
yet recorded, aside from storm-blown birds seen from land
(Murphy 1936, p. 1039; Bartle 1983).

This research was supported by National Science Foundation
grant DPP 82-06052 to George L. Hunt, Jr. We thank the officers
and crew of the USCGC Polar Star for a most enjoyable and
productive cruise.
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Although the environmental conditions that control the rate
of photosynthesis (nutrients, light, temperature) are fairly uni-
form in waters south of the Antarctic Convergence, there ap-
pears to be much patchiness in phytoplankton distribution. The
antarctic circumnavigational cruise (27 December 1982 to 6
March 1983) offered a unique opportunity to document phy-
toplankton concentrations around the entire continent and to
correlate these observations with observed bird and mammal
concentrations. Our specific objectives were: (1) to document
the biomass and cell-size distribution of phytoplankton in sur-
face waters as related to water depth (shelf versus deep waters)
and to degree of ice cover, (2) to determine the ratio of hetero-
trophic to autotrophic biomass in the microbial fraction, (3) to
estimate the magnitude and effects of the grazing pressure
exerted by heterotrophic microplankton organisms on the spe-
cies composition and biomass of the nanoplankton, and (4) to
determine the chemical composition and growth rates of phy-
toplankton as a function of light intensity. Except for four sta-
tions where we obtained water samples down to 200 meters, all
water samples were obtained close to the surface with polyvinyl
chloride (Pvc) samplers which could be used when the ship
steamed at 16 knots.

Phytoplankton biomass and distribution. Only three areas of phy-
toplankton blooms (over 2.0 micrograms chlorophyll a per liter)

were encountered during our entire cruise: (1) a Phaeocystis
dominated bloom in shelf waters at about 92°E longitude, (2) a
diatom bloom in shelf waters close to Davis Station (77°08'E),
and (3) extensive diatom blooms over most of the shelf waters
traversed in the Weddell Sea. A total of approximately 350 water
samples were analyzed for both total chlorophyll a content and
chlorophyll a content in the nanoplankton fraction (cells pass-
ing through a 20 micrometer nylon mesh net). These data are
shown in the figure, together with water depth. The mean
chlorophyll a concentration for all samples between McMurdo
and the Greenwich meridian was 0.41 micrograms per liter (0.26
± 0.19 in the nanoplankton fraction and 0.15 ± 0.28 in the
microplankton fraction); for all stations between 00 longitude
and Palmer Station, the total chlorophyll concentration was 1.12
micrograms per liter (0.65 ± 0.56 in the nanoplankton and 0.47
± 0.61 in the microplankton).

Five intensive sampling routines (560 samples) were per-
formed for periods of 6 hours each to determine the degree of
patchiness of the phytoplankton, especially in regard to trans-
ects across the continental shelf break. In both the Weddell Sea
and in transects north and south of the South Orkney Islands,
phytoplankton biomass was high (greater than 1.0 microgram
chlorophyll a per liter) in shelf waters and decreased dramat-
ically to low values (about 0.2 microgram chlorophyll a per liter)
when the depth exceeded 1,000 meters. Similar results have
been recorded in the Ross Sea (El-Sayed, Biggs, and Holm-
Hansen in press).

The primary mission of the circumnavigational cruise placed
some constraints on scientific studies, so we were unable to
conduct any ice-sampling studies; however, we noted that the
biomass of phytoplankton associated with ice cover was visu-
ally impressive. This was true for the epontic layer on the
underside of the ice, as well as for the layers of algae contained
within the ice. On three or four occasions, we saw large num-
bers of krill awash over the bottom side of these algae-covered
ice floes when the floes were turned over by the force of the
USCGC Polar Star's passage. In the shelf portions of the southern
Weddell Sea, very high phytoplankton biomass (greater than
100 micrograms chlorophyll a per liter) was found to be associ-
ated with the very thin, newly formed nilas ice. This is reminis-
cent of the extensive blooms reported in this area by El-Sayed
(1971). Our data do not show, however, any significant enhance-
ment of phytoplankton biomass in waters close to the ice edge.

