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INTRODUCTION

The purposes of this report are to list the scaiferous marine animals
that occur in eight geographic areas of interest, to rank them according to
their fmportance as sound producers, and to describe certain features of their
sounds, Tha geographic areas are identified in a separate enclosure that
accompanies this report. \\

"?\’In preparing the information, over 200 papers were reviewed for their
applicability to the general needs of the project. Although all of the data
includad hera pertain to marine mammels, we would algo expect to find soni-
ferous flshes at all of these areas, Howevar, information on fish acoustics
{8 not pregsented for the areas, either because {t was too scauty, or {t did
not exist. For the most part, fish sounds are relatively low-level transients
that would not seem to apply to this problem, Elsewhera, certain species of
fish are known to emit high-level choruses in the early morning or evening
hours, but it is not known whather or not these phencmena also occur in the
subject ateas.m}‘hm 1ac1c of &ufficiant information on the occurrence of f£ish
sounds in the various kay locaciom ‘points out the need for uwore bioacoustics
research in these areas, Even the available inforwation on marine mammal

gounds is far from complete, They warrant further study in these aveas.

This list of soniferous marine mmmials 45 divided into the PINNIPEDIA

- (comprioing the seals-~-sea lions, fur seals, walrus, "tvue” seals, and hooded

saala), SIRENIA (the dugong, velated to the gea cow or the manatee), WYSTICETI

(baloen whales without teeth, and the largsst of the cetaceans), and the
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ODONTOCETI (toothed whales, including the sperm whales and the porpoises).
Geographic regions are indicated as Roman numerals I - VIII, To rank
the importance (based on population size alone) of the various soniferous
marine mammals in each area we have used Arabic mumerals 1 - 6, with the
highest priority accorded to number 1 and tﬁe lowest to number 6, Final
ranking in the "Summary and Conclusions' was a subjective procedure based
upon the list of criteria included in the accompanying enclosure. These
rank decisions were, in some cases, difficult to achieve. In general, they
reflect the importance of a species according to its population size in &
glven area, in conjunction with its reputation as a sound producer. Conse-
quently, a common species noted as a moderate sound producer could have
received the same final ranking as a less common, but very soniferous species.
There was no attempt to give an exhaustive description of sound produc-
tion and relative behavior for each of the soniferous marine animals preeented
4u the section entitled “Pertinant Marine Mammal Sounds and Related Behavior".
The index to this coverage appears by page number under "List of Marine
Mammals of the World". We present this type of information in view of the
original objactives as outlined by Charles H, Sturtevant, NUC Code 4.

Further detail, such as spectrographic data, can be obtained when it is
decided what species and areas are most periineant to the needs of tha project,
The indicated sources of magnatic tape recordings are onss that are

fam{liar to the authors., Although most of these tapas are good quality
vecordings, thay should not be construed as the only tapes of a particular
vecorded animal sound, We have reason to belicve that the bioacousticians
named here would entertain requests by NUC for duplicate recordings aud
perhape supply their own data on sound analysis., In many of those cases the

{ndividual researchers have previously wade tapes available to NUC Code 5054.
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The reader will notice a complete lack of target strength data except
for the sperm whale, However, we have indicated where classified TS data
can be obtained for some of the species in the event it is required.

Among the whales,‘mysticete sounds differ from those of odontocetes
by virtue of much lower frequencies and frequency range together with a
decidedly greater source level. Conversely, the odontocete (or toothed
whale) phonations extend as high as 200 kHz, perhaps higher, Generally
speaking, the odontocetes as a group may be more vociferous than their
toothless cousing, but they lack the power of the mysticete's utterauces.

A possible exception would be the presumed echo;fanging clicks from sperm
whales which average 174 dB, re l,nN/mz.

We have included spactrograms reprassuting the two basic types of
wamnal sounds--high (odontocete) and low-frequency (mysticete) utterarces.
Finally we present g brief{ summary of reccmnendations for each of the VILI

geographic locatious,

All of the sounds descrided for both large and small whales are under-
water sounds. They were recorded with a hydrophone. Among the pinripeds,
or gseals, we encounter sounds from the head of the animal that propagate in
air and in water, For example, we have recorded strong barking sounds,
undexwater, from sea lions that were swimming with their heads up into the
air, Prasumably the throst and chest regions are wall coupled to the wataer,
Although the barks are princvipally wade in air, they propagate eveu farther

{n water, often to great depths., Conseguently, airborns sounds of seals also

partsin to the objectives of the study and they are included aloug with the

data on undervater sounds produced undervater,
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LIST OF MARINE MAMMALS OF THE WORLD
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AREA T - DISTRIBUTION OF MARINE MAMMALS

(1) HIGHEST PROBABILITY

Lagenorhynchus obliquidens - Common all around area. Large numbers.

(2) HIGHK PROBABILITY

Phocoena phocoena

Eumetopias jubatug - Found near area in summer,

(3) POSSIBLE (GOOD CHANCE)

Phoca vitulina largha or Phoca largha - Tend to move north-south
along shore.
Pusa hispida ochotensis - Probably spring.

(4) POSSIBIE (BUT NO GOOD RECORDS) (KNOWN FROM SEA OF JAPAN)
Orcinug orca - No good records from near vicinity.

Mesoplodon stejnegerdi

Pgeudorca crassidens

Grampus griseuws

Neophocaena phocaenoides

Balaenoptera acutorostrata - Present Aprdil-May and Oct-Nov., (Known
from Russian Coast)

Gallorhinus ursinus

Balacnoptoxa physalus - Apr - June. Migrate through Sea of Japan.

(5) POSSIBLE (BUT RARE NOW)

Mepaptera novaeangliae - Suwmar

Balaenoptera borealis - Summer

Eschrichtius pibbogus - Would be on lecation in April going north
and Nov. and Dec. goimg south.
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AREA T (continued) .

(6) POSSIBLE (BUT NONE SEEN FOR YEARS)

Balaenoptera musculus - Jan - Mar. 50-100 mi. offshore,

Balsena glacialis - Jan - Sept.

Physeter catodon - Apr - June.

zalophus californianus japonicus - May - July.
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AREA II - DISTRIBUTION OF MARINE MAMMALS

(1) HIGHEST PROBABILITY

Delphinapterus leucas - Enters rivers in northern Sea of Okhotsk

(2) HIGH PROBABILITY

Phocoena phocoena

(3) POSSIBLE (GOOD CHANCE)

Eumetopias jubatus

Pusa hispida ochotensis

Phoca larga

(4) DPOSSIBLE (BUT NO GOOD RECORDS) (KNOWN FROM SEA OF OKHOTSK)
Orcinus orca

Delphinus delphis bafrdi

Erignathus barbatus - Not gregaxious. Snall numbers. Shallow water.

Histyiophoca fasciata

(5) POSSIBLE (BUT RARE NOW)

falaconoptera physalus - June-Sept. Coumon in the Sea of Okhotsk.

Eschirichtius gibbosus - Used to be common in northern part of Sea
of Okhotek July-Sept.

(6) POSSIBLE (BUT NONE SEEN FOR YBARS)

Megaptera novacangliae - Uged to be very common, July.

Balsena mygticetus - Used to be very commwon, July-Sept., Jan.-Mar.

Balaena glaciplie - Used to be common. July-Sapt.

Balaonoptera actorostrata

Physoter catodon - Was never very common in this axea.

13
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AREA T1I - DISTRIBUTION OF MARINE MAMMALS
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1 g; (1) HIGHEST PROBABILITY

{ - Eumetopias jubatus - All along coast. Breed during May-July.
jf Higtiophoca fasciata - Densely distributed in adjacent area of

) Kamchatka. Found on pack ice.

i, (2) HIGH PROBABILITY

5: Phocoena phocoena - Common along shore.

Phocoenoides dalli « Widely distributed, but more offghore than
Phocoena phocoena,

Deiphinapterus leucas

(3) POSSIBLE (GOOD CHANCE)

! lissodelphis borealis

Berardiug bajrdi

P Lagenorl: . nchus obliguidens

Balaenoptera physalus - Never before June or aftar November.

Physeter catodon « Never before May or after October.

. Megaptera novacangliae - Most freguent in July,

(4) POSSIBLE (BUT N0 GOOD RECORDS) (GENERAL DEISTRIBUTION INCLUDES KAMCHATKA ARE

ey

Orcinus oxea

Magoplodan stainegeri

Zivhiug cavirvostris

Bungrrinem serd

Globicaphala macrorhyncha

. Stanclla caexuleoalba

Callovhinus urainug

Phoca laxgs - Near shoxe.

Erignathus barbatus « Not gragarious.

Puga hispida « (sub, krascheninikovi)




ARZA III1 (continued)

(5) POSSIBLE (BUT RARE NOW)-

Balaenoptera borealis - Small concentration in general area during
June-Aug. Few above 50°N, never above 56°N.

Balaena glacialis - Now seen only occasionally during Apr - Sept.
Used to be very commen,

Balaenoptera musculus - Used to be common below 52°N, especially in
June ~ July.

(6) TPOSSIBLE (BUT NONE SEEN FOR YEARS)

Balaena mysticetus - Oct -~ June.

Eschrichtius gibbosus

1




AREA IV - DISTRIBUTION OF MARINE MAMMALS

(2) HIGH PROBABILITY

Balaenoptera edeni - Coastal form.

Megaptera novaeangliae - Winter, early spring.

(3) POSSIBLE (GOUD CHLANCE)

Physeter catodon - Most frequently during April-Sept.

Globicephala macrorhyncha

Pseudorca crassidens - Ususlly offshore.

(4) POSSIBLE (BUT NO GOOD RECORDS) (KNOWN FROM CARLSBEAN)

Delphinus delphis

Tursiops truncatus
Steno bredanengis
Stenalla longirostris

Masop lodon europaeus

Ziphius cavirostris

Oreinug orca

Balaenoptera physalus

16
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AREA V - DISTRIBUTION OF MARINE MAMMALS

(1) HIGHEST PROBABILITY

Hyperoodon ampullatus - Present all months except Nov. - Apr.,
very common during July - Aug.

Lagenorhynchus acutus

Orcinus orca

Physeter catodon - Apr. - Sept.

(2) HIGH PROBABILITY

Globicephala melaena

Tursiops truncatus

Balaenoptera acutorostrata - All months except Aug, Dec, Jan, Feb,
Most abundant in June - July,

Pseundorca crassidens

(3) POSSIBLE (GOOD CHANCE)

Megaptera novaeangiiae - Feb, - April; June-Aug.

