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Abstract 
, \ ,/ 

Underwater ambient sea noise and no~se produced by fishing with 
1 

an otter-trawl was measured ~th a hydrophone on the sea floor. The noise 
, \ 

was analysed in 21 1/3-octa~e bands with center frequencies from 3.15 to 

315 Hz. Previously published data on the effect of rnasking noise on cod 

hearing, and the measured noise leve1s.were used to calculate the ranees 

at which cod can detect trawling noise at the d~fferent frequencies. . . 
The calculations indicate that even in the noisiest ambient,n~ise 

~ 

likely to occur in the sea, cod can detect trawling n~ise at .9 miles 

(1.7 km) in winter, and at .6 miles (1.1 km) in.s~er. The difference is ': 

attributed to seasonal variation of sound transmission characteristics. 
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Résumé 

Le bruit de mer ambiant sous-marin et le br~usé par la 

p€che au chalut furent mesurés avec un hydrophone au fond de la" mer. 

bruit fut analysé dans 21 1/3 bandes octaves avec fréquences centrales 

Le 

de 3.15 à'315 Hz. Les données déjà publiées sur l'effet du bruit masqué 

en rapport avec l'oule de la morue, et les niveaux du bruit mesuré furent 

utilisés pour calculer les intervalles de variation du bruit de chalutage 

que la morue peut percevoir à différentes fréquences. 

Les calculs indiquent que malgré le plus bruyant son ambient-

vraisemblable à se produire dans la mer, la morue peut percevoir le bruit 

de chalutage à .9 mille (1.7 km) en hiver, et à .6 mille (1.1 km) en été. 

La différence est attribuée à la variation saisonnière des caractéristiques 

de la transmission du son. 
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Introduction 

AIl modem forms of coimne:('cial fish capture employ sorne knowledge 

of fish behaviour. The essent.ial information of where and ...men fish can be 

found, together wi th somé exploitation of fish responsoes to .stimuli Ïorm 

the basis for the capture proce!3s. To a grea t. exten1:- the .infOrm~oi-t used 

in commeréial fishing has accumulated throuch the generations of development 

of fishing methods by trial'and errer. This approach has obviously resulted 

in ~ p~ductive catching methods, but. the underlying prlnciples,of fish 

behaviour, particularly responses to stimuli were not always understood. 

As economic 'prest3ures made it increasing1y advantageous to continue the 

deve10pment of fishing gear and methods on a more scientific basis, this 
f',.} 

lack of underst~ding has been brought to attention. ,''' 

Noise produced by fishing gear, or by the fishing operation, has 

only iecently been recognized' as a stimulus for fish reactions to fishing. 

Shortly after echo-sounders were first used in Ïish finding the question 

of whether Ïish were ~ca~ed by sounder noise was discussed by Schubert 

(1950), and by Scharfe (1951). These authors conclude that there is no 
1 

evidence of pelagie herring reacting to sounder noise, but both remarked 

that noises in the audible frequency range were known te produce scaring 

effects in these fish. The differentiation between sounder noise and noise .. 

in the audible frequency range, however, is misleadi~g. Sounder noise 

consists of short pulses of frequencies that may themse1ves ~e too high 

to hear, but the spread of energy due to the pulsing makes the pulses Quite 

audible to man and perhaps to fish' also. 

In pelagie trawling, noise has been described as a stimulus Ïor 

avoidance maneuvers of herri'flg and other species by Aslanova (1958) and by 

Scharfe (1959). The usual reaction see'îns to he a dive to deeper water. 
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Habituation to continuing noise was also described. 

More recently scaring effects of noise on tuna, herring and 

other species have been described in purse seining (Chapman, 1970; 

Iversen, 1967; Maniva, 1970; 01sen, 1970, 1971). Noise measurements of a 
, 

seiner that was ~akine poor catches eomp~red to other seiners (Hawkins and 

Chapman, 1969) showed it to be noisier than average at sorne frequeneies 

but not pronouneedly so. The scaring effects described in the above reports 

are attributed not 50 much to steady ship noise as to changes in noise causèd 

by changes in prop~ller speed and pitch. 

It is clearly established that noise is a stimulus for avoidance 

rnaneuvers of fish in pelagie fisheries. In fi~heries for groundfish, 

part}cular1y bottom-trawling, there seems to be no'clear evidence of avoid-

ance rnaneuvers or reaetions to noise, despite investigations and discussions 

of both aspects in the literature. 

The difference in our understanding of responses to fishing 
~ 

between pelagie fish and ~roundfish can be attributed to the difficulty of 

det~cting fish on or near the bottom with echo-sounders. As v. Brandt 

(1959) pointed out, in pelagie trawling it i5 necessary to see fish traces 

on the' echo-sounder before the gear can be set with any hope of making 
~ 

catches. In bottom-trawling on the other hand ~ne can hope for catches" 
. \ 

even without fish signs on the sounder. Pelagie traw1ing therefore provides 

a better opportunity to observe fish reactions incidental to fishing than 

does bottom-traw1ing. 

The atternpt by Scharfe (1956) to observe fish behaviour in re-
\ 

lation to the bottom-trawl with an echo-sounder in a rubber boat above the 
4 

f 
trawl was unsuccessful. The noise produced by the groundrope caûsed inter-

t 
ference on the echo-sounder; He concluded that conventional e~o-sounders 
~ 
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/' 
could not be used for these'studies. The level of noise produced by the 

groundrope was not measured, but was thought to be as loud as ship noise. 

Because the trawl was a conventional design, and catches of cod and haddock 

were normal, Scharfe concludes that the noise caused no, or at least no 

remarkab1e, flight responses. 

To observe p,roundfish reactions to bottom trawling and to.determine 

the relevant stimuli is obviously a problem that requires special effort and 

equipment. 

Comparative fishing with different modifications of trawls can 

produce sorne understanding of fish respanses ta trawling. Bagenal (1958) 

~ compared catches made by otter trawls with catches made by a modification 

that had bridles between the doors and the wings. He suggested that the 
" 

larger catches made with the modified trawl were likely due te the vibration 

of these bridles. To make more positive statements about fish behaviour , . 

from the results of cOIl"parative fishing 'tIOuld require analysis of the 

differences in stimuli produced by the modifications as weIl as the 

differences in catch. 

Diving techniques have been used to ~hserve groundfish beha~iour 
/ 

in relation to capture. Hemmings (1967) used free diving to observe fish , 
behaviour in response to the Danish seine. 'Korotkov (1969) and Martyshevskii 

et al. (1968) used a diving plane near bottom trawls ... fil three reports 

describe a herding of fish in front of the net, ~~gest that vision 

is the stimulus; Martyshevskii et al. go on to state that when fish cannot 

see the gear, particularly the cloud of 'turbulence stirred up by the otter 

boards, the stimulus might be noise. 
,) 

Lagunov (1955) used a diving chamber suspended from a ship to 
", , 

observe fish and trawls. He saw no resp?nse to propeller and engine noise 



'------------- -

) 
4. 

from the ship in cod and haddock. SunHar observations were made by Kiselev 

(1968) who also used a diving chamber. He noted no responses of cod and 

haddock to noises made by passing vessels. He did note that in areas where 

many trawlers Were operating the sea floor was stirred up, and cod seemed 

in a state of agitation. Ta clarify whether the agitation was due to the 

turbidity or due to the trawling noise he played back recorded trawling 

noise. lIn responsé, swimming cod becwe agitated during the first few moments 

and swi tched direction of swimming. Repeti tion 0 f the sounds produced no 

responses. 'rliis suggests a startle response and rapid habituation. It does 

not clarify whether noises or the turbidi ty is the stlffiu1us for the observed 

af,ltated state of the cod. 

A ,camera attached to the headline of the trawl was used by Parrish 

et al. (1962). The camera was used i~ light and dark conditions. There 

was less uniformity of orientation with the tow of herrlng and gadoids 

du::-ing dark than during light. Sand eels /ametimes oriented with the tow 

even in the dark. Beamish (1966) also used a headline camera dur ing da.>y 

and night tows. During the night tows, orientation with the tQw was less 

uniform than during day for both cod and haddock, but most haddock swam 

with the tow even at night. These results suge;est thai.. in visual range 
\ 

and in visual conditions, vision is the stimulus used by fish in their 

reactions te> trawling. But the reports also show that;~'s'ome species 'can orient 

with the tow even in the dark. 

Although there are no clear indications of groun~fish reactions 
,/ 

to trawling noise among r;ported observations, the suggestion that noise 

'i~+ 

could sometimes be a stimulus appears repeatedly. This is no doubt due 

to the knowledge that trawling generates loud noises, that fish have 

r;1 
sensitive hearing, and that no~se is a stimuÏus for pelagie species. 
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Among groundfish -species, hearing has been studied most frequently 
• 

in cod. Buerkle (1967) used a change in cardiac rhythm as a conditioned 
l' 

response to .sound stimuli ta de termine hearing thresholds of cod in a tank. 

The thresholds indicated that cod had sensitive hearing at low frequencies 

(below 400 Hz) and that the sensitivity in thi3 experiment was Iimited 'by 

the background noipe in the experimental tank. 
, 

Olser. (1967) also used 

" 
condictionin~ experiment's to determine thresholds of cod in a tank. He 

reported sensitivities that were generally less than those reported by 

Buerkle (1967) but did not tltention any effect of background noise. 

The influence of varying levels of background noise on cod 

,hearing threshold~ was investigatld by Buerkle (1968). Using the same 

conditioning technique as previo~sly,. he deterr..ined thresholè.s at five 

'frequencies in four levels of background noiseol The noise in this case 

, ,J. 

was produced electronica11y in the octave band centered at the relevant signal 

frequency. The results indicated that thresho1ds varied directly with noise 

Jevel arfd should be measured in terms of thresho1d te noise ratios~ 

Another study,using cardiac rhythm (Buerkle, 1969) investigated 
o 

the effect of noise on thresholds in terms of the frequency separation 

between the noise and 'the signal at which thresholds \-:ere detèrmined. To 

do this, the apparatus was set up so that the noise and the signal eould 
Î' 

be produced in any one Q f fi ve half octave frequency bands ~ Thresholds 

were detennined in all fi ve signal bands for a c~mstant noise levei. of 

10 db re l p. bar in each of the"five/ooise bands .. Three cod were J-ested 

with each noise ba.nd, and each cod was used on"ly wit .. "t one noise band. 

"' 
Re'sults from the 15 cod tested showed that the masking of signal' by ___ ~~, .-
noise was most pronounced when signal and noise coincided in frequency, 

qnd dropped off as the frequency separation between signal aIid noise 

\ 
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increased. Masking was ca1culated in terms of thresho1d in relation to 

noise 1evel and varied from about 11 db when signal and noise were at the 

same frequency to about -19 db when'they were furthest removed from each 

other (separation of about 147 Hz) • 
• 1 

The measurements above were made ln tanks and mip,ht reflect the 

acoustic characteristics of the tanks as weil as the hearing capacities . 

of cod (Freytag, 1967). However, the few measurements of cod hearlng that 

,were made in open water in quiet fjords (Hawkins et al. 1969, Olsen, 1969)"." 

showed thresho1d to noise ratios that Were quite similar to those determined 

in tanks. Al1 the report s on hearing in cod support the ton~luslOn tha t 

they have sensitive hearing that is probab1y 1imited by ocean ambient noise. 

