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Production of Underwater Sound 

by the White Whale or Beluga, 

Delphinapterus leucas (Pallas) 1 '
2 

Marie Poland Fish and William H. Mowbray 
Narragansett Marine Laboratory 

ABSTRACT 
The behavior of three captive specimens of Delphinapterus leucas was observed for pro-

longed periods and their underwater sound producti on was recorded. Sonic and physical 
activities of the whales were correlated, and their sounds are compared with those of other 
cetaceans. Physical analyses for representative sounds from ro distinct categori es are pre-
sented for a 47-minute recording peri od. Frequency components were measured in the 
infrasonic, sonic and ultrasonic ranges. 

Introduction. Confinement of three Delphinapterus leucas at the New York 
Aquarium presented an opportunity in November 1961 to study the white 
whale at close range, to analyze sounds produced by known individuals, and 
to correlate patterns of sonic and physical behavior by direct observation from 
above the water surface and through glass side walls. 

Previous acoustical studies of captive cetaceans have concentrated for the 
most part on Tursiops truncatus, the bottlenose porpoise (particularly Wood, 
1953; K ellogg et al., 1953; Schevill and Lawrence, 1953, 1956; Kellogg, 
1958, 1959, 1960, 1961; Dreher, 1961; Lilly, 1961; Lilly and Miller, 1961; 
Norris et al., 1961 ), with fewer observations of Globiocephala macrorhyncha, 
the pilot whale (Kritzler, 1952), Stene/la plagiodon, the spotted porpoise 
(Wood, 1953), Phocaena phocaena, the harbor porpoise (Heel, 1959), Del-
phinus de/phis, the Atlantic saddle-back dolphin (Vincent, 1960) and Lagenor-
hynchus obliquidens, the white-sided porpoise (Rehman, 1961 ). 

Nineteenth century whalers, without benefit of underwater listening 
devices, grew familiar with the airborne sounds of Delphinapter us and called 

I Contribution No. 42 from the Narragansett Marine Laboratory of the University of Rhode 
I sland. This paper is based on research conducted under Contract Nonr-396(02) between the Office 
of Naval Research and the Narragansett M arine Laboratory. 

2 Submitted for publication 9/111/62. 
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the species "sea canary." As early as l 821 Captain William Parry likened 
its shrill emission to that produced by rubbing a wet finger on glass; its sounds 
were considered similar to bird calls by Brown (1868) and Beddard (1900, 
1902), and to the faint mooing of an ox by Scammon (1869). Other similes 
were deep sighing and gnashing of teeth (Nelson, 191 8 ), grunting of pigs 
(Struthers, 1896 and Ditmar, 1901) or of walrus (Chapsky, 1937), the 
"put-put" of motorboats (Andrews, 1925), badly played musical glasses 
(Fraser, 194 7 ), and the noise produced by vigorously shaking a large tin tray 
(Sutton and Hamilton, 1932). In re current reports of alleged mimicry of 
the female human voice by captive Tursiops (Lilly, l 961 ), it is interesting 
to note that Tomilin (1955) described a natural "twofold call" of Delphinap-
terus which "resembled a woman's shrill cry." Vladykov ( 1944) and Fish 
(1949) have summarized the reported repertoire of this apparently vociferous 
species, but underwater sounds were still unrecorded. 

Schevill and Lawrence ( 1949) listened to sound emissions in the lower 
Saguenay River, Canada, made by miscellaneous congregations of various-
sized Delphinapterus which passed the hydrophone at distances greater than two 
miles and never closer than 200 yards; later they made a phonograph record 
of the white whale chorus in its natural environment. Frequency analyses 
were not presented, but their vivid description included high pitched whistles, 
squeals, ticking and clucking reminiscent of a stringed orchestra tuning up, 
mewing, chirping, trilling, slapping, and bell-like noise. A few sounds were 
said to resemble an echo sounder. 

Equipment. During the New York Aquarium study, sounds were received 
by a modified Brush AX-58-C crystal hydrophone suspended at r.5-m depth 
and connected to a battery operated amplifier. The frequency response of 
this system is essentially uniform from 100-5,000 cps, with variations not 
exceeding± 8 db over the extended range of 2.0-50,000 cps. 

