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ABSTRACT 

Moksness ,  E. and Ø i e s t a d ,  V . ,  1 9 8 4 .  T a g g i n g  and  r e l e a s e  ex-  
p e r i m e n t s  on  O-group c o a s t a l  c o d  (Gadus  morhua L. )  r e a r e d  
i n  a n  o u t d o o r  b a s i n .  I n :  E. D a h l ,  D.S. D a n i e l s s e n ,  E. Moks- 
n e s s  and  P .  So lemda l  ( E d i t o r s ) ,  The P r o p a g a t i o n  o f  Cod 
Gadus morhua L. F lØdev igen  r a p p o r t s e r . ,  1, 1984 :  787-794. 

J u v e n i l e  c o a s t a l  cod  (Gadus  morhua L . ) ,  h a t c h e d  i n  t h e  
l a b o r a t o r y  and r e a r e d  i n  a  l a r g e  o u t d o o r  b a s i n  a t  F lØdev igen  
B i o l o g i c a l  S t a t i o n ,  were  t a g g e d  and  r e l e a s e d  i n  c o a s t a l  w a t e r s  
i n  s o u t h e r n  Norway. They were  r e l e a s e d  a t  an  a g e  o f  6  months  
and a  l e n g t h  o f  a b o u t  1 0  c m .  Tag r e t u r n  t o  1 J a n u a r y  1980  was  
a b o u t  4% o f  t h e  712 c o d  r e l e a s e d  i n  1976  and 10% o f  t h e  371  
r e l e a s e d  i n  1976  and  10% o f  t h e  3 7 1  r e l e a s e d  i n  1 9 7 7 .  About 
90% o f  t h e  c o d  were  c a u g h t  b y  a n g l e r s ,  i n  t h e  a r e a  o f  r e l e a s e .  
The t a g g e d  c o d  showed t h e  same g r o w t h  r a t e  a s  w i l d  c o d  i n  t h e  
same a r e a .  The r e l a t i v e l y  h i g h  p e r c e n t a g e  r e c a p t u r e  o f  cod 
r e l e a s e d  i n  1 9 7 7  rnight i n d i c a t e  a  p o t e n t i a l  h i g h  s u r v i v a l  r a t e  
o f  r e l e a s e d  c o d  r e a r e d  i n  l a r g e  b a s i n s .  

INTRODUCTION 

I n  1 9 4 6 ,  R o l l e f s e n  ( 1 9 4 6 )  i n i t i t a t e d  a  r e l e a s e  programme 

w i t h  200 ,000  metamorphosed l a r v a e  i n  t h e  Trondheim F j o r d .  The  

l a r v a e  w e r e  h y b r i d s  be tween  f o u n d e r  ( P Z a t o c h t h y s  f l e s u s )  and 

p l a i c e  ( P l e u r n o e c t e s  p l a t e s s a ) ,  a  h y b r i d  which d l d  n o t  e x i s t  



naturally in the release area. The aim of using the hybrid was 

to verify a release programme for plaice. In succeeding years, 

"large numbers" of these hybrids were captured by fishermen, 

(Sundnes, University of Trondheim, personal communication, 

1983) but no results or conclusions from the experiments have 

been published. 

Early in the 19601s, a similar release programme was per- 

formed in the United Kingdom (Shelbourne, 1964). However, the 

laboratory reared juvenile plaice had a low avoidance ability 

to predators in the sea (Anon., 1966) and the planned large 

scale release programme was therefore postponed. Blaxter (1976) 

suggested that juvenile fish reared in the laboratory were to0 

"naive" to avoid predators and had not learned to capture 

moving prey, so that they would easily be exhausted if they 

tried to hunt escaping organisms. 

In 1976 experiments were initiated at FlØdevigen, raising 

cod beyond metamorphoses in a large outdoor basin. The rearing 

experiments with cod in 1976 and 1977 produced each year about 

4,000 juveniles. About 1,100 of these were tagged and released. 

Recapture rates were of primary interest, but data on fishing 

patterns, migration, and individual growth were also valuable. 

