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1 ,  I n t r o d u c t i o n  

A t  t h e  l a s t  C o u n c i l  Meet ing  a r e s o l u t i o n  o f  t h e  S t a t i s t i c s  Committee 
u r g e d  member c o u n t r i e s  t o  i n i t i a t e  o r  c o n t i n u e  r e s e a r c h  i n t o  t h e  
c o l l e c t i o n  o f  d a t a  on d i s c a r d s ,  e s p e c i a l l y  o f  s p e c i e s  u n d e r  q u o t a  
r e g u l a t i o n ,  and  o f  s u r v i v a l  o f  d i s c a r d e d  f i s h .  
I n  t h e  N e t h e r l a n d s  r e s e a r c h  on d i s c a r d i n g  i n  t h e  beam t r a w l  f i s -  
h e r y  f o r  s o l e  h a s  been  c a r r i e d  o u t  i n  I 9 6 8  and  1970 (de  Veen and  
Rodenburg,  1971) .  I n  t h e  f i rs t  h a l f  o f  1975 t h i s  s t u d y  h a s  been  
r e p e a t e d ,  I n  a d d i t i o n  t o  t h e  c o l l e c t i o n  o f  d a t a  on  b o a r d  o f  com- 
m e r c i a l  s h i p s  n e c e s s a r y  t o  e s t i m a t e  t h e  t o t a l  a n n u a l  number o f  
d i s c a r d s  o f  t h e  whole f l e e t ,  r e s e a r c h  h a s  been  s t a r t e d  i n t o  t h e  
s u r v i v a l  o f  d i s c a r d e d  p l a i c e  and  s o l e .  I n  t h i s  p a p e r  t h e  r e s u l t s  
o f  t h e s e  s t u d i e s  w i l l  b e  d i s c u s s e d  and  compared w i t h  t h e  e a r l i e r  
d i s c a r d  s t u d i e s  o f  1968 and  1970. 

2. Methods 

Data o n  d i s c a r d s  were c o l l e c t e d  on b o a r d  o f  a number o f  f l a t f i s h  
b e a m t r a w l e r s  w i t h  e n g i n e  power r a n g i n g  from 240 - 1350 b.h.p, 
and  f i s h i n g  on  d i f f e r e n t  g rounds  d u r i n g  1 2  t r i p s  ( s e e  f i g u r e  1 ) .  
Dur ing  e a c h  c r u i s e  t h e  l e n g t h  d i s t r i b u t i o n  o f  d i s c a r d e d  and  
l a n d e d  f i s h  h a s  been  e s t i m a t e d  by sampl ing  a l i m i t e d  number o f  
h a u l s .  By r a i s i n g  t h e s e  d a t a  t o  t h e  t o t a l  amount o f  d i s c a r d s  and  
k e p t  f i s h  d u r i n g  t h e  whole c r u i s e  ( e s t i m a t e d  by t h e  s k i p p e r  i n  
b a s k e t s  o f  known w e i g h t )  t h e  t o t a l  l e n g t h  d i s t r i b u t i o n  o f  a l l  d i s -  
c a r d s  f o r  t h e  whole c r u i s e  c o u l d  be  a s s e s s e d .  
S p e c i e s  s t u d i e d  a r e  p l a i c e ,  s o l e ,  dab ,  lemon s o l e ,  t u r b o t ,  b r i l l ,  
cod and  w h i t i n g ,  Al though t h e  number o f  s h i p s  s a m p l e d i s  r a t h e r  
l i m i t e d  we t h i n k  t h a t  t h e  r e s u l t s  r e p r e s e n t  more o r  l e s s  t h e  
whole Dutch s o l e  f l e e t  i n  t h e  f i r s t  h a l f  o f  1975. 
Fo r  s u r v i v a l  s t u d i e s  we u s e d  t a n k s  on  b o a r d  o f  t h e  R.V. "T r idens"  
d u r i n g  c r u i s e s ,  I n  t h e s e  t a n k s  a l a r g e  number o f  f l a t  b a s i n s ,  
e a c h  w i t h  own c o n t i n u o u s  s e a  w a t e r  s u p p l y ,  can  b e  i n s e r t e d ,  
making i t  p o s s i b l e  t o  s t u d y  some 1000 f l a t f i s h  f o r  a number 
o f  d a y s  (unde r  c o n d i t i o n s  a p p r o a c h i n g  n a t u r e  as much as p o s s i -  
b l e  as  t e m p e r a t u r e  o f  s e a  w a t e r  i s  c o n c e r n e d ) ,  



