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ABSTRACT 
Previous studies suggest that at least 42 families of Pacific Ocean fishes are potential 

sources of underwater sound. The present investigation has undertaken to ascertain 
experimentally which North Atlantic coastal species fit into that category and what 
stimuli are involved in sound production among fishes. Apparatus, test and analysis 
procedures are described. Recorded for 26 species are "biological" sound, the 
mechanism responsible for sound production, the frequency range, the principal 
frequency components, and a description of each sound. Relationship is noted be­
tween origin of sound and i ts frequency characteristics. The majority of species 
tested have principal frequencies between 75 and 300 cps; none exhibited sounds 
lower than 20 cps, and with three exceptions none produced sounds higher than 1600; 
stridulatory sounds of triggerfish, filefish, and burrfish reached the 2400-4800 cps 
octave. With the available filter system, nothing could be measured faithfully above 
that band. Noise of "mechanical" origin was recorded for 22 additional species. 
No sound was observed during routine testing of six species. 

PREVIOUS INVESTIGATIONS 
Widespread use of underwater acoustical systems during World 

War II made exigent a knowledge of ambient noise conditions. Early 
background measurements indicated that in the absence of extraneous 
noises (as from shipping, shore activity, and animal life) a magnitude 
of one dyne/cm2 in an octave band would seldom be exceeded (8), 
whereas biological sources might be responsible for sustained noise 
levels of 200 to 300 dynes/cm2 (6). 

So little was understood of the noisemaking propensities of marine 
animals, however, that "a list of all known (worldwide) forms of 
marine life producing subsurface sound," prepared by the United 

1 Contribution No. 1 from the Narragansett Marine Laboratory of the University 
of Rhode Island. This paper is based on research conducted under contract with 
the Office of Naval Research. 

( 180) 
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States National Museum for the Navy in 1942, included only 14 
families of fishes and 17 families of crustaceans. Collected data on 
their sound production were fragmentary, often mere hearsay, and 
they seldom included more than a few descriptive terms like "loud 
grunt," "hoarse croak," or "nasal whine." No information was 
available on the actual magnitude or frequency spectra of the various 
sounds. 

Accordingly, investigations were initiated in such areas as Chesa­
peake Bay, where croaker interference at times masked the propeller 
sounds of ships, and San Diego, where observations as early as 1933 
had spotlighted a crackling noise of great magnitude, identified (5) in 
late 1942 as snapping shrimps (Crangon and Synalpheus). Obser­
vations on noisemaking crustaceans continued throughout the war. 
Monitoring and disc recording were undertaken on the southeastern 
and southwestern coasts of the United States and in the vicinity of 
Hawaii, Ellice Islands, Noumea, Guadalcanal, and the Russell Islands. 
Also, during this period, six species (representing five families) of 
Virginia coastal fishes (9) and members of five families in captivity at 
the Shedd Aquarium (7) were isolated for sound recording and analysis. 
The only other experimental work of this type was done by Dr. 
Yoshio Hiyama in Japanese waters between 1944 and 1945 (1). 

In 1946 the senior author undertook a Navy assignment to "assem­
ble, analyze, and where possible correlate with environmental factors, 
available information from the central and western Pacific" on under­
water sound of biological origin. The resulting reports (3, 4) added 
31 families of fishes to the existing list of soundmakers in that area, 
bringing the total to 42. Since most of these families are represented 
by many species, it became evident that the potential sonic species 
might number thousands. For each known or suspected sonic family, 
available data were presented on geographical, seasonal and vertical 
distribution, size of individuals, abundance, and especially on the type 
of sound mechanism involved and a description of the sound produced. 

PRESENT OBJECTIVE 

Previous study (see REFERENCES) had thus indicated that noise­
making is common among many types of marine animals. It had 
shown which species are potential sources of underwater sound, what 
their characteristic sounds are, how produced, and when and where 
they may be expected. However, no attention had been given to the 
underlying causes of this ability. Thus the present investigation at­
tempts to determine primarily the biological significance of sound­
making among fishes. From the physical viewpoint, the problems 
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emphasized are: 1) the sound intensity possible from an individual 
fish· 2) the frequency spectrum of sound made by each species; 3) the 
dur~tion and repetition rate of the sound; 4) the maximum distance at 
which it can be detected. 

