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have been made above 24 kc,  s h r i m p  noise has been heard a t  
Prequencles up to 50 kc, 

4. The no1 se produced by sh rlmp I s  cant i  nudus and'  1 ndependent 
b f  hydrophone d e p t h .  T h e r e  a p p e a r s  t o  'be no p ron,ounced 
seasonal v a r l a t l o n  and but  I  l t t l e  diurnal v a r i a t i o n ,  the level 
durlng t h e  n l g h t  hours being o n l y  afew db h i g h e r  than dur ing  
t h e  daytime. 



A .  S o n i c  L i s t e n i n g *  

12. R e l a t i v e  t o  w a t e r  n o i s e ,  s h r i m p  n o i s e  o v e r  a bed 
e f f e c t i v e l y  masks s i g n a l s  above 2 kc. The r e l a t i v e  mas 
i s  g r e a t e s t  d t r e c t l y  o v e r  t h e  s h r i m p  bed, d e c r e a s e s  rap  
a t  t h e  edge o f  t h e  bed; and i s  neg l l g i b l e  2000 yards o r  
f rom t h e  bed.  Below 1 k c  t h e  mask ing  e f f e c t  o f  s h r l m p  n  
i s  neg l  i g \  b l e  except ,  posslb l y ,  f o r  v e r y  low sea  s t a t e s  (0 -  



17. S h r i m p  n o i s e  h a s  a  s t r o n g  m a s k i n g  e f f e c t  a t  s u p e r s o n i c  
f r e q u e n c i e s ,  r e l a t i v e  t o  w a t e r  n o i s e  o r  low s e l f  n o i s e .  F o r  
f i x e d  l l s t e n l n g  g e a r  o r  f o r  a  s h i p  l  i s t e n l n g  a t  l o w  speeds,  
s h r i m p  n o l s e  may t h e r e f o r e  be an I m p o r t a n t  f a c t o r  In l i m i t i n g  
maximum l  i s t e n i n g  r a n g e s .  A t  h i g h  s h i p  speeds ,  s h r i m p  n o i s e  
produces n e g l i g i b l e  a d d i t i o n a l  masking.  A t  24  kc, f o r  example, 
sh r imp  n o i s e  may be n e g l e c t e d  a t  s h i p  speeds above t h o s e  g i v e n  
i n  Tab le  V I  ( page  631. 

C .  S u p e r s o n i c  E c h o  R a n g i n g *  

18. F o r  s u p e r s o n l c  echo r a n g i n g  f r o m  a  s u r f a c e  s h i p  a t  s t a n d -  
a r d  s e a r c h  speed, s h r i m p  n o l s e  may be n e g l e c t e d ,  s i n c e  It 1s o f  
t h e  same o r d e r  o f  m a g n l t u d e  a s  s e l f  n o l s e  ( F i g .  331. A t  l ow  
speeds o r  f o r  f i x e d  echo r a n g i n g  gear, s e l f  n o l s e  i s  l o w e r  and 
s h r l m p  n o l s e  h a s  t h e  same m a s k i n g  e f f e c t ,  r e l a t i v e  t o  o t h e r  
backgrounds,  a s  f o r  s u p e r s o n l c  l i s t e n i n g  p r o v i d e d  t h e  echo I s  
recogn ized  a g a l  n s t  a background o f  n o i s e  and n o t  r e v e r b e r a t  Ion; 
i n  gene ra l ,  t h i s  w l  1 I ' o c c u r  o n l y  I f  t h e  echo has  a  l a r g e  d o p p l e r .  
For# echoes w l t h  s m a l l  d o p p l e r  ( l e s s  t h a n  5 k n o t s  a t  2 4  k c )  t h e  
dominant background i s  bo t tom r e v e r b e r a t i o n  ( w h l c h  I s  h i g h  o v e r  
a r e a s  f a v o r a b l e  t o  s h r i m p )  a n d  s h r l m p  n o l s e  i s  u n i m p o r t a n t .  

19. The snap o f  an l n d l v l d u a l  s h r l m p  c o n s k s t s  o f  a  s l n g l e  main  ANAY 
peak accompanied by s e v e r a l  s m a l l e r  pulses,  ( F i g s .  34-36].   he' SING 
who le  snap u s u a l l y  l a s t s  f r o m  fr t o  I m i l l i s e c o n d .  The l n l t l a l  
d i r e c t  snap 1s f o r  lowed by a s u r f a c e - r e f  l e c t e d  snap a f  o p p o s i t e  
phase. 



ar l s lng  I n  t h e  equipment 
o f  t he  hydrophone t h r o u g h  

om t h e  v e s s e l  bearing t h e  







1; 
and ( g )  c l a p p i n g  o f  o y s t e r  o r  c l a m  she1 I s .  

&I 
C i  

R e c o r d i n g s  o f  s h r i m p  n o i s e  and o t h e r u n d e r w a t e r  s o u n d s a r e  
a v a i l a b l e  f o r  i s s u e .  (See  Ref .  3 w h i c h  c o n t a i n s  a c o m p l e t e  
s c r i p t  f o r  s u c h  a  r e c o r d  l n g .  ) 



an i n t e n s i v e  s u r v e y  o f  t h e  l i t e r a t u r e  h a v e  been  c a r r i e d  o 

t h e  u n d e r w a t e r  no, ise o f  s n a p p i n g  s  h r i r n ~ .  The  s p e c i f i c  
j e c t i v e s  o f  t h e  i n v e s t i g a t i o n s  h a v e  b e e n :  

I .  To I d e n t i f y  t h e  o r i g i  

r e m o t e  a r e a s .  

To d e t e r m i n e  I t s  m a s k l n g  e  
m a r i n e  sounds  a n d  o n  s u p e r s  



THE SNAPPIN'G SHRIMP 





I n c h e s ,  b u t  i t  i s  c l e a r  t h a t  s i z e  I s  n o t  d f r e c t l y  c o r r e l a t e d  
w i t h  t h e  i n t e n s f t y  o f  t h e  n o l s e  produced. D l  r e c t  sound measure- 
m e n t s  o f  I s o l a t e d  s p e c i m e n s  i n d i c a t e ,  f o r  e x a m p l e ,  t h a t  
Syna lpheus l o c k l n g t o n l  p r o d u c e s  a l o u d e r  snap t h a n  I t s  l a r g e r  
r e 1  a t  i v e  C r a n g o n '  d e n t  i p e s  ( s e e  S e c t i o n  7 . 3 ) .  The h a b i t  o f  

t h e  u n a i d e d  e a r  I n  t h  

f t h e  l a r g e  "c lawsI1  o f  



I n  a l l  spec ies  o f  Crangon t h e r e  i s  a l s o  a s u c k i n g  d i s c  on t l  
o u t e r s i d e o f  t h e f i n g e r  n e a r  i t s  p o i n t  o f a t t a c h m e n t  ( b  i n  F ig .5  
When t h e  f i n g e r  i s  f u l l y  ra i sed ,  t h i s  d i s c  c o n t a c t s  p r e c i s e l y  
s i m i l a r  d i s c  on t h e  palm so t h a t  t h e  two a r e  f i r m l y  i n  c o n t a ,  
when t h e  f i n g e r  i s  i n  p o s l t l o n  t o  snap. These s u c k e r s  s e r v e  ; 

a  t r i g g e r t o h o l d  t h e  f i n g e r  back and e x t r a  m u s c u l a r  t e n s i o n  mu: 
be exe r ted  i n  b r e a k i n g  t h e  c o n t a c t .  T h i s  I n  t u r n  i n c r e a s e s  t l  



f o r c e  o f  t h e  Impact. The suckers a r e  absen t  i n  Synalpheus, b u t  
i t I s  probabt-e t h a t  some temporary  l ock i ng  d e v i c e  e x i s t s  I n  the C h I nge. 

t t h e  snapp ing  c  law may be 
t h r o u g h .  i . n j u r y  t h e  Incon- 





Some s p e c i e s  t h a t  no rma l  l y  i i v e  on  t h e  b o t t o m  h a v e  been f o u n d  
i n  masses o f  f l o a t i n g  sea  weed. However, i t  i s  d o u b t f u l  w h e t h e r  
p o p u l a t i o n s  e x i s t i n g  u n d e r  t h e s e  c o n d i t i o n s  a r e  l a r g e  enough  
t o  p roduce  c o n t l n u o u s  c r a c k l i n g  n o i s e .  One s p e c i e s  o c c u r s  i n  
c lumps  o f  t h e  f l o a t i n g  pond weed P o n t e d e r i a  n a t a n s  w h e r e  t h i s  
p l a n t  i s  c a r r i e d  i n t o  t h e  s e a  a t  t h e  m o u t h s  o f  t h e  A f r i c a n  
r i v e r s ,  L e y b a r ,  T h i a n k ,  and  D a k a r  Uango.  A n o t h e r  s p e c i e s  ' 

( C r a n g o n  p a c h y c h i r u s )  l i v e s  i n  t u b e s  w h i c h  i t  c o n s t r u c t s  f r o m  
m a t t e d  t h t e a d s  o f  a l g a e .  

Crangon r u b e r  and Cranqon macrosce les  have a  t e n d e n c y  t o  d e s e r t  
t h e 1  r bu r rows  t o  swim f r e e l - y  i n  t h e  w a t e r  where  t h e y  have  been 
c a u g h t  i n  t r a w l s .  No underwaber  s o u n d  o b s e r v a t i o n s  h a v e  been 
made o f  t h e  no i s e  p roduced  by t hese spec i es .  

D a t a  on h a u l s  o f  s n a p p i n g  sh r imp ,  t a k e n  a t  v a r i o u s  d e p t h s ,  a r e  DEPTH DISTRlBU 
s c a t t e r e d  w i d e l y  t h r o u g h o u t  t h e  b i o l o g i c a l  l i t e r a t u r e  (REF. I I .  
T a b l e  I s h o w s  t h e  d i s t r i b u t i o n  o f  s p e c - i e s  o f  C r a t l s o h  a n d  
S . y n a l p h e u s  r e p o r t e d  f rorn f i v e  d e p t h  z o n e s ,  185 d i f f e r e n t  
s p e c i e s  b e i n g  r e p r e s e n t e d .  The t a b l e  i n c l u d e s  o n f y  t r a w l i n g  







F I G U R E  I 0  

LOCALITY CHART SHOWING SHRIMP RECORDS-EAST INDIES AREA 

THE ARROWS ON THIS AND THE FOLLOWING YAPS INDICATE LOCATIONS WHERE NOISE-PRODU 
SNAPPINO S H R I M P  (SPECIES OF CRANGON A N D S Y ~ ~ A L M U S )  ARE KNOWN TO OCCUR. 
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, F I G U R E  \ I  

160' 100° 160' 140° 

LOCALITY CHART SHOWING SHRIMP RECORDS-CENTRAL AND SOUTH PACIFIC AREA 
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F I G U R E  12 

L O C A L I T Y  CHART SHOWlMG SHRIMP RECORDS-AMERICAN AREA 



L O C A L I T Y  C H A R T  SHOWING SHRIMP R E C O R D S - E U R O P E A N  AREA 



F I G U R E  14 

LOCALITY  C H A R T  SHOWING SHRIMP RECORDS- AFRICAN A R E A  



LOCALITY CHART SHOWING SHRIMP RECORDS- INDIAN OCEAN AREA 



by t h e  a v a i l a b l e  a c o u s t i c ,  d a t a  f r o m  s o u n d  s u r v e y s  made i n  
v a r i o u s  p a r t s  o f  t h e  w o r l d  ( s e e  Bi  b l i o g r a p h y l .  

The re  i s  b u t  l i t t l e  q u a n t i t a t i v e  i n f o r m a t i o n  on  g e o g r a p h i c a l  
d i s t r i b u t i o n .  The a n i m a l s  a r e  as a  r u l e  d i f f i c u l t  t o  c o l l e c t  
i n  r e p r e s e n t a t i v e  numbers because o f  t h e i r  h a b i t s  o f  s e e k i n g  
r e t r e a t s  i n  h o l l o w s  and  c r a n n i e s  o f  r o c k ,  c o r a l ,  e t c .  i t  
seems c l e a r ,  however, t h a t  t h e  g r e a t e s t  number o f  i n d  i v i d u a l s  
as w e l l  as s p e c i e s  o c c u r  i n  t r o p i c a l  w a t e r s  among c o r a l  a n d  
t h e  a l g a  L i t h o t h a m n i o n .  The n o r t h e r n  an?i s o u t h e r n  b o u n d a r i e s  
o f  cant i nuous d i s t  r l  b u t  i o n  a l o n g  t h e  o p e n  c o a s t  a r e  no d o u b t  
t r a n s  it i o n  zones i n  w h i c h  t h e  p o p u i a t  i o n s  become p r o g  r e s s  i v e -  
l y  s p a r s e r ,  b u t  how w i d e  t h e s e  zones a r e  i s  n o t  known.  How- 
eve r ,  t h e  a n i m a l s  a r e  ltnown t o  be q u i t e  abundant  a t  B e a u f o r t ,  
N. C ,  and a t  M o n t e r e y  Bay, C a l i f o r n i a , ,  and l i s t e n i n g  t e s t s  
i n  t h e s e  a r e a s  show s h r i m p ' c r a c k l e  t o  be p r o n o u n c e d ,  t h o u g h  
e x a c t  measurements a r e  n o t  a v a i  l a b l e .  Between Cape L o o k o u t  
and W i m b l e  S h o a l e s  and i n  t h e  San F r a n c  i s o  r e g i o n  s p a r s e  
c r a c k l e  has been h e a r d  b u t  s o u n d  measuremen ts  f a i  l t o  show 
t h e  c h a r a c t e r i s t i c  s p e c t r a  o f  s h r f m p  n o i s e .  A c o u s t  i c a l  l y ,  
t h e r e  mus t  be a  c e r t a i n  c o n c e n t r a t i o n  o f  s h r i m p  i n  a g i v e n  
a r e a  b e f o r e  an rms r e a d i n g  o f  t h e  s n a p p i n g  s o u n d  c a n  be ob- 
t a i n e d  ( s e e  Sec.  7 ) .  Sound measurements  f r o m  l a t i t u d e  9's 
t o  3 3 ' ~  i n d  i c a k e  a b o u t  t h e  same l  eve I s  o v e r  s h r i m p  beds i r- 
r e s p e c t  i v e  o f  l a t i t u d e .  

A few o f  t h e  s p e c i e s  a r e  c i r c u m t r o p i c a l ,  o r  n e a r l y  so ,  w h i l e  
o t h e r s  a r e  r e s t r i c t e d  t o  s p e c i f i c  r e g i o n s .  The g r e a t e s t  nurn- 
b e r  o f  s p e c i e s  o c c u r  i n  t h e  t r o p i c a l  I n d o - P a c i f i c ,  b u t  l a r g e  
numbers a r e  a l s o  found i n  t h e  Wes t  I n d i e s ,  Many s p e c i e s  
a l s o  o c c u r  i n  t h e  Red Sea, and i n  S o u t h e r n  Japan.  F o r  Japan 
as a  w h o l e  t h e r e  a r e  a t  l e a s t  23 s p e c i e s  o f  C r a n g o n  and 7 
s p e c i e s  o f  S y n a l p h e u s .  O f  t h e s e ,  t e n  s p e c i e s  o f  t h e  f i r s t  
and t w o  s p e c i e s  o f  t h e  s e c o n d  o c c u r  i n  T o k y o  Bay .  F e w e r  
s p e c i e s  a r e  r e p o r t e d  f r o m  e l s e w h e r e  i n  t h e  w o r l d  w h e r e  com- 
p a r a b l e  b i o l o g i c a l  s t u d  i e s  h a v e  been  made. F o r  e x a m p l e ,  
t h e r e  a r e  t o t a l s  o f  o n l y  4, 2, and 7 s p e c i e s ,  r e s p e c t i v e l y ,  
i n  t h e  Medi te r ranean,  Southern  England, and Sou the rn  C a l i f o r n i a  
reg  ions.  
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AMBIENT NOISE OVER SHRIMP BED 
3.1 

Measurements of  shr imp no!  se  l e v e l  a n d  s p e c t r a  were  made between GENERAL D l  SCUSSION 
F e b r u a r y  1942 and J u l y  1944 I n  t h e  f o u r  g e n e r a l  a r e a s  shown I n  
T a b l e  I I  ( s e e  B i b l i o g r a p h y ) .  The t a b l e  a l s o  shows t h e  a p p r o x l -  
mate l a t i t u d e  o f  t h e  v a r l o u s  l o c a l i t i e s  a t  w h i c h  t h e  d a t a  were  
t a k e n ;  a l l  I l e  w i t h i n  t h e  s h r l m p  b e l t  o f  F l g .  9. I t  s h o u l d  be 
n o t e d  t h a t  a  few sound measurements a r e  a v a i  labsle f r o m  o u t s  i d e  
t h e  s h r l m p  be I t ,  bu t  no c h a r a c t e r l s t i @  s h r l m p  s p e c t r a  were  o b t a i n e d ,  



Ambient  n o i s e  was r e c o r d e d  a t  a  n u m b e r . o f  s t a t i o n s  i n  e a c  
l o c a l i t y ,  b o t h  o v e r  s h r i m p  beds and a t  d i s t a n c e s  up  t o  12,00 
y a r d s  away. Water  dep th  varied f r o m  20 t o  200 f e e t  f o r  t h e  i n  
sho re  s t a t i o n s  t o  depths  as g r e a t  as 1000 fa thoms  a t  some o f  t h  
o f f s h o r e  s t a t i o n s .  B o t t o m  samples  were  t a k e n  a t  m o s t  o f  t h  
s h a l l o w  s t a t i o n s  and these ,  t o g e t h e r  w i t h  h y d r o g r a p h i c  c h a r t s  
s u f f i c e d  t o  es tab I i s h  t h e  b o t t o m  c h a r a c t e r  w i t h  f a i  r a c c u r a c y  

Var ious  measu ri ng systems were  used and no a t t e m p t  w i 1 l be mad 
h e r e  t o  d e s c r i b e  t h e s e  i n  d e t a i l .  ( S e e  Refs .  3, 18, 21.1 
t y p i c a l  s y s t e m  i s  shown i n  d i a g r a m a t i c  f o r m  i n  F i g .  16. A I  
e s s e n t i a l  i y  non-di r e c t  i o n a l  hydrophone a t  a d e p t h  a f  I0 t o  61 
f e e t  wasusua l l y  employed. Ambient n o i s e  i n  t h e  w a t e r  was p l c k e ,  

a up  and a m p l i f i e d  by a  p r e - a m p l i f i e r  l o c a t e d  i n  t h e  h y d r o p h o n r  
4 case. T h i s  s l  gna l  was f e d  i n t o  a  sound a n a l y z e r  wh ich  f i I t e r e 1  

{ o u t  t h e  n o i s e  I n  p a r t i c u l a r  f r e q u e n c y  bands ( u s u a l  l y  50-cyc  1 1  
1 o r  ha l f -oc tave ) .  The n o i s e  l e v e l  o f  t h e  s e l e c t e d  band was  t h e ,  
4 read  on a  sound l e v e l  I n d i c a t o r  o r  r e c o r d e d  o n  t a p e .  By se.  

