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ABSTRACT 

Total mortali ty coeff ic ients  of blue whiting i n  the  spawning area as  
well a s  i n  the feeding area ,  were obtained fo r  various years and fo r  
various yearclasses, by calculat ing the regressions of the natural  
logar i  thms of age frequency against  age. Toge ther  w i  t h  es tablished 
f i sh ing  mortali ty coeff ic ients ,  a mean value of 0.18 was calculated 
f o r  the natural  mortali ty coeff ic ient ;  compared t o  0.2 used by the 
Blue Whiting Assessment Working Group. 

The index of the l a rva l  Anisakis paras i te  on the l i v e r  surface of blue 
whiting was found t o  increase with hos t ' s  age. The burden of accumu- 
l a t i on  of t h i s  paras i te  did not seem to  a f f ec t  ne i ther  the  condition 
fac tor  nor the length growth i n  blue whiting. While the condition 
fac tor  increased with age i n  the spawning area ,  the  contrary was 
observed i n  the feeding area. 
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INTRODUCTION 

The majority of the  adult  blue whiting (Micromesistius poutassou) 
stock i n  the north-east Atlantic migrates every ear ly  spring from the 

l feeding area i n  the Norwegian Sea t o  spawn a lo ig  the  continental shelf  
west of the  Br i t i sh  I s l e s .  During l a t e  spring and ear ly  summer it 
returns again and disperses over vast  areas on the warmer s ide  of the 
Norwegian Sea, with congregations mostly i n  the temperature f ron t  

l areas.  

Estimates of annua1 mortality r a t e s  f o r  blue whiting, f o r  f u l l y  
recrui ted age groups, show a great  va r i ab i l i t y .  Bailey (1982) gives 
v8lues from d i f fe ren t  areas,  years and obtained by d i f fe ren t  methods. 
The instantaneous mortali ty coeff ic ient ,  Z ,  was found t o  be higher 
than 0.9 i n  the period 1969-70 based on catch per un i t  of e f f o r t  f o r  
the same yearclasses.  However, based on p lo t  of I n  percentage 
frequency against  age i n  the period 1967-70 an average of 0.75 was 
calculated , and f o r  a l a t e r  period 0.51, even which is a ra ther  high 
value. 

The Scot t ish  da ta  was recalculated using samples from pelagic t r a w l  
catches only, and a mean value of 2=0.34 f o r  the period 1973-78 was 
then calculated (Bailey 1978). In  1980 the  ICES Blue Whiting Working 
Group calculated an average value of Z= 0.27 f o r  Norwegian samples 
from pelagic trawl catches fo r  the period 1973-79 (Anon. 1980). 

The var ie ty  between d i f fe ren t  years may be due t o  some uncertanties i n  
aging the o t o l i t h s ,  but a lso  because of the poss ib i l i ty  of samples 
representing d i f f e r en t  components of the population. In  the present 
paper the mortali ty r a t e s  a re  studied f o r  the  period 1980 - 1988 both 
i n  the spawning a rea  and i n  the feeding area. The morta l i t ies  within 
some of the yearclasses a re  a l so  dea l t  with. 

Blue whiting is  infected by a number of d i f fe ren t  paras i tes  (H~ygaard 
1980) The nematode la rva  of Anisakis sp. is  found i n  the  v i scera l  
cavity,  the muscles and on the l i v e r  surface. In  some specimen i t  is 
found i n  such a number t ha t  several  authors have thought i t  might 
influence the condition of the host ,  However, no such evidence has 
been s ta ted .  The la rva  of Anisakis, l i k e  most other  paras i tes  is 
acquired from the previous intermediate host (euphasiids) i n  food, and 
the  f i n a l  host is  normally a marine mamma1 (Bailey 1982). Some 
rela t ionships  of Anisakis-infection of the l i v e r  surface a re  dea l t  
with by age and yearclasses i n  various areas,  a s  w e l l  a s  the condition 
factors  and l i v e r  s i ze .  

I MATERIAL AND METHODS 

Samples were obtained from the surveys carr ied out i n  the spawning 
area a s  w e l l  a s  i n  the  feeding area and, i n  some cases col lected from 
commercial catches. They were grouped a f t e r  area of o r ig in  shown i n  
Fig. 1. 