APPARATUS 

Laboratory and vessel facilities were made available by the Narra­
gansett Marine Laboratory, headquarters for the Project. Its loca­
tion directly on Narragansett Bay, with no surf or industrial activity 
along shore and almost no ship traffic, provided an ideal low back­
ground level. A large wire enclosure and numerous live cars con­
structed in the Bay acted as storage space and test areas where 
specimens could be maintained under more normal conditions than 
those of indoor aquaria. Bay hydrophones were connected with 
recording instruments in the main laboratory, an arrangement which 
made possible protracted monitoring within a distance of 540 feet. 
Monitored also by hydrophone were many large glass aquaria inside 
the building as well as a concrete floor tank (19 x 3 x 2 feet), all with 
running seawater. 

Marine sounds were recorded with a modified Naval Ordnance 
Laboratory Mk2 acoustic system. Type 1-A (Q4) quartz crystal 
hydrophones were used with the permanently installed equipment. 
These hydrophones have no significant temperature coefficient; they 
have a smooth, fairly flat frequency response from 10 to 5,000 cps and 
a rising characteristic from 5,000 to 10,000 cps. Sounds picked up by 
hydrophone were fed into an analyzer unit consisting of an audio 
amplifier with flat response from 40 to 20,000 cps, low and high pass 
filters, and power supply. The filter output was recorded by Esterline 
Angus Graphic Ammeters (EA) which indicated the root-mean-square 
pressure in the frequency bands below and above 500 cps. The 
response of the low pass EA is flat from 10 to 500 cps, while the high 
pass EA is flat from 500 to 30,000 cps. 

During the earlier experiments, the putput of the audio amplifier 
was applied directly to a Presto 88A3S recording amplifier and Presto 
6-N recording turntable, which made permanent disc recordings at 
78 rpm. For playback, a Brush PL-20 pickup was used. Assembled 
thus, the response of the over-all recording system was from 20 to 
5,000 cps, being flat within 4 db from 30 to 1,500 cps. 

Later, a Webster Electric Model 111 tape recorder replaced the 
Presto equipment for direct recording. The tape recorder had not 
only the advantage of better frequency response, being ± 3 db from 
35 to 7,500 cps, but it could be run continuously for long periods at 
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low expense and the results could be edited later to yield a short 
recording of selected sounds. 

In addition to this fixed apparatus, a portable outfit was assembled 
for use in the field. This consisted of a Navy JO' Underwater Sound 
Receiving Equipment set and either a converted office type disc 
recorder (Gray Audograph Electronic Soundwriter) or the tape 
recorder (Webster Ekotape). 

For permanent filing, all tapes made in the Laboratory, as well as 
field recordings, were transcribed to Presto discs. 

ANALYSIS PROCEDURE 

1. With HARMONIC WAVE ANALYZER (Hewlett Packard, Model 300A). 
Frequency spectra of the sounds were obtained by applying the 

output of the disc recordings directly to this instrument. The meter 
element in the analyzer was replaced by an Esterline-Angus Graphic 
Ammeter to obtain permanent records. A half band width of 30 
cycles was used for each measurement; that is, the selectivity of the 
analyzer was such that voltages 30 cps off the measured frequency 
were attenuated 40 db. Readings were taken at intervals of 25 cps 
throughout the entire audible frequency spectrum, each sound being 
replayed into the analyzer for measurement at each frequency. De­
flections obtained on the EA are proportional to therms sound pressure 
in a narrow band centered at the measured frequency. These points 
were plotted for typical and extreme individual cases, and for average 
sets of readings for selected fish of each species. 

The assumption is made here that the fish sounds have a uniform 
energy distribution over the band width of the analyzer. In such a 
case, the ordinate of the curve at a given frequency would be pro­
portional to the rms pressure in a band one cycle wide centered at that 
frequency. The area under each curve would then be proportional to 
the over-all rms sound pressure. 

To obtain the proportionality factor, the area under each curve was 
measured by a planimeter. The factor K was then immediately given 

00 00 

by the relation P = f p1df = f KD df, where P = over-all rms 
0 0 

pressure measured, Pr = pressure per cycle, f = frequency, and D = 
EA deflection. 

