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The r e l a t i o n  i s  s tud ied  by means of t abu la t ed  measurements of t he  
tilt angle  dependence of t a r g e t  s t r e n g t h  f o r  t h ree  gadoid s p e c i e s .  
The dependence of  t h e  d i f f e r e n c e  t a r g e t  s t r e n g t h  on f i s h  length  i s  
s t a t . i s t i c a l l y  i n v e s t i g a t e d  f o r  a  range of  simulated behaviour modes. 

INTRODUCTION 

Imagine a  s i t u a t i o n  where mul t ip le  observa t ions  can be made on the  
same f i s h  with an echo sounder. I f  the  t a r g e t  s t r e n g t h  (TS) can be 
d i r e c t l y  measured a t  t h e  same t ime,  then t h e  observed f i s h  can be 
cha rac t e r i zed  by a s e t  of SS samples,  I n  o rde r  t o  use t h i s  d a t a  s e t  
t oge the r  with o t h e r  d a t a  s e t s ,  it i s  d e s i r a b l e  t o  compress t he  s e t  t o  
a  much smal le r  s e t ,  i d e a l l y  c o n s i s t i n g  of  a  s i n g l e  nuriber, But what 
shou1.d t11i.s r?-iunber be? If e i . ther  the xiaximurn o r  average TS i s  chosexl, 
is the ot,her q u a n t i t y  implied? That is, can i t  be determined by some 
a priorl. r e l a t i . o r ~ P  -- -- - 

The purpose of "this con"Lu_i.biltion is " i o  investigate reLa-l:i.oil of 
mdximum and iiveeacje TS f o r  the same fish, .  

In order t o  sysl:ernatize any poss:i.ble rej.ati.on o f  m;ixirii~rn dn:l aver-aye 
,I " .is, 4 t is irnpor"-i.nt that: tile object f i sh ,  r.iariie1.y species, size and 
o r i e n t a t i o n ,  be known p r e c i s e l y ,  Thus r e fe rence  i s  made t o  a proven set 
of measurements of the  TS func t ions  of f i s h ,  i n  t h i s  case  of gadoids a t  
38 kHz by Nakken and Olsen (1977) -  S p e c i f i c a l l y ,  the  d a t a  c 0 n s i . s ~  of 'TS 
func t ions  of tilt angle  of 68 cod (Gadus morkiua), 59 sai. the (Po l l ach ius  -. -- 
v i r e n s )  , and 44 pol lack  (Pol lachius  po l l ach ius )  (Foote arid Nakken 1.978) , 
--p 

Ext rac t ion  of  t he  maximum TS of each func t ion  i s  t r i v i a l ,  
Regression ana lyses  of t h e  q u a n t i t y  on t o t a l  f i s h  l eng th  ha-ve been 



published i n  s eve ra l  p l a c e s ,  e , g . ,  i n  Naklren and O'isen (1977) and Poote 
(1979).  

Computation of t h e  average TS i s  a  s t r a igh t fo rward  procedure,  F i r s t  
t he  TS func t ion  of tilt angle  0 i s  expressed through the  backsca t t e r ing  
c r o s s  s e c t i o r ~  a by t h e  usual  d e f i n i t i o n ,  

which fol lows Urick (1975),  except  with use o f  S1 u n i t s .  The average 
backsca t t e r ing  c ros s  s e c t i o n  i s  now computed, For a  given normal 
d i s t r i b u t i o n  N ( b , s O )  and uniform d i s t r i b u t i o n  of f i s h  i n  t h e  h o r i z o n t a l  
p lane  over a  con ica l  s e c t i o n ,  t he  e f f e c t  of pe r spec t ive  i s  introduced 
through use o f  an e f f e c t i v e  s tandard  dev ia t ion  siLsO i n  f ( B )  i n  the 
expression -- 

-- 84 3sa 
a = $ a ( B )  f  ( B )  d0 , -- ( 2 )  

8-3sg 
where t h e  normalizat ion of f ( 0 )  r e f l e c t s  t runca t ion  of t h e  0-range a t  
8 t3s0 .  The advantage of t he  approximation i s  t h a t  t h e  t h r e e f o l d  i n t e g r a t i o n  
i n  Foote (1980) is reduced t o  a  s i n g l e  i n t e g r a t i o n ,  a s  i n  Foote (1985)-  
The average TS i s ,  by d e f i n i t i o n ,  t h e  quan t i t y  r e s u l t i n g  from s u b s t i t u t i n g  
- 
a i n  equat ion ( 2 )  i n t o  equat ion ( l ) .  