MATERIALS AND METHODS 

The basins used to rear juvenile cod are located at FlØde- 

vigen Biological Statiori, outside Arendal in Southern Norway. 

Eggs spawned naturally in an indoor spawning basin at the 

Station were incubated in the laboratory. Five days after 

hatching the larvae, still with a remnant of yolk sac, were 

transferred to a 4,400 m3 basin (Ellertsen et al., 1981). 

The larvae £ed on naturally occurring zooplankton in the basin 

for five months. In 1976, 200,000 yolk sac larvae were trans- 

ferred to the basin, and the following year, 170,000. At ter- 

mination of the experiments in 1976 and 1977, 4,000 ( 2 % )  and 

3,900 (2.3%) juveniles, respectively, had survived. Their 

length frequencies are shown in Fig. 1. 

Numbered steel tags, designed for O-group herring, were used 
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F i g .  1. Leng th - f r equency  d i s t r i b u t i o n  o f  cod  f r y  a t  t e r m i n a t i o n  
o f  t h e  b a s i n  e x p e r i m e n t s  I n  1976 ( A )  and 1977  ( B ) .  F r y  a g e  
a b o u t  5 months  b o t h  y e a r s .  

t o  t a g  j u v e n i l e  c o d .  A s m a l l  h o l e  ( 0 . 7  m m )  was d r i l l e d  i n  e a c h  

t a g  and 5-7  c m  of  n y l o n  t w i n e  ( n o .  1 i n  1976 and no .  2  i n  1 9 7 7 )  

was t h r e a d e d  t h r o u g h  t h e  h o l e .  The j u v e n i l e s  were  s t a r v e d  f o r  

48 h  and  t h e n  a n a e s t h e t i z e d  w i t h  MS-222 ( t r i c a i n e  methane s u l -  

p h o n a t e ) .  T h e i r  b e l l i e s  were  c u t  w i t h  a  s c a p e l  and t h e  t a g  was 

i n t r o d u c e d  w i t h  a  tagpump. Because  o f  t h e  s i z e  o f  t h e  t a g ,  o n l y  

f i s h  l a r g e r  t h a n  7  cm c o u l d  b e  t a g g e d .  The t w i n e  p r o t r u d e d  f rom 

t h e  p u n c t u r e  i n  t h e  b e l l y  ( F i g .  2 ) .  T h i s  t a g g i n g  method was 

u s e d  by  Gundersen ( 1 9 6 3 )  on s p r a t .  

The f i s h  were  k e p t  i n  t h e  l a b o r a t o r y  f o r  24 h  a f t e r  t h e  

t a g g i n g .  About 1% o f  t h e  f r y  d i e d  w i t h i n  t h i s  t i m e .  

I n  1 9 7 6 ,  425 t a g g e d  £ r y  were  r e l e a s e d  i n  e a r l y  August and 

287 i n  l a t e  Sep tember .  I n  1 9 7 7 ,  371  cod f r y  were  r e l e a s e d  i n  

1 l a t e  S e p t e m b e r .  The l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  t a g g e d  

I f r y  is shown i n  F i g .  3 .  The r e l e a s e  t o o k  p l a c e  i n  F lØdev igen  

Bay ( F i g .  4 ) .  I n  b o t h  y e a r s ,  g r o u p s  o f  t a g g e d  f r y  ( 3 7  and 47 
I 

f r y  r e s p e c t i v e l y )  were  a l s o  e s t a b l i s h e d  i n  t h e  l a b o r a t o r y  i n  

1 2  .5 m' a q u a r i a  . 
l 



F i g .  2 .  A t a g g e d  cod  £ r y  w l t h  n y l o n  t w i n e  p r o t r u d i n g  f rom t h e  
p u n c t u r e  i n  t h e  b e l l y .  
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F i g .  3 .  Leng th - f r equency  d i s t r i b u t i o n  of 5 month o l d  cod  £ r y  
t a g g e d  i n  August  1976 ( A ) ,  and o f  5 month o l d  cod  f r y  t a g g e d  i n  
Sep tember  1976 ( B )  and of  6 month o l d  cod  £ r y  t a g g e d  i n  
Sep tember  1977 ( C ) .  



