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ABSTRACT 

R methoaoiogy is p r u p o s r u  fo i -  s t u u y l n q  f i s h  j i r h o o l  be- 
haviour, in order to quantify its influence on stock abun- 
dance estimations using acoustics. Observations take place 
in situ or inside a large nec, set in shallow W ~ C E I - S .  This 
enclosure Cup to 70 m d i a m e t e r )  is installed in areas where 
transparent waters allow the use o f  optical devices in addi- 
tion to the acoustic equipment. 

The first studies concern the internal school structure 
and its modification when influenced by a vesseL, the verti- 
cal schooL avoidance and the mean target strength measure- 
ment inside small schools. Some o f  the preliminary results 
are given in an other communication CGerlotto and Freon, 
this meeting). 

RESUME 

Les auteurs presentent une serie d’outils méthodologi- 
ques mis au point pour l’étude du comportement des bancs de 
poissons,- afin de quantifier t’influence de c e  comportement 
sur les etudes des stocks, en particulier L’estimation des 
biomasses des populations mesuré&es par echo-integration. 
Les observations s’effectuent in situ a l’intérieur d’un en- 
clos en filet de grandes dimensions Cplus de 70 m de diame- 
tre), installe dans une zone peu profonde. L a  zone est choi- 
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sie en raiscn dt- la transparence de l’eau, ce qui permet 
1 ’empLoi d ’ z ? 7 . 3 , - e i l s  ds? visuaLZsaticn directe [caméras sous- 
maripes1 en plus d e s  &quipements acoustiques 

Les preniPres études se sont attach255 a L’Ctude de la 
structure ifiterne des bancs et a ses modifications en fonc- 
t i o n  de L’infLuence du passaGe d’un batPau, aux mesures de 
L’evitement ~ ~ e r t i c a l  e t  des variations de TS a L’intérieur 
de bancs de p e t i t ? s  dimensions. Les resultats préCiminaires 
de c e s  travaux sont di3taLLles dans un autre document prCsen- : 
t é  &I ce même congrPs CGERLOTTO et FREGNI. 
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' THE BIASES INDUCED BY THE FISH 

EEHAVIOUFi DURING HYDRO-ACOUSTIC SURVEYS 

b y  ' 

F ~ z i i  D e n a v i o u r  ~ ; ' i zu r_ l i e s  L n  r s i a t i o n  , w i t h  f i s h e r i e s  .~i:.z::-- 
te2 m a ~ y  >;ears ago w i t h  t h e  a i m  of i m p r o v i n g  E i s h e r y  t e c n n c -  
logy. A v o i d a n c e  a n d  escapement o b s e r v a % i o n s  h a v e  b e e n  car- 
r i e d  o u t  for severa l  d e c a d e s  mak. ing i t  p o s s i b l e  t o  b u i l d  
more e i f i c i e n t  or more se l ec t ive  f i s h i n g  gears, a c c a r d i n g  t o  
t h e  n e s d s  o f  f i s h e r m e n  a r  f i s h e r y  m a n a g e r s .  N e v e r t h e l e s s ,  a s  
far as  f i s h e r y  biology is c o n c e r n e d ,  t h e  i n f l u e n c e  of t h e  
n u m e r o u s  b e h a v i o u r a l  p a r a m e t e r s  h a s  b e e n  c o n s i d e r e d  e i t h e r  
v e r y  r e c e n t l y  or n o t  a t  all, w h i l e  i t  is  p r e d o m i n a n t  i n  
t h r e e  m a i n  f i e l d s :  

(1) Bei-raviour c a n  b e  m o d i f i e d  b y  l e a r n i n g  i n  r e l a t i o n  
w i t h  a E i s h e r y ,  a n d  t h e n c e  i n t r o d u c e s  a b i a s  i n  t h e  a b u n d a n -  
ce e s t i m a t i o n  when c . p m u . e .  i s  u s e d  a s  a b u n d a n c e  I n d e x .  

( 2 )  C h a n g e s  i n  b e h a v i o u r  c a n  b e  i n d u c e d  I J Y  t n e  s c i e n t i -  
f i c  o b s e r v e r  a n d / o r  h i 5  o b s e r v a t i o n  t n o l s .  - T h i s  f i e l d  m a i n . l y  
c o n c e r n ç  t h e  a c o u s t i c  s u r v e y  m e t h o d :  t h e  i n t e r p r e t a t i o n  of 
d a t a  r e q u i r e ç  i n  t h i z  case t o ' q u a n t i f y  t h e  b e h a v i o u r  e f f e c t  
w i t h  r e s p e c t  t o  t h e  o c e a n o g r a p h i c  v e s s e l  as f i r s t  d e s c r i b e d  
b y  O l s e n  ii .980) a n d  more r e c e n t l y  by v a r i o u s  p a r t i c i p a n t s  i n  
t h e  I n t e r n a t i o n a l  S y m p o s i u m  a n  F i s h e r i e s  A c o u s t i c s  of Seat t -  
l e  ( A n o n y m o u s ,  1 9 8 7 ) .  The m a i n  p a r a m e t e r . ;  t o  i d e n t i f y  a n d  +o 
m e a s u r e  are i n  t h i . 5  case: 'che f i s h  a v o i d a n c e  c a u s e d  b y  t h e  
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stress from t h e  V e s s e l  ( n o i s e ,  l i g h t ,  s h a d o w  ... ) a n d  t h e  
f i s h  t i l t  a n g l e  i n s i d e  t h e  a c o u s t i c  beam, i n d u c e d  by t h e s e  
s t i m u  1 i. 