A trawling noise spectrum was measured by Chapman et al. (1967). , 

-----They compared the noise with thresholds of the lythe and concluded that 

\t:-aw1ing noise can .be heard. by marine fish "perhaps over conslderable distances." 

In another report (Chàpman, 1970) the distance at WhlCh ship noise can be heard 

by fish is estimated at five miles. Olsen (1967) compared thresholds of cod 

to ship noise spectra and concluded that cod cou1d hear the ship noise lIat 

distances up to at 1east 70-80 meters". 

The transmission 10ss used in making these estimates 15 the 

theoretical "20 log range" due to spherical spreading as described in 

Urick (1967). In transmission to distances several times the water depth, 
1 

as it wouid oceur when a fish 'hears' a trawler several miles away, propagation 
1 . 

occurs by repeated ref1ections from the surface and the bottom. Spherical 

spreading 15 Iimited by these boundaries, and the acousti? characteristics 

of the- boundaries are important detenninants of the sound field. Appli-

cation of the 5pherica1 spreading value i9 not strictly valid. 

The present project was undertaken to"determine more preeisely et 
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what distances 60d can detect trawling noise, and to detennine which 

frequency components of the noise are rnost important. 

Experimental Procedure 

A. Recording of trawline noise 

., , 

'-- ~l 

i) Procedure' 
)' 

Previous measurements of trawling noise and of ship noise 

were made from recordings taken at relatively short ranges (Chapman 

et aL, 1967; Olsen, 1967). In this investi'gation, no:i:se from an 

approaching trawler was to be measured as it becones audible ta cod 

on the sea bpttom. To make the recordings, the hydrophone was placed 

on the bottoIT. from an anchored reco,rding boat. The recording boat 
.-

was allowed to swing-with the wind and tide on its anchor line, the 

slack hydrophone cable was to prevent the hydrophone from dragging 

over the bottom. For each recording, ambient sea noise was recorded 

fQr 10 to 15 minutes while the trawler stood by with engines off 

at about one mile (1.8 km) distance (aIl measurements in miles refer 

to nautical miles). -The trawler th en started the engines, set the 

trawl, and towed towards and past the hydrophone while the recording 

continued. The trawler passed the recording boat as close as possible 

without risking damage to the ·hydrophone by the trawl, or catching 

the anchor of the recording boat. When the trawl was thought to have 

passed the hydrophone, the tow and the recording were ~topped. A 
. 

voice track on the tape recorder was used te record information on 

• " amplifier settings, wind, waves, and trawler operation. Earphones 

were used to monitor the recorded signaIs, and were essential in 

detecting disturbances caused by ship traffic and by the dragging . , 

o 
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of the hydrophone or anchor. 

ii) Recording site 

Recordings were made in eastern Passamaquoddy Bay where 

mean water depth was approximately 60-70 feet (18-21 m) and average 

lowest 10w water depth was approximately 50-60 feet (15-18 m). The 

recording area was chosen to a110w tows to be made towards the hydro-

phone over relatively smooth, fIat bot tom from a distance of on~ mile 

(1.8 km). The bot.to'Tl consisted of soft, brown mud. Distance of the 

recording si tes wa:> estimated by eye to be between .25 and .5 miles 

(.46 and .9 km) from shore. Wind and wave conditions during recording 

did not vary greatly, most recordings were'made in light winds and 

whitecapped waves of approximately one foot (.3 m) height. 

iii) The trawler and the trawl 

The trawler was tbe Pandalus II, a research vessel operated 
1 

by the Departm~nt of the Environment (Fisheries and Marine Service) 
1 

'Biological Station, St. Andrews, N. B. Details are given in Table 1. 

Tne trawl was a 3/4-35 Yankee otter-trawl made of poly-

ethylene. The groupdrope was equipped with 6-inch (15 cm) diameter 

rubber rollers. 

iv"} Equipment 

The components of the recording and analysis apparatus and 

their interconnections.are shown in Figure 1. The hydrophone system 

was manufactured by Clevite Corp. (Cleveland, Ohio). It consisted 

of a sensor type CH-13G(T), a pre~plifier module type CE-lOH, a • 
Jo 

housing type CB-31A(T), and 600 ft (lS3 m) of cable type CU-4A. 

The specified~sensitivity of the sensor was -77 dbv re 1 p bar. 

The specified frequency response was fIat =1 db from .38 Hz to 
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Table 1.~ Specifications of the trawler • . ' 
Ship 

length (ove ra 11 ) 

Beam' 

Draught 

Gross tonnage 

Engine 

Auxiliary 

Propeller 

Opera t ion 

Construct 1 on 

M. V. "Pand~lus 1 1 ,. 

50 ft (15 m) 

14 ft (4.3 m) "-
6.5 ft. (2 m) 

28.9 tons 

Gardner Diesel, 4 cylinder, 76 h.p. at 
900 r.p.m. 

lister 2 cy1inder. 10 h.p. 

Solid, 3 blades. 37" x 3D" (94 cm x 
76 cm), run through nom{nal 2:1 reduction 
gear. 

Traw1i-ng is done at 800 to 850 r.p.m. at 
a speed of 3.0 t .5 knots (5.6 j,b .9 km 
per hr). .. 

Wood 

J 
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June'tion ~--~ 1 B M 
Panel ~ Cord Punch ... 

.L , , , 

1- 1_-
- "'}~r~"\.'t't)i'rt~' .. ,,,. '~'~'~4oi' -

: ,l, 

Coupler ~_.:...- Analyser .... 
c 

1\ . 
.-, 

Tape -.... 
Record / Rep. , 

1 \ 
, 

.. Measuremenf 
Batferiès .. ,. Amplifier 

. 
1 1\ 

\ ... Hydrophone 
A , 

System' 

:;.. Analog SieOIS 

,- - - ~ Digital Signais _', 

--~>-~ Control and Operating Voltages 

Block diagram of r~cording and analys1s 
instrumentation. 

1 
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11 kHz. The preamplifier mo<:\.u1e lias calibrated to, have a gain of 

35 db with the CU-4A cable, its frequency response was measur~d to 

be fIat !3db from about 3Hz to 20 kHz. At the low frequencies, 
" 

response was down 10 db at 1Hz. The system response was -42 dbv 
1 

-. 
re 1 ).l bar with the frequency response of the preanplifier. This' 

system was·used for recordings made before January 15,1971 •. It was 
, 

extremely sensitive to over10ads by low frequency pressure fluctuations 

caused by surface waves. To reduce this difficulty it was rec6mmended 

by Clevite Corp. engineers, to reduce the sensitivity of this system 

by shunting the sensor with a 330 pF capacitance. This wa~ done, the 

sensitivity was then -52 dbv re l ).l bar. The modified system was. 

used for recordings made after January 15, 1971. It seemed somewhat 

less sensitive to overloads, but the problem was not entirely solved. 

Correction for the new sensitivity was made during analysis. The 

output from the hydrophone system was connected to a calibrated 

instrumentation amplifier (Eastech Industries, Dartmouth, N. S., 

model -329). Th e gain of the amplifier could be swi tched in 10 db 

steps from 0 to 80 db. Because of the large dynamic range of noise 

pressures that occurred between the beginning and the end of a tow, 

it was necessary to reduce the amplifier gain as the trawling n~se 

became louder, 50 that the signal remained compatible with the ~nP8t 

sensitivity of the tape recorder. The output of the amplifier (i. e. 

input to the tape recorder) was kept between 0 and -20 db re l volt. 

The changes in amplifier gain were recorded on the voiee track so 

that corrections could be made at the appropriate timee during analysie. 

The tape recor~er/reproducer was a lockheed model 417 

usingJ;/2 11 (1.27 cm) tape. It had 2 direct tracks, 2 F].{ tracks and 
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a voiee traek. 
.-

It was used -at a tape speed of 3 3/4 ips (9.53 cm 

per sec.). At this speed the frequeney response of the direct system, , . 
vas flat -:!:3 db from 100 to 12,500 Hz, the frequency response of the 

+ FM system was flat - .5 db from 0 to"1,250 Hz. In the direct system, 

signal to RMS noise ratio over the pass band of the recorder was 

35 db. In the FM system, it vas 37 db. Input sensitivity of the 

direct system vas readjusted to 0 db gain. Input sensitivity and out-

put voltage of the FM system vas l volt RMS for full carrier deflection 
• 

~ 

('t 4CJ!,). Recordings were made simultaneously in one direct and one 

FM track. During the recording, the input level was monitored on a 

meter on the recorder. Earphones vere used to monitor th~ recording 

on the tape in the sirnultaneous record/reproduce mode. 

v) Results 

Ten recordings were made from July to October 1970 with a 

20 ft (6 m) long wooden seine skiff as the recording boat. Eight 

r~cordings were made during January 1971 with a 57. ft (17 m) long 

wooden trawler as the recording boat. Difficulties occurred durlng 

six tows and the recordings vere discarded because they vere not 

representative of normal conditions. !wo were'discarded because the 

hydrophone dragged over the sea bed. !wo were discàrded because the 

tows were not eontinued lone ;nough for the trawl to pass the hydro-

phone. One was discarded because of interfering noise from ship 

trarfic. One was discarded because it contained frequencies that, 

for undiscovered reasons, did not show the characteristic rise in 

pressure as the trawler approached. 

Of the twelve recordings remaining for analysis, six vere 

made during sunmer (July to October 1970), and six vere made in 
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winter (January 1971). 

B. Data processing 

\ i) Aim 
, 

To determine at what frequencies and at what distance 
'-

, trawling noise becomes detectable ta cod, the change in noi$e level, 

at different frequencies,~with time was to he measured over the whole 

length of each recording. The upper frequency limit of sensitive 

hearing in cod is about 300 Hz. The FM track recordings lofere there-

fore analysed in 1/3 ~ctave bands using a real-time_spectr~~ analyser. 

ii) Equipment 

The recordings lofere reproduced on the Lockheed model 417 

recorder!reproducer previously described. The output from the recorder! 

reproducer ~s coupleg to a Hewlett Packard (HP) model B054A Real Time 

Spectrum Analyser (Figure 1). The analyser was coupled to an HP 

model 2547A coupler which was coupled through an HP model 2780A 

junction panel to an IBM 526 swmnary card -punch. 

The function of the system lofas to fil ter the output from 
. 

the recorder !reproducer into 1/3 octave bands, and to punch the band 

voltages o~ computer cards sequentially and contin~ously,during the 

analysis. 

The analyser filtered the analog voltage from the recorder/ 

reproducer into 24 1/3 octave bands (Table 2). It stored the voltage 

of each band for sequential scanning and conversion to digital forme 

The ou~put was in db re 1 p volt and was progranmed on the coupler 

patch-board to consist of a 3 digit whole number in each band. The 

card punch was programmed by its control card and patch-board ta 

punch 24 3-digit nwnbers in sequence in the first 72 columns of every 

,) 
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'e 
1 .. 

Tabll e 2. The 1/3 octave ban'ds, band w1dths and power rati os. 