Tape recordings were made at a speed of 1 5 inches per second with a Magne-
cord PT-63 recorder modified to have a frequency response within 2 db from 
15-16,000 cps. The measured output at 20 and 25 kc was 16 and 26 db 
respectively below the midrange response, which was sufficient for analyzer 
operation. Motion pictures for synchronization with the magnetic tapes were 
made in color with a Bo lex H- 1 6 camera. 

The recorded sounds were analyzed at the Narragansett Marine Laboratory 
with a Kay Electric 651-A Vibralyzer and 667-A Scale Magnifier having 
a frequency range of 5-13,500 cps; higher frequencies were investigated by 
reducing the tape playback to one-half or one-quarter of the recording speed. 
All Vibragrams, made with the equipment's narrow-band filter, included 
frequency calibration signals from a General Radio 723-C fork standard and 
121 7-A pulse generator. Since the seawater circulating pumps located below 
the experimental tank created low frequency background noise, an Allison 
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La?oratories Mo~el 2-A filter was inserted between the recorder and analyzer 
to improve the s1g~al-to-noise ratio of some low a~plitude, high frequency 
sounds by attenuating lower frequency noise components. Further detailed 
study was made possible by a Dumont 304-A cathode ray oscilloscope with 
Dumont 321-A and Polaroid oscilloscopic cameras. 

Pulse repetition rates were measured on a Sanborn Co. 150 Series recording 
system which was equipped with log-audio preamplifiers and which operated 
at an equivalent chart speed of 400 mm/sec for tape playback at one-quarter 
normal speed. The Allison 2-A filt er was used to attenuate frequencies below 
1 2 kc for these measurements. 

The discussion in following sections is generally confined to the human 
audible range because of equipment limitations. Although it is considered 
probable that some higher harmonics extend to the region above 1 oo kc, later 
investigations with equipment recording frequencies to 50 kc3 have indicated 
that the greatest energy in many Delphinapterus sounds is concentrated in the 
audible spectrum, as confirmed for Tursiops by Kellogg et al. (1953) and 
Schevill and Lawrence (1953). 

Experimental Material. The present specimens were a one-year old male 
and two larger females that had been taken three months earlier in Bristol 
Bay, Alaska (Ray, 1962). At the time of capture they measured approximately 
7-9 feet and weighed 460-800 pounds. In the aquarium tank the male ex-
hibited some diffidence by attempting concealment beneath a small float, 
apparently because his free swimming stimulated annoying pursuit by the 
females. However, on the whole all individuals seemed well acclimated and 
in excellent physical condition. 

Underwater Sound Production and Concurrent Behavior. As the regular 
feeding period approached, it was noted that the Delphinapterus did not remain 
at the surface, whistling expectantly, in the manner of tame Tursiops. Instead 
these whales continued to swim around at mid-depth, often with underside 
upward, turning slowly on one side and then on the other, assuming an upright 
position to inhale but immediately circling downward and leisurely rolling 
over again on the back. Meanwhile the head was slowly oscillated horizontally 
in a less than 1 o degree arc, and low creaking sounds, associated in other 
cetaceans with echo-location, were constantly recorded, and were punctuated 
with only an occasional rasp, yelp, squawk, bang or canary-like whistle. When 
food was at length provided, sound production became more frequent and 
intense, and the echo-ranging creaks from all specimens became louder, faster, 
and more prolonged. With an abundance of food in the tank, the white whales 
demonstrated preference for dead killifish of medium length, accurately homing 

3 Such instrumentation was used continuously over a 24-hour recording period in March 1962. 
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on the wanted size and shunning others. During each approach, the arc 
described by the scanning moti on of the head was increased, and the amplitude 
and rate of creaking rose rapidly. A fter the whales had sati ated their hunger, 
the chorus subsided to its ori ginal passive level, although cli cking seri es con-
tinued throughout the recording. 