b 

- I 3  1 N a t u r a l  b e h a v i o u r  q u a n t i t a t i v e l y  i n f l u e n c e s  t h e  
s c i e n t i f i c  o b s e r v a t i o n s  or t h e  f i s h e r y  a c t i v i t y ,  a n d  t h e n  
tne v a l i d i t y  oi p r o d u c t i o n  models .  T h e  s t r u c t u r e  of s c h o o l s  
ano c z n c e n t r a t i Q n s  m u s t  b e  known,  a s  w e l l  as t h e i r  time a n d  
c.ptic2 v a r i a t i o n s ,  S k u d i e . 5  h a v e  a l r e a d y  b e e n  c a r r i e d  o u t  o n  
' t k i s  r c p i c  ( L e b e d e v ,  17h7;  R a d a k o v ,  2 9 7 3 )  b u t  f e w ,  a5 f a r  as 
w e  !:no", Eroin t h e  q u a n t i t a t i v e  p o i n t  of v iew,  e x c e p t  oc 
small s c h o o l s  i n  t a n k s .  However, &ieri d e s i g n i n g  a n d  p r o c e s -  
s i n g  a c o u s t i c  s u r v e y s ,  i t  is  n e c e s s a r y  t o  h a v e  a r e a s o n a b l e  
k.rÌowledge o n  t h e  t r i d i m e n s i o n a l  s t r u c t u r e  of  schools a n d  
q o n c e n t r a t i o n s ,  b u t  also on t h e i r  t i m e  e v o l u t i o n .  S u c h  d a t a  
p r o v i d e  a b e t i r e r  e s t i m a ' i i o n  of t h e  b iomass  a n d  of its c o n f i -  
Gente l i m i t s , ,  acs m e n t i o n e d  by A g l e n  i l Y 8 3 ) ,  a n d  G e r l o t t o  ic 
S t e q u e r t  (3.993). 4s si7own i n  t h e  p i o n e c l r  work. of C d k h i n g  
( 1 4 7 7 3  the d e n s i t y  i n s i d e  l a r g e  c r c h a o l s  i s  no t  h o m o g e n  e a u  s, 
c o n t r a r y  t o  t h e  c o m "  b e l i e f  r e s u l t i n g  f rorn  v i s u a l  o b s e r v a -  
t i o n ç  o n  small schools. Uur  p r e l i m i n a r y  studies i n d i c a t e  
that a ve r t i ca l  c ~ e n s i t y  g r a i i i e n t  iç f r e q u e n t l y  n b ~ z e r v e d ,  as 
weil ;is d i s c o n t i n u r t r r s  i n s i d e  a s choo i  i Ee i - ior .~c!  a n d  F r S s n ,  
t h i s  m e e t i n  c i u 

II. METHODOLOGY INSIDE AN EMCLOSURE 

11.1. P l a c e 5  ai o b s e r v a t i c n  a n d  e q u i c ; m e n f  

U f f  t h e  coast of V e n e z u e l a ,  a s e a s o n a l  u p w e l l i n g  a l lows  
t h e  p r e s e n c e  of a l a r g e  s t o c ! ( .  of  S a r d i n e l l a  a u r i t a ,  b u t  i n -  
d u c e s  a luw water t r a n s p a r e n c y '  p e r m i t k i n g  m a i n l y  o b s e r v a -  
t i o n s  w i t h  a c o u s t i c  d e v i c e s .  . Ciround M a r t i n i q u e ,  scme bays 
p r o v i d e  g o o d  w o r k i n g  c o n d i t i o n s  I h i g h  t r a n s p a r e n c y ,  l o w  c u r -  
r e n t s  p r o t e c t i o n  from t h e  w i n d )  a l l o w i n g  t he  i n s t a l l a t i o n  of 
a "mesocosm" for  v i s u a l  a n d  a c o u s t i c a l  ob.zervation-s.  T i t i s  
i n s t a l l a t i o n  ( f i g .  l i  c o n 5 i s t s  o f  a 7 i )  m diameter ,  15 m 
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h e i g h t  c i r c u l a r  n e t ,  s e t  o n  s h a l l o w  g r o u n d s .  Small  p e l a g i c  
5ci3001s9 f r o m  l(Xi k.g t o  several  metric t o n s ,  a re  e n c a g e d  i n  
t h e  n e t .  U n d e r w a t e r  camera, a e r i a l  camera a s  w e l l  a s  verti- 
c a l ~  a n d  h o r i z o n t a l  sonars  a r e - u s e d  t o  u b s e r v c  a n d  q u a n t i f y  
e h e  s c h o o l  b e h a v i o u r .  

