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ABSTRACT 

Moksness, E .  and S e l v i k ,  J .R .  1987. D e s c r i p t i o n  o f  t h e  spawning 
a n d  t h e  e a r l y  l i f e  h i s t o r y  of  haddock (Melanogrammus a e g l e -  
f i n u s  L . )  from t h e  Norwegian Skager rak  c o a s t .  F lødev igen  
r a p p o r t s e r .  1, 1987: 1-15. 

Matured haddock were caugh t  i n  l a t e  J a n u a r y  1982 and 1983 
a n d  t r a n s f e r r e d  t o  a spawning b a s i n .  Spawning took  p l a c e  w i t h i n  
90 d a y s  from l a t e  February  t o  l a t e  May e a c h  y e a r ,  w i t h  a maxi- 
mum from t h e  midd le  o f  March t o  t h e  midd le  o f  A p r i l .  I n  t h e  two 
y e a r s  t h e  a v e r a g e  number o f  eggs  spawned by e a c h  female  were 
520.000 and 568.000 r e s p e c t i v e l y .  Egg d i a m e t e r  d e c r e a s e d  d u r i n g  
t h e  spawning p e r i o d ,  from a d a i l y  a v e r a g e  o f  1 .50  t o  1 .29  mm, 
w i t h  a n  a v e r a g e  o f  1 . 3 8  and 1 .39  mm i n  t h e  two y e a r s .  F e r t i l i -  
z a t i o n  r a t e  was u s u a l l y  above 80% and  t h e  t o t a l  m o r t a l i t y  
d u r i n g  t h e  i n c u b a t i o n  p e r i o d  v a r i e d  Qetween 30 and 70%. In -  
c r e a s i n g  t e m p e r a t u r e  from 5 . 5  t o  7 . 0 " ~  d e c r e a s e d  t h e  i n c u b a t i o n  
p e r i o d  from 17 t o  12 d a y s .  There  was a p o s i t i v e  c o r r e l a t i o n  
between egg s i z e  and l a r v a l  l e n g t h  a t  h a t c h i n g .  At t e m p e r a t u r e s  
between 5 and 9 ' ~  t h e  peak s t a r v a t i o n  m o r t a l i t y  o c c u r r e d  a t  
l a r v a l  a g e s  o f  22 - 17 d a y s .  The l a r v a e  l o s t  abou t  25% o f  t h e i r  
d r y  we igh t  d u r i n g  t h i s  p e r i o d .  The l a r v a e  s t a r t e d  t o  f e e d  a t  an 
a g e  o f  3 - 5 d a y s  and t h e  dominant food  organism was copepod 
n a u p l i l  i n  t h e  s i z e  range  90 t o  400 mm. 



INTRODUCTION 

Haddock i s  o n e  o f  t h e  i m p o r t a n t  commerc i a l  s p e c i e s  i n  

Norwegian w a t e r s .  F l u c t u a t i o n s  i n  y e a r c l a s s  s t r e n g t h  o f  t h e  0 -  

g r o u p  s t a g e s  i n  A r t i c  w a t e r s  a r e  w e l l  documented  (Anon. 1 9 8 6 ) .  

S i m i l a r  f l u c t u a t i o n s  c a n  b e  e x p e c t e d  f o r  c o a s t a l  p o p u l a t i o n s  o f  

haddock,  a s  h a v e  b e e n  o b s e r v e d  f o r  c o d  i n  t h e  S k a g e r r a k  c o a s t  

a r e a  ( T v e i t e  1 9 8 4 ) .  The  c a u s e s  o f  t h e s e  f l u c t u a t i o n s  i n  l o c a l  

haddock s t o c k s  a r e  t o  b e  f o u n d  i n  t h e  e a r l y  l i f e  h i s t o r y  a s  

d e m o n s t r a t e d  f o r  N o r t h  S e a  haddock ( S a v i l l e  1 9 5 6 ) .  I n  haddock ,  

s e v e r a l  e x p e r i m e n t a l  i n v e s t i g a t i o n s  h a v e  f o c u s e d  on  t h e  a s p e c t s  

o f  r e p r o d u c t i o n  ( H i s l o p  e t  a l .  1978,  Hawkins e t  a l .  1 9 6 7 ) ,  

deve lopmen t  a n d  m o r t a l i t y  d u r i n g  t h e  e g g  s t a g e s  ( L a u r e n c e  a n d  

Roge r s  1976 ;  F r i d g e i r s s o n  1978;  Wes te rnhagen  1968)  a n d  t h e  

deve lopmen t  a n d  g r o w t h  o f  t h e  e a r l y  l a r v a e  s t a g e s  ( L a u r e n c e  

1978;  ~ r i d g e i r s s o n  1 9 7 8 ) .  However, t h e s e  i n v e s t i g a t i o n s  were 

c o n d u c t e d  on haddock  f rom w a t e r s  o t h e r  t h a n  t h e  c o a s t  o f  Norway 

and ,  a s  p o i n t e d  o u t  b y  Anon. ( 1 9 7 8 ) ,  l i t t l e  i s  known o f  t h e  

b i o l o g y  o f  haddock  f r o m  t h e  S k a g e r r a k  a r e a .  I n  t h e  p r e s e n t  

e x p e r i m e n t ,  s p a w n i n g . o f  haddock f rom t h e  S k a g e r r a k  a r e a  were 

o b s e r v e d  d u r i n g  two s e a s o n s .  The r e l a t i o n s h i p  be tween  t i m e  o f  

spawning ,  e g g  s i z e  a n d  t h e  s i z e  o f  t h e  l a r v a e  were s t u d i e d .  