Typical curves were plotted, giving pressure per cycle vs. frequency. 
Since the area under the corrected curve represents the total sound 
pressure, the pressure in any frequency interval could be calculated by 
obtaining the area under the curve in that interval. 



184 Journal of Marine Research [XI, 2 

2. With OCTAVE FILTER (Western Electric Type RA-363). 

The sounds to be analyzed were played back through this filter set, 
and the a-c voltage output was measured by an Esterline-Angus 
recording d-c milliameter with full-wave bridge rectifier. 

Recordings were first played with the octave filter switches in the 
over-all position, allowing all frequencies to pass equally; the a-c 
voltage measured was proportional to the over-all sound pressure. 
The recordings were then played once for each of the 14 filter sections, 
each of which passed frequencies within a one octave band and pro­
duced voltages proportional to the sound pressure in the chosen octave. 

The actual over-all sound pressure was determined by direct meas­
urement of the system gain from the hydrophone to the filter output 
with reference to the hydrophone calibration curves. The combina­
tion of these data furnished the value of sound pressure corresponding 
to the measured output voltage. 

The sound pressure in each octave was obtained by applying a 
proportionality factor to the output voltage measured in that range. 
This factor was determined by plotting the voltages against frequency 
and by mechanically integrating the curve to find the area subtended. 
Since the area is directly related to the over-all pressure and can be 
expressed in terms of pressure per octave, frequency, and a constant, 
these quantities can be equated and the expression can be solved for 
the constant. 

TEST PROCEDURE 

Experimental material was obtained regularly from commercial 
traps in the vicinity of Pt. Judith and outer Narragansett Bay. 
Members of the staff who accompanied fishermen on their trap-hauling 
cruises, transported specimens as quickly as possible to the Laboratory, 
where they were tested immediately and again later after adjustment 
to captivity. Occasionally portable listening and recording equip­
ment was taken out in the fishing boats in order to detect new noise­
makers and to study the effect of crowding upon known sonic species. 
In some cases (e. g., Opsanus tau) recordings were made in the field in 
a natural environment, after which the captured noisemakers were 
delivered to the Laboratory for further observation. 

Hydrophones permanently installed in the various test areas were 
valuable in picking up the general "chorus" of newly added specimens. 
Intensity levels were measured over 24-hour periods to investigate the 
diurnal cycle of sonic activity for mixed populations as well as for 
individual species. 

There is always urgency in working with live specimens, and long 
periods of observation in captivity, which often decrease or even 
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prevent normal sonic behavior, may be impossible. Thus, as labora­
tory study progressed, it became evident that some quick means of 
sorting the potential soundmakers from the silent ones must be found. 
Accordingly, a simple electric stimulator, consisting of a conventional 
glass and wooden aquarium (lined with insulating layers of rubberized 
hair to prevent knocking of the fish against bottom and sides), screen 
electrodes, and a variable autotransformer, was rigged. Currents up 
to three amperes were passed into the water. To date every species 
which has had the necessary soundmaking apparatus has responded 
to this electric shock by emitting sound. Whenever such capability 
was shown, the fish was earmarked for continued study. 

Each species was subjected to a routine set of conditions to de­
termine, if possible, what .stimuli induce sound production. In brief, 
reactions to the following ·situations were studied: 

1) When the fish was introduced into new surroundings. 
2) After it became accustomed to the tank. (According to the 

species, this period varied from 10 minutes to several days. In 
each case, specimens were undisturbed until they seemed to be 
swimming and behaving normally.) 

3) When food was offered. 
4) When other fishes were added to the tank. 

a. One or more of the same species. 
b. One or more of a different species known to live peaceably in 

the same natural habitat. 
c. One or more of a known or suspected enemy species. 
d. Enough other specimens to create crowding. 

5) When subjected to artificial stimulation, which varied from the 
lightest touch to extreme duress. (Sometimes sudden movement 
of the experimenter outside a glass tank was sufficient to provoke 
sound, whereas in other cases aggravation of a closely imprisoned 
specimen was necessary to bring about the same reaction.) 

6) When electrically stimulated. 