T h e  S i m r a d  EYPI n a r r o w  beam t r a n s d u c e r  7 0  k.Hz) a n d  
a n  O s p r e y  v i d e o  u n d e r w a t e r  camera are s u p p o r t e d  b y  a b u o y  a t  
1 m b e l o w  t h e  s s r f a c e  a n d  m a i n t a i n e d  u p o n  t h e  d e e p e s t  p a r t  
ai: t h e  enclosed area. G e n e r a l l y  t h e  e x c e l l e n t  w e a t h e r  c o n d i -  
t i c t n s  p r o v i d e  a r e a s o n a b l y  s t a b l e  p o s i t i o n  O E  t h e  e q u i p m e n t .  
T h e  Agena r  ( IFHEIvIEH/OHSTOPl) e c h o  i n t e g r a t o r  is u s e d  u n  r e a l  
time t o  p r o v i d e  6 m n  i n t e r v a l  i n t e g r a t e d  v a l u e s ,  or l a t e r  i n  
t h e  l a b o r a t m y  t o  p r o c e s s  t r a n s m i s s i o n  by t r a n r m i s s i a n  t h e  
data r e c o r d e d  o n  a D A T  t a p e - r e c o r d e r . i n  t h e  f i e l d .  

V i s u a l  o b ! s e F v a t i a n s  are m a d e  u s i n g  . t h e  w i d e  a n g l e  care- 
r a  c o u p l e d  t o  t h e  t r a n s d u c e r  a s  m e n t a o n e d  a b o v e ,  wni'ch is 
c ü n n e c t e d  ,?xi a v i d r o  kape r e c o r d e r  e q u i p p f d  & i t h  2. p r e c i s e  
r e v o l u t i o n  c r r u n t e r  a n d  a l l o w i n g  a p e r f o r m a n t  slow m o t i o n  a n d  
frame by irame p i a y - b a c k .  A m i c r o p h o n e  is aiso c o n n e c t e d  for  
e v e n t u a l  commentz a n d  foi: c h e c k i n g  t h e  s y n c i - i r o n i s a . t i o n  b e t -  

mexer gr f" tuuaeeu  bar is u s e d  for c a l i b r a r i n g  t n e  size of t h e  
a c c o r d i n g  t o  t 1 - 1 ~  c e  ri.; arid t o  t h e  m a n i t o r  

r .- t . ,.= ,-. ,= ...I n :z, i ;7 "._ :::. i i g , ,  2 ) .  An o t h e r  me.i:;.;c.:: 1;:. '--i :..L1 . take i n t o  ac- 
coun!: p i 7 y s i c a l  c h a r a c t e r i s t i c s  o f  ;:i-'[!y? .iei-.;.1; a n d  m o n i t o r ,  

rav 'yp\ /  i iï+z,z ) -  

ween t a p e  31713 vid:=.o ri=cu:rfj ing.  fi & i ~ ~ I ~ t e : r  tube e n d e d  by a o n e  

as i.t h a s  izeen done o n  p h o t o g r a p h i c  ca;ner:: -.. k\./ ,, ' iarvik a n d  Mu- 

The a r r a y  of v i d e o  cameras s e t  a r o u n c i  t h e  n e t  a n d  a n  
the b o t t o m  c a n  p r o v i d e  i n  f o r m a t i o n s  nil t h e  f i s h  m o v e m e n t s  
i n s i d e  t h e  net. When t h e  f i s h  i s  i n  s c h o o l ,  i t  c a n  a l s o  b e  
l o c a l i z e d  i n s i d e  t h e  n e t  by u s i n g  an o r n n i d i r e c t i o n a l  s o n a r  
or a n  a e r i a l  camera ( b l u e - - p r i n t  p r o  j e c k  1. f i t h e r  a b s e r v a t i o n s  
are d o n e  by a f r e e  d i v e r  u s i n g  a N i l c o n o s  V p h o t o  camera. 

4 &O watt u n d e r w a t e r  l o u d  s p e a k e r  A q u a v o x  can be  u s e d  
t o  e m i t  n a t u r a l  or a r t i f i c i a l  s o u n d s  i n  order  t o  stress or 
t o  a t t r a c t  t h ' e  f i s h .  7 

A l l  t h e  p r o c e s s i n g  e q u i p m e n t  is 
r e s e a r c h  v e s s e l  a n c l e d  c lo se  .to the 
t r u m e n t e d  r a f t ,  p r o v i d i n g  a ç u p p o r t  
t h e  camera w h i c h  r e m a i n  more s t a b l e  
v e s s e l  i n  t h e  coas t a l  area w h e r e  t h e  
o n .  - 

i n s t a l l e d  e i t h e r  on a 
n e t  or o n  a large i n 5 -  
for t h e  t r a n s d u c e r  a n d  
a n d  s h a l l a w  t h a n  o n  t h e  
e x p e r i m e n t  w a s  c a r r i e d  

P r e l i m i n a r y  i n f o r m a t i o n  has b e m  co l l ec t ed  o n  a small 
s c h o o l  ( 1 C ) U  k.g 5 o í  C l u p e i d  H a r e n a u l a  , i a q u a n a .  a n d  C a r a n g i d  
D e c a o t e r u s  o u n c t a t u s  i n  M a r t i n i q u e ,  I n  V e n e z u e l a ,  t h e  same 
e q u i p m e n t  h a s  b e e n  u-,ed to o b s e r v e  a 5 t a n  schooi  o í  S a r a i -  
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n e l l a  a u r i t a .  