The foll owing categori es of sound4 were differentiated during 47 minutes 
of continuous recording : 

1 . CLICKS AN D CREAKS. Short pulses of sound, associated with echo-locati on, 
were produced at widely varying repetiti on rates in a manner similar to those 
recorded for other cetaceans. When produced slowly, such clicks are a sequence 
of discrete events but, as the repetiti on rate increases, the sound becomes a 
creak, often lik ened to the squeaking of rusty hinges. A lthough clicks could 
not always be heard directl y because of their extremely high frequency, an 
almost continuous cli cking from all three individuals was revealed by playback 
of the recordings at one-quarter normal speed. Pulse trains up to 1 5 sec durati on 
from a single specimen were heard, and frequentl y two or three trains could 
be detected simultaneously from more than one specimen. T he pulse repetiti on 
rates during 40 different pulse t rains measured between 1 5 and 2 I o pulses/sec, 
with the majority fallin g between 20 and 60; a few isolated pulses occurred 
at I oo-msec intervals5. 

In sustained pulse trains, the repetition rate often varied as much as 5 0 0 °/o 
as a D elphinapterus investi gated its surroundings. The total number of pulse 
trains detectable in the recording peri od has been estimated as greater than I oo. 

The Fig. 1 Vibragram illu strates a porti on of a typical pulse train, or 
seri es of cli cks, being produced at about 2 0 pulses/sec, with insignifi cant 
components below 12 kc and extending well above 25 kc. 

2 . WHISTLES. During the recording peri od, about 24 characteristi c cetacean 
whistles were heard. These sounds are disti nguishable as clear, high pitched 
tones of decreasing frequency, relatively long duration, and very littl e harmonic 
content. In 2 0 sounds loud enough for analysis, initi al maximum frequency 
ranged between 3.45 and 9.1 kc and terminated 1-24 °/o lower. Their durati on 
ranged between 70 and 695 msec, and at least seven sounds were partl y con-
current with preceding whistles, as if in answer. O nly three sounds ori ginated 

4 Because of a poverty of vocabulary for describing unfamili ar sounds, considerable care has been 
taken in matching the names of t he vari ous categori es not on ly to the aural sensations produced but 
to the physical analyses implied. 

5 The operating range of a man-made sonar using corresponding pulse rates would be about 12- 240 feet. 

F igure I (ToP). Vib ralyzer fr equency spectra of 5 pulses fr om an extended t rain show as dark, verti cal 
traces. Background noise components below 10 kc have been at tenuated by a h igh-pass filt er. 

Figure 2 (MIDDLE) . Frequency spectra of 3 whistles, the second of which is the loudest and is con-
current with a barely visible creak. Noise components below 7.5 kc have been attenuated. 

F igure 3 (soTToM). Frequency spectrum of a modulated wh istle. Noise components have been 
attenuated wi th a 3. 5-4.4 kc band-pass fi lter. 
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at a frequency 8-14 °/o lower than the maximum, but they reached this value 
within 8 msec. 

At times the whistles were heard together with other types of sound, but 
there is no evidence that any individual produced simultaneous combinations 
other than whistles and slow creaks. In this case the whistle assumed slightly 
pulsed and frequency shifted characteristics, as shown in Fig. 2. This Vibra-
gram indicates three whistles: the first started at 8.9 kc, the second and loudest 
started I 50 msec later at 8.6 kc and was accompanied by an ultrasonic creak, 
and the third started 5 msec before the end of the second at 8.3 kc. 

3. MoDULATED WHISTLES. Three recorded whistles, otherwise similar to 
the usual cetacean whistles, have been separated for discussion because of their 
dissonant timbre and distinctive physical characteristics. This type of sound 
is similar to an amplitude modulated signal; that is, it consists of ( r) a principal 
frequency and (2) concurrent sideband frequencies existing at the sum and 
difference of the principal frequency and a much lower, modulating frequency. 
The initial portion of each Delphinapterus modulated whistle was identical 
with the common whistle and consisted of a single, weak, slightly decreasing 
frequency, followed by a sudden increase in its amplitude and the addition of 
modulation. The resulting sideband frequencies, not harmonically related to 
the principal frequency, varied independently in amplitude and decreased in 
frequency proportionately. At the conclusion of modulation, the principal 
frequency increased slightly to its terminal value. 