Balaanoptera borealis - Sumer,

Phocoona phocoena

Cystophoxa cristata

(4) POSSIBLE (BUT NO GOOD RECORDS) (KNOWN FROM NORTH ATLANTIC)
Dalphinus dalphis

Grampug griseus

Balaenoptera physalus - Off Iceland in Mav., but the peak occurs
in summer.

»

Megoplodon bidensa

Megoplodon mirus

Stenalla caexuleocalba

HRalichoerus grypus

17
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AREA V (continuegd)

(5) POSSIBLE (BUT RARE NOW)

Balaena glacialis - Used to be very common.

Balaenoptera musculus

18
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AREA VI - DISTRIBUTION OF MARINE MAMMALS
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1

(1) HIGHEST PROBABILITY

Bt b

SR

oLl Delphinapterus leucas - In Apr.-June they move up Kola River,
Do Present all wonths except July, Aug, Sept.

x Lagenorhynchus acutus - All along Murmansk Coast.

i
i_ Halichoerus grypus - Common off Murmansk Coast where they breed.
No migration. Ilikely any time of year.

Lo (2) HIGH PROBABILITY

TR Gl
N P T O PO Y AP R,

_Pg&ophilus groenlandicus - Commnon offshore. Moves south into White
Sea in Oct.

R S

Phocoena phocoena - Generally stay until lata aurvumn or even the
whole year.

7

5‘2;«',‘,.’(?;‘:-.’:-,;‘1

Lagenorhynchus albirostris - Inhabits the waters of Murmansk.

AT

fobaix

Physeter catodon - Offshore, Murmansk Coast.

. Balaenoptera acutorostrata - Present duving June-Sept. Abundant in
o July and Aug. Not found during rest of

tbe year,

RIWR, A e ey

(3) POSSIBIE (GODD CHANCE)

Hyperoodon ampullatus - Sept. aund Oct.

Stenalla caeruleoalbs

Fuga hispida hispida - Shallow water. Present in May-Oct., concen-
trativg in May and June,

Oxginus orca - Prasent Aug.-Sept.,

Odobunug roswmarus rosmarus - Shallow watev, close to ice., Pregent
in Sept,, but not rest of the year,

i Y r

Phoca vitulina - Good concentration througliout the yeax,

! o
L o ]

Cystophoxa cristata - Possibly June through Sept., and very cowmon
. in %t.
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AREA VI (continued)

(4 TPOSSIBLE (BUT NO GOOD RECORDS) (KNOWN FROM BARENTS SEA)

Balaenoptera physalus - Present during Mar., - June.

Balaenoptera boregalis - Probably offghnre during warm months when
there 18 no ice. Present during July
through Aug.

Megaptera novaeangliae

Monodon monoceros

(5) POSSIBLE (BUT RARE NOW)

Balaena glacialis

Balaena mysticetus

Balaenoptera musculus




f ey /.L?.fz

a -

et i d
P

oo 4
. .

[

[T Y |

AREA VII - DISTRIBUTION OF MARINE MAMMALS

-

(1) HIGHEST PROBABILITY

Delphinapterus leucas - Present throughout the year, but most
abundant Aug.-Nov. Very close to coast
during winter.

(2) HIGH PROBABILITY

Pusa hispida - Common, chiefly in fast ice. Present June, July,
and Aug.

Odobenus rogmarus ~ Shallow water near ice. Migrates north-south
near edge of ice. Present all year, but
concentrated in Mar., Sept., and Oct.

(3) POSSIBLE (GCOD CHANCE)

Phocoena phocoena - Summer omnly.

Balasenoptera acutorostrata - When there is no ice.

Pagophilus groenlandicus - Opan water off east Novaya Zemlya. Move
south to White Sea in fall, Breed in
White Sea duving Oct, Over 1 million in
White Sea. Present Jan.~July, aud Nov,

Orcinug orea
T o

Baloenoptera physalus

(4) POSSIBLE (BUT KO GOOD RECORDS) (KNOWM FROM KARA SEA)

Hyperoodon ampullatus - Common on west side of Novaya Zemlya.

Balaenoptera bovealis - Summer, July - Aug.

Balaew:. uysticetus

¥egaptera novacangliae

Monndon tonoceros

21

Cystophora cristata ~ Freguently found on west coast of Novaya Zemlya.

Erignathus barbatus « Present July - Sept.
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AREA VII (continued)

{5) POSSIBLE (BUT RARE NOW)

Balaenoptera musculus
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; AREA VIIY - DISTRIZUTION OF MAPINE MAMMALS
v {1) - HIGHEST PROBABILITY
: Steno bredanensis - Very common. Schools up to 100. Cosstal area,
. Gulf of Aden.
E' Physeter catoddn - Probably year round.
: Sousa plumbea - Schools of 2-5 common in Gulf of Aden.
Tursiops truncatus - Local common name is “Cowfish",
(2) HIGH PROBABILITY
Balaenoptera physalus - Mouth of Gulf of Aden, although more
common farther East.
Balaenoptera musculug - Shallew water. Sept. Present size of
Population unknown. Used to be very common
here.
Delphinus delphis
Phocoena phocoena
(3) POSSIBLE (GOOD CRANCE)
| Reophocacna phocaenoides
Dugong dugon®
Grampus griseus
(4) POSSIBLE (BUT NO GOOD RECORDS, KNOWN FROM RED AND/OR ARABIAN SEA)
% Orcinus orca
‘ Megaptera novagangliae
EE Balacnoptera edeni
v Stenelis dubia
if ' Stenclla longirostris

e AN

Pseudorca crassidens
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AREA VIII (continued)

§ay

:

Globicephala macrorhyncha

(Yo

Kogla breviceps

PR

. Ziphius cavirostris

N Balaenoptera acutorostrata

[ %*0nly representative from Order Sirenia, although sea cows and manatees
L of other areas are soniferous.
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SOUNDS AND BEMAVIOR OF PINNIPIDIA (SBALSE)
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Zalophus californianug--(California sea lion)

We know more about the sounds of the California sea lion than of all the
rest of the seals. However, of the subject areas, this species is known only
from area I where it used to be encountered in May - July. It is doubtful
whether or not the California ses lion has survived in this area.

Should the study be widened to include the range of this species, there
is plenty of bioacoustic data available. If this should be the case, this seal

would be extremely important to tha aims of the present undertaking.
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Eunetopifas jubatus--{Steller or northern sea liomn)

The Steller sea lion i{s one of the largest seals, attaining a length of
10.5 ft at 2,240 lbs, Although it 1s reported to be extremely vociferous, both
in the water and out, details are lacking. Growls, snorts, clicks, bleats, and
other crias are produced, but we know nothing of source level, frequency
characteristics or the time domain of the sounds. Vocalizations between pups
and mothers, harem bulls and cows, and bulls confrsating ome another can be
heard in the vicinity of these mammoth beasts.

Steller sea lions can dive for several minutes (at least to 600 £t) and
may be found over a mile from shore where they raft up into groups of up to
100 individuals,

Because this species i{s abundant (up to 300,000 aanimals), widely
distributed, and noisy, we recommend that detailed bloacoustics work be done
in accessible areas such as Ano Nuevo Island, It is very common near area 1
in the sumner, area II, and the best racomuendation for area III whore it is
found all along the coast. The centar of distribution sseme to be the Aleutian
Islands where thers are up to 100,000 animals,

Tapas are available from Dr. T. C. Poulter, Stanford University; or from

Dr. R. T, Orr, Californis Academy of Scilences.
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Callorhinus ursinus--(northkern fur seal)

Based on very little experimental evidence with captive specimens, this
specles is reported to make clicking sounds that appa:ently are used for echo-
location, The source of the sounds 18 cavitation bubbles. These signals would
not appear to be relevant to the present undertaking.

However, recordings in the field revealed that these animals produce
strong bleeting sounds and together, in a group, they would sonify the water
appreciably, Other than the fact that some bleats are composed of clicks and
that the bleats have numerous lins spectra, there ;9 no information about the
physical characteristics including frequency rangé, gsource level, or temporal
patterny,

Northern fur seals occur only at areas I and IXI. Dr, T. C. Poulter has
racordings of this animal., These seals undertake very long migrations outside
of the breeding season of Juna - July. However, they will range hundreds of
wiles from the beach in search of food while they still have pups. Target
strength is unknown, but males may attain a length of 7 ft and a weight of 600

1bs, Fur seals ara imown to resch a depth of 180 ft.
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Odobenus rosmarus rosmarus--{walrus)

Three types of underwater sounds have been described from the walrus--

short rasping sounds, series of clicks, and a bell-iike sound. Rasps have

4-10 pulses with the major energy at 400-600 Hz, They are about 0,15 sec

in duration. The clicks have a base frequency of about 400 Hz with harmonics

up to 10 kHz, The bell sound lasts 1-1.5 sec. Fundamental frequencies range
from 400 to 1200 Hz., This category of walrus sound is believed to be

associated with sexual behavior. Consequently, it would be most likely
encountered during the breeding season, April - May. Source level is unknown.
Walruses stay near ghallow water close to the coasts and do not venture

far out to sea. Adult males are up to 12 ft in length and weigh up to 3,000
1bs. There is no information on target strength. Although one species is
ligted above, for which there is information on sound production, there are
actually 2 subspecies rosmarug in the Atlantic and divergens in the Pacific.
Both the Atlantic and Pacific walruses move north in the spring and south in
the fall, Aggregations as large as 8,000 animals may occur in some areas.
Although sounds have not been recorded in the natural habitat, among such
large groups, thers would appear to be a large potential for considerable

undarwater sound production in these locations. No {nformation was available

on their diving behaviox,

Walruses ave present during September in area VI, They oceur in ares

VII all yea:, but are very cowmon in March and again in the fall, September

aud October,
Magnetio tape recoxdings are available frow D, C. Ray, Johns Hopkins;

W. E. Schevill, Woods Hole Oceanographic Institution; and Dr, T. C. Poulter,

Stanford University.
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Phoca vitulina -(common, harbor, or spotted seal)
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This species is closely related to the largha seal which some workers regard

[N
- ¥

as a racial form of vitulina, The adult common seal is not regarded as being very

[

3 ; i; vocal, but it {s numerous in some areas. Pups are considered to be more vocal than
4

the parents. Clicks and growls are known to be emitted by this species. Since

&

the clicks, recorded in captivity, from the common seal are so similar to those
T of the largha seal, their description will not be repeated here. See the
description under largha.