11.2. E x a m p l e s  of b i a s  m e a g u r e m e n t  

T h i s  i n s t a l l a t i o n  c a n  b e  u ç e d  t o  s t u d y  t h e  i n f l u e n c e  o f  
e x t e r n a l  p a r a m e t e r s  r e l a t e d  t o  s c i e n t i f i c  s u r v e y s  or t o  f i 5 -  
h e r i e s ,  a n d  t o - q u a n t i f y  t h e m .  For i n s t a n c e ,  t h e  s o u n d  a t t e -  
n u a t i o n  w i t h i n  c o n c e n t r a t i o n s  m e n t i o n e d  b y  R ö t t i n g e n  ( 1976) 
a n d  o b s e r v e d  by U l s e n  (1987) i n  s c h n o l s ,  c a n  be s t u d i e d  i n  
d e t a i l  f r o m  s p e c i f i c  s c h o o l ç  a l r e a d y  w e l l - d e s c r i b e d .  T h e  i n -  

a n d  d e n s i k y  c a n  a l s o  b e  s t u d i e d  u s i n g  t h i s  a p p r o a c h .  î'lure 
s p e c i f i c a l l y ,  t h e  i n f l u e n c e  o f  the tilt a n g l e  d i s t r i b u t r o n  . 

o n  t h e  mean v o l u m e  b a c k s c a t t e r i n g  s t r e n g t h  < B u e r k l e ,  1'783; 
Foote,  178(''> 1 c3.n b e  m e a s u r e d .  

f l u e n c e  o f  v i s u a l  or a u d i t i v e  s t i m u l i  o n  t h e  f i s h  m o v e m e n t s  , i 

C i r c a d i a n  r y t h m s  i n  f i E . h  b e h a v i o u r  are  well d o c u m e n t e d  
< A l i ,  198U; P i t c h e r ,  l'l'Si5 i. Nevertheless, 'ch@ common d i s p e r -  
+ i o n  b e h a v i o u r  of  t h e  schools d u r i n g  t h e  n i g h t  i 5  n o t  s u p -  
pa r t ed  b y  a l 1  o b s e r v a t r o n s  and i t  seems t h a k  f i s h e s  are  a b l e  
t o  s c h o o l  u n d e r  v f r y  low L i g h t  level i, G l a s s  a n d  Wari i le:  
I d 8 C i ) .  For  i n s t a n c e ,  the 5 ton  school  of E. a u r i t a  observen- 
d u r  i n g  2(J h o u r s  s h o w e d  stable i n t e g r a t e d  v a l u e s  d u r i n g  t 7 e  
o a y  a n d  e x t r e m e l y  ï a r se  - i i l - i i : t u a t i o n s  d u r i n g  t h e  n i g x i ?  *di ti-! 
some v a l u e s  c lose  'tg ;:~p:: ;,, .$.:g. 3 j ,  Thec ,e  l o w  y a i ! ~ e s  c o ~ ~ ~ f ~ -  
p o n d  t o  a c o m p l e t e  a u s z n ~ z  ~2 tt'le s c h o o l  below t h e  t j :ansEu- 
C e r  d u r i n g  t h e  6 mn : r ~ c n : r d z ~  m e a n w h i l e  d u r i n g  t h e  d a y  t h e  
s c h o o l  was p e r m a n e n t 1 . y  iir-iuer tne t r a n s d u c e r ,  a s  i n d i c a x e a  ori 
t h e  e c h o g r a m s .  The ssme b e h a v i o u r  w a s  o b s e r v e d  o n  a n  o t h e r  
s c h o o l  r e c o r d e d  d u r i n g  six h o u r s  ( l e . 0 0  p.m. t o  1(2.,~3C) p.m,, ; =  
'The l o c a t i o n  o f  t h e  school d u r i n g  t h e  n i g h t  h a s  n o t  b e  i n -  
v e s t i g a t e d ,  b u t  . t h e  most i n t e r e s t i n g  p o i n t  i n  t h i s  e x p e r i -  
m e n t '  i 5  the a n a l y s i s  of t h e  v.ery h i g h  v a l u e s  obáe rved  imme- 
d i a t l y  a f t e r  t h e  s u n s e t  ( a b o u t  f o u r  t i m e  t h e  d a y  v a l u e s ) .  
i n e s e  . v a l u e s  c a n n o t  b e  e x p l a i n e d  by a h i g h e r  o c c u r e n c e  of 
school d u r i n g  t h e  4 mn i n t e r v a l .  I n  f a c t  t h e  e c h o g r a m  a n a l y -  
sis i n d i c a t e d  i n  b o k h  case5 ( d a y  a n d  s u n s e t i  a p e r m a n e n t  
p r e s e n c e  o f  t h e  s c h o o l .  T h i s  is c o n f i r m e d  b y  t h e  a n a l y s i s  of 
t h e  mean d e n s i t i e s  p e r  s a m p l e  aDove a 5(3 m v  thresl-Iali, w h i c h  
also i n d i c a t e s  v e r y  h i g h  d e n s i t i e s  i t a b l e  1; f i g .  41, a n d  b y  
t h e  a n a l y s i s  o f  some s a m p l e s  of emissions. ' T h e r e i o r e  i t  is 
o b v i a u ç  t h a t  t h e  mean d e n s i t y  o f  t h e  s c h o o i  may i n c r e a s e  
d r a m a t i c a l l y  a f t e r  t h e  s u n s e t .  l'!ore d e t a i l s  on % h e  i n t e r n a l  
s t r u c t u r e  of s u c h  a s c h o o l  are g i v e r i  b y  G e r l o t t o  a n d  Fr&m 
( t h i s  m e e t i n g ) .  Hovever,  the i n f i u e n c e  of t h e  n e t ,  e v e n  i n  
t h i s  k i n d  -of l a r g e  e n c l o s u r e ,  ' c a n n o t  be i g n o r e d  a n d  c o m p ì e -  
m e n t a r y  i n  s i r u  o b s e r v a t i o n 5  must b e  i m p l e m e n t e d ,  