,I l e c t i n g  v a r l o u s  f r e q u e n c y  bands f rom 100 c y c l e s  t o  24 kc ,  t h t  
spect rum o f  amb Eent no l s e  c o u l d  t h e n  be d e t e r m i n e d .  

2 



Deep W a t e r  - No S h r i m p  
3.2 
AMBIENT NOISE 
SPECTRUM 

A v e r a g e  s p e c t  r a  o f  deep-sea amb i e n t  no  i s e  measu r e d  w i t h  a  
non-d l r e c t i o n a l  hydrophone a r e  shown I n  F ig .  17 a s  a  f u n c t i o n  
o f  s e a  s t a t e  ( R e f .  181. These s p e c t r a  f u r n i s h  a  c o n v e n l e n t  
m e a s u r e  o f  t h e  a m b i e n t  n o i s e  l e v e l s  t o  be ' e x p e c t e d  i n  t h e  
a b s e n c e  o f  s h r i m p  n o i s e  ( t r a f f i c  n o i s e  w i  l  1 be n e g l e c t e d ) .  
T h e  s p e c t r u m  l e v e l *  d e c r e a s e s  w i t h  f r e q u e n c y  a t  t h e  r a t e  o f  
5 d b / o c t a v e .  The s t a n d a r d  d e v l a t  i o n  o f  o b s e r v e d  l e v e l s  w i t h  
r e s p e c t  t o  t h e s e  v a l u e s  i s  abou t  5 db.  

FREQUENCY IN K C  

B 
Iy FIGURLE 17- AVERAGE WATER NOISE' SPECTRA IN DEEP WATER 
#: R 
$; S h a l  l o w  W a t e r  - Over  s h r i m p  Bed 

S h r i m p  c r a c k l e  changes t h e  amb ien t  n o i s e  v e r y  m a r k e d l y .  F i g ,  
18 shows t h e  a v e r a g e  s p e c t r u m  l e v e  I s  f o r  v a r i o u s ,  s e a  s t a t e s ,  
m e a s u r e d  w i t h  a  n o n - d i r e c t i o n a l  h y d r o p h o n e  d l  r e c t l y  o v e r  a 
l a r g e  s h r i m p  c o l o n y .  B'elow I kc s h r l m p  n o i s e  i s  n e g l i g l b l e ,  
b u t  a b o v e  2 k c  i t  c o m p l e t e l y  d o m i n a t e s  w a t e r  n o i s e .  A t  10 
and  20 kc, f o r  exampJe, s h r l m p  c r a c k 1  e  i s  a b o u t  26 db a b o v e  
w a t e r  n o l s e  f o r  s e a  s t a t e  2. Be tween  2 a n d  20 kc, s h r i m p  
n o l s e  I s  n e a r l y  c o n s t a n t ,  i t s  s p e c t r u m  l e v e l  I n  a  I - c y c l e  
b a n d  be1 ng a b o h t  -34  db a b o v e  I dyne/cm2. 

* T H E  S P E C T R U M  L E V E L  A T  E A C H  F R E Q U E N C Y  I S  T H E  R M S  P R E S S U l E  
2 

L E V E L  I N  A I - C Y C L E  B A N D  E X P R E S S E D  I N  D B  A B O V E  1 D Y N E / C M  . 
I 



Al though  s h r l m p  c r a c k l e  h a s  been h e a r d  a t  f r e q u e n c i e s  LJ 
k 50 k c  (by  h e t e r o d y n l n g  t o  t h e  a u d l b l e  r a n g e l ,  no q u a n t l t q 7  

measurements  h a v e  been made a b o v e  2 4  kc.  I f  t h e  ave,  
spectrum i n  F lg.  I 8  i s  e x t r a p o l a t e d ,  u s i n g  a  5 db/oc tave s t  
i t s  l e v e l  a t  100 kc I s  -46 db above I dyne/crn2. T h l s  I s  q t  t 12 db b e l o w  t h e  l e v e l  o b t a i n e d  by a 'If ! a t "  e x t r a p o l a t  
assuming s h r l m p  n o i s e  t o  be c o n s t a n t  a b o v e  20 k c .  

GUF 

I 
.I 
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3E I8  AVERAGE AMBIENT NOISE SPECTRA OVER SHRIMP BED 

V a r i a b i l i t y  o f  S h r i m p  S p e c t r a  

I n  g e n e r a l ,  cornpar lson o f  t h e  s p e c t r a  o f  s h r l m p  n o i s e  f r 
d i f f e r e n t  a r e a s  sh'ows o n l y  m i n o r  d i f f e r e n c e s .  F i g u r e  I 
I l l u s t  r a t e s  t h e  genera l  agreement between t h e  ave rage  spec*  
measured  a t  San Dlego,  P e a r l  H a r b o r ,  and I n  t h e  S o u t h w e  
P a c l f l c .  I t  i s  n o t  c e r t a l n  t h a t  t h e  v a r i a t i o n s  i n  shape 
r e a l ;  t h e y  may be due t o  d i f f e r e n c e s  i n  t h e  measur ing  equipme 
employed,  p a r t i c u l a r l y  a b o v e  10 kc, a l t h o u g h  t h e  shape 
the, spec t  r a  measured w l  t h  g i ven equ lpment  i n one a r e a  sho* 
a h i g h  degree o f  c o n s l s t e n c y .  

I n  somecases, however, s p e c t r a  d l f f e r l n g  marked l y  f r o m  t h e  9ver-B 
have been obta ined.  Two o f  t h e s e  a r e  shown i n  F i g .  198. 'Specl f 
A  agrees we1 I i n  shape but  has a  g e n e r a l ,  l e v e l  abou t  20 db h  l g P  
t h a n  t h e  average; It was measured w i t h  t h e  h y d r o p h o n e a f e w  f @  

away f rom t h e  p l e r  i n  Kaneohe bay ( H a w a i l a n  I s l a n d s ) .  The-hf  
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F I GU RE 19 A. TYPICAL SHRIMP NOISE SPECTRA 

. ' 
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FIGURE 19 B. EXAMPLES OF UNUSUAL SHRIMP NOISE SPECTRA 



l e v e l  I s  caused by snapp ing  s h r l m p  l i v i n g  i n  t h e  f o u l i n g  ma. 
t e r l a l  on t h e  p i  l i ngs ;  20 f e e t  away f r o m  t h e  p i e r  t h e  s p e c t r u ~  
l e v e l  was 10 db lower. 

'Spectrum B was o b t a i n e d  i n  San D i  ego Yach t  H a r b o r .  A1 t h o u g l  

shr lmp c r a c k l e  was loud a t  t h l s  l o c a t i o n ,  t h e  s p e c t r u m  I s  q u i t (  
d l f f e r e n t  I n  shape f r o m  t h e  ave rage  s p e c t r u m  o b t a i n e d  o u t s l d t  

i t h e  ha rbo r .  The d i f f e r e n t  spec t rum may have been c a u s e d  by z 

1 
s p e c i e s  of s h r l m p  (Crangon  c a l i f o r n l e n s l s )  f ound  i n  t h i s  l o -  

i c a t i o n  bu t  n o t  i n  t h e  o u t s i d e  a r e a s .  

3.3  
SHRIMP N O I S E  LEVELS I n  o r d e r  t o  d i s c u s s  t h e  genera l  l e v e l  o f  t h e  s p e c t r u m  o f  s h r f m ~  

n o l s e ,  i t  Is c o n v e n l e n t  t o  u s e  t h e  a v e r a g e  o f  t h e  s p e c t  rurr 
l e v e l s  a t  3, 5, and 10 k c ,  T h l s  1 ndex  o f  s h r i m p  n o i s e  i s  
e s s e n t i a l l y  t h a t  used I'n t h e  Survey R e p o r t  No. 3 ( R e f .  181. 
I t  I s  i ndependen t  o f  w a t e r  n o l s e  and I n c l u d e s  t h e  r e g l o n  o f  
s o n l c  f r e q u e n c l e s  where sh r lmp  n o l s e  1s most  i m p o r t a n t .  T a b l e  
I I I shows t h i s  a v e r a g e  f o r  t h e  v a r l o u s  s p e c t r a  I n  F i g .  19. 

T A B L E  I11 
SONIC NOISE LEVELS OVER A SHRIMP BED - 

NON-D lR ,ECTIONAL  H Y D R O P H O N E  

(AVERAGE S P E C T R U M  LEVEL IN  1-CYOLE BAND AT 3-5-10 K C  I 

E x c e p t  f o r  a f e w  u n u s u a l  s p e c t r a ,  t h e  measured  [ e v e  I s  o v e r  
s h r l m p  beds h a v e  a s t a n d a r d  d e v i a t i o n  o f  a b o u t  5 d b  w i t h  
r e s p e c t  t o  t h e  a v e r a g e .  



to- 

D i u r n a l  Var i a t i . o n  

T h e r e  I s  a s m a l l  d l u r n a l  v a r i a t i o n  i n  s h r l m p  
t h e  l e v e l s  a r e  2 t o  5 d b  h i g h e r  t h a n  i n  t 
a d d i t i o n ,  t h e r e  i s  a  s l i g h t  peak I n  t h e  n o i  
b e f o r e  s u n r i s e  a n d  a f t e r  s u n s e t .  The e f f  
c a u s e d  by  i n c r e a s e d  a c t i v i t y  o f  t h e  s h r l m p  

se. 
d a y t l m e .  I n  
l e v e l  s h k r t  l y  

; i s  p r o b a b l y  
t h e s e  t i m e s ,  

O b s e r v a t  Tons made so f a r  have l nd i  c a t e d  no a p p r e c l a b l  e  seasonal 
variation i n  s h r i m p  n o i s e ,  i n  agreement  w i t h  t h e  known s t a -  
b l  l i t y  o f  t h e  a d u l t  p o p u l a t i o n  d i s c u s s e d  I n  S e c t i o n  2 , 4 .  
T h i s  r e s u l t  may n o t  a p p l y  n e a r  t h e  edge o f  t h e  s h r l m p  b e l t ,  
h o w e v e r ,  o r  a t  u n u s u a l  l o , c a l  i t l e s  i n s i d e  t h e  b e l t  h a v i n g  
i a r g e  seasonal v a r i a t i o n s  I n  w a t e r  t e m p e r a t u r e .  

Dependence  On H y d r o p h o n e  D e p t h  

T e s t s  w e r e  made i n  t h e  F- lo r ida-Bahamas a r e a  t o  s e e  w h e t h e r  
s h r i m p  n o i s e  l e v e l s  depend  o n  t h e  d e p t h  o f  t h e  hydrophone.  
S p e c t r a  w e r e  measured o v e r  .a s h r l m p  bed 42 f e e t  deep w i t h  a  
non -d l  r e c t  l o n a l  hyd rophone  suspended a t  h a l f  w a t e r  dep th  and 
a l s o  mounted on a  t r i p o d  a t  t h e  bottom. The spectrum l e v e l s  a t  
t h e  t w o  d e p t h s  were  n e a r l y  i d e n t i c a l ,  i n d l c a t  i n g  t h a t  sh r imp  
n o i s e  I s  Independent  o f  t h e  hydrophone dep th  (Re fs .  18 and 21). 



T h l s  r e s u l t  I s c o n s l s t e n t  w l t h  t h e  o b s e r v a t i o n  t h a t  shr Imp n o i s e  
1s t h e  same I n  a l l  d l r e c t t o n s  ( s e e  p. 46 b e l o w ) .  A t  Kaneohe 
o n  t h e  o t h e r  hand, t h e  n o l s e  l e v e l  was abnorma l  l y  h l g h  n e a  
t h e  p l e r ,  bu t  d ropped 10 db when t h e  h y d r o p h o n e  was moved 2 
.feet away. The Kaneohe measurements can be I n t e r p r e t e d  a s  re-  
s u l t  l n g  f r o m  a  sma l l  h l g h  l y  c o n c e n t r a t e d  r e g i o n  o f  s h r l m p .  Th 
h t g h  c o n c e n t r a t l o n  caused t h e  a b n o r m a l l y  h l g h  l e v e l ,  whi l e  t h  
sma! l s i z e  o f  t h e  sh r imp- In fes ted  a r e a  caused t h e  s h r i m p  l e v e l  
t o  d e c r e a s e  r a p i d l y  w l t h  increasing h y d r o p h o n e  d i s t a n c e .  
S l m l f a r l y ,  i f  a sh r imp  bed were o n l y  a  f e w  f e e t  wide,  t h e  mea- 
s u r e d  l e v e l  w o u l d  d r o p  r a p i d l y  as t h e  h y d r o p h o n e  was r a i s e d  
above t h e  bot tom t o  a  h e i g h t  l a r g e r  t h a n  t h e  w i d t h  o f  t h e  bed  

D e p e n d e n c e  O n  Water  D e p t h  u 
The ave rage  spec t rum o f  s h r l m p  n o l s e  shown I n  F ig .  18 i s  r e p -  

., , > *  r e s e n t a t i v e  o f  t h e  l e v e l s  measured o v e r  o r  n e a r  s h r i m p  b e d s  
i n  open w a t e r  up t o  150 f e e t  i n  depth .  I n  w a t e r  dep ths  g r e a t e r  
t h a n  20Q t o  300 f e e t ,  s h r l m p  n o i s e  I s  u n l i k e l y  t o  be p r e s e n t  
e x c e p t  as t r a n s m i t t e d  from n e a r b y  s h a l  l o w , a r e a s  ( s e e  Sec. 41.  

N e a r  San Diego, f o r  example, measurements  o f  shrim.p n o l s e  i n  
10 - 20 f a t h o m  w a t e r  n e a r  s h o r e  showed c h a r a c t e r i s t i c  h i g h  
l e v e l s  o v e r  n e a r l y  a1 l e x t e n s i v e  r0c.k and c o b b l e  a reas .  O v e r  
v e r y  r o c k y  o f f - s h o r e  banks 40 - 60 fa thoms  deep, o n  t h e  o t h e r  
hand, t h e r e  was o b s e r v e d  on l y  a v e r y  weak c r a c k l e ,  c h a r a c t e r -  
i s t i c  o f  b a r n a c l e s  and s m a l l  c r a b s  ( s e e  Sec. 91.  Thus t h e  
a c o u s t  l c  e v i d e n c e  I n d i c a t e s  t h a t ,  i n  g e n e r a l ,  s h r l m p  c r a c k 1  e 
i s  h l g h  o n l y  I n  s h a l l o w  w a t e r  0 - 30 f a t h o m s  d e e p .  

D e p e n d e n c e  O n  Bo t tom C h a r a c t e r  

1.n t h e  d l s c u s s l o n  o f  h a b i t a t s  i n  Sec. 2.5, It was p o i n t e d  o u t  
t h a t  s n a p p i n g  s h r i m p  seek o u t  bo t toms  t h a t  p r o v i d e  s h e l t e r i n g  
material f o r  c o n c e a l m e n t .  These f a v o r a b l e  b o t t o m s  l n c  l u d e  
c o r a l ,  rock, stone, sheI.1, e t c .  Wl th  few e x c e p t i o n s  t h l s  i s  we1 I 
s u b s t a n t i a t e d  by t h e  a c o u s t i c  d a t a :  W i t h i n  t h e  0  - 30 f a t h o m  
dep th  zone about 8 0 X o f  t h e  h l g h  l e v e l s  (above  -44 d b l  have b e e  
obse rved  o v e r  f a v o r a b l e  bo t tom t ypes ,  I n  c o n t r a s t ,  about  90% o  
t h e  low l e v e l s  ( b e l o w  -44 d b l  f o r  t h l s  d e p t h  zone  w e r e ' o v e  
u n f a v o r a b l e  bot tom types.  C o n s l d e r l n g  t h e  d i f f i c u l t y  I n  estab- 
l i s h i n g  bot tom cha rac te r ,  t h l s  correlation i s  s u r p r l s l n g l y  good. 



The s p e c t r a  and n o i s e  l e v e l s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  
w e r e  measured  e i t h e r  a t  l o n g  ' r anges  f r o m  s h r i m p  beds,  w h e r e  
w a t e r  n o i s e  a l o n e  was f o u n d ,  o r  o v e r  t h e  beds,  w h e r e  s h r i m p  
n o i s e  d o m i n a t e d  t h e  s p e c t r u m  a b o v e  2 k c .  Between t h e s e  t w o  
ex t remes  t h e r e  i s  a  g r a d u a l  t r a n s i t i o n  f rom o n e  s p e c t r u m  t o  t h e  
t o  t h e  o t h e r .  The purpose o f  t h i s  s e c t i o n  i s  t o  d i s c u s s :  f i r s t ,  
t h e  ave rage  t r a n s m i s s i o n  o f  s h r i m p  no i s e  beyond t h e  bed; second,  
t h e  c h a n g e  i n  t h e  s p e c t r u m  w i t h  range;  t h i  r d ,  t h e  e f f e c t  o f  
o c e a n o g r a p h i c  f a c t o r s  on t h e  t r a n s m i s s i o n ;  a n d  f o u r t h ,  t h e  
c a l c u l a t e d  - t r a n s m i s s i o n  f o r  s e v e r a l  i d e a l i z e d  c a s e s .  

F i g u r e  20 shows t y p i c a l  n o i s e  l e v e l s  ( a v e r a g e  o f  3-5-10 k c )  
measured a t  v a r i o u s  p o i n t s  on a  t r a v e r s e  c r o s s i n g  a  s h r i m p  bed. 
The d a t a  were  t a k e n  i n  t h e  San Diego area,  a b o u t  t w o  m i  l es  s o u t h  
o f  P o l n t  Loma. The bo t tom c h a r a c t e r  i s  we1 l e s t a b l  l s h e d . ,  There  
I s  a  band o f  r o c k  and s h a l e  r u n n i n g  n o r t h  and s o u t h ;  t h i s  I s  
bounded on t h e  e a s t  by a sand  a r e a  and  on  t h e  w e s t  by sand  and 
mud, b o t h  u n f a v o r a b l e  bo t toms  f o r  s h r i m p ,  Wa'ter d e p t h  a l o n g  t h e  
t r a v e r s e  v a r i e d  f rom 10 fathoms a t  t h e  eas t  end t o  45 f a t h o m s  a t  
t h e  west  end; o v e r  t h e  s h r i m p  bed I n  t h e  r o c k  and s h a l e  a r e a  t h e  

4.1 
DEPENDENCE OF 
SHRIMP NO1 SE LEVEL 
ON RANGE 

d e p t h  was 15 - 20 fathoms. 