GENERAL RESULTS 
Sound-recording apparatus was in operation between the following 

dates: 22 July to 1 September 1949; 22 to 25 March, and 19 June to 
6 September 1950; 26 June to 11 September 1951. Sounds of biologi­
cal origin were successfully recorded for 26 species, as indicated in 
Table I. The term "biological," used here to indicate sound, often 
purposeful, which originates in the body of the fish itself by action of 
either internal or external organs, is differentiated from "mechanical" 
noise, always accidental, which results from swimming, collision, 
feeding, or other activity of the fish. 
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TABLE I. FISHES WHICH PRODUCED SOUND OF APPARENT BIOLOGICAL ORIGIN, 

I N THE SPECIES MARKED BY AN ASTERISK (*), THIS SOURCE Is QUESTIONABLE 

NUMBER 

SPECIES TESTED 

Common eel (Anguilla rostrata) . . . . .......... . . • • • • • • • • • • • • • • • • • • • • • • • • 10 
Thread herring (Opisthonema oglin um). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Sea horse (Hippocampus hudsonius). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Hardtail (Caranx crysos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Rudderfi sh (Seriola zonata). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Butterfi sh (Poronotus tri acanthus)* . ..... .. . . . . . .. .. . . . . ... ... ..... , . . . . 3 
Striped bass (Roccus lineatus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Black sea balls (Centropristes striatus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Scup (Stenotomus chrysops). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Squeteague (Cynoscion regali s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Kingfish (Menti cirrhus saxatilis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Gunner (Tautogolabrus adspersus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Tautog ('rautoga onitis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Spadefi sh (Chaetodipterus Jaber). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Common triggerfish (Balistes carolinensis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Foolfish (M onacanthus hispidus) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Orange filefish (Alutera schoepfii) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Puffer (Spheroides maculatus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Burrfish (Chilomycterus schoepfii). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Giant sunfish (Mola mola) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Longhorn sculpin (Myoxocephalus octodecimspinosus). . . . . . . . . . . . . . . . . . . . . 31 
Common searobin (Prionotus carolinus) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Redwinged searobin (P. evolans). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
Toadfish (Opsanus tau). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Silver hake (Merluccius bilinearis) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sand flounder (Lophopsetta aquosa)*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

The 22 species listed in Table II were responsible for noise of varying 
intensities attributable to accidental sources rather than to sound­
making mechanisms within the body of the fish. In the case of large 
specimens, such as rays and scombroids, mechanical disturbance of the 
water caused by violent activity was audible, but it was easily dis­
tinguished from the air bladder knocking heard when striped bass, 
squeteague and others were agitated. Likewise, the frenzied rotation 
of a group of clupeoids could be detected by the hydrophone, but such 
swishing was quite unlike the pharyngeal rasping which hardtails 
produced under similar conditions. Sounds from collision against the 
tank or disturbance of gravelly bottom by swimming flatfish were 
commonly heard. Very small sounds made by sticklebacks might 
have been due to stridulation, but the evidence is not conclusive. 
Similarly with the scombroids and pilotfish, a suggestion of animal 
noise occurred, but, lacking verification, the record remains question-
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able. Specimens were sometimes injured or too exhausted by capture 
and transportation to react normally, and some died before they were 
sufficiently adapted to captivity for the full routine of experiments. 
In certain forms, therefore, the fact that biological sound has not yet 
been noted does not mean, necessarily, that the species is silent. 