T.. 
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III. 1. TS m e a s u r e m e n t  

D i f f e r e n t  m e t h o d s  o f  TS m e a s u r e m e n t  h a v e  b e e n  a l r e a d y  
p e r f o r m e d  o n  s i n g l e  f i s h  ( c a g e d ;  t e t h e r e d  or w i l a  i n  s i t u )  
or on n u m b e r  o f  l i v e  f i s h  i n  a c a g e  ( J o h a n n e s s o n  a n d  M i t s o n ,  
1983; Foo te ,  1 9 8 7 ) .  E a c h  m e t h o d  p r e s e n t s  i t s  own a d v a n t a g e s  
a n d  l i m i t a t i o n s .  The t h r e e  m a i n  p r o b l e m s  t o  s o l v e  are: 

( 1 )  t o  p e r z o r m  t h e  m e a s u r e  o n  f i s h  b e h a v i n g  a s  c l o ç e  as 
p o s s i b l e  f r o m  t h e i r  n a t u r a l  b e h a v i o u r  a n d  p h y s i o l o g i c a l  con- 
d i t i o n ,  

t 
12)  t o  t a k e  i n k a  accoun t  t h e  e f f e c t  o f  t h e  t r a n s d u c e r  

beam p a t t e r n ,  

13) t o  t a k e  a c c o u n t  of t h e  b i a s ' i n t r o d u c e d  b y  h i g h  f i s h  
d e n s i t i e s  1 a c o u s t i c  s h a d o w i n g  or r e - r a d i a t i o n  ) when s,ci~ooi 
e c h o e s  are i n t e g r a t e d ,  

U s i n g  J o h a n n e s s a n  b; M i t s o n ' s  ( 1383) no. ta r l ic )n ,  unere SU 
is t n e  mean v o l u m e  b a c k . - - s c a t t e r i n g  s t r o n g t h ,  'hie g e t :  

w h e r e  TS is t h e  mean t a r g e t - s t r e n g t h  a n d  OU t he  mean d e n s i t y  
e x p r e s s e d  i n  number  o f  f i s n  p e r  c u b i c  meter. I f  some c o n d i -  
t i o n s  are s a t i s f i e d ,  t h e  mea.n d e n s i t y  OU of a t h i n  f i s h  
l a y e r  c a n  b e  e r J t i m a t e d  u s i n g  a s o u n d e r  a n d  a camera. T h i s  
c a n  b e  d o n e  c o n s i d e r i n g  t h e  v o l u m e  L' a i  t h e  t r u n c a t e d  cone  
d e i i m i t e d  a n  t h e  o n e  h a n d  by t h e  camera i i e l d  o f  v i e w  a n d  o n  
t h e  o t h e r  h a n d  b y  t h e  u p p e r  a n d  lower l i m L t s  o f  t h e  l a y e r '  
( d ~  a n d  d z ) ,  o b t a i n e d  from t h e  s o u n d e r  f i g .  2 ) .  So w e  g e t :  
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I f  t h e  l a y e r  ' dens i ' cy  is l i k e l y  h o m o g e n e o u s  a n d  p r e s e n t s  
a f a i r l y  c o n s t a n t  t h i c k . n e ç s ,  a n d  i f  t h e  mean d e p t h  O P  t h i s  
l a y e r  is r a t h e r  E o n s t a n t  d u r i n g - a  f e w  s e c o n d s ,  t h e n  some 
samp;led w i e w s  c a n  be u s e d  for e s t i m a t i n g  t h e  mean d e n s i t y  
i n s i d e  t h e  v o l u m e  V. For i n s t a n c e  o n  a s t a b l e  30 s e c o n d  se- 
q u e n c e  t h e  s a m p l i n g  f r e q u e n c y  c o u l d  b e  of o n e  f r a m e  e a c h  se- 
c o n d .  The f rame-by f r a m e  s y s t e m  o$  t h e  v i d e o  r e c o r d e r  c a n  b e  
u s e d ,  or a d i g i t a l i z e d  p i c t u r e  c a n  b e  a n a l y s e d  o n  a compu- 
ter .  

1 T h e  s p e c i e s  c o m p o s i t i o n  a n d  t h e  mean f i s h  l e n g t h  c a n  b e  ,! 

estimated e i t h e r  by f i s h i n g  or by u s i n g  the v i d e o  f o r  m e a s u -  
r i n g  t h e  f i s h  o n  t h e  mon i to r  a n d  c a l c u l a t i n g  t h e  r i s ~ n g  iac- 
t o r  i r u m  t h e  c a l i b r a t i o n  r e s u l t s  a n d .  a c c o r d i n g  .tu tÎ;e mean 
d e p t h  g i v e n  b y  t h e  s o u n d e r .  I f  t h 6  l a y e r  t h i c k f i e s s  i5  GO 
h i g h  a n d  i n t r o d u c e s  a l a r g e  v a r i a b i l i t y  of t n e  a p p a r e n t :  ,I 