These characteristics for the loudest sound are illustrated in Fig. 3, which 
shows that the principal frequency is initially at 4.0 5 kc, decreases to 3. 77 kc, 
and then increases to 3.82 kc. The modulation, weak at first and with the 
lower sideband predominant, increases in amplitude and is balanced by the 
upper sideband in the final portion. The interval between the sidebands and 
the principal frequency, which is the modulating frequency, remains approx-
imately constant at 330 cp , with a few traces of higher harmonic side-bands 
detectable at 660 cps. No indication of ultrasonic clicks or other sounds could be 
found coincident with the modulated whistle, as with the conventional whistle. 

4. YELPS. Short, high pitched emissions, heard 44 times in a 47 minute 
recording that spanned the feeding period, ranged between 5 o and I 80 msec 
duration. While these sounds were usually heard with a rising inflection, those 
of very short duration were squeak-like. Analysis indicated a wide variation 
in the complex form of the yelps, which consisted of 2-12 shorter, overlapping 
components, with fundamental frequencies occurring between 1.25 and 2.2 kc. 

Figure 4 (ToP). Frequency spectrum of a short yelp wi th ri sing infl ection and predominant second 
harmonics. Noise components below r kc have been attenuated. 

Figure 5 (MIDDLE). Frequency spectrum of the first raucous blare wi th predominant sixth harmonic. Ad-
ditional weaker components exist to over I 3 kc. Traces below 500 cps are primarily pump noise. 

Figure 6 (BOTTOM). Frequency spectrum below 8.8 kc of the rasp, which has components extend-
ing to over 20 kc. Noise components below 800 cps have been attenuated. 
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As many as IO higher harmonics of the fundamental frequency, extending 
to I 3 kc, were measured in some cases, with the second or third harmonic 
usually predominant. 

The yelp illustrated in Fig. 4 has a total duration of about I 25 msec and 
consists of fiv e parts of 40 msec average duration each. The fundamental 
frequency rises progressively from I .4-2.2 kc, with five higher and stronger 
harmonics visible. 

5. BLARE. Two extremely loud, sustained, raucous sounds in close succession 
were attributed to the defensive action of the male when pursued by the females. 
The sounds were produced for 1.66 and I. I 6 sec respectively and each varied 
rhythmically in amplitude, producing 6 and 4 audible "wows". In each case 
the pitch increased slightly for the first I 50 msec and then decreased gradually 
for the remainder of the sound. The fundamental frequency of the first blare 
originated at 260 cps, increased to 270 cps, and ended at 255 cps. However, 
many of the higher harmonic components were of larger magnitude than the 
fundamental, with the sixth harmonic predominant, as shown in Fig. 5. In 
addition, many strong harmonics existed to 8 kc, with measurable components 
to over I 3 kc. The second blare was almost identical with the first except 
that the relative amplitude position of major harmonics shifted down one 
octave with the third harmonic predominant, giving the li stener the impression 
of a lower overall pitch. 

6. RASP AND TAPS. 6 A single rasp, heard about I I minutes before feeding 
began, consisted of a series of very high amplitude pulses extending over 637 
msec. As shown in Fig. 6, the sound occurred as (I) three pulses at I 5 
msec intervals, (2) two pulses at 128 and I 14 msec intervals, and (3) 
a 300-msec duration train of an estimated 35 pulses. The initial repetition 
rate of the train was in excess of 200 pulses/sec; the exact rate could not be 
determined because of multiple interfering echos within the tank. Following 
the very fast pulses, the rate continuously decreased for the remainder of the 
train and terminated at c. 33 pulses/sec. The frequency spectrum consisted 
of discrete components at c. 300 cps intervals to well over 20 kc, with maximum 
intensity at c. I .25 kc. 

Immediately preceding each of the raucous blares, loud taps were heard 
at random intervals between 73 and 365 msec. Each tap, consisting of a single 
sound pulse having multiple echos, was almost identical in physical and aural 
characteristics to the individual pulses of a rasp. While it is probable that rasps 
and taps were produced by the same mechanism as the clicks and creaks, their 
much greater amplitude, more discrete frequency composition, and lower in-
cidence suggest a special function. 

