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   Studies on the Underwater Sound - II 

On the Diurnal Variation of the TEMPURA NOISE 

 in the Coastal Waters of Nagasaki Prefecture

Akira TAKEMURA

  In the coastal waters of Nagasaki Prefecture, 24-hour observations were made 

for the sound level of TEMPURA NOISE (frying noise) at 6 stations with less 

traffic noise. It was revealed that the TEMPURA NOISE level shows diurnal 

variations and high peak values at sunrise and sunset being 3 - 5 dB higher than 

that in daytime or nighttime. There was observed no characteristic difference in 

noise level between the daytime and the nighttime, but it was observed that the 

noise level of daytime is sometimes higher than that of nighttime and vice versa. 

The level of the noise varied by the quality of the bottom materials, and variation 

was remarkable in the sea area of sandy mud bottom. The variation of noise level 

was considered to be caused by the sudden change in brightness of the sunbeam at 

sunrise or sunset, and not so much to be influenced by the factors of the tide and 

so on. It seems that the frequency characteristics of the noise is variable by the 

bottom condition and the biological noise at any station depends on the life of the 

sea at the station. The range of the noise level was about 65 - 85 dB (2 X 10-4 µ 

 bar).

Introduction

  The cause of the crackle or TEMPURA NOISE which is heard in the sea were 

reported by JOHNSON, EVEREST and YOUNG I-• 3 ), DOBRIN 2 ) , VOL Z 4 ' , BUSNEL and 

 DzIEDzic5), FIsH6), WENz7), and So on. TAKEMURA and MIzuE8) stated that the 

TEMPURA NOISE at the coastal waters of Japan would be mainly caused by the 

snapping shrimp. 

  BUSNEL and DZIEDZIC 5) had similarly measured the diurnal variation of the 

frying noise at the surrounding of Corsica on the Mediterranean Sea and reported 

the results with many data. According to the above report, the level of the 

frying noise at the rocky coastal waters becomes higher at sunset ane becomes 

lower at sunrise, the variation of noise level being abing about 10 dB ; the noise 

level at the coastal region is within the range of 70 - 80 dB ; the diurnal variation 

of underwater sound (crackle) produced by the barnacleinthe of the Atlantic Ocean 

(Balanus perforatus) is similar to the above variation and varies by the brightness;
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the　local．difference　in　七he　’noise　le寸el　is　little　observed　if　七he　sea　condi七ion　iS

the　same　bu七the　noise　lev⇔l　lncreases　according　to七he　condi七ion　of七he　sea　bot七〇m

aS－it　goes　from・一〇ffshore　toWard　shore．

　　　　EvEREsT，　YouNG　and　JoHNsoN　i・3）　described・the　diurnal　change　in　wide　band

Fig．　1． Loca七ion　of　observa七ion．
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七rum　of　frequency　shows　a　broad　peak

of　above　2　kHz　and　the　shape　is　not　’uni‘・

form．

　　　　　DoBRIN　2）　repor七ed　七ha七　七he　noise・

level　at　Wolf　Trap　during　the　summer’

indica七es　a　symme七rical　peak　a七abou七8：30・

P．M．；at　Beaufort　and　Fdrt　Ma60n’in．

June，　the　peak　is　observed　at　12　：　30　A’．　M．

each　nigh七；　and　the　cauSe　is　no七　defin．

i七ebut　it　may　be　related七〇the　feeding／

ac七ivity　a七七he　bo七tom．．

　　　　EvELEsT　and　GALEs　9）described七hat：

the　day七ime　level　of　crackling　noise　is－

10we「七ban　．th・．nig即me．level　bu七七he．

difference　is　not　so　large；and　l七he　peaks．．

at　sunrise　and　sunse七are　quite　interesting／

characteris七ics　of　these　variations．

　　　　1七　is　properly　co塾sidered　tha七　七hese

noises，　especially　a七七he　coastal　waters，、

influence　greatly．　upon七he　u七iliza七ion　ofl

the　underwater　sound．　Accordingly，　in－

order七〇s七udy　the　underwa七er　noises　irL

further　de七ail，七he　observa｛：ion　of　the　diur＿

nal　variation　in　the　coastal　waters　o£1

Nagasaki　Pref6c七ure　was　carried　ou七．

　　　　　　　　　　　　　　　　Methods

　　　　As　it　has　been．understood　from七he

previous　studies七hat　the　underwater　nolse．．

is　caused’ b凵@biological　factors，　6　coastal．

s七ations　were　selected　on　the　coastal　waters、

in　Nagasaki　Prefecture　where七he　inf1U．二．

ence　of　traffic　noise　upon　th．e． 盾b唐Urva七ion．

’was　as　little　as　possible．i　No　station，　how－

ever，　was　en七irely　fre6　from．　s6me廿aff込
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nQise・Therefore？in　order　to　avoid．七he　influence　of．natural　and　artificial　n－oise　from

phy・i・a1・nd・1｝・mi・al　f・・七grs　excep七f・・七h・且・ir・f・・m　biρ1・gical　f・・七・rs・七h・・b・er－

va七ioll　was　subject七〇agrea七七ime　res七ric七ion　resulting　in　some　ex七en七〇f　delaying

・or　hastening．．The　selec七ed　6　s七ations　were　Nomo，　Shishigaw．a，　Kazahaya，　Ta七emeura，