S u r v i v a l  o f  d i s c a r d e d  f i s h  depends  l a r g e l y  on t h e  amount o f  
damage o r  i n j u r i e s  i n f l i c t e d  t o  t h e  f i s h  d u r i n g  t h e i r  s t a y  
i n  t h e  n e t  d u r i n g  t h e  f i s h i n g  o p e r a t i o n  and  i n  a d d i t i o n  t o  
e f f e c t s  o f  b e i n g  hand led  on deck  b e f o r e  b e i n g  thrown ove rboa rd .  
F o r  s u r v i v a l  s t u d i e s  we g raded  t h e  f i s h  a c c o r d i n g  t o  a p p a r e n t  
damage t o  t h e  body of  t h e  f i s h  i n t o  6 c a t e g o r i e s  from comple- 
t e l y  h e a l t h y  and  undamaged t o  dead f i s h *  I n  t h e  s u r v i v a l  s t u -  
d i e s  we p u t  f i s h e s  b e l o n g i n g  t o  t h e  v a r i o u s  damage c a t e g o -  
r i e s  i n  s e p a r a t e  t a n k s  and  fo l lowed  t h e i r  s u r v i v a l  d u r i n g  f o u r  
d a y s  , 
I n  o r d e r  t o  a p p l y  t h e  r e s u l t s  o f  t h e s e  s u r v i v a l  s t u d i e s  t o  
t h e  d a t a  from t h e  commercial  s h i p s ,  we u s e d  t h e  same g r a d i n g  
i n t o  damage c a t e g o r i e s  i n  a s s e s s i n g  t h e  damage o f  t h e  f i s h  
c a u g h t  by t h e  s o l e  c u t t e r s ,  

3 ,  R e s u l t s  

3 m  1 
s p e c l e s  and  p e r  u n i t  o f  e f f o r t  

The t o t a l  number o f  d i s c a r d e d  f i s h  by s p e c i e s  p e r  100 h o u r s  
f i s h i n g ,  based  on a l l  d a t a  c o l l e c t e d ,  i s  as f o l l o w s .  

Whi t ing  2.2 



The l e n g t h  d i s t r i b u t i o n s  o f  t h e  d i s c a r d e d  p l a i c e  and  s o l e  p e r  100 - 
h o u r s  f i s h i n g  a r e  g i v e n  below f o r  t h e  c o a s t a l  a r e a  ( 0  - 1 2  m i l e s  
from t h e  c o a s t )  and  t h e  open s e a  012 m i l e s )  

Fo r  c a l c u l a t i n g  t h e  l e n g t h  d i s t r i b u t i o n  o f  t h e  d i s c a r d  o f  t h e  t o t a l  f l e e t  
we had  t o  c o u n t  t h e  d a t a  o f  t h e  open s e a  c a t e g o r y  t w i c e .  



F o r  o t h e r  s p e c i e s  o n l y  t h e  l e n g t h  - d i s t r i b u t i o n  o f  d i s c a r d s  o f  t h e  t o t a l  
Nor th  Sea p e r  100 h o u r s  f i s h i n g  i s  g iven .  