D u r i n g  d e v e l o p m e n t  o f  t h e  l a r v a e ,  o b s e r v a t i o n s  were  made on 

t h e i r  f o o d  i n t a k e  a n d  g r o w t h  beyond t h e  f i r s t  f e e d i n g  s t a g e .  

MATERIALS AND METHODS 

I n  1982 a n d  1983  m a t u r e  haddock were c a u g h t  b y  l o n g  l i n e  

n e a r  A r e n d a l ,  Norway, a t  t h e  e n d  o f  J a n u a r y  n o t  more t h a n  t h r e e  

weeks b e f o r e  spawning  s t a r t e d .  The f i s h  were  t r a n s f e r r e d  t o  a  

45 m3 i n d o o r  , spawning  b a s i n  a t  F l ø d e v i g e n  B i o l o g i c a l  S t a t i o n .  

They were f e d  w i t h  s h r i m p s  a n d  m a c k e r e l  e v e r y  d a y .  The t empera -  

t u r e  i n c r e a s e d  f r o m  4  . O  t o  7  .O'C i n  1982 a n d  f r o m  4 . 7  t o  6 . 2 O ~  

i n  1983,  d u r i n g  t h e  spawning  p e r i o d .  The s a l i n i t y  was s t a b l e  a t  

3 4 . 0  i 0 . 2  O/oo i n  b o t h  y e a r s .  Eggs  were removed f rom a n  e g g  

c o l l e c t i n g  d e v i c e  e v e r y  morning  a n d  t h e  e g g  d i a m e t e r  a n d  volume 

spawned m e a s u r e d .  T h e  number o f  spawned e g g s  were c a l c u l a t e d  



f r o m  t h e  number o f  e g g s  i n  a  s m a l l  f r a c t i o n  o f  t h e  t o t a l  

spawned volume.  I n  a d d i t i o n ,  t h e  e x p e c t e d  number o f  e g g s  w a s  

e s t i m a t e d  f rom t h e  a v e r a g e  t o t a l  l e n g t h  o f  t h e  spawning  f e m a l e s  

i n  t h e  t w o  y e a r s  f rom t h e  r e l a t i o n s h i p s  d e s c r i b e d  b y  R a i t t  

(1933)  a n d  H i s l o p  e t  a l .  ( 1 9 7 8 ) .  L e n g t h  d a t a  f o r  t h e  f e m a l e s  i n  

t h e  t w o  y e a r s  a r e  g i v e n  i n  T a b l e  1. 

T h e  number ( N ) ,  a v e r a g e  t o t a l  l e n g t h  ( T L )  w i t h  s t a n d a r d  
d e v i a t i o n  ( S D )  and  r a n g e  o f  t h e  m a t u r e d  f e m a l e  haddocks  i n  
t h e  e x p e r i m e n t .  

Yea r  N TL (cm) S D  Range ( c m )  

1982  2  8  45.6 5 . 9  37 .0  - 65 .5  
1 9 8 3  5 4  48 - 8  5 . 7  3 8 . 5  - 61.0  

The e g g s  were i n c u b a t e d  i n  280 1 c y l i n d r i c  t a n k s  a n d  t h e  

l a r v a e  r e m a i n e d  i n  t h e  same t a n k s  a f t e r  h a t c h i n g .  I n  f e e d i n g  

e x p e r i m e n t s  i n  t h e  l a b o r a t o r y  t h e  l a r v a e  were f e d  n a t u r a l  

z o o p l a n k t o n  c o l l e c t e d  i n  t h e  b a y  w i t h  a n e t .  Two f o o d  d e n s i t i e s  

were e s t a b l i s h e d ,  one  w i t h  mean m o n i t o r e d  p l a n k t o n  c o n s e n t r a -  

t i o n  o f  1 . 8  p l a n k t e r s / m l  ( h i g h )  a n d  t h e  o t h e r  w i t h  mean 

p l a n k t o n  c o n c e n t r a t i o n  o f  0 . 6  p l / m l  ( low)  . I n  a d d i t i o n ,  t w o  

g r o u p s ,  e a c h  o f  20.000,  t h r e e  d a y  o l d  haddock l a r v a e  were  

r e l e a s e d  i n t o  a 4400 m3 o u t d o o r  b a s i n .  Samples  o f  z o o p l a n k t o n  

were t a k e n  w i t h  a pump o n c e  a  week. Samples  o f  haddock l a r v a e  

were t a k e n  d a i l y  w i t h  a  n e t .  A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  

b a s i n  a n d  c o n n e c t e d  methods  are  g i v e n  b y  E l l e r t s e n  et  a l .  