Ratio of heterotrophic to autotrophic biomass. Once or twice a day
larger volumes of water were collected for chemical analysis of

1983 REVIEW	 169



"EAST—WIND DRIFT"	 WEDDELL SEA	S. ORKNEY Is.

69°S	64°S	66°S	69°S	77°S	68°S	61°S

159°E	116°E	59°E	00	38°W	48°W	56°W

0
U,

2
C

E< 4

2.4

2.0

1.6

1.2

0.8

0.4

,.S 0.0
2.0

1.6

1.2

0.8

0.4

0.0

10	20	 30	 40

STATION NUMBER

Chlorophyll a content in the nanopiankton (less than 20 micrometers) and in the mlcroplankton (greater than 20 micrometers) together with
water depth during the circumnavigation cruise. Station 1 was at approximately 159 0E longitude, and station 42 was at 56 0W longitude.
(Chlorophyll a was measured in micrograms per liter.)

the particulate matter and for determination of the number and
cell-size distribution of both heterotrophic and autotrophic
cells. The trophic mode studies were done by concentration of
all cells by a filter-transfer-freeze technique (Hewes and Holm-
Hansen 1983), followed by examination by a combination of
transmission and epifluorescence microscopy. Most of these
samples, together with the samples for chemical analysis (aden-
osine triphosphate; organic carbon, nitrogen, and phosphorus;
and biogenic silicon) remain to be analyzed.

Culture experiments. Water samples were incubated in 4.0-liter
glass bottles on the 0-1 deck under controlled conditions of light
and temperature. Cultures for growth rate (sampled daily) and
chemical composition measurements were allowed to grow for
1-2 weeks. Cultures for studies of grazing effects by hetero-
trophic microbial cells were maintained for 1 or 2 days. Most of
these samples remain to be analyzed. Preliminary microscopic
observations, however, revealed that the long-term cultures
showed a domination by microplankton-sized diatoms, in con-
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trast to the original water sample which was usually dominated
by nanoplankton.

All three authors participated in the cruise. This work was
supported by National Science Foundation grant DPP 82-12362.
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Circumpolar acoustic surveys for
marine mammals using a towed

hydrophone array

SHELDON R. FISHER, LISA M. FERM, and JEANETTE A. THOMAS

Hubbs Sea World Research Institute
San Diego, California 92109

Hubbs Sea World Research Institute has developed an array
of hydrophones with a broad frequency response 50 hertz to 20
kilohertz) designed to be towed behind a survey vessel and
used for detecting sounds from marine organisms (figure 1).
This array has been used successfully on three cruises in the

eastern tropical Pacific (Anderson 1980; Thomas, Evans, and
Fisher 1982; Thomas, Fisher, and Ferm 1982). A variety of ma-
rine mammals were acoustically detected and on one cruise
(Thomas, Fisher, and Ferm 1982) as many as 32 percent of the
encounters of marine mammals were detected by the array but
not by observers using 25-power binoculars. These results indi-
cated that studies on the distribution and abundance of marine
mammals will be much more useful if acoustic monitoring were
used in conjunction with visual surveys.

Past studies by Thomas and Kuechle (1982), Stirling and Siniff
(1979), and Awbrey and others (1982) have shown that all ant-
arctic seals, killer whales, and minke whales are vociferous
during the austral spring. The application of the towed array for
acoustic surveys of marine mammals in antarctic waters was
tested during the circumpolar navigation of the USCGC Polar Star
from 21 January to 6 March 1983 (figure 2).

Specifically, our objectives were to: (1) test the performance of
the array in antarctic waters, (2) detect acoustically the presence
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Figure 1. Configuration of the acoustic sections of the towed array used on the USCGC Polar Star. ("m" denotes meter, "Hz" denotes hertz, and
"kHz" denotes kilohertz.)
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