While analysing the samples, regular observations l i k e  length,  weight, 
sex, maturity stage were made i n  addition t o  col lect ion of o to l i t h s .  
I n  most cases addit ional observations of the  l i v e r  s i z e  i n  r e l a t i on  t o  
the body s i z e  were a l s0  made by subjective judgement a t  a sca le  from 1 
t o  4 , and the infect ion r a t e  by Anisakis on the  l i v e r  surface a t  a 
scale  of O t o  4 (Anon. 1989) . 
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Table 1. Age composition ( N  %) of the blue whiting spawning 
stock based on Norwegian survey estimates. 1 

age 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 O 
11 
12 
13 
14 
15+ 

~ ~ 1 0 9  

l 
1980 1981 1982" 1983 1984 1985"" 1986 1987 1988 l 

l 
0.6 0.4 5.4 0.1 1.4 0.1 0.6 6.3 0.6 l 

10.0 6.4 5.7 1.1 53.0 4.6 5.3 9.4 12.0 1 
11.1 20.3 7.4 7.9 7.3 36.2 39.5 18.5 15.1 i 

l 
12.2 8.7 16.1 10.2 7.8 4.8 40.3 51.5 21.0 
16.8 9.8 11.4 24.3 8.3 7.6 6.4 10.8 34.7 l 
15.5 12.3 12.4 14.0 9.0 16.1 2.1 0.7 12.6 
14.3 12.5 11.5 13.7 5.5 12.8 1.4 1.0 1.2 l 

9.2 9.8 11.4 11.8 2.7 7.4 2.0 0.9 1.1 I 

4.5 7.0 7.9 8.5 2.1 3.2 0.8 0.4 0.6 
1.9 4.8 4.5 4.4 1.7 2.4 1.0 0.1 0.7 
2 .1  3.6 2.3 2.0 0.4 2.1 0.4 0.3 0.2 
1.1 2.4 1.6 1.3 0.6 1.5 0.1 0.1 0.2 
0.3 1.0 0.5 0.3 0.1 0.6 + + - 
0.2 0.6 1.4 0.3 0.1 0.3 + + 
0.1  0.4 0.6 0.1 - 0.3 0.1 + - 

33 37 - 27 2 1 - 18 43 58 

* Weighted by echo indices only. 
* * Norw. comm. samples weighted by echo indices from Faroes survey. 

Table 2. Age composition ( N % )  of the blue whiting stock i n  the Norw. 
Sea observed during the internat ional  surveys i n  summer. 

Age 

O 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15+ 

N X I O ~  

1980" 1981" 1982 1983 1984 1985 1986 1987"" 1988" 

- - 16.0 23.0 3.8 4.8 18.0 11.4 36.5 
2.5 0.7 0.8 62.1 62.0 12.7 8.3 29.3 20.8 

18.2 2.8 2.0 1.1 28.4 50.8 8.5 14.4 12.0 
8.1 17.4 5.4 1.3 1.7 26.6 25.8 18.5 11.0 
8.4 14.9 20.5 2.1 0.8 1.4 24.8 19.9 14.5 

12.6 10.3 15.7 3.9 1.1 0.9 6.7 4.3 3.8 
14.7 10.9 13.6 1.6 1.1 0.4 3.4 0.8 0.5 
12.4 11.4 10.1 1.3 0.7 0.5 1.2 0.6 0.4 
9.7 10.6 7.3 1.2 0.1 0.3 1.1 0.2 0.1 
4.8 7.9 3.8 0.9 0.1 0.8 0.5 0.3 0.2 
3.2 5.0 1.8 0.6 0.1 0.3 0.7 0.1 - 
3.3 4.2 1.1 0.3 0.1 0.1 0.2 0.1 + 
1.0 1.8 1.2 0.2 0.1 0.1 0.5 + 0.1 
0.5 1.4 0.4 0.1 - 0.2 0.1 m + 
0.5 0.4 0.2 + - o. 1 + m - 
0.1 0.3 0.1 + - - 0.1 - - 

56 26 2 3 36 49 47 28 28 24 

* Norwegian surveys only 
* "  Combined r e su l t  of Norwegian and GDR surveys 

l 
I 
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The l i v e r  s t a t u s  f o r  the  s c a l e  used i s  described a s  follows: 

Stage 1) Thin and neglectable,  2-4 mm th ick .  
" 2)  Easy t o  spo t  by eye, but  t h i n ;  f i l l s  114 of the  cavi ty .  
" 3) Voluminous with lobes;  f i l l s  ca. 112 of the  cavi ty .  
" 4 ) S w o l l e n ,  f i l l s  3 / 4 o r m o r e o f t h e c a v i t y .  

The i n f e s t a t i o n  s c a l e  of Anisakis on the  l i v e r  surface  is  l ikewise 
described: 

Stage O )  No v i s i b l e  pa ras i t e s  
" 1) From 1 t o  a few paras i t e s .  
" 2)  Ca. 112 of the  l i v e r  i s  covered. 
' 3)  Ca. 314 of  the  l i v e r  is covered. 
" 4 )  The l i v e r  surface  i s  completely covered. 