* ' Common seals do not appear to migrate, but they do make forays in search
- of food and often away from the ice. This species may grow to about 250 lbs
when about 6 £t in length,

Source levels, diving finformation, target strength, and temporal patterne
of sound production all are unknown. Field work omn the bioacoustics of the common
seal should be undertaken since our information is limited teo a brief recording
i in captivity. This seal is commonly found in area VI where there is a good
concer-ration throughout the year.

Magnetic tape recordings may be obtained from W. A, Watkine or W, B, Schevill,

14
§ Woods Hole Cceanographic Institution; or from Dr. {, Ray, Johns Hopkina University.
|
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Phoca largha--(largha seal)
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This species 1s sometimes considered to be a racial form of P, yitulina,
but we treat it here as a separate species after Rice and Scheffer's 1listing.
A captive largha seal was recorded in the presence of two other species and
i the sounds accorded to each were nearly the same, The largha seal emitted

very faint clicks with major componments at about 12 kHz.
| : This seal stays close to the edge of the ice, It is found at areas I,
N where it tends to move in north-south directions along the shore, II, and III.

There is no information on daily, monthly, or seasonal patterns of the
animal's sounds, nor any on target strength, To our knowledge, the largha
seal has never been recorded in the wild, Dive data are unavailable.

Magnetic tape recordings are available from W. E, Schevill and W, A,
Watking, Woods Hole Oceanographic Ingtitution; and from Dr, C. Ray, Johns
Hopking University. However, by their description of the sounds it would

seem that theilr tapes would not be very suitsble.
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Pusa hispida--(ringed seal)

Ringed seals are thought to produce bird-like chirps. A captive specimen
voiced clicks that were often in pairs, Spaced 2 to 20 msec apart. Principal
frequencies were near 4000 Hz and harmonics were present up to the sixth. There
is no information concerning source levels or temporal patterns of sound,
including daily, monthly, or seasonal occurrences.

Several subspecies of the abovg are recognized, but this subdivision
may not be very important in the present undertaking.

Ringed seals are known to dive to 69 ft. They occur in the open waters
near fast ice and in fjoxds, but rarely in the dpen sea. There {s no informa-
tion on target strength. These animals, compared with many of the other
pinnipeds, are rather small -- 4,5 ft at 200 lbs. We actually have little
{dea of how important they may be as sound producers in the natural environment,
However, bioacoustic studies of ringed seals should be undertaken as this
species is numerous and widespread, occurring at arveas I, I1, III, VI, and VII.
They are especially common at VII in June, July, and August.

Recordings of a captive specimen may ba obtained from W, A. Watkins,

Woods Hole Oceanographic Institution; or from Dr. C. Ray, Johns Hopkins

Univergity.
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Halichoerus grypus--(gray seal)

Clicks up to 30 kHz have been recorded from captive gray seals. To our
knowledge, thaere have bee? no recordings of wild animals. The clicks of the
captive animals sometimes occurred in pairs about 0.01 to 0.02 sec apart, the
pairs occurring at random intervals, Gray seals also issued series of clicks,
up to 60/sec. There is no infermation on source levels or temporal patterns
of occurrence.

This species does not migrate, but they do disperse after the breeding
season (February and March, in the Baltic and St. Lawrence regions; September -
December, in the British populations). Gray seals generally remain close to
land magses and seldom venture very far to sea.

We know of no target strength data although the Oceanographic Office
can be consulted on this species and for all pinnipeds. Adult males are up
to 9.5 ft long at 630 lbs. Gray seals are mainly fish eaters and will dive to
appreciable depths after their prey. There are records of gray seals diving
to 480 ft.

Although we believe that gray seals are comparatively quiet, their
rveticence could possibly be offset by their commonness at area VI, whexe they
may be found at any time of the year. They way be found at ares V, but the
records are incomplete.

Magnetic tape recoxdings are available from Dr. W. C. Cummnings, NUC
Code 5054; W. A, Watkins, Woods Hole Oceanograﬂhic Institution; or from

Dr. C. Ray, Johns Hopkins University.
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Histriophoca fasciata--(ribbon seal)

We know of no recordings from this beautiful seal although it is rather
numerous, especially at argea III, There is the highest probability of occurrence
at area III, and recordings are badly needed., Ribbon seals are sometimes found
at area IV,

In keeping with the dearth of Bioacoustic information, little is known
of the habits of ribbon seals., Target strength data are unavailable, the
animals attaining a length of up to 6 ft at about 200 lbs., Although ribbon
seals probably would move south with the ifce in winter and norxth in summer,
we only sugpect they migrate. They stay close to ice and dive for fish, squid,

and crustaceans, but we do not know how deep they dive, nor their diving patterns.
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Pagophi lus groenlandicus--(harp seal)

1

bt

Clicks have been recorded from a captured harp seal. Hammonic structure

PRV
»

occurred above a fundamental of 2000 Hz. The calls were similar to those of
i the ringed seal. The repetition rate was about 130/sec. There is no informa-
tion concerning target strength, source lavel, or long-term temporal patterns.
Harp seals attain a length of about 6 ft and weigh close to 400 lbs.
f They occur in the open sea, often in association with ice, migratin; north
in summer and south in winter. Thousands of animals may be encountered in
a group during the moulting season (April - May). Depth of dive and swimming
speed are unkunowm.
Fleld recordings should be undertakenm, because the harp seal {s so nwumerous.
Altogether there are about 5 wmillion harp seals. They are common in area VI,
and there {5 a good chance of finding them in aves VII.
Harp seal recordings may be obtained from W. E. Schevill or W. A, Watkins,
Woods Hole Oceanographic Imstitution; Dy, C. Ray, Jolhns Hopkins University; aand
from Dr. J. M. Terhune, University of Guaelph, Ontario, Canada. Dr, Terhuue

way possibly have field recovdinga.
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Erignathus barbatug--(bearded seal)

Mature male bearded seals vocalize during the breeding season, March -~
June. Their "song" is believed to be associated with the breeding activities,
either in defense of territory or proclaiming the male's availability. These
sounds are produced underwater. They start at about 2 or 3 kHz and end around
200 Hz. A single vocalization within a song lasts as long as 40 sec and the
complete song, together with silent intervals, may be about 85 sec in duration.
The song essentially congists of a long oscillating frequency-modulated warble
followed by a moan. Diurnal patterns of sound production and the scund level
are unknowm.

The northarnmost limit of the bearded seal is 80°-85° N, and they occur
as far south as the Sea of Okhotsk. They are not found in large numbers
except when hauled out on beaches. They stay close to shore or ice f£lows, and
thoy attain lengths of 7.5 £t at 600 lba. Dearded seals ave curious awimals
and will approach ships waking loud noiges. Concerning the aims of this study,
their lack of numbers in any one region would scem to be offset by the amount
of undexwater sound produced, even though they occur in relatively shallow water.

This speeios cceurs at arews II, XIL, and VII. At the latter region they
ate wmost cowmon fa July - Septembar,

txcellent wagnetic tape recorxdings are available from Dr. J. J. Burns,
Alaska Jepartwent of Fish and Game; W. A. Watkins, Woods Hole Oceanographic

lastitution; and Dr. C. Ray, Johus Hopkins University.




Cystophora cristata--(hooded seal; bladdernose seal)

—

The hooded seal is reputed to make broadband clicks extending from 0.1
to 16 kHz, but there appears to be very little information on its sonic output.
The highest repetition rate observed was 20/sec. Hooded seals may also produce
a narrowband click at &4 or 16 kHz. Acoustical information is too sparce to
P reveal source levels or temporal patterns. Apparently, no field recordings
~ are available.
Adult males grow up to 900 1lbs iA weight at a length of about 10 ft.
There is no information on target strength. ILarge groups of hooded seals are
encountered in March and April, during the breeding season, and again in June
and July when they assemble for moulting. The rest of the year hooded seals
ave pretty much solitary in bshavior. They prefer to be over deep water and near
drifting 1ce floes. A hooded secal pup {8 known to have dived to 246 ft,
Ths hooded seal population is very large, mumbexring some 300-500 thousand,
If field recordings were to become available, this spedies may be imporvtant to
this application. They occur ui areas V, VI, aud VII - posaibly June-September
and definitely in October at area VI. MHoodad seals arve frequently found near VII,
Magustic tape recordings ave available from W, E. Schevill and ﬁ. A, Watking,

Woods Hole Oceanographic Institution; or Dr., C, Ray, Johns Ropkina University.
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SOUNDS AND BEHAVIOR OF SIRENIA (DUGONG)
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Bugong augon -~ (dugeng)

We do not know of any sound recordings of this species which ig quite
common in the general vicinity of area VIII. It probably makes sound but

its habitat 1s in such shallow water (grassy areas} that it is unlikely to

be important as far as this project is concerned.
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SOUNDS AND BEHAVIOR OF MYSTICETI (BALEEN WHALES)
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Balaena glacialis--(northermright whale)

The utterances from this whale are typically low-frequency moaning sounds
with nearly all energy beiow 500 Hz. As in the humpback whale, northern right'
whale §ounds way occur in repetitive stanzas lasting up to 14 min. In fact,
the sounds are very much like those from the humpback whale, but lower in
frequeﬁcy. Each stanza consists of numerous, contiguous pulses and moans
wherein upward or downward frequency shifts are common. The stanzas are
repeated over and over again, resulting in a considerable amount of sound
from a single animal. Other stanzas may be heéfd in the background of recordings
from northern right whales.

The variety of gsounds from northern right whales is reaminiscent of
sounds from the small odontocetes, but much lower in frequency.

Source levels, target strength, and long-term (daily, monthly, seasonal)
patterns of sound occurrence are unknown for this animal. Nor is there any
information on the precise tracks while the whale is diving.

Northern right whales can be found very close to shore where it is
believed that they carry on courtship and breeding activities. At these
times, they can be in groups of up to 200 animals.

This species is not very common in any avea and it i{s not recorded from
areas IV, ViI, and VIIYI. It {8 a summer visitor to area 11X,

Tapes way be obtained from Dr. W, C, Cummings, NUC, and from
¥. K. Schevill, Woods Hole Oceanographic Institution., Featuves of the
northern right whale's gound that wake it applicable to the present problem
ave the repeated stanzas of many different cowponents, rvather precisely

duplicated signal for signal.
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Balaena mysticetus--(bowhead whale)

This species, sometimes called the Greenland right whale,is one of the
3 mysticete whales for which we have little or no information on sound
production. It was reported that bowheads have a distinctive loud moan that
ghifts upwards or downwards in frequency. Each moan is restricted in band-
width and may be longer than 10 seconds, , The fraquency range on sonagrams
appeared to be from 20 - 2000 Hz, but it is difficult to see the signal
apart from the noise. No evidence was given that the sounds were actually
from bowhead whales and the frequency scale is incomplete.