The measured l e v e l s  $ l o n g  t h e  t r a v e r s e  ( shown  by t h e  p o i n t s  i n  
F i g .  2 0 B )  w e r e  o b t a i n e d  w i t h  a  non-d l  r e c t i o n a l  h y d r o p h o n e  a t  a  
d e p t h  o f  10 f e e t .  Over  t h e  bed, w h i c h  I s  abou t  1200 y a r d s  wide, 
t h e  l eve1 reach~es a  peak o f  -32 db. Beyond t h e  edge o f  t h e  bed  
i t  f a 1  Is o f f  r a p i d  ly ,  and a t  4000 y a r d s  has  d r o p p e d  some 20 db 
and i s  abou t  equa l  t o  w a t e r  n o i s e  f o r  sea s t a t e  I - 2. 

The s o l i d  c u r v e  In Fig.2OB i s  t h e  average l e v e l  f o r  s l m i  l a r  d a t a  
t a k e n  a l o n g  s e v e r a l  t r a v e r s e s  i n  t h e  San Dlego area;  i t  f i t s  t h e  
d a t a  j u s t  d i s c u s s e d  t o  w i t h i n  a  f e w  db and  i s  t y p i c a l  o f  t h e  
t r a n s m i s s i o n  measured i n  o t h e r  a r e a s  w i t h  l ow  sea  s t a t e s .  F i g u r e  
21 shows t h e  n o i s e  l e v e l s  measured d u r i n g  one  o f f - s h o r e  r u n  a t  



FIGURE 20 1 

A. SHRIMP STATIONS IN SAN DlEGO A R E A  

@ MEASURED ON TRAVERSE 

B. SHRIMP NOISE LEVEL- AVERAGE OF 3-5-10 KC ' 

j C. BOTTOM PROFILE- CROSS SECTION ALONG TRAVERSE 
i \ 
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PRESSURE LEVEL IN I- CYCLE BAND 
DEPTH - FATHOM S DB ABOVE I DYNE/CM~ 



F u n a f u t i  i n  t h e  E l l i c e  I s l ands ;  t h e  c u r v e s  a r e  t y p i c a l  o f  t h e  
P a c i f i c  t r a n s m i s s i o n  measurements made f o r  t h e  moat p a r t  w i t h  
deep (200 f e e t 1  mlxed l a y e r s .  The ( u p p e r )  s o n i c  c u r v e  i s  com- 
p a r a b l e  t o t h e  San Dlego average. The l o w e r  c u r v e  I s  t h e  a v e r a g e  
o f  t h e  supe rson ic  components a t  10-15-20 kc; i t  i s  seen t o  d r o p  
o f f  more r a p i d l y  t h a n  t h e  s o n i c  cu rve .  A t  l ong  ranges i t  i s  l o w e r  
because o f  t h e  lower  w a t e r  n o i s e  l e v e l  a t  t h e  h i g h  f r e q u e n c i e s .  

T a b l e  1 V  summarizes t h e  ave rage  t r a n s m i s s i o n  o f  t h e  s o n i c  f r e -  
quenc ies  f o r  sea s t a t e s  I and 2 a s  a f u n c t i o n  o f  range f rom t h e  
edge  o f  t h e  s h r i m p  bed .  The e n t r i e s  f o r  s e a  s t a t e  6 w e r e  
e s t i m a t e d  and a r e  i n c  luded f o r  compar i son .  A s t a n d a r d  dev  i a- 
t i o n  o f  t h e  o r d e r  o f  5  db i s  t o  6e e x p e c t e d  between o b s e r v e d  
v a l u e s  and t h e  a v e r a g e s ,  

T A B L E  IV I 

SONIC AMBIENT N O I S E  OVER AND NEAR SHRIMP BED 

1 1  
NON- DIRECTIONAL HYDROPHONE 

(Spectrum Leve l  I n  a  I-Cyc l e  Band i n  d b  above 
I dynelcm2 - Average o f  3-5-10 k c )  

Sea S t a t e  Over  Bed .E&e 500 1000 2000 4000 - - -  
5 -40 -44 -50 -54 

-34 -37 -39 -40 -4 

, F o r  low sea s t a t e s  i t  I s  seen  t h a t  s h r i m p  n o i s e  I s  i m p o r t a n t  
on l y  w l t h l n  abou t  2000 y a r d s  o f  t h e  boundary o f  t h e  bed, w h i  l e  
f o r  h i g h  sea  s t a t e s  i t  i s  a p p r e c i a b l e  o n l y  w i t h i n  1000 y a r d s .  

These  r e s u l t s  a p p l y  o n l y  t o  t h e  a v e r a g e  (3-5-10 k c )  a m b i e n t  
n o i s e .  The t r a n s m i s s i o n  o f  I t h e  v a r i o u s  s p e c t r a l  components o f  
s h r i m p  n o i s e  W I T  l  now be d i scussed .  

n o i s e  w i t h  range obse rved  i n  o t h e r  a reas .  

d  l y  w i t h  range and f l a t t e n s  o f f  i n t o  y a t e r  no i se .  The d e c a y  
e  pronounced a t  t h e  h i g h  f r e q u e n c i e s  s i n c e  t h e  peak l e v e l  
c  i s  about 2 5 d b  above w a t e r  no ise ,  as compared w i t h  a b o u t  
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F i g u r e  23 shows t h e  c o r r e s p o n d i n g  s p e c t r a  a t  s i x  p o s i t i o n s ,  
s t a r t i n g  o v e r  t h e  bed and r u n n i n g  o u t  t o  4000 y a r d s .  T h e  
s p e c t r a  c h a n g e  s u c c e s s  i ve  l y  f r o m  t h e  t y p i c a l  s p e c t r u m  o f  
s h r i m p  n o i s e  o v e r  t h e  bed t o  t h e  w a t e r  n o i s e  s p e c t r u m  f o r  
s e a  s t a t e  I  - 2 a t  4000 y a r d s .  

FIGURE 23 b 

4; FREQUENCY IN KG 
12 
I j CHANGE I N  SPECTRUM W I T H  RANGE- SAN DlEGO A R E A  c 

9" L 
NON-DIRECTIONAL HYDROPHONE - SEA STATE 1 or 2 

4.3 
EFFECT OF O c e a n o g r a p h i c  f a c t o r s  w h i c h  m i g h t  be e x p e c t e d  t o  a f f e c t  t h e  

E A H O G R A P H I C  t r a n s m i s s i o n  o f  s h r i m p  n o i s e  i n c l u d e  t h e  sea  s t a t e ,  t h e  c h a r -  
bnun l TI nLI E - .  . a c r e r  and p r o t l l e  o f  t h e  bot tom, and t e m p e r a t u r e  g r a d i e n t s .  

S i n c e  most  o f  t h e  measurements o f  s h r i m p  n o i s e  have been made . . .  
W I  t h  s e a  s t a t e s  o f  2 o r  l e s s  i t  i s  n o t  known how s u r f a c e  

lences t h e  t r a n s m i s s i o n  cu-rve.  I t  i s  o b v i o u s .  roughness  i n f  l u 
I 

o f  c o u r s e ,  t h a t  t h e  m a j o r  e f f e c t  w i l l  be t o  i n c r e a s e  w a t e r  
n o i s e  and t h u s  s h o r t e n  t h e  range a t  w h i c h  t h e  c u r v e  f l a t t e n s  
o f f ,  a s  indicated by t h e  l e v e l s  i n  T a b l e  I V  f o r  sea  s t a t e  6. 

I ne  aosence o f  d a t a  t a k e n  w i t h  s t r o n g  n e g a t i v e  tempera tu re  g r a d i -  
e n t s  p r e c l u d e s  acheck  o f  t h e  e f f e c t  o f  r e f r a c t  i on .  The e f f e c t  o f  
L - ,  . oorrorn t y p e  on  t r a n s m i s s  i o n  i s  beyond t h e  scope o f  t h i s  r e p o r t ,  



b u t  i s  p r o b a b l y  n o t  l a r g e  a t  h i g h  s o n i c  and s u p e r s o n i c  f r e -  
quenc i es i n  t h e  absence o f  sha rp  n e g a t i v e  t e m p e r a t u r e  g r a d  1 en t s .  

I n  s p i t e  o f  t h e  absence  o f  e x p e r i m e n t a l  d a t a ,  however ,  i t  Is 
poss I b l  e  t o  e s t  imate  t h e  impor tance  o f  oceanograph ic  f a c t o r s  on 
s h r i m p  n o i s e ,  The c u r v e s  o f  F i g .  22 show t h a t  even u n d e r  good 
transmission c o n d i t i o n s  t h e  l e v e l  o f s h r i m p  c r a c k l e  d r o p s  a l m o s t  
t o  w a t e r  n o i s e  w i t h i n  a b o u t  a m i  l e  o f  t h e  bed .  W l t h  r a r e  
e x c e p t  i o n s ,  however,  o c e a n o g r a p h i c  f a c t o r s  do n o t  a f f e c t  t h e  
t r a n s m i s s i o n  v e r y  g r e a t l y  a t  ranges i n s i d e  1000 o r  1560 y a r d s .  
I t  appears  probab le ,  t h e r e f o r e ,  t h a t  e v e n w i t h  p o o r  t r a n s m i s s i o n  
c o n d i t i o n s  t h e  c u r v e s  o f  F i g .  22 w i l l  be a f f e c t e d  o n l y  t o  t h e  
e x t e n t  o f  d r o p p i n g  o f f  more  r a p i d  l y  beyond t h e  b e d  and w i  l i  
f a t  l i n t o  w a t e r  n o i s e  a t  s l  i g h t  l y  s h o r t e r  r a n g e s .  

To summar ize :  W i t h  t h e  e x c e p t  i o n  o f  s e a  s t a t e ,  a m b i e n t  n o i s ' e  
l e v e l s  o v e r  and n e a r  a  s h r i m p  bed a r e  u s u a l  l y  i n d e p e n d e n t  o f  

P r e s e n t  d a t a  do n o t  j u s t i f y  a d e t a i  l e d  t h e o r y  o f  t h e  t r a n s -  CALCULATED 
m i s s i o n . o f  s h r l m p  n o i s e .  N e v e r t h e l e s s ,  i t  i s  o f  i n t e r e s t  t o  TRANSMISSION 
examine t h e  g e n e r a l  n a t u r e  o f  t ransrniss i o n  f o r  s e v e r a l  i d e a l  i z e d  
s i t u a t  i o n s .  F o u r  c a s e s  w e r e  s t u d  i e d  and t h e s e  w i  l l now be 
d i s c u s s e d  a n d  compared  w i t h  t h e  o b s e r v e d  t r a n s m i s s i o n .  

Two s h r l m p  beds o f  w i d e l y  d  i f f e r e n t  shapes w e r e  assumed: t h e  
f i  r s t  i s  a n  i n f i n i t e  s t r i p  1200 y a r d s  w i d e  and a p p r o x i m a t i n g  
t h e  San D i e g o  bed i n  F i q .  20A; t h e  second  i s  a c i  r c u l a r  bed  
1200 y a r d s  i n  d i a m e t e r .  The w a t e r  d e p t h  was assumed  t o  be  
100 f e e t  and  t h e  h y d r o p h o n e  d e p t h  10 f e e t ,  c o r r e s p o n d i n g  t o  
t h e  c o n d i t i o n s  shown i n  F i g .  20C. 

The s h r i m p  w e r e  c o n s i d e r e d  a s  p o i n t  s o u r c e s  u n i f o r m l y  d i s -  
t r i b u t e d  o v e r  t h e  beds. Two cases  were  t h e n  d i s t i n g u i s h e d ;  i n  
t h e  f i r s t  , each p o i  n t  s o u r c e  was assumed t o  erni t sound  e q u a l  l y  
i n  a l l  d i r e c t i o n s  ( i s o t r o p i c  s o u r c e ) .  I n  t h e  second  case,  t h e  
i n t e n s i t y  i n  a  g i v e n  d i r e c t i o n  i s  p r o p o r t i o n a l  t o  t h e  c o s i n e  o f  
t h e  ang I e  between t h e  v e r t i c a l  and t h i s  d i r e c t i o n  ( c o s i n e  s o u r c e ) .  
Thus, t h e  i n t e n s i t y  f rom t h e  c o s i n e  sou rce  i s  g r e a t e s t  d i  r e c t  l y  
above t h e  s o u r c e  and d rops  o f f  t o  z e r o  i n  t h e  h o r i z o n t a l  d i r e c t i o n .  

The h y d r o p h o n e  was assum.ed t o  be  n o n - d i r e c t i o n a l  and t o  move 
o u t d a r d  f r o m  t h e  c e n t e r  o f  t h e  c i  r c u l a r  bed  a n d  a c r o s s  t h e  
i n f i n i t e  s t r i p  bed. A t  each  p o s i t i o n ,  t h e  i n t e n s i t y  a t  t h e  
hyd rophone  due t o  each s o u r c e  was assumed t o  v a r y  i n v e r s e l y  a s  

t h e  s q u a r e  o f  t h e  d l s t a n c e  t o  t h e  s o u r c e .  The t o t a l  i n t e n s i t y  
was found by summing t h e  i n d i v i d u a l  i n t e n s i t i e s ,  s u r f a c e  re -  
f l e c t i o n  a n d  b a c k g r o u n d  n o i s e  b e i n g  n e g l e c t e d .  



T a b l e  V surnmari zes t h e  s a l  i e n t  f e a t u r e s  o f  t h e  t r a n s m i s s i o n  
as a f u n c t i o n  o f  range I R )  i n  t h e  f o u r  c a s e s .  They a r e  com- 
p a r e d  g r a p h  i ca l ly i n F l  g .  24. 

1. I n f i n i t e ~ t r i ' ~ )  I s o t r o p i c )  0 1 - 2 1  -6 1 R- '  

2. Ci r c u l a r  ) I s o t r o p i c )  0 1 - 3 1  -8 1 - 2 $,-I , ",.s; 

- 15 -3 

4. C i r c u l a r  -5 ' -  16 

The f o u r  c a l c u l a t e d  c u r v e s  i n  t h e  u p ~ e r  p a r t  o f  F i g .  24 r e a c h  
a peak o v e r  t h e  c e n t e r  o f  t h e  bed; a t  t h e  edge o f  t h e  bed, t h e  
i n t e n s i t y  d rops  o f f  2 t o  5 db. Beyond t h e  edge, t h e  f o u r  c u r v e s  

e  h a l f - w i d t h  o f  t h e  b e d ) .  The l o w e r  

t e d  i n  d b  above t h e  peak i n t e n s i t y  
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COMPARISON OF OBSERVED AND CALCULATED TRANSMISSION 

o f  c u r v e  B as t o  t h e  shape  o f  t h e  bed a h d  t h e  t y p e  o f  
s o u r c e  a r e  I n  r o u g h  ag reemen t  w i t h  t y p i c a l  s h r i m p  beds  
w h e r e  c u r v e  A was o b s e r v e d .  

Beyond t h e  edge i t  i s  seen t h a t  t h e  c a l c u l a t e d  c u r v e  d rops  o f f  
more r a p i d l y  t h a n  t h e  o b s e r v e d  cu rve .  A t  r anges  g r e a t e r  t h a n  
500 y a r d s  f r o m  t h e  boundary  t h e  two c u r v e s  a r e  p a r a 1  l e l ,  w i t h  
t h e  o b s e r v e d  v a l u e s  abou t  6 db above t h e  c a l c u l a t e d .  

The s e p a r a t  1 on i s  reduced i f  t h e  c a l c u l a t e d  v a l u e s  ? r e  c o r r e c t e d  
f o r  w a t e r  n o i s e  as  shown by t h e  dashed c u r v e .  The agreement  
i s  good i n  v i e w  o f  t h e  a p p r o x i m a t i o n s  i n  t h e  t h e o r y  and t h e  
u n c e r t a i n t i e s  i n  t h e  boundary  o f  t h e  a - c t u a l  beds .  The a c t u a l  
t r a n s m i s s  i o n  w i  l I d i f f e r  f r o m  t h e  t h e o r e t  i c a l  c u r v e  B because 
o f  mu I t  i p l e  r e f l e c t  i o n s  be tween  s u r f a c e  and  b o t t o m .  Sound 
a r r i v i n g  o v e r  t h e s e  a d d i t i o n a l  p a t h s  w f  l l t e n d  t o  i n c r e a s e  
t h e  i n t e n s i t i e s  above t h e  l e v e l s  compufed,  e s p e c l a l  l y  a t  t h e  
l o n g e r  range, and m i g h t  b r i  ng t h e  e x p e r i m e n t a  I a n d  t h e o r e t i c a l  
c u r v e s  i n t o  even  c l o s e r  ag reemen t .  I t  may be  r e m a r k e d  t h a t  
c u r v e  I o f  F i g u r e  24, computed f o r  an i " s o t r o p i c  s o u r c e ,  w o u l d  
d i s a g r e e  s e r i o u s l y  w i t h  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s .  



i 

EFFECT OF HYDROPHONE D RECTlVlTY 

5 .1  
GENERAL D I S C U S S I O N  

The d i s c u s s i o n  o f  s h r i m p  n o i s e  has t h u s  f a r  been r e s t r i c t e d  t o  
l e v e l s  measured w i t h  a  non-d i r e c t  l o n a  l  hyd rophone .  W i t h  i n- 
c r e a s i n g  f r e q u e n c y ,  however, p a r t i c u l a r l y  i n  t h e  s u p e r s o n i c  
r e g i o n  above  10 kc, hyd rophone d  I r e c t  i v  1 t y  becomes i nc r e a s -  
i n g  l y  i m p o r t a n t ;  i n  s u p e r s o n i c  l i s t e n i n g  and echo  r a n g  i n g ,  
h i g h l y  d i r e c t i o n a l  hyd rophones  a r e  used a l m o s t  e x c l u s i v e l y .  
T h i s  s e c t i o n  d e a l s  w i t h  t h e  e f f e c t  o f  hyd rophone  d i r e c t i v i t y  
on  t h e  a m b i e n t  n o l s e  l e v e l  a t  v a r i o u s  p o s i t i o n s  o v e r ,  n e a r ,  
and  f a r  f r o m  a s h r i m p  bed. 

The response ( o r  sound o u t p u t  o f  a  non-d i .rect i o n a l  hyd rophone  
i s  i n d e p e n d e n t  o f  t h e  d i r e c t  i o n  o f  t h e  i n c i d e n t  sound.  T h i s  
r e s u l t s  i n  a  s p h e r i c a l  beam p a t t e r n  i n  space, shown i n  c r o s s -  
s e c t i o n  i n  F i g .  26 .  