7. SQUAWKS. The squawk sound was commonly heard following yelps and 
bangs during periods of increased activity; 20 sounds were thus recorded, I 3 

6 Although few blares, rasps and taps were originally heard, the later 24-hour conti nuous recording 
indicated that these categories occur fr equently under different condit ions. 
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Figure 7 (ToP). Frequency spectrum of a warbling squawk with predominant third harmonic. Back-
ground noise and portions of the fundamental frequency below 5 50 cps have been atten-
uated. The spectrum of the bang at 7 5 msec extends to over 2 5 kc. ?~ 

• l' .. "'":'•~ 
Figure 8 (BOTTOM). Frequency spectrum of a trill shows as a darker, horizontal trace surrounded 

by background noise. Other noise components have been attenuated by a band-pass filt er 
centered on r.26 kc. 

of which were produced in a half-minute mixed series during feeding. Most 
of the sounds were characterized by a warble, or shift in frequency of 1 0 -

2 0 °/o, which was repeated up to 10 times/sec over the duration, wi th maximum 
amplitude often coincident with maximum frequency. While none of the 
squawks occurred simultaneously with simil ar sounds, large variations in sound 
duration and fundamental frequency suggest that all individuals participated 
in their production. The durations ranged from 0 .2 sec with two warbles to 
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r.8 sec with 1 7 warbles. The squawk of highest pitch shifted between 7 50 
and 660 cps at the fundamental, while the lowest shifted between 540 and 
450 cps, with the second or third harmonic usually predominant and with 
higher components to I 2 kc often measurable. 

Fig. 7 shows a squawk of r.38-sec duration with 14 warbles. This sound, 
the only one of its type which exhibited an over-all decrease in pitch with 
time, was accompanied by a bang c. 7 5 msec after origination. The funda-
mental frequency, which is quite weak and almost masked by the pump back-
ground noise, starts at 580 cps with shifts down to 500 cps, and at the last 
warble it has decreased to between 540 and 450 cps. The third harmonic is 
quite predominant and the magnified frequency changes can easily be observed. 

Three squawks in close succession not associated with other types of sounds 
did not exhibit the warble effect: one remained essentially constant and two 
increased in frequency over their durations. Although the fundamental fre-
quencies of each were in the same range as the other squawks, the fifth, sixth, 
or seventh harmonics were predominant and the higher apparent pitch was 
immediately noticeable to the listeners. 

8. BANGS. On seven occasions, loud bangs were produced immediately 
after a yelp or squawk or during a squawk, never independently. Cathode 
ray oscillograms showed that each noise had an approximate duration of 4 
msec, followed by at least Io strong echos from the tank's surfaces and numerous 
weaker echos, which produced an extended duration of c. 50 msec. A charac-
teristic wide-band frequency spectrum resulted, with components extending 
to both upper and lower analyzer limits and with amplitudes inversely pro-
portional to the frequency. The partial spectrum below 4.4 kc of a bang 
produced during a squawk is shown in Fig. 7. 

9. TRILLS. Five sustained, bird-like trills were heard, four of which occurred 
after all Delphinapterus had concluded their feeding and were slowly cruising 
about the enclosure. Analysis of these sounds was made difficult by their 
proximity in frequency to components of the background noise, and by their 
low amplitude, which would gradually increase above the noise level and 
then fade away as the specimens changed position. In the loudest portions of 
the four sounds mentioned, durations were measured on Vibragrams between 
o.86 and r. 7 5 sec, but it is believed that one sound may have lasted as long 
as 2.5 sec. Only one frequency component could be measured which decreased 
from c. r.28-r.24 kc over the duration of three sounds; in the fourth sound, 
no decrease from the average frequency of 1.28 kc could be detected. 

Loud creaks preceding each trill could not be heard during the sounds, but 
high frequency analyses indicate that the creaks always continued for the 
duration at low intensity above r 2 kc. Coincident with each click of the 
series, the sustained sound instantaneously increased slightly in amplitude and 
pitch, with the frequency shifting upward about 50 cps to produce the dis-
tinctive trilling effect. The pulse rates during each trill remained essentially 
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co_nstant and ranged between 2 5-30 pulses/sec in the four sounds. The Fig. 1 o 
V1brag:am shows a I. I 8-sec portion of the loudest trill, with normal frequency 
decreasing from 1.28-1.24 kc. The average pulse rate over this period is 
2 7 pulses/sec. 