(1981)  . 
Whi le  d a t a  were c o l l e c t e d  on l i v e  e g g s ,  mos t  o f  t h e  l a r v a e  

w e r e  p r e s e r v e d  i n  4 %  n e u t r a l i z e d  $o rma ldehyde .  S t a n d a r d  l e n g t h  

w a s  m e a s u r e d  b o t h  o n  l i v e  a n d  p r e s e r v e d  l a r v a e .  The ~ y a t s m e  

h i g h t  w a s  measu red  b e h i n d  t h e  a n u s .  Dry w e i g h t  o f  bot:, e g g s  a n d  

l a r v a e  w a s  measu red  a f t e r  b e i n g  d r i e d  a t  60°c f o r  2 4  h  b e f o r e  

w e i g h i n g .  Whi l e  d a t a  on  d r y  w e i g h t  was p e r f o r m e d  o n  s i n g l e  



l a r v a e ,  eggs  were weighed t o g e t h e r  i n  g roups  o f  10-20 a n d  a n  

a v e r a g e  c a l c u l a t e d .  The d a i l y  s p e c i f i c  growth r a t e  was c a l c u -  

l a t e d  from t h e  formula:  

SGR 100- GT - 
T 

where GT and G t  a r e  t h e  s i z e  (mean d r y  we igh t )  a t  t h e  b e g i n n i n g  

a n d  t h e  e n d  of t h e  t i m e  i n t e r v a l  i n  d a y s  ( T ) .  The e x p e r i m e n t s  

on  t h e  eggs  and l a r v a e  w e r e  performed w i t h i n  a  t e m p e r a t u r e  

r a n g e  from 5 . 5  t o  9.0°c, w i t h  a s a l i n i t y  o f  abou t  34 O/oo. 

I n  t h e  spawning and  t h e  l a b o r a t o r y  e x p e r i m e n t s  a  p h o t o p e r i o d  

o f  15 h  l i g h t  and 8 h  d a r k  w i t h  30 min dimmed l i g h t  i n  t h e  

morning and i n  t h e  even ing  was m a i n t a i n e d .  

RESULTS 

l Spawning 

Spawning t o o k  p l a c e  o v e r  a  p e r i o d  o f  90 days ,  from l a t e  

F e b r u a r y  t o  t h e  end o f  May ( F i g .  1 ) .  Approximately  80% o f  
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Fig. 1. The percentage of eggs spawned within each week of 
the spawning periods in 1982 and 1983.' 



t h e  t o t a l  amount o f  e g g s  was spawned w i t h i n  45 d a y s  o r  1 / 2  

o f  t h e  whole spawning  p e r i o d .  The f e r t i l i z a t i o n  r a t e  i n  t h e  

two y e a r s  was m a i n l y  a b o v e  8 0 % .  The a v e r a g e  number o f  e g g s  

r e l e a s e d  b y  e a c h  f e m a l e  i n  t h e  two  y e a r s  was 520.000 a n d  

568.000 r e s p e c t i v e l y  ( T a b l e  2 )  . The e x p e c t e d  a v e r a g e  number 

The  a v e r a g e  t o t a l  l e n g t h  o f  t h e  f e m a l e  ( T L ) ,  t h e  c a l c u l a t e d  
numbers  o f  e g g s  p e r  f e m a l e  ( N & )  b a s e d  upon spawned volume 
and t h e  e s t i m a t e d  number o f  e g g s  c a l c u l a t e d  f rom t h e  a v e r a g e  
t o t a l  l e n g t h  of t h e  f e m a l e s ,  a c c o r d i n g  t o  R a i t t  ( 1 9 3 3 )  and  
H i s l o p  e t  a l .  ( 1 9 7 8 ) .  

Year  TL ( c m )  N/Q R a i t t  ( 1 9 3 3 )  H i s l o p  e t  a l .  ( 1 9 7 8 )  

1982 45 .6  520.000 470 .000  408.670 
1 9 8 3  48.8  568.000 618 .700  518.600 

o f  e g g s  spawned b y  e a c h  f e m a l e ,  c a l c u l a t e d  f rom t h e  rela- 

t i o n s h i p s  d e s c r i b e d  b y  R a i t t  (1933)  a n d  H i s l o p  (1978)  a r e  

a l s o  g i v e n  i n  T a b l e  2 .  

The e g g  d i a m e t e r  i n  t h e  two y e a r s  r a n g e d  f rom 1 . 1 2  t o  

1 . 7 3  mm a n d  d e c r e a s e d  f r o m  a d a i l y  a v e r a g e  o f  1 . 5 0  t o  1 . 2 9  

mm d u r i n g  t h e  spawning  p e r i o d .  I n  t h e  two y e a r s  a n  a v e r a g e  

e g g  d i a m e t e r  o f  1 . 3 9  and 1.38 mm was o b s e r v e d  ( T a b l e  3 ) .  