Center Band Power . 
Band frequency width(a) ratio(b) 
number (Hz) (Hz) db 

l 3. 15 .• 73 -1.4 
2 4 .92 - .4 
3 5 1. 15 .6 ... 
4 6.3 l.ll5 1.6 
5 8 1. 84 2.6 
6 10 2.30 3.6 
7 12.5 ' 2.87 4.6 

, 
8 16 3.66 ' 5.6 
9 20 .. 4.60 6.6 

10 25 5.75 7.6 
, 1 31.5 J, 7 .~O '8.6 
12 40 9.20 9.6 
13 50 11 .5 10.6 
l 4 63 14.5 '1.6 
45 80 18.4 12.6 
16 100 23.0 13.6 
1 7 125 28.7 14.6 
18 160 36.6 15.6 
1 9 200 46.0 16.6 
20 250 57.5 17 .6 
21 315 73.0 18.6 
22 400 92~0 19.6 
23 500 115 20.6 ; 
24 630 145 21.6 

(a) band width = .231 center frequency (Albers 1965), 

(b) power ratio. 10 log band width (Albers 1965) 
1" Hz band wi dth 

.. 
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card and to skip :the remaining 8 ·colwnns. In synchronisation wij:.h 

the anal~er it punched the 24 band l~ve18 making up one spectrum" 

on one card, and started a new card for each new spectrum. The 

speed of the analysis was limited by the punching speed of the punch 

to 14 spectra per.minute. A measurement was thus made in each band 

every 4.3 seconds during the whole analysis. 

iii) Procedure 

Because the amplifier ,gain was varied during the recordings, 

compensation for ,the gain shifts had to he made during the card-

punching operation. It was d.one by inserting a cue card among the 

cards punched whenever an amplifier gain shift was announced on the 
. 

voice track. In subsequent analysis the cue cards programmed the 

computer to compensate for amplifier gain changes, and to convert 

the db re l p volt output on the cards to db re l p bar of sound 

pressure in the water. The cue card correction for different amplifier 
~ 

gains that were subtracted from the db re l p volt on the cards are 

given in Table J. They are the sum of the amplifier gain, the hydro-

phone system sensitivity and the 120 db conversion factor to change 

the db re l volt amplifier output to db re l p volt analyser output. 

AI:!e During the process of converting the recordings to numbers 

on computer cards, the various control and synchronisation voltages 

between card punch, coupler and analyser had to be initiated in correct 

sequence. Th, sequence was worked out with Hewlett Packard eng~eers 

and was used~n setting up the following procedure. 

(l) Hook up analyser, coupler, junction panel and card pun~' 

as outlined in the respective operation manuals. 

(2) Connect the output of the recô~er/reproducer ta input B on 

... 
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e 
Table J. Calculat10n of eue- card correct 1 on. 

.. • 
Before Jan. 15, 1971 After Jan. 15, 1971' 

.. .IJ'; 

Amplifier ga 1 n db 0 10 20 3,0 40 0 10 20 30 40 

Hydrophone system 
sensitivity 

l/\ dbv re l bar -42 -42 -42 -42 -42 -52 -52 -52 -52 -52 

" 
1 

~" -Am-p1 i fi er output ~ 

dbv re 1 bar -42 -32 -22 -12 -2 -52 -42 -32 -22 -12 

eue card correction 
98~ db re 1 vol t 18 88 108 118 68 78 88 98 108 

See text for explanation 

c 

.. 
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the analyser. 

(3) Turn on power to all instruments. 

(4) On the card punch: 

\ 

- Put the control caro on the drum, and the drum on 

the' spindle. 

- Close control caro contacts. 

- Switç:h to automatic feed and automatic print. 

\ - load cards, release a card and address a cardo 

~ 5) On the coupler: 

- Set REM.-WC. switch to IDC. 

"- Set ON-OFF swi tch to OFF. 

(6) Start recorder!reproducer on playback, and listen to the voice 

track with headphones for amplifier gain setting. 

7 (7) Insert the appropria te amplifier gain eue card into the out­

p~Aopper of the punch. 

(e) On the analyser: 

- Push EXTERNAL INHIBIT button. 

Select sensitivity range to avoid overloads. 

- Push RESET but ton. 

(9) Rewind the tape on recorder /reproducer. 

(10) Switch coupler Rm.-LOC. to REM. 

ON-OFF to ON. 

(11) Stan tape on playback. 

(12) At "zero time" signal on voice track push En. INHIBIT button 

on analyser. 

(13) Remove the first card that cornes 0 ff card punch carriage. 

(14) Check for correct synchronisation: 

As the storage in the analyser i9 scanned, a bright trace 
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'- . 
(, 

moves from ~ to band on the oscilloscope disp1ay of the 

analyser. When synchronized correctly the bright trace 

hesitates on bénd 2 during a card change. If it hesitates 
4 

on ;my other band, synchronisat:ïon is not correct. To 

correct it, pu~h RES~ but ton and go back to step (9). 

(15) While cards are being punched, monitor the analyser for 
, 

overloads and listen to the voice track continuously to the 

end of the recordine. 

- Whenever overloads occur, push RESET on analyser, stop 

tape, release card, swi. tch analyser range higher, and 
( 

start tape. When display is stable, push EXT. INHIBIT, and 

remove ineomplete card as it cornes off punch carriage. 

Check synchronisation (step 14). 

Whenever amplifier gain shifts are announced pn the voice 

track, push RESE:T, stop tape, release card, insert appropriate 

amplifier gain eue card at bottom of output 'hopper of punch, 

and start tape. When the display is stable push EXT. INHIBIT 

and remove incomplete card as i t cornes off the punch carriage. 

Check synchronisation (step 14). 

iv) Resulte 

'] 

During the punching of the cards, it was 1'ound that trawling 
~ 6 

..Ir-

noise at' Close range contained over 40 db more pressure at frequencies 

above 20Hz than at fréquencies below 25Hz. Since the dynamic range 

of the analyser at any one range setting was 40 db, it was necessary 

'" ,to punch 2 sets of cards for each recording. One set was punched with 

the li!1alyser range adjusted 50 that frequency bands 1 to 9 (3.15 to 

20Hz) were within the dynamic range_of the analyser~\ The other set 

, . 



</ 

" 

L 

19. o 

was p\U1ched so that bands 10 to 21 (25 to 315Hz) were within the 

dynamic range of' ~e analY~er. ,suïsequent an511ysis for each frequency 

was done in the appropriate ~t of cards. The 24- sets of èards for , 
v ~ 

the 12 recordines under consideration contained a total of 13;650 cards. 

C. Data ana1ysis 

i) Data reduction and s~oothing. 

Hearing in cod is insensitive to fre1uencies above about 

300Hz (Buerkle, 1967). For this reason, analysis ",ras do ne in frequency .... 

bands 1 to 21 (3.15 to 315Hz) and not at higher frequencies. 'There 

were more than 143,000 3-digit numbers in these bands in the 12 re­

cordings to be ana1ysed. On the average, each frequency\band was 

represented by approximate1y 570 rneasu~s. l 

To reduce and srnooth the data, moving averages were ca1~~ted. 
Each average was the average of 14 rneasurernents and represented a time 

~ 

period of 1 rninu~e because the card punch produced 14 spectra per minute • 
.. 

Succeeding averages over1apped preceding avera~es qy 7 measurernents 

making a tirne difference of 30 seconds between averages (s~e Figure 2). 
, 

This resulted in a rnean of 80 averages in each frequency band in eaéh 

recording, or a total of approximately 20,000 averages to he' analysed. 

EX8.ll).p1es of the chsmge in averages with time are shown il'! ( 

Figure 3. They show lit t1e change in 1eve1 during the time that ambient 

oceé3f noise was measured pefore trawling started. When traw1ing start~\, 
() / ~ 1 v J///IIfI' • 

the noiSe levels in sorne bands began to rise &:ld continued to ri!Je as 

the traw1er'àpproached the hydrophone. Equations to describe rnean 

trawling 1l0ise in relation to distance along the tow path were calculated 

and are drawn for the example in Figure 3. 

J 
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Figure 3. r~ov1'ng averages of 4 frequency ban"ds (from, 
record1ng 3, August 29, 1970). 

Band 2. No averages above average amb1 ent + . 10 db 

Band 4. 4 averages above average ambient + 10 db, 
no equation calculated. 

Band 14. Equation ,calculated for 30 averages. 

Band 18. Equation calculated for 38 averages. 
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e, 11) Calculat.ion of mean t.rawl1n:g noise in relation to distance along 

t.he tow pa th. 

(a) Effect of ambient noise. 

When measured trawling noise is less t.han lOdb above 

ambient sea noise, the measurement is not of traw1ing noise 

alone but of the SUIn of t.raw1ing noise and ambient noise. 

When trawling noise is lOdb or more above ambient. noise, the 
. ..,.. ...... 

ambient noise has no effect on t.he rneasurement. of trawling 

" 
noise (Albers, 1965, Appendix 3). Before equations were 

calculated, therefore, t.rawling noise measurements that were 

less than 10 db abo~ average ambient sea noise were eliminated. 

The average ambient sea noise of each band in each recording 

d"'as calculated from the moving average&' of measurement.s made 

before trawling began (Figure 3). The equation for any band 

was calculated from the averages that were 10 db or more above 

the averaee ambient noise and t.ha. t followed the last average 

below that level. No equation was calculated for bands that 

had less than 5 averages that met this criterion. 

(b) Calculation of distance intervals. 

The averages were fitted to logarithmic equations 

of" the form db = A + b log distance bécause noise 
reference distance 

levels of a noise source at distances from the source are 

inversely proportional to the log of the distance. For this 

form of equation, the 30 second time interval between the 

roving averages had to be changed to di stance. 

The distance scale was calculated from t:tining eues 

recorded on the voice tracks of 5 recordings when distances 

between the trawler and the recording boat were estimated by 
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radar to be .75, .50, .25 and 0 miles (1.4, .9, .5 and 0 km). 

During the punching of the cards for these recordÙlgs, cue 

cards were inserted whenever the voice track indicated a distance. 

The number of data cards between the eue cards were 1ater 

counted and used in the calculations in Table 4. 

The distances of 146 ft (44 m) and 1)1 ft (40 m) 

are the upper and lower 95% fiducial limits of the mean distance 

along the tow pa th between adjacent moving averages. They were 

used in each recording in every band with sufficient avel"ages 

to calculate one equation with the maximum and one with the 
o 

minimum intercept respectively. A total of 324 equations Were 

calculated, their intercepts (A) and slopes (b) are listed by 

recording and band number in the Appendix. 
1-

l'he two equations in each of the 162 bands of the 

Appendix describe mean maximum and mean minimum trawling noise 

relati~e to distancJ along the tow path in each band. They 

were used to calculate the maximum and minimum range at which 

trawling noise becomes det~ctable for cod in each of the bands. 

iii) Calculation of masking levels. 

For cod to detect trawling noise at sea, their auditory . 

apparatus must be able to separate the tonal stimulation caused by the 

traw1ing noise from that caused by the ambient sea noise. That i5, the 

trawling noise must not be masked by ambient sea noise. 

Ta detennine the masking level, the level at which ambient 

noise masks' trawling noise, in each frequency band of each recording, 

the measurements of auditory masking in cod made ÎY Buerk1e (1969) were 

used. Figure 4 reproduces Figure :2 from Buerkle (1969). It shows the 
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Table 4. Calculatfon of towfng speed and of distance between 
mov1ng averages. 