The d a i l y  l e n g t h  i n c r e m e n t s  ( D L I )  w e r e  g i v e n  b y :  

where  L1 and  L2 a r e  l e n g t h  a t  t i m e  o f  r e l e a s e  ( t l )  a n d  a t  

t i m e  o f  c a p t u r e  ( t 2 )  r e s p e c t i v e l y .  

RESULTS 

The 1 9 7 6  r e l e a s e  

From t h e  r e l e a s e  i n  A u g u s t ,  1 3  t a g s  ( 3 . 1 % )  r e c o v e r e d  and  

f rom t h e  r e l e a s e  i n  S e p t e m b e r ,  1 4  t a g s  ( 4 . 9 % ) .  T h i s  g i v e s  a n  

o v e r a l l  r e p o r t e d  r e c a p t u r e  o f  27  f i s h  o r  3.8%. Most w e r e  r e c a p -  

t u r e d  i n  F l Ø d e v i g e n  Bay ,  b u t  t h r e e  f i s h  w e r e  c a u g h t  s o u t h  o f  

F l Ø d e v i g e n  ( F i g .  4 ) .  Most o f  t h e  f i s h  were  t a k e n  b y  a n g l i n g  

( 6 7 % ) ,  t h r e e  (11%) were t a k e n  b y  g i l l n e t s ,  f o u r  ( 1 5 % )  w i t h  

t r a p s  a n d  two ( 7 % )  b y  b e a c h  s e i n e .  

The l e n g t h - a g e  r e l a t i o n s h i p s  f o r  t a g g e d  f i s h  a r e  g i v e n  i n  

F i g .  4 .  A map o f  t h e  r e l e a s e  a r e a  f o r  j u v e n i l e  c o d  w i t h  r e l e a s e  
p o s i t i o n  ( b l a c k  c i r c l e )  o u t s i d e  F l Ø d e v l g e n  and  t h e  two most  
d i s t a n t  r e c a p t u r e  l o c a t i o n s  i n d i c a t e d  ( x ) .  



DAYS AFTER T A G G I N G  
F i g .  5 .  Age - l e n g t h  r e l a t i o n s h i p  o f  t a g g e d  cod  a t  r e c a p t u r e  
( ) f o r  f q y  r e l e a s e d  i n  1976 ( A )  and 1977  ( B ) .  L e n g t h s  of cod i n  
t h e  c o n t r o l  g r o u p s  i n  t h e  l a b o r a t o r y  a r e  i n d i c a t e d  f o r  b o t h  
y e a r s  ( x )  . 

F i g .  5 .  The d a i l y  l e n g t h  i n c r e m e n t  f rom t h e  f i r s t  r e l e a s e  was 

0 .46  mm and  f rom t h e  Sep tember  r e l e a s e  0 .44  mm, g i v i n g  a  mean 

o f  0 . 4 5  m m  o f  t h e  f i s h  r e l e a s e d  i n  1976 .  

The c o n t r o l - g r o u p  i n  t h e  l a b o r a t o r y ,  k e p t  t o g e t h e r  w i t h  0- 

g r o u p  p l a i c e ,  had h i g h  m o r t a l i t y  d u r i n g  t h e  f i r s t  autumn and 

f o u r  f i s h  l o s t  t h e i r  t a g s .  T h i s  g r o u p ' s  d a i l y  l e n g t h  i n c r e m e n t  

was 0 . 6 5  m m  f o r  t h e  f i r s t  y e a r .  I n d i v i d u a l  l e n g t h s  a r e  g i v e n  i n  

F i g .  5. 

The 1 9 7 7  r e l e a s e  

From t h e  1977 r e l e a s e ,  t h e  t o t a l  number o f  r e p o r t e d  r e c a p -  

t u r e s  was  38 ,  o r  10 .2%.  A l l  we re  r e c a p t u r e d  i n  F lØdev lgen  Bay 

a r e a .  One f i s h  was c a u g h t  i n  a  t r a p  and  t h e  o t h e r s  by  a n g l i n g .  