T a b l e  3 

The a v e r a g e  e g g  d i a m e t e r  w i t h  s t a n d a r d  d e v i a t i o n  (SD) and  
r a n g e  i n  t h e  two s p a w n i n g  s e a s o n s .  N = number o f  e g g s  
examined .  

Year  M E g g - d i a m e t e r  ( m m )  S D  Range ( m m 1  
l---- 

1982 7661  1 . 3 9  O .O8 1 .12  - 1-73 
1983  4951  1 . 3 8  0 . 0 8  1 . 1 3  - 1 . 6 2  



The number o f  d a y s  from f e r t i l i z a t i o n  t o  50% h a t c h i n g  o f  

t h e  l a r v a e  d e c r e a s e d  from 17 t o  12 w i t h  i n c r e a s i n g  tempera-  

t u r e  from 5 . 5  t o  7.0°c ( F i g .  2 )  . The r e s u l t s  i n d i c a t e  a  

v a r i a t i o n  of  1 - 2  days  a t  t h e  same t e m p e r a t u r e .  Dry w e i g h t s  

o f  e g g s  a t  f e r t i l i z a t i o n  show a  p o s i t i v e  c o r r e l a t i o n  w i t h  

e g g  s i z e  ( F i g .  3 ) .  The m o r t a l i t y  d u r i n g  i n c u b a t i o n  o f  t h e  

d i f f e r e n t  g roups  v a r i e d  widely ,  from 30 t o  70%.  Fungus 

i n f e c t i o n  w a s  o b s e r v e d  i n  many of  t h e  egg  g r o u p s .  

1 o 
5 6 7 

Temperature ("C) 

F i g u r e  2 .  The i n c u b a t i o n  p e r i o d  i n  numbers of  days  ( y )  i n  t h e  
p r e s e n t  d a t a  a s  a f u n c t i o n  o f  t h e  t e m p e r a t u r e  ( x ) .  

80 

1.2 1.3 l .4 1.5 
Egg diameter (mm) 

F i g u r e  3 .  The d r y  weight  o f  l i v e  haddock eggs  ( y )  a t  
f e r t i l i z a t i o n  a s  a  f u n c t i o n  o f  t h e  egg d i a m e t e r  ( x ) .  



Rela t ion  between eggs and l a r v a e  

F i g .  4 g ives  t h e  r e l a t i o n s h i p  between egg diameter  and 

t h e  mean s t anda rd  l eng th  i n  l i v e  haddock l a r v a e  a t  50% 

ha t ch ing  and t h e  maximum s tandard  l eng th  o f  l i v e  s t a r v i n g  

haddock Parvae, u s u a l l y  a t  t h e  end of  t h e  yolk s a c  s t a g e  

( E Y S ) .  The maximum s tandard  l eng th  gave a h ighe r  c o r r e l a t i o n  

( r2=0.  95) wi th  egg diameter  than  t h e  s t anda rd  l eng th  a t  50% 

ha t ch ing  ( r2=0.  79) i n d i c a t i n g  a  g r e a t e r  v a r i a b i l i t y  of 

l eng th  a t  ha tch ing  than  a t  t h e  end of  t h e  yolk s a c  s t a g e .  

The maximum l i v e  s tandard  l eng th  a t  t h e  end of t h e  yolk s a c  

s t a g e  ranged from 4 . 0  t o  4.7 mm, while  t h e  l eng th  a t  

ha t ch ing  of l a rvae  from t h e  same ba t ches  ranged from 3 . 8  t o  

4 . 3  mm, i n d i c a t i n g  a  l eng th  i nc rease  of 0 . 2  t o  0 . 4  mni dur ing  

t h e  yolk s a c  s t a g e .  

Egg diameter (mm) 

Figu re  4 .  The r e l a t i o n s h i p  between average egg diameter  and t h e  
average s t anda rd  l eng th  of t h e  l a r v a e  a t  50% hatch ing  and t h e  
maximum s t anda rd  l eng th  of t h e  s t a r v i n g  l a r v a e .  A = Average 
s t anda rd  l eng th  a t  ha tch ing  and B = average maximum s t anda rd  
l e n g t h  of s t a r v i n g  l a r v a e .  Each p o i n t  r ep re sen t  an average of  
2 0  - 50 l a r v a e .  