A d i r e c t  i o n a  l hydrophone, on t h e  o t h e r  hand, i s  most sens i t i v e  
t o  sounds wh ich  a r e  i n c i d e n t  a l o n g  i t s  a x i s .  T h l s  r e s u l t s  i n  a  
beam p a t t e r n  as shown i n  F i g .  26 f o r  a  t y p i c a l  d i r e c t i o n a l  
hydrophone ( J K )  a t  20 kc. The hydrophone d  i s c r i m i  na tes  s t r o n g  i y  
a g a i n s t  sounds r e c e i v e d  o u t s i d e  t h e  ma in  lobe, as  shown by t h e  
low response i n  t h e s e  d i r e c t  i ons. The beam p a t t e r n  shown was 

measured i n  t h e  h o r i z o n t a l  p lane ;  i n  space t h i s  p a t t e r n  s u b -  
t e n d s  a s o l  i d  a n g l e  w h i c h  i s  o n l y  a b o u t  1 / 2 0 0  t h a t  o f  t h e  
s p h e r i c a l  non-d i r e c t  i o n a l  p a t t e r n .  

Now suppose t h e  two hydrophones a r e  used t o  measure w a t e r  n o i s e  
a t  a p o i n t  f a r  f r o m  a  s h r i m p  bed, where c r a c k l e  i s  n e g l i g i b l e .  , 
S i n c e  w a t e r  n o i s e  i s  known t o  be i n c i d e n t  on t h e  h y d r o p h o n e s  
f rom a t  l d i r e c t i o n s ,  i t  i s  c l e a r  t h a t  t h e  response  o f  t h e  JK 
w i  1 l be o n l y  about  1/200 that iof  t h e  AX58. The JK o u t p u t  l e v e l  
due t o  w a t e r  n o i s e  must t h e r e f o r e  be c o r r e c t e d  by add ing  23 db; 
i t  i s  t h e n  equa l  t o  t h e  o u t p u t  l e v e l  o f  t h e  AX58. 

A t  p o s i t i o n s  n e a r  t h e  bed where  s h r i m p  n o i s e  i s  l o u d e r ,  t h e  
o u t p u t  l e v e l  o f  t h e  AX58 i s  shown by t h e  t r a n s m i s s i o n  c u r v e s  i n  
F i g s .  20 - 22. The JK o u t p u t  w i l l  depend on  t h e  b e a r i n g .  I f  
t h e  beam i s  t r a i n e d  on t h e  bed, t h e  o u t p u t  l e v e l  w l l l  be h i g h .  
I f  i t  i s  t r a i n e d  away f r o m  t h e  bed, t h e  l o w  r e s p o n s e  i n  t h e  
r e a r  hemisphere  w i  l l  d i s c r i m i n a t e  a g a i n s t  s h r i m p  n o i s e  and t h e  
o u t p u t  ! e v e  l wi  1 l c o r r e s p o n d  t o  w a t e r  n o i s e  a1 one. F i n a l  l y ,  
o v e r  t h e  s h r i m p  bed, t h e  o u t p u t  l e v e l  o f  t h e  JK, a l t h o u g h  i t  
w i  l l n o t  d e p e n d  on b e a r i n g ,  w i  l 1 be l o w e r  t h a n  t h e  o u t p u t  
l e v e l  o f  t h e  AX58. 

W i t h  r e g a r d  t o  s h r i m p  n o i s e ,  t h e r e f o r e ,  tw 'o  q u e s t i o n s  may 
b e  a s k e d :  



BEAM PATTERNS FOR DIRECTIONAL AND FIGURE 26 
NON-DIRECTIONAL HYDROPHONES- 20 KC 



w l t h  b e a r i n g  when l o c a t e d  n e a r  t h e  edge o r  I n  t h e  v i c i n i t y  o f  
a s h r l m p  bed, b u t  n o t  o v e r  I t 7  

5.2 
DEPENDENCE OF To answer  t h e s e  q u e s t  ions ,  measu rements o f  s h r i m p  no1 s e  w e r e  

NO!SE LEVEL ON B E A R I N G  made s i m u l t a n e o u s l y  a t  a b o u t  20 kc  w i t h  t h e  J K  and AX58 hy-  
O F  D I R E C T I O N A L  drophones .  The d a t a  w e r e  t a k e n  i n  t h e  San D i e g o  a r e a  d u r i n g  

HYDROPHONE f l v e  d a y s  i n  t h e  s p r i n g  a n d  summer o f  1944. A b o u t  f o r t y  
s t a t i o n s  w e r e  o c c u p i e d .  A t  each s t a t i o n  t h e  J K  h y d r o p h o n e ,  
i t s  beam h o r i z o n t a l ,  was r o t a t e d  t h r b u g h  one o r  more r e v 0  l u -  
t i o n s  i n  s t e p s  o f  a  f e w  degrees.  A t  each b e a r i n g  t h e  s o u n d  
l eve  I was r e c o r d e d  . Sea s t a t e  was I .  

F i g u r e  27 shows t h e  a v e r a g e  p o l a r  n o i s e  p a t t e r n s  a t  v a r i o u s  
p o s i t  i o n s  a l o n g  a  t r a v e r s e  a b o u t  a  m i  l e  n o r t h  o f  t r a v e r s e  AB 
( F i g .  20) and p a r a l l e l  t o  i t .  F o r  each p a t t e r n  t h e  l e v e l  i n  a  
g i v e n  d i r e c t i o n  i s  t h e  p r e s s u r e  l e v e l  o f  a n  e q u i v a l e n t  p l a n e  
sound wave, which,  i n c i d e n t  a l o n g  t h e  a x i s  o f  t h e  J K ,  w o u l d  
p r o d u c e  t h e  o b s e r v e d  response.  

Ove r  t h e  bed t h e  shr imp n o i s e  l e v e l  i s  independent  o f  t h e  h y d r o -  
phone b e a r i n g .  T h i s  i s  t r u e  o n l y  f o r  a  l a r g e  bed, however ;  
o v e r  s m a l l  sca :$ tered beds t h e  uneven d i s t r i b u t i o n  o f  s h r i m p  
r e s u  i t s  i n  v a r t o u s  uneven p a t t e r n s  (egg-shaped, doub l e - l obed ,  
e t c .  I .  A t  4000 y a r d s  t h e  w a t e r  n o i s e  p a t t e r n  I s  I I k e w l s e  t h e  
same i n  a l l  d i r e c t i o n s  and about  27 db , lower .  A t  t h e  edge o f  
t h e  bed t h e  n o l s e  p a t t e r n  exh i  b f t s  a  marked dependence on b e a r -  
ing, a s  wou ld  be expected,  t h e  l e v e l  o f  t h e  l a r g e  l obe  i n  t h e  
d i  r e c t  i o n  o f  t h e  bed b e i n g  a b o u t  15 db above t h e  lev'e I away 
f r o m  t h e  bed .  W i t h  i n c r e a s i n g  r a n g e  t h e  l o b e  n a r r o w s  a n d  
s h r i n k s  r a p i d l y ,  and a t  2000 y a r d s  i t  i s  o n l y  7 db above t h e  
w a t e r  n o i s e  p a t t e r n .  

5.3 
COMPARISON I n  F i g .  29 t h e  p o l a r  n o i s e  p a t t e r n s  a t  20 kc  a r e  compared f o r  

OF D I R E C T I O N A L  t h e  d i r e c t  t o n a l  ( J K )  and non-dl  r e c t  t o n a l  (AX58 hydrophones . 
AND N O N - D I R E C T I O N A L  The l a t t e r  a r e  o f  c o u r s e  c i  r c l e s  a t  each p o s i t i o n .  O v e r  t h e  

HYDROPHONES bed t h e  AX58 l e v e l  i s  -40 db, as  shown i n  t h e  20 kc  c u r v e  o f  
F i g .  22, w h i l e  t h e  J K  l e v e l  i s  a b o u t  22 db l o w e r .  W i t h i n  
e x p e r i m e n t a l  e r r o r  t h e  t w o  o u t p u t  l e v e l s  d i f f e r  by t h e  same 
amount as i n  deep w a t e r  ( 4 0 0 0  y a r d s ) .  T h i s  answers  t h e  f i r s t  
q u e s t  i o n  above.  

These o b s e r v a t i o n s  m i g h t  be explained i n  e i t h e r  o f  t h e  f o l  l o w i n g  
t w o  s i m p l e  ways. On t h e  one  hand, t h e  s h r i m p  n o i s e  c o u l d  b e  
t h e  same I n  a l l  d i  r a c t i o n s ,  f r o m  t h o s e  above a s  we1 l  as  f r o m  
t h o s e  below. On t h e  o t h e r  hand, t h e  n o i s e  c o u l d  be coming o n l y  
f r o m  below, w i t h  equal  i n t e n s i t y  i n  a l l  s o l i d  a n g l e s  b e l o w  t h e  
p r o j e c t o r .  Over a  bed whose d imens lons  a r e  l a r g e  compared w i t h  
t h e  w a t e r  depth ,  i t  may be expec ted  t h a t  sound r e f l e c t e d  f r o m  
t h e  s u r f a c e  will have app rox ima te l y  t h e  same i n t e n s i t y  a s  s o u n d  
coml ng up  f som t h e  bottom. Thus one may conc lude  t h a t  o v e r  s u c h  
a  bed t h e  s h r i m p  n o i s e  i s a c t u a l l y  t h e  same i n  a l  I d l  r e c t i o n s .  I t  
may b e  n o t e d  t h a t  t h i s  c o n c l u s i o n  i e n t  w i t h  t h e  assump- 
t i o n  o f  cos  i ne  sources d iscussed i n  i o n  on t r a n s m i s s i o n .  
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NOISE PATTERN AT 20 KC ON DIRECTIONAL (JK) HYDROPHONE - 
OVER AND NEAR SAN DIEGO SHRIMP BED 

(PRESSURE LEVELS IN I-CYCLE BAND) F I G U R E  27 



OVER 
BED 

I 

Casua l  o b s e r v a t  I ons  made i n d e p e n d e n t l y  du r l  ng  r e v e r b e  r a t  i o  
s t u d i e s  o v e r  s h r i m p  beds s u p p o r t  t h i s  c o n c ~ u s i o n .  No s i g  
n i f  i c a n t  change i n  s h r i m p  n o i s e  a t  20 k c  was n o t i c e d  when t h  
d i r e c t  T ona l r e c e  f ve r was aimed up 30°, down 30°, o r  d  i r e c t  I 
downward.  I t  t h e r e f o r e  a p p e a r s  t h a t  o v e r  a  l a r g e  b e d  n  
r e d u c t i o n  i n , s h r i r n p  n o i s e  can be ga ined  by c h a n g l n g  t h e  b e a r  
i n g  o r  t i l t  o f  a d i r e c t i o n a l  hydrophone.  

The a n s w e r  t o  t h e  second  q u e s t i o n  i s  p r o v i d e d  by t h e  n o i s e  
p a t t e r n s  o f  F i g .  29, r e s u l t s  o f  w h i c h  a r e  summar i zed  by t h e  
t h r e e  c u r v e s  o f  F i g .  28. Curve A i s  t h e  20 k c  c u r v e  o f  F i g .  
22. C u r v e s  B and C show t h e  maxlmum and min imum JK l e v e l s  
f r a m  F i g .  27. The d i f f e r e n c e  between t h e  t w o  b e a r i n g s  n e a r  
t h e  edge o f  t h e  bed i s  strikingly b r o u g h t  o u t .  

R 

Near  t h e  edge i t  i s  seen t h a t  t h e  J K  l e v e l  t o w a r d  t h e  bed  i 
abou t  15 d b  be low t h e  A X 5 8  l e v e l .  T h i s  d i f f e r e n c e  i s  t o  b  
expec ted  because t h e  A X 5 8  beam sub tends  t h e  w h o l e  o f  t h e  I o n  
bed, w h i l e  t h e  n a r r o w  JK beam s u b t e n d s  o n l y  a  srnal l  s e c t i o n  
If t h e  s h r i m p  c o l o n y  were  c o n f i n e d  t o  a  v e r y  smai  l a r e a ,  o  
t h e  o t h e r  hand, t h e  t h e o r y  f o r  Case 4 ( c i  r c u l a r  bed f o r  i s o  
t r o ' p i c  s o u r c e s 1  i n d i c a t e s  t h a t  t h e  A X 5 8  l e v e l  w o u l d  d r o  
o f f  more r a p i d l y  beyond t h e  edge, w h i l e  t h e  JK, w i t h  i t s  bea 
s u b t e n d i n g  t h e  who le  bed, would no t  be much a f f e c t e d .  I n  t h i  
case, t h e r e f o r e ,  t h e  two l e v e l s  wou ld  ag ree  more c l o s e l y  n e a  
t h e  edge. A t  l ong  ranges, where s h r i m p  n o i s e  c a n n o t  be h e a r d  
t h e  t w o  o u t p u t s  w o u l d  o f c o u r s e  s t i l l  d i f f e r  by 23  db,  s i n c e  
w a t e r  n o i s e  i s  n o n - d i r e c t l o n a l .  

EDGE RANGE FROM EDGE OF SHRIMP BED - YDS. 
FIGURE 28 

COMPARISON OF DIRECTIONAL (JK) AND 
1 

NON-DIRECTIONAL ( AX58 ) HYDROPHONES AT 20 KC , 



G U R E  29 NOISE PATTERNS AS A 
FUNCTION OF BEARING AND RANGE 

EFFECT OF HYDROPHONE DIRECTIVITY AT 20 K C  



1 UNDERWATER SOUNDS BY SHR MP NOISE 
The d e t e c t i o n  o f  a  wanted s i g n a l  a g a i n s t  an  unwanted background 
depends on t h e  c h a r a c t e r  o f  t h e  s i g n a l ,  t h e  background, and t h e  
d e t e c t i n g  device.  Onfy r e c o g n i t i o n  by e a r w i  I I b e c o n s i d e r e d  here ,  
a l t h o u g h  many o f  the@ r e s u l t s  a r e  a p p l i c a b l e  t o  o t h e r  t y p e s  o f  
d e t e c t i o n .  The manner i n  w h i c h  t h e  e a r  r e c o g n i z e s  a  s i g n a l  w l  l  I 
f i r s t  be d i s c u s s e d  b r i e f l y ;  t h e  r e s u l t s  w l  l  l  t h e n  be u s e d  t o  
i l l u s t r a t e  t h e  masking e f f e c t  o f  s h r i m p  no i se ,  as  compared w i t h  
o t h e r  backgrounds, I n  s o n i c  l i s t e n i n g  and s u p e r s o n i c  l i s t e n i n g  
and echo rang ing ,  The conc l u s f o n s  r e g a r d l n g  t h e s e  e f f e c t s  a r e  
based on r a t h e r  scan ty  s h l  p-no l s e  measurements, wh i c h  v a r y  con- 
s l d e r a b l y  f r o m  s h l p  t o  s h i p .  F u r t h e r  r e s e a r c h  o r  changes  I n  
s h l p  des lgn  may a l t e r :  t h e  r e l a t  i v e  impor tance  o f  s h r l m p  n o i s e .  

R E C O G N I T I O N  OF The e a r  i s  a  f r e q u e n c y - d i s c r i m i n a t i n g  d e v i c e .  I n  t h e  p r e s e n c e  
SIGNALS BY THE EAR of a background such as w a t e r  n o i s e  o r  sh r imp  n o i s e ,  i t  behaves 

as  t h o u g h  p r o v i d e d  w i t h  s e t  o f  f a 1  r l y  n a r r o w  b a n d - p a s s  
f i l t e r s .  These enab le  t h e  e a r  t o  h e a r  a  d e s i r e d  sound i n  one 
o f  t h e  pass bands ( u s u a l l y  c a l  led  t h e  I t c r i t i c a l  bands l ' J  w i t h -  
o u t  i n t e r f e r e n c e  f r o m  n o i s e  o u t s i d e  t h e  band. The w i d t h  o f  
t h e  c r i t i c a l  band depends on t h e  f requency.  From t h e  i d e a l i z e d  
graph i n  F i g .  30A, t h e  c r i t i c a l - b a n d  w i d t h  i s  seen  t o  be a b o u t  
50 c y c l e s  between 0 .  1 and I kc; above I k c  i t  i n c r e a s e s  w i t h  
f r e q u e n c y  and a t  10 k c  i s  a b o u t  6 0 0  c y c l e s .  

Exper ience has shown t h a t  u n d e r w a t e r  sounds r a d i a t e d  by sh i ps, 
s u b m a r i n e s ,  and t o r p e d o e s  c a n  be h e a r d  i n  t h e  p r e s e n c e  o f  
wide-band n o i s e  when t h e  s i g n a l / n o i s e  r a t i o  approaches u n i t y  i n  
a t  l e a s t  o n e  o f  t h e  c r i t i c a l  bands ( R e f .  1 7 ) .  The r e l a t i o n  
between t h e  c r i t  i ca l -band s p e c t r a *  o f  n o i s e  and s i g n a l ,  when t h e  
l a t t e r  i s  d e t e c t a b l e  h a l f  t h e  t i m e ,  i s  shown i n  F i g .  30. The 
s i g n a l  i n  F i g .  308 has a low- f requency peak, such  as  i s  f o u n d  
i n  m a c h i n e r y  n o i s e ;  F i g .  30C shows a s i g n a l  composed  o f  a  
c o n t i n u o u s  s p e c t r u m  be low  I kc  ( t y p i c a l  o f  p r o p e l l o r  o r  cav -  
i t a t i o n  n o i s e )  and a  b r o a d  peak a t  a b o u t  6 k c .  

The r o l e  o f  t h e  c r i t i c a l  band i n  r e c o g n i t i o n  i s  as f o l l o w s .  
C o n s i d e r  t h e  s i g n a l  i n  F i g .  308.  I f  t h e  s i g n a l  l e v e l  w e r e  
lowered by a  l a r g e  amount, t h e  s i g n a l  wou ld  be c o m p l e t e l y  masked 
by t h e  r e l a t i v e l y  i n t e n s e  n o i s e  and c o u l d  n o t  be d e t e c t e d .  Now 
suppose t h e  s i g n a l  l e v e l  i s  increased;  a t  f i r s t  t h e  s i g n a l  w i  I 1 
be d e t e c t e d  o n l y  o c c a s i o n a l l y ,  say  10% o f  t h e  t i m e .  As t h e  
l e v e l  i s  r a i s e d ,  d e t e c t i o n  o c c u r s  more f r e q u e n t l y ;  when t h e  
s i g n a l  and n o i s e  r e v e l s  i n  t h e  c r i t i c a l  band a r o u n d  t h e  s i g n a l  
become equa I, t he s i gnat i s  d e t e c t e d  50% o f  t h e  t ime and recog- 
n i t i o n  i s  s a i d  t o  o c c u r .  Thus r e c o g n i t i o n  f i r s t  o c c u r s  a t  
f r equency  FI when t h e  c r i t i c a l  band s p e c t r a  of t h e  s i g n a l  and 
n o i s e  become t a n g e n t .  S i m i l a r  remarks a p p l y  t o  t h e  s i g n a l  and 
no i se  i n  F ig .  30C where r e c o g n i t i o n  o c c u r s  a t  t h e  f r e q u e n c y  F2. 