The l e n g t h - a g e  r e l a t i o n c h i p s  a r e  g i v e n  i n  F i g .  5 .  The mean 

d a i l y  l e n g t h  i n c r e m e n t  was 0 . 4 8  m m .  

I n  t h e  c o n t r o l - g r o u p  i n  t h e  l a b o r a t o r y ,  o n l y  one  f i s h  d i e d  

d u r i n g  t h e  f l r s t  y e a r  a f t e r  t a g g i n g  and  none  o f  t h e  f i s h e s  l o S t  

t h e i r  t a g s .  The d a i l y  l e n g t h  i n c r e m e n t  was 0 .66  m m  d u r i n g  t h e  



f i r s t  y e a r .  The l e n g t h  d a t a  a r e  shown i n  F i g .  5 .  

A l l  t h e  f i s h e s  were  c a u g h t  b y  s p o r t m e n  and no r e t u r n s  w e r e  

r e p o r t e d  by  commerc ia l  f i s h e r m e n .  

DISCUSSION 

The d a i l y  l e n g t h  i n c r e m e n t  (0 .44 -0 .48  m m )  i n  t h e  r e l e a s e  

e x p e r i m e n t s  was i n  ag reemen t  w i t h  r e s u l t s  o b t a i n e d  by  LØversen 

( 1 9 4 6 ) .  H e  t a g g e d  m a i n l y  o n e  t o  two y e a r  o l d  w i l d  cod  and r e -  

l e a s e d  them i n  t h e  same a r e a  a s  i n  t h i s  r e p o r t .  On t h e  b a s i s  o f  

LØversen ( 1 9 4 6 )  t h e  d a i l y  i n c r e m e n t s ,  f rom r e l e a s e  t o  r e c a p t u r e  

( w i t h i n  two y e a r s )  a r e  c a l c u l a t e d  t o  a p p r o x i m a t e l y  0 . 4 7  m m .  

I n v e s t i g a t i o n s  on  j u v e n i l e  cod a l o n g  t h e  S k a g e r r a k  c o a s t  by  

u s i n g  b e a c h  s e i n e s  have  b e e n  p e r f o r m e d  by  t h e  F lØdev igen  Bio-  

l o g i c a l  S t a t i o n  s i n c e  1917 .  On t h e  b a s i s  o f  t h e s e  d a t a  u s i n g  

t h e  mean l e n g t h  a t  0- and I - g r o u p  s t a g e  f rom o n e  y e a r  t o  an- 

o t h e r  t h e  d a i l y  l e n g t h  i n c r e m e n t s  a r e  c a l c u l a t e d  t o  b e  be tween  

0 .42 and 0 . 4 7  m m .  T h e s e  c a l c u l a t i o n s  a l s o  c o r r e s p o n d  w i t h  t h e  

d a i l y  l e n g t h  i n c r e m e n t  o f  t h e  t a g g e d  cod .  T h i s  i n d i c a t e s  t h a t  

cod r e a r e d  i n  a  b a s i n  and t h e n  r e l e a s e d  d o  n o t  h a v e  g r e a t e r  

p rob lems  t h a n  w i l d  cod  i n  c a p t u r i n g  p r e y  o r g a n i s m s .  

The l e n g t h  i n c r e m e n t  o f  t h e  t a g g e d  cod  i n  t h e  l a b o r a t o r y  

f rom t h e  0- t o  I - g r o u p  s t a g e  was h i g h e r  ( 0 . 6 6  mm/day) t h a n  i n  

t h e  s e a .  I t  c o r r e s p o n d s  t o  t h e  l e n g t h  i n c r e m e n t  o f  u n t a g g e d  cod  

r a i s e d  i n  t h e  l a b o r a t o r y  ( a n  o b s e r v e d  i n c r e a s e  o f  0 . 6 7  mm/day, 

u n p u b l .  d a t a ) .  T h i s  i n d i c a t e s  t h a t  t a g g i n g  o f  cod  d o e s  n o t  

i n f l u e n c e  g rowth  r a t e ,  a s  a l s o  i n d i c a t e d  by t h e  d a t a  f rom t h e  

s e a .  

