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T h is  p a p e r  not to  b e  c i te d  w ith ou t p r io r  r e f e r e n c e  to  the au th o rs .

I n te r n a t io n a l  C ou n c il  for  C. M. 1 9 7 0 /B  :

th e  E x p lo r a t io n  o f  the Sea  G ear  and B e h a v io u r  C o m m it te e

F is h in g  g e a r  and f is h in g  p o w e r  

o f  b e a m  t r a w le r s .

by
i

P . K o v a r t  and G. V and en  B r c u c k e

F i s h e r i e s  R e s e a r c h  S tation ,
O sten d , 'B e lg iu m .

IN T R O D U C T IO N .

T h e  p o s s i b l e  f a c t o r s  g o v e r n in g  f is h in g  p o w e r  m ig h t  
b e  g ro u p ed  in  the fo l lo w in g  c a t e g o r i e s  : v e s s e l  c h a r a c t e r i s t i c s ,  g e a r  
c h a r a c t e r i s t i c s  and c r e w  c h a r a c t e r i s t i c s  ( P a r r i s h  and K e ir ,  1959).
A t  p r e s e n t  th e r e  i s  v e r y  l i t t l e  p u b l is h e d  in fo r m a t io n  on th e  e f f e c t  
o f  g e a r  on f ish in g  p o w e r .  A  p r e l im in a r y  a p p ro a ch  w a s  m a d e  fo r  
B e lg ia n  b e a m  t r a w le r s  f is h in g  on s o le  and th e  r e s u l t s  o f  the  
in v e s t ig a t i o n s  a r e  p r e s e n t e d  in  th is  p a p er .

M A T E R IA L  and M ETH O D S.

T h e  s t a t i s t i c a l  m a t e r i a l  c o v e r s  th e  p e r io d  a p r i l -juno. 
1969 and 31 sh ip s  o p e r a t in g  in  r e c ta n g le  102 (r e g io n  IV c) a r e  in v o lv e d .

T h e  d ata  w e r e  ab ta in ed  f r o m  th e  a u c t io n s  r e g a r d in g  
the  c a t c h e s  and f r o m  the  s k i p p e r s 1, lo g b o o k s  c o n c e r n in g  th e  f ish in g  
a r e a  and h o u r s  f ish in g .

A s  in d ep en d en t  v a r i a b l e s  v /e r e  u s e d  :

-  T h e  b r a k e  h o r s e  p o w e r  a s  m e n t io n e d  in  th e  s h ip 's
c e r t i f i c a t e .

-  T h e  fa c to r  f ish in g  g e a r ,  i.  e. th e  w e ig h t  in  k g  o f  
th e  tw o b e a m s ,  th e  s h o e s ,  th e  n e t s ,  th e  g ro u n d ro p e  ch a in s  and th e  
t i c k l e r  c h a in s .



T h e w e ig h t  w a s  ob ta in ed  th ro u g h  a q u e s t io n n a ir e ,  
but c o n t r o ls  w e r e  c a r r i e d  out by m e a n s  o f  a m e c h a n ic a l  d y n a m o m e te r  
and by  c a lc u la t in g  th e  w e ig h t  p e r  unit le n g th  o f  th e  c h a in s  and b e a m s .

T h e  g e a r  c o n s i s t s  o f  tw in  b e a m  t r a w ls  to w ed  o v e r  
p ort  and s t a r b o a r d s id e  o f  the v e s s e l .

T h e  le n g th  o f  the  b e a m s  v a r i e s  b e tw e e n  4 and 7 m.

T h e  le n g th  o f  the g ro u n d ro p e  d e p e n d s  m o s t ly  on  the  
ju d g m e n t  o f  th e  f i s h e r m a n .  F o r  a b e a m  o f  6 m  th e  n e t  h a s  a g ro u n d ro p e  
o f  a p p r o x im a te ly  G m .

