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ABSTRACT 

Two periods with g rea t  d i f ferences  i n  year c l a s s  abundance and 
recruitment where chosen f o r  growth and maturation s t u d i e s ,  1950 - 
1960 and 1973 - 1983. I n  the  f i r s t  per iod,  the  mean year c l a s s  
s t r eng th  a t  3 years was 6.8 x 109 individuals  while i n  the  second 
period i t  was 0.4 x 109 ind. .  The growth i n  each period a s  observed by 
the  length a t  age, is  compared t o  the  year c l a s s  s t r eng th  and the  
abundance of the  stock a t  the  t i m e .  Variat ions i n  growth a r e  observed 
and before maturation s t rong year c lasses  has remarkably less growth 
than weak year c lasses .  The l a t t e r  period is  therefore  characterized 
by f a r  b e t t e r  growth, e spec ia l ly  i n  t h e  e a r l y  years of l i f e ,  than the 
former. According t o  growth r a t e s  of the  various year c l a s s e s ,  the  age 
a t  maturity is s u b s t a n t i a l l y  higher i n  the  f i r s t  period than i n  the  
l a t t e r .  However, the  length at  maturity is  found t o  be f a i r l y  constant 
showing the  maturation t o  be s i z e  dependent r a t h e r  than dependent on 
t h e  age. 
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INTRODUCTION 

After  the  g r e a t  reduction i n  the  abundance of the  Norwegian spr ing 
spawning he r r ing  i n  the  l a t e  s i x t i e s ,  the  growth a s  observed by the  
length  a t  age and weight a t  age increased s i g n i f i c a n t l y ,  (Jargensen 
1979). A t  the  same time, t h e  adu l t  s tock t o t a l l y  changed its migration 
p a t t e r n  a s  it ceased migrating i n t o  the  Norwegian Sea a f t e r  spawning, 
(Dragesund e t  a l .  1980). Since 1970 the  d i s t r i b u t i o n  has been l imi ted  
t o  the  f j o r d s  of the  western and northern Norway (except f o r  t h e  1983 
year-c lass) .  The observed change i n  growth and maturation is  explained 
by the  severe reduction of the  abundance of the  stock a s  observed i n  
o the r  he r r ing  s tocks ,  (Jakobsson and Halldorsson 1984). However, t h i s  
change i n  growth is not  necessar i ly  densi ty  dependent. 

Fig. 1. The areas  i n  which growth is  s tudied.  

It should be noted t h a t  growth i n  the  Norwegian sp r ing  spawners is 
extremely va r iab le ,  depending s t rongly  on the  a rea  i n  which they spend 
t h e i r  adolescent phase. Herring located off  Finnmark and i n  the  
Barents Sea during the  adolescent phase have a markedly slower growth 
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than those found o f f  the  coas t  between Møre and Lofoten. A s  the  
maturing process is  dependent on the  length  r a t h e r  than the  age i n  the  
he r r ing  (Toresen 1986),  the  p a r t s  of the  stock spending t h e i r  f i r s t  
years  of l i f e  south of Lofoten mature e a r l i e r  than those found f u r t h e r  
t o  the  nor th  o r  i n  the  Barents Sea. Accordingly, immature he r r ing  
o lde r  than th ree  years  a r e  scarce  south of Lofoten, whereas of f  
Finnmark he r r ing  i n  the  adolescent s t age  a r e  common up t o  four  years  
of age. This p a t t e r n  is  probably independent of the  s i z e  of the  year- 
c l a s s e s .  What is  most c e r t a i n l y  dependent on the  year  c l a s s  s t r eng th  
is  the  r e l a t i v e  abundance of  the  stock i n  the  various areas  and the  
growth w i  t h i n  these  areas .  