1 
Distance (radar) 

Number of cards 
between d~stances 
in 5 recordings 

.75 
1 .4 

77 
79 
87 

67 

• 5 
.9 

80 
88 . 
78'. 
83 
76 

.25 
• 5 

Mean number of cards per 1[4 m~le • 76.2 
Standard error of the mean = 2.1 

. 79 
59 
71 
67 
76 

o mi • 
• 0 km. 

95% fiducia1 = 321.6 to 288.0 cards per mile inter~a1 
1imits 

= 131 to 146 feet per average* 
(40 m) (44 m) 

tow1ng speed 2 2.6 to 2.9 knots+ 
(4.8 to 5.4 km per hr) 

* feet per nautical mile x 7 
\ feet per average - cards p-er mile 

+ knots -
cards per hour (-840) 
cards per mile 
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Decibels 
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relationship, by signal' frequencies and noise frequencies, of thresholds 

and masking noise in decibels. To determine the slopes by which threshold 

re maski?g noise decrease with increased separation between signal 

frequency and maskidg frequency, the values of Table 5 were interpolated 

from Figure 4. For each noise frequency, two regressions of threshold 

o re masking noise versus signal frequency were calculated, one for signal 

frequencies higher than the noise frequency, the other for signa~ 

frequencies Iower than the noi-se frequency. The slopes of e!ch re-

gression, and the mean slope for signal frequencies high~r~han noise 

frequency and for signal frequencies lower than noise frequency are 

shown in Table 6. 

The masking level of each frequency band was calculated from 

the mean slopes and from the average ambient noise level in each recording. 

FDr every signal band, the frequency of each of the 21 noise bands was 

subtracted from the frequency of the signal band. Positive surns were 

multiplied by -.2 db per Hz, negative sums were multiplied by -.4 db 

per Hz. Because signals at the same frequencies as masking noise are 

detected only when they are a minimum of 10 db above the masking noise 

(Figure 4 and Table 5), the product for each noise band was added to the 

average ambient noise +-10 db level of the noise band. The maximum of 

the 21 surns obtained fpr each signal band ~s the tp-sking level of that 

band. The masking levels for ~he 162 bands in the Appendix are listed 

there under Il}'1asking level". 

iv) Calculation of range at which cod cân detect trawling noise. 
-

A distance 0 at which trawling noise equals maskil1g. level 
f 

can be calculated from each intercept (A), slope (b), and masking level 

(Mi) of the Appendix. By sùbstituting masking level for decibels in the 
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Cod thresholds relative to masking noise level 
in decibels (interpolated from Fig. 4). 

Noi-se frequency Signal frequencies 
Hz Hz 

20 40 60 80 100 120 140 

20 10 0 -4 -7 -10 -13 -15 

40 -4 8 3 2 -5 -6 -9 

60 -12 -2 7 4 0 -3 -5 

80 -18 -12 -1 10 6 2 -1 

100 -18 -14 -6 6 10 8 4 

l~O -18 -16 -9 -2 9 10 8 

140 -16 -10 -1 5 9 la 

160 -18 -12 -4 0 4 .~ 
" 

J 

160 

-18 

-11 

-8 

-5 

-1 

3 

7 

la 
& 
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Table 6. Slopes of threshold or masking noise for signal 
frequencies higher than noise frequenci~s. and for 
signal frequencies 1pwer ~han noise frequency. 

" 

Noise frequency Signal frequency 

" higher thân" lower than 
noi Sj noi se 

(db/Hz (db/Hz) 

20 -. 179 

-40 -. 138 -.600 
~ 

60 -. 150 -.475 

80 -.18'> -.475 

100 -. 185 ~.380 

120 -. 175 -.323 

'40 ' -. 150 -.276 

160 -.236 
- .. "'~ 

Mean -.2 -.4 

~~ 
, 

. 
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general equat~on db ~ A -+ b log Oreff'.' the equat10n becomee ML : 

A + b log 0 and D • antl1o.e; ML ~ A , when Dreff. 1: 1. The 0 re­

presents the dlst-ance back along the tow path from the intercept of 

the equation to where trawling noise equals rnasking level. At shorter 

distances, traw1i~g noise is above the masking level, at longer distances 

it is below the maskine Jevel. The intercept of the equations, however, 

"is a theoretical point at distance::; 0, and does not represent the point 

at,vhich the noise source vas actually closest to the hydrophone. To 

correct for this, the closest point along the tow path between the noise 

source and the hydrophone vas determined as follows. 

As nQise sources rnove along the tow path towards the hydrophone 

and pass it, the noise levels at the hydrophone ~uld rise to a peak 

as the distance betveen the source and the hydrophone becomes minimum. 

The peak repre~~nts the closest point along the tow path between the 

noise source and the hydrophone: The peak moving average in each of the 

162 bands in the Appendix vas determined. For a numher of bands the 

loudest moving average vas aiso the Iast moving average of the series 

, (Figure 3). In such cases, the loudest rooving average cannot proper1y 

he called a peak. Examination of the measurements from vhich the moving 

averages were calculated, however, revealed that in ail these cases 

inc1uded in this report the measurements did rise to a peak and decrease 

again. Therefore, when the loudest moving average was the 1ast of the 

series, th~re were sUnp1y not enough decreasing measurements to lover 
.) 

the average below the previous one, but the loudest average does represent 

the peak noise/pressure. 

The distance (d) between the peak moving average and. the inter-

cept of each equat1.on was ealculated from the number of distance increments 

.. -
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between them and the relevant increment size of 146 ft (44m) or 13i ft 

(40 m). These distances (d) are shown in the Appendix in feet. 

The range (r) along the tow path between the close st point 

to the hydrophone and the masking level was th en r = D-d or, r = 
antilog ML - A - d. The r is a1ways greater for the equation based 

b 

on the 146 ft (44m) increments than for the equation based on the 131 

ft (40 m) in~rements. The range r, however, is still not the range at 

which cod cano detect trawling noise because the hydrophone and thus the 

hypothetical cod were not located on the tow path. F~gure 5 illustrates 
) 

the geome.try of the recording situation. As described previously, the 

recording boat swung on its anchor line and excess hydrophone cable was 

used to prevent the hydrophone from dragging over the sea floor. This 

permitted the hydrophone to be located anywhere within a radius of 

several hundred feet of the recording boat. The tow paths were straight 

1ines that passed the recording boat at distances with a maximum of about 

300 ft (90 m). Because the minimum water depth was about 5C\. ft (15 m), 

this meant that a noise source moving along the tow pa th at)the surface 

'could be anywhere from about 50 ft (15 m) to about 500 ft (150 m) from -

the hydrophone at the c10sest point (Figure 5). 

To calcvJ.ate the maximum and minimum range (R) at which cod 

can detect traw1ing noise, this distance between the hydrophone and the 

c10sest point h~d ta be corrected for. Figure 6 illustrates the re-

lationship between R, r, and the hydrophone distance from the c10sest 

point. As described previously, each of the 162 bands in the Appendix 
.-

has a maximum and a minimum r. It can he seen in Figure 6 that the 
\ 

maximum and minimum R (ft) in each band will be (r max. 2 + 5(02)1/2 

and (r min. 2 ... 502 )1/2 respectively. The maximum and minimum range R 
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Figure 5. Recording geometry. 
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in feet at which cod can detect trawling noise l;n each band" of each 

recordiIig is listed in the Append;ix. 

Re sul ts and Discus sion () 
, 

Ambient sea noise 

Table 7 shows the band level of average ambient sea noise in 

each band f~r each of the 6 S'"'urraner recordings and for each of the 6 

winter recordings. The Mean in each band and i t5 90% fiducial limi ts 

is calculated for the summer recordings and the winter recordings and 

is shown~as spectrum level (spectrUffi level = band level - power faetor 

of Table 2). Th~ mean spectrum levels and their 9C!J, fiducial Hmi ts are 

illustrated on a logari thmic frequency scale in Figure 7. 

The differences between the summer and winter l:lean noise levels 

were significant at the 90% level ('t' test) in all frequency bands 
<> 

except bands 4, 5 and 6. Higher noise levels in winter were also reported 

by Piggott (1964) for shallow waters of the Scotian Shelf. He attributes 
Il , 

the higher no~se levels in winter to the difference in vertical sound 

veloci ty profile, Ihe vertical sound veloci ty profile is defined as 

the variation of sound velocity with depth (Urick, 1967). A positive 

\ 

vertical ve10city profile means that sound vel~city increases with depth 

and a negati ve vertical veloci ty profile d!\eans that the sound velocity .. 
decreases wi th increased 'depth. On the Scotian Shelf, the vertical 

, l' " , 
velocity profile in winter is positive, and attenuation coefficients are 

smaller than in 'sunmer when the vertical velocity profile is negative 

(Piggott, 1964): Meas\lrements of velocity profiles in Passamaquoddy 

Bay have not been reported, the t~perature structure, however, is warmer 

at the surface in summer and wal'tner near the bottom in winter while 

salinity i5 alway~' higher near the bottom (Forgeron, 1959). Since 
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Table 7. Average ambient noise in db re 1 1.1 bar. 
il 

Average amb1ent noise .Mean and 90% 
(band levels) fiducia1 lim1ts 

summer recordinqs (spectrum 1evel) 
-

Band x 
1 -21 -12 -14 -16 -18 -24 - 1 9. l -16. l -13, 1 

" 2 -28 -15 -20 -21 -21 -23 - 23.8 -20.9 -18.1 
3 -31 -19 ' -23 -22 -23 -23 -26.8 - 24. 1 - 21 .4 
4 -32 -20 -24 -20 -24 -22 -28.2 -25.3 -22.3 
5 -28 - 2 l', -23 -24 -25 -22 -28.3 -26.9 -25.6 
6 -27 -24 -24 -26 -24 -23 -29.3 -2B.3 -27.3 
7 -25 -25 -28 -28 -25 -24 - 31 .6 -30.4 ... 29.3 
8 -23 -28 -29 -31 -29 -26 - 3 5. 1 -33.3 - 31 .4 
9 -29 -32 -31 -35 " -32 ..,30 -"39.5 - 38. 1 - 36. 7 

10 -35 -35 -33 -35 -34 -32 -42.4 -41 ~ 6 -40.8 
11 -39 -36 -33 -35 - 35 -34 - 45.3 -43.9 -42".6 
12 -37 -34 -31 -33 -35 -33 -44.8 -43.4 -42. 1 , 

13 -34 -31 -32 -33 - 36 -32 -44.8 -43.6 -42.4 
14 -35 -29 -30 -30 -36 -30 -45.3 -43.3 -41 ~ 3 
1 5 -34 -29 -31 -29 -36 -29 -45.9 -43.9 -41 ,9 
16 -32 -28 -30 -27 -35 -29 -45.7 '-43.8 -41 .8 

, 17 -35 -28 -30 -24 -33 -29 -47.0' -44.4 -41 .8 
18 -37 -28 -29 -22 -29 -30 -48.0 -44.8 -41 .6 v 

