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ABSTRACT 

Fish r eac t ion  t o  t h e  passage o f  acous t i c  surveying ves se l s  may be a t  
l e a s t  p a r t l y  assessed  through use of t h e  angle da t a  der ived  with t h e  SIMRAD 
split-beam echo sounder. Severa l  schemes a r e  o u t l i n e d  f o r  d i sp l ay ing  and 
quant i fy ing  such da t a  i n  r e a l  t ime. 

R ~ S U M I ~ :  PROJET DE VISUALISATION EN TEMPS REEL DES D O N N ~ E S  SUR LA POSITION 
DES POISSONS 

Les r6ac t ions  des poissons au  passage des navi res  de prospec t ion  
acoustique peuvent g t r e  au moins p a r t i e l l e m e n t  est imees p a r  l ' u t i l i s a t i o n  
des donn6es angu la i r e s  provenant du sondeur Simrad 5 f a i s ceau  scind6,  
P lus i eu r s  p r o j e t s  s o n t  pr6sent6s pour v i s u a l i s e r  e t  q u a n t i f i e r  en temps 
rPe1 de t e l l e s  donnGes, 

In determining the  t a r g e t  s t r e n g t h s  of  f i s h ,  split-beam echo sounders 
observe the t a x g e t s s  posi t ior i  i n  the  beam, 'The pos i t i on  da ta  a r e  a v a i l a b l e  
i n  the S I M R A D  split-beam echo sounder i n  the  form of alongship and 
athwartship angles  (Brede e t  al., 1987) .  The angle da t a  have had r a t h e r  
i.imited app l i ca t ion  r m t i l  r e c e n t l . ~ ,  consis t i .ng mainly i n beam-mapping 
exe rc i se s  (Reynisson 1986, 1987) ,  schemes f o r  i n t e r p r e t i n g  t a r g e t  s t r e n g t h  
da t a  (Begnbol and Lewy l 9 8 7 ) ,  and t a rge t - t r ack ing  i n  a  f i s h  farm (Brede e t  
aL, 1987)- 

Given the  s teady i n t e r e s t  i n  f i s h  behaviour a s  i t  a f f e c t s  measurements 
of f i s h  dens i ty ,  e s p e c i a l l y  because of  the  p o s s i b i l i t y  of  avoidance r eac t ions  
t o  t he  passage of t he  survey v e s s e l  (Olsen 1979, 1981, 1987, Olsen e t  a l .  
1983a and b ,  Bercy and Bordeau 1987, Diner and Masse 1987, Misund 19871, 



t h e r e  i s  every reason t o  extend the p r e s e n t  uses of  angle  d a t a .  Severa l  
schemes a r e  o u t l i n e d  here  f o r  the  v i s u a l  p re sen ta t ion  of such da ta .  These 
w i l l  p a r t l y  quan t i fy  the behavioural  p a t t e r n s  of  observed f i s h  and, i n  
some circumstances,  a l s o  d e t e c t  the presence of r e a c t i o n s  t o  the  passage 
of t h e  surveying vesse l .  

THE SCHEMES 

Each measurement by the  spl i t -beam echo sounder i s  cha rac t e r i zed  by 
f i v e  da t a :  p ing  number, depth,  a longship and a thwar tsh ip  angles ,  and 
t a r g e t  s t r eng th .  The angle da t a  a r e  c u r r e n t l y  used i n t e r n a l l y  i n  the  echo 
sounder t o  der ive  beam p a t t e r n  va lues  which, i n  t u r n ,  a r e  used with the  
sum-signal o r  echo s t r e n g t h  value t o  determine t h e  t a r g e t  s t r e n g t h .  The 
t a r g e t  s t r e n g t h  d a t a  from a  s i n g l e  p ing  may be presented  a s  a  funct ion of  
depth i n  an A-scan over a  s e l e c t e d  depth i n t e r v a l .  I f  the  d a t a  from each 
new ping  a r e  presented  alongside the  previous d a t a ,  a  co lour  echogram 
r e s u l t s .  This  g ives  an impression o f  the s p a t i a l  and s i z e  d i s t r i b u t i o n  
of  t he  f i s h  along the  s h i p ' s  t r a c k .  Col lec t ion  of  the  t a r g e t  s t r e n g t h  d a t a  
corresponding t o  reso lved  s i n g l e - f i s h  echoes i n  a  histogram q u a n t i f i e s  t h e  
s i z e  information.  