Larvae 

The e f f e c t  of temperature on t h e  number of  days from 50% 

ha t ch ing  t o  50% m o r t a l i t y  of s t a r v e d  haddock l a r v a e  i s  s l i u w ~  



i n  F i g .  5 .  The number of  days  d e c r e a s e d  from 16 a t  5 . 5 ' ~  t o  

11 a t  9 . o o c .  Wi th in  t h e  p e r i o d  from h a t c h i n g  t o  mass mor- 

t a l i t y  a  d a i l y  m o r t a l i t y  of  5% was obse rved  i n  t h e  d i f f e r e n t  

e x p e r i m e n t a l  g r o u p s .  Within  t h i s  p e r i o d  t h e  s t a r v i n g  l a r v a e  

reached  t h e i r  maximum s t a n d a r d  l e n g t h  and myotome h e i g h t  a t  

5 6 7 8 9 1 O 

Temperature ("C) 

F i g u r e  5 .  The r e l a t i o n s h i p  between t h e  number of  days  ( y )  from 
50% h a t c h i n g  t o  50% m o r t a l i t y  and t h e  t e m p e r a t u r e  ( x ) .  

a n  age  o f  4 days  a t  5.5OC (Tab le  4 ) .  The d r y  we igh t  d e c r e a s -  

e d  from 56 pg t o  35 pg (abou t  40%) i n  t h e  p e r i o d  from 

h a t c h i n g  t o  mass m o r t a l i t y .  A l l  o f  t h e  yo lk  was u s e d  a f t e r  

10  d a y s  a t  5.5OC. 

I n  t h e  f e e d i n g  exper iments ,  b o t h  i n  t h e  l a b o r a t o r y  and i n  

t h e  b a s i n ,  t h e  l a r v a e  s t a r t e d  t o  f e e d  a t  a n  age  o f  3 t o  5  

days  a t  t e m p e r a t u r e s  r a n g i n g  from 9  t o  5OC. However i n  "low" 

p l a n k t o n  c o n c e n t r a t i o n s  ( less t h a n  0 . 6  p l / m l )  i n  t h e  

l a b o r a t o r y ,  f i r s t  f e e d i n g  was d e l a y e d  a s  i n d i c a t e d  i n  F i g .  

6 .  In  t h e  b a s i n  e x p e r i m e n t s  t h e  p l a n k t o n  c o n c e n t r a t i o n  a t  

t h e  f i r s t  f e e d i n g  s t a g e  f o r  t h e  t h e  r e l e a s e d  g roups  was 

between 0 . 0 3  and 0 . 1  p l / m l .  I n  t h e s e  exper iments  no d e l a y  i n  

f i r s t  f e e d i n g  was o b s e r v e d .  Haddock l a r v a e  i n  t h e  f i r s t  

f e e d i n g  s t a g e  p r e d a t e d  on food  p a r t i c l e s  o f  a  s i z e  r a n g e  o f  

90 t o  400 mm, which were mainly  copepod n a u p l i i .  Haddock 

l a r v a e  r e l e a s e d  i n  t h e  b a s i n  s e l e c t e d  t h e  smaller food 



T a b l e  4 

I A v e r a g e  s t a n d a r d  l e n g t h  ( S L ) ,  a v e r a g e  myotome h e i g h t  (MH)  
1 a n d  a v e r a g e  d r y  w e i g h t  ( D W )  o f  s t a r v i n g  h a d d o c k  l a r v a e  a t  

O 
l 5 .5  C .  N = number  o f  l a r v a e  e x a m i n e d ,  
i 

Age ( d a y s )  N SL ( m m )  MH ( m m )  DW (mg) 

O 1 3  6 3.83 O .23 0  .O56 
1 1 2  7 3.84 0 . 2 1  O .O56 
2 8 8 4 . 1 2  0.25 0 . 0 7 2  
3 5  4  4 . 3 5  0 . 2 6  0 .O63 
4 4 7 4.26 O . 2 5  0.057 
5 8 6  4 . 1 9  0 . 2 5  0 . 0 6 3  
6 6  3  4 .23 0 . 2 4  0 . 0 6 2  
7 6  5  4 .22 0 . 2 4  O. 0 6 3  
8 7 0 4 . 2 7  O .24 0  .O59 
9 6 8 4  - 2 3  0 . 2 3  O .OS5 

10 8 O 4 . 3 7  O .25 0  .O47 
11 7 3 4 .24 O .23  0 . 0 4 9  
1 2  7 5  4 .10 0 . 2 2  0 . 0 4 7  
1 3  9 3 4 . 2 1  0 . 2 2  0 . 0 4 0  
1 4  4 9 4 . 1 0  0 . 2 1  O .O36 
1 5  5 4  4.25 0 . 2 2  0 . 0 3 8  
1 6  O - - - 
1 7  4 7  4  .O6 O . 2 2  O .O35 
18 5 8  4 . 1 3  - 0 . 0 3 5  

O 1 o 20 
Age in days 

F i g u r e  6 .  F e e d i n g  i n c i d e n c e  o f  t w o  g r o u p s  of f i r s t  f r c a i n g  
h a d d o c k  larvae a t  8 . 0 ' ~  i n  p l a n k t o n  c o n c e n t r a t i o n  of 1.8 p l / m l  
(A) a n d  0 . 6  p l / m l  (B)  . 