19 -35 -29 -28 -20 -27 -33 -48. a -45.3 -41. 8 
20 -33 -27 -25 -17 -23 -35 -48.7 -44.3 --39.8 
21 -30 -25 -23 -15 - 21 -35 - 4 8. 1 -43.4 ' - 38. 7-

winter recordings 

1 -9 -10 -9 -16 -16 -5 - 1 2.3 -9.4 -6.5 
2 -12 -14 -10 -21 -22 -7 - 18.0 -13.9 - 9'.9 
3 -15 -17 -12 -24 -25 ·-8 - 21 .9 -17.4 -13.0 
4 -20 -23 -16 -28 -29 -13 -27.4 -23. 1 .. 18.8 
5 -20 -27 -18 -29 -30 -12 -30.0 -25.3 -20.5 
6 -20 -25 -18 -27 -28 -16 - 29.3 -25.9 -22.6 
7 -21 -25 -20 -24 -24 -17 -28.} -26.4 -24.4 
a -21 -2G -21 -27 -25 -18 - 31. -28.6 -26.2 
9 -22 -27 -21 -30 -29 -15 -34.4 -30.6 -26,<8 

10 -21 -27 -21 -28 -29 -16 -34.7 - 31 .3 -27.8 
11 -21 -27 -21 - 31 -32 -19 - 37.5 -33.8 - 30.0 
12 -21 -23 -21 -27 -31 -20 -36.3 -33.4 -30.5 
13 -17 -15 -20 -7 -17 -14 -28.6 -25.6 -22.6 
14 -21 -24 -17 -20 -27 -18 - 35.3 -32.8 - 30.2 ,..p 

, 5 -2El -22 -18 -26 - 31 -17 - 38.5 -34.9 - 31,.4 
16 -19 -23 -17 -27 -28 -17 - 38.7 -35.4 -32.1 
17 -18 -20 -15 -24 -29 -17 -38.6 - 35. l -31.6 
18 -17 -17 -14 -~2 -28 -15 -38.0 -34.4 -30.9 

, 19 -1 5 -16 -12 -21 -27 -14 -37.8 -34.1 -30.4 

e - 20 -13 -15 -10 -19 -25 -12 -37.0 -33.3 -29.6 
21 -11 -14 -9 -20 -24 -11 -37.4 -33.4 -29.5 
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sound veloci~increases°with increased temperature at 2.7 ft (.82 m) 

per second per Oc and increases with increased salinity at 4 ft (1.22 m) 
"- " -per second per 1 ppt.; (ia positive vertical sound velocity profile in 

winter is most certain and a negative vertical sound velocity profile 

in summer is quite probable in Passamaouoddy Bay. This difference no 

doubt accounts for the difference between summer and winter ambient noise. 

The peak in winter ambient noise in band 13 (50 Hz) is probably 

due to electrical interference produced by the recording boat. As 

described previously, -winter recordings were made from a trawler. It 

had radio and radar equipment in operation during the recording. The 

equipment was operated 50 that the measurements of range between the 

trawler and the recording boat that were needed to estimate the towing 

5peed could be made. Such equipment often emits electrical noise to which 

a tape recorder could be sensitive. 

Recordings were made during periods when the wave height was 

about 1 ft .(.3 m) and there were white caps. Periods of calm surface were 

not encountered, aM when the waves were large, recordings could not be made 

_ because the recording boat thén generated noise by slapping on the waves. 
o 

The resulting small range of sea states during which recordings were made, 

does not permit comparison of ambient sea noise at different sea states. 

Pigott (1964) describes sea noise spectrum level on the Scotian 

Shelf in relation to wind speed. The combined sunrner-winter average ambient 

noise spectrum level mea5ured in this project corresponds approximately 

in level to the combined summer-winter average noise reported by Piggott 

at wind speeds of 6 to 9 miles per hour. 

The measured ambient noise al50 fits well within the limits 

of prevailing n,9i5e described by Wenz (1962). Sources of noise described 
~ .. ~ t 

l , 
J 
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by Wenz that could contribute to the measured noise levels are: 

turbulent pressure nuctuations due to surface waves for frequencies 

1 ~ lOH~.Il.' turbulent pressure fluctuations due to siesmic background 

" 
for freouencies l to 100 Hz, distant oceanic traffic for frequencies 

12 to 315 Hz, and bubbles and spray due to surface agitation for 

frequencies 100 to 200 Hz. In addition, there could be intermittent 

sources such as ships, industrial activity, and bio1ogica1 sources. 

These, however, would not be major contributors ta the noise described~ 

here because care was taken to record on1y when there were no known 

intermittent disturbances. 

B. }K...asking 

Auditory masking in cod was measured in the frequency ran~e 

of 20 to 160 Hz (Buerkle, 1969). Ambient noise measured in this project 

was loudest at frequencies be10w 20 Hz. The possible masking of trawling 

noise by these 10w frequencies can either be ignored because nothing 

definite i5 known about masking at frequencies below 20 Hz, or it can be 

quantified by extrapolations of the published data on masking. The 

latter approach was chosen because it seem~d unreasonable that the high 

noise levels be10w 20 Hz should have no masking effect. 

To illustrate the masking effect, the Mean masking for summer 

and winter recordings is described. Figure 8 shows the relationship 

of the spectrum levels-of Mean ambi~nt noise +10 db, mean masking levels, 

and the slope of masking of higher frequencies by 10wer fréquencies. 

The Mean masking levels were calculated from the prev~ously described 

band level masking levels, the slope of the masking effect was also 

previously described as -.2 db (band level) per Hz. Although the masking 

levels and the masking slope were previously described as band leveis 
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e and were used as such in the calculation of the -range (R), Figure g 

shows the relationship in te~ of spectrum level because the mean ambient 

noise was previously described as spectrum 1eveI. The conversion doe5 

not affect the relationships. 

The masking effect of low frequencies i5 i11ustrated by the 

family of curves of masking slope originating at sorne of the low fre-

quencies. For exampIe, the curve marked 3.15 i5 the level at 'Which the 
, 

Mean ambient noise at 3.15 Hz masks higher frequencies, and the curve 

marked 4 is the level at which the mean ambient noise at 4 Hz masks 

higher frequencies. It can be appreciated that the Mean masking level 

at any frequency in summer or winter, is the Mean of the highest masking 

effect in eaci't':~f the 6 relevant recordings. 

In winter, the Mean ambient noise between 3.15 and 4-Hz masks 

frequencies up to about 40 Hz. Then the peak of noise at 50 Hz, pre--

viously described as electrical interference, masks a few frequencies 

above and below 50 Hz. From about 100 Hz up, each frequency is masked 
" . 

only by noise of the same frequency. In summer, noise at 3.15 Hz masks 

frequencies up to about 80 Hz. Since there was no electrical inter-

ference at 50 Hz, this is probably the correct situation for winter also. 

As in winter, frequencies above about 100 Hz are ma.sked only by ~oise 

of the sarne frequency. 

Figure 8 81so' shows that should the low frequency masking not 

occur, and aIl frequencies are masked only by noise of the sarna frequency, 

mas king levels of frequencies between 3.15 and 100 Hz would on the average 

he about 7 db lower. At. 25 Hz the difference would he about 9 db in -

mnter and about 13 db in sumner. 
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C. The noise source 

1 

'r - \ 

" , 

During trawling, noise can concei vably be generated by any 

part of the trawling gear from the trawler itself to the trawl 450 

feet (137 m) behind. The sources of noise in the different frequency 

bands in this project are unknown, but a measure of their location can 

be obtained from the data.. If noise in the different frequency bands 

was produced by sources that are spatially separated from each other, ... 
the peak noise pressure in the different bands should occur at different 

tintes, and the difference should occur in aIl tows. Time differences 
1 

• - ·'10 ' 
between the peak noise in each band can bé obtained from the distances 

d of the Appendix. It will he remembered tha t d i5 the distance from 

the intercept of each equation to the point at peak noise pressure. 

The maximum and minimum d in each band are reflections of the distance 

interval of 146 ft (44 m) and 131 ft (40 m) between moving averages 

respectively. The time relationship between peak noise in the different 

frequency bands i5 the sarne for both distance intervals, calculations 

will be done with the maximum d of each band. The d' s in each recording 

can be put on a relative scale of time by the relationship 146 ft 

(44 m) = 30 seconds. The relationships of peak noise pressure in the 

~ands of each of the 12 recordings are shown in Figure 9. It can be 

seen that there 15 no consistent time pattern between frequency bands. 

It can be concluded that any spatial separation bet~èen noise sources 

of the dlfferent frequency bands is too small to detect by examination 

of time differences between peak moving averages. rf the trawl were 

al major noise source in any frequency band, the 450 foot (137 m) 

, separation between the trawler and the trawl should cause a peak of 

about 1.5 minutes in that band in all recordings. The absence of any 
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such consistent pattern in Figure 9 leads ta the conclusion that the 

major noise source, in ail frequency bantls, ls the (raWler. On a sea 

floor of soft mud as occurred in this project, the trawl- wuld not be 

...... 
expected to produce much noise. This find:if1p, also agrees with the 

statement of Shiskova (1958) that trâwls produce little noise compared 

to traw1ers. On a hard sea floor of rocks or gravel on the other hand 

the trawl could generate loud intermittent noises as its hard parts, 

\ 
such as doors and rollers, strike against the hard bottom. 

D. Index value of trawling noise 
! 

( 

\. 

Recent recommendations (Gjestland, 1971) suggest that ship 

noise and trawling noise should he described in terms of an index 

value-' that is the decibe1s in 1 Hz band widths at l meter from the 

source. In this project, distances betwe~ the noise source and the 

hydrophone were not deterroined prec\se1t~and index values can there­

fore only be estimated. Urick 1967 ~66) states that "spherical 

or inver se - spreading 15 a good rule of thumb for express,ing the 

variation of ship noise vith range at close distances, even for ldw 

frequencies in shailow ..tater". This "rule of thumb" vas used te 

calculate index values of trawling noise for the sUllll1er and the 

winter data. 

The Mean noise level db at the closest distance between the cp 

hydrophone and the noise source and the Mean noise levei dbcp + 131 at 

1)1 ft (40 m) further than that vere calculated from the minimum inter­

cept (A), the slope (b) and the minimum distance (d) itl each of the 

frequency bands of the Appendix. They were averaged in each band of 

the 6 sumner recordings and in each band of the 6 winter recordings, 

the averages and their standard errors are shawn in Table 8. 'nle 

/ 
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e Table 8. Index val ue.s of data. $ummer 

Band dbcp SX' dbcp + 131 Dcp Index )la1ue 
.(ft)' Cm) -90% mean"· +90% 

B. 3.7 1.3 .2 262 BD 33.9 36. 1 38.3 
9 18.7 4.,2 11 .4 101 31 34.9 41.9 48.9 

10 34.8 5.8 28.4 119 36 49.7 59.3 68.9 
l 1 J 6 .5 4. 1 10.9 146 44 34.2 40.9 47.6 
12 3.6 2.2 4.9 262 80 33.4 37.0 40.6 
1 3 16.2 2.0 10.9 164 50 36.2 39.6 43.0 
14 17.7 2.4 11.6 l 31 40 34. l 3B. l 42.1 
1 5 21 .0 1.6 15.3 146 44 38.8 41.4 44'.0 
16 20.2 1 .6 15.0 164 50 37.9 40.6 43.3 
17 29.9 2.5 23.8 1 31 40 43. l 47.3 51.4 
18 39.4 3.6 32.4 109 33 . 48.3 54.2 60. 1 
19 45.2 3.0 36.B 82 25 51.7 56.6 61.5 
20 33.9 2.5 31.3 94 29 46.4 50.5 54.6 
21 /33.7 1.9 26.5 101 31 41.8 44.9 48.0 

Index values of winter da ta. 