A  n u m b e r  o f  h e a v y  t i c k l e r  c h a in s  (12 k g /m )  a r e  
r ig g e d  in  fro n t  o f  th e  g ro u n d ro p e .  T h e s e  ch a in s  a r e  c o m b in e d  w ith
l ig h t e r  t i c k l e r  c h a in s  (4 k g / m )  to  fo r m  a cha in  ca r p e t .

2
- T h e  sw e p t  a r e a  : the  a r e a  s w e p t  in  m  p e r  hour  

f is h in g  w a s  o b ta in ed  by m u lt ip ly in g  the to w in g  s p e e d  (f id ew ard ) - a s  
g iv e n  by th e  s k ip p e r s  - ,  w ith  th e  le n g th  o f  the tw o  b e a m s .

T h e  d ep en d en t  v a r ia b le  w a s  th e  r e l a t iv e  f ish in g  p o w e r .  
T h is  p o w e r  w a s  c a lc u la te d  by th e  m e th o d  d e s c r ib e d  by G ulland (1956) : 
the  r e l a t iv e  f is h in g  p o w e r  fo r  a n u m b e r  o f  s ta n d a rd  s h ip s  w a s  c a lc u la t e d  
and th e  f i s h in g  p o w e r  o f  o th e r  s h ip s  w a s  o b ta in ed  by r e f e r e n c e  to  t h e s e  
f o r m e r  s ta n d a r d  s h ip s .

T h e s e  v a r i a b l e s  a l lo w  to co m p u te  a c o r r e la t io n - m a t r i x ,  
p a r t ia l  c o r r e la t io n  c o e f f i c i e n t s  and r e g r e s s i o n s .

T o  c a lc u la te  the  r e g r e s s i o n s  and c o r r e la t io n s ,  data
o f  in d iv id u a l  sh ip s  h a v e  b e e n  u s e d ,  i.  e. in d iv id u a l  e s t i m a t e s  o f  f ish in g  
p o w e r ,  e n g in e  p o w e r ,  to ta l  w e ig h t  o f  th e  g e a r  and s w e p t  a rea .

F in a l ly  ¡, i t  m u s t  be  m e n t io n e d  that a l l  e s t i m a t e s  w e r e  
t e s t e d  on s ig n i f ic a n c e .

R E S U L T S.

1. T a b le  1(a) a s  w e l l  a s  ta b le  l(b )  sh o w  that the  
th r e e  p a r a m e t e r s  a r e  s ig n i f ic a n t ly  c o r r e la t e d  w ith  th e  f is h in g  p o w e r .

T h e  l o w e s t  c o r r e la t io n  i s  n o ted  b e tw e e n  sw e p t  a r e a
and f ish in g  p o w e r .

T h e  h ig h e s t  c o r r e la t io n  c o e f f i c i e n t  i s  o b ta in ed  b e tw e e n  
th e  w e ig h t  o f  th e  f i s h in g  g e a r  and th e  f i s h in g  p o w e r  (R = 0, 729 in  a 
l in e a r  r e la t io n  and R = 0, 794  in  a n o n - l in e a r  r e la t io n ) .



2. In o r d e r  to  tow  th e  tw o n e t s  w ith  a n u m b e r  o f  
h e a v y  t i c k l e r  ch a in s  in  fron t  o f  the g ro u n d ro p e ,  s u f f ic ie n t  en g in e  p o w e r  
i s  n e e d e d  (H ovart and M ic h ie l s e n ,  1970).

T a b le  1 sh o w s that th e  v a r i a b l e s  en g in e  p o w e r  
and w e ig h t  o f  th e  g e a r  a r e  in t e r r e la t e d ,  so  that w hen  c a lc u la t in g  a 
m u lt ip le  r e g r e s s i o n ,  th e  r e g r e s s i o n  c o e f f i c i e n t s  can not be e s t im a t e d  
w ith  a c c u r a c y .