Since the  recruitment t o  t h i s  s tock is  s o  va r i ab le ,  i t  is of g r e a t  
importance i n  the  assessment t h a t  the  predic t ion  of growth is  c o r r e c t ,  
and it i s  therefore  valuable t o  know the  mechanisms t h a t  govern the  
growth . 
I n  t h i s  paper various aspects  of growth i n  the  Norwegian spr ing  
spawners a r e  enlightened espec ia l ly  with respect  t o  t h e  quest ion of 
growth and year  c l a s s  abundance. Two periods with q u i t e  s i g n i f i c a n t  
d i f f e rences  i n  abundance, recruitment and growth a r e  chosen f o r  t h i s  
purpose. 

MATERIAL AND METHODS 

The immature p a r t  of the  s tock is t r e a t e d  separa te ly  from the  adu l t s  
because the  b io log ica l  samples from the  two p a r t s  of the  s tock are not  
taken i n  the  same period of the  year. The samples from the  spawning 
s tock a r e  taken during the  spawning i n  sp r ing  while the  samples from 
the  immatures a r e  taken during autumn. 

The immatures 

Growth, a s  expressed by the  mean length  a t  age i n  the  autumn (Sept- 
Nov) is  s tudied  within 4 regions along the  Norwegian coas t  (Fig.  1).  
Average values of length  a t  age f o r  the  f u l l  periods a r e  compared 
between the  regions. The 1983 year  c l a s s  is  t r ea ted  separa te ly  because 
i t  is a very s t rong  one showing a tendency t o  a leve1 of growth which 
is  s i m i l a r  t o  t h a t  of the  f i f t i e s .  

The mater ia l  from the  f i f t i e s  is  very poor, a s  no systematic sampling 
of the  juvenile  p a r t  of the  stock was c a r r i e d  out  a t  t h a t  t i m e .  No 
weight at age da ta  a r e  ava i l ab le .  

The a d u l t s  

The geographical regions a r e  here  cu t  down t o  one, the  main spawning 
grounds i n  a rea  07 (Fig  1). Sampling is  done during spawning i n  spr ing  
(Feb-Apr). Mean values of length  a t  age each year  i n  the  two periods 
a r e  held up agains t  spawning stock abundance. I n  addi t ion ,  the  mean 
length  at  age f o r  each year  c l a s s  is compared t o  the  year  c l a s s  
s t r eng th  a t  th ree  years .  Further  on, growth a s  expressed by length  
increments i n  the  age i n t e r v a l l  from 5-10 years  is compared between 
the  periods and the  mean length  a t  age f o r  a l l  year  c l a s s e s  i n  each 
period a r e  compared i n  a p l o t .  

A t  l a s t ,  t he  growth a s  expressed by t h e  weight a t  age re l a t ionsh ip  i s  
discussed b r i e f l y .  
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l 
l 

Age a t  maturi ty.  The he r r ing  stock i n  the  sevent ies  is divided i n  two I 

components, one northern type and one southern type. These components I 

were ca rac te r i zed  by d i f ferences  i n  the  growth p a t t e r n ,  a s  the  
southern one was more f a s t  growing. Maturity ogives are calcula ted  f o r  
both components separa te ly .  l 

l 

When a year  c l a s s  is  f u l l y  r ec ru i t ed  t o  the  spawning s tock the  r a t i o  
between the  number of individuals  i n  t h i s  year  c l a s s  and the  number i n  
the  o lde r  year  c l a s s e s  is  constant  i f  t o t a l  mor ta l i ty  ( Z )  by age group 
i s  constant .  

1 I n  the  spawning s tock,  the  year c l a s s e s  mix very w e l l  and i n  the  
samples taken from the  spawning stock the  r a t i o  between the  various 
year c l a s s e s  is q u i t e  constant  although i t  may vary somewhat from one 
year  t o  another. However, no trend i n  t h i s  variance was detec ted  and 
the  proport ions of each year  c l a s s  i n  the  spawning s tock was 
ca lcula ted  a s  follows: 

where p i  is the  proport ion of  year-class i i n  the  spawning s tock,  Ni 
i s  the  number of f i s h  i n  the  samples from t h i s  year-class and k is  the  
number of year-classes i n  the  spawning stock t h a t  is  f u l l y  r ec ru i t ed .  
The r e l a t i v e  abundance of the  f u l l y  r ec ru i t ed  year-classes were then 
ca lcula ted  a s  the  mean of the  age groups 6, 7 and 8 years  (p i ) .  
The maturi ty ogive by year-class is then ca lcula ted  a s  the  proport ions 
of the  number of f i s h  i n  the  younger age groups t o  p i  i n  the  samples 
of the  spawning stock.  