3.2 R e t e n t i o n  o g i v e s  o f  s o l e  and p l a i c e  

I n  f i g u r e  2  t h e  r e t e n t i o n  o g i v e s  d e r i v e d  from t h e  p r e s e n t  s t u d y  f o r  
s o l e  and p l a i c e  a r e  g i v e n  as s o l i d  l i n e s ,  For  comparison t h o s e  g i -  
ven f o r  t h e  two s p e c i e s  i n  1970 (de Veen and Rodenburg, 1971) ,  a r e  
a l s o  g i v e n ,  i n  broken l i n e s .  
I n  t h e  s o l e  t h e r e  i s  h a r d l y  any change s i n c e  1970. A s  i n  t h a t  y e a r  
t h e  5 0 % x e n t i o n  l e n g t h  i s  abou t  22 cm, 2 cm below t h e  l e g a l  m i -  
nimum s i z e  o f  24 cm, t h u s  r e s u l t i n g  i n  a f a i r  amount o f  u n d e r s i z e d  
s o l e s  - n o t  d i s c a r d e d .  One s h o u l d  e x p e c t  more o r  l e s s  a kn i fe -edge  
s e l e c t i o n  i n  s o l e ,  where on board  e a c h  s o l e  i s  measured p r e c i s e l y  
b e f o r e  l a n d i n g .  
I n  p r a c t i s e ,  f i she rmen  keep s o l e s  from 20 - 24 cm on boa rd  and 
s e l e c t  t h e  f i s h  t o  be banded l a t e r ,  
I n  t h e  p l a i c e  we s e e  a  d i s t i n c t  change i n  t h e  r e t e n t i o n  o g i ~ r e ,  
i t  i s  now much s t e e p e r  (even s t e e p e r  t h a n  t h e  p r e s e n t  s o l e - o g i v e )  
The s e l e c t i o n  o f  p l a i c e  t o  be k e p t  c a r r i e d  o u t  by hand i s  much 
b e t t e r  now, b u t  s t i l l  a  f a i r l y  l a r g e  number o f  p l a i c e  o f  above 
25 cm ( i n t e r n a t i o n a l  l e g a l  s i z e )  i s  d i s c a r d e d .  The 50% r e t e n -  
t i o n  l e n g t h  i s  now more o r  l e s s  i d e n t i c a l  t o  t h e  Dutch minimum 
l a n d i n g  s i z e  o f  27 cm. 

3.3 The number o f  f i s h  by s p e c i e s  d i sca rd -ed  a n n u a l l y  by t h e  
t o t a l  Dutch s o l e  f l e e t  

The t o t a l  number o f  f i s h  d i s c a r d e d  i n  t h e  f i r s t  h a l f  o f  1975 
h a s  been  e s t i m a t e d  by r a i s i n g  t h e  numbers p e r  100 h o u r s  f i s -  
h i n g  t o  t h e  t o t a l  number o f  f i s h i n g  h o u r s  o f  t h e  f l e e t ,  
To a r r i v e  a t  a n  a n n u a l  f i g u r e  we have doubled  t h e  r e s u l t i n g  
f i g u r e s ,  

p l a i c e  110,  800,  000 274, 200, 000 
1 0 ,  400,  000 23 ,  300,  000 

Whi t ing  19, 300,  000 

For  p l a i c e  and s o l e  we can  compare t h e  p r e s e n t  f i g u r e s  w i t h  
t h o s e  g i v e n  f o r  1967 and 1970. 

P l a i c e  - S o l e  ) r e c a l c u l a t e d  from 
t h e  i n i t i a l  v a l u e s  

1967 48, 600, 000 9 22,  700% 000 ' 1  
1970 116 ,  500 ,  000 ' 1  57 ,  300,  000 ' )  

g i v e n  by 
de Veen and Roden- 1975 110,  800,  000 1 0 ,  400, 000 b u r g ,  

The number o f  d i s c a r d s  i s  a  f u n c t i o n  o f  t h e  s t r e n g t h  o f  t h e  r e l e -  
v a n t  y e a r c l a s s .  T h i s  s t r e n g t h  c a n  be  e s t i m a t e d  by means o f  v i r -  
t u a l  p o p u l a t i o n  a n a l y s i s .  T h i s  t y p e  o f  a n a l y s i s ,  however, f a i l s  
t o  g i v e  r e l i a b l e  d a t a  f o r  t h e  most r e c e n t  r e c r u i t i n g  y e a r c l a s s e s .  