Patterns of sound occurence, target strength, and source level are
unknown., Bowheads may attain & length of 65 ft. 7They can sustdin aspeeds
up to 15 knots. Their diving behavior while underwater is unknown. This
species stays very close to the ice pack and has been recorded from areas
11, III,VI, and VII. Of these, it is moat likely o be encountered in VII,
but the records are far from complete,

This whale hag been heavily exploited for nearly 300 years, and the
population has dwindled under fishing pressure., There were several popula-
tiong, but the taxonomy is poorly known,

Magnetic tape recordings ars available from Dr. ¥. C. Poulter, Stanfoxd

Univarsity.
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Eschrichtius gibbosus-(=robustus, glaucus) (gray whale)

For many years it was thought that gray whales were silent with the
exception of splashes and ‘cther adventitious sounds. Then it was thought they
produced trains of clicks, or random click pulses, and whistles. Clicks and
whistles are not characteristic of mysticete, or baleen, whales and the evidence
of these sounds having been produced by grays was unconvincing. Lack of success
in recording was so overwhelming that it prompted one author to publish a paper
entitled "The Quiet Gray Whale'.

Since then we have found that migrating gray whales produce moans, under-
water sounds associated with their blows, and knocking sounds. Moans last 1.5
sec; their source level is about 152 dB, re 1 )1Nlm2 at 1 yd. Thesge, their most
common sound, range in frequency from 20 - 200 Hz. The underwater blow sounds,
similar to those we have recorded from other baleen species, wera 1.25 sec long,
and they .ranged in frequency from 15 - 175 Hz. Knocking sounds were as high
as 350 Hz at source levels up to 142 dB, re 1‘»N/m2 at 1 yd,

Gray whales are soniferous during the day and night and there appeared
to be no peak of sonic activity. Their average swimming speed while migrating
from the Bering Sea and the Arctic Ocean {8 5.5 knots. We were unable to
asgociate any particular behavior with sound production. Gray whales dive as
deep as 60 fi, and probably deeper. They occur in swall groups of up to 5
or 6 animals, although one occasionally encounters singles.

I'his spacies is noted for its long migraéion from northern waters to the
brecding grounds of Baja Califormia. Thaey occur in the north during the summer
months, May - October. Compared with the odontocetes or the humpback whale, gray
whales are not very soniferous, but are applicable to the present task, at

areas I, 11, and YII,
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Eschrichtius gibbosus (=robustus, glaucus) gray whale, continued

We do not know the target strength of gray whales, but W. Leapley,
Naval Oceanographic Office, Washington, D. C. should be consulted for the
most recent status on T, §. for this species. Gray whales may attain a length
of 55 ft and a weight of about 48 tons. They can dive for as long as 14 - 15
min, but usually they stay down about 7 min. Occasionally one will see gray
whales breaching -- a behavior wherein they extend the first 2/3 of the body
and tumble down into the water creating a huge splash. This splashing sound
is also audible from a hydrophone.

Magnetic tape recordings are available frow Dr. W. C. Cummings, NUC

Code 5054, and W, E, Evans, NUC Code 5023.
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- Balaenoptera acutorostrata--(minke whale; little piked whale)

This whale is not a very noisy arimal. Many attempts to record sounds

from the minke have resultfd in very few phonations. Low-frequency moans have

been recorded, but detailed information is not available yet. High-frequency

clicking sounds were recorded in the North Atlantic, but this informaticn is

not available.

*; Target strength, dive profiles, depth of dive, and activity patterns are
unknoyn at the present time.

The minke has a peculiar habit of being attracted to drifting, quiet,
surface vessels and will cross back and forth under the bow of a ship for
periods up to 2 hrs,

This species is reported to be from all areas except III and IV, It is
rarely found in large groups. Thus, even when the animals do produce sound,
it i3 unlikely that their utterances would occur in a large chorus.

Tapes may be obtained from W. E, Schevill, Woods Hcle Oceanographic
Institution; Dr. H. E., Winn, University of Rhode Island, Graduate School
of Oceanography; Dr. E. Mitchell, Fisheries Research Board of Canada. Nomne

of these researchers has released any information on the sounds of minke whales.
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. Balaenoptera edeni--(Bryde's whale)
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Bryde's whale is known to produce high-level, low-frequency moans that
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average 0.4 sec in duration, ranging from 0.2 to 1.5 sec, with energy concentrated
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at 124 Hz, The sounds have energy between 70 and 245 Hz, These low-frequency
pulses commonly exhibit a shift in frequency of up to 15 Hz, The shifts may
be downward, upward, or downward-upward, This whale was found to produce
; sounds at random intervals from 0.2 - 9 min, from a single animal. This
I species is not noted for large concentrations of individuals, It is generally
encountered as an individual or in small groups. Choruses of sound are unknown,
as true of target strength or long term periodicities in sound production,
HMoreover, nothing is known of dive profiles.

This animal can be very active, coming to the surface as often as eveiy
5 win, or it can stay submerged up to about 20 min, It is common in area IV,
often clogse to the coast, and infrequently encountered in area VIII,

Tapes are available from Dr, W. C. Cummings, NUC.
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Balaenoptera borealis~-(sei whale)

There have been no recordings from the sei whale, although NUC is
planning to work with this animal off the coust of South Africa. It is
known to occur at areas I,' III, V, VI, and VII., There {8 a good chance of
finding the animal at area V in the summer. Very little is known about the
diving behavior of the sei whale., It can be found in small groups.

At with nost of the mysticete whales, the sei typically moves away from
the polar ice during the wianter and back to the polar waters in summer.

There is no information on the target strength of this animal.
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Balaenoptera physalus--(finback whale)
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Three categories of sounds are known from the finback whale--short 20-Hz

i
3
3

pulses, low-frequency moans, and chirps and whistles. The 20-Hz pulses have
}i a source level of 170-180.dB, re l‘pN/m2 at 1 yd. Each pulse is about 1 sec
in length, extending from about 15 - 34 Hz, They occur in pairs wherein the
first member is slightly lower in frequency than the second. Time intervals

are: from the start of the first to start of second pulse, 12.2 sec, and

At e AN A P I 7

from start of second to start of first, 16.5 sec.

o

By virtue of their high source level and a chorus effect from numerous
sound producers, these 20-Hz signals can dominate the low-frequency noise in
the effactive bandwidth. They are known to be most prevalent in the North
Pacific during the winter months, although the sounds may very well occur
throughout the year. American scientists have not been able to monitor pelar
waters in the summer. They have recorded from finbacks in the Gulf of Cali-
fornia in the summer, but no 20-Hz signals were noted. Instead, low-frequency
; moans wers prevalent.

Low-frequency moans from tha finback whale varied in character, but all
wvere about 0.5 to 2.5 sec in duration. Unlike the precise timing noted in
the occurrence of short, 20-H2 signals, moang from the finback are sporadic

, in occurrence. The highest frequency containing any significant energy is
i‘ about 200 Hz, the lowest is about 20 Hz. The moans ware 55 - 60 dB, re
E; l_yN/m2 at 1 yd. From a group of about 50 finbacks, as many as 80 moans ware
recorded in an hour's time,

Chirps and whistles were reported from finback whales, but there is

. some doubt that the signals described were from this species. Principal

P ey
o

energies were at 1500 and 2500 Hz, some reaching as high as 5 kllz, The

duration of the sounds variad batween .05 and 0.6 sec. Source luvel of

Y

these sourds is unknown. These sounds arve atypical of mysticete (baleen)
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whales because of the high-frequency content of their energy. Thus we suggest

e iaT

that they could have beep from unseen odontocetes in the general vicinity,

PN
.

Dives to 276, 341, 443, and 755 ft are known to occur with finback
whales, although they doubtlessly go deeper. The exact contours of the dives

are unknown. These animals are more frequently found in small, widely

a e . o A sty e o £ "

dispersed groups. They have been noted in more compact groups of up to 70

animals, As true of all mysticetes, finbacke, at times, may only be encountered

as they pass by on migration, or they may be seen rolling and feeding in a
small area for many days at a time. These whales can easily move at 12 krnots
for periods up to 2 hrs. They can be very active at the surface, jumping
and falling back into the water,

Target strength may be obtained from W. Leapley, Naval Oceanographic
0ffice, Washington, D, C,

The finback whale has been noted at all subject areas, most commonly
at areas III, VII, and VIII. Of all of the finned mysticete whales, this
epecies 19 still the wost numerous daspite 200 years of hard exploitation
by the whaling industry. Howsver, a word of caution is in order<-untrained
observers frequently identify any darkly coloved, large.finned wmysticate
as physalus, when in fact it may be sei, minke or Bryde's whale. The
finback whale is the second largest of the whales and may attain a length
of up to 70 it,

Tape vecordings are obtainable from Dr, W. C. Cumuings, WUC Code 5054;
P. Parkins, Univevsity of Rhode Island, CGraduate School of Ocaenography;

P. Asa-Dorian, ASW School in San Diego; and from W. E, Schevill, Woods Hole

Oceanographic Institution.
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Balaenoptera musculus-~(blue whale)

This animal produces powerful, low-frequency moans with each sequence
consisting of 3 parts totaling 37 sec. in duration. While on a dive, the
time duration from the start of one sequence to the start of the next éverages
108 sec., but these intervals will stretch out to as long as 235 sec.-- as
the animal comes to the surface to breathe it gkips a phonation. Source
level is about 180 dB, re l‘pNIm2 at 1 m, and is sustained nearly continuously
for the 37 sec. There is ev;dence of energy down to 12 Hz, but the moans
have no energy above 200 Hz. These are the most powerful utterances kaowm
from whales or any other living animal.

Blue whales have been noted from all areas except II and IV, but are
common only in area VIII, They most frequently occur as individuals or im
small groups from 2 to 4 animals. They may stay in a given area or they may
pass through an area at speeds up to 10 knots, Nothing is kaowm of their
diving profiles,nor is there any information on the daily, monthly, or seasonal
patterns of sound production,

There are 2 veports of high frequency clicks from blue whales, but both
{nvolve questionable identifications., Continuous drones of moans have never

been noted fxom blue whales.