8 -7.9 6. 1 -8.6 1310 400 28.6 38.5 48.4 
9 6.7 3.5 4.3 437 133 36.8 42.5 48.2 

10 34.5 5.3 29.0 146 44 51.2 59.9 68.6 
11 18.0 3.8 14.4 ,262 80 41.7 47.4 53. 1 
12 2.4 3.5 .3 655 200 33. 1 38.8 44.5 
13 1 3.6 ,- 1.6 10.8 327 100 40.3 4~.0 45.7 
14 7.5 1.6 5.0 437 133 35.7 38 .. 3 40.9 
15 10.0 3.2 7.0 327 100" 32.2 37.4 42.6 
16 1 2 . 2 2.9 10.0 437 133 36.2 41.0 45.B 
17 24.3 3.3 20. 1 218 66 40.6 46. l 51.6 
lB 22.7 5.0 19.3 262 80 36.9 45. 1 53.3 
19 1 7 .8 4 .. 4 15.0 327 100 34.0 41.2 48.4 J 

20 l 5.4 4. 1 12.7 327 100 31.1 37.8 44.5 
21 1 5.6 3.4 12.8 327 100 31.5 37.0 42.5 

dbco • average decibe1s at closest point 
sx = standard error 
dt>co +131 : average decibels at closest point + 131 feet 
Dcp • distance at closest point 
± 9Q~ = upper and 10wer 90~ fiducial limits. 
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average values were used to caJ.culate s distance (Dcp) between the 

closest point and the hydrophone in 'the foliowing manner. 

The slope betwe~n the two averages in any band is (according 

• 
to Urick's "rule of thumb") - 20 log distance. In any band, therefore) 

dbcp '" A - 20 log Dcp 

dbcp .... 131;;: A - 20 log (Dcp + 131). These equations can 

be subtracted and reduced to 

131 
Dcp = --~~--~----~-------------antilog db cp - dbcp + 131 

- l 
20 

• f 
Since dbcp (~ standard error) and Dcp are now known, the decibels at 

1 meter (dbm) can be calculated by the following equatioA 

dbm ('t standard errer) :: dbcp (:t standard errer) - 20 log 3.28 
r ' Dcp 

(1 meter 3.2A feet.) These distances Dcp are a:so listed in Table 8. 

The deci~ls at 1 meter are band levels and can be cOTrted to levels 

in 1 Hz band widths by subtracting, in each band) the appropriate power f 

ratio of Table 2. The converted values are index values of trawling 

noise and are shown in Table 8 and Figure 10. 

The index value for the summer and the winter data should he 

the sarne if the "rule of thumb" used in their calculation is val id for 

bath situations. At frequencies up to 125 Hz the index values for the 

sunmer and winter are very close, but st frequencies between 125 and 

315 Hz the calculated values for winter are from 8 to 15 db lower than 

those of sunmer. If it can be taken for granted that the traw1er 

generates an equal amount of noise in winter as in SW!llJler, the difference 

indicates that the "rule of thumb" does' not app1y to both sumner and 
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winter conditions. 

At frequencies between 125 and 315 Hz the transmission loss 

of 20 log distance does not fit both the summer and the winter conditions. 

Ir i t is appropriate for summer, the winter 10S3 should be about 35'; :' r ........ 
, o. 

log distance. If i t is appropriate, for winter, the summer 1055 5hould 

be about 12 log distance. Which of these cases, if either, 'ls correct, 

cannot he determined from the data. It is correct to conclude, however, 

that transmission 1095 in winter, at close range and at frequencies, 

between 125 and 315 Hz, is more than in sumner. 

The spectrum of index values calculated here shows simi1arities 

to those reported by Olsen (1967) and by Hawkins et al. (1972). The a-

spectrum of the vessel R/V Johan Hjort (Olsen, 1967) shows a decrease 

in level at around 40 tlz and a peak. at around 125 Hz that i5 similar 

to the distribution presented here. Olsen does not report. a peak at 
li 

25 Hz in the J./J octave band analysis of the Johan Hjort noise, but 

he does show a 68 db noise level in a 1 Hz band width at 25 Hz. If 

this 68 db in a 1 Hz band width were measured :in a 1/3 octave band width 

with a center frequency of 25 Hz, the level would be about 60 db. 

This is almost exactly the level of the peak at 25 Hz in this report, 

-;ind suggests that the peak is due to high noise intensity in a very 

narrow band around 25 Hz. 

The spectra of the other vessels reported on by Olsen (1967) 

and Hawkins et al. (1972) do not show a peak in noise level between 

100 and 200 Hz. They show a decrease in noise with increasing frequency 

of about 6 db per octave at frequencies above 100 Hz. , 

The highest mean noise level described by Hawkins et al. vas 

about 50 db and occurred below 100 Hz. The highest mean noise level 
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At 200 Hz the average noiee of the 2 veesels reported on b)r 

01aen, a.nd the average of the 2 vessels report.ed on by Hawkins et al. 

were about ~5 and 40 db respectively. 

In the present work, the average at 200 Hz was 56 and 4l db 

in summer and win ter respecti vely. This might be regarded as evidence 

that the winter spectrum is more representative of average conditions 

and that the win ter transmission loss at close range really is 20 log 

distance. 

In genera1, the noise 1evels determined by Olsen (1967), 

Hawkins et al. (1972) and in this project are surprisingly similar when 
~ 

- one considers the differences in conditions under which me~surements 

were made, and the differences in vessel size, type and propulsion. 
" 

It shows ur:. smaller wooden vesse1s can be as noisy as the larger steel 

vessel?-/'-i t cannot be regarded as a genera1 rule. 

Transmission 10ss 

Transmission 10ss describes the weakening of sound between 

a reference distance from a sound source and other distances. If ~ 

is the intensity of a source at a reference distance, and 12 ls the 

intensity of another distance, the transmission 1055 bètween the two 

Il distances is 10 log __ db. Transmission 10S5 is the sum of 10ss due to 
12 

spreading and of 1055 due 'to attenuation. Spreading 1055 is a geometrical 

effect representing the regu1ar weakening of a sound signal as it 

spreads outward frolI\ a source ~ If a source generates sound in an 
, v 

unbounded homogeneous medium, the 'power is radiated equal1y in a1.1 

directions 90 as to he equal1y distribut~d over the surface of a sphere ., 

surrourlding the source. This is called spherical spreading. If there 



48 • 
.. 
1s no 1055 in the medium, the power crossing ail such spheres must be 

the same. Since power equals intensity times area, 

( p::. power, r = range, l = intensi ty) 
l 

If rI = l the transmission 1055 to r2 will be 10 log ..1 = 10 log r22::: 
12 

20 log r2 db. 

If the medium has plane and parallel upper and lower bounds 

such as in shallow water, the spreading is no longer spherical. It is 

called cylindrical spreading because beyond a certain range the power 

radiated by a souJefe i5 distributed over the surface o~ a cylinder with 

radius (r) equal to the range, and height (H) equal to the distance 

between the bounding planes. The power crossing such surfaces "tt range 

fi 

p = 2'rrr HI = ;èffr-HI = l l ,e 2 
__ t __ 

If r
l

:= l the transmission 1055 i5 

l 
10 log -.! ::: 10 log r 2 

12 

In the ocean the distinction between s~erical and cylindri'cal 

spreading is never quite 50 clear. In fact, spherical spreading often 
-----

oceurs under trapping conditions_ in~sound channels where 1t has no 

right to oceur (Urick, 1967). 

Attenuation, the other factor that adds to transmission loss, 

15 the reduction in intensity due to discontinuities, absorption, and 

variatioijs in temperature and salinity. It thu~ includes all factors 

other than spreading 10ss. It is not a constant, and cannot be accurately 

predicted from theoritical considerations. 

Transmission 1055 in this project was not measured but the 
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slopes Cb) of the Appendix are functions of the transmission 

chdracteristics of trawling noise for the prevGailin~onditions. They 

do not express the réal magnitude of the transmission losses because they 

were calculated from an assumed distance between the last moving average 

and the hydrophone. They do express the relative transmission loss 

between frequencies. It was shown previously that there was no evidence 

br spatial separation between noise sources of the diff~rent frequency 

bands. The distance between the hydrophone and closest point in the 
t;;' 

tow path, therefore, can be expected to be the sarne for all bands of 

any one recording. The difference between this distance and the assumed 

distance from which the slopes were calculated is, therefore, constant 

and the error in slope also is constant for all bands in any one recording •. 

The slopes in each band of the 6 summer recordings and of t.he 

6 winter recordings 'fIere averaged and are shown wi th, their 9(J/, fi'éfucial 

limi ts in Figure 11. 
rJ 

It can be seen that the relationship between slopes and frequencies 
\ 

is the same.in summer and winter,' but that the slopes in winter are 
. 

approximate1y 10 db higher. Greater transmission 10ss in summer has 

also been reporled for the Scotian She1f by Macpherson et al. (1962). 

Their data indicate that a difrerence between summer and winter of 10 

log distance is not tmreasonable. They attribute the difference to the 
\ 

positive vertical velocity profile of wint.er, which as already discused 

also occurs in Passamaquoddy Bay. 

The variations of transmission 105s with frequency seen in 

Figure 11 may be due to several causes, singly or in combination. The 

-
patterns could reflect an interaction between the wave lengths of the 

frequencies and the physical characteristics of the transmission cha.nnel~ 
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or they could he caused by the characteristics of the noise 

generated by the sources of the different frequency bands. 

the cause, it is important to note that transmission loss doe vary with 

frequençy by as much as 26 lçg distance in the frequency range 
\ 

in this report. 

F. Range at which cod can detect trawling noise 

The maximum and minimum range (R in the ch cod 

can detect traw1ing noise in each band were averaged for the six urrnner 
, 

recordings and the six winter recordings. The means of sumner and winter 

in each band are listed with their standard deviation in Table 9. 

Winter ranges are significantly greater at 25 and 31.5 Hz ('t' test) • 
. 

Surrnner ranges are significantly greater at 20, 40, 200 and 250 Hz. 

At other frequencies, the differences are not significant. The mean 

maximum and minimum' range of each band and their upper and lower 9r::tfo 

fiducial 1imits respectivelyare shown in Figure 12 for the sununer 

recordines, and in Figure 13 for the winter recordings. 

In summer the trawling noise at 200 Hz can be detected ~t the 

longest rang1f,. lt can be detected at about 1. 5 miles (2.8 km) in 9C/1. 

of the tows IJ}ade under conditions siriûlar to those during this -project. 

In 10% of the tows it can be detected as far as 2. 5 mile~ (4.6 km). 

In win ter the frequency that can be detected at the longest range 1s 

125 Hz. It can he detected at about .5 miles (.9 km) and at about 

2.5 miles (4.6 km) in 90% and 10% of the tows respectively. 

Except for the.increased ranges at frequencies 20, 25 and 

31. 5 Hz the range at frequencies below 200 Hz decreases with frequency 
. 

at about 66 ft (20 rn) per Hz in swrmer. In winter this decrease i5 not 

as clear because of the large dJ.fference in range between 40 and 50 Hz. 
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At frequencies above 200 Hz the range decreasos wlth increaslng 

trequeney at. about. 40 tt (12 Ill' ,el" Hz 1ft wintel" and in sUDIIler. 