l e n g t h s  m e a s u r e d  o n  t h e  s c r e e n ,  t h e n  o n l y  t h e  largec--i . k ~ - s h  
c a n  b e  i i ieasured, c o n s i d e r i n g  that: t h ~ y  are  l û c ~ , k s d  ir, t h e  
u p p e r  p a r t  o f  thl"le l a y e r  ( s u c h  a m e t h o d  s : ~ p p o s e s  a n z ì r r o w  
d i s t r i b u t i o n  of t h e  b o d y  l e n g t k s  a n d  t ilt  a n g l e s  i n s i d e  t h e  
school . ;  ) m  U t h e r  a p p r o a c h e s  c a n  b e  d e v e l o p p e d  u s i n g  s t e r e o  
camera u r  a s e c o n d  v i d e o  ckmera ( o r  p h o t o  camera) wl ' t i7  ii 
1arl;e i u c t i l  l e n s  p r o v i d i n g  a n a r r o w  depizh of f i e l d ,  

. .  

. .  I::T,L~ l a s t  case, a n a r r o w  rn-,er\.,'~,.l r::j :~: .2!2: : ; - ;  e.3.i-i b.2 
- r" i-. 0 L $2 sampLe,l! ~ n r ; ~ i i e  t h e  layer b y  m e a s u r i n g  o n l y  i:lie i:;.;n , .i i. i : .: 

i i i n g  a gcod r e s o l u t i o n .  The c a . l l b r a t i a n  of thLi=, seccr id  cz.iïie- 
r a  m1~z.t ~e a c h i e v e d  u n d e r  i d e n t i c a i  c o r i u i r i o r 1 . s  CG ~ i ' t o s e  t a -  
k i n g  p l a c e  d u r i n g  t h e  e x p e r i m e n t  o n  t h e  school  < c z r b i ~ ' i + z y ,  
l i g h t  i n t e n s i t y  a n d  d i r e c t i o n  1, u s i n g  t h e  rame gi:adl_]a.ted 
t u b e  or bet ter  a d i e d  f i s h .  T h i s  w i l l  p r o v i a e  br ; th  t h e  p r e -  
cise mean d e p t h  of s a m p l i n g  a n d  it5 r a n g e .  

I f  t h e  t r a n s d u c e r  a n d  the camera l e n s  are p r o p e r l y  c h o -  
s e n  i n  order  t o  h a v e  t h e  a n g l e  8 of  t h e  l e n s  w i d e l y  greaker  
t h a n  the mea.n a n g l e  of t h e  t r a n s d u c e r  beam a t  -3 di3 fo r  i n -  
s t a n c e ,  t h e r e f o r e  t h e  Sv v a l u e s  can b e  assunied t a  b e  repre- 
s e n t a t i v e  o f  t h e  mean a c o u s t i c  r e s p o n s e  of the t r a n s d u c e r  
f o r  a g i v e n  d e p t h ,  when tne layer is observed o n  t h e  w h o l e  
s c r e e n  s u r f a c e .  

Some e x p e r i m e n t s  were c o n d u c t e d  a f t e r  f i x i n g  t h e  camera 
a n d  t h e  t r a n s d u c e r  o n  the r a f t ,  b u t  o t h e r  were r e a l i z e d  w i t h  
t h e s e  d e v i c e s  f i x e d  o n  t h e  b o t t o m  a n d  o $ i e n t e d  t o w a r d  t h e  
surface.  A c c o r d i n g  t o  t h e  d e p k h  oi t h e  layer a n d  .to t h e  w a -  
ter t r a n s p a r e n c y ,  one or t h e  o t h e r  m e t h o d  i-, s u i t a b l e .  I f  
t h e  f i s h  d i r e c t i v i t y  d i a g r a m  .i.= s u p p o 5 e d  t o  p r e s e n t  a h o r i -  
z c n t a l  a x i s  of  symeixy -as u s u a l l y  a d m i t t e c l -  t h e n  tile re- 
sults m u s t  be c o n s i s t e n t .  U l ~ s e r v a k i o i - ~ s  from .t!-~e botxam p r e -  
s e n t  t h r e e  EìdVantageS:  fiï.;* the camera a n d  \:rie t r a n s o u c e r  
are a b s o l u t e l y  s t a b l e  and p r o v i d e  less v a r i a b l e  da ta ,  serzond 



t h e  p i c t u r e s  are p e r f e c t l y  c o n t r a s t e d  ( " s h a d o w  s h o w "  ) a n d  
t h i r d  t h e r e  is a b s o l u t e l y  n o  i n f l u e n c e  o f  t h e  e q u i p m e n t  o n  
t h e  f i s h  b e h a v i o u r .  

.b 

- K n o w i n g  SU a n d  ou5 TS c a n  b e  e a s i l y  ca lcu la ted :  

The t w o  m a i n  a d v a n t a g e s  of % h i s  a p p r o a c h  are f i r s t  t h e  
c o m p l e t e l y  n a t u c a l  f i s h  b e h a v i o u r  i n  o u r  e x p e : - . i m e n t  a n d  5.2- 
c o n d  a more r a n d o m  d i s t r i b u t i o n  u f  t h z  $ i s h  w i t h  r e s p e c t  t o  
t h e  t r a n s d u c e r  beam p a t t e r n .  

