
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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Figure 2. Acoustic array of hydrophones used on the circumpolar
navigation of the USCGC Polar Star

of marine mammals, (3) compare acoustic data with standard
sighting data of marine mammals, (4) collect ambient acoustic
data throughout the cruise track, and (5) correlate ambient
acoustic levels with other measures of productivity.

The array was towed successfully in open water (up to 18
knots) and in as much as 8 tenths ice cover (up to 12 knots).
Towing depths were dependent on ship's speed and ranged
from 6 to 15 meters.

Visual contacts of marine mammals varied from occasional
periods during which large concentrations were sighted to long
periods of no sightings, yet they occurred throughout the track.
However, during 200 hours of towing, marine mammals were
detected acoustically only once.

There are probably several reasons why so few marine mam-
mals were acoustically detected. (1) The circumpolar cruise was
made after the spring breeding season when marine mammals
have reduced their vocalizations. There is some evidence to
support this idea. W.. E. Evans sampling the same area con-
currently onboard the World Discoverer also did not detect vo-
calizations from Weddell seals, crabeater seals, leopard seals, or
killer whales using a single hydrophone. During a survey on
the USCGC Glacier in January to March 1981 few marine mam-
mals were detected using sonobuoys (Thomas et al. 1981). Sim-
ilarly, Thomas and others (1978) noted a dramatic decrease in
vocalizations of Weddell seals after breeding in McMurdo
Sound. (2) The properties of large icebreakers may inhibit
sound production by marine mammals. On the USCGC Polar Star,
the ship's three shafts with variable pitch propellers provide a
high amplitude sound field (actual measurements are not avail-
able). Of the four ships from which the array has been de-
ployed, the USCGC Polar Star had the loudest self-noise and this
may inhibit vocal activity of the animals nearby. Similarly, the
sight of the ship may cause marine mammals to cease calling. If
a ship's noise or appearance affects the distribution of marine
mammals around the ship, data collected during shipboard
surveys must be used cautiously. [A study by Leatherwood,
Awbrey, and Thomas (1982), however, indicated that the dis-
tribution of minke whales was not affected by the presence of
the USCGC Polar Star or the USCGC Glacier. Whether or not their
vocal activity was altered was not tested.] (3) Fresh water from
glacial melt, because of its lower salinity, can significantly refract
sounds and limit the range at which sounds near the surface can

be detected by several orders of magnitude. This effect has been
documented in the Arctic. (4) Because the backwash from the
three propellers of the USCGC Polar Star is much greater than
from other vessels that have used the array, there may have been
a larger baffling effect around the array. Limited tow cable
prevented us from dropping the array below this backwash
zone. (5) The possibility that the array was not working properly
can be dismissed because: pilot whales were detected clearly,
the 12 kilohertz pinger from the ship's depth recorder was
detected during the entire trip, and on the return trip the array
was calibrated on acoustic range off the coast of Brazil.

Sounds from about 30 pilot whales Globicephala c.f. melaena
(Brownell 1974) were monitored for a 10-minute period near
Elephant Island (60°44.O'S 56°02.5'W) on 4 March 1983. A vari-
ety of whistles, screams, and pulses were heard (figure 3).
Because there are no other recordings of southern hemisphere
pilot whales, this information is valuable for comparing region-
al dialects (Taruskii 1976) and for clarifying taxonomic
relationships.

Samples of ambient noise were taken hourly during all tows
of the array. In some areas, increases in ambient sounds at
certain frequencies can be correlated with the presence of ma-
rine organisms (Fish 1964; Payne and Webb 1971). Whether or
not this is true in the Antarctic is under study.

Field work was conducted by S. Fisher and L. Ferm during
the circumpolar navigation. Further research was done by W.
Evans and J . Jehl, Jr. on the return trip near Brazil. We thank the
Captain, officers, and crew of the USCGC Polar Star for their
enthusiastic support of our project. We also appreciate the
support from the Polar Star during the Brazil work.

This research was supported by National Science Foundation
grant DPP 82-05761.
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