The shape of the spectrum of range versus frequency ls 

-'" different from the spectrum of index values (Figure la). Thé index 

values "lere highest at 25 Hz in summ~r and winter. The fact that 25 Hz 

is not the frequency that i9 detected at the longest range can be attri-

buted t9 the greater transmission 105s a.t 25 Hz than at 125 and 200 JIz 

(Figure 11). This points out that the theoretical values for transmission 

loss whether for spherical spreading (20 log distance) or for cylindrical 

spreading (10 log distance) should not be used in calculations involving 

transmission of noise over long- ranges in shallow water. 

As mentioned, the frequencies of trawling noise that cod can 

detect at the longest ranges are 125 and 200 Hz in wiriter and summer 

respectively. Since range i9 a function of masking level, and masking 

level depends on the ambient noise level, the effect of ambient noise 

level on range can pe determined. 

To simplify these calculations the mean of the average maxbmwn 

and average minimum range (from Table 9) were calculated for 125 Hz in 
J' 0 

(> .... ,1", \ --JI 1-

winter and for 200 Hz in summer. Because this mean range was calculated 

from a masking level based on the Mean average ambient noise level, 

the Mean range changes with ambient noise level by a factor equal to 

antilog ambient noise level - mean ambient noise level 
average slope ( from Figure 11) 

when all factors except ambient noise level remain the sarna. 
-1 

The relationship of rang~ versus ambient noise was calculated 

for the mean ranges and the lower 90% fiducial limits of the average 

minimum ranges of 125 Hz for winter and of 200 Hz for l\mmer. They 
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Ar. .hown in Figure 14. 'rhe range ot ambi.nt. noi.. 1ev.1. .how in 

'i~re 14 ineludee the maxi..'!lUJ!1, mean and minimum average amb1ent noise 

measured in this project, and extends lover to -50 db because that 19 

about the lowest level of ambient n01se1- at these frequencies, that 

occurs in the ocean (Pigott, 1964; ltlenz, ;1962). 

It can be seen that the steeper slope (-30) of summer results 
/" 

in lesB change of range vith change in ambient noise level than does the 

less steep slope (-21) of winter. It can also be seen that at any noise 

1evel 1ikely encountered in the o"cean, winter ranges are larger than 

summer ranges • 

Under the mQst quiet condition of ambient noise, cod cao detect 

trawling noise at a Mean range of about 35 miles (60 km) in winter and 

about 10 miles (18 km) in surnmer. 

In 90% of tows made under such conditions, cod can detect the 

noise at aboqt 14 miles (25 km) in winter and at about 7 miles (13 km) 

in sunmer. 

Even at the loudest ambient noise leve1 of -15 db that is likely 

to occur in the ocean at these frequencies (Wenz, 1962), the range" at vhich. 

cod can dèt~ét travling noise is appreciable. In winter the meao range 

is about .9 miles (1.7 km); in summer it is about .6 miles (1.1 km). 

In sunmary, the mean detection range of trawling noise for cod 

ranges from ~~ ~les (1.7 km) to 35 miles (60 km) in winter and from .6 . 
miles (1.1 km) to 10 miles (18 km) in summer as the ambient noise level 

ranges from the lO?dest to the least loud.· 

Conclusion 

It has been sho'Wll that the ambient noise measured in this project 

is similar to, and well within the limits of ambient noise in other reports .. 
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(Piggott, 1964; Wenz, 1962). It has been shown that the index value of 

trawling noise (and thus the noise generated by trawling) estimated in this 

report is similar to that reported for both trawlers and seiners (Hawkins 

et al. 1972; Olsen, 1967). The transmission loss estimated in this report 

sh~wed variations with frequency that have not been shown before but was 

similar in magnitude to that described for broadband sources on the Scotian , 

Shelf (Macpherson et al. 1962). 

These considerations can lead to the conclusion that although 

the measurements were made under a specifie range of conditions, th~y do 
, 

reveal generalities that have a more universâl application. 

It may be concluded that in area~ where the vertical sound 

velocity profile i5 positive in winter and negative in s~r, the range 

at which cod can detect trawling noise i5 longer in winter than in summer 
, 

when the ambient noise i5 the same. The'longer range in winter i5 probably 

due to surface duct transmission in which sou~~ propagates by upward re­

fraction and repeated reflections off the sea s~face where there is little 

reflection loss. In summer, refraction i5 downward 

the bottom is generally higher than at the surface. 

The frequencies of trawling noise that 

~ction los. at 

are propagated the 

furthest a150 differ between winter and 5ummer. In winter, frequencies in 

the third octave band centered at 125 Hz can be detected at the longest range, 

while in summer, frequencies in the third octave band centered at 200 Hz can 

be detected furthest. This difference also must be attributed to the different 

propagation characteristics between winter and summer. 

In both winter and summer, the range at which cod can detect 

trawling noise varies inversely withQambient noise level. During the most 

quiet conditions likely encoonter,ed in the ocean, cod should be able to detect 

\J 
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trawling noise as far as 35 miles (60 km) away in winter"and as far &s 

10 miles (18 kil) away in SUJIIftel". Under the JBOst. n01ey cond1 tions lUtely 

eri~d in the ocean, the range at which cod can detect trawling noise 

i5 still a~ec1able. On the average, cod can detect the noise of tows 

~made under suchicon~itions at about .9 miles (1.7 km) in winter, and at 

about .6 miles (1.1 ~kin summer. " 

It is obvious t~t trawling generates auditory stimuli that 

should, in theory, allow cod to make avoidance maneuvers well in front of 

the trawl under all conditions of ambient noise. The fact that cod are 

captur~d by trawls at all could mean that they do n~~respond to the stimuli, 

or that sorne respond in a way that does not lead to avoidance. 

To deterrnine which of these interpretations, if either, i5 correct 

i5 not within the scope of this report. It ls hoped that the r~sults 

presented here will aide in the design of experiments to determine the 

behaviour of cod ln relation to fish capture processes. 
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APPENDIX 

,Intercept (A), slope {b}, masking 1eve1 (ML), distance (d) 
for 6 summer and 6 winter recordinqs {R and d in,feet}. 

Ju1y 29, 1970. record i ng 1. 

Masking 
1 ntercept Slope 1 eve 1 Di stance Range 

Band {A~ ( b ) 1 (r~L } {dl (R) 

9 28.12 -15.05 -14 262 370 
28.83 Il Il 292 646 

10 64.16 -23.79 -15 262 1864 
65.16 Il Il 292 2110 

1 1 35.46 -19.76 -16 262 149 
36.39 Il Il 292 524 

12 44.99 -20.65 -18 262 862 
45.96 Il Il 292 1082 

1 3 75.81' -28.18 -20 262 2262 
77.19 Il Il 292 2568 

1 4 91 . 00 -3l~64 -22 262 2025 
92.58 Il Il 292 2310 

1 5 93.20 -32.97 -24 262 3·326 
94.76 Il Il 292 3742 

1 6 86.21 - 31 .54 -22 262 2436 
87.69 Il Il 292 275B 

1 7 81. 45 -29.12 -25 262 4263 
82.82 Il Il 292 4776 

18 81 .65 -26.86 -27 262 10831 
82.91 . Il Il 292 12077 

1 9 90.69 -27.81 -25 262 14193 
92.00' Il Il 292 15827 

20 83.31 -25.79 -23 262 12986 
84.53 Il Il 292 14489 

21 74.45 -24.59 -20 262 6672 
76.61 Il Il 292 8207 

,. 

J 
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Appendi x (con t i nued ) 

t 

August 23, 1970, recording 1. 

Maski rr 
Intercept Slope , 1 eve Distance Range 

Band (Al. ( b) (ML) (d) ( R ~ 

9 62.81 -23.53 -4 262 432 
63.91 .. Il 292 691 

1~ 118.95 -35.61 -5 , 262 2764 
120~63 Il Il 292 3121 

11 72.57 -25.76 -7 262 966 
73.18 .. Il 292 1122 

12 ~48 -17.93 -8 262 189 
40.33 .. Il 292 540 

1 3 54.64 -21 .01 -10 262 932 
55.63 Il \1 292 1152 

14 52.81 - 21. 08 -13 393 822 
53.30 Il Il 438 1152 

1 5 ' 67.92 -25.47 -16 
-,,: 262 1 710 

69. 1 2 .. Il 292 1970 
16 53.60 -20.29 -18 262 3118 

54.55 Il Il 292 3508 
!J 17 73.91 -24.40 -18 262 5583 

75.06 Il 1/ 292 <e> 6243 
18 85.20 -26.57 -18 262 7396 

86.46 , Il Il 292 8264, 
19 87.16 -27.86 -19 131 6332" 

89.07 Il Il 146 7440 
20 85.16 -28.66 -17 131 3538 

86.50 () Il Il 146 3972 
21 75.51 -25.58 -15 t 131 3323 

76.71 Il Il 146 3735 
l 

d' . , ~ . ~ \1 
C> 

" / 

'" 
0 

\ 

" t. ... 
"-

u 
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e ~ Appendix (continued) 

Augus t 27, 1970, recording 1. 

Masking 
Intercept Slope 1eve1 ' Distance Range 

Band (A) (b) (ML) (d) (R) 

8 31 .76 -15.1 -B 393 

1014) 
32.49 Il Il 43B 

9 80.49 -28.79 -8 393 
81 .85 .. " 438 

10 134.50 -41.16 -9 393 2672 
136.44 Il " 438 3020 

11 84.22 -30.53 -11 393 923 
85.66 Il Il 438 1143 

12 35.84 -15.81 -12 524 540 
36.58 Il Il 584 780 

13 64.72 -22.57 -14 262 2313 
65.79 Il Il 292 3177 

14 58.26 -22.74 -17 262 1778 
59.33 " " 292 2043 

15 68.970 -24.83 -17 262 2638 
70. 14 " " 292 2982 

16 69. 15 -24.32 -20 262 4370 
70.29 " Il 292 4893 

17 88.33 -2,7 ,Ba -20 262 7622 
89.64 " .. 292 8511 

18 96.97 -2IB. 15 -19 262 12912 
98.30 .. .. 292 14405 \ .... 

r 19 100.83 -2'8.80 -18 131 13236 
:fl-1 102. 19 1" .. 146 14765 

20 90.77 -27.13 -15 262 7657 
92. OS .. " 292 8550 1 

/ 21 72J)7 -2~.74 -13 131 5903 
74.04 '1 fi 146 6597 

~ 

1 

\ 

\ 
1 

~ 

, 1 
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Appendix (continued) 

August 29,1970, recording 2. 

l~a ski ng 
Intercept Slope 1eve1 Distance Range 

Band (A~ (b) (ML l · (d) (R) 

8 42.24 -20.97 -9 131 155 
43.23 Il Il 146 526 

9 91 .21 -34.03 -9 131 751 
92.81 Il Il 146 973 

10 50.80 -17.67 -la 262 2498 
51 .63 Il Il 292 2827 

11 89.02 -32.96 -12 262 ' 900 
90.57 Il .. 292 1120 

12 61 .47 -24.34 -1 3 262 886 
62.62 Il Il 292 1106 

1 3 26.74 -1 3.86 -15 131 897 
27.39 Il Il 146 1116 

14 70.6'6 -27.01 -18 131 1786 
71. 93 Il 1/ 146 2051 

1 5 70.44 - 25.85 -19 262 2622 
71 .66 Il Il 292 2965 

16 84.29 -27.26 -17 262 4935 
85.38 Il Il 292 5429 

17 96.90 -31 .74 -14 262 2857 
98.39 1/ .. -292 3222 

18 98.37 -29.42 -12 131 5512 
99.76 .. .. 146 6166 

1 9 115.02 -30.77 -10 131 11432 
11 6.25 .. .. 146 12541 

20 96.76 -28.99 -7 131 3664 
98.12 .. Il 146 4112 

21 81.07 -25.65 -5 131 2137 
82.28 Il Il 146 2434~' . 