3.4 Degree o f  damage o f  d i s c a r d e d  f i s h  

I n  o r d e r  t o  be  a b l e  t 4  u s e  t h e  s u r v i v a l  r a t e  o f  d i s c a r d e d  f i s h  
d e r i v e d  from t a n k  e x p e r i m e n t s  ( t o  be d e s c r i b e d  l a t e r )  i n  e s t i -  
ma t ing  o v e r a l l  s u r v i v a l  o f  d i s c a r d s  i n  t h e  commercial  f l e e t  we 
have  a s s e s s e d  t h e  d e g r e e  o f  damage t o  p l a i c e  and  s o l e  i n  t h e  
c a t c h e s  o f  t h e  commercial  c u t t e r s ,  
The f o l l o w i n g  q u a l i t a t i v e  s c a l e  h a s  been  u s e d :  

D e s c r i p t i o n  o f  damage 

f i s h  l i v e l y ,  s l i m e  l a y e r  i n t a c t ,  no v i s i b l e  
damage t o  s k i n .  

f i s h  L i v e l y ,  s l i m e  l a y e r  n o t  more i n t a c t ,  
s l i g h t  s c r a t c h e s  on s k i n .  

f i s h  n o t  s o  l i v e l y ,  s l i m e  l a y e r  p a r t l y  removed, l o s s  
o f  s c a l e s  n e a r  t a i l .  

f i s h  s l u g g i s h ,  s l i m e  l a y e r  m o s t l y  removed, many 
s c a l e s  m i s s i n g .  

f i s h  s l u g g i s h ,  s l i m e  l a y e r  l o s t ,  most s c a l e s  

The r e l a t i v e  f r e q u e n c y  p e r  damage s t a g e  f o r  t h e  t o t a l  Dutch 
f l e e t  i s :  

For  p l a i c e  t h e  a v e r a g e  damage f o r  i n c r e a s i n g  l e n g t h  o f  d i s c a r d s  
w a s  : 



/- s p e e d s  (6 k n o t s )  a s  compared w i t h  t h e  s m a l l e r  

The re  i s  a  s l i g h t  d e c r e a s e  i n  t h e  a v e r a g e  amount o f  damage w i t h  
i n c r e a s i n g  l e n g t h .  

S o l e  c u t t e r s  w i t h  a l a r g e  e n g i n e  power a r e  a b l e  t o  d r a g  h e a v i e r  
beamtrawls  w i t h  more c h a i n s  o v e r  t h e  bo t toms  and  moreover f i s h  
w i t h  h i g h e r  , c u t t e r s  ( 3  - 4,5 k n o t s ) .  T h e r e f o r e  we may ex- 
p e c t  more damage t o  f i s h  i n  t h e  n e t s  of  t h e  l a r g e  c u t t e r s  t h a n  
i n  t h o s e  o f  t h e  l e s s  p o w e r f u l  b o a t s .  
The f o l l o w i n g  t a b l e s  g i v e  t h e  a v e r a g e  damage s t a g e  p e r  s h i p s  - 
c a t e g o r y  f o r  p l a i c e  and  s o l e ,  

P l a i c e  

s h i p s  c a t e g o r y  A B C D E F 

S o l e  - 
s h i p s  c a t e g o r y  A B C: D E F 

The i n f l u e n c e  o f  t h e  s t r o n g e r  e n g i n e  on t h e  d e g r e e  o f  damage t o  
t h e  d i s c a r d s  i s  c l e a r l y  v i s i b l e  f o r  p l a i c e  i n  t h e  s h i p ' s  c a t e g o r y  
> 1000 b ,h .p ,  and  f o r  s o l e  i n  t h e  c a t e g o r i e s  500  - 1000 b.h.p. 
and  > 1000 b , h s p .  
However, t h e  r e s u l t s  a r e  n o t  c o m p l e t e l y  comparable  be tween s h i p ' s  
c a t e g o r i e s ,  b e c a u s e  s h i p s  w i t h  d i f f e r e n t  e n g i n e  power may f i s h  on  
d i f f e r e n t  f i s h i n g  g rounds ,  
F o r  t h e  o t h e r  d i s c a r d  s p e c i e s  s u c h  as cod and  w h i t i n g  no d e g r e e  
o f  damage h a s  been  e s t i m a t e d  because  t h e s e  s p e c i e s  have  h a r d l y  
any  chance  o f  s u r v i v i n g  when d i s c a r d e d ,  