Other d a t a  p re sen ta t ions  a r e  a l s o  poss ib l e .  I n  p a r t i c u l a r ,  t o  a s se s s  
where the  observed f i s h  a r e  i n  t h e  a c o u s t i c  beam, the  angle d a t a  can be 
presented  d i r e c t l y  on a  d i s p l a y ,  a s  on a  Plan Pos i t i on  I n d i c a t o r  o r  PP1 
(Forbes and Nakken 1972) .  The p a i r  o f  angles  cha rac t e r i z ing  a  f i s h  p o s i t i o n  
can def ine  a  s p o t  on an X-Y p l o t  o r  c i r c l e  r ep re sen t ing  the ho r i zon ta l  c ros s  
s e c t i o n  of t he  beam. The angle da t a  from successive pings can be con t inua l ly  
added t o  the d i sp l ay  u n t i l  a  c e r t a i n  number of f i s h  p o s i t i o n s  a r e  i n d i c a t e d ,  
when the  screen may be c l e a r e d  and t h e  next  p re sen ta t ion  begun. A s  with t he  
co lour  echogram, the  presented  da t a  w i l l  be those f a l l i n g  wi th in  a  s p e c i f i e d  
depth i n t e r v a l .  

Four v a r i a n t s  of  t he  p r e s e n t a t i o n  a r e  enumerated, ( l )  Simple spo t ,  
This  i s  the  s imp les t  scheme, Each f i s h  p o s i t i o n  i s  represented  by a  s p o t  
of cons t an t  s i z e  and i n t e n s i t y ,  (2) Coloured s p o t ,  The s p o t  may be 
coloured o r  shaded t o  i n d i c a t e  t a r g e t  s t r e n g t h  i n  addi t ion  t o  p o s i t i o n ,  
( 3 )  Sized s p o t ,  The s i z e  of t he  s p o t  may be coded o r  s c a l e d  t o  i n d i c a t e  t he  
a s scc i a t ed  t a r g e t  s t r e n g t h  valile, ( 4 )  Colouret! and s i z e d  s p o t ,  The t a r g e t  
s t r e n g t h  tlativn i..; coded t w i c e ,  l;oth by C O L O U ~  iirid by s i z e ,  -i.n presenting a 
s p o t ,  The f i r s t  t h r ee  schemes a r e  i l l u s t r a t e d  i n  F ig ,  l for 17 fish echoes 
with non-coincident angles ,  

In  order  t o  quan t i fy  t he  p o s i t i o n  da t a ,  histograms may be formed by 
counting the number of echoes ly ing  wi th in  s e c t o r s ,  s l i c e s  o r  o t h e r  d i v i s i o n s  
of the beam and by normaLizing each t o  the r e spec t ive  area, Five types a r e  
shown i n  Fig, 2, These a r e  descr ibed  according t o  the geometry of the 
d i v i s i o n .  (l) Sector  s l i c e s .  ( 2 )  Alongship s l i ce s .  (3 )  Athwartship s l i c e s .  
( 4 )  Sec tor  t e s se rae .  The f i r s t  geometry i s  f u r t h e r  d iv ided  by superpos i t ion  
of annul i .  ( 5 )  Rectangular t e s s e r a e .  The second and t h i r d  geometries a r e  
superimposed t o  form a  r ec t angu la r  g r i d ,  
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(b )  Shaded s p o t  

( c )  S ized  s p o t  

F ig ,  1, Presen ta t i on  of  p o s i t i o n s  of reso lved  f i s h  echoes i n  t h r e e  v a r i a n t s ,  
( a )  Simple s p o t  of  cons t an t  s i z e .  (b)  coloured o r  shaded s p o t  of 
cons tan t  s i z e ,  where t h e  colour  o r  shading i n d i c a t e s  t a r g e t  s t r e n g t h ,  
i l l u s t r a t e d  here  by open and c losed  c i r c l e s .  ( c )  Sized s p o t  of  f i x e d  
co lour  o r  shading,  b u t  with diameter i n d i c a t i n g  t a r g e t  s t r e n g t h .  
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(a) Sector slices 

@ 
(b) Alongship slices 

(c) Athwartship slices 

(d) Sector tesserae 

(e) Rectangular tesserae 

Fig, 2. Geometry of circle subdivisions, with corresponding graphs of area 
density 



Graphs of  f i s h  dens i ty  accompany each o f  the  c i r c l e  subdiv is ions  i n  
Fig.  2 .  I n  the  f i r s t  t h r ee  cases  these  a r e  designed t o  e l i c i t  d i f f e r ences  
i n  f i s h  d i s t r i b u t i o n  with r e spec t  t o  the  a c o u s t i c  a x i s  (Fig.  2 a ) ,  d e t e c t  
l a t e r a l  movements of f i s h  away from the  s h i p ' s  t r a c k  (Fig.  2 b ) ,  and a s s e s s  
t he  p r e c i s e  t iming of f i s h  r e a c t i o n s  during the  passage of t he  t ransducer  
p la t form (Fig.  2 c ) .  

The four th  and f i f t h  graphs aim t o  g ive  a  f i n e r  s p e c i f i c a t i o n  of f i s h  
d i s t r i b u t i o n .  However, s i n c e  the  g r i d  i s  now two dimensional,  t h e  dens i ty  
of f i s h  i n  each t e s s e r a  can be i n t e n s i t y -  o r  colour-coded, o r  a  t h i r d  
phys i ca l  dimension can be added by p r o j e c t i v e  geometry. In  Figs.  2d and 2e,  
in tens i ty-coding  i s  i l l u s t r a t e d .  