Systematizing the  r e l a t i o n  of  maximum and average TS c o n s i s t s  i n  -- 
r eg re s s ing  t h e  d i f f e r e n c e  TSmax-TS on f i s h  l eng th  f o r  each of a  s e t  of 
s imulated behaviour modes f o r  each gadoid spec i e s ,  The behaviour modes 
a r e  def ined  through t h e  normal d i s t r i b u t i o n  wi th  mean 8 E C-30,-25,. . . ,301 
deg f o r  each of t h r e e  s t anda rd  dev ia t ions  s0 E {5 , l0 ,15 )  deg,  The o b j e c t  
f i s h  a r e  assumed t o  occur  anywhere i n  a  ho r i zon ta l  c ros s  s e c t i o n  of an 
i d e a l  con ica l  beam with l 0  deq ve r t ex  angle ,  r ep re sen t ing  t h e  i d e a l  beam 
of  a t y p i c a l  downwards-looking t ransducer  used i n  echo surveying of f i s h  
s tocks ,  with equal ly  l i k e l y  p r o b a b i l i t y ,  Thus t h e  e f f e c t i v e  s tandard  
dev ia t ion  t o  be used i n  f ( 0 )  in equat ion ( 2 )  i s  si = {5.5,1.0.2,15} deg. 

n~ i.iie par t ic i i lar  form of  t l z e  regressicr!  ~quation i s  t h e  fol.1 o*,ii nq : 

w h e r e  K, i s  the to-tan. f j sh L e l i c r t i i  i r z  cenl:i.rneters, 

'i'o dtitermine whettier the Leng t.h depleridence i.s si q n i i . l c a n t  , a I. - tcist 
lias been performed on the q u a n t i t y  

ii~l-~ere SE, is the standard error o f  m, 'i4ie va-liie i s  compared w i t r h  Lhe t-- 
s k a t i s t i c  t, ( 2 )  (,-2) , where a deno-tes the Level of  s i g n i f i c a n c e ,  and n 
i s  tkae number of  b a s i s  TS func."cons i n  t h e  r eg re s s ion  a raa lys i .~ ,  For (x=0 -05 ,  

and the  p a r t i c u l a r  va lues  of n s t a t e d  e a r l i e r ,  t 0 , 0 5 ( 2 ) , 6 6 = l . 9 9 7 ,  
to. 05(2), 57=2 ,0C!2, and t o  -05 (2) ,42=2 .Ol8. 

Notwithstanding t h e  s i g n i f i c a n c e  of  the l eng th  dependence, r eg re s s ion  
ana lyses  f o r  t h e  same behaviour mode b u t  d i f f e r e n t  spec i e s  have been examined 
f o r  c o l n c ~ d e n c e s  of  s lopes  m ,  and, i n  the  even t ,  f o r  coincidence of 



- 
Table 1. Regression arxalyses of TS -TS on f i s h  l eng th  f o r  6 8  cod. 
To ta l  Length range i s  6.7-96,O c m e r n a x  

- - 
0 

S 0 TS -TS = m l o g  k + b TS -TS = b 
max ---- max 

-p--- 

(deg) - (deg)  m b ----- S E b SE t 

2 - 3  4 .8  2 - 3  
;a '. S 2 - 7  l , ?  



- 
Table  2 ,  Regress ion  a n a l y s e s  of TS -TS on fish l e n g t h  f o r  59 s a i t h e  max 
T o t a l  l e n g t h  range i s  9.1-68,0 cm- 

- - -- 
8 8 

TS -TS = m l o g  % + b TS -TS = b 
- inax ma X - --p- 

(deg)  (deg)  ___ m ----- b  S E 13 S E t 



-- 
Table 3. Regression ana lyses  of TS -TS on fish l ength  f o r  44  po l lack .  

max 
T o t a l  l ength  range i s  19.7-61-0 c m .  

