
metry. The combination of field and culture work provides
insight we can obtain in no other way.

This research was supported by National Science Foundation
grant DPP 80-20381.
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Phytoplankton studies in the sector
between Africa and Antarctica

SAYED Z. EL-SAYED
LARRY H. WEBER

and ELZBIETA E. KOPCZYNSKA*

Department of Oceanography
Texas A&M University

College Station, Texas 77843

Two cruises aboard the South African research vessel SA
Aguihas (28 February to 2 April 1980 and 10 February to 20
March 1981) have provided a suite of valuable information on
the phytoplankton, krill, and physicochemical environment of
the oceanic waters in the sector between Africa and Antarctica
(see El-Sayed and Hampton 1980, 1981 for details). We report
here on two aspects of this data set which have been analyzed
during the past year, namely, phytoplankton species and con-
tainment effects.

Discrete water samples collected and preserved during the
1980 Aguihas cruise (figure) were subjected to quantitative phy-
toplankton species analysis using a Zeiss inverted microscope
(Utermöhl method). Samples were collected from depths corre-
sponding to 100, 54, 30, 16, 8, 1, and 0.1 percent of surface light
intensity. Three to seven depths were analyzed for each of the
25 stations occupied. Mean water-column cell densities were
significantly (p=0.0001) greater for diatoms in antarctic than

* Present address: Department of Polar Research, Institute of Ecology, Polish
Academy of Sciences, Dziekanow, Lesny, Poland.

subantarctic waters but were significantly less for dinoflagel-
lates and the group of monads plus flagellates (table 1). Four
antarctic stations exhibited diatom concentrations of greater
than 1.1 x 106 cells per liter. Two of these were located in open
waters north of Queen Maud Land (stations 3 and 5) and two
were in oceanic waters to the southeast of Bouvet Island (sta-
tions 17 and 18). Cell counts at most depths at these stations
exceeded 1.0 x 106 cells per liter. The group of monads plus
flagellates occurred in high abundance at only one antarctic
station (station 3), where a maximum of 2.0 x 106 cells per liter at
the 0.1 percent light level increased the mean water-column
concentration of this group to 1.1 x 106 cells per liter. Total cell
counts at the remaining stations were relatively low and usually
exhibited a fairly uniform distribution in the water column.

Of the approximately 100 species of diatoms identified, the
most frequently encountered species were: Chaetoceros atlanticus
Cleve, C. criophilus Castracane, C. dichaeta Ehrenberg, and C.

gracilis Schutt; Corethron criophilum Castracane; Dactyliosolen ant-
arcticus Castracane and D. tenuijunctus (Manuin) Hasle; Rhi-
zosolenia alata f. inermis (Castracane) Hustedt and R. hebetata f.
semis pina (Hensen) Gran; Thalassiosira gracilis v. expecta Fryxell

Table 1. Water-column cell concentrations (mean cells per liter ± SD

from samples collected during SA Aguihas cruise
(28 February to 2 April 1980)

Antarctica	Subantarcticb

Diatoms	 6.0 ± 4.4 x 105	2.3 ± 2.3 x 10
Dinoflagellates	 2.1 ± 3.1 x 104	6.7 ± 4.9 x 10
Monads plus flagellates	1.8 ± 2.5 x 105	6.1 ± 4.4 x 10

a Total number of samples: 102.
b Total number of samples: 29.
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Tracks of the 1980(A) and 1981(B) SA Aguihas cruises.

et Hasle; and Nitzschia angulata Hasle, N. curta (Van Heurch)
Hasle, N. cylindricus (Grunaw) Hasle, N. Kerguelensis (O'Meara)
Hasle, N. pseudonana Hasle and N. turgiduloides Hasle.

In conjunction with the carbon-14( 14C) primary productivity
studies done on the 1981 Aguihas cruise, an experiment was
carried out to determine how containing natural phytoplankton
communities affects phytoplankton standing stock and meta-
bolic activity. Surface seawater was collected from three dif-
ferent water masses: the antarctic (stations A and B), suban-
tarctic (stations C and D), and subtropical (stations E and F)
regions of the southwestern Indian Ocean (see figure). One-
hundred-and-fifty-milliliter aliquots were contained in Whirl-
Pak bags and incubated on deck at sea-surface temperature

under natural sunlight. The experiment was designed as a 2 x 5
x 6 factorial consisting of two treatments (control or 14C-la-
beled), five incubation periods (0, 2, 4, 8, or 24 hours), and six
stations. Three replicates were measured for each parameter in
each cell of the factorial. Analysis of variance showed that 80
percent or more of the variability in nearly all the measured
parameters [i.e., photosynthesis, extracellular excretion of dis-
solved organics, chlorophyll and phaeopigment concentration,
chlorophyll to phaeopigment ratio, adenosine triphosphate
(ATP), and total adenylate concentration] was accounted for by
the station location and the period of incubation. For energy
charge the model had an R2 value of 0.60. Inoculation of a
sample with 14C-labeled sodium bicarbonate (NaHCO 3) ap-

Table 2. Coefficient of determination (R 2) and level of significance (p) for the general linear models procedure testing whether or not the
parameters measured at each station were a function of incubation period