Discussion. Various observations of correlated sonic and physical activities 
of D. leucas agree with previous data on other cetaceans, particularly with our 
own studies of captive Tursiops at Bimini, Bahamas. Delphinapterus, like 
Tursiops, gave evidence of almost constant sound emission, including a com-
bination of echo-ranging and binaural localization which Kellogg ( 1960) called 
"auditory scanning"; it also gave evidence of ability to discriminate between 
various sized objects. 

Based on available recordings, two types of sound may be considered typical 
of many cetaceans, and these are readily distinguished from other biological 
underwater sounds: 

a) WHISTLES. High pitched whistles have been commonly produced by all 
of the toothed whales (Odontoceti) studied in captivity. They occur also, but 
infrequently, on field recordings of alleged whale sounds in Antarctic and 
other ocean areas. Although pitch patterns may vary within each species, the 
majority of D. leucas whistles resemble those of S. plagiodon (Wood, 1953) 
and L. obliquidens (Rehman, 1961) in exhibiting a falling inflection, whereas 
in D. de/phis (Vincent, 1960) and T. truncatus (personal observations) the in-
flection characteristically rises. Within the audible spectrum explored, the fre-
quency ranges of D. leucas whistles (3.45-9.1 kc) appear slightly lower than 
those of T. truncatus (4-15 kc), D. de/phis (8-13 kc), and L. obliquidens 
(7-16 kc). The average duration of 20 widely varying D. leucas whistles was 
283 msec, as compared with c. 500 msec in T. truncatus and 700 msec in 
both L. obliquidens and D. de/phis. 

b) CLICKS AND CREAKS. Short pulses of sound produced at widely varying 
amplitudes and repetition rates are characteristic of all the smaller cetaceans 
thus far auditioned in captivity. They appear as well on available field re-
cordings of alleged sperm whales, humpback whales, killer whales and other 
unidentified species. During echo location, the repetition rate of D. leucas 
clicks (15-210/sec) resemble those of T. truncatus (16-190/sec) reported by 
Norris et al. (1961) and of L. obliquidens (30-80/sec) reported by Rehman 
( 1961 ). D. de/phis exhibited similar series that lasted 1 2-40 msec (Vincent, 
1960). Worthington and Schevill (1957) described clicking of high amplitude 
and slow rate produced by Physeter catodon at sea. 

Several other categories of sound recorded for Delphinapterus are not as 
characteristic of the general group as the common whistles and clicks, but 
they have been reported for various small porpoises in captivity. They include 
the short, high pitched YELP, which may be comparable to the loud, puppy-
like "yelping" of T. truncatus (Wood, 1953). However, yelps were produced 
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repeatedly by female D. leucas, whereas they were associated only with a dom-
inant male in T. truncatus. Since female superiority in our D. leucas community 
was unquestionable, it seems likely that the yen to yelp is not a sex-linked trait 
but is merely a phonation of the dominant animal, whether male or female. 

The loud BANGS may well correspond to the jaw claps described for T. trun-
catus (Wood, I 953; Lilly, I 96 I). Unfortunately these investigators did not 
include analysis data which might be compared with our recordings of D. leucas, 
but the observed production pattern suggests similarity. In the white whale 
the bangs were sometimes, but not always, simultaneous with the larger 
females' sudden pursuit of the male; in the bottlenose porpoise, the fl.at, 
abrupt snaps, accompanied by discernible jaw movement, were produced most 
often by a dominant male. There seems to be little doubt that in both species 
this phonation represents a threat or warning. The sharp slaps heard by 
Schevill and Lawrence ( I 949) in the field may be identical to these sounds. 

The D. leucas SQUAWK, associated with increased activity, bears a close 
similarity to a L. obliquidens squawk (Rehman, I 96 I) in fundamental fre-
quency, in predominant harmonic pattern, and in ability to vary both in-
dependently. 