T h i s  m e % h o d o l o g i c a l  a p p r o a c h  c a n n o t  b e  a p p l i e d  t u  a n y  
s p e c i e s  a n d  b i o t o p e s .  I t  is q s s e n t i a l l y  adap'ted t o  some 
coas t a l  p e l a g i c  s p e c i e s  ( o r  s m a l l  d e m e r s a l  s p e c i e s  L i v i n g  i n  

t i m ç  m u s t  b e  s a t i s i i e d :  
schc?olá l i v i n g  i n  t r a n s p a r e n t  ur7tzq. -rhe fo j . l og j .ng  coridi- 

., 
II) d i s t a n c e  b e t w e e n  t h e  f i s h  layer ( o r  school . )  a n d '  t h e  

s2t c a m e r a - t r a n s d u c e r  i n s i d e  a 2 t o  :12 meter F n t ~ . r v a l ,  iss.  
t h e  layer m u s t  b e  c l o s e  e n o u 3 h  t o  t h e  b u t t o n  01; t E  t h e  s u r -  
Lcace, 

( 2 )  water t r a n s p a r e n c y ,  e n a b l i n g  O i Ì e  ' to cauntz  i l s h  
c!z:~ng the camera, 

F u r t h e r  e x p e r i m e n t s  c a r r i e d  o n  i n s i d e  t h e  e n c l o s u r e  o n  
t h e  áame schcol s h o u l d  p r o v i d e  e s t i m a t i o n s  of the measure- 
m u n t  v a r i a b i l i t y  a n d  i n d i c a t i o n  o n  t h e  r e p e t i t i v i c y  of the  
b e h a v i o u r  i n f l u e n c e  o n  t h e  TS. 

III. 2 A v o i d a n c e  r e a c t i o n s  

Two k i n d s  of e x p e r i m e n t s  o n  a v o i d a n c e  s e a c k i o n r i  have 
b e e n  d o n e :  f i r s t  r e p r o d u c i n g  a n  u ç u a l  s u r v e y  r o u t i n e  a n a  
c h a n g i n g  a l t e r n a t i v e l y  o n e  p a r a m e t e r  ( i.?. b o a t  s p e e d ,  l i g h t  
on  b o a r d )  f r o m  one E S W  t n  t h e  o t h e r ,  s e c o n d  s p e c i a l  e x p e r i -  
m e n t s  o n  d p r e l o c a t e d  school or  c o n c e n t r a t i o n .  

4s c o n c e r n i n g  t h e  f i r s t  k i n d  of e x p e r i m e n t ,  t h e  I n -  
f l u e n c e  of t h e  l i g h t  o n  b o a r d  h a s  been s t u d i e d  d u r i n g  8 
h o u r s  w i t h  t h e  m a i n  l i g h t  of  t h e  bow a l t e r n a t i v e l y  s w i t c h e d  
o n  a n d  o f f  e a c h  6 mn ( L e v e n e z  e t  al. i5¿37). 'The e r h o g r a m s  
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a n d  a n a l y s i s  i n d i c a t e d  c l e a r l y  a s t r o n g  v e r t i c a l  a v o i d a n c e  
of t h e  f i s h  l a y e r  w h i c h  w a s  d i v i n g  30 t o  48 s e c o n d s  a f t e r  
s w i t c h i n g  t h e  l i g h t  or7 a n d  e x h i b i t e d  a n  increase  of  i ts 
t h i c k n e s s  ( f i g .  5 1. S u r p r i s i n g l y ,  the i n t e g r a t e d  v a l u e s  d i d  
n o t  i n d i c a t e  a s i g n i f i c a t i v e  d i f f e r e n c e  b e t w e e n  t h e  two se t s  
o f  d a t a ,  s u g g e s t i n g  t h a t  t h e  a v o i d a n c e  r e a c t i o n  i n  t h i s  
p a r t i c u l a r  case is  s t r i c t l y  v e r t i c a l :  - 

-mean i n t e g r a t e d  v a l u e s  o f  L+i-, ESGU w i t h  l i y h t  an:  1995 
-mean i n t e g r a t e d  v a l u e s  o f  42 ESUU w i t h  l i g h t  o f f :  2057 

An accessor;, b u t  i n t e r e s t i n g  r e \ s u l t  m i  k h i 5  e x p e r i m e n t  1 

concern t h e  f e w  school . ;  o b s e r v e d  at n i g h t  on  t h e  bo t tom un-  
d e r  t h e  layer: t h e y  a p p a r e n t l y  also rea .c t  t o  t h e  l i g t h  by a 
d e c r e a s e  of their ' h e i g h t  a n d  a p r o b a b l e  i n c r e a s e  of  i n t e r n a l  
d e n s i t y .  

The s e c o n d  t y p e  o f  e x p e r i m e n t  is d e r i v e d  f r o m ' h L s e n  
( 177'3 i A t  r - i i c j i - i t 7  ï ï i  order  to m e a s u r e  a e v e ~ . t u a l  l a t e r a l  
a v o i d a n c e  o f  t h e  f i s h ,  a smalL b o a t  w a s  s t o p p e d  o v e r  a L a r g e  
f i s h  l d y e r ,  w a i t i n g  for t h e  p a s s a g e  of the r e s e a r c h  v e s s e l  
s t e a m i n g  a s  close a t  possible tu i t .  " T h e  ~ C ~ L I ~ ~ L K  s i g n a l  a re  
r e c o r d e i  o n  bo . tn  embarcat ionzi  !di th  p e r i o d i c  s i g n a l  o f  s y n -  
c h r o n i r a t i o n  communicated by  radin. U - :- ze ren i :  " t r ia l s  h a v e  

i .kcr +;-!:z :fi;; .~~-j \i.g~-;el a n d  w i t 1 7  been dorie ..y , 1. -.-i-. 2;- 7 
..A - ". - -. _. - . , i ._)-I 1 

a i l  trie p ~ 5 ~ j l ~ , i 2  c . ~ : - ; ~ . l ; - l a . c r o r l ~ ,  5 r  i l q p ' -  5 . . d i c c n ~ l d  on or o f f  o r i  

. .  