organ i sms  a v a i l a b l e  ( E i g .  7 A ) .  The p r e f e r e n c e  f o r  s m a l l e r  

food  o rgan i sms  was even more exposed i n  t h e  second b a s i n  

exper iment  ( F i g .  7 B )  when t h e  p e r c e n t a g e  o f  s m a l l e r  

o rgan i sms  a v a i l a b l e  was much reduced .  The a v e r a g e  s i z e  o f  

t h e  food  p a r t i c l e  i n  d i f f e r e n t  f e e d i n g  exper iments ,  b o t h  i n  

t h e  l a b o r a t o r y  and i n  t h e  b a s i n ,  v a r i e d  from 130 t o  215 mm 

(Tab le  5 ) .  T h i s  Tab le  a l s 0  i n d i c a t e s  t h a t  t h e  i n c r e a s e  i n  

t h e  s i z e  d i s t r i b u t i o n  of  t h e  p l a n k t o n  was accompanied by  a n  

i n c r e a s e  i n  t h e  s i z e  d i s t r i b u t i o n  i n  t h e  g u t  of  t h e  haddock 

l a r v a e ,  though  o f  a  lower magni tude.  I n  t h e  two b a s i n  

e x p e r i m e n t s  t h e  f e e d i n g  I n c i d e n c e  o f  t h e  l a r v a e  i n c r e a s e d  t o  

Carapax Isngth (pm) 

Fig.  7 .  The l e n g t h - f r e q u e n c y  o f  t h e  zoop lånk ton  i n  t h e  
b a s i n  (1) a n d  i n  t h e  g u t  o f  t h e  haddock l a r v a e  (21. W = 
B a s i n  exper iment  no. P ,  age 6 days ,  and B = Basin 
e x p e r i m e n t  no.  2, age 5 d a y s  of t h e  haddock l o r v a e .  



Average c a r a p a c e  l e n g t h  of p l a n k t o n  i n  f e e d i n g  e x p e r i m e n t s  
( L - p l )  and i n  t h e  g u t  o f  t h e  haddock l a r v a e  ( L - g u t ) .  S t a n d a r d  
d e v i a t i o n  ( S D )  i n d i c a t e d .  

a b o u t  80% i n  two days  a f t e r  f e e d i n g  kad s t a r t e d .  A t  t h e  same 

t i m e  t h e  f e e d i n g  r a t i o  i n c r e a s e d  from 2 t o  10.  A h i g h e r  

s p e c i f i c  growth r a t e  (SGR) of  2 .7%/day  was observed  i n  t h e  

b a s i n  exper iment ,  t h a n  t h e  SGR of  0 .7%/day  observed i n  t h e  

l a b o r a t o r y  exper iment  w i t h  t h e  h i g h e s t  p lank ton  

c o n c e n t r a t i o n  ( 1 . 8  p l / m l )  . 

DISCUSSION 

The spawning 

The observed  spawning p e r i o d  o f  t h e  Norwegian Skager rak  

c o a s t a l  haddock from l a t e  February  t o  t h e  end of May, w i t h  a  

maximum spawning i n t e n s i t y  d u r i n g  t h e  middle  o f  March t o  t h e  

midd le  o f  A p r i l  is  i n  accordance  wi th  e a r l i e r  r e s u l t s  from 

f i e l d  i n v e s t i g a t i o n s  ( S a v i l l e  1 9 5 9 ) .  The c a l c u l a t e d  number 

o f  eggs  spawned by e a c h  female  cor responds  w e l l  w i t h  es t i -  

mates  from t h e  fo rmulae  o f  R a i t t  (1932) and H i s l o p  e t  a l .  

( 1 9 7 8 ) .  These f i n d i n g s  i n d i c a t e  t h a t  mature  female haddock 

i n  t h e  North Sea a r e a  r e l e a s e  t h e  same number o f  eggs  a s  

f i s h  o f  t h e  same l e n g t h  i n  t h e  Skager rak .  The average  d a i l y  

egg  d i a m e t e r  i n  b o t h  spawning y e a r s  d e c r e a s e d  t h r o u g h a a t  t h e  

s e a s o n  w i t h  0 . 2 1  mm, from about  1 .50  t o  1 . 2 9  mm. S e v e r a l  

r e p o r t s  have been concerned  w i t h  f a c t o r s  i n f l u e n c i n g  egg 



s i z e .  According t o  H i s l o p  e t  a l .  (1978) t h e  egg d i a m e t e r  

d e c r e a s e d  w i t h i n  e a c h  female ,  which was a l s o  i n d i c a t e d  by 