RESULTS AND DISCUSSIONS 

The immatures 

The observed d a t a  of length  a t  age f o r  the  two periods i n  four  a reas  
along t h e  Norwegian coas t  a r e  shown i n  Table 1 a-d. The d a t a  given a r e  
mean values of a l l  samples of young he r r ing  from September til1 
November each year .  The mean values of length  a t  age might have been 
a f Iec ted  by the  t i m e  t he  samples a r e  taken i n  the  autumn. However, the  
growth during these  months is marginal and i t  is assumed t h a t  the  
growth f o r  t h e  season is f in ished.  A s  can be seen from the  t a b l e s ,  the  
da ta  from the  f i f t i e s  and e a r l y  s i x t i e s  is very poor. However, t r e a t e d  
together ,  t h e  few samples present  give an idea  of the  growth l e v e l  i n  
the  f u l l  period.  

Comparing the  length  a t  age within the  two periods but  between the  
d i f f e r e n t  regions show a c l e a r  t rend of increas ing growth when moving 
from nor th  t o  south along the  coas t  (Table 1 a-d).  This phenomenon is  
e a r l i e r  described by Dragesund (1970), and is  probably r e l a t e d  t o  
environmental condit ions.  The length  d i s t r i b u t i o n  of the  O-group 
he r r ing  may be s i m i l a r  a l l  along the  coas t ,  but  a d i f fe rence  i n  length  
a t  age i s  i n i t i a t e d  very soon and t h i s  d i f f e rence  increases  through 
the  years .  This  f e a t u r e  r e s u l t s  i n  earlier maturation o f  the  
components of  the  s tock spending the  adolescence f u r t h e r  t o  the  south 
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than those found i n  the north o r  i n  the Barents Sea, a s  the  maturation 
process is  re la ted  t o  growth ra ther  than t o  age. The recruitment t o  
the spawning stock is  therefore largely dependent on the geographical 
d i s t r ibu t ion  of the year c lasses  i n  the ear ly  stages of l i f e .  

The difference i n  growth between the two periods a r e  studied by 
comparing the average length a t  age values fo r  each period and region. 
Figure 2 .  a-d shows the p lo t s  of length a t  age i n  the four regions i n  
each period. The 1983 year-class is  plotted separately.  I n  a l l  the  
regions, growth is  f a r  be t t e r  i n  the seventies than i n  the f i f t i e s .  A s  
the  p lo t s  c lea r ly  show, the growth r a t e  is  also higher i n  t h i s  l a t t e r  
period leading t o  greater  differences i n  length a t  age through the 
years. This higher growth a lso leads t o  maturation a t  a much younger 
age f o r  the year c lasses  i n  the seventies,  which was observed down t o  
3 years. 