In both TRILLS and WHISTLES the tendency toward sustained sounds of 
decreasing frequency, coincident with clicking, is noted. Similarity of funda-
mental frequency of the TRILL to that of YELPS and to the predominant 
harmonics of the SQUAWK and RASP are to be expected from a limited number 
of producing mechanisms. Sustained trills bearing some resemblance to those 
of D. leucas, recorded for the Indian Ocean 700-800 miles south of the 
Prince Edward Islands, have been tentatively attributed to a cetacean. Sighted 
in the area were minke (Balaenoptera acutorostrata), fin (B. physalus), blue 
(B. musculus) and sperm whales (Physeter catodon). 

Two types of D. leucas sounds, the BLARE and the MODULATED WHISTLE, 
are unlike any cetacean emissions recorded in the Reference File of (iden-
tified) Biological Underwater Sounds, nor have they been noted in the 
literature reviewed by the authors. The demonstrated ability of the species 
to produce a modulated whistle corroborates the tentative identification as 
"cetacean" of certain contacts of unknown origin recorded in the Pacific. 
The latter exhibited almost identical physical characteristics except for a lower 
frequency range. 

A principal result of this study is particular knowledge of the tremendous 
variation within single sound categories produced by one individual, as well 
as by different individuals of the same species. The present material is too 
limited for any but very general conclusions concerning correlated physical 
conduct and sound production, and no attempt is made to contribute to cur-
rently explored problems involving the linguistic significance of porpoise 
phonation. However, it confirms previous evidence of a wide repertoire of 
recognizably different types of sound that, used singly or in combination, have 
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speci fie meaning. As further cetacean information becomes available, it is 
probable that more comparable sound categories will be found, related in pitch, 
infl ecti on, over-all pattern and apparent mechanism of production. 

Acknowledgments. The present study was conducted in connection with a 
long range bioacoustics program supported by the Office of Naval Research 
and the Narragansett Marine Laboratory, to whom grateful acknowledgment 
is made at this time. Sincere appreciation is extended to Director Christopher 
W. Coates and his staff at the New York Aquarium of the New York Zoo-
logical Society for cordial cooperation, and to Dr. Charles J. Fish and C. Philip 
Gilmore of the Narragansett M arine Laboratory for valuable assistance during 
the experimental observati ons and recordings. 

REFERENCES 
ANDREWS, R. C. 

192 5. Whale hunting with gun and camera. D . Appleton and Co., New York. 333 pp. 
BEDDARD, F . E. 

1900. A book of whales. G . P. Putnam's Sons, New York, p . 245. 
1902. Mammalia. Cambridge Nat. Hist. Series X: 339-38 5. 

BROWN, R. 
1868. Notes on the history and geographical r elations of the Cetacea fr equenting Davis 

Strait and Baffin's Bay. Proc. zool. Soc. L ond.: 533-556. 

CHAPSKY, K . K. 

1937. M igrations and hunting of white whales in the northern part of Ob Bay. Trans. 
arctic Inst. (biol. ), L eningr ., 71: 57. 

DITM AR, K. 

1901. Travel in Kamchatkan in 1851-1855. Puteshestvie po kamchatke v 1851-1855 gg. 
756 pp. 

DREHER, ]. J. 
1961. Linguistic considerations of porpoise sounds. J. acoust. Soc. Amer., 33 (1 2). 

FISH, MARIE P. 
1949. Marine mammals of the Pacifi c wit h particular reference to the production of 

underwater sound. Pacif. Ocean. biol. Proj. N6ori-195, TO1, NR-083-003 Tech. 
Rep. 8 : 1-69, R ef. No. 49-30 Woods Hole Oceanogr. Inst . 

FRASER, F. C. 
1947. Sound emitted by dolphins. Nature, L ond., 160 (4074): 759· 

HEEL, W. H. D . VAN 

19 59. Audio-direction finding in the porpoise ( P hocaena phocaena). Nature, Lond ., 183 : 106 3. 