Blue whalas can attain lengths up to 108 ft. and it is coomon to £ind
them as long aa 85 ft. No {nformation was avgilable on target strength,

High signal-to-noigse tapes of blus whale woans are available from

Dr. W. C. Cumnings, NUC Code 5054,

i ad
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Megaptera novaeangliae--(humpback whale)

Of the 10 species of mysticete whales the humpback is the most notorious
for its abilitr to produqe underwater sounds., No mysticete, possibly excepting
the right whale, has such a variety of underwater calls. The humpback's
cacophony of howls, moans, grunts and pulses of lew-frequency energy is
spectacular wherever the animal ig found., Taken together, its innumerable
types of gsound cover frequencies from about 20 to 2000 Hz with most of the
energy below 900 Hz, Low-frequency tone bursts may be ag short as 0.5 sec;
the howls may last for several seconds. Frequency modulation is a cowmnon
feature of humpback phonationmns.

Long-term recordings have been made in the vicinity of Bermuda, buf no
one has reported any diurnal periodicity. The sounds are geasconal in that
they occur when the whales are in a given area, usvally as they wigrate past,
batween thair summer sojourns to polar watevs and their winter wovements
toward the subtropics and tropics. Diurnal informmatfon could ba obtained
from A J. Perrpne, U. 8. Navy Undarwater Systoms Center, but he doubtlessly
would have to work up his data for this purposa.

Humpback whales, as in the case of northewm ripht whales, produce gtanzas
of varying phonativns that ave 8«9 win in lengtl. The orderly occurrvence of
sound in stanzas s rot appavent iu real tiwme analysis, but they are easily
ucted in spectrographic analyses that vctain frequency and compress the tiwa
dowafu., We do not know if all sounds frua hun;pback whales are put together
in those vepeated stanzas,

Source level of humpback whale sounde has been wcasurad at about 55 dB,
ve 1 ,uﬂlmz at 1 yd, However, thay nay easily be 10 dB higher. Nr. W. lLeapley,
Navai Geesnographic Office, Washiugton, D. €., should have the target strength

uf huapback whales,
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Megaptera novaeangliae--(humpback whale) continued

Humpbacks frequently occur in large groups of up to 15 individuals.
Together, such a group p?ts an appreciable amount of sound into the water
at any one time. They easlly sustain speeds up to 15 knots.

This species is the most active of the mysticete whales. Its surface
displays of jumping, rolling, and splashing are spectacular for such a large
animal. U(alike many of the other baleen whales, by virtue of their surface
activities, most humpbacks are easily spotted. On the other hand, the rest
of the baleen whales may be very incoaspicuous at the surface.

The greataest depth recorded for a humpback whale is 361 ft where a
speciman had become entangled in an undersea cable off Alaska. The dive
profile is unknown for this species.

The humpback whale is noted from all areas, but they are especially
common in July ot area III, winter and early spriung in area IV, and February
to August in area V.

Tape recordings are available from Dr, W, C, Cummings, NUC Code 5054;
F, Watlington, Naval Oceanographic Facility, Bermuda; and Dr, H, E, Winn,

University of Rhode Island, Graduate School of Oceanography.
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SOUNDS AND BEHAVIOR OF ODONTOCETI (TOOTHED WHALES)
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Steno bredanensis--(rough-toothed dolphin)

The rough-toothed dolphin preduces both whistlss and clicks. The whistles
way be nearly pure tones or they may be quite complex with several hanmnonics.
Most occur in a band from 2 - 16 kHz. The sounds may be from 0.1 to over
1 sec long. Rapid frequency excursions of the narrow-bard whistles are conmon,
sometimes sweeping from 14 kHz down to 2 kHz in about one-half sec. The clicks
are extremely wide band and highly directional, Although some energy is as low
as 2.7 kHz, peak energy occurs at 25 kHz in a fluctuating energy profile up to
260 kHz. They are very brief in duration, only 50 - 500 msec. The repetition
rate i8 regular over short time intervals, but can vary greatly over long
periods of time or Frawn one recording to the next.

The rough-toothed dolphin occurs only in tropical ard warm temperate
geas. 1t is not a very common species in most regions, hence we do not know
much about {ts behavior in the ocean., It is primarily a deep-water species
but occasionally it occurs in ccastal areas. When seen at sea, it is difficult
to follow even though it may cccur in herds of up to 100 individuals. It
travels submerged most of the time. Dives up to 15 min long have bean timed by
collectore from the Oceanic Institute in Hawail. Apparently, it 1s a deep
diver, based on its anatomy and on gtudies conducted on a captive, trained
specimen. Although this trained animal only dove to 30 w, the fuvestigators
falt it was capable of nmuch greater deptha.

This specics occurs in the coastal regions around area VIil and is
probably quite abundent therve at certaiw tiumesof the year. However, wuch woxe
research ig necded for detalled information on the behavior of vough-toothed

dolphinsg in this vegion, It could also be quite important at area IV, but

pertinent data arve even less avallable in this regiom.
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i Steno bredanensis--(rough-toothed dolphin) countinued
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Target strength is unknown for this specles, but tape recordings of

its sounds are available from Dr. K. S. Norrisg, Makapuvu Oceanic Center,

[r—
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Hawaii; end W. E. Evans, NUC Code 5023.
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Sousa plumbea--(plumbeous dolphin; lead-colored dolphin)

The plumbeous or lead-colored dolphins occur at area VIII. However,
the sounds from these aninals have not been described and their behavior is
pooriy known. It was reported that W. H. Dawbin, Sydney University, Australia,
has recorded from this species, or at least from a closely related spucies of

the same genus, but we have not been able to confirm this. If so, the recordings

would probably be available to us.
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Tursiops truncatus--(bottlenosed porpoise)

Bioacoustic studies on the bottlenosed porpoise probably exceeded those of
&ll other species combined. However, most studies have been on captive animals.
Their sounds may be placed in three general classes: whistles, brecad-band
pulses associated with echolocation, and high repetition rate broad-band
pulses that result in signals which sound like barks or squawks.

The whistles are narrow-band éignals which usually change pitch over
their duration. They are generally less than 1 sec long but may occur in long
trains. While the repertoire of a large herd i{s myriad and complex, individuals
do seem to have their own whistle contours which they frequently repeat.
Chorusing is common with large groups, and individuals within these groups
seem to vocalize more than isolated animals or those in small groups. Most

of the whistles occur in a band from 2 to 16 kHz, Rapid frequency excursions

are common, For example, & whistle may slur from 12 klz down to omly 2 - 3
kHz in less than 0.5 sec. They often modulate from high frequencies to low,
then back up to high., Other narrow-band whistles may remain at a constant
frequency for 0.5 to 1 sec, then warble at the end of the signal for a tenth
of a second or more. Clicks are often produced simultanecusly with whistles.
The echolocation clicks are very shoxt fn duration, 50 - 250 usec, have
rapid rise times, and contain energy from 100 Hz to 100 kHz., The peak energy
is goenerally in a band from 30 to 60 kisz, Pulsgs are emitted directionally
with a 19 dB directivity index. Their source lavels can oxceed 70 dB, re 1}
‘pulmz at 1 yd. Clicks are frequently resolved into paired components whose
peaks are less than 1 wmsec apart. The repetition rate can vary greatly, from
~about 40 to 600 clicks per sec. Apparently, bottlenosed porpoises have a lot

of control over the frequency content of the clicks. They frequently shift from
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Tursiops truncatus--(bottlenosed porpoise) continued

high frequency-rich signals to low frequency-rich signals and visa versa.
Clicks that emphasize the llower frequencies have been termed crientation
signals,

When the clicks are emitted at very high repetition rates (500 - 600
clicks/sec) for 50 - 100 msec, the resulting signals take on a complex tonal
quality. With narrow-band analysis, they resolve into a fundamental, generally
below 1 kHz, and several harmonics. These signals can sound like yelps, barks,
squawks, buzzes, etc.

The bottlenosed porpoise, attaining a maximum length of 4 m, is an inshore
or coastal form., At times, it may even be found in bays or river mouths. It
is common in &ll tropical and warm temperate waters. This species is the most
common cetacean exhibited at marine aquaria, the reason why so much is known
of its behavior in captivity. Wild animals are very gregarious, occurring
in herds of 100 or more individuals,

Individuals trained to dive to a target in the ocean have reached depths
of at least 300 m. They remained down for 7 to 8 min. However, their diving
capability in depth and time is probably greater.

This porpoise is rather casy to observe at sea and frequently rides the
bow wave of boats. For short bursts it cam reach speeds of about 18 knots,
but & more normal cruising spaed is 4 - 10 knots.

This {8 a very {wportant species {n areas V and VIII and probably in area

IV. MNowever, specific recovds are uwot available for area IV.

Target strength data for the bottlenosed porpoise may be obtained from

Mr, W. leapley, Naval Oueanographic Office,
Tape recordings are available from Dr, W. C, Cumings &nd Dr. J. F. Fish,

NUC Code 5054; W. B, Bvans, NUC Cade 5023; ¥W. E. Schevill, Woods Hule Oceano-

graphic Institution; and wany others.
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Grampus griseus--(Risso's dolphin; white-headed grampus; gray grampus)

Risso's dolphin emits narrow-band whistles from 0.25 to 1 sec long. Most

whistles fall in the 3 - 16 kHz range. Although they are narrow band at any

given point in time, they may sweep over several thousand cycles during the

course of the sound. They may be either relatively pure tone or have several

harmonics.

Broad-band pulses of only a few msec duration are also produced by this

species. Most of their energy appears to be below 10 kHz, but not enough field

recordings have been analyzed to set definite limits at this time. We do not

have source level data for this species and we do not know how vociferous it

i8 in the wild. Click repetition rates can exceed 300 per sec.

This small whale, less than 3.5 - 4 m long, {s widely distributed but not
very common. Thus, we do not know much about its behavior. It is usually

found alone or in small groups of less than 12. It spends considerable time

on the surface then makes & long dive, probably deep.

There is a chance that we may find it at area I, Vor VII, but we do not
have goud specific distribution data for the aveas. The most likely location

would be area VII.

Target astrength data is‘probsbly not available, but magnetic tape recordingt
can be obtained from W. E. Schevill, Woods Hole Oceanographic Institution; and

Dr. David K. Caldwell, Marineland Research Laboratory, University of Flovida.
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Lagenorhynchus albirostris--(white-beaked dolphin)
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Sounds of the white-beaked dolphin are not expected to differ greatly from

- other Lagenorhynchus species. The 0.5 - 1 sec long whistles of this particular‘

B end

gpecies seem to be restricted to a narrower band, 6.5 - 15 kHz, than those of

the Atlantic white-sided dolphin, but this could be due mainly to insufficient

ORIt
a - .

sound recordings. We can probably consider most of the detailed information

mime i et R 7 TS R TR oD 3 SN2 e, o

,ffg_ Pl presented for the sounds of Lagenorhynchusg acutus, and much of the behavior,

3 g a to be valid for this species also.