Is t h i s  l a rge  difference i n  growth between these two periods density 
dependent? The annual recruitment was a t  a much higher l eve l  i n  the 
f i f t i e s  than it the seventies.  The mean year c l a s s  s t rength a t  3 years 
was 6 790 x 10 individuals i n  the f i f t i e s ,  while i n  the seventies 
t h i s  number was reduced t o  436 x 10 . However, i t  is  a f a c t  t ha t  b ig  
year c lasses  of Norwegian spring-spawning herring have qu i te  another 
geographical d i s t r ibu t ion  than small ones. Weak year c lasses  spend 
more o r  l e s s  en t i r e ly  the adolescence i n  the f jo rds  and along the 
coast .  The r e l a t i ve  d i s t r ibu t ion  of each year c l a s s  i n  the  d i f fe ren t  
regions i s  determined a t  the O-group stage.  Abundant year c lasses  a l so  
d i s t r i bu t e  i n  the f jo rds ,  but a t  a cer ta in  leve l  of abundance, the 
O-group herring a lso get  d is t r ibuted i n  the open watermasses of the 
Barents Sea. The mechanism governing t h i s  d i s t r ibu t ion  pat tern  is not 
yet  known. However, the conditions f o r  high growth r a t e s  a re  l e s s  
favourable i n  the open watermasses of the oceans than i n  the f jo rds  
and along the coast ,  where the temperature is higher and the density 
of zooplankton is  greater .  The density of herring i n  the f jords  fo r  
these big  year classes is s t i l l  much higher than f o r  small year 
c lasses ,  probably leading to  reduced growth due t o  higher density. In  
t h i s  way, we have two main reasons fo r  reduced growth i n  big  year 
c lasses  of Norwegian spring-spawners; density dependent growth i n  the 
f jords  and reduced growth due t o  dis t r ibut ion i n  the  open watermasses 
of the Barents Sea. The l a t t e r  factor  is a secondary e f f ec t  of high 
density but the reduced growth is  not density dependent i t s e l f .  

Maturation 

The r e su l t s  are  shown i n  Table 2. It is  qu i te  c l ea r  t ha t  the 
recruitment t o  the spawning stock s e t  i n  e a r l i e r  i n  the  seventies than 
i n  the f i f t i e s  and s i x t i e s .  Especially the year c lasses ,  1973 and 1974 
mature t o  spawn a t  a very ear ly  age and they a re  almost fu l l y  
recruited a t  four. For the year classes 1959-61, they pa r t l y  mature a t  
three ,  but only t o  a very small extent.  Full  recruitment doesn't occur 
u n t i l  they a re  s i x  o r  seven. 

These maturity ogives a re  strongly re la ted t o  the growth. Fast  growing 
herring mature t o  spawn ear ly ,  but more or  l e s s  a t  the same length a s  
the slow growing ones. 
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Fig.  3a & b. Mean length  a t  age per  year  and spawning 
s tock abundance . 
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Length at age. The observed da ta  of mean length a t  age f o r  the  two 
periods a t  the  spawning grounds i n  Area 07 i s  shown i n  Table 3. A l l  
samples taken i n  t h e  ac tua l  time, February - Apri l ,  a r e  present  i n  the  
material .  

Mean length a t  age per year i n  the  two periods and spawning stock 
abundance i s  shown i n  Fig. 3 ,  a and b. The spawning stock decreases 
from a l e v e l  of about 10 m i l l  tonnes i n  1957 til1 about 3 m i l l  tonnes 
i n  1965 and f u r t h e r  t o  nearly zero i n  1969. Through these  years ,  the  
growth, a s  expressed by the mean length a t  age per  year ,  show an 
increas ing t rend throughout the f i f t i e s .  I n  the  beginning of the  
s i x t i e s  however, the  growth suddenly s t a r t  t o  f a l l  shown by t h e  low 
values of mean length a t  age f o r  the  year c lasses  1958-59 and -60. The 
cor re la t ion  between t h i s  pa t t e rn  of growth and the  s tock abundance is 
not very c l e a r  because the  change of growth pa t t e rn  d i f f e r s  from sne  
age group t o  another. I n  f a c t ,  i t  i s  obvious t h a t  the  growth p a t t e r n  
changes i n  correspondance with the  year c l a s s  s t r eng th  r a t h e r  than the  
stock abundance. 

Y E A R  C L A S S  

Fig. 4.  Mean length a t  age per  year c l a s s  s t rength  a t  th ree  years  i n  
the  two periods.  