The condit ion f a c t o r s  used is ca lcula ted  a f t e r  the  de f in i t ion :  

The method used f o r  est imation of the  instantaneous morta l i ty  
c o e f f i c i e n t ,  Z ,  is described by Ricker (1975), and is a l l  based on age 
compositions from which a p l o t  of I n  frequency o r  percentage frequency 
agains t  age was made. The various age compositions used a r e  based on 
the  same mater ia l  a s  used and described by Monstad (1989). 

RESULTS AND DISCUSSION 

Mortal i ty 

Age compositions of  the  spawning s tock,  based on Norwegian survey 
r e s u l t s ,  f o r  the  years  1980 - 1988 a r e  given i n  Table 1 ,  and of the  
stock i n  the  Norwegian Sea during summer, based on in te rna t iona l  
surveys, i n  Table 2. The graphic i l l u s t r a t i o n s  of  the  same da ta  a r e  
given i n  Monstad (1989) . 
The na tu ra l  logarithms of the  age frequency were ca lcula ted  f o r  each 
year ,  and t h e i r  mean values f o r  the  period p l o t t e d  aga ins t  age a r e  
shown i n  Fig.2 A-B. On an average there  is of course the  d i f ference  of 
f u l l y  r ec ru i t ed  yearclasses i n  the  spawning stock and i n  the  stock i n  
the  Norwegian Sea. 

The spawning stock had a high recruitment l e v e l  of the  yearclasses 
already from the  age of 3-4 years mainly because of the  influence of 
the  r i c h  1982- and 1983-yearclasses. However, while p l o t t i n g  each year 
separa te ly  (Fig.3)  the  variance is  more c l e a r l y  i l l u s t r a t e d ,  with the  
d i f ference  from 1983 t o  1984 espec ia l ly  notable.  Based on these 
p l o t t i n g s  the  t o t a l  mor ta l i ty  coe f f i c i en t  of the  various years  was 
obtained from the  regressions calculated from 7 t o  14 years  o ld  f o r  
1980-1985, and from 4 t o  14 years f o r  1986-1988. 

The p l o t t i n g  of the  mean I n  (%N) f o r  the  s tock i n  the  Norwegian Sea 
ind ica tes  high recruitment t o  the  yearclasses already from the  age of 
zero. This i s  a l s o  due t o  the  influence of  the  1982- and 1983- 
yearclasses.  Likewise, p lo t t ings  f o r  each year  show the  individual  
d i f ferences  i n  t h i s  a rea  a s  well (Fig .4) .  I n  order  t o  obta in  the  t o t a l  
mor ta l i ty  coe f f i c i en t  f o r  the  Norwegian Sea, the  regressions based on 
these  p l o t t i n g s  were calculated from the  age of 2 t o  14 years .  
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Fig. 2. Mean of natural  logarithms of percentage contribution of 
various age groups against age of blue whiting, 1980-1988. 
A )  In  the spawning stock during spring, B)  i n  the stock 
observed i n  the Norwegian sea during summer. 
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Age i n  Y e a r s  Age i n  Years 

2 4 6 8 I 0  12 14 2 . 4  6 8 10 12 14 
I I I I I ~ I ~ ~ I ~ I I *  

Age i n  Yearc 
2 4 6 8 30 12 1 4  

Fig. 3. Natural logarithms of percentage age composition against  age 
i n  the  blue whiting spawning stock during spr ing 1980-1988, 
with regression l i n e s  f i t t e d  t o  da ta  fo r  ages 7-14 years 
(1980-85) and ages 4-14 years (1986-88). 
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From the tab le  of f ishing mortality coeff ic ient  F, given i n  the  
Working Group Report of 1988 (ANON. 1989). the F ' s  of corresponding 
years and age groups fo r  the various Z's ,  were calculated. The various 
values of F and Z f o r  the spawning stock and f o r  the  stock observed 
while i n  the Norwegian Sea a re  shown i n  the t e x t  t ab le  below: 

For the spawning stock the Z-values vary from 0.43 t o  0.69 i n  seperate 
years. A s  mentioned above such differences could be a r e su l t  of bias  
i n  the sampling o r  i n  the  ageing of the o to l i t h s .  The F-values a l so  
have large differences i n  individual years, and i n  some cases thye are  
even higher than the  corresponding Z-values, thus indicat ing the 
uncertanties.  The mean values of F and Z may give a useful  r e s u l t  f o r  
the natural  mortali ty : M = 0.57 - 0.39 = 0.18. 