- The white-beaked dolphin frequently occurs'in herds of greater than
1000 animals. For the most part it is known as a pelagic, or offshore,
species, but {t has been observed in the coastal waters of area VI. However,
it i8 not likely to be found there in the winter.

Individuals range up to 3 m long and probably dive to 300 m. Target

strength data for any species of Lagenorhynchus, or even Delphinus, would

probably be very similar and might be obtained from Mr. W. Leapley, Naval

o ﬁ Oceanographic Office.
1 E Tape vecordings of the sounds of this species are avaiiable from

W. E. Schevill, Woods Hola Oceanographic Institution,.
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Lagenorhynchus acutus--(Atlantic white-sided dolphin)

The Atlantic white-sided dolphin emits whistles or squeals varying in
frequency from 1 - 24 kHz. Some strongly modulated narrow-band whistles may
change frequency by 12 - 16 kHz over a period of less than 0.5 sec. In many
cases the whistles contain several harmonics and are actually broad-band
clicks, with energy up to 150 kHz, emitted at very high repetition rates --
80 to 200 clicks per sec. The clicks are only a few msec in duration.

Other whistles, nowever, do appear to be nearly pure tones. These are not
composad of clicke.

Source level measurements have not been made on this species, but

astimates for a close relative, lagenorhynchus obliquidens, are as high as

160 - 170 dB re 1 yN/w? at 1 yd.

This highly vocal species occurs in hexds of up to 1000 individuals in
coastal waters of the North Atlantic. It feeds primarily on migrating fishes;
hence, its distribution can be fairly well predicted from the fishing
statistics of an area. Although these porpoises are quite small, generally
about 2.5 m {n length, they ave easy to spot because of their gregarious
nature, They can probably swim in excess of. 10 knots, and dive to 300 m
or more. Target strength data may be available from Mr. W. Leapley,

Naval Oceanographic Office.

The Atlantic white-sided dolphin {8 very common and abundant at areas
V and VI, probably wostly during gpring and summer, but possibly at aany time
when the coastal waters are ice-free.

Tape recovded sounds are available from W. E. Schevill, Woods Hole
Oceanographic Inatitution; Dr. H. E., Winn, Graduate School of Oceanography,

University of Rhode Island.
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Lagenorhynchus obliquidensg-~(North Pactfic white-sided dolphin)
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The characteristics of the whistles and clicks produced by this species

i are similar to those for other Lagenorhynchus species. However, the clicks of

e e 5. b O TR T

L. obliquidens have been described in more detail. They are very short, only

0.25 - 1 mgsec in duratfon, and may be emitted at repetition rates of up to 500

. per sec. The frequency range of the clicks extends from 60 Hz to 80 kHz but is

centered in the band from 30 - 60 kHz. Whistles occur primarily in the 7 - 16

.+ v T T P A

kHz band.

This species sometimes occurs in herds of thousands and frequents large

bays and lagoons, particularly in the winter and spring. Their behavior is

similar to the other two species of Lagenorhynchus discussed here.

They are
very easy to observe at sea, frequently jumping out of the water and commonly

occur in mixed herds with Delphinug delphis.

This highly vocal species is very common at area I and is likely to be

encountered at area III except during the winter.

Tape recordings are available from Dr, W. C, Cummings, NUC Code 5034, and
W. E. Evans, NUC Code 5023.
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Stenella longirostriz--(long-snouted dolphin; eastern Pacific spinner dolphin)

Stenella dubia--(spotted dolphin; bridled dolphin)

Stenella caerulecalba--(striped dolphin; euphrosyne dolphin)

We do not have eﬁough specific details concerning the sound production
and pertinent behavior of the Stenella species to discuss them separately.
What follows is a collective description that should be valid for any of the
three Stenclla specles considered in this report.

They all produce both whistles and clicks., Whistles and squeals are
narrow-band sounds with principal energy anywhere from 2 to 28 kHz. They
may sweep over several thousand cycles or remain at a relatively constant
frequency for the duration of the signal, which may be from less than 0.25
sec to over 1 sec. The clicks are extremely short in duration; only 75 - 300

Mmsec, Their energy can span a frequency range from 100 Hz to 180 kHz.

The Stenella species are gregarious porpoises, often occurring in herds
of hundreds. Chorusing is common with these species. Thay generally stay well
offshore. Iudividuals are 2 - 3 m long, depending on the specias. Theilr target

strength is not knowm, but it should be similar to Delphinus delphis, based on

size and body form. It is doubtful that they dive deeper than 300 m. They are
usually easy to spot at sea. Some species jump complately out of water, and
gpin around on their tails before falling back into the wster.

None of the species are very iwportant in any of the areas considered in
this report. .

Tape recordings of Stenclla sounds are available from W. B, Schaevill,

Woods Hole Oceanographic Inastitution; W. E. Evans, NUC, Code 5023; and Pr. K. S,

Norris, Makapuu Oceanic Center, Hawaii.
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Delphinus delphig--(common dolphin; saddleback dolphin)

W nimnas §

P

3? The common dolphin is a highly vocal animal. Sometimes thousands of

individuals make sound at the same time. Most whistles are in the 8 - 16 kiz
gi range, but occasionally they may be as low as 2 kHz., Some complex whistles
with numerous harmonics can have components up to 40 kHz. Other types of
whistles are nearly pure tones at 8 - 16 kHz. The duration of the whistles
varies from 0.5 sec to over 1 sec, Their frequency can either remain constant
with time or sweep through several thousand Hertz,

A squeaking sound, composed of high-repetition-rate clicks, is commonly
emitted. The maximum energy of this sound is from &4 - 9 kHz with up to eight
harmonics at intervals of 1 kHz. These signals generally have several parts,
each about 0,5 sec long.

Clicks, of 50 - 250 usec duration thought to be used for echo-locationm,
are produced at the rate of 5 -« 250 per second. The repetition rate can
either be constant or highly variable,

Frequency range of the clicks is from 100 Hz to 150 kHz with peak
energy at 2 - 32 kliz. The source level of clicks from an individusl is ounly
about 140 dB re l_pN/m2 at 1 yd. However, since this species normally occurs
in very large schools, higher group source levels may be axpected.

q Temporal patterns of sound production are presently being studied by
W. E. Bvans, NUC Code 5023. Apparently, there are diurnal and scasonal
X patterns. Whistles predominate durieg the dn; and clicks are wore common at
‘ night. Large herds of several thousands of aniwmals, found wore often during
{{ the summer, whistle wore thon the smaller winter herds. Levels are higher

f} ) during the day than at night.
{
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Delphinus delphis--(common dolphin; saddleback dolphin) continued

This species is most common in deep water; however, on occasion
it may range close to ghore. Herds of several thousand animals are common,
particularly in tropical waters. We do not know the seasonal distri-
bution in any of the areas of interest. However, since the common
dolphin feeds on pelagic fishes, we might be able to make some agsumptions
after reviewing the literature on the fishes of the areas.

The common dolphin is not a deep diver. I probably rarely exceeds
100 m, with most dives to less than 30 m. Dive times of 30 sec to 1 nin
are most frequent with an occasional dive of 5 min. In general, this
species is quitc easy to spot at sea as it frequently jumps clear of the
water. It is a small cetacean, up to 2.5 m, but the fastest swimmexr of
311 species, reaching 18 -« 20 knots,

Target strength data for this gpecies is available from W. leapley of
the Naval Oceanographic Office.

There i 2 very good chance that this animal may be found at area
VIII year round end pogsibly also at IV,

Tepe recordings are available from Dr. W. C. Cummings, Dr. J. F. Fieh,

‘and W. E. Bvana, NUC; and W. E. Schavill, Woods ilole Oceanographic

Institution.
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5 ? Lissodelphis borealis~-(northern right-whale dolphin)
i
Vo
Lo We do not know of any sound recordings from this species, although
: ) W. E. Schevill, Woods Hola Oceanographic Institution, should be consulted
; for any new developments. There is a good chaunce of encountering the northern
: right-whale dolphin at area III, but little Is known of its behavior.
It is doubtful if target strength information is available.
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Pgeudorca crassidens--{false ki ller whale)

The falge killer whale makes both true whistles and clicks, Many of the
whistles, which are primaxily in a band from 3 to 12 kHz, are nearly single
frequency sounds. There is wvery little change in pitch over the 0.5 to 1 sec
duration of the signals. The clicks are a few msec long with energy from 100
Hz to 100 kHz. The repetition rate may be variable over long duration, but it
is regular for short time intervals.

False killer whales are very abundant and have a world-wide distribution
except for polar seas. It is a true oceanic species, Individuals frequently
strand and die on the beach after chasing migrating fish or cephalopods in
shallow water. They are very gregarious animals, occurring in herds of up to
a thousand or more individuals. Based on their feeding habits, we would esti-
mate they dive to about 500 m. However, there have been no scientific studies
of theilr diving behavior. Although individuals may reach & m in length, chey
are not conspicuous at sea. Jumping or breaching is uncowmmon, and their
swinming speed is unknown.

This specics probably occurs frequently and in large numbers at area
V. It could be pragent at any time of thae yoar. False killer whales should
g#lso be common effshore from area 1XI.

Targat stvength data way not be available, bul tape recordings of their

vosalisstions can be obitsined from W. B, Schevill, Woods Hole Oueanographic

Ingtitution,
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i Globicephala melaena--(common pilot whale; common blackfish; pothead whale)

.. This species, known as thc common pilot whale, produces an almost
unlimited variety of sound types. It vocalizes extensively, making both whistle
and clicks. The whistles can be nearly pure tones or they may possess many
harmonics., They may remain at a single frequency for longer than a second.
Others may sweep over several thousand cycles, both up and down. In general,
the energy is centered at some particular frequency band of 100 - 200 Hz, at
a given time,with a range from 0.5 to 8 kHz., This species can also produce
two, narrow-band whistles simultanecusly with the two parts net harmonically
related.

Short, broad-band pulses with most of their energy below 8 kHz, but
extending up to well over 20 kHz, are produced either simultaneously with the
wvhistles or alone. Their duration is only a few msec. The repetition rate
is variable over long intervals, but regular over short intervals. It can
range from 10 to over 50 pulses per sec.