E q U A L  T O  T  F T H E  E A R  A T  T H E  C O R R E S P O N D I N 0  F A € -  

L S  A R E  T H U S  T O  B E  D I S T I N G U I S H E D  

F E R  T O  T H E  R ' M S  A C O U S T I C  P O W E R  



FIGURE 30 t 

6 * 2  INTERFERENCE IN S O N I C  LISTENING 

C o m p a r i s o n  O f  S h r i m p  N o i s e  W i t h  
Water N o i s e  and  S e l f  N o i s e  

F i g u r e  31A shows t h e  r e c o g n i t i o n  o f  
s o n i c  s l g n a l s  a g a i n s t  s h r i m p  n o l s e  
and w a t e r  n o i s e .  The c r i t l c a l  band 
s p e c t r a  were  d e r i v e d  f r o m  t h e  aver -  
a g e  c u r v e s  o f  F i g .  18 f o r  a  non- 
d l  r e c t  t o n a l  hydrophone wl t h  sea  s t a t e  
I. The s i g n a l s  a r e  idealized peaks 
a t  f r e q u e n c i e s  F I  and F2. 

B e l o w  1 k c  i t  i s  s e e n  t h a t  s h r i m p  
n o l s e  p roduces  no lmpa l rmen t  i n  t h e  
r e c o g n i t i o n  o f  t h e  s i g n a l  FI.  Above 
I kc,  however, t h e  presence o f  s t  rong 

s h r i m p  c r a c k l e  n e c e s s i t a t e s  a  l a r g e  
I n c r e a s e  i n  t h e  s i g n a l  l e v e l  f o r  
recogn  i t  i on. Th 1 s  l nc r e a s e  measures 
t h e  m a s k i n g  e f f e c t  o f  s h r l m p  h o i s e  
and a m o u n t s  t o  a b o u t  28  d b  a t  Fa. 
On t h e  average,  t h e r e f o r e ,  t h e  mask- 
i n g  o f  s h r i m p  no i se  r e l a t i v e  t o  w a t e r  
n o f s e  a t  s e a  s t a t e  I 1s 28 db a t  8 kc. 

T h f s  r e s u l t  c o u l d  have been o b t a i n e d  
d i r e c t l y  f ram t h e  a v e r a g e  s p e c t r a  
o f  s h r l m p  n o l s e  and  s e a  s t a t e  l 
w a t e r  n o l s e  shown i n  ~ i g .  18 be- 
c a u s e  t h e  r e l a t i v e  l e v e l s  o f  t h e  
t w o  s p e c t r a  a t  any g i v e n  f r e q u e n c y  
a r e  unc  hanged by p l o t  t 1 ng t h e m  a s  
c r i t i c a l  band  s p e c t r a .  T h e  i m -  
p o r t a n t  c o n c l u s i o n  f o l l o w s :  A t  a  
p a r t i c u l a r  f r e q u e n c y  t h e  m a s k i n g  
o f  s h r i m p  n o i s e  r e l a t l v e  t o  a n y  
o t h e r  w i d e  band n o i s e  I s  g i v e n  by 
t h e  d ! f f e r e ' n c e  I n  t h e  s p e c t r u m  
l e v e l s  o f  t h e  t w o  n o i s e s .  N e g l i -  
g i b l e  a d d i t i o n a l  m a s k i n g  I s  p r o -  
d u c e d  by s h r i m p  n o i s e  i f  i t s  spec-  
t r u m  l e v e l  i s  l o w e r  t h a n  t h a t  o f  
t h e  r e f e r e n c e  no ise .  

A p p l y i n g  t h i s  r e s u l t  t o  F i g .  18, 
i t  i s  s e e n  t h a t  a b o v e  2 k c  s h r i m p  
no I s e  p r o d u c e s  s t r o n g  mask1 n g  r e  l- 
a t i v e  t o  w a t e r  n o l s e ,  t h e  amoun t  
d e p e n d i n g  o n  t h e  f r e q u e n c y  a n d  s e a  
s t a t e .  Be low I k c  s h r i m p  n o i s e  p ro -  
duces  n e g l i g i b l e  m a s k i n g  e x c e p t  a t  
v e r y  l o w  s e a  s t a t e s  ( 0 - h ) .  

F i g u r e  3 1  B s h o w s  s i g n a l  r e c o g -  
n i t i o n  a g a l n s t  s h r i m p  n o i s e ,  w a t e r  

FREQUENCY - KC ' 

FREQUENCY- KC 

FREQUENCY- KC 

APPLICATION OF CRITICAL BANDS 
TO SONIC RECOGNITION 
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n o i s e  and  low s e l f  n o i s e  w i t h  sea  s t a t e  I, r e p r e s e n t a t i v e  o f  
1 i s t e n i n g  c o n d  it i o n s  o n  a  F l e e t - t y p e  s u b m a r l n e  emp l o y l n g  a  
s t a n d a r d  J P- I hyd rophone ,  Curves  - A  and B a r e  somewhat l o w e r  
t h a n  i n  F i g .  31A, as a r e s u l t  o f  s l i g h t  h y d r o p h o n e  d f r e c t -  

I l v i t y  . C u r v e  c i s  t h e  s p e c t r u m  o f  s e l f  n o i s e  f o r  a 2 -kno t  
F l e e t  s u b m a r i n e  a t  p e r i s c o p e  d e p t h . ' $  I t  I s  seen t h a t  s h r i m p  
n o l s e  has  t h e  same m a s k i n g  e f f e c t  r e l a t i v e  t o  wat 'e r  n o i s e  as 
f o r  n o n - d l  r e c t  i o n a l  g e a r .  

Above 2 kc s h r i m p  n o l s e  i s  a l s o  h l g h e r  t h a n  2-knot s e l f  n o l s e ,  
t h e  r e l a t i v e  mask ing  a t  8 kc b e l n g  about  25 d b .  W i t h  I n c r e a s -  
i n g  speed t h e  s e l f - n o i s e  c u r v e  i s  s h i f t e d  upward; f o r  8 k n o t s ,  
t h e  s h i f t  amounts t o  about  22 db and t h e  s e l f  n o l s e  c u r v e ~ l i e s ~  
a l m o s t  e n t i r e l y  above s h r i m p  n o i s e .  Above speeds o f  a b o u t  8 
k n o t s ,  t h e r e f o r e ,  s h r i m p  n o i s e  p r o d u c e s  neg I  i g l  b l e  m a s k i n g  
r e l a t i v e  t o  s e  I f  n o i s e .  

. Be low I kc, s e l f  n o i s e ,  even a t  t h e  low speed  o f  2 k n o t s ,  i s  
cons i d e r a b l y  above sea s t a t e  I w a t e r  no ise ;  a t  F I  (200 c y c l e s )  
f o r  example, i t  p roduces  an  added mask ing  o f  30  d b .  T h i s  has 
a c o n s i d e r a b l e  I n f l u e n c e  o n  t h e  i m p o r t a n c e  o f  s h r l m p  n o i s e ,  
as w'i l  l be s  hown b e l o w .  

The s p e c t r u m  l e v e l s  o f  sh r imp  n o i s e  shown i n  F i g .  31 a r e  found  
d i r e c t l y  o v e r  t h e  bed and i l l u s t  ra te ,  o n  t h e  average,  t h e  max- 
imum p o s s i b l e  m a s k i n g  by s h r i m p  c r a c k l e .  A t  t h e  edge  o f  t h e  
bed t h e '  mas k i  ng e f f e c t  d e c r e a s e s  r a p i d  ly; t h e  av.e r a g e  t r a n s -  
m i s s i o n  c u r v e s  a t  3, 5, and 10 kc ( F i g .  2 2 )  i n d i c a t e  t h a t  i n  
g e n e r a l  s h r i m p  n o i s e  p r o d u c e s  n e g l i g i b l e  a d d i t i o n a l  m a s k i n g  
o f  s o n i c  s i g n a l s  a t  p o s i t i o n s  2000  y a r d s  o r  m o r e  f r o m  t h e  
bed. I f  a  h i g h l y  d i r e c t i o n a l  hyd rophone  i s  used, t h e  mask ing  
e f f e c t  o f  s h r i m p  n o i s e  beyond t h e  edge o f  t h e  bed w i  l I depend 

on t h e  b e a r i n g  o f  t h e  h y d r o p h o n e .  T h i s  i s  d i s c u s s e d  more  
f u l  l y  u n d e r  s u p e r s o n i c  1 i s t e n i n g  ( S e c .  6 .3  ) .  

I m p o r t a n c e  O f  M a s k i n g  By Shr i m p  N o i s e  

O p e r a t i o n a l  l y ,  t h e  impor tance  o f  sh r imp  n o i s e  i n  mask ing  a g  i ven  
s i g n a l  depends  on  t h e  i n c r e a s e  i n  s i g n a l  l e v e l  n e c e s s a r y  f o r  
r e c o g n i t i o n ,  s i h c e  t h i s  change can  b e d i r e c t l y  r e l a t e d  t o s h o r t e r  
l i s t e n i n g  ranges.  Fo r  t h e  s ing le -peak  s l g n a l  F2 i n  F i g .  31 t h e  
l a r g e  i n c r e a s e  o f  28 db ( above t h e  aud ib  l e  l e v e l  f o r  w a t e r  no ise)  

wou ld  c o n s i d e r a b l y  s h o r t e n  t h e  maximum l i s t e n i n g  range; f o r  such.  
a  s i g n a l ,  t h e r e f o r e ,  sh r imp  n o i s e  wou ld  be an i m p o r t a n t  f a c t o r .  

I n  g e n e r a l ,  however, a  s h i p  s i g n a l  does not c o n s i s t  o f  a  s i n g l e  
h i g h - f r e q u e n c y  peak.  T h i s  i s  i l l u s t r a t e d  by F i g .  32, w h i c h  
shows t h e  c r i t i c a l - b a n d  s p e c t r a  o f  t h e  measured s i g n a l s  from 
a  15-knot d e s t r o y e r  and a 5-knot submar ine  a t  p e r i s c o p e  d e p t h .  
Both  a r e  seen  t o  c o n t a i n  p r o m i n e n t  low- f  requency p e a k s .  The 
two background s p e c t r a  ( s h r i m p  n o l s e  and w a t e r  no1 s e )  a r e  those  
o f  F i g .  3 1  f o r  J P - I  1 i s t e n i n g  g e a r  o n  a  F l e e t  s u b m a r i n e .  
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S E C T I O N  NO. 6 .  1 -  S R  1 1 3 1 -  1 8 8 4 ,  S P E C f  A L  S T U D 1  E S  G R O U P .  D E C E M B E R  1 9 4 4 .  



The d e s t r o y e r  s  !gnat I ~ I  F i g .  32A has a  peak a t  250 C Y C  l e s  and 
~ t s  a u d l b i  t l t y  i s  u n a f f e c t e d  by t h e  Presence o f  s h r i m p  n o i s e -  
As i n  t h e  case o f  t h e  peak F ,  i n  F i g .  318, however, t h i s s ~ g n a l  

w o u l d  be s t r o n g l y  masked by s e l f  n o l s e  i f  t h e  l i s t e n i n g  sub- 
m a r i n e  w e r e  u n d e r w a y  a t  2  k n o t s .  

The s p e c t r u m  o f  t h e  s u b m a r l n e  s  l g n a l  I n  ~l g. 3 2 8  i s  somewhat 
d i f f e r e n t ;  I t  has a  s t r o n g  component  a t  7 kc' a c c o m p a n i e d  by 
some r h y t h m l c  c a v l t a t i o n  n o i s e .  I n  t h e  p r e s e n c e  o f  s h r i m p  
n o l s e ,  t h i s  peak w o u l d  r e q u l  r e  an i n c r e a s e  o f  some 2 7 d b  f o r  
audibility. An I n c r e a s e  o f  o n l y  a b o u t  10 d b  i n  t h e  s i g n a l  
spec t rum,  however ,  1 s  s u f f  1 c l  e n t  f o t  t h e  peak a t  0.5 k c  t o  
become a u d i b l e .  I n  t h i s  case, t h e r e f o r e ,  t h e  m a s k i n g  e f f e c t  
of  s h r i m p  n o l s e  i s  a b o u t  10 d b  r e l a t i v e  t o  w a t e r  n o i s e  a t  
s e a  s t a t e  I. 

B o t h  o f  t h e s e  examp les  d e m o n s t r a t e  t h a t  t h e  I m p o r t a n c e  o f  
s h r i m p  n o i s e  I n  mask ing  t h e  p l g n a l  depends c r i t l c a l  l y  o n  t h e  
d l s t r l b u t l o n  and l e v e l  o f  t h e  p e a k s .  u n f d r t u n a t e l y ,  s h i p  
slgnals have u s u a l l y  been measured w i t h  w l d e  bands w h i c h  ob- 
s c u r e  t h e  p e a k s ,  s o  t h a t  l i t t l e  i s  known o f  t h i s  d e t a i l e d  
s t  r u c t u  re. Avaf  l a b  l e  e v  ldence,  however, i nd l c a t e s  t h a t  most  
s h l p  and s u b m a r l n e  s i g n a l s  a r e  s i m i l a r  t o  t h e  d e s t r o y e r  s l g -  
n a l  i n  F i g .  32A, w i t h  p r e d o m i n a n t  peaks b e l o w  1 kc, p r o b a b l y  
d u e  t o  m a c h i n e r y  n o i s e  ( R e f .  24). O t h e r  f a c t o r s  such  a s  a t -  
t e n u a t i o n  a l s o  t e n d  t o  weaken t h e  h i g h - f  r e q u e n c y  end o f  t h e  
s l g n a l  s p e c t  rum and e m p h a s i z e  t h e  l ow-f requency peaks. 

S i m l  l a r  r e m a r k s  a p p l y  t o  o t h e r  s i g n a l s .  C a v l t a t  i o n  n o i s e ,  
r i c h  i n  t h e  h i g h e r  f r e q u e n c i e s ,  h a s  a  s p e c t r u m  s i m i l a r  t o  
t h a t  o f  w a t e r  n o i s e ,  s o  t h a t  i f  r e c o g n i t i o n  a g a i n s t  w a t e r  
n o i s e  d s  o c c u r  f i r s t  a t  a  hi'gh f requency ,  a  s l i g h t  i n c r e a s e  
i n  s i g n a l  l e v e l  when s h r i m p  n o i s e  i s  i n t r o d u c e d  i s  s u f f i c i e n t  
t o  make t h e  l o w e r  f r e q u e n c i e s  a u d i b l e .  F i n a l l y ,  t o r p e d o  n o i s e  
l e v e l s  a r e  s o  h i g h  t h a t  i n  f h e  p resence  o f  w a t e r  n o i s e  t h e y  
c a n  u s u a l l y  b e  h e a r d  a t  g r e a t  ranges, where, because o f  s e l -  
e c t  l v e  a t t e n u a t  i o n  a t  t h e  h i g h e r  f r e q u e n c i e s ,  r e c o g n i t i o n  
o c c u r s  a t  l o w  s o n i c  f r e q u e n c i e s  ( R e f .  2 2 ) .  F o r  s o n i c  I i s -  
t e n l n g  i n  t h e  p resenke  o f  w a t e r  n o i s e ,  t h e r e f o r e ,  i t  i s  p r o -  
b a b l e  t h a t  r e c o g n i t i o n  o f  sh lp ,  submarine, and t o r p e d o  s i g n a l s  
w i l l  o c c u r  b e l o w  2 kc and w i l l  be a f f e c t e d  o n l y  s l i g h t l y  by 
s h r i m p  n o i s e .  

F o r  s o n i c  l i s t e n i n g  on  a  submar lne  underway, it w o u l d  a p p e a r  
t h a t  shr imp n o i s e  aga in  does n o t  u s u a l l y  a f f e c t  maximum ranges. 
The h i g h  s e l f - n o i s e  be low 2 kc, p o i n t e d  o u t  i n  t h e  d  i s c u g s l o n  
o f  F i g .  316,  w o u l d  by i t s e l f  t e n d  t o  s h i f t  r e c o g n i t i o n  t o  
h i g h  f r e q u e n c i e s .  However ,  t h e  i n c r e a s e d  a t t e n u a t i o n  o f  
t h e s e  h i g h e r  f r e q u e n c i e s  h a s  t h e  o p p o s i t e  e f f e c t ,  a n d  a t  
r a n g e s  g r e a t e r  t h a n  5000 y a r d s ,  a t a r g e t  i s  u s u a l l y  f i r s t  
aud i b l e  a t  low s o n i c  f requenc i e s .  A t  low s u b m a r i  ne speeds ,  
r a n g e s  g r e a t e r  t h a n  t h i s  a r e  common, wh i  l e  a t  h i g h  s u b m a r i n e  
s p e e d s  s e l f - n o i s e  i s  i n  any c a s e  above s h r i m p  n o i s e .  ~t a  
submerged speed  o f  8 k n o t s ,  f o r  example, s e l f - n o i s e  o n  JP-I  
gear  i s  a b o v e  s h r i m p  n o i s e  a t  f r e q u e n c i e s  up t o  a b o u t  8 kc .  

W h l l e  most  s o n i c  l i s t e n i n g  ranges a r e  t h e r e f o r e  p r o b a b l y  un- 
a f f e c t e d  by t h e  p r e s e n c e  o f  s h r i m p  n o i s e ,  t h e  a c c u r a c y  o f  
b e a r i n g s  o b t a i n a b l e  w i t h  s o n i c  g e a r  i s  much r e d u c e d  when ' 
s h r i m p  a r e  p r e s e n t .  





W i t h  JP-I equlpment, f o r  example, good bear1 ngs can .be o b t a i n e d  
a t  I n - te rmed fa te  ranges by I i s t e n l n g  t o t h e  h l g h  s o n i c  f r e q u e n c i e s .  
When s h r l m p  a r e  present ,  t h e s e  f requenc l e s  canno t  be heard  e x c e p t  
a t  v e r y  c  l ose  ranges, and a t  t h e  unmasked low s o n l c  f r e q u e n c l e s  
o n l y  a  ve ry  approximate l n d l c a t l o n  o f  b e a r i n g  can be o b t a l n e d .  