Ebisu　Bay．　and　Matsuura　1．　as　shown　in　Fig．　1　and　a　total　of　10　measurements

were　carried　ou七a七those　sta七ions．　The　environmen七al　condi七ions　of　the　sta七ions　are

・shown　in　Table　1，

　　　　A七each　sta七ion，　all　mechanisms　of　the　research　vessel　which　would　u七ter　noise

・su，ch　as　engille，　genera七〇r，　arid　invertor　were　brought七〇astop　and　24－hour　inves一

’七igation　of七he　noise　level　was　carried　ou七．

　　　　The　instrumen七s　used　for七his　inves七igation　were　a　hydrophone（OKI　ST　65－01），

’pre－amplifier　（OKI　for　ST－65）　，　precision　sound　level　meter　（RION）　，　taperecorder

（NAGRA　III）　and　sound　spectrograph（RION）．　The　hydrophone　submerged　to

abou七5m　of．@depth　was　sustained　by　a　floa七and七he　noise　was　amplified　to　about

30dB　by七he　pre－amplifier　and七hen七he　noise　level　was　measured　by七he　precision

s6und　level　me七er．　The　level　was　measured　by七he　Jls　me七hods　for　rneasurement　of
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Fig．　2．

2　3 6t　ib2　23　67　ib5
　　　　FREQUENCY　（Hz）

2　3 57　ib4 2

Charac七eris七ics　of，七hese　ills七ruments．

A；5Hz－charac七erls七1c　B；A－charac七eris七ic　curve　of　precision

sound　level　meter　C；Tape　recorder　D；Sound　spectrograph
E　；　Hydrophone

sound　level　lo）for　A－characteris七ic（medium　value　and　90％range）even　for　flat

・characteristic　above　5　Hz　（medium　value　and　90％　range）　and　vgTas　recorded　by　the

．tape　recorder，　The　frequency　charac七eristics　were　studied　by　the　sound　spectrograph．

The　characteristics　of七hese　instruments　are　shown　in　Fig．2．　The　atmospheric

．pressure．　air　temperature．　water　temperature，　tide　alld　o七her　factors　a七七he七ime

were　a1so　measured　to　de七ermine　whether　or　not七hey　have　any　influence　upon七he

TEMPURA　NOISE．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　Observations　and　results

1）　Diumal　variation　of　the　noise　level

　　　　Twenty．four－hour　measurement　of七he　underwater　noise　was　carried　ou七a七6

stations　excep七for　Ebisu　Bay　where　measurement　was　not　done　in七he　daytime　on．、

accoun七〇f七raffic　noise．　These　results　are　shown　in　Figs．3－7．　In　the　figures，　the

vertical　solid　line　and　the　do七ted　line　show　90％range　of　the　sound　level　varia七ions．

excluding　the　upper　and　lower　5％　ranges　and　the　mark　（O）　shows　the　medium．

value．　The　solid　line　’shows　the　value　measured　by　the　flat　characteristic　in　the．

range　above　5　Hz　and　the　do七七ed　line　shows七he　value　measured　by　the　A－charac一．

七eris七ic　for七he　revision　of七he　audi七〇ry　sense．

　　　　Fig．3　shows　the　variatioll　of　noise　level　a七Ebisu　Bay．　As　has　been　stated，一

七he　noise　level　after　8：00　A．M．　is　influenced　by七he七raffic　noise　and七he　noise

level　a，七nigh七is　3－5，5dB　lower　than七he　peak　value　a七sunset　and　sunrise．　and

七he　level　of　A．characteris七ic　is　higher七han七hat　of　sHz－characteris七ic．　The　level．

at　night七ime　is　almost　cons七an七and　is　abou七70dB（O　dB＝2×10『4μbar）．　The

TEMPURA　NOISE　before　and　after　the　peak　value　was　so　，strong　that　each　noise・

was　clearly　audible．

　　　　Fig．4shows七he　variation　of　noise　level　a七1（azahaya　from　10th七〇11七h　of

EBISU　BAY　（1969・　4／13一・4114）
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Diurnal　varia七ion　of　noise　level　a七Ebisu　bay．
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June　in　1969．／The　noiseu　le．vel　reached　the　peak　a．t　sunrise　and　sunset，　and　decreased・

by　about　3’dB　at　ni’ghttime　as　observed　at　Ebisu　Bay．　The　’noise　level　at　daytime

is　rugged　being　disturbed　by　the　traffic　noise　from　far　away　and　is　lower七han七he．

peak　value　a七　sunrise　and　sunse七similarly　to　the　oエ1e　ob七ained　a七night．　These

results　indica七e七〇be　slightly　different　from　the　above－men．tioned　foreign　paper　and
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　　OO　04　08　12　　　　　TIME　OF　DAY