Source levels are unknown, but f£rom what we know of similar sized

whales they probably exceed 160 dB, re 1‘»N/m2 at 1 yd. The levels of clicks

are gemerally higher than whistles.
We know very little about the behavier associated with sound production
or the frequency of occurrence of different signal types. At times, however,

pilot whales do occur in very large hexds of hundreds of animals and can be

St s

heard underwater from saveral wniles away. Other groups way have only § - 10

. individuals.
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. Globicephalz melaena--(common pilot whale;, common blackfish; pothead whale)
continued

This species, probasbly dives to at least 300 - 500 m, but there are mno
detailed data on diving. (a the surfacé, individuals blow 8 to 10 times then
dive and stay down for up to 20 min. They do not jump or show their flukes,
but are nevertheless quite easy to spot in large schools. Individuals may
reach 6 m in length. The average swimming speed is 5 - 8 knots, but they can
probably swim faster.

There is a teundency for this species to wigrete, but we do not have data
for area V, where we are wmost likely to encounte¥ them. Target strength data
for this species may be available from Mr, W. Lespley, at the Naval Qceanographic
Office.

Tape recordings are av:.lable from Dr. J. F. Figh, NUC Code 5054;

W. B, Schevill, Woods Hole Oceanugraphic Institution; end Dy, H. E, Wimn,

Graduate School of Oceanography, University of Rhoda Island,

69



VERRE

B ki b a0

A28 Y

PN

B EoSp——
[P PR

PRI

Lo ey

Kiadrry
LTl

i«

Globicephela macrorhyncha--(short-finned pilef whale; short-finned blackfish)

Like the common pilot whale, the short-finned pilot whale produces a
great variety of signal types. Except for certain distinct whistlés, which
either species may produée, information presented for the common pilot whale
will probabl& also apply to the short-finned pilot whale, Considering 11
signal types of both species, the greatest difference between species seems
to be that some of the whistles of the short-finned pilot whale extend a
little higher in frequency == up to 13 - 14 kHz. From the limited published
data, the clicks of the two species seem similar,

We can probably extrapolate information on the behavior, swimming speed

and tavget strength for this specias from that of the common pilot whale.
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Orcinus orca--(killer whale)

Killer whales emit clicks in short bursts of 10 to 12 per burst. Click
duration is between 0.5 and 1.5 msec, with peak energy at 16 - 20 kHz. Other,
longer duration clicks, up to 25 msec, have most of their energy around
250 - 500 Hz. Killer whales are alsc noted for their "screams', basically of
two types. One has a fundamental frequency of 500 Hz, the other at 2 kHz.
Duration of the screams ranged from (0.1 - 3.0 sec with an average length of
0.65 sec. Killer whales are known to emit screams that are & - 5 gec {u length,
and energy has been recorded as high as 5 kHz. .Estimates of source level
range up to 78 dB, re l)xN/m2 at 1 yd.

These animals are nearly always found in small groups of 2 - 10
individuals, and they are extremely vocal. They commenly oceur in shallow
areas right up to the land interface, but they way be found well offshore.
Killer whales make short dives of a few minutes duration., Although they may
reach total lengtha of up to 30 ft, most adults are 15 - 20 £t in length.

Target strength is unknown.

Killer whales may be very active at the surface and can affect large
disturbances. They are casily detected in a given area, not only by their
wultitudinous sound production, but by their high dorsal fins and frequent
appearvances at the surface., Even the casual observer would spot them easily.

All of the areas are known to contain killer whales, especially area
VIII. long-term recordings have not been made, Consequently,information om
peviodicity of sound production is not yet available. Beocause they are a serio

predator on other marine mamwals, 4including the huge wysticetes, plavbacks
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Orcinus orca--(killer whale) continued

of killer whale sounds will cause other whales to leave insonified areas.
This has been shown with gray whales and white whales.

Thie species is very pertinent to the proposed undertaking. ﬁagnetic
tape vecordings are available from Dr. W. C. Cummings, NUC Code 5054;
Boelng Aircraft Corp., Seattle, Washington; and W. E. Schevill, ﬁoods Hole

Oceanographic Institution.
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Phocoena phocoena--(harbor porpoise)

The harbor porpoise has a considerable repertoire of signals, representing
various repetition rates that sound like leng,frequency-modulated sqheals (or
whistles) which the animals accomplish by means of single clicks of short
duration., Individual clicks, averaging 0.5 to 5 msec in duration, are narrow
band with peak energy in the 1 to 3 kHz range. The energy does not exceed
20 kHz. Repetition rates are up to 1000 per sec, rasulting in a modulated
'whistle" sound with harmonics up to 6 - 8§ kHz when analyzed with narrow filter
bands. Pure-tone whistles have never been recorded from this species. Source
levels are only 25 - 30 dB, re l‘nN/m2 at 1 m.

The haxrbor porpoise, about 1.5 m long, has a wide geographic distribution
and may be important in all the areas considered in this veport except IV.

This species occurs in the coastal zone, avoiding the open sea, and quite
frequently enters rivers. Rarely is it found farther than 1 km offshore.
Normally harbor porpoises occcur in small groups of 2 - 10 {ndividuals, but
they may aggregate in large schools during fish wxuns. It is a slow swimmer,
does not jump out of the water, and does not produce a visible spout.

Target astrength of thig species is probably available from Mc, W, Leapley,
Naval Oceanographic Office.

Tape recordings of sounds from tho harbor porpoise are available from
Mr. P, Perkins, Graduate School of Oceanography, University of Rhode Island;

and W. BE. Schevill, Woods lHole Oceanographic Ingtitution,
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e Neophocaena phocaenoides--(black finless porpoise)

Short duration clicks but no whistles have been recorded from the black

finless porpoise. Most of their energy is contained in a band from 40 Hz to

O s

12 kHz. Source levels are probably quite low.

This very small porpoise, less than 1.5 m in length, is a coastal species
Ly which often swims miles up rivers from the sea, Infact, in some Chinese waters
; they go several hundred miles inland., In coastal waters they prefer shallow
water among islands and reefs. Most often they occur alone or in groups of
4 or 5 individuals.

Tape recordings of their clicks are avallable from W. E, Schevill,

Woods Hole Oceanographic Institution; and W. E, Evans, NUC Code 5023.
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Phocoenoides dalli--(Dall's porpoise; white-flanked porpoise)

Dall's porpoises emit clicks of 0.5 to 5 msec that are much like those
of the harbor porpoise. There is very little energy above 20 kiz. fhey are
not known to produce pure tone whistles. Signals that sound like squeals or
vhistles are actually short duration clicks emitted at very high repetition
rates of up to 1000 per sec. On the other hand, the repetition rate can be
as low as 15 per sec.

This species is quite common in certain areas of the North Pacific.
They possibly occur in areas I and IT, but we did not list them for these
regions for lack of reliable data. They should be numerous at area 111,
probably year-round. They may be found in groups of 3 - 5 or even up to 200,
This small porpoige, less than 2 m long, may be found anywhere from bays and
inlets to 20 miles offshore. On rare occasions, they are hundreds of miles
from land,

Dall's porpoise is a "playful" species. It frequently breaches, making
it easy to spot at sea. Maximuwn swimning speed is unknown.

Targat strength is not knowm, but it would probably be very similar to

that of other species of éhis gencral size. Tape recordings of its vocali-

‘zations are available from Dr. W. C. Cumnings, NUC Code 5054.
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Delphinapterus leucas-~-(whiteWhale or beluga)

The beluga is probably one of the most important marine mammgls
consldered here., It is very abundant in areas I1I, IIL, VI, and VIF. In
fact, of all species it is the one most likely to be encountered at II, VI
and VII. Sounﬁ*production has evolved in the beluga to a point which makes

it the most vociferous marine animal., Old whalers called it the sea canary.

The variety of signal types is almost endless. Included are high-pitched,

resonant narrow-band whistles and squeals, various broad-band click sounds,
chirps, mews, and jaw claps. The narrow-band ﬁﬁisties can sweep either up or
down in frequency with time, but most sweep down., The frequency range is

from 1 to 10 kHz, duration from 0.1 sec to 1 sec. Some whistles are amplitude
modulated with a principal frequency in the 2 -~ 5 kHz region, and there are
several concurrent gideband frequencies,

Short yelps are one of their most common signals. They average 50 - 150
nsac iong, sometimes occurring in trains of four or five. Fundamental
frequencies of these complex sounds occur between 1 and 3 kHz with as wany as
10 harmonies extending to 13 kHz. Numerous other types of complex sounds
have been described from captive animals, but few sounds of wild animals have
been analyzed.

Clicks, thought to be used for echolocation, are produced frequently,
at widely varying repetition rates. At slow repetition rates, the ¢licks are
discrete events, but at fast rates they sound like the squeaking of a rusty
hinge. Pulge trains may last up to 30 scc with repet.*ion rates from 15 to
210 pulses/scc, but primarily 20 te 60 pulses/sec. Nost ot the energy is

between 12 - 30 klz. Click duration is about 5 msoc,
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Delphinapterus leucas~-(white whale or belugd) continued

Our own estimates of source level for sounds from an individugl whale
are approximately 145-155 dB, re l‘pN/m2 at 1 yd, However, belugas are
normally found in very large groups. Source levels of these noisy herds may
exceed 160 dB.: Different sounds are associated with different gehaviors,
but thera is no obvious periodicity of sound production, either daily or
seasonally. Sound is produced by at least some individuals in the herd almost
at all times, There are, however, periods when nume;ous indi&iduals, or even
the whole herdjoins in to create a roaring outBQrsc.

This species is one 0f the most common Arctic animals eccurring in herds
of thousands covering vast areas of the ocean., In fact, schools of over
10,000 have been observed. They prefer temperatures below 60°F. They are
basically a shailow water species, rarely over two miles offshore. Frequently,
entire schools will go 10 - 20 miles up rivers; they do this at area VI. At
area VII they actually go through the straits. Belugas do not enter rivers
which are full of ice. Swimming speed, depending on behavior, varies from
l « 10 miles an hour. Moving calmly at 3 - 5 miles an hour, Q beluga surfaces
every 1 - 1.5 min, and once frightened every 3 min, Most dives are less than
2 win loug, but they can vemain down for over 10 min. The whales varely dive
beyond 12 m, but can probably go to over 50 m. No good data exists.