TS -TS = m l og  R + b 
max 
pp--p- 

m b SE 

! m (1 4 * i: . 'i 
S , 5 I m 9  
L5 .? , ,? 5 'j 

4 3 1 ?,. 'L 

.3 I )  i '  
m .j 9 , 1) 

5 * 4 -7.3 a , i ;  

i,? - "1 ,3  ?,t> 
.5 N 4 i i - 3  a , ?  
2 - 9  !+ l !2 m !S 
f+ e I )  4 - 2  [+m;? 

6 - 3  7 , d  5 - 5  
8 - 5  ? , h  h , l  

4 '1 , :S 'l,;! r";? 



- 
Table 4 .  Regression ana lyses  of  TSmax-TS on f i s h  l eng th  f o r  l 7 1  merged 
gadoids t oge the r  wi th  F-values f o r  t e s t i n g  f o r  coincidences among the  
sl-opes m and i n t e r c e p t s  b of r e spec t ive  c o n s t i t u e n t  regress ion  ana lyses  
i n  Tables  1-3. 

- 
S 0 

TS -TS = m l o g  Q + b 
max 
-p - - 

(deg) m b  SE 
, ~--- 

1) - " ) *  5; l t', 5 1, , 3 
7 - 4  5 ' l ? * 3  l+ (1 

5 2 , 5  7-3 3 - 5  
5 2 , s  5 2-6 
r 
i :: , 5 5 1,7 

:> 2 *  i l  .-'i,!+ I?,? 
.3 4 , 2  - ? , 5  1 - f )  
5 4 . i! - 3 - 5  ' ls? 
5 3 , 3 7 , 4  ? , 5  
5 1 - 5  8 - 3  5 - 4  
5 - 4 , 3  l & , : ?  3 - 9  
S - 2 - 5  17,6 4 - 4  
5 - ? , S  ? U * Z  5 , l  



i n t e r c e p t s  b. This  i s  done by a n a l y s i s  of covariance,  a s  i n  Zar ( l 9 7 4 ) ,  
The der ived  measures a r e  t e s t e d  a g a i n s t  t h e  F - s t a t i s t i c s :  F 0 . 0 5 ( l ) , 2 , 1 6 6  
=3.05 f o r  s lopes ,  and F0 .05 ( l )  ,2,167=3.05 f o r  i n t e r c e p t s .  

RESULTS 

These a r e  presented  i n  Tables  1-3 f o r  t he  r e spec t ive  s p e c i e s ,  The 
r e s u l t s  of r eg re s s ion  ana lyses  wi th  t h e  merged gadoid d a t a  are presented  
i n  Table 4 t oge the r  with F-values f o r  t e s t i n g  f o r  coincidences among t h e  
t h r e e  c o n s t i t u e n t  d a t a  s e t s .  

DISCUSS ION 

Use of  t - t e s t i n g  on t h e  gadoid da t a  i n d i c a t e s  t h a t  t he  s lope  o r  
length  dependent c o e f f i c i e n t  i n  equat ion (3)  i s  f o r  t h e  most p a r t  non- 
vanishing.  The except ions gene ra l ly  occur f o r  r a t h e r  extrenie behaviour 
modes, with mean tilt angles  f a r  from t h e  h o r i z o n t a l ,  For more o rd ina ry  
behaviour ,  t he  c o e f f i c i e n t  i s  very roughly 3-4, This  sugges ts  t h e  
t h e  magnitude of  t h e  inc rease  i n  maximum TS over t he  average TS wi th  
inc reas ing  f i s h  l eng th ,  

Applicat ion of  covariance a n a l y s i s  i n d i c a t e s  a  gene ra l  s i m i l a r i t y  o r  
coincidence of  t he  regress ion  s lopes  f o r  corresponding behaviour modes. 
However, the  i n t e r c e p t s  a r e  gene ra l ly  s i g n i f i c a n t l y  d i f f e r e n t ,  s o  merging 
of  the  d a t a  wi th  r e spec t  t o  spec i c s  i s  con t r a ind ica t ed .  

; , , . j , 5. , i t  - i , f  r <.i-S''t 

s t r e n g t h s  from the  same f i s h .  This  has acqui red  renewed i n t e r e s t  s i n c e  
Ona (1982) with the i n t roduc t ion  of the  SIMRXD spl i t -beam echo sounder .  
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