Diurnal　varia七ion．of　noise　level　a七．Ma七suura　Island．
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七he　variation　of　A－charac七eristic　is　smaller七han七ha七〇f　5Hz－charac七6ris七ic．

　　　　The　result　of　inves七igation　a七Nomo　Bay　is・　showri　in　Fig．5．　Ih　this　figu士e，　there

is　a　powerful　peak　value（about　10　dB）a七sullset．　The　inves七igation．　was　made七〇g．

e七her　wi七h　the　observa七ion　of七he七ide　which． 翌≠刀@considered　to　have　soMe　rela七ion七〇

七he　noise　leve1，　but　no　difference　was　no七ed．　This　fac七indica七es七ha七the　sessile

animals　of七he　tidal　zone　either　in　ebb　or　flow　have　little　influence　upon七he　noise，

and七he　cause　of七he　TEMPURA．　NOISE　is　rather七he　benthic　animals　than．七he

sessile　animals　in七he七idal　zone．

　　　　：Fig．6shows七he　varia七ion　of　noise　level　a七Shishigawa．

　　　　Fig．7shows七he　result　of　the　investigation　on　the　varia七ioll　of七he　n．oise　level

from　12七h　to　13七h　of　june　in　1969　a七the　Ma七suura　I．　In七his　area，七he　noise　level

is　cons七an七measuring　abou七76dB（OdB＝2×10－4　pa　bar）wi七hou七any　significan七

variation．

　　　　Observa七ion　at　Ta七emeura　was　impeded　by　rough　condition　of七he　sea　and　no

resul七was　ob七ained．

　　　　Af七er　a11，七he　locali七y　of七he　sea　area　had　a　grea七influence　upon七he　diurnal

varia七ion　of七he　underwa七er　noise　level　and　i七was　considered七hat　observation　must
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change　in　TEMPURA　NOISE　spec七rum　a七Ebisu　bay．

5

’be　carried　out　not　only　for　a　specific　species　but　also　for　七he　entire　marine　life・

There　is，　however，　no　denying　tha七七he　underwater　noise　is　mainly　caused　by七he　sna－

pping　shrimp．　There　was　observed　no　definite　relatibnship　be七wee11七he　underwa七er

「noise　and　atmospheric　fac七〇rs　such　as　barome七ric　pressuエe，　air　tem：pera七ure，　wa七er

．七emperature，　and　so　on・

．2）　Spectrogram　of　the　underwater　noise

　　　　Figs．8and　g　show　the　spec七rograms　of七he　underwater　noise　at　nigh七time，

・day七ime，　sunrise，　and　sunset．　The　spectrograms　vary　more　or　less　by　the　conditioll

of七he　sea　area　showing　its　dis七inguished　charac七eris七ic　especially　a七about　3　kHz．

The　noise　varia七ion　unlike　at　Kazahaya　is　all　equa1七he　same　at　any　frequency　value

．a七Ebisu　Bay七ha七shows　a　large　peak　value　a七abou七3kHz．　It　seems　tha七七his　is

caused　by　differen七condi七ion　of七he　bo七tom　and七he　lives七hat　live　under七his　con一

・di七ion．　Whereas七he　TEMPURA　NOISE　is　caused　chiefly　by　Genus　Alpheus　as　s七ated

in七he　previous　paper，　it　may　also　be　influenced　by　o七her　subjects　living　in』七he

・■egion．　This　noise　aba七es　suddenly　at　8－9．kHz　and．ha：rdly　reaches　up．七〇15　kH：z．
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These spectrograms are similar to that of the  report  1,  3) about snapping shrimp by 

EVEREST, YOUNG and JOHNSON.

Summary

 1) The diurnal variation of the underwater sound was investigated 10 times at 6 

  stations on the coastal waters of Nagasaki Prefecture from January to September 

  in 1969. 

2) The underwater noise level reached to the peak value twice a day (at sunset 

  and sunrise) being 3  - 5 dB higher than that in nighttime and daytime. 

3) The noise level in daytime was sometimes higher than that in nighttime and 

  sometimes equal with the latter. No obvious difference in the noise level was 

  observed between the nighttime and the daytime. 

4) The noise was influenced even by the condition of the bottom materials, for 

  example, the noise at the bottom of sandy mud was the hugest. 

5) This variation was caused chiefly by sudden change of brightness and it did 

  not seem that the variation was influenced by the tide, water temperature, air 

  temperature, atmospheric pressure, and so on. 

6) The frequency distribution of the underwater noise was somewhat different by 

  the condition of the bottom materials and the underwater life in the area, and the 

  considerably powerful noise level was observed between 1 and 4 kHz at sunrise 

  and sunset in the area where many snapping shrimps might possibly live as 

  mentioned in the previous paper. 

7) The sound pressure level was about 65 - 85 dB. 

8) It was not likely that the sessile animals which adhere to the tidal zone are the 

  main cause of the TEMPURA NOISE.
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