TABLE II. FISHES WHICH PRODUCED MECHANICAL NOISE AS A RESULT OF 

NORMAL OR INDUCED ACTIVITY WITfilN THE TEST AREA. IN THOSE 

CASES WHERE BIOLOGICAL SOUND MAY HAVE OCCURRED AS WELL, 

THOUGH RECORDS ARE NOT CONCLUSIVE, THE SPECIES Is 

MARKED BY AN ASTERISK (*). NONE WERE SUBJECTED 

TO ELECTRIC STIMULATION 

NUMBER 

SPECIES TESTED 

Northern stingray (Dasyatis centroura). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Butterfly ray (Gymnura micrura) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Eagle ray (M yliobatus freminvillii) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Conger eel (Conger conger). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Bonefish (Albula vulpes). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sea Herring (Clupea harenqus)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Hickory Shad (Pomolobus mediocris). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Alewife (P. pseudoharengus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Blueback (P. aestivalis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Menhaden (Brevoortia tyrannus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
2-spined stickleback (Gasterosteus aculeatus)*. . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
4-spined stickleback (Apeltes quadracus)*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Co=on mackerel (Scomber scombrus)*. . .. .... .. . . . . .. .. .. .. . . . .. . . . . . . 7 
Frigate mackerel (Auxis thazard)*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Spanish mackerel (Scomberomorus maculatus)*. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Cero mackerel (Scomberomorus regalis)*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Pilotfish (Naucrates ductor)* . .. . .... . ........ . . . . . ... .. .. . .. .. . .. .. .. . . 7 
Barrelfish (Palinurichthys perci,formis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Shark sucker (Echeneis naucrates). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Sand dab (Hippoglossoides platessoides). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Northern fluke (Paralichthys denwtus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Winter fl ounder (Pseudopleuronectes americanus). . . . . . . . . . . . . . . . . . . . . . . . . 6 

TABLE III. FISHES WHICH PRODUCED No MEASURED SouND, EITHER OF 

BIOLOGICAL OR MECHANICAL ORIGIN, DURING ROUTINE TESTING. 

NONE WERE SUBJECTED TO ELECTRICAL STIMULATION 

NUMBER 

SPECIES TESTED 

Pipefish (Syngnathus fuscus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Silverside (M enidia menidia nowta). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Waxen silverside (M. beryllina). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Mullet (Mugil cephalus).... .. . .. . .. .. . . . . .. .. .... ..... . . .. . . . .. . .. . .. 2 
Sand launce (Ammodytes americanus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Mackerel scad (Decapterus macarellus). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 



TABLE l V. DATA ON SPECIES WHICH PRODUCED SUFFICIENT BIOLOGICAL SOUND FOR ANALYSIS AND STUDY ...... 
00 

Frequency Principal 00 

Species Origin of Sounds D escription of Sounds Range Frequency 
(cps) (cps) 

Family Anguillidae 
COMMON EEL Air bladder. Dull tbud; thump. <50-1200 (75-150) 
Anguilla rostrata Escape of air bladder gas Clucking; bubbling "put-put." or 

through pneumatic duct and (150-300)* 
branchlal aperture. 

Family Clupeidae 
THREAD HERRING Air bladder . Hollow knock of very low <50-1200 (75-150) 
Opisthonema oolinum intensity. or 

0 
(150-300)* 

Family Hippocampidae 
--i 

SEA HORSE Stridulation of posterior margin Loud click similar to snap of <50-1600 (400-800) £, 
Hippocampus hudsonius of sh71.ll and coronet. finger against thumb; single or ,s.. 

2-5 in series at c. 1 sec. intervals. 
Family Carangidae 

HARDT AIL Pharyngeal teeth and air Low thumps with electric shock. 20-850 (150-300) A 
--i 

Caranx crysos bladder. and .,._ 
(75-150)t "' Very loud rasps, as with a 325-1100 500 

rough tile, when netted. "' "" Family Seriolidae "' A 
RuDDERFISH Pharyngeal teeth and air Sharp knock. <50-1200 (150-300) --i 

C"":> 
Seriola zonata bladder. ;::,-

Family Serranidae 
STRIPED BABS Air bladder region, possibly Low "unk" with tom-tom <50-1200 (75-150) 
Roccus lineatus "drummed" by operculum. quality, single or in bursts of or 

3 or 4. (150-300)* 
BLACK SEA BABB Air bladder. Single small grunts. <50- 1200 225 
Centropristes striatus 

Family Sparidao 
ScuP Air bladder. Single guttural thumps. 20-1400 200-225 
Stenotomus chrysops Stridulation of upper and lower Scrape and rasp. 350-1150 700 

incisors. _ ..... 
Extrinsic feeding . Loud crunching. 350-700 350 t..:> 



TABLE lV-(Continued) I-' 
<O 

Frequency Principal 
c.,, 

Species Origin of Sounds Description of Sounds Ranoe Frequency 
(cps) (cps) 

Family Sciaenidae 
SQUETEAGUE Air bladder and associated Croaks; beats with deep, drum- 20-1200 (50-100) 

.,,_ 
c,, 

Cynoscion reoal-i.s m uscles. like quality. or _-;:s-

250* 
Pharyngeal teeth. Clucks somewhat similar to 100-550 325 "' above, but in bursts of Wgher 1;;" 