E f f e c t  O f  F i l t e r s  

From t h e  p reced lng  discussion I t  I s  c l e a r  t h a t  I n  s o n i c  I l s t e n -  
i n g  o v e r  a s h r l m p  bed most  s l g n a l s  w i l l  f l r s t  be a u d l b l e  a t  
f r e q u e n c l e s  below I o r  2 kc. E s p e c i a l  l y  w l t h  g e a r  such as t h e  
JP- I ,  whose response i nc reases  w i t h  l n c r e a s l n g  f requency,  e l  I m l ~  
n a t i o n  o f  t h e s e  h l g h  f r e q u e n c i e s  by low pass f i  l t e r s  may a c t u a l  l y  
improve I  i s t e n l n g  i n  t h e  presence o f  sh r imp  no l s e  f o r  two reasons:  

( 1 )  .El l m l n a t i o n  o f  f requenc les  above 1.5 k c ,  reduces t h e  l o u d  - 
n e s s  o f  s h r l m p  n o l s e  t o  s u c h  a  d e g r e e  t h a t  o v e r - a l l  s y s t e m  
a m p l i f i c a t i o n  may be i n c r e a s e d  w i t h o u t  l i s t e n i n g  t o  uncom- 
f o r t a b l y  loud no l se  l e v e l s .  T h i s  w l  l l improve l i s t e n l n g  cond1.- 
t i o n s  a t  t h e  lower f requenc ies 'where  t h e  sensitivity o f  t h e  e a r  
1s low; i t  a l s o  reduces t h e  p o s s i  b i  l i t y  t h a t  d e s i r e d  s i g n a l s  
w i  l  1 be masked by room n o i s e .  
( 2 )  El i m i n a t  i o n  o f  f r e q u e n c i e s  above 1.5 kc  reduces t h e  loud- 
n e s s  o f  t h e  sh r i rnp n o i s e  a n d  c o n s e q u e n t  l y  t e n d s  t o  r e d u c e  
f a t i g u e  e f f e c t s ,  w h i c h  d e c r e a s e  t h e  e f f i c i e n c y  o f  t h e  s o u n d  
o p e r a t o r .  Many l  i s t e n e r s  seem annoyed and  i r r i t a t e d  by t h e  
p a r t i c u l a r l y  I l s h a r p "  c h a r a c t e r  o f  t h e  s h r i m p  n o i s e .  

A f u r t h e r  u s e  f o r  law pass  f I l t e r s  i s  sugges ted  i n  c o n n e c t  i o n  
w l t h  s o u n d  measuremen ts  i n  a r e a s  where  s h r i m p  n o i s e  i s  en- 
c o u n t e r e d .  I n  m e a s u r i n g  submar i  ne sounds,  f o r  examp le, ex- 
p e r i e n c e  h a s  shown t h a t  a  I-kc o r  1.5-kc low-pass f i  l t e r  i s  
needed t o  r e d u c e  s h r i m p  n o i s e .  I 

I t  i s  t o  be emphasized t h a t  t h e  use o f  t h e s e  f i l t e r s  i s  recom- 
mended p r i m a r i  l y  as a  supplement t o  o r d i n a r y  i i s t e n i n g  w i t h o u t  
f i  l t e r s ;  i n  t h e  p resence  o f  s h r i m p  no i se ,  l i s t e n i n g  b o t h  w i t h  
a n d  w i t h o u t  f i l t e r s  s h o u l d  a l w a y s  be t r i e d .  E s p e c i a l  l y  a t  
c l o s e  range, f o r  example, where  t h e  h i g h e r  s i g n a l  f r e q u e n c i e s  
may be a u d l b l e ,  l i s t e n i n g  t o  t h e s e  f r e q u e n c i e s  i s  d e s i r a b l e  
f o r  a c c u r a t e  b e a r i n g s .  

Conclusions For Sonic L i s t e n i n g  

For  s o n l c  I l s t e n i n g  w i t h  a  non-di  r e c t l o n a l  o r  o n l y  s l i g h t l y  
d i r e c t i o n a l  h y d r o p h o n e  ( J P - I  1 :  

I .  R e l a t i v e  t o  w a t e r  n o i s e ,  s h r i m p  n o i s e  o v e r  a  bed v e r y  
e f f e c t i v e l y  masks s i g n a l s  above 2 kc. The r e l a t i v e  mask ing  i s  
g r e a t e s t  d i r e c t l y  o v e r  t h e  sh r lmp  bed, decreases r a p i d  l y  a t  t h e  
edge o f  t h e  bed, and i s  n e g l  i g i  b l e  2000 y a r d s  o r  more f r o m  t h e  
bed. Below I kc  t h e  masking e f f e c t  o f  sh r imp  n o i s e  I s  n e g l i g i b l e  
e x c e p t ,  p o s s i b l y ,  f o r  v e r y  l o w  s e a  s t a t e s  ( 0 - 4 ) .  

2. I n  t h e  Rresence o f  w a t e r  n o i s e  most  s h i p ,  submar ine ,  and 



t o r p e d o  s  l g n a l s  t e n d  t o  be recogn ized  by s t r o n g  components be low 
1 kc .  Even when r e c o g n l t l o n  does o c c u r  a t  h i g h e r  f r e q u e n c i e s ,  
a s m a l l  i n c r e a s e  i n  s f g n a l  l e v e l  w l l i  u s u a l l y  e n a b l e  t h e  low 
components t o  be recogn I zed. I n  e l  t h e r  case, t h e r e f o r e ,  sh  r1 mp 
n o i s e  has  1 l t t l e  masking e f f e c t  r e l a t i v e  t o  w a t e r  n o i s e  and may 
g e n e r a l l y  be c o n s i d e r e d  u n i m p o r t a n t  i n  s o n l c  l i s t e n i n g .  Shou ld  
t h e  I l s t e n i n g  be c o n f l n e d  t o  f r e q u e n c l e s  above 2 kc,  however ,  
s h r l m p  n o l s e  w l l l  a f f e c t  t h e  d e t e c t i o n  o f  s o n l c  s l g n a l s  v e r y  
a d v e r s e  l y  . 
3. S e l f  n o l s e  o n  a  submar ine  underway i s  so s t r o n g  a t  t h e  low 
f r e q u e n c i e s  t h a t  i t  t e n d s  t o  s h l f t  r e c o g n l t l o n  t o w a r d  h i g h e r  
f r e q u e n c l e s ,  Above 2 k c  s h r l m p  n o l s e  may p roduce  s l g n l f i c a n t  
m a s k i n g  r e l a t i v e  t o  l o w  s e l f  n o i s e  ( I  - 2 k n o t s ) .  However ,  
f o r  a c r e e p l n g  submar ine  most  l i s t e n l n g  c o n t a c t s  a r e  o b t a l n e d  
at s u c h  l ong  ranges t h a t  t h e  g r e a t e r  a t t e n u a t i o n  a t  t h e  h i g h e r  
f r e q u e n c l  es s h i f t s  r e c o g n i t i o n  back t o  low f r e q u e n c i e s  where  
s h r i m p  n o i s e  i s  u n i m p o r t a n t .  A t  h i g h e r  s p e e d s  s e l f  n o i s e  
i n c r e a s e s  and a t  8 k n o t s  t h e  s e l f - f l n i s e  l e v e l  i s  u s u a l l y  above 

I 

s h r i m p  n o i s e  a t  a1 I s o n i c  frequencies. Thus u n d e r  a  1 1 t y p e s  I. 
o f  l i s t e n i n g  c o n d i t i o n s ,  s h r i m p  n o i s e  i s  u s u a l l y  u n l m p o r t a n t  
f o r  s o n i c  I  i s t e n i n g .  

4. S l n c e  t h e  r e c o g n l t i o n  o f  s o n i c  s i g n a l s  t e n d s  t o  o c c u r  be low 
I kc, a 1.5-kc low-pass f i  l t , e r  may a t  t i m e s  be a d v a n t a g e o u s l y  
u s e d  t o  e x c l u d e  s h r l m p  n o i s e  a t  h i g h e r  f r e q u e n c i e s  w i t h o u t  
a f f e c t  l n g  t h e  r e c o g n i  t i o n  o f  s i g n a l s .  However,  t h e s e  h i g h  
f r e q u e n c i e s ,  when t h e y  c a n  be  h e a r d ,  g i v e  t h e  b e s t  b e a r l n g  
a c c u r a c  l es; e v e n  when s h r l m p  n o i s e  i s  p r e s e n t ,  h i g h  s l g n a l  
f requenc l e s  may become aud l  b  l e  a! s h o r t  range. F o r  t h i s  reason, 
a  low-pass f i l t e r ,  w h i l e  d e s i r a b l e  f o r r e d u c i n g  o p e r a t o r  f a t i g u e  
and i n  mak ing  p o s s i b l e  a  h ighc ;  o v e r - a l  l  amp1 i f i c a t i o n ,  s h o u l d  
n o t  be re1  i e d  upon t o  t h e  e x c l u s i o n  o f  1 i s t e n i n g  w i t h o u t  f I I t e r s .  

6.3 
I n  s u p e r s o n i c  l i s t e n i n g  a  r e l a t i v e l y  n a r r o w  band  o f  sound,  INTERFERENCE I N  
c e n t e r e d  a t  a h  i gh. f requency,  i s  he te rodyned  down t o  an  aud i b l  e  SUPERSON l C L l STENl NG 
band o f  t h e  same w i d t h  c e n t e r e d  a t  a b o u t  I kc.  F o r  l i s t e n i n g  
g e a r  u s e d  w i t h  t h e  JK hyd rophone ,  t h e  m a i n  f r e q u e n c y  i s  a b o u t  
24 k c  and t h e  band w i d t h  i s  a b o u t  1500 c y c l e s .  

The a u d i o  s p e c t r u m  p r e s e n t e d  t o  t h e  e a r  depends p r i m a r i l y  on 
t h e  equ ipment  employed, s i n c e  t h e  a c t u a l  n o i s e  s p e c t r u m  a t  t h e  
main s u p e r s o n i  c f r e q u e n c y  i s  r e l a t i v e  l y  c o n s t a n t  t h r o u g h o , u t  t h e  
band. The a u d i o  spec t rum f o r  he te rodyned  sh r imp  n o i s e  i s  t h e r e -  
f o r e  t h e  same a s  f o r  w a t e r  n o i s e  o r  s e I f  n o i s e  r e c e i v e d  t h r o u g h  
t h e  same gear .  L a b o r a t o r y  t e s t s  on t h e  r e c o g n i t  i o n  o f  he te rodyned  1 

screw sounds i n  t h e *  p resence  o f  he te rodyned  s h r i m p  n o i s e  showed 
t h e  same r e l a t i v e  r e c o g n i z a b i  1 l t y  a s  f o r  w a t e r  h o i s e .  I t  may 
be conc luded, t h e r e f o r e ,  t h a t  t h e  added masking caused by shr imp 
n o i s e  a t  a g i v e n  s u p e r s o n i c  f requency i s  t h e  same as t h e  i n c r e a s e  
i n  t h e  background s p e c t r u m  l e v e l  a t  t h a t  f requency,  due t o  sh r imp  
n o i s e .  From t h e  s p e c t r a o f  F i g .  18, i t  i s  seen  t h a t  a t  24 kc 
t h e  m a s k i n g  o f  sh r imp  n o i s e  r e l a t i v e  t o  sea  s t a t e  I w a t e r  n o i s e  
i s  a b o u t  30 db. 
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T h i s  r e s u l t  c a n  a l s o  be o b t a i n e d  f r o m  F i g .  33 w h i c h  compares 
s h r i m p  n o i s e  w i t h  w a t e r  n o i s e  and s e l f  no i se  i n  a  J K  hydrophone 
a t  24 kc . *  The l e v e l s  g i v e n  a r e  f o r  a 50-cycle band, wh ich  i s  
e s s e n t i a l l y  t h e  c r i t i c a l  band w i d t h  a t  t h e  a u d i o  f r e q u e n c y  
( I  k c )  a t  w h i c h  t h e  n o i s e s  a r e  p r e s e n t e d  t o  t h e  e a r .  These 

a r e ,  t h e r k f o r e ,  t h e  l e v e l s  a t  w h i c h  a 2 4 - k c  s i g n a l  w i  i l be  
r e c o g n i z e d .  The t h r e e  l e f t  columns i n  Fig.  33 show s e l f - n o i s e  
l e v e l s  a t  v a r i o u s  speeds  f o r  a s u b m a r i n e  a t  t h e  s u r f a c e  and 
a t  p e r i s c o p e  d e p t h  and f o r  a  d e s t r o y e r .  The r i g h t  column shows 
t h e  l e v e l s  f o r ;  sh r imp  n o i s e  and w a t e r  no ise .  

F o r  1 i s t e n i n g  vesse  I s  underway, s e l f  n o i s e  i n c r e a s e s  r a p i d l y  
w i t h  speed and soon becomes t h e  dominant  background.  Tab1 e  V I  
shows t h e  a p p r o x l m a t e  speed a t  w h i c h  s e l f  n o i s e  on a  d e s t r o y e r  
o r  s u b m a r i n e  becomes e q u a l  t o  s t r o n g  s h r i m p  ~ ~ o i s e  a t  24 k c .  
A t  speeds  a p p r o a c h i n g  t h e s e  v a l u e s ,  s h r i m p  n o i s e ,  e v e n o v e r  a  
bed, may be n e g l e c t e d  i n  s u p e r s o n i c  l i s t e n i n g .  

S P E E D  - K N O T S  

D E S T R O Y E R  

At low speeds, however, t h e  mask ing  e f f e c t  o f  s h r i m p  n o i s e  may 
be v e r y  l a r g e .  T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  f i x e d  l i s t e n i n g  
equipment i barge-mounted o r  ha rbo r -de tec t  i o n  1 where w a t e r  n o i s e  
i s  u s u a l  l y  t h e  dominant  background.  I t  i s  c l e a r  f r o m  F i g .  18 
t h a t  even  f o r  h i g h  sea s t a t e s  s h r i m p  n o i s e  p r o d u c e s  s e r i o u s  
a d d i t i o n a l  masking.  Shr imp n o i s e  may t h e r e f o r e  be an ex t reme ly  
i m p o r t a n t  f a c t o r  i n  superson i ' c  l i s t e n i n g .  

* S E E  R E F .  2 2 .  I T  M A Y  B E  N O T E D  T H 4 T  T H E  A V E R A G E  S R R J M P  N O T E  

L E V E L  I N  F I G .  3 3  I S  5 D B  L E S S  ' T H A N  T H E  A V E R A G E  G I V E ' N  ' I N  T A B L E  

I I 1 .  T O  T A K E  A C C O U N T  O F  T H E  F A C T  T H A T  T H E  L l  S T E N l  N G  S H I P .  I N  

M O S T  P R A C T I C A L  S I T U L , T I O N S .  I S  N O T  L I K E L Y  T O  8 E  D I R E C T L Y  O V E R  

T H E  B E D .  A 1 0 - 0 8  C O R R E C T ~ O N  F O R  T H I S  E F F E C T  W A S  M A D E  I N  R E F .  
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These remarks a p p l y  t o  s h r i m p  n o i s e  n e a r  a  bed. Wet I beyond 
t h e  edge of t h e  bed t h e  n o i s e  l e v e l  (and  t h e r e f o r e  t h e  mask ing 
a f f e c t )  depends on t h e  range and b e a r i n g  o f  t h e  hydrophone a s  
shown I n  F igs .  27 - 29 f o r  an extended bed. At  1000 yards,  f o r  
example, t h e  r e l a t i v e  masking a t  20 k c  I n  t h e  d i r e c t i o n  o f  t h e  
bed i s  abou t  15 db above sea s t a t e  I w a t e r  n o i s e ;  i n  t h e  op- 
p o s l t e  d l  r e c t i o n  It i s  o n l y  2 db a b o v e  t h e  w a t e r  n o i s e ,  a  
dec re t i se  o f  13 db i n  t h e  mask ing  e f f e c t ,  A t  2000 y a r d s  t h e  
r e l a t i v e  masking, even i n  t h e  f o r w a r d  d l  r e c t l a n ,  i s  ve ry  s l  i g h i .  

C o n c l u s i o n s  F o r  Supersonic L i s t e n i n g  

I. The c r i t i c a l - b a n d  t h e o r y  o f  m a s k i n g  i s  v a l i d  f o r  s u p e r -  
s o n i c  l i s t e n i n g .  I t  f o l l o w s  t h a t  t h e  masking e f f e c t  o f  shrl.mp 
n o i s e  r e l a t i v e  t o  o t h e r  b a c k g r o u n d  n o i s e ,  i s  g i v e n  by t h e  
d i f f e r e n c e  i n  t h e i r  s p e c t r u m  l e v e l s  a t  t h e  m a i n  s u p e r s o n l c  
f r e q u e n c y .  

2. Shrimp n o i s e  has a  s t r o n g  masking e f f e c t  r e l a t i v e  t o  w a t e r  
n o i s e  o r  low s e l f  n o l s e  and may t h e r e f o r e  be an impor tan t  f a c t o r  
i n  l i m i t l n g  supersoo lc  l i s t e n  i n g  ranges f o r  f I xed echo r a n g i n g  
gear  o r  f o r  low speeds o f  t h e  I l s t e n i n g  s h i p .  

sIu 
IlJTERFERENCE I N  The r e c o g n l t  i o n  o f  an echo d i f f e r s  f r o m  t h a t  o f  a  w lde-band 

SUPERSONIC ECHO RANGING s i g n a l ,  s i n c e  an echo i s  e s s e n t i a l l y  a s i g n a l  a t  a s i n g l e  f r e -  
q u e n c y .  . The c r i t  l c a l  band c r i t e r i o n  s t a t e s  t h a t  f o r  a u d i -  
b i l i t y  t h e  power  l e v e l  o f  t h e  e c h o  mus t  e q u a l  t h a t  o f  t h e  
background n o i s e  I n  t h e  c r i t i  cat band. S t  nce t h e  band p r e s e n t e d  
t o  t h e  e a r  i s  c e n t e r e d  a t  a b o u t  I kc ,  t h e  w i d t h  o f  c r i t i c a l  
band i n  q u e s t i o n  i s  a b o u t  50 c y c l e s .  The c o n c l u s i o n  f o l l o w s  
t h a t 8 f o r  a u d i  b I  l i t y  t h e  p o w e r  l e v e l  o f  t h e  echo must e q u a l  
t h e  l e v e !  o f  t h e  mask ing n o l s e  i n  a 5 0 - c y c l e  band. S t r i c t l y  
speak ing ,  t h i s  r e s u l t  i s  t r u e  o n l y  f o r  s t e a d y  echoes h a v i n g  
a c o n s t a n t  amp1 i t u d e .  A c t u a l  echoes r e q u i r e  a  f u r t h e r  i n -  
c r e a s e  i n  power  t a  become a u d i  b l e  because o f  t h e  f F n i t e  re -  
sponse t i m e  o f  t h e  ear; i n  a d d i t i o n ,  t h e  f l u c t u a t i o n  i n  a c t u a l  
echoes may m o d i f y  t h e  r e q u i r e d  l e v e l .  