3. F r o m  t a b le s  2(a) and (b) w ic h  g iv e  the p a r t ia l  
c o r r e la t io n  c o e f f i c i e n t s ,  i t  can  be n o ted  that i f  th e  sw ep t a r e a  on ly  
i s  c o n s id e r e d ,  non s ig n i f ic a n t  and s m a l l  c o r r e la t io n  c o e f f i c i e n t s  a r e  
ob ta in ed . T he s a m e  i s  t r u e  i f  en g in e  p o w e r  i s  c o n s id e r e d  w ith ou t  
i t s  n o r m a l  c o r o la r y  o f  g e a r  w eight.

T h is  w e ig h t  o f  the  g e a r ,  h o w e v e r ,  i s  a lw a y s  
s ig n i f ic a n t ly  c o r r e la t e d  w ith  f ish in g  p ov /er , e s p e c i a l l y  i f  i t s  n a tu ra l  
c o u n te r p a r t ,  l a r g e  e n g in e  p o w e r  i s  l in k e d  to  it  (Ry 2. 3 = 0. 727).

4. R e g r e s s i o n s  a r e  g iv e n  in  t a b le s  3(a) and (b).

T h e  e s t i m a t e s  a r e  s ig n i f ic a n t ,  but n on e  o f  th e  r e 
g r e s s i o n s  g iv e  a d ir e c t  p r o p o r t io n a l i ty  b e tw e e n  f i s h in g  p o w e r  and  
e n g in e  p o w e r ,  w e ig h t  o f  th e  g e a r  o r  sw ep t  a r e a .

SUM M ARY.

1. T h e  r e la t io n s h ip  b e tw e e n  f is h in g  p o w e r  and s o m e  
g e a r  c h a r a c t e r i s t i c s  h a v e  b e e n  s tu d ied  fo r  B e lg ia n  b e a m  t r a w le r s  
f i s h in g  fo r  s o le  in  a s m a l l  p a r t  o f  r e g io n  IVc.

2. A  h igh  and s ig n i f ic a n t  c o r r e la t io n  h a s  b een
found b e tw e e n  f is h in g  p o w e r  and w e ig h t  o f  th e  g e a r .

3. N one o f  the r e g r e s s i o n s  in d ic a te  a d ir e c t  p r o 
p o r t io n a l i ty .
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Table 1 (a) - Correl?.tion-raatrix (linear relation)
( s s  = s i g n i f i c a n t  p <( 0 , 0 1  ; s  = s i g n i f i c a n t  p ^ 0 , 0 5 )

1 2  3  ^

1 1 0 , 8 3 7  ( s s )  0 , 7 0 5  ( s s )  0 , 7 0 1  ( s s )

2 1  0 , 6 8 6  ( s s )  0 , 7 2 9  ( s s )

3 1  0 , ^ 5  ( s )

h *  1

1 = e n g i n e  p o w e r
2 = w e i g h t  g e a r

3 = s w e p t  a r e a
4 = f i s h i n g  p o w e r



Table 1 (b) ~ Corrslation-matrix (non-linear relation)

(ss = significant p ^0,01 ; s = significant p 0 ,05)

1 2  3 4

1 1 0 , 8 1 1  ( s s )  0 , 6 7 0  ( s s )  0 , 7 2 5  ( s s )

2 1  0 , 6 6 8  ( s s )  0 , 7 9 k  ( s s )

3 1 0 , 4 7 7  ( s s )

k 1

1 = l o g  e n g i n e  p o w e r

2 = l o g  w e i g h t  g e a r

3 = l o g  s w e p t  a r e a
k = l o g  f i s h i n g  p o w e r



6 .