"' pitch. :<:: 
KINGFISH Pharyngeal teeth. Short rasp. 175-1475 250 
l\,fenticirrhus saxatil-is and c:, 

350t O' 

Family Labridae "i 
A 

CuNNER Air bladder. Single low thump. <50-800 (150-300) 
Tautooolabrus adspersus 

V) TAUTOG Air bladder. Single deep thump similar to <50-800 (75-150) 
Tautooa onitis above but stronger. or 

A.. 
200-225* .,,_ 

"' Family Epbippidae "' 
SPADE FISH Air bladder and intrinsic Low-pitched, drum-l ike beats, <50- 800 (75-150) .s., 
Chaetodipterus Jaber muscles. single or as a short burst. <:::::! 

Family Balistidae 
;:l 
A.. 

COMMON TRIGGERFISH Pharyngeal teeth and air Metallic scratching and <50-4800 (2400-4800) "' "i 

Balistes carolinensis bladder. spitting. 
Stridulation in pectoral arch. Hissing and heavy humming. 

"' Pectoral flnrays drumming Humming "i 

against taut membrane above V) 
air bladder. 

c:, 
.: 

First dorsal fin. Clicking. ;:l 

Family Monacanthidae 
A.. 

FooLFISH Specially adapted incisor teeth Sharp, whining swish-swish. <50-800 (150-300) 
Monacanthus hispidus and air bladder. 

First dorsal spine. Low click. I-' 
00 

Extrinsic feeding. Considerable "chirp." <O 



TABLE IV-(Conlinued) 

Frequency Principal ...... 
Species Orioin of Sounds Description of Sounds Range Frequency co 

0 
Fan:tily Monacanthidae (cont.) (cps) (cps) 

ORANGE FILEFI8H Specially adapted incisor teeth Toothy scratching; wheezing; <50-4800 700 
Alutera schoepfii and air bladder. "ha-chu." 

Feeding on soft food. Very loud scratching sin:tilar to 
above. 

Fan:tily Tetraodontidae 
PUFFER Grating of Incisor teeth. Long burst of "erk-erk"s; nasal 200-1600 300 
Spheroides maculatus rasp, double like stroke and and 

recovery of saw. 800 
Fan:tily Diodontidae 

BuaRFISH Grating of Incisor teeth. High-pitched whining scrape <50-4800 (150-300) <:...., 
c:, 

Chilomycterus schoepfi,i like pu1fer, but "erk" single, c. or 
½ sec. duration. (2400-4800) * 

Fan:tily Cottidae £. 
LONGHORN SCULPIN Stridulation in pectoral arch. Low drumming, like a generator 20-650 50-70 .s.. Myoxocephalus octodedm- hum. 

spinosus 
Fan:tily Triglidae 

COMMON SESROBIN Air bladder and Intrinsic Single squawk or series of rapid 40-1400 300 "I 
"'· Prionotus carolinus m uscles. clucks, always with vibrant 150 "' quality. 450 

600t "' REDWINGED SEAROBIN Air bladder and Intrinsic Single grunt or burst ot croaks, 40-800 200 "" "' P. evolans muscles. less staccato than above. 100 "I 
300t C'> 

;::,-
Fan:tily Batrachoididae 

TOADFIBH Air bladder and Intrinsic Growl or coarse grunt, single, of 80-650 100 
Opsansustau muscles. c. ½ sec. duration. 200 

300 

Very loud, intermittent blast 220-1000 
400t 
330 

like a boat whistle; "boop"; c. 625 
½ sec. duration. 950t 

Fan:til y Gadidae 
H SILVER HAKE Air bladder. Low knock or rap. 80-875 300 

Merluccius l>ilinearis --• Indicates variation among sped.mens. I:,:) 

t Indicates more than one principal frequency 1n an individual sound (listed in order ot ma.gnJtude). 
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GENERAL CONCLUSIONS 

The mechanism producing sound obviously determines its frequency 
range, and the principal frequencies involved may be a key to the 
origin of each sound. Thus species which use the air bladder for 
noisemaking exhibit a wide spread of frequency, extending very often 
from below 50 to 1,200 or 1,400 cps. Most of the sound energy, 
however, is concentrated toward the low end of the spectrum, with 
principal frequencies in the 75-150 cps octave band. Examples are 
the spadefish, squeteague, striped bass, tautog, common eel, thread 
herring, and toadfish (growl). 

