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Spatial variability of phytoplankton
biomass in the Indian sector of the

southern ocean
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Data collected during the 1981 S/A Aguihas cruise (El-Sayed
and Hampton 1981) in the southern oceans region south of
Africa (15-30°E 62-69°S) have been analyzed using multivariate
and spectral analysis techniques. Interrelationships between
phytoplankton and krill, in the context of the physico-chemical
environment, are expressed as (1) correlations between krill
density-aggregations and phytoplankton biomass, (2) shifts in
the size distribution of the phytoplankton prey community, and
(3) spatial patterns of predator and prey biomass distribution
(Weber and El-Sayed 1984; Weber and El-Sayed in press; Weber
in preparation).

Niskin bottle water samples collected from seven depths
within the euphotic zone at each of 21 daytime stations were
analyzed for physical (temperature, sigma-t), chemical (salinity,
nitrate, phosphate, silicate, dissolved oxygen), and biological
(chlorophyll a, phaeopigments, adenylates, energy charge, pri-
mary productivity) characteristics. These data were coupled
with acoustically derived estimates of krill biomass and swarm
characteristics within a 10-kilometer radius of each station
(mean krill density integrated from near surface to a depth of
100 meters, number of swarms, mean radius of swarms, max-
imum biomass of an individual swarm) and subjected to simple
correlation, multiple regression, and canonical correlation ana-
lyses. Although mean integrated krill density was negatively
correlated with chlorophyll concentration, there was a positive
correlation between chlorophyll and the size and biomass of
individual swarms. Stations with relatively high concentrations
of krill had more phaeopigments relative to chlorophyll in the
greater than 20 micrometer phytoplankton size fraction. If the
chlorophylllphaeopigment ratio is taken as an index of grazing,
this suggests that krill were selectively feeding on larger cells.

Continuous horizontal profiles of temperature, surface in vivo
fluorescence, and integrated krill density were subsampled at
2-, 1-, and 1-kilometer intervals respectively, for 12 daytime
transects within the study area. The mean power spectra (vari-
ability as a function of inverse wavelength) for these three
parameters are shown in the figure. The general similarity
between the variance spectra of temperature and fluorescence
suggests that the phytoplankton variability was determined to a
large extent by physical mixing processes over horizontal scales
of 5-20 kilometers (Platt and Denman 1980). However, the
steeper slope of the fluorescence spectrum suggests input of
variance by nonlinear interactions, such as the predator-prey
relationship described in the Lotka-Volterra system of equations
(Steele and Henderson 1979). A flattening of the spectrum at
higher frequencies indicates that finer sampling resolution will
be required to characterize completely the variability of in vivo
fluorescence. As evidenced by a nearly horizontal variance
spectrum, heterogeneity in krill abundance occurred over all

length scales resolved (roughly 2-20 kilometers). Spectra for the
individual daytime profiles of krill had a consistent variance
peak at a scale of 2-5 kilometers, suggesting that aggregations
are characteristically separated by such a distance. Cross-spec-
tral analysis revealed that the horizontal daytime profiles of krill
and phytoplankton displayed consistent positive coherence at
the scale of 2-5 kilometers.

We are indebted to Ian Hampton, Denzil Miller, John Henry,
and their associates at the South African Sea Fisheries Research
Institute. They not only extended the invitation for us to partici-
pate in the s/A Aguihas cruise but also have freely shared their
krill and hydrographic data. This research was supported, in
part, by National Science Foundation grant DPP 81-11107.
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Cycles/Km

Mean, normalized power spectra for temperature, in vivo fluores-
cence, and krill biomass for 12 daytime transects from the 1981 S/A
Agulhas cruise. Estimates at 0.0 frequency have been assigned
arbitrarily to a frequency of 0.01 for plotting on a log scale. ("Temp."
denotes temperature; "Fluoro." denotes fluorescence; "Km" de-
notes kilometer.)
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Net sampling of the zooplanklon and
krill in and around Elephant Island
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I spent several weeks (from 19 March to 1 April 1984) doing
acoustic survey work in all the areas suspected of having krill
swarms, mostly around Elephant Island and islands along the
north side of the Bransfield Strait. I found no large swarms were
found; in fact, I found few krill. Salps appeared to be the
dominant organism. I established a major station just north of
Elephant Island (60058iS 55°6.0'W). In this area 31 multiple
opening/closing net and environmental sensing system (Moc-
NESS) tows were taken. The last two tows were for special
studies. Most tows were to an 80-meter depth so that they
would be comparable to the water column samples from this
area taken in 1981. Several tows went as deep as 250-350
meters. The samples from all tows were documented pho-
tographically, and some tows were examined using silhouette
photography. Both procedures were done on an experimental
basis.

A subjective review of the photographs of each tow leads me
to a few generalizations:
• During the day salps were usually found from 30 to 80 meters

(see figure 1).
• At night salps were usually found from 0 to 80 meters sug-

gesting a diel migration of some 30 meters (see figure 2).
• Copepods were in much lower concentrations in this area

than in 1981.
• Adult krill were spotty in their occurrence and low in abun-

dance overall.
• Larval krill were quite rare or absent in all tows.

Tow MOC1-89 was made during the day to test the effect of
net speed on net angle. This was done to see whether the
coarser mesh nets and added weight would allow faster towing
for a given net angle thereby making it harder for the krill to
avoid the net. A depth of about 50 meters was chosen to max-
imize the probability of encountering a patch of krill during the
test. Net speed was calculated from a flowmeter mounted di-
rectly in front of the net. Our net speed ranged from 2.75-3.95
knots. In the past maximum angles sometimes ranged from
55-60° during a tow at speeds of 3 knots. This reduces the
mouth area from 1 meter at 45° to 0.7 meter at 60°. A comparable
tow with the finer mesh (333 micrometers) and a single weight
has not been done so an unqualified comparison is not possible.
It appears, however, that the new configuration allows towing
about 1 knot faster for a given net angle.

A final tow, MOC1-90, was a day-time tow to explore the
usefulness of acoustics attached to the MOCNESS frame. It was
necessary to tie wrap coaxial cable to the conducting cable so
deployment took almost 1 hour. The net was lowered to about
100 meters at steerage speed and then speed was increased to
bring the net up to about a 70-meter depth. Unfortunately no
swarms were encountered during the tow, but I did note the
approach of targets to the net. With the addition of a transducer
looking across the net as well as one looking up or down, targets
could be tracked into the net. The forward-looking transducer
used needs input from other directions to have the correct
geometry for recording certain capture, but this preliminary
test was very promising.

This work was supported by National Science Foundation
grant DPP 82-18890. Other investigators on this study were M.
Macaulay, E. Shulenberger, E. Lange, V. Loeb, and H. Sleeper.

Figure 1. A day-time tow near Elephant island. Samples represent
10-meter intervals starting from 0-10 meters (left) to 70-80 meters
(right).

Figure 2. A night-time tow at the same station. Samples are in the
same order as above, but the two jars on the right are from 70-80
meters.
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