3.5 S u r v i v a l  s t u d i e s  on  p l a i c e  and  s o l e  i n  t a n k s  on  b o a r d  "Tr idens"  

3.5.1 M o r t a l i t y  c a u s e d  i n  t h e  n e t  

On b o a r d  o f  "Tr idens"  t h e  m o r t a l i t y  i n f l i c t e d  on f i s h  i n  t h e  n e t  
d u r i n g  f i s h i n g  h a s  been  s t u d i e d  i n  November 1972,  A p r i l  - May 
1973 and  J a n u a r y  - F e b r u a r y  1975. 
Dur ing  t h e s e  p r e l i m i n a r  e x p e r i m e n t s  t h e  i n f l u e n c e  o f  t h e  d u r a -  
t i o n  o f  t h e  h a u l  o f  a n  o t t e r t r a w l  w i t h  beamt rawlne t  and  5 c h a i n s  
on t h e  damage o f  t h e  f i s h  and  t h e  n e t - m o r t a l i t y  w a s  e s t i m a t e d .  
I n  p l a i c e  i t  w a s  a p p a r e n t  t h a t  t h e  d e g r e e  o f  damage i n c r e a s e d  
w i t h  i n c r e a s i n g  d u r a t i o n  o f  t h e  h a u l .  
P l a i c e ,  g raded  by s t a g e  o f  damage and  d u r a t i o n  o f  h a u l  were t h e n  
p u t  i n  s e p a r a t e  t a n k s  and  examined t w i c e  a day. M o r t a l i t y  i n -  
c r e a s e d  w i t h  i n c r e a s i n g  d e g r e e  o f  damage a n d  p e r  d e g r e e  o f  da- 
mage m o r t a l i t y  more o r  l e s s  s t o p p e d  a f t e r  t h r e e  days .  The s i t u a -  
t i o n  on tLo t h i r d  day  w a s  t h e n  t a k e n  f o r  c o n s t r u c t i n g  s u r v i v a l  
c u r v e s  ( f i g a r e  3) i n  o r d e r  t o  r e l a t e  t h e  m o r t a l i t y  o f  t h e  p l a i c e  



t o  t h e  t ime  t r a w l e d ,  t h e r e b y  u s i n g  t h e  i n f o r m a t i o n  on damage c o l -  
l e c t e d  i n  e a c h  o f  t h e  h a u l s  d u r i n g  t h e  c r u i s e s  o f  " ? r i d e n s " ,  
Thus i n  November 1972 i n  t h e  Nor th  S e a  w i t h  w i n d f o r c e s  5 - 8 
40% o f  t h e  p l a i c e  from h a u l s  o f  20 m i n u t e s  would have  d i e d  
l a t e r  i f  t h e y  had been  d i s c a r d e d  immed ia t e ly  and  t h e  v a l u e s  
f o r  one and  two hour  h a u l s  a r e  60% and 74% ( f i g u r e  4 ) .  
I n  t h i s  p a r t i c u l a r  c a s e  bad  wea the r  c o n d i t i o n s  may have had 
a n  ill e f f e c t ,  
I n  A p r i l  1973 a s u r ~ r i v a l  c u r v e  f o r  s o l e  c o u l d  be  c o n s t r u c t e d  
f o r  t h e  same s h i p ,  same n e t  and  t h e s a m e  amount o f  c h a i n s  i n  
%he I r i s h  S e a  w i t h  b e t t e r  l i e a t h e r  c o n d i t i o n s  (2  - 5) and i s  
g i v e n  in f i g u r e  5, 
The d a t a  o f  t h e  ' lT r idensT '  canno t  be a p p l i e d  d i r e c t l y  t o  t h e  
d a t a  o f  t h e  commercial  s h i p s ,  f o r  t h e  r e a s o n  t h a t  "!TTrdens" 
u s e d  a r e l a t i v e l y  l i g h t  - weigh t  n e t  w i t h  o n l y  5 c h a i n s .  
However, t h e  i l l - e f f e c t s  o f  i n c r e a s i n g  d u r a t i o n  o f  h a u l s  on  
t h e  amount o f  darnage t o  t h e  f i s h  and  a  c o r r e s p o n d i n g  de- 
c r e a s i n g  s u r v i v a l  r a t e  o f  d i s c a r d s  shown i n  zhe "Tr idens"  
e x p e r i m e n t s ,  u n d o u b t e d l y  w i l l  b e  o p e r a t i n g  i n  t h e  commercial  
f l e e t  w i t h  h e a v e r  bearntrawls .  
I n  t h e  f i r s t  h a l f  o f  1975 t h e  r e l a t i v e  f r e q u e n c y  o f  t h e  du ra -  
t i o n  o f  h a u l s  by Dutch b e a m t r a w l e r s  was h s  f o l l o w s :  