In  the Norwegian Sea the F- and Z-values alco show great  differences 
from year t o  year. Here too the F-values a r e  higher i n  some cases than 
corresponding Z-values. The mean values could be used t o  ca lcu la te  a 
natural  mortali ty of:  M = 0.43 - 0.31 = 0.12. a 

This "catch-curve" method of calculat ing Z t s ,  actual ly  gives values 
t ha t  r e f l e c t  the  mean mortali ty i n  previous years, and not the 
mortali ty i n  m y  individual yea. To r e ly  on t h i s  method, the 
population needs t o  be i n  an equil ibrious s t a t e ,  o r  close t o  such a 
s t a t e .  Variations i n  recruitment may reduce the r e l i a b i l i t y  f o r  
individual years,  a s  f .ex.  the contributions of the numerous 1982- and 
1983-yearclasses. Likewise changes i n  the f ishery may d i s t o r t  the 
equil ibrious s t a t e  and hence reduce the usefulness of the  method. 
However, a mean of Z-values over a number of years may be a bas i s  fo r  
consideration of M .  

The Z mean value of 0.57 f o r  the spawning stock i n  the years 1980-1988 
is more than the  double of the Z-value, 0.27, calculated by the  
Working Group using the same method, f o r  the  years 1973-1979 (ANON. 
1980a). The Scot t i sh  r e su l t  of mean Z-value was 0.34 f o r  the  years 
1973 -1978 (Bailey 1978). 

The f ishing r a t e  increased largely  from 1975 onwards, and may t o  some 
extent have affected the age composition and the s t a t e  of equilibrium. 
However, the f ishing mortali ty was anyhow considered t o  be ra ther  low 
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Table 3. Abundance ( N x 1 W 6 )  a t  various ages of the 1978 - 1985- 
yearclasses a s  observed i n  the Norwegian Sea during summer. 

Yearclasses 

compared t o  the natural  mortali ty,  a t  l e a s t  up t o  1978, and the  
estimation of mean Z was taken as  a f i r s t  approximation of natural  
mortality. It could of course be an overestimate, but M was agreed 
upon t o  be i n  the  range of 0.2 - 0.3 (Anon. 19804.  

In  1979 the exploi ta t ion r a t e  increased very much, and up t o  1982 the  
t o t a l  catch was a t  a very high leve l ,  more than 1 m i l l .  tonnes i n  1979 
a s  well a s  1980 o r  approximately twice tha t  catch of 1978 (Anon. 1988, 
Monstad 1989). This aus t  have dis tor ted the equilibrium of the  stock 
notable, and may be ref lected i n  the difference of the calculated F ' s  
of the two periods. 

Age 

O 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

The Working Group has l a t e r  used M = 0.2 while running the  VPA of the  
stock, and the  assuming of t h i s  value was done a f t e r  several  t r i a l s  
with d i f fe ren t  values within the range. (Anon. 1983). 

1978 1979 1980 1981 1982 1983 1984 1985 

- - - - 3 731 8 403 1 857 2 246 

1 378 184 188 22 629 30 547 6 o03 2 320 

10 181 740 455 416 14 007 23 950 2 389 4 052 

4 578 1 254 456 826 12 525 7 201 5 185 2 838 

4 778 779 393 682 6 924 5 582 2 587 

1 425 534 418 1 863 1 217 3 423 - 

544 203 962 235 903 - - - 

245 348 i68 120 - - - 

317 066 091 - - - - 
o79 017 - - - - - 

o55 - - - - - 

Calculations of the F-values used alco include t h i s  M-value, and 
therefore the r e s u l t s  a re  only suggestions i n  the consideration of an 
appropriate M. The value of 0.18, however, seems t o  j u s t i fy  the 
previous assumption of 0.2. 

The "catch-curve" method was a ls0 used t o  study the t o t a l  mortali ty of 
separate yearclasses from data  collected i n  the Norwegian Sea during 
the summer surveys i n  1980-1988. In  Table 3 the abundance estimates of 
the yearclasses 1978-1985 a re  shown s p l i t  on age groups. The coverage 
of the blue whiting stock during the feeding period is  t o  a l a rge  
extent incomplete, and the estimates which a re  c lear ly  underestimates, 
consequently a r e  taken as  indices only (Anon. 1985). 
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Age i n  Years Age i n  Years 