. ..(. each e m a a r c a r i c ~ y  il I i ; : ~  daea are 1 7 ~ ~  \/et tcIr.:i..!,ly p r o c e s s e d .  

a y  . a a y ,  t n e .  e x p e r i m e n t  were p e r  ~r"oi?meu o n  s u r i a c e  
s c h o o l s  eazy .t3 d e r = i r . t  by eye: a dii-lghy c a r r y i n g  t h e  a c o u s -  
t i c  e q u i p e m e n t  t E'fl'l a n d  r & c o i : > d e r )  w a s  p ï a c e d  o n  t h e  r o u t e  of: 
a m o v i n g  school a n d  s t o p p e d  w a i t i n g  for t h e  p a s s a g e  o f  t h e  
s.choo1 u n d e r  it. T h e n  t h e  research vessel (Z1.t m j  was c a l l e d  
by r a d i a  a n d  p a s s e i  o v e r  t h e  same s c h o a l  a f e w  m i n u t e s  la-  
ker, r e c o r d i n g  t n e  r e a c t i o n  of t h i s  s c h o o l  when d i s t u r b e d  by 
t h e  v e s s e l  I f i g .  b l .  This m e t h o d  a l lows  o n e  t o  measure t h e  
d i v i n g  b e h a v i o u r  o f  the s c h o o l  u n d e r  t h e  vessel, w h i c h  i n  
t u r n s  p e r m i t s  a n  e s t i m a t i o n  of t h e  f i s h  tilt a n g l e  ( G e r l o t -  
t o  a n d  F r k o n ,  . t h i s  m e e t i n g ) .  

IV. CONCLUSIOM 

There is a l o n g  t i m e  t h a t  t h e  f i s h  b e h a v i o u r  is known 
t o  h a v e  a p r o b a b l y  g rea t  i m p a c t  o n  t h e  r e s u l t s  of a c o u s t i c  
s u r v e y s .  N e v e r t h e l e s s  i t  h a s  b e e n  n e c e s s a r y  t o  w a i t  for 
t e c h n o l o g i - c a l  i m p r o v e m e n t s  0 2  the o b s e r v a t i o n  t o o l s  besore 
t o  b e  a b l e  t o  measare r e a l l y  t h i s  i m p a c t .  These t o o l s  are of 
two k. inds :  a c o u s t i c  ( m u l t i - b e a m  ç m a r . ,  d u a i - b e a m  a n d  s p l i t -  
beam s o u n d e r s ,  e t c l  a n d  o p t i c  ( p h o t o g r a p h y  as well as  u n d e r -  
water cameras, d i g i t a l  proces5 o5 t h e  p i c t u r e s ,  e k c j -  I n  
some f a v o u r a b l e  c o n d i t i o n s  t h e  u s e  of b o t t i  systems is p i n s s i -  



b l e ,  t h i s  is  p a r t i c u l a r l y  t h e  case of t r o p i c a l  waters ( t r a n -  
s p a r e n c y ,  t e m p e r a , h r e ,  open sea c o n d i t i o n s ,  e k c .  . 

T h e  m e t h o d o ï o g y  p r e 5 ; e n t e d  h e r e  h a s  a l r e a d y  b e e n  a p p l i e d  
on some p e l a g i c  i i s h  i n  the  C a r i b b e a n  a n d  made i t  p o s s i b l e  
t o  o b t a i n  some r e s u l t s  or7 t h e  b iases  d u e  t o  b e h a v i o u r  c h a n -  
ges when t h e  $ i s h  i.5 d i s t u r b e d  by t h e  o b s e r v e r .  I n  f a c t  i t  
seems k h a t  t h e s e  b iase : ;  a re  n o t  50 i m p o r t a n t  as i t  c o u l d  
h a v e  b e e n  s u p p o < e d ,  a n d  , t h i s  c o u l d  i n d i c a t e  t h a t  t h e  r e s u l t s  
of f o r m e r  s u r v t . y ~  a r e  n n t  50 bad. 

An o t h e r  p o i n t  is that i n  f a v o u r a b l e  c o n d i t i c r n s  t h e  I 

o p t i c a l  o b s e r v a t i o n s  a re  v e r y  u s e f u l  for p r e c i s i n g  t h e  accu- 
r a c y  of t h e  a c o u s t i c  d a t a .  The r o u t i n e  u s e  of t h e s e  e q u i p -  
m e n t s  c o u l d  be h f l p f u l  i n  t r o p i c a l  waters, k e e p i n g  i n  m i n d  
t h a t  t h i s  u s e  wou1.d be p e r f o r m e d  w i t h  a s p e c i a l  m e t h o d o l o g y  
t h a t  has no t  be a l r e a d y  t o t a l l y  r e a l i z e d .  

.\I 
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Fig. b - Description of the methodology used to compare the posi- 
tion and movement of a single school under natural and stressed 
conditions. 