Moksness and  R i i s - V e s t e r g a a r d  ( 1 9 8 2 ) .  H i s l o p  e t  a l .  (1978) 

a l s o  s t a t e d  t h a t  t h e  amount of  food g i v e n  t o  t h e  matured and  

spawning f i s h e s  a f f e c t e d  f e c u n d i t y  and  t h e  d r y  we igh t  o f  t h e  

e g g s  p o s i t i v e l y .  A l l  o f  t h e  f i s h  i n  t h e  exper iment  were f e d  

a t  a  "h igh"  l e v e 1  t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d  s o  t h a t  

egg  s i z e  and  d r y  weight  o f  t h e  eggs  s h o u l d  have been 

maximal.  Grauman (1965) found f o r  B a l t i c  cod, t h a t  t h e  mean 

e g g  d i a m e t e r  d e c r e a s e d  d u r i n g  t h e  spawning s e a s o n .  She 

assumed t h a t  t h i s  was because  t h e  s m a l l e r  f emales ,  known t o  

p roduce  s m a l l e r  eggs ,  t e n d  t o  spawn l a t e r  t h a n  t h e  l a r g e r  

f e m a l e s .  However, t h e  r e s u l t s  o f  H i s l o p  e t  a l .  (1978) 

i n d i c a t e  no d i f f e r e n c e s  i n  egg s i z e  from haddock w i t h  a 

t o t a l  l e n g t h  r a n g e  of  3 4 . 6  t o  43.3  cm. I n  t h e  p r e s e n t  

exper iment  e a c h  o f  t h e  two "spawning p o p u l a t i o n s "  i n c l u d e d  

f e m a l e s  o f  d i f f e r e n t  s i z e s  b u t  it h a s  n o t  been d i r e c t l y  

v e r i f i e d  whe ther  t h e  l a t e r  spawners were t h e  s m a l l e r  o n e s .  

The o b s e r v e d  a v e r a g e  egg d i a m e t e r  f o r  a whole spawning 

s e a s o n  ( 1 . 3 8  and  1 . 3 9  mm) i s  l e s s  t h a n  t h a t  o b s e r v e d  f o r  cod 

e g g s .  

Eggs and  l a r v a e  

The i n c u b a t i o n  p e r i o d  d e c r e a s e d  by f i v e  d a y s  a s  t e m p e r a t u r e  

i n c r e a s e d  f rom 5 . 5  t o  7.0°C. I n  f o u r  i n v e s t i g a t i o n s  on haddock 

(Dannevig 1895; Eaurence and Rogers 1976; Walford 1938; 

Westernhagen 1968) a  s m a l l e r  d e c r e a s e  i n  i n c u b a t i o n  t i m e  was 

o b s e r v e d .  However, t h e  v a r i a t i o n  between t h e  f o u r  p a p e r s  i s  up  

t o  f i v e  d a y s  a t  t h e  same t e m p e r a t u r e  i n d i c a t i n g  e i t h e r  gene- 

t i t i c a l  d i f f e r e n c e s  o r  d i f f e r e n c e s  i n  e x p e r i m e n t a l  c o n d i t i o n s .  

The r a t h e r  h i g h  m o r t a l i t y  (30 - 70%) d u r i n g  i n c u b a t i o n  is 

b e l i e v e d  t o  b e  c a u s e d  by fungus on t h e  e g g s .  However, t h e  h i g h  

m o r t a l i t y  i s  w i t h i n  t h e  r a n g e  o f  e a r l i e r  o b s e r v a t i o n s  b y  

Laurence  and  Rogers  (1976) . 
The number o f  d a y s  t o  mass m o r t a l i t y  o f  t h e  s t a r v i n g  haddock 

l a r v a e  i n  t h i s  exper iment ,  1 6  and 11 days a t  5 . 5  a n d  9.0°C 

r e s p e c t i v e l y ,  was somewhat h i g h e r  t h a n  o b s e r v e d  by Laurence  



( 1 9 7 8 ) ,  12 and 9 days  a t  7 . 0  and 9.0°C r e s p e c t i v e l y .  I n  t h e  

same p a p e r  Laurence r e p o r t s  t h a t  yo lk  a b s o r p t i o n  was completed 

a f t e r  6 and 7  d a y s  i n  10 and ~ O C  r e s p e c t i v e l y .  I n  t h e  p r e s e n t  

p a p e r  comple te  yo lk  a b s o r p t i o n  was obse rved  a f t e r  10 d a y s  a t  

5.5OC. These r e s u l t s  i n d i c a t e  t h a t  t h e  haddock l a r v a e  from t h e  

w e s t e r n  A t l a n t i c  w a t e r s  u s e  t h e i r  yo lk  f a s t e r  t h a n  haddock 

l a r v a e  from t h e  Norwegian Skager rak  c o a s t a l  a r e a .  The r e a s o n  

f o r  t h e s e  d i f f e r e n c e s  might be  d i f f e r e n c e s  i n  t h e  haddock 

s t o c k s  a t  t h e  e a s t e r n  and wes te rn  c o a s t  o f  t h e  A t l a n t i c  Ocean 