Dul-aleion o f  1 1 1 / 2  2  I 3 3 1 / 2  4 h o u r s  
h a u l  

11 , O  20 ,4  56,3 1 0 , 3  1.3 0.4 0.2 % 

T h i s  shoivs t h a t  i n  p r a c t i s e  we have  t o  t a k e  a c c o u n t  o f  a n  a v e r -  
a g e  d u r a t i o n  o f  a h a u l  o f  2  h o u r s ,  

3 ,5 ,2  M o r t a l i t y  c a u s e d  by exposu re  on deck 

I n  F e b r u a r y  1975 s u r v i v a l  s t u d i e s  were i n i t i a t e d  on  t o t a l  morta-  
l i t y  o f  n e t  and  o f  exposu re  on deck t o g e t h e r .  
The d u r a t i o n  o f  t h e  h a u l s  o f  "Tr idens"  w i t h  t h e  same n e t  as be- 
f o r e  b u t  w i t h  2 c h a i n s  w a s  20 m i n u t e s ,  P l a i c e  and  s o l e  g r a d e d  t o  
damage were l e f t  i n  b a t c h e s  on deck  f o r  20 and  f o r  40 m i n u t e s ,  
t h e r e a f t e r  p l a c e d  i n  t h e  s e p a r a t e  t a n k s  and  examined t w i c e  a d.ay 
f o r  t h r e e  d a y s ,  
S u r v i v a l  i n  t h i s  expe r imen t  a t  the  end o f  t h e  t h i r d  day  w a s  as 
fo l lows :  

S o l e  
40 mine exposu re  20 min 40 min exposu re  



T h i s  shows t h a t  i n  w i n t e r  p l a i c e  o f  damage - c a t e g o r y  A(undamaged) 
do n o t  show any  e x t r a  m o r t a l i t y  f o r  exposu re  on  deck b u t  t h a t  a n  
i n c r e a s e  i n  t ime  on deck l e a d s  t o  a n  i n c r e a s e d  m o r t a l i t y  i n  dama- 
ged p l a i c e .  I n  t h e  c a s e  o f  s o l e  s u r v i v a l  i s  v e r y  low i n  t h e  c a s e  
o f  20 minu te s  exposu re  and a l l  s o l e s  d i e d  a f t e r  a n  exposu re  o f  
40 minu te s  on deck.  
The d u r a t i o n  o f  t h e  p e r i o d s  i n  which d i s c a r d s  were l y i n g  on deck 
on b o a r d  o f  commercial  c u t t e r s  was d u r i n g  1 9 3  h a u l s  i n  t h e  1 2  
c r u i s e s  concerned:  

Thus on a v e r a g e  d i s c a r d s  were exposed  on  deck f o r  15-20 minu te s ,  
En t h e  above mentioned e x p e r i m e n t s  no p l a i c e  and  s o l e  were p u t  
i n  t a n k s  immed ia t e ly ,~a i tho?n t  exposu re  on deck,  It i s  t h e r e f o r e  
n o t  p o s s i b l e  t o  s p l i t  t h e  t o t a l  m o r t a l i t y  i n t o  n e t -  and  expo- 
s u r e  m o r t a l i t y ,  Net m o r t a l i t y  p e r  damage s t a g e  i n c r e a s e d  w i t h  
i n c r e a s i n g  d u r a t i o n  o f  t h e  h a u l  as i s  shown i n  f i g u r e  3, 
Thus n e t - m o r t a l i t y  i n  2 h o u r s  h a u l s  a s  u s u a l  i n  commercial  s h i p  
w i l l  b e  h i g h e r  t h a n  i n  t h e  20 m i n u t e s  h a u l  o f  t h e  above e x p e r i -  
ment,  It is  o u r  p l a n  t o  r e p e a t  t h e s e  exposu re  e x p e r i m e n t s  if 
p o s s i b l e  on b o a r d  o f  commercial  s h i p s .  
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