M o r t a l i t y  c a u s e d  by  t h e  t a g g i n g  o f  cod  k e p t  i n  t h e  l a b o r a -  

t o r y  i n  1976 may h a v e  been  h i g h  b e c a u s e  many o f  them were  

s m a l l e r  t h a n  9  cm ( F i g .  3 ) ,  and b e c a u s e  t h e  n y l o n  t w i n e  was 

t h i c k e r  i n  1976 t h a n  i n  1977 .  P l a i c e  i n  t h e  same aquar ium migh t  

a l s o  h a v e  b i t t e n  t h e  n y l o n  t w i n e  ( a s  i n d i c a t e d  by  t h e  t a g  l o s s  

i n  t h i s  g r o u p ) ,  p r e v e n t i n g  t h e  wound i n  t h e  b e l l y  f rom h e a l i n g .  

C o r r e s p o n d i n g  t a g  l o s s  was n o t  o b s e r v e d  i n  1 9 7 7 ,  when t h e  c o d  

were  a l o n e  i n  t h e  aqua r ium.  

The cod  r e l e a s e d  were  e x t r e m e l y  s t a t i o n a r y ,  a s  93% were  r e -  

c a p t u r e d  i n  t h e  F lØdev igen  Bay a r e a  ( F i g .  4 ) .  LØversen ( 1 9 4 6 )  



r e p o r t e d  f rom h i s  t a g g i n g  e x p e r i m e n t s  t h a t  50% o f  t h e  t a g g e d  

cod  w e r e  r e c a p t u r e d  l e s s  t h a n  1 km from t h e  p o i n t  o f  r e l e a s e  

and 93% l e s s  t h a n  5  km away. T h i s  was v e r i f i e d  by D a n i e l s s e n  i n  

1971 .  ( D a n i e l s s e n ,  F lØdev igen  B i o l o g i c a l  S t a t i o n ,  p e r s o n a l  

communica t ion ,  1 9 8 3 ) .  Dahl  ( 1 9 0 6 )  a l s o  r e p o r t e d  t h a t  c o a s t a l  

cod w e r e  s t a t i o n a r y .  The d i s t a n c e  o f  m i g r a t i o n  of  r e a r e d  cod i n  

t h i s  e x p e r i m e n t  d i d  n o t  e x c e e d  t h a t  o b s e r v e d  on w i l d  cod i n  t h e  

same a r e a .  Glven t h a t  most o f  t h e  cod were  c a p t u r e d  by  a n g l i n g ,  

a  r e p o r t e d  r e c a p t u r e  o f  l o % ,  a s  i n  1 9 7 7 ,  i s  f a i r l y  h i g h .  T v e i t e  

( 1 9 8 4 )  s u g g e s t e d  t h a t  t h e  1976 y e a r c l a s s  was g o o d ,  b a s e d  on 

compar ing  t h e  c a t c h e s  o f  young cod  i n  b e a c h  s e i n e s ,  w h i l e  t h e  

1977  y e a r c l a s s  was p o o r .  T h i s  migh t  e x p l a i n  t h e  h i g h e r  r e c a p -  

t u r e  r a t e  and t h e  l o w e r  m i g r a t o r y  r a t e  o f  t h e  1977 r e l e a s e d  

c o d .  

A f ew c o n c l u s i o n s  c o u l d  b e  drawn f rom t h i s  s m a l l - s c a l e  re- 

l e a s e  e x p e r i m e n t .  The g rowth  r a t e  o f  cod r e a r e d  i n  a  b a s i n  d o e s  

n o t  d i f f e r  f rom t h a t  o f  w i l d  c o a s t a l  c o d ;  r e a r e d  cod a r e  v e r y  

s t a t i o n a r y ,  a s  a r e  most c o a s t a l  cod .  
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