Experiment
Variable	 A	 B	 C	 D	 E

	
F

R2	p	R2	p	R2	p	R2	p	R2	p
	R2	p

Photosynthesis	 .93	.0001	.65
	

03	.89	.0003	.79	.004	.57	.07	.84	.002
Extracellular excretion	.14	.76	.89

	
0003	.49	.13	.46	.16	.39	.24	.34	.31

Chlorophyll	 .44	.01	.88
	

0001	.89	.0001	.36	.04	.91	.0001	.49	.004
Phaeopigments	 .46	.01	.38

	
03	.27	.13	.37	.03	.81	.0001	.43	.01

Pigment Ratio	 .15	.46	.38
	

03	.38	.03	.66	.0001	.61	.0002	.15	.44
ATP	 .23	.20	.23

	
19	.45	.01	.23	.21	.35	.05

Total adenylates	 .77	.0001	.18
	

32	.55	.001	.50	.003	.30	.09
Energy charge	 .46	.03	.63

	
0002	.26	.14	.16	.41	.20	.30

a	denotes not measured.
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peared to have little or no effect on the phytoplankton. When
examining each station individually, we found the period of
incubation had variable, and seemingly unpredictable, effects
on the parameters considered (table 2). The most striking obser-
vation was a consistent exponential decrease in chlorophyll over
time, so that the average concentration after 24 hours was only
50 percent of the initial value. At one station in each water mass,
this decrease in chlorophyll was significant (p < 0.05) at each
time increment.

Results of this experiment confirm that, similar to tropical
phytoplankton (Venrick, Beers, and Heinbokel 1977; Gieskes,
Kraay, and Baars 1979), high latitude phytoplankton commu-
nities are sensitive to containment even for short periods of
time. This again suggests that incubation times for phys-
iological rate measurements should be held to a minimum, and
that obtained rates must be interpreted with caution.

The large data set from the two Aguihas cruises is presently
being subjected to spectral and multivariate analysis. We antici-
pate that the results will lead to a better understanding of the

complex interrelationship between phytoplankton, krill, and
the physical/chemical environment.

This research was supported, in part, by National Science
Foundation grant DPP 81-11107.
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The waters near the receding ice edge in the southern ocean
have been reported to be sites of intense biological activity. This
activity includes large accumulations of marine mammals,
birds, and phytoplankton and seems to be in contrast to the
relatively low primary productivity measured over much of the
southern ocean (Holm-Hansen et al. 1977). In January-February
1983 we conducted an investigation of the causes and spatial
extent of ice-edge phytoplankton blooms. The study was con-
ducted onboard the USCGC Glacier in the area north of McMurdo
Sound (figure 1). A total of 37 stations were completed in the
region during leg II as well as seven additional stations off the
Ross Ice Shelf in leg III. Surface samples were also collected at
selected locations between full stations. Water samples were
collected using specially constructed polyvinyl chloride
samplers, and subsamples were collected for: salinity; nutrients
(nitrate, nitrite, ammonium, silicic acid, and phosphate); chlo-
rophyll a; particulate carbon, nitrogen, and silicon; and phy-
toplankton taxonomy. Additional samples were collected for
analysis of primary productivity and nutrient (nitrate, am-
monium, and silicic acid) uptake rates. Conductivity and tern-

perature profiles were made using an Applied Microsystems,
Ltd. CTD.

The sampling program was designed to test a number of
hypotheses, each of which could be a factor in the establishment
of phytoplankton blooms at the ice edge. Our primary hypoth-
esis was that meltwater from the receding ice edge created a
vertically stable region, thereby providing optimum light levels
for phytoplankton growth in the presence of high nutrients.
Other hypotheses that were tested include ice-edge upwelling
(which could provide increased nutrients for growth), de-
creased turbulence (due to decreased wind-induced turbulence
by the presence of ice), and "seeding" of the bloom by epontic
algae which had been released into the water column via melt-
ing. It is important to note that the hypotheses are not mutually
exclusive; that is, ice-edge blooms can be induced by vertical
stability yet seeded by recently released ice algae. We hoped to
determine which process or processes are the major ones in the
initiation and propagation of the blooms.

A massive bloom was observed during the entire cruise, with
maximum water-column chlorophyll concentrations averaging
4.08 ± 1.46 milligrams of chlorophyll a per cubic meter. Al-
though we have not yet been able to analyze the density/chlo-
rophyll distributions, chlorophyll/temperature profiles indicate
that in regions of melting pack ice, a stable surface layer was
created which then became the site of active phytoplankton
growth and accumulation (figure 2). Although ice melt probably
would not result in a warmed surface layer per Se, we feel that the
stable layer created by low-density meltwater was then inten-
sified by the heat absorbed during the constant 24-hour radia-
tion in the austral summer. In contrast, stations along the Ross
Ice Shelf showed no surface modification of salinity or tem-
perature, and phytoplankton biomass was not strongly corre-
lated with water-column density structure (figure 3).

Although data analysis is proceeding, we are confident that
our study will show the importance of the marginal ice edge as a
substantial area of increased phytoplankton biomass and pro-
duction. By further documenting this effect and understanding
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