, 
./ 

1 
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Appendix (continued) 

August 29, 1970, recording 3. 

Masking 
Intercept Slope 1 eve1 Distance Range 

Band ( A) (b) (ML) ( d ) ( R ) 

8 27.51- -14.81 -10 131 216 . 
28.21 .. .. 146 552 

9 83.87 -30.18 -10 131 1159 
85.29 .. .. 146 1384 

10 126.28 -39.89 -11 131 2633 , 

128.16 " .. 146 2977 \' 

1 1 87.63 - 33.31 -13 131 920 
89. 19 " .. 146 1139 

1 2 . 54.87 -23.12 -14 131 823 
55.96 " " -H6 1043 

1 3 55.66 -22.94 -16 131 1200 
56. 74 .. .. 146 1427 

14 61 . 36 -24.79 -19 131 1614 
62.52 " " 146 1865 

15 77.48 -28.93 -22 131 2615 
73~83 

.. .. 146 2954 
16 75.81 -27.92 -25 1 31 3949 

77.12 .. .. 146 4428 
1 7 89.40 -29.52 l -23 131 6290 

90. 79 fi .. 146 7028 
18 102.03 -31.02 -19 131 7843 

103.49 .. .. 146 8755 
19 106 • 38 -31 .77 -17 131 7517 

107.88 .. .. 146 8395 
20 91 .70 -27.93 -13 131 5475 

93.01 .. .. 146 6120 
\"'; 21 78.08 -25, 16 -11 131 3341 

79.26 .. tt 146 3755 

a 

. , ) 



Appendix (c~>nt;nued) 

October 21, 1970, recor~;ng 1. 

Mask; n9 
Intercept S 1 ope level 0; stance Ran1e 

Band (A) (b) (ML) (d) (R 

8 35.29 -17.33 -14 262 439 
36 . 1 1 " Il 292 698 

9 93. 37 - 34. 59 -16 262 1 191 
95.00 " Il 292 1417 

10 ':, 130.36 -40.85 -16 262 3565 
132.28 " " 292 4004 

11 95. 39 -35.37 -17 262 1244 
97 .06 " " 292 1473 

12 65. 57 " -26.92 -19 262 1224 
66.84 " " '292 1348 

1 3 66. 58 -26.27 -21 ,1 31 202) 
'1 

67.81 " Il 146 2311 
14 70. 19 -27.14 -20 1 31 1974 

71 .46 " " 146 2254 
15 73. 14 -27.27 -19 131 2262 

74.42 " 1\ 146 2568 
16 47.20 -16.70 -19 1 31 9075 

47. 99 " " 146 10132 
1 7 80. 13 -25.77 -19 131 6895 

81 • 35 " " 146 7706 
18 101.82 - 30.57 -20 131 9529 

103. 26 " " 146 10632 
19 110.72 -33.14 -23 131 10709 

112.28 -33~ " 146 11945 
20 105.90 -25 131 7571 

'107.49 Il Il 146 8455 
21 95. 51 -31.33 -25 131 6891 

96.98 " " 146 7694 
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Append1x (cont1nued) 

January 7.t 1971 t record1ng 1. 

J 

Masking 
Intercept Slope 1 eve 1 Distance Ranqe 

Band (A) (b) ( 11 L ~ (d ) (R) 

9 46.20 -17_.43 -3 262 406 
47.02 " Il '292 672 

10 87.59 -23.87 -4 262 6609 
88.71 " Il 292 ~ 7380 

11 68.07 -'21 . 11 -6 262 2965 
69.06 " Il 292 3340 

12 33.91 -1 3.82 -7 393 522 <) 

34.56 " " Il 438 764 
13 40.26 ,- 1-4 . 01 -7 1 31 2232 

40: 92 " Il 146 2537 
14 23.92 -10.39 -la' 1 31 1709 

24.41 " " 146 1969 
15 52.65 -19.09 -la 262 1652 

53.55 " .. 292 1908 
16 55.37 -18.32 -9 262 3002 

56.23 " " 292 3381 ., 17 76.11 -23.38 -8 262 3697 
77 .21 " Il 292 4150 , 

18 "80.30 -24.02 - -7 393 3917 
81 .43 " " 438 4394~ 

19 64.83 -19.95 -5 524 2641 
1· 65.77 " " 584 2985 

20 55.63. -17.61 -3 262 1873 
56.46 " If 292 2147 

21 46.32 -14.21 -1 393 1746 
46.99 " " 438 2009 

o 

" 
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Append1x (cont1nued) 

January 7. 1971. record1ng 2. 
,~ 

• Hask1ng 
Interc"ept Slope leve1 Distance Range 

Band {A l {b l {f1L l {d~ (R} 

8 9.50 -5.14 -4 262 169~ 
9.74 Il Il 292 531 "-

9 53.52 -20.15 -4 262 456 
54.47 Il " 292 711 

-.1 10 111. 49 -33.61 -5 1 31 2793 " '113.07 Il Il 146 3152 
11 67.40 -22.57 -7 1 31 1848 

~2 68.46 Il " 146 2119 r 38.30 -16.60 -8 1 31 487 
39.08 Il " 146 736 

13 19.53 -7 .01 -5 131 3026 
19.86 Il " 146 3409 

14 25.76 -12.00 -8 1 31 522 
26.32 Il Il 146 765 'li 

15 55. 16 -21.36 -11 131 1121 
56.76 Il ' .. 146 1431 

16 51 .47 .. 18.06 -13 393 3321 
52.32 .. .. 348 3823 

17 '- 65.83 -20.56 -10 1 31 4747 
66.80 .. Il 146 5315 

18 77 .76 -23.58 -7 l 31 3801 
78.86 .. .. 146 4261 > • 

19 66.09 -20.77 -6 1 31 2327 
67 .06 Il Il 146 3186 

20 60.23 .. 19.97 -5 1 31 1716 
61 . 17 Il .. 146 1976 

21 57.04 -18.94 -4 1 31 1540 
57.93 ~ 

.. Il 146 1787 

\ 
r: 

u 

1 

o . 

1 t { 
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Append1x (cont1nued) 

... -

January 7,1971, record1ng 3. 

'Mask1ng 
1 n te rcept Slope 1evel Distance Range 

Band (A ) ( b) (ML) ( d ) (R ) 

9 29.54 - 11 .94 -3 131 403 
30.10 Il .. 146 670 

10 95.30 -27.31 -3 131 3845 
96.58 Il .. 146 4312 

11 3§.56 -11.42 -5 131 3431 
36 .10 Il .. 146 3858 

12 14.40 -7.99 -6 131 ·232 
14.77 Il .. 146 560 

13 36 .96 -13.67 -8 262 1683 
37 .60 Il Il 292 1940 

14 25.32 -10.70 -7 262 788 
25.83 " Il 292 1010 

15 20. 14 -8.33 -8 131 2258 
20.53 ,. Il 146 2564 

16 41 .21 -14.08 -7 262 2419 
41 .93 Il .. 292 2740 

17 55.28 -16.67 -5 131 4001 
56.06 Il " 146 4483 

18 59. 75 -17.39 -4 131 4503 
60.56 " " 146 5037 "-

19 46.07 -13.58 -2 131 3335 
, 46. 71 " " 146 3750 

20 29.68 -8.86 0 1 31 2108 
30.10 " Il 146 2403 

21 30. 12 -8.86 +1 262 1674 
30.54 Il Il 292 1932 

", 

" 

r 
1 
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Append;x (continued) 

Jan u a r Y. 21 , • 1 9 71, r e cor d i n 9 1. 

Masking 
<1 Intercept Slope 1evel Distance Range 

Band {A) { b } (ML) {d) {R} 

8 -6.59 -2.72 -9 524 
-6 .47 .. Il 584 

9 42 . 17 - 16_. 96 -9 393 649 
42.97 .. Il 438 878 

la 113.39 -34.74 -7 393 2528 
115.0:r " " 438 2862 

1 1 84.28 -27.57 -4 393 1200 .. 
85.57 " Il 438 1426 

12 13. la -7 . 11 - 1 131 
13.44 Il " 146 .,. \ 13 37.43 -11 .44 +3 1 31 f, < 893 
37 . 97 Il Il 146 1112 

14 23. 81 -~40 a l 31 ' 216 ; 

24.25 Il 146 552 
15 53. 39 -19~'13 -3 262 627 

54.29 " " 292 857 
16< 56.06 -18.97 -7 655 1455 

5,6 . 95 .. Il 730 )696 
1 7 68.60 -21.00 ___ -12 131 6757 

69'.59 " l " 146 7548 
18 55.41 -16.81 -12 .' 655 9580 

56.20 " Il 730 10687 
19 48.28 -15.08 -11 655 7876 

48.98 " Il 730 8778 
20 54.97 -18.10 -9 655 2767 

55.82 " Il 730 3123 
21 53.67 -17.95 -la 131 3394 

54.51 .. Il 146 381~ .. 
" 

---



" 

11. 

Appendix (conti nued) 

~ 

January 21, • 1971, recordi n9 2. 

-~ 
. 0 

~ 
,- . 

. 
t -

Ma ski ng , 
Intercept Slope 1 eveT O;stance\ Range 

Band (A) (b II ( ML) (d) \ CR) , 
\ 

\ _(7 9 38.43 -1~.97 -9 393 542 
\ 39.18 /1 Il 438 782 

10 109,.24 -32.59 -la 524 403"4 
110.77 /1 Il 584 4522 

11 70.42 -23.62 " ' -12 524 2563 
71 .54 Il Il 584 2902 

12 31.27. \ -13.85 -11 917 216 
31 .92 Il 

~ 
Il 1022 5~2-' .. 

( 13 51 .52 -16.06 -7 593 4011 
52.27 

~ 
Il Il 438 4494, 

14 57.90 -19.40 -la 393 2770 
58.81 Il Il 438 3125 

. 1 5 " 49.43 -17.91 -13 524 2537 
50.28 .. Il 584 2873 

~ 1'6 55. 18 -17.86 -17 655 10346 
56.03 .. .. 730 11556 

17 69.84 -20.29 -19 ' 7~ . 23121 
70.80 Il .. 876 25787 . 

18 .; 68.84 -'20.33 -18 786 17900 '\ • .. Il 19963 69.80' 876 
19 60.50 -19.06 -17 ~ 655" ~ ., 109.89 

61.40 Il Il 730 12262 
20 .,58.95. -19.40 -15 " 655 5829 

59.86 " . Il 730 6513 
21 ·56~. 26 -18.37 _ -14 786 5893 

57.13 Il 

\ 876 , 6592· 
.. ( 

1 

\ 
. .. .' 

ill 

.. J 