Figure 4 shows the  mean length a t  age per  year c l a s s  and t h e  
corresponding year c l a s s  s t r eng th  i n  the  two periods. It is  c l e a r ,  
from the  p l o t  t h a t  the re  i s  a pos i t ive  cor re la t ion  between the  length  
a t  age f o r  the  d i f f e r e n t  year c lasses  and the  year c l a s s  abundance. 
The overa l l  growth pa t t e rn  shows an increasing trend u n t i l  1957. The 
1958 year c l a s s  has f a r  less growth than the  two o r  th ree  o lde r  year 
c lasses  and t h i s  decreasing tendency t o  growth continues f o r  t h e  1959 
year c l a s s  f l a t t e n i n g  out  f o r  the  1960 year c l a s s ,  This p a t t e r n  is set 
before t h e  he r r ing  mature. A s  shown i n  Fig. 4, the  p a t t e r n  is c l e a r  a t  
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1 4 years ,  smoothening a l i t t l e  u n t i l  the  age of ten.  The observed drop 

i i n  growth f o r  the  weak 1958 year c l a s s  is  most c e r t a i n l y  caused by 
i n t e r a c t i o n s  between t h i s  year c l a s s  and the  very s t rong 1959 year 

i 
I c l a s s .  
i 
i 

1 I n  the  second period,  only weak year c lasses  occur, except f o r  the  
l 1983 year c l a s s  which is  comparable t o  s t rong year c l a s s e s  i n  the  
1 f i f t i e s .  It i s  d i f f i c u l t  t o  draw any conclusions from t h e  appearing 
/ 
I growth pa t t e rn .  However there  i s  a tendency t o  decreasing values of 
l length  a t  age throughout the  years (Fig.  3 b ) .  This decrease might 
I 
I have been a f fec ted  by the  increase i n  the  abundance of the  t o t a l  
1 
i s tock.  However, a c l e a r  drop i n  growth is observed f o r  the  s t rong  1983 
i year c l a s s .  
l 
I 

Comparing the  curves of mean length a t  age by year c l a s s  between the  
i two periods i n  Figure 4 gives an impression of b e t t e r  growth i n  the  1 
i s event ies  than i n  the  f i f t i e s .  However, the  b e t t e r  growth i s  
I r e s t r i c t e d  t o  the  immature p a r t  of the  stock only,  a s  t h e  mean length 1 increments f o r  the  age i n t e r v a l l  5-10 years is higher i n  the  former 
I 
l period than i n  the  l a t t e r ,  5.87 and 5.08 cm respect ively .  The length 
I increment i n  the  age i n t e r v a l l  5-10 years f o r  the  year c lasses  with 
i lowest values of length a t  4 years is much higher than f o r  year- 

l c lasses  with high values of mean length a t  4.  This phenomenon is 
e a r l i e r  described by Watkin (1927), and Østvedt (1958) and Jakobsson & 

j Halldorsson (1984) has described t h i s  f o r  Atlanto-scandian herring.  It 
1 leads  t o  less var ia t ion  i n  length within the  same year c l a s s  a s  the  
j f i s h  grow older .  

Figure 5 shows the  p l o t s  of mean length a t  age f o r  a l l  year year 
c lasses  i n  the  two periods. The p l o t  i l l u s t r a t e s  the  higher values of 
mean length a t  age i n  the  sevent ies  than i n  the  f i f t i e s  and the  
d i f ference  is constant i n  the whole age i n t e r v a l  5-10 years.  The 
Figures 2 and 5 compared show very w e l l  t h a t  t h e  d i f fe rences  i n  
growth i n  length is i n i t i a t e d  e a r l y  i n  l i f e ,  before maturation. 

