awarded to D.M. Karl.
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Southern Indian Ocean cruise
of the JOIDES Resolution

(Ocean Drilling Program leg 119)
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The Ocean Drilling Program (ODP) Leg 119, the world's
largest research effort in scientific ocean drilling, took part in
a study (18 December 1987 to 21 February 1988) to map climatic
and oceanographic evolution of the southern ocean. The ship-
board party of 30 scientists from 10 countries did the prelim-
inary work on analyzing cores from six sites on the Kerguelen
Plateau, a large underwater plateau in the Indian Ocean, and
five sites on a transect into Prydz Bay, Antarctica (figure 1).
Gale-force winds in early January had cleared the bay of sea
ice, allowing the drilling operation to take place later that month.

Critical findings to date include:
• Red beds of Permian or Mesozoic age and continental sed-

iments of probable early to middle Eocene age (52-42 million
years old), which suggest that warm, subtropical conditions
prevailed in Antarctica during the early stages of the break-
up of Antarctica and Australia.

• The onset of a glaciation period between 35-42 million years
ago, signaling a dramatic climatic change, with profound
effects on global sea level and ocean circulation.

• Recovery of a 15-centimeter thick laminated claystone at the
Cretaceous/Tertiary boundary which will allow scientists to
study more precisely how the ecosystem recovered from the
biological extinctions at the Cretaceous/Tertiary boundary.

• The establishment of the Antarctic Convergence Zone about
5 million years ago, separating polar and temperate surface
waters.
Co-chief scientists were John A. Barron (U.S. Geological Sur-

vey, Menlo Park, California) and Birger Larsen (Technical Uni-
versity of Denmark, Lyngby, Denmark). Jack G. Baldauf (ODP
and Department of Oceanography, Texas A&M University,
College Station, Texas) was staff scientist for the 66-day cruise,
which departed from the island of Mauritius 18 December 1987

and arrived in Fremantle, Australia, 21 February 1988. Ship-
board scientists hailed from Australia, Canada, Denmark, Ja-
pan, Federal Republic of Germany, France, Norway,
Switzerland, the United Kingdom, and the United States. In
addition, students represented Korea and China. They met
15-17 September 1988 to edit preliminary reports, to be pub-
lished within a year.

The ship, Joint Oceanographic Institutions for Deep Earth
Sampling (JOIDES) Resolution, registered as SEDCO/BP 471, is
a floating research center equipped with an array of equipment
and facilities that enable exploration of properties of the ocean
crust (figure 2). The heart of the ship is a seven-story laboratory
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Figure 1. Southern Indian Ocean ODP sites 736-743. Sites 736-
737 are on the northern Kerguelen Plateau, sites 738 and 744-746
are on the southern Kerguelen Plateau, and sites 739-743 make
up the Prydz Bay transect. (km denotes kilometer.)
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