I n  any case, shr imp n o i s e  has t h e  same masking e f f e c t  r e l a t i v e  
t o  o t h e r  backgrounds a s  i n  s u p e r s o n i c  l i s t e n i n g ,  t h e  r e l a t i v e  
m a s k i n g  b e i n g  g i v e n  by t h e  d i f f e r e n c e  i n  s p e c t r u m  l e v e l s  a t  
t h e  main  s u p e r s o n i c  f r e q u e n c y .  I f  t h e  echo i s  h e a r d  a g a i n s t  
a background o f  s e l f  n o i s e  o r a m b i e n t  n o i s e  a t  24 kc, t h e r e f o r e ,  
F i g .  33 may be used. From t h i s  i t  f o l  lows i m m e d i a t e l y  t h a t  
s h r l m p  n o i s e  has a n e g l i g i b l e  e f f e c t  I n  echo r a n g l n g  f r o m  a  
s u b m a r i n e  o r  a  d e s t r o y e r  a t  speeds above  t h o s e  i n  T a b l e  V I .  

I 

however, t h e  most i m p o r t a n t  background i n  s h a l l o w  
t s e l f  n o i s e  b u t  b o t t o m  r e v e r b e r a t i o n .  ~ h l s  i s  
gh backward s c a t t e r i n g  o f  t h e  p i n g  when it s t r l  kes  



t h e  b o t t o m  a n d  i s  m o s t  i n t e n s e  o v e r  r o c k  a n d  c o r a l .  S i n c e  

t h e s e b o t t o m  t y p e s  a r e  a l s o  t h e  most  f a v o r a b l e  f o r  shr lmp,  i t  
Is ~ r o b a b  l e  t h a t  h l g h  b o t t o m  r e v e r b e r a t i o n  w l  l I o c c u r  o v e r  
m o s t  s h  r l m p  b e d s .  

The intensity o f  b o t t o m  r e v e r b e r a t i o n  changes w i t h  range.  A t  
s h o r t  ranges i t  i s  v e r y  h i g h ,  b e l n g  f a r  l o u d e r  t h a n  e i t h e r  s e l f  
n o i s e  o r  s h r i m p  n o i s e .  From t h i s  h i g h  l e v e l  t h e  r e v e r b e r a t i o n  
d e c r e a s e s  w i t h  range, d r o p p i n g  v e r y  r a p i d l y  a t  f i  r s t  and t h e n  
m o r e  g r a d u a l  l y .  A t  l o n g  ranges It f a 1  I s  i n t o  t h e  background 
n o i s e  l e v e l .  Thus t h e  doml nant  background i s  bo t tom revs rbe ra -  
t i o n  a t  s h o r t  ranges and n o i s e  a t  long ranges. 

F r o m  t h i s  d l s c u s s i o n  i t w o u l d  a p p e a r  t h a t  o v e r  a  s h r i m p  bed, 
b o t t o m  r e v e r b e r a t i o n  and n o t  sh r imp  n o l s e  i s  u s u a l l y  t h e  masking 
b a c k g r o u n d .  T h i s  i s  i n d e e d  t r u e  f o r  echoes h a v i n g  l l tt fe o r  
n o  d o p p l e r .  

An e c h o  h a v i n g  a h l g h  d o p p l e r ,  however, I s  s h i f t e d  away f r o m  
t h e  r e v e r b e r a t i o n ,  w h i c h  i s  l a r g e l y - c o n c e n t r a t e d  a t  one  f r e -  
q u e n c y .  T h i s  causes  most  o f  t h e  r e v e r b e r a t i o n  t o  l i e  o u t s i d e  
t h e  c r i t i ' c a l  band a r o u n d  t h e  echo and d e c r e a s e s  i t s  m a s k i n g  
e f f e c t .  A t  2 4  kc, f o r  example, t h e  masking e f f e c t  o f  reve rbe ra -  
t i o n  d r o p s  a b o u t  1 2 d b  f o r  an echo hav ing  5 k n o t s  o f  d o p p l e r  ( 8 0  
c y c l e s )  a n d  a b o u t  18 d b  f o r  10 k n o t s  ( R e f . 2 3 ) .  

T h i s  d e c r e a s e  i n  t h e  mask1 ng e f f e c t  o f  r e v e r b e r e t  ion  s h o r t e n s  
t h e  r a n g e  a t  w h i c h  n o i s e  becomes t h e  d o m i n a n t  b a c k g r o u n d .  
I f  s e l f  n o l s e  i s  low, s h r i m p  n o i s e  may t h e n  mask t h e  echo, 

t h e  amount o f  t h e  mask ing  r e l a t i v e  t o  w a t e r  n o l s e  o r  'low s e l f  
n o i s e  b e i n g  g i v e n  by F i g .  33. T h i s  s l t u a t t o n  may o c c u r  i n  
e c h o  r a n g i n g  o n  a  f a s t  t a r g e t  w l t h  f i x e d  e c h o - r a n g i n g  g e a r  
( s u c h  a s  H e r a l d )  u s e d  i n  h a r b o r  d e f e n s e .  

F o r  a  s u b m a r i n e  echo  r a n g i n g  on a  s u r f a c e  s h i p ,  t a r g e . t  no i se ,  
p r o d u c e d  by t h e  s h i  p l s  screws,  may be t h e  doml nant  background 
n o l s e ,  m a k i n g  s h r i m p  n o l s e  an u n i m p o r t a n t  f a c t o r .  I f  t a r g e t  
n o l s e  ( a n d  s e l f  n o l s e )  I s  n o t  h i g h ,  however, t h e  d i s c u s s i o n  I n  
t h e  p reced  l n g  p a r a g r a p h s  a p p l  i e s .  

Conclusions For Supersonic Echo Ranging  

I .  F o r  echoes  w l t h  a d o p p l e r  o f  l e s s  t h a n  80 c y c l e s  15 k n o t s  
at  '24 k c )  b o t t o m  r e v e r b e r a t i o n  I s  t h e  mask lng  background'  o v e r  
s h r l m p  beds and s h r l m p  n o i s e  has  a  n e g l i g i b l e  e f f e c t  o n  maximum 
echo ranges. 

2. I f  t h e  echo has  a  h l g h  d o p p l e r ,  t h e  m a s k l n g  background I s  
n o l s e  a n d  t h e  mask lng  e f f e c t  o f  shr lmp n o i s e  r e l a t l v e  t o  

o t h e r  

b a c k g r o u n d  n o i s e s  I s  g l v e n  by  t h e  i n c r e a s e  i n  t h e  s p e c t r u m  
l . eve l  d u e  t o  s h r i m p  n o i s e .  

I 

i. , 



U ANALVS NGLE SHR MP SNAPS 
I S h r i m p  n o f s e  o v e r  a bed i s  a c o n t i n u o u s  b a c k g r o u n d  c r a c k l i n g  
1 sound w i t h  occasional l o u d  I fsnaps"  o r  " c r a c k s l f  resembl  tng  t h e  
I 
I sound  o f  b u r n i n g  t w i g s ,  I n  t h e  u s u a l  measurements  o f  s h r i m p  

n01s.e made w i t h  a s o u n d  l e v e l  m e t e r  o r  r e c o r d e r ,  i t  i s  t h e  
root-mean-square ( rms) l e v e l  o f  t h i s  background wh ich  I s  r e c o r d -  
ed and w h i c h  h a s  been d e s c r i b e d  In t h e  p r e c e d i  n g  s e c t  i o n s .  

I n  d e s i g n  o f  a c o u s t i c  m ines ,  however ,  i t  i s  o f  i n t e r e s t  t o  
know n o t  o n l y  t h e  rms leve I, b u t  a l s o  t h e  peak l e v e l s  o f  a m b i e n t  
n o i s e  wh ich  may be expec ted  ( R e f .  201. Measurements o f  s i n g l e  
s h r i m p  snaps  were t h e r e f o r e  made by UCDWR. Th i s  s tudy ,  wh i l e  
e x p l o r a t o r y  and 1 i m i t e d  i n  scope, gave s e v e r a l  i n t e r e s t i n g  re-  
su I t s  c o n c e r n i n g  t h e  s p e c t  rum a n d  t r a n s i e n t  c h a r a c t e r  1st i c s  
o f  t h e  snaps  as we1 1 as t h e i r  peak l e v e l ;  t h e s e  r e s u l t s  w i  I l 
now be desc  r i  bed. 
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7.1 
O s c i  I l o g r a m s  o f  s  l n g  l e  s h r i m p  s n a p s  we r e  r e c o r d e d  o n  35-mm APPARATUS 
f 1 lm u s l n g  a  C-I0 hydrophone, a  wide-band ampl i f l e r  e s s e n t i a l  l y  AND PROCEDURE 
f l a t  between 2 and 50 kc, and a  Gene r a l  Rad l o ,  h l g  h-speed movl rig- 
f i l m  camera. S e v e r a l  r e e l s  o f  f l l m  were t a k e n  a t  random t i m e s  
a t  S c r l  pps P i e r ,  La J o l  la, and a t  t h e  U. S .  Navy Electronics 
L a b o r a t o r y  p i e r  I n  San D lego  Harbo r .  The s h r i m p  w e r e  l f v l n g  
I n  t h e i r  n a t u r a l  h a b i t a t  d u r i n g  t h e s e  t e s t s  a n d  p r o b a b l y  
c o n s l s t e d  o f  a m i x e d  p o p u l a t i o n  o f  S y n a l p h e u s  and . C r a n g o n .  

I n  t a k i n g  o s c i  l lograms o f  t h e  sounds f rom i s o l a t e d  l d e n t  i f  l e d  
spec lmens a d l  f f e r e n t  p rocedure  was necessa ry  s  i n c e  t h e  s h r i m p  
may n o t  "snap" f o r  l ong  p e r i o d s  o f  t i m e  when k e p t  i n  c a p t i v i t y .  
S e v e r a l  spec imens o f  one genus were  removed f r o m  s e a  w a t e r  and 
e x p o s e d  t o  f r e s h  w a t e r  i n  Sweetwater  Lake, n e a r  San Dl  e g o .  
T h i s  s t i m u l a t e d  t h e m  t o  snap  and t h e  p h o t o g r a p h s  w e r e  made. 
The s h r i m p  d i e d  a f t e r  a  few m i n u t e s '  exposure t o  t h e  f r e s h  w a t e r .  

, A t t e m p t s  w e r e  a l s o  made t o  measure  snaps  p r o d u c e d  by s i n g l e  
s p e c i e s  i n  t h e  l a b o r a t o r y  a c o u s t i c  t a n k .  The t e s t s  w e r e  
unsuccess f  u  i because o f  r e f l e c t  l ons and cav  l t y  resonance e f f e c t s  
f r o m  t h e  t a n k  and  t h e  r u b b e r  b u c k e t  i n  w h i c h  t h e  s h r i m p  w e r e  
I owe red .  I 

F l g u r e 3 6 s h o w s t h e o s c l l l o g r a m o f a s n a p f r o m a s i n g l e s h r i m p .  CHARACTERISTICS 
The d  l r e c t  component  on t h e  l e f t  i s  f o l  lowed by t h e  s u r f a c e -  OF SHRIMP SNAPS 
r e f l e c f e d  component  o f  s m a l l e r  a m p l i t u d e  a n d  o p p o s i t e  p h a s e  
( F i g .  341. The t i m e  between t h e  d i r e c t  and s u r f a c e  components  
o f  t h e  snap shown I n  t h e  o s c i l l o g r a m  I s  a b o u t  1.5 m i l  l i s e o n d s  
and I s  d e t e r m i n e d  by t h e  g e o m e t r y  o f  t h e  e x p e r i m e n t .  F i g u r e  
35 shows a s l i g h t l y  I d e a l i z e d  t r a c i n g ,  o f  t h e  same t w o  peaks ,  
p l o t t e d  I n  a r b i t r a r y  ampl l t u d e  u n i t s  a g a i n s t  t ime. 

The d l  r e c t  component c o n s i s t s  o f  a  smal 1 i n i t i a l  c o m p r e s s i o n ,  
a l a r g e r  r a r e f a c t i o n ,  and t h e n  a  v e r y  s h a r p  p o s i t i v e  p u l s e ,  
c o m p r l s i n g  t h e  ma in  peak.  The p u l s e  t h e n  d i e s  o u t  i n  s e v e r a l  
damped o s c i  I I a t i o n s ,  t h e  w h o l e .  snap u s u a l l y  l a s t i n g  f r o m  1/2 
t o  I m i  t I i s e c o n d .  W i t h  t h e  e x c e p t i o n  o f  t h e  m a i n  peak,  t h e  
v a r i o u s  p u l s e s  c o m p r i s i n g  t h e  s n a p  h a v e  a  b u i l d - u p  t i m e  o f  
t h e  o r d e r  o f  0 . 1  millisecond a n d  a r e  r e l i a b l y  r e c o r d e d .  The 



m a i n  peak, however, r i s i n g  a l m o s t  v e r t i c a l l y ,  has  a  b u i  I d - u p  
t i m e  o f  t h e  o r d e r  o f  0 . 0 1  m i l  l l s e c o n d s  a n d  t h e  b a n d - w i d t h  
(2 -50  k c )  o f  t h e  r e c o r d i n g  sys tem may be i n a d e q u a t e  t o  r e c o r d  
i t s  f u l  I amp1 i t u d e .  However, any n o n - r e s o n a n t  a c o u s t i c  de- 
v i ' c e  whose r e s p o n s e  d o e s  n o t  e x t e n d  b e y o n d  50-70 k c  s h o u  I d  
show p e a k s  n o  g r e a t e r  t h a n  t h o s e  f o u n d  I n  t h e  p r e s e n t  w o r k .  

The r e f l e c t e d  component o f  t h e  snap shown i n  F l g s .  34, 35, and 
36 I s  n e a r l y  a  m l r r o r  Image o f  t h e  d i r e c t  component. T h i s  i s  
t y p i c a l  o f  t h e  r e c o r d s  o b t a i n e d .  when t h e  s u r f a c e  was v e r y  
s m o o t h .  W i t h  a r o u g h e r  s u r f a c e ,  t h e  d l  r e c t  component  I s ,  o f  
c o u r s e ,  unchanged b u t  t h e  r e f l e c t e d  snap i s  u s u a l l y  g r e a t l y  
d i s t o r t e d ,  

The shape o f  t h e  snaps  f r o m  Crangon and Syna lpheus,  r e c o r d e d  
i n  t h e  lake,  showed s l  i g h t  d i f f e r e n c e s .  I n  g e n e r a l ,  however,  
t h e  s n a p s  r e c o r d e d  i n  sea  w a t e r  a t  t h e  t w o  p i e r s  and i n  t h e  
l a k e  w e r e  a1 I roug.hly s f m i  l a r  I n  shape and i n d i c a t e  t h a t  t h e  
s n a p  o f  F i g s .  34, 35, and 36 may be t a k e n  a s  r e p r e s e n t a t  i v e .  

7.3 
RATIO OF PEAK I n  t h e  Swee twa te r  t e s t  t h e  s h r i m p  were  p  l a c e d  a b o u t  f i v e  f e e t  

TO RMS.LEVEL f rom t h e  hydrophone. C o r r e c t i n g  t h e  r e s u l t s  t o  p r e s s u r e  l e v e  I s  
a t  1 y a r d ,  i t  was f o u n d  t h a t  t h e  ave rage  peak l e v e l  was a b o u t  
45 db above I dyne/cm2 f o r  Crangon and about  54  db f o r  Syna lpheus.  
The s t a n d a r d  d e v i a t i o n  o f  t h e  i n d i v i d u a l  p e a k s  i s  p r o b a b l y  
a b o u t  5 db. The d i f f e r e n c e  between t h e  t w o  genera  i s  be1 i e v e d  
t o  be r e a l  a l t h o u g h  t h e  r e 1  i a b i  l i t y  o f  t h e  m e a s u r e m e n t s  i s  
somewha t  l e s s e n e d  by t h e  p o s s i b  l e  i n c l u s  i o n  o f  weak s n a p s  
e m i t t e d  by t h e  f a t i g u e d  and  d y i n g  s h r i m p .  

I n  o r d e r  t o  compare  t h e  peak l e v e l  w i t h  t h e  b a c k g r o u n d ,  t h e  
a v e r a g e  San Dlego s p e c t r u m  f o r  F i g .  19A was used. T h i s  i n d  i- 
c a t e s  an rms l e v e l  o f  about  10 db above I  dyne/cm2 f o r  t h e  b r o a d  
band (2-50 k c )  used i n  t h e  peak t e s t s .  Thus t h e  ave rage  peak 
l e v e l  o f  a  s i n g l e  snap  f r o m  a s h r i m p  a  y a r d  away i s  a b o u t  40 

db above t h e  rms l e v e l  o f  s h r i m p  n o i s e  o v e r  a  bed. A rough c h e c k  
o n  t h e  o r d e r  o f  m a g n i t u d e  i s  g i v e n  by  m e a s u r e m e n t s  made a t  
S c r i p p s  P i e r .  ~ h e s e  d a t a  showed o c c a s i o n a l  s i n g l e  snaps w i t h  
pepk p r e s s u r e s  o f  a b o u t  1000 dynes/cm2, 50 db above t h e  b a c k -  
g r o u n d ,  p r o b a b l y  c a u s e d  by n e a r b y  s h r i m p  o n  t h e  p i l i n g s .  

7. U 
FOUR I ER SPECTRA 

OF SNAPS 
I n  o r d e r  t o  d e t e r m i n e  t h e  s p e c t r a  o f  i n d i v i d u a l  s h r i m p  s n a p s ,  
s i x t e e n  r e p r e s e n t a t i v e  r e c o r d s  were s e l e c t e d .  A f t e r  e n l a r g e -  
ment and t r a c i n g  t h e y  were s u b j e c t e d  t o  F o u r i e r  a n a l y s i s 1  by  an 
H e n r i c i  harmonic  a n a l y z e r  a t  t h e  Case School o f  Appl l e d  S c i e n c e ,  
C l e v e l a n d ,  O h i o .  