KELLOGG, W. N. 
1953. Ultrasonic hearing in the porpoise. J. comp. physiol. Psycho!., 46: 446-450. 
1958. Echo ranging in the porpoise. Science, 128 (3330): 982-988. 
1959a. Auditory perception of submerged objects by porpoises. J. acoust. Soc. Amer., 

31 (1): 1-6. . . 
1959 b. Size discrimination by reflected sound in a bottlenose porp01se. J. comp. phys10l. 

Psychol. , 52: 509-514. 
1960. Auditory scanning in the dolphin. Psycho!. Rec., 10: 25- 27. 
1961. Porpoise and sonar. University of Chicago Press. 177 pp. 



J ournal of Marine Research [20,2 

K ELLOGG, W . N., R. K OHLER and H . N . MORRIS 
1953. Porpoise sounds as sonar signals. Science, 117 (3036): 239-243. 

K RITZLER, H. 
1952. Observati ons on the pilot whale in captivity. J. Mammal., 33 (3): 321-334. 

LI LL Y, J.C. 
1961. Man and dolphin. D oubleday and Co., New York. 312 pp. 

LILLY, J . C. and A . M. MI LLER 
196 r. Sounds emitted by the bottlenose porpoise. Science, 133: 1689-1693. 

NELSON, E.W. 
1918. The large North A meri can mammals. Nat. geogr . Mag., 30 (5): 385-612. 

NORRIS, K . S., J . H . PRESCOTT, P . V. ASA-DORIAN and P. P ERKINS 
1961. An experimental demonstration of echo-locati on behavior in the porpoise, Tur-

siops truncatus. Biol. Bull . Woods Hole, 120 (2) : 163-176. 

PARRY, CAPTAIN W. 
1821. Journal of a voyage for the discovery of a north-west passage fr om the Atl antic 

to the Pacific , 1819-1821. John Murray, London. 
RAY, CARLETON 

1962. Three whales that fl ew. Nat. geogr. Mag., 121 (3): 346-359. 

REHMAN, I. 
1961. Porpoise aids research. Undersea Tech. Mag., 2 (6): 36-39. 

SCAMMO N, C. M . 
1869. On the cetaceans of the western coast of North America, edited by E . D . Cope. 

Proc. A cad. nat. Sci. Philad., S. 2, 21 : 13-63. 

SCHEVILL, W. E . and B. LAWRENCE 
1949. Underwater li stening to the white porpoise (Delphinapterus leucas). Science, 109: 

143-144. 
1953. Auditory response of a bottlenosed porpoise, Tursiops truncatus, to fr equencies 

above 100 kc. J. exp. Zoo!., 121 (1): 147-165. 
1956. Food-finding by a captive porpoise (Tursiops truncatus). Breviora, Mus. comp. 

Zoo!. Harv., 53: 1-15. 

STRUTHERS, J. 
1896. On the external anatomy of a beluga (Delphinapterus leucas). J. anat. physiol. norm. 

Pathol. , 30: 124-156. 

SuTTON, J.M. and W. J. HAMILTO N 
1932. The mammals of Southampton Island. Mem. Carnegie Mus., 12 (2): 92-93. 

T OM ILIN, A. G. 
1955. On the behavior and sound communication of cetaceans. Trans. Inst. Oceanogr. 

U.S.S.R ., 18: 28-47. 
VIN CENT, F . 

1960. Etudes preliminaires de certaines emissions acoustiques de Delphinus delphis L. en 
captivite. Bull . Inst . oceanogr. M onaco, 57 (1172): 1-23. 

VL ADYKOV, V. D . 
1944. Etudes sur les mammiferes aquatiques III. Chasse, biologie et valeur economique 

du marsouin blanc ou beluga (Delphinapterus leucas) du fl euve et du Golfe Saint-
Laurent. Contr. Inst . biol. Univ. M ontreal, 15: 1-194. 

Wooo, F. G., JR. 
1953. Underwater sound producti on and concurrent behavior of captive porpoises, Tur-

siops truncatus and Stenella plagiodon. Bull . mar. Sci. Gulf Carib., 3: 120-133. 

WORTHINGTON, L. V. and w. E . ScHEVILL 
1957. Underwater sounds heard fr om sperm whales. Nature, Lond., 180: 291. 