The size of the air bladder is roughly proportional to the over-all 
length of the fish. Thus, since the frequency increases as the size of 
the air bladder decreases, we may expect smaller specimens to exhibit 
higher frequency characteristics. Accordingly smaller fishes of the 
species listed above, as well as small sea bass, scup, cunner, common 
and redwinged searobins, have principal frequencies in the 150-300 
cps octave band. Except for variations according to size, the fre­
quency characteristics of most species are quite constant, and each 
individual maintains an almost identical sound pattern under repeated 
stimulation. 

Often the curves are strikingly harmonic in nature. In the case of 
the common searobin, present records show a pronounced maximum 
at 300, with lesser signals at 150, 225, 450, and 600 cps. Harmonic 
content is apparent also in curves for toadfish grunts where the maxi­
mum is 100, with decreasingly strong components at 200, 300, 400, 
500, and 600 cps. A second sound typical of toadfish during the 
spawning season, also produced by means of the air bladder and its 
intrinsic muscles, has a frequency range of 220 to 1,000 cps. Here 
there is a strong fundamental at about 330 in a very narrow band, 
with a second peak about one-ninth as high at 625, and a third peak 
at 950 cps one-twentieth as large as the fundamental. 

Typically the air bladder sound has a hollow tom-tomish quality, 
which has been described as similar to the noise of a wet finger drawn 
across the surface of an inflated balloon. The words "thump," 
"knock," "thud," "grunt," "groan," "growl," "cluck," "bark," and 
"boop," used to define this type of sound, evidence its drum-like, 
vibrant, and often guttural property. 

Where the sound is produced by stridulation, that is, by the scraping 
of some body part against another, the spread of frequency may be 
extremely wide, and the maximum energy is usually located higher in 
the spectrum than is the case for sounds originating in the air bladder. 
Typical are the seahorse clicks, where the principal frequency is in the 
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400-800 cps octave band, and the burrfish rasps, which reach the 
2 400-4,800 cps band. In all cases of stridulatory origin, the sound is 
q~ite easily identified by its rasping, scratching, or whining charac­
teristic. 

In certain fishes more than one mechanism may function for sound 
production, but the frequency characteristics as well as the observed 
tonal qualities usually serve to differentiate between the various 
sounds. The hardtail, for instance, is capable of very noisy rasping 
when agitated, with its maximum at 500 cps. The loudness of the 
burst indicates that the stridulation of the upper and lower pharyngeal 
teeth may be amplified by air bladder reinforcement. When the same 
specimen is subjected to electrical stimulation, a typical air bladder 
thump concentrated in the 75-150 cps and 150-300 cps octave bands 
predominates. The knock produced by electrically stimulating the 
rudderfish also has the general frequency characteristics of an air 
bladder sound, but a sharp rather than a dull quality to this sound 
suggests pharyngeal teeth participation. 

The scup is a notable example of a fish with the ability to produce 
more than one sound. Under certain conditions, single guttural 
thumps, spread between 20 and 1,400 cps with principal frequencies in 
the low 200's, indicate air bladder origin, whereas shrill rasping, 
limit ed to a narrower band between 350 and 1,150 cps with a maximum 
at 700, accompanied the observed scraping of upper and lower incisors. 

Also the squeteague uses its air bladder for single, deep, drum-like 
croaks spread between 20 and 1,200 cps with a usual maximum in the 
50-100 cps band; under different stimulation, by grating the pharyn­
geal teeth it emits bursts of higher-pitched clucking in a narrow fre­
quency range of 100 to 550, the maximum peak being at 325 cps. 

No fish of the North Atlantic coastal waters auditioned to date has 
exhibited a sound lower than 20 cps nor higher than the 2,400-4,800 
cps octave band. The large majority of species has principal fre­
quencies between 75 and 300 cps. The possibility of frequencies be­
yond the range indicated by present apparatus is to be explored. 

A detailed analysis of sonic species, especially with reference to 
frequency pattern, amplitude and periodicity of the recorded sounds, 
mechanisms and stimuli necessary for sound production, and the 
general significance of each fish as a maker of underwater sound, will 
be presented in a separate paper ( 4). 
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