T a b l e .  2 ( a )  -  P a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  ( l i n e a r  
r e l a t i o n )

( s s  =• s i g n i f i c a n t  p < ( 0 , 0 1  ; s  = s i g n i f i c a n t  p ^  0 , 0 3  )

Ry 1 .  2 0 , 2 4 4

Ry 2 . 1 0 , 3 6 2 ( s )

Ry H • LD II 0 *+ 0
\

H 0 (ss)

Ry L
o • II 0 , 0 9 7

Ry to • LO II 0 , 6 4 9 (ss)

Ry IICM•ca 0 , 1 1 0

Ry 1 . 2 3  = 0 , 2 9 8

Ry 2 . 1 3 o , 4 o i

Ry 3 . 1 2  = 0 , 2 0 7

(y = fish i n g ; p o w e r ; 1

3 == swept area)



7.

T a b l e  2 ( b )  ~  P a r t i a l  c o r r e l a t i o n  
l i n e a r  r e l a t i o n )

( s s  = s i g n i f i c a n t  p < ( 0 , 0 1  ; s

Ry 1 . 2 = 0 , 2 2 8

Ry 2 . 1 = o , 3 H ( s s )

Ry 1 . 3 = 0 , 6 2 2 ( s s )

Ry 3 . 1 = 0 , 0 1 8

Ry 2 . 3 = 0 , 7 2 7 ( s s )

Ry 3 . 2 = 0 , 1 1 9

Ry 1 . 2 3 = 0 , 2 7 7

Ry 2 . 1 3 = 0 , 3 3 9 ( s s )

Ry 3 . 1 2 0 , 2 0 0

c o e f f i c i e n t s  ( n o n 

s i g n i f i c a n t  p 0 , 0 5  )

( y  = l o g  f i s h i n g  p o w e r  ; 1 = l o g  e n g i n e  p o w e r  ; 2  = l o g  

w e i g h t  g e a r  ; 3 = l o g  s w e p t  a r e a )



Table 3 (a ) "* degressions (linear relation)
(ss = significant p<10,01 ; s = significant G

FP =

FP =

FP =

0 , 8 9 1 6 7  + 0 , 0 0 6 4 2  SP

( 0 , 0 0 1 2 1 ) ( s s ) 

t  = 5 , 3 0 0

o , 6 o 4 i 6  + 0 , 0 0 0 9 6  WG 

( 0 , 0 0 0 1 7 ) ( s s )  

t  = 5 , 7 2 7

1 , 0 - 4 01 1  + 0 , 0 0 0 0 2  SA 
( 0 , 0 0 0 0 1 ) ( s )  

t  = 2 , 6 7 7

R = 0 , 7 0 1  
( F  = 2 8 , 0 8 8 ) ( s

R = 0 , 7 2 9  

(F  = 3 2 , 7 9 7 ) ( s

R = 0 , 4 4 5  

(F  = 7 , 1 6 5 ) ( s  )

EP = e n g i n e  p o w e r  

WG = w e i g h t  g e a r  

, SA = s w e p t  a r e a



9.

T a b l e  3 ( e ) ~  d e g r e s s i o n s  ( n o n - l i n e a r  r e l a t i o n )

( s s  = s i g n i f i c a n t  p <  0 , 0 1  ; s  = s i g n i f i c a n t  p-^’ 0 , 0 5 )

l o g  FP = -  1 , 1 6 3 7 4  + 0 , 6 4 8 8 4  l o g  Ep R = 0 , 7 2 3

( O , l l 4 4 l ) ( s s )  ( F  = 3 2 , 1 6 2 ) ( s

t  = 5 , 6 7 1

l o g  FP = -  2 , 1 3 0 6 7  + 0 , 7 6 5 4 2  l o g  WG R = 0 , 7 9 4 )
( O , I O 8 8 7 ) ( s s )  ( F  = 4 9 , 4 2 8 ) ( s

t  = 7 , 0 3 1

l o g  FP = -  2 , 6 2 3 2 7  + 0 , 6 2 2 6 5  l o g  SA R = 0 , 4 7 7

( 0 , 2 l 3 i 6 ) ( s s )  ( F  = 8 , 5 3 3 ) (i

t  = 2 , 9 2 1

EP = e n g i n e  p o w e r  

¥G = w e i g h t  g e a r  

SA = s w e p t  a r e a