F i g u r e  37A shows t h e  resu  I t i n g  amp1 i t u d e  s p e c t r a  f o r  t h e  snap  o f  
F i g s .  34, 35, and 36. The d i  r e c t  and r e f l e c t e d  s p e c t r a  a g r e e  
q u i t e  we1 I. 

I .  R .  S .  S H A N K L A N D .  " T H E  A N A L Y S I S  O F  P U L S E S  B \ i  M E A N S  O F  T H E  

H A R M O N I C  A N A L Y Z E R .  " J .  ACOUS SOC. AM. ,  V .  1 2 1  3 ,  3 6 3 . 3 8 6 : J A N .  1 9 4 1 .  



and a r e  t y p i c a l  o f  t h e  s p e c t r a  o b t a i n e d  f rom most o f  t h e  snaps. 
F i g u r e  378 shows t h e  d l  r e c t  spec t rum l e v e l s  i n  db compared w i t h  
t h e  ave rage  spec t rum o b t a i n e d  o v e r  sh r imp  beds i n  t h e  open sea  
n e a r  San Diego.  The agreement i s  reasonab ly  good, i n d i c a t i n g  
t h a t  t h e  s p e c t r u m  o f  a  s i n g l e  snap i s  e s s e n t i a l  l y  t h e  same as  
t h a t  r e s u  I t  i n g  f r o m  t h e  s u p e r p o s l t  I o n  o f  a  l a r g e  number o f  
i n d i v i d u a l  snaps,  as w o u l d  be  e x p e c t e d .  

FREQUENCY IN KC 

A. SPECTRA OF SINGLE SHRIMP SNAP 

FREQUENCY IN KC 

Br. COMPARISON OF OBSERVED AND SYNTHETIC SPECTRA 
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PREDICT ON OF SHR MP NO 

Shr imp  c r a c k l e  I s  t h e  most w idesp read  o f  m a r i n e  an ima l  n o i s e s  
t h u s  f a r  s t u d i e d  and i t  i s ,  w i t h  two l o c a l  e x c e p t i o n s * ,  t h e  
m o s t  d i s t u r b i n g  ,no i se  e n c o u n t e r e d  i n  s h a l l o w  w a t e r .  U n l i k e  
m o s t  o t h e r  m a r i n e  an ima l  sounds, however, s h r i m p  n o i s e  can be 
p r e d i c t e d ,  m a k i n g  I t  p o s s i b l e  t o  a v o i d  t h e  n o i s e  o r  t o  p l a n  
o p e r a t i o n s  a d v a n t a g e o u s l y .  R u l e s  f o r  t h i s  p r e d i c t i o n  and  
t h e i r  v a l l d i t y  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n .  

8 . 1  
FOR P R E D I C T I N G  The p r e d i c t i o n  o f  shr imp n o i s e  i s  rendered p o s s i b l e  by s e v e r a l  

S H R I M P  NOISE f a c t o r s .  F i r s t  o f  a1 I, snapp ing shr imp a r e  w i d e l y  d i s t r i b u t e d  
w i t h l n  t h e  s h r i m p  b e l t ,  as  shown by t h e  l o c a l i t y  c h a r t s .  Sec- 
ond, w i t h i n  t h i s  b e l t ,  s h r i m p  a r e  c o n f i n e d  a l m o s t  w h o l l y  t o  
s p e c i f i c  b o t t o m  t y p e s  and w i t h i n  s p e c i f i c  d e p t h s  o f  w a t e r .  
T h i r d ,  s h r i m p  a r e  n o n - m i g r a t o r y  and may b e  c o n s i d e r e d  a s  a  
c o n s t a n t  c h a r a c t e r i s t i c  o f  any r e g i o n  i n  w h i c h  t h e y  have once 
been f o u n d .  F i n a l l y ,  t h e  n o i s e  p r o d u c e d  by s h r i m p  i s  con -  
t i n u o u s  and has  a r e l a t i v e l y  u n i f o r m  i n t e n s i t y  and spec t rum.  
c o n s e q u e n t l y ,  knowlng t h e i r  h a b i t s ,  i t  i s  p o s s i b l e  t o  p r e d i c t  
a r e a s  o f  p r o b a b l e  h i g h  s h r i m p  n o i s e  l e v e l  w i t h i n  t h e  geograph i -  
c a l  r a n g e  o f  t h e  a n i m a l s ,  p r o v i d e d  a c c u r a t e  i n f o r m a t i o n  i s  
a v a l  l a b l e  on t h e  t y p e  o f  b o t t o m  and d e p t h  o f  w a t e r .  I n f o r -  
mat  i o n  o n  t h e s e  f a c t o r s  can  be o b t a i n e d  f r o m  -bo t tom s e d i m e n t  
c h a r t s  pub1 i s h e d  by t h e  H y d r o g r a p h i c  O f f  i c e .  

I 
R u l e  I :  Occurrence I I 

S n a p p l n g  s h r i m p  c a n  be  e x p e c t e d  t h r o u g h o u t  t h e  o c e a n s  a t  
l o c a t  i o n s  w h e r e  e n v  i r o n m e n t a l  c o n d i t i o n s  a r e  f a v o r a b l e .  
T h e s e  c o n d i t i o n s  a r e :  

( a )  G e o g r a p h i c a l  ~i s t r t b u t i o n :  T r o p i c a l  and  s u b t r o p i c a l  
! a t  i t u d e s ,  shown by t h e  s h r i m p  b e l t  o f  F i g .  9; bounded ap- 
p r o x i m a t e  l y  b y  35' N and 40' S. 

( b  J W a t e r  Depth: Genera l  l y  l e s s  t h a n  30 fa thoms  ( 180 f e e t ) .  
The h i g h e s t  sound l e v e l s  appear  t o  o c c u r  i n  w a t e r  between 30 
an'd 150 f e e t  deep. 

( c l  Bot tom Type: Rock, she1 I,  c o r a l ,  weed, o r  o t h e r  m a t e r i a l  
p r o v f  d  i ng r e a d y  concea  lment  . Re l a t  i ve l  y  uncommon on mud o  r 
sand  b o t t o m s  w h i c h  a r e  f r e e  s h e l t e r i n g  m a t e r i a l .  

\ 

* I N ' I S O L A T E D  P L A C E S  A L O N G  T H E  A T L A N T I C  C O A S T  A V A R I E T Y  O F  D R U M -  

F I S H .  K N O W N  A S  C R O A K E R S ,  C A U S E  A  S E R I O U S  U N D E R W A T E R  D I S T U R B A N C E  

D U R I N G  T H E  E V E N I N G  H O U R S  I N T H E  E A R L Y  S P R I N G  A N D  S U M M E R  M O N T H S .  

S I M I L A R  F I S H  O C C U R  E L S E W H E R E  I N  T R O P I C A L  A N D  S U B - T R O P I C A L  

W A T E R S .  A  S E C O N D  U N D E R W A T E R  N O I S E  O F  D I S T U R B I N G  M A G N I T U D E  

I S  T H E  S O - C A L L E D  ' E V E N I N G  N O I S E '  W H I C H  I S  O B S E R V E D  O F F  S O M E  

I S L A N D S  I N  T H E  H A W A I I A N  C H A I N .  

RULE 2: 

( a  1 Spec t  r 
kc; above 

( b )  L e v e l '  
w i t h  a  non  
-34 db abc 

RULE 3 :  

The n o i s e  
db l o w e r  2 

r a p i d l y ,  d  
f r o m  t h e  E 

R e g a r d i n g  
p r e d i c t  ! o r  
bot tom t Y  I 
and s o u t h  
cond i t  i o n  
t e r m l n e  w  
~t l o c a t i  



RULE 2: Moi s e  L e v e l s  Over  Shr imp Beds 

( a )  S p e c t r u m :  Depends p r i m a r i  l y  on  w a t e r  n o i s e  b e l o w  I - 2 
kc; a b o v e  2 k c  s h r i m p  c i a c k l e  i s  p r e d o m i n a n t  ( F i g .  18) .  

( b  L e v e  l  : Be tween  2 a n d  20 k c  t h e  a v e r a g e  s  p e c t  rum l e v e  1 
w i t h  a  non -d i  r e c t  i o n a l  hyd rophone  i s  n e a r l y  c o n s t a n t  a t  a b o u t  
-34 d b  a b o v e  I d y n e / c m 2  w i t h  a s t a n d a r d  d e v i a t i o n  o f  5 db .  

RULE 3:  T r a n s m i s s i o n  O f  S h r i m p  N o i s e  

The n o i s e  l e v e l  i s  h i g h e s t  d i r e c t l y  o v e r  t h e  bed and a  f e w  
d b  l o w e r  a t  t h e  edge  o f  t h e  bed. Beyond t h e  edge i t  decays  
r a p i d l y ,  d r o p p i n g  a b o u t  20 db w i t h i n  a  d i s t a n c e  o f  2000 y a r d s  
f r o m  t h e  edge ( F i g .  2 2 ) .  

R e g a r d i n g  R u l e  I ( a ) ,  t h e r e  a r e  few known e x c e p t i o n s  t o  t h e  
p r e d i c t i o n  t h a t  s h r i m p  w i  1 l be found w i t h i n  t h e  b e l t  where t h e  
b o t t o m  t y p e  and w a t e r  d e p t h  a r e  f a v o r a b  l e .  Near t h e  n o r t h e r n  
a n d  s o u t h e r n  I i m l t s  o f  t h e  b e l t ,  i t  i s  p r o b a b l e  t h a t  l o c a l  
c o n d i t i o n s ,  r a t h e r  t h a n  t h e  e x a c t  v a l u e  o f  t h e  l a t i t u d e ,  de-  
t e r m i  ne w h e t h e r  o r  n o t  s h r i m p  w i  l  l be f o u n d  ( s e e  Sec. 2.7 I .  
A t  l o c a t i o n s  f a r  o u t s i d e  t h e  b e l t ,  P u g e t  Sound ( F i g .  91 f o r  
e x a m p l e ,  w e a k  c r a c k l e  d u e  t o  o t h e r  c a u s e s  c o u l d  b e  h e a r d  
( s e e  Sec. 9). Ru le  I ( b )  c o n c e r n i n g  t h e  dependence o f  shr imp on 
w a t e r  d e p t h  i s  s u p p o r t e d  by b o t h  b i o l o g i c a l  and a c o u s t i c  d a t a .  
A l t h o u g h  t h i s  e v i d e n c e  i s  n o t  c o n c l u s i v e ,  t h e  30-fathom r u l e  i s  
b e l i e v e d  t o  be r e l i a b l e  a s  a  rough g u i d e .  Ru le  I l c )  i s  based on 
b i o l o g i c a l  knowledge o f  t h e  h a b i t a t  requ T rements  and i s  s t r o n g l y  
s u p p o r t e d  by t h e  f a c t  t h a t  m o s t o f  t h e  h i g h  l e v e l s  were observed 
o v e r  f a v o r a b l e  b o t t o m  t y p e s  wh i  l e  modt o f  t h e  low l e v e l s  o c c u r -  

r e d  o v e r  u n f a v o r a b l e  bo t toms ( s e e  Sec. 3.3). 

R u l e s  2 a n d  3 a r e  e s s e n t i a l  l y  s u m m a r i e s  o f  t h e  a v a i l a b l e  
a c o u s t i c  d a t a  a n d  I t  i s  i m p o s s i b l e  t o  c h e c k  them by an  i n -  
d e p e n d e n t  c o m p a r i s o n  w i t h  o b s e r v a t  Ions .  Some i n d i c a t i o n  o f  
t h e i  r v a l  i d l t y ,  however ,  i s  g i v e n  by t h e  f o l  l o w i n g  r e m a r k s :  

R u l e  2 i s  c o n s i s t e n t  w i t h  n e a r l y  a i l  s p e c t r a  t a k e n  o v e r  s h r i m p  
beds i n  numerous l o c a t  i ons  ( T a b l e  I I 1. W i t h  few except  ions  t h e  
s p e c t r a  f r o m  a1 1 a r e a s  a r e  remarkab ly  u n i f o r m  i n  b o t h  shape and 
l e v e l  ( F i g .  19A) and agree w e l l  w i t h  t h e  average.  

Ru l e  3 g i v e s  t h e  r a n g e  d e p e n d e n c e  o f  a m b i e n t  n o i s e  i n  t h e  
v i c i n i t y  o f  a  bed f o r  f r e q u e n c i e s  between 5 and 20 kc w i t h  sea 
s t a t e s  I  - 2 a n d  r e p r e s e n t s  t h e  a v a i  l a b l e  t r a n s m i s s i o n  d a t a  
f r o m  v a r i o u s  a r e a s  r e a s o n a b l y  we!  I .  The  d e c r e a s e  i s  l e s s  
r a p l d  b e l o w  5 k c  a n d  f o r  h i g h e r  s e a  s t a t e s .  

8 . 2  
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Among t h e  known a n i m a l s  p r o d u c i n g  n o i s e s  t h a t  may be c o n f u s e d  
w i t h  s h r i m p  c r a c k l e  o r  t h a t  may i n  a  m i n o r  way c o n t r i  b u t e  t o  
t h e  a m b i e n t  n o i s e  a r e  t h e  f o l  l o w l n g :  

G o n o d a c t y l u s  o e r s t e d i  i ( a n d  p e r h a p s  o t h e r  s p e c  i e s  o f  t h  i s  
g e n u s  ), a  c r u s t a c e a n  g e n e r a l  l y  known a s  I 1 m a n t i s  s h r i m p "  o r  
~ ~ s q u l  l l i d l l  makes a  c l i c k i n g  sound.when s t r i k i n g  o u t  w i t h  i t s  
c l a w s .  L i k e  t h e  snapp ing shr imp,  t h i s  an ima l  has a w i d e  t r o p i -  
c a l  d i s t r i b u t i o n  and I i v e s  i n  simi l a r  h a b i t a t s .  

At l e a s t  t w o  s p e c i e s  o f  t h e  C o r a l  l  i o c a r s  sh r imp ,  C. g rami  nea, 
and C. wi I son i ,  a r e  capab le  o f  snapping by means o f a  s t r u c t u r e  
s r m i T a r  t o  t h a t  used by r e g u l a r  snapp ing  s h r i m p .  They a r e  n o t  
known t o  b e  a b u n d a n t  a n d  a p p a r e n t l y  h a v e  a  g e o g r a p h i c  a n d  
h a b i t a t  r a n g e  f a l l i n g  w i t h i n  t h a t  o f  t h e  s n a p p i n g  s h r i m p .  

T y p t o n  s p a n g i c o i a  o f  t h e  M e d i t e r r a n e a n  and  P o n t o n i a  p i n n a e  o f  
E a s t  A f r i c a  a r e  s p e c i e s  o f  c r u s t a c e a  s a 4 d  t o  b e  c a p a b l e  o f  
s n a p p i n g .  They a r e  n o t  c o n s 1  d e r e d  numerous .  

The l a r g e r  c rabs  such a s  Cancer and P o r t u n u s  have been o b s e r v e d  
t o  make n o i s e s  s o u n d i n g  l i k e  t h e  i n d i v i d u a l  c r a c k  p roduced  b y  
C r a n g o n  a n d  S y n a l p h e u s ,  b u t  t h e  n o i s e  i s  i n c i d e n t a l  t o  t h e  
c r a c k l n g  o f  b r i t t  l e  she1 I s  o f  smal l clams, e t c . ,  f o r  t h e  f o o d  
w i t h i n  t h e  s h e l l .  C r a c k l i n g  f r o m  t h i s  s o u r c e  c a n  o f  c o u r s e  
be p r e s e n t  o n l y  s o  l o n g  as s h e l  1 f o o d  i s  b e i n g  e a t e n .  O t h e r  ' 

an l r n a l s ,  I n c  l u d l n g  f l s h e s ,  w h i c h  o c c a s i o n a l  1,y c r a c k  s h e l  I s  
f o r  f o o d  wouJd a l s o  f a 1  1 i n t o  t h i s  c a t e g o r y  o f  i n c i d e n t a l  
n o i s e  makers.  To p roduce  t h e  vo lume o f  c r a c k 1  i n g  t h a t  o c c u r s  

I 

c o n t i n u o u s l y  o v e r  s h r l m p  beds, wou ld ,  however,  v e r y  q u l c k l y  
I e x h a u s t  a l l  a v a i l a b l e  s h e l l s .  Hence c r a c k i n g  o f  s h e l l s  i s  be- 

1 f e v e d  t o  be a  v e r y  s m a l l  c o n t r i b u t i o n  t o  t h e  a m b i e n t  n o i s e .  

The t r i g g e r  f i s h  Is s a i d  t o  be c a p a b l e  o f  m a k l n g  a  c l i c k i n g  
' s o u n d  by means o f  t h e  j o i n t s  o f  some o f  t h e  f i n  s p l n e s ;  a n d  
t h e  m a c k e r e  l by means o f  i t s  p h a r y n g e a l  t e e t h .  ' 

Popu l a t i o n s  o f  bzrrnac l e s  p r o d u c e  v e r y  weak c r a c k  1 i n g  sounds ,  
b a r e l y  a u d i b l e  a t  v e r y  c l o s e  range .  B a r n a c l e s  and p e r h a p s  
o t h e r  c r u s t a c e a  ( p r e e n i n g  t h e 1  r s h e l  I s  o r  f e e d i n g  1 a p p e a r  t o  
be t h e  cause  o f  t h e s e  v e r y  f a i n t  n o i s e s  somet imes  heard ,  when 
t h e  h y d r o p h o n e  i s  w i t h i n  a  f e w  f e e t  o f  t h e  s h o r e ,  i n  q u i e t  
w a t e r s  n o r t h  o f  t h e  g e o g r a p h i c  r a n g e  o f  s n a p p i n g  s h r i m p .  

I n  t h e  Hawai  i an  a rea ,  a  v e r y  t r o u  b l  esome r a u c o u s  no i s e  w i t h  
a  s h a r p  h i g h  peak a t  3 kc  has  been encoun te red .  T h i s  has  been  
c a t  l e d  "even ing  no i se ! !  i n  v i e w  o f  i t s  regu  t a r  o c c u r r e n c e  e a c h  
e v e n i n g  between about  7:30 p. m. and 10:OO p. m. I n  one h a r b o r ,  
t h i s  caused a  10 db r i s e  i n  o v e r a l l  l e v e l  o f  t h e  amb ien t  n o i s e  
d u r i n g  t h e e v e n i n g  hours.  The o r l g l n  o f  t h e  n o i s e  was n o t  d e t e r -  
m ined  but  t h e  poss l  b i  l i t y  o f  i t s  b e i n g  somehow a s s o c i a t e d  w i t h  
i n c r e a s e d  s h r i m p  a c t i v i t y  I n  t h e  e v e n i n g  has  been s u g g e s t e d .  
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