The o b s e r v e d  h i g h e r  d r y  we igh t s  of  eggs  w i t h  i n c r e a s i n g  egg 

d i a m e t e r  a r e  t o  be  e x p e c t e d .  Co i s  t h e  i n c r e a s i n g  s t a n d a r d  

l e n g t h  of  t h e  l a r v a e  w i t h  i n c r e a s i n g  egg d i a m e t e r .  The l a r v a e  

might  h a t c h  a t  d i f f e r e n t  developmental  s t a g e s  (Westernhagen 

1968) e x p l a i n i n g  t h e  h i g h e r  v a r i a t i o n  i n  s t a n d a r d  l e n g t h  a t  

h a t c h i n g  compared t o  t h e  end of  yo lk  s a c  s t a g e  of  s t a r v i n g  

l a r v a e .  The s t a r v i n g  haddock l a r v a e  a t  5.S°C r e a c h e d  t h e i r  

maximum s t a n d a r d  l e n g t h  and myotome h e i g h t  a t  a n  a g e  o f  f o u r  

d a y s .  T h i s  i s  r a t h e r  f a s t  compared t o  cod a t  t h e  same 

t e m p e r a t u r e  ( S o l b e r g  and T i l s e t h  1984) where maximum myotome 

h e i g h t  w a s  r e a c h e d  a f t e r  f i v e  d a y s  and maximum l e n g t h  a f t e r  

a p p r o x .  seven  d a y s .  Haddock l a r v a e  i n  t h e  l a b o r a t o r y  and  b a s i n  

e x p e r i m e n t s  s t a r t e d  t o  f e e d  a t  a n  age  o f  3  t o  5 days ,  a b o u t  t h e  

same a g e  a s  h a s  been obse rved  f o r  cod ( E l l e r t s e n  e t  a l .  1 9 8 0 ) .  

I t  i s  r e p o r t e d  t h a t  haddock l a r v a e  from w e s t e r n  A t l a n t i c  s t a r t s  

t o  f e e d  a t  an a g e  o f  2  days  a t  7.0°C (Laurence  1 9 7 4 ) .  These 

o b s e r v a t i o n s  might i n d i c a t e  d i f f e r e n c e s  between wes te rn  and 

e a s t e r n  A t l a n t i c  haddock. I n  a l l  f e e d i n g  e x p e r i m e n t s  t h e  

haddock l a r v a e  seemed t o  p r e f e r  food o rgan i sms  o f  s i z e  l e s s  

t h a n  250 pm. T h i s  o b s e r v a t i o n  c o r r e s p o n d s  w e l l  w i t h  f i e l d  

o b s e r v a t i o n s  from Georges Bank a r e a  (Kane 1 9 8 4 ) ,  where f i r s t  

f e e d i n g  haddock l a r v a e  a l s o  p r e y e d  upon s m a l l e r  o rgan i sms  t h a n  

t h e  f i r s t  f e e d i n g  cod l a r v a e .  The b e s t  SGR i n  t h e  l a b o r a t o r y  

e x p e r i m e n t ,  0 . 7 % / d a y  ( i n  1 . 8  p l / m l ) ,  was below t h e  SGR ( 0 . 8 5  - 
l . l Z % / d a y )  o b s e r v e d  i n  p l a n k t o n  c o n c e n t r a t i o n s  from 0 . 5  t o  3 . 0  

p l / m l .  I n  t h e  b a s i n  exper iments ,  w i t h  p l a n k t o n  c o n c e c t r a t i o n s  

between 0 . 0 3  and 0 . 1  p l / m l ,  a  CGR of  2 . 7 % / d a y  was o b r e r v e d  i n  

t h e  f i r s t  1 3  days  a f t e r  h a t c h i n g .  These r e s u l t s  r e f l e c t  

d i f f e r e n c e s  i n  e x p e r i m e n t a l  c o n d i t i o n s  more t h a n  d i f f e r e n c e s  
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be tween  l a r v a e  f rom d i f f e r e n t  haddock s t o c k s  

CONCLUSION 

The r e s u l t s  i n  t h e  p r e s e n t  p a p e r  i n d i c a t e  t h a t  spawning  a n d  

t h e  e a r l y  l i f e  h i s t o r y  o f  haddock f r o m  t h e  Norwegian S k a g e r r a k  

c o a s t a l  a r e a  d o  n o t  d i f f e r  much f rom haddock e s l e w h e r e  i n  t h e  

N o r t h  S e a  a r e a .  However, t h e  r e s u l t s  i n d i c a t e  t h a t  t h e r e  m i g h t  

b e  some d i f f e r e n c e s  i n  t h e  e a r l y  l i f e  h i s t o r y  o f  haddock f rom 

t h e  w e s t e r n  a n d  e a s t e r n  A t l a n t i c .  The r e s u l t s  c o n f i r m e d  e a r l i e r  

o b s e r v a t i o n s  o f  a  much b e t t e r  g r o w t h  o f  f i s h  l a r v a e  i n  b a s i n  

e x p e r i m e n t s  compared  t o  l a b o r a t o r y  e x p e r i m e n t s  a t  t h e  same p r e y  

d e n s i t i e s .  
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