Other graph types  can 'be used. ;Three v a r i a n t s  f o r  the  s e c t o r - s l i c e  
subdiv is ion  a r e  shown i n  Fig. 3. 

I n  a l l  cases  of  q u a n t i f i c a t i o n  of angle  d a t a ,  t h e  a r e a  dens i ty  of  
f i s h  s c a t t e r e r s  i s  the  sought quan t i t y .  Thus the  number of echoes from 
reso lved  t a r g e t s  wi th in  each c i r c l e  subdiv is ion  must be counted and 
normalized by the  defzned area .  

DISCUSSION 

Uses of  the  p a r t i c u l a r  p r e s e n t a t i o n s  of angle  da t a  proposed here a r e  
many. Since the s p a t i a l  d i s t r i b u t i o n  of  reso lved  s i n g l e  f i s h  i n  t h e  beam 
i s  presented ,  inhomogeneities i n  the  d i s t r i b u t i o n  w i l l  be immediately 
ev iden t .  The form of these  w i l l  suggest  t he  manner of f i s h  r e a c t i o n ,  f o r  
example, avoidance by f l e e i n g  away from t h e  s h i p ' s  t r a c k  o r  swimming ahead 
before turn ing  a s i d e .  Examples of f i s h  d i s t r i b u t i o n s  on the d i sp l ay  with 
the  simple-spot format a r e  shown i n  Fig,  4 .  

I n  add i t i on  t o  g iv ing  impressions of f i s h  behaviour under surveying 
condi t ions ,  the new schemes can a l s o  quan t i fy  f i s h  behaviour and r e a c t i o n s  
through graphs shov~ing the d e n s i t y  of f i s h  echoes ac ros s  the  beam, These 
may be presented c o l l a t e r a l l y  on the  p o s i t i o n  d i s p l a y ,  much a s  t a r g e t  
s t r e n g t h  his tograr i~s accompany the  echogram on -the SI14E7AD split--beam colour  
d i sp l ay .  

Storage of the histogram data may allow , s ta . t i s t ica l .  t e s t i n g  for 
dev ia t ions  from homogeneity, By comparing successive o r  more widely 
separa ted  da t a  s e t s ,  changes i n  f i s h  behaviour i n  t he  course of t he  survey 
may be de tec ted .  Because t h e  na ture  of f i s h  r eac t ions  undoubtedly v a r i e s  
with spec i e s ,  a  change i n  d i s t r i b u t i o n  p a t t e r n ,  whether observed v i s u a l l y  
by an opera tor  o r  de tec ted  by automatic process ing  of the  da ta  by machine, 
niay i n d i c a t e  a change i n  species i n  the survey reg ion ,  Comparison of 
histograms computed over  the same time pe r iod  b u t  separa ted  i n  depth may 
demonstrate depth-dependent r e a c t i o n s ,  concomitants of  t h e  b a s i c  noise-  
and Light -s t imul i  t h e o r i e s  of  f i s h  r eac t ion .  

Other poss ib l e  uses of t h e  p re sen ta t ion  schemes w i l l  occur t o  the  
i n t e r e s t e d  r e sea rche r ,  a s  w i l l  v a r i a t i o n s  o r  developments of t h e  schemes 



(a)  S e c t o r  Lines 

FORE 

(b) Narrow s e c t o r  ba r s  

(c) Wide sector ba-rs 

Fig. 3. Quant i f ica t ion  of  d i s t r i b u t i o n s  by s e c t o r  s l i c e  by t h r e e  histogram 
types .  



( a )  Uniform 

(b)  L a t e r a l  movement 

(c) Delayed r eac t ion  

F ig ,  4. Examples o f  t h r e e ,  p o s t u l a t e d  s p a t i a l  d i s t r i b u t i o n s :  ( a )  Uniform, 
( b )  L a t e r a l  o r  a t h w a r t s h i p  movement, a s  i n  f l e e i n g ,  ( c )  Delayed 
r e a c t i o n  o c c u r i n g  e x a c t l y  d u r i n g  passage  o f  t h e  t r a n s d u c e r  over  
t h e  f i s h .  



themselves .  What shou ld  be n o t e d  p a r t i c u l a r l y  i s  t h a t  t h e  i n t r o d u c e d  schemes 
can be e f f e c t e d  wi th  t h e  technology t h a t  i s  a v a i l a b l e  and i s ,  i n  f a c t ,  a l r e a d y  
i n  u s e ,  a s  i n  t h e  SIMRAD sp l i t -beam echo sounder .  The p r e s e n t a t i o n  o f  a n g l e  
d a t a  w i l l  s i g n i f i c a n t l y  expand o u r  knowledge o f  f i s h  behav iour  under su rvey ing  
c o n d i t i o n s .  Q u a n t i f i c a t i o n  o f  t h e s e  d a t a  is  impor tan t  b o t h  f o r  improving t h e  
accuracy o f  o u r  e s t i m a t e s  and f o r  a t t a c h i n g  conf idence l i m i t s  t o  t h e s e .  
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