I TIME P E R I O D S  

l 
i 

A G E  ( Y E A R )  

l 
Fig. 5. Mean length a t  age f o r  a l l  year c lasses  i n  the  two periods.  
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Weight a t  age. Table 2 shows the  mean weight a t  age each year  f o r  the  
two periods. These d a t a  show exact ly  the  same p a t t e r n  of growth a s  the  
growth of length  d a t a  d id  (Fig. 4 and 5 ) .  There is  a more o r  less 
constant  d i f ference  of 35-60 g between the  mean weight at age values 
f o r  the  age groups i n  the  two per iods ,  These differences follows the  
length  a t  age d i f ferences  and va r i e s  randomly during the  age i n t e r v a l l  
5-10 years .  

MANAGEMENT CONSIDERATIONS 

Without any doubt, the re  is a r e l a t ionsh ip  between year  c l a s s  
abundance and growth. The reduced growth due t o  high abundance might 
be dens i ty  dependent i n  c e r t a i n  a reas ,  but  i n  most cases ,  it is most 
c e r t a i n l y  due t o  d ispers ion  of young herr ing  i n  areas  with lower 
concentrat ions of food p a r t i c l e s  and lower temperatures. 

The reduced growth leads  t o  l a t e r  maturation because the  maturation is 
s i z e  dependent r a t h e r  than age dependent. The recruitment of l a r g e  
year  c l a s s e s  t o  the  spawning stock therefore  tend t o  be delayed 
compared t o  the  recrui tment  of small year  c lasses .  This delay may be 
2-3 years  o r  even more. The recruitment t o  the  f i she ry  w i l l  a l s 0  be 
l a t e r  f o r  l a r g e r  year  c l a s s e s  than f o r  less abundant year  c l a s s e s  
s ince  the  f i s h e r y  is  regulated by a minimum landing s i z e  regula t ion .  
I f  the  predic t ion  of  growth is not  thoroughly evaluated i n  the  
assessment work, the  delay i n  recruitment may l ead  t o  an 
over-exploi tat ion of the  o lde r  year  c l a s ses  i n  the  stock.  Since the  
TAC i s  given i n  weight r a t h e r  than number of  individuals ,  a reduced 
growth a l s o  may lead  t o  a general  over-exploi tat ion of the  stock.  
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Table 1 a.  Mean length a t  age. 

AREA 04 

Age 

Year 

1950 
51 
52 
53 
54 
5 5 
5 6 
57 
58 
59 
60 

Mean 

Mean 

O 1 2 3 4 

19.4 21.1 
20.8 

19.8 23 3 
17.6 24.0 

23.4 
22.3 
20.7 

16.5 16.8 
10.8 15.6 
12.1 

11.45 16.40 19.44 21.73 22.55 

9.93 17.35 24.12 28.68 31.50 
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Table 1 b. Mean length a t  age. 

AREA 05 

Age 

Year 

1950 
51 

O 1 2 3 4 

22.2 
19.0 

57 
58 
59 
60 

Mean 

14.5 
10.9 18.4 

10.9 17.55 20.34 23.20 

1973 
7 4 
7 5 
7 6 
77 
78 
7 9 
80 
8 1 
82 
83 

Mean 

19.2 25.2 29.7 33.2 
13.5 22.6 29.2 32.4 34.1 

21.2 29.0 
12.6 16.8 28.2 

20.2 
9.8 19.4 23.3 30.4 
10.3 18.2 28.5 32.4 
12.2 24.7 29.5 34.2 

28.2 31 3 32 7 
9.7 18.5 24.4 29 3 31.5 
9.6 19.4 21 .g 24.3 29 3 

11.35 19.51 26.53 30.12 32.64 
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Table 1 c.  Mean length a t  age. 

AREA O6 

Age 

Mean 1 11.50 17.78 22.00 23.00 

Year O 1 2 3 4 
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Table 1 d. Mean length  a t  age. 
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Table 4. Weight a t  age i n  the  spawning stock.  

Age 

Year 

Mean 

4 5 6 7 8 9 10 

200.2 244.6 269.3 290.4 309.5 322.8 342.0 

Mean ; 

Diff; 

239.5 281.1 320.6 346.0 368.4 377.2 382.8 

39.3 36.5 51.3 55.6 58 9 54.4 40.8 