In geveral, the animals, averaging 14-16 ft. long, are quite easy to
spot because of their very white color. When scared, however, they can

become less obvious by staying well below the surface,

Seasonal detalled migration data for certain aveas is available from

NUC Code 5054 and should be considered.
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Voose
g_ Outstanding tape recordings are available from Dr. J. F, Fizh, NUC
i Code 5054; Dr. H. E. Winn, University of Rhode Island, Graduate School of
i Oceanography; and from W, E, Schevill, Woods Hole Oceanographic Institution.
Target strength data is not available,
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Monodon monoceros--{narwvhal)

The narwhal, noted for the long spiral tooth that extends forward of
the male up to 8 or 9 ft, produces clicks, pulses, and short squeaks. The
clicks occur in series at various vepetition rates. The frequency range of
narwvhal sounds ;s up to 24 kHz. Clicks occur as often as 100/sec. Squeaks
are narrow-band éones that ghift upwards or downwards in the frequency range
between 5 and 10 kHz. A considerable amount of sound results from large
groups of narwhals producing overlapping signals.

There is no information on source level, nor any information on long-
term patterns of sounds from this species. The nearly constant repetition
rate and frequency suggests that the gounds are not used for echolocation,
Instead, it has been suggested that they may be of communicative function.
Target strength of narwhals is unknowm, but W. Leapley of the Na§al Oceano-
graphic Office should be consulted for the posaibility that this {nformation
has been recently obtained. Narwhals way wxeach 16 fr at full growth.

Narwhals are knowm to desceand to 1200 £t. Thay €requently occeur in
groups of 6 to 10 animals, but a group may number up to 50. They have baean
described as quick, activa, and inoffensive. These vhales generally stay
close to the edge of the fce, but stragglers have bean seen far from the ica.
They oceur at areas VI and VII, but tho records are incowplete.

Magnetic tapa recoxdings of narwhal sounds are available from W. E. Schevill,
Woods Hole Oceanographic Institution; and D, {. Ray, Johns Hopkins Universicy.
Together with W. E, Watkins these vesearchers have the only kaown vecordings
fvom the narwhal, but they feel that this specfes way have a wuch lavger
repertoire of sounds. The narwhal {s related to the white wvhale treated
algewhere tn this report, a fact that way be very iuportant since the white

whale 12 one of the mest vociferous of all the warine wanmals.
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Physeter catodon--{sperm vhale)

The sperm whale, largest of the cdontocetes or toothed whales, is well
known for its production of trains of clicks, presumably for echo-ranging.
The clicks are as high as 174 dB, re lunN/m2 at 1 yd with most of the energy
below 10 kHz, some as high as 32 kHz. Sperm whales change the repetition
rate of their clicks which vary. from about 1 click/sec to as many as several
hundred/sec. Each click is composed of a number of short pulses of up to 2

msec long. Sperm whale clicks are very characteristic and in most instances

these whales can be identified ou the basié of sound alone. The typical lowest

limit of the clicks is at about 200 Hz.

Squawks, rasps, yelps and even whistling sounds have also been reported
from sperm whales, but their occurrences are unusual. It is believed that
reporte of some of thesa sounds may have involved inaccurate 1dentifiéations,
the sounds actually being emitted from another biological source.

Sperm whales most frequently occur in groups consisting of females and
8 lead male. Males without harems may travel in groups or singularly. Large
groups of sperm whales can number up to many hundreds of individuals that are
frequently subdivided into subgroups or harems. As such, they can produce a
tremendous amount of underwater sound and are certainly relevant to the
current problem.

Unlike finned whales, the presence of sperm whales is generally easily
revealed due mostly to their antics at the surface. Lobtailing and breaching
add to their conspicuousness. On tha othe£ han&, when only a few animals are
present, they can be difficult to spot. This species holds the record among
whales for the lengtii of dive--up to 90 min. Dives of 1 hr are common.

Ashley's rule states that a 60-ft sperm whale will stay submerged
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Physeter catodon--(sperm whale) continued

for 60 minutes; it will weigh about 60 tons, and will spout about 60 times.
No doubt, this {s a rather loose genevalization. There is unpublished data

showing that a sperm whale reached the 7200-ft depth while on a dive. This

is about twice the depth where a sperm whale had become entangled in a cable.

Target sérength at 1 kHz is between 106 and 107 dB, re 1‘ﬁﬁ/m2, Ybow
aspects.” Beam estimate is ab&ut 100 to 110 dB.

Sperm whales can put on bursts of speed up to 12 knots, but they more
frequently travel at average speeds of &4 - 5 kunots,

This species has been seen at all areas except for VII, They are very
common at area V {April - September), VI and VIII (year round). 6nlike wany
of the large and small whales, sperm whales are rarely seen near the coast.
They mere typically occur in the open ocean out to mid-oceanic regions.

Tape recordings of sperm whale sounds are available from Dr. J. T, Fish,
NUC; W. E. Schevill or Dr. R. H, Backus, Woods Hole'Oceanographic Institution;
P. Perkins or Dr. H, E, Winn, University of Rhode Island, CGraduate Schoo}l of
OCceanography; and W, Whitney, Marine Physical Laboratery, University of

California, San Diego.
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Kogia breviceps--(pygmy sperm whale)

The only sounds recorded from the pigmy sperm whale have been very
faint clicks with a frequency range of 40 Hz to 5 kHz, with very little
energy above 2 kHz. Source levels are not known, but must be very low. The
signals have only been recorded by use of a contact microphone on au animal
out of water.

This speries has a wide distribution, particularly in tropical vaters,
but is quite rare. The animals are solitary or congregate in small groups.
Maximum size is 3.5 - 4 m; target strength is not known. Very little is
known about the behavior of this species except that it is slow moving and
may come to within 200 m of shore.

Tape recordings of sounds recorded at sea are not available. However,
recordings of the above sounds are available from Dr. D. K, Caldwell,

Univergity of Florida.
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Mesop lodon bidené--(North Sea beaked whale)
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% §; We do not know of any sound recordings from this quite rare species
i .
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¢ : vhich shows up infrequently at area V. Very little is known of behavior
Lo '

% & pertinent to this undertaking and we doubt that there is any information
{3 on target strength.
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Mesoplodon europaeug--(Antillean beaked whale)

We do not know of any sound recordings from this rare species which

occurs infrequently at area V. Very little is known of the animal's behavior

l: that 1s pertinent to the present study.
< We doubt that there is any information on the target strength of the

. Antillean beaked whale.
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? . Mesoplodon mirug--{True beaked whale)
b .

3 HWe do not know of any sound recordings from this species which occurs
infrequently at area V. Very little is known about the behavior of this

N animal and we doubt if target strength has been determined.
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Mesoplodon stejnegefi--(Bering-Sea beaked whale)

We do not know of any sound recordings from this species which occurs
infrequently at areas I and III,
We know nothing of its relevant behavior and doubt very much if target

strength data are available.
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2iphius cavirostris--(goose-beaked whale; Cuvier's whale)

The goose-beaked whale 18 known to produce whistles and other types of

sounds. However, these signals have only been verbally described by whalers

and other observers \f beached whales. There are no scientific descriptions

of the differen; soundsg.

There is very little known about the behavior of this species. It is

cosmopolitan, except for high latitudes. Most often, it occurs only in oceanic

waters, but occasionally it may wove in close to shore. Groups of about 2 - 7

individuals are most common. They remain on the surface for about 10 min, then

sound together, and remain down for 1/2 hr or longer. They are probably deep

divers. Goose-beaked whales can attain a length of 8 - 9 m.

They are known from the general regions of the world encompassing areas
I1I, IV and VIII, but there is no specific data for the regloms.

The target strength of this species is unknown: Tape recordings of

their sounds are not available at this time.
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Berardius bairdi--(North Pacific giant bottle-nose whale)

We know of no scientific reports on the sound production of the North

Pacific giant bottle-nose whale. A closely related species, Berardius arnouxi,

is known to make a sound "like the bellowing of a bull", but the character-
istics of thesé»saunds have not been described. ‘

The North Pacific giant Sottle-nose has never been seen nearer than
10 miles from the shore. There is a slight possibility of it showing up at
area 11 and a fairly good chance of seeing it at area III, arriving there in
April - May and migrating south nut bf the areé‘by November.

The behavior of this species 1s not well known since it is Qot very
common, Generally, they are seen in tight schools of 20 = 30, Individuals
stay on the surface 3 = 7 min, spouting 10 - 20 times, then submerge for
10 - 20 min. They are probably excellent divers. This species way reach
12,2 m in length, but target strength is unknown., °

‘No tapes are available,
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Ryperoodon ampullatus--(North Atlantic bottle-nose whale)

Sounds have only recently been recorded from the North Atlantic bottle-
noge whale. The whistles and chirps are described as 115 - 850 msec long
signals with most of their energy between 3 and 16 kHz. Some whistles stay
at one frequehcy; others sweep through various frequencies. The constant
frequency portions are mostly in the 3 to 5 kHz, 7 to 9 kHz, and 12 to 14 kHz

range.

Clicks range in frequency from 500 Hz to above 26 kHz with the predominent

energy at 8 - 12 kliz. There are 3 to 50 clicks per train with repetition
rates up to 82 per sec. Click duration varies from 2 - 17 xaec. No soutce
level measurements have been made but the click sounds a.e ' avoctedly very
weak. No clicks were recorded when the whale~to-hydrophone distarce was over
100 ft.

The bottle-nose whale is quite common in the North Atlantic, but it

{s rarely found in groups of mora than 10 - 20 animals, Its'playful”nature and

frequent breaching makes it fairly easy to spot at sea; however, its erratic

swinming behavior makes it hard to follow for long periods of time,

This species, with individuals reaching 8 m, holds the record for the
maximum duration of dive. Some observers claim this time to be 2 hours;
howevar, few well documented vecovds excead 45 win - 1 hr, It {e knowm to
go dowm several hundred meters,

It is entirely possible that the North Atlantic bottle-nose whale can be
found at area V year-round, Spring, however, is one of the most likely times.
There is also a yood chance of finding it at areas VI and VII but geod
information on its seasonal distribution is not available.

Since 1t is genorally found in very small groups {ts sounds probably do

not contribute much to the umbient noise leval of an aree. Tape recordings
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é ¥ * Hyperoodon ampullatug--(North Atlantic bottle-nose whale) continued

. j—

x *u A}
}i of the sounds are available from Dr. H, E, Winn, Graduate School of Oceanograpby,
i

University of Rhode Island. A copy of the tape has been scquired by

{
L Dr. J. F. Fish, NUC Code 5054.
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SUMMARY AND CONCLUSIONS BY AREA

}3 The following species of marine mammals are known to be soniferous; magnetic
tape recordings of thelr sounds are available; and they can be expecﬁed to occur
‘ at each of the indicated areas ("good chance" or better of occurrence)., They

represent the best candidates for each location.

Given the particulars concerning intended applications and the information

P
PO

presented in this report, a [inal choice of candidates can be made for each
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area, NUC Code 3034 can assist in making these final choices.
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