- 4  - 
O i 1 9 8 4  Year c l a s s  

Year c l a s s  

I { . *  . 1 9 8 5  Year c l a s s  

Fig. 5. Natural logarithms of age composition ( N  x 10-9) against age 
for  the 1978-1985 year classes of blue whiting a s  observed i n  
the Norwegian Sea during summer. Regression l i nes  f i t t e d  t o  
data fo r  2 years and older age groups for  the year classes of 
1978-1983. 
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Plo t  diagrams of I n  frequency ( N )  against age f o r  a l l  of the  year- 
c lasses  a r e  shown i n  Fig. 5. The regressions f o r  the  1978 - 1983- 
yearclasses were calculated from the age of 2 years t o  the  o ldes t ,  
i .e .  t h e i r  respective age i n  1988. The r e su l t s  a re  given below 
together with corresponding F ' s  calculated from the Working Group 
report  (Anon. 1989) . 

Great differences are  found between the various yerclasses. The 
highest t o t a l  morta l i t ies  were calculated f o r  the  1978-, 1982- and 
1983-yearclasses, which a re  a ls0 the three most abundant yearclasses 
f o r  the period (Monstad 1989). The average natural  mortali ty f o r  these 
yearclasses i n  the period 1980 - 1988 can be calculated t o  0.31. 

Yearclass 

1978 
1979 
1980 
1981 
1982 
1983 

Mean 

Fig. 6. Monthly mean values of the l i v e r  index L and the condition 
fac tor  C of blue whiting over the period 1982-1988. 

Z F 

0.67 0.22 
0.32 0.21 
0.21 0.18 
0.26 0.18 
0.78 0.12 
0.61 0.12 

0.48 0.17 

age- 
groups 

2-10 
2-9 
2-8 
2-7 
2-6 
2-5 
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The f i sh ing  morta l i ty  increases with increasing age, especia l ly  from 
the  age of 7 - 8 years,  i .e .  a f t e r  f u l l  recruitment. For the 
yearclasses i n  question, the  F ' s  therefore came out a s  ra ther  low, 
especia l ly  f o r  the  1982-and 1983-yearciasses. Taking i n t o  account t ha t  
these two yearclasses have been a main basis  f o r  the  f ishery i n  
recent years,  one should expect higher values. An explanation might 
be t ha t  they could be even stronger than recosded. 

Again, the  method used is  not r e l i ab l e  enough f o r  estimation of the 
mortal i ty.  Neither is  the  material  su f f i c i en t l y  accurate,  and the 
r e s u l t s  can only give indications of trends i n  t h i s  matter. 

Condition f ac to r ,  l i v e r  s t a t e  and paras i t e  infect ion 

The monthly mean values of the  l i v e r  indices i n  the  period 1982 - 1988 
give a pic ture  of the  annua1 cycle (Fig.6).  The da ta  used should 
represent the main pa r t  of the  north-east At lant ic  stock,  migrating 
within the  area  from southwest of Ireland t o  the  Barents Sea, but i n  
some cases the proper age groups were not avai lable  i n  the  samples. 

The l i v e r  mass var ies  a great  deal  both within a sample and within a 
month. The lowest values were observed i n  March-April when spawning 
takes place. The energy s tored i n  the  l i v e r  is then "transformed" t o  
spawning product. Highest values i s  found i n  summer and autumn when 
the  f i s h  a r e  feeding and building up new reserves. 

The di f ference i n  the l i v e r  indices between male and female was not 
of a s ign i f ican t  character  (Fig .7) .  Dumke (1986) found the  l i ve r -  
weight i n  percentage of body weight t o  be highest  i n  September and the 
values were 9.5 and 8.8 f o r  male and female regpectively. 

Fig. 7. Monthly mean values of the  l i v e r  index L by sex of blue 
whiting over the  period 1982-1988. 
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I I I I I I I I I l I I n I 

7 6 7 8 8 0 82 8 4 8 6 8 8 Y e a r  

P PARASITE - - - - - N o r w .  Sea 
3 - 

2 - 

1 - 

4 C O N D I T I O N  

Norw.  C o a s t  

.-. P o r c u p i n e  Bank 
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1975 76 7 8 8 0 8 2 8 4  86 8 8 Y e a r  

l 1 l l I I l l 1 I I I I I 

7 6 7 8 80 8 2 84 8 6 8 8 Y e a r  

Fig. 8. Annua1 mean values of the parasite index P (larval Anisakis 
on liver surface), the liver index L and condition factor C 
of blue whiting in various areas (Fig. 1) 1975-1988. 
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Fig. 9. Mean values of the  paras i te  index P and the r a t i o  between 
the  paras i te  and l i v e r  indices P/L by age of blue whiting. 

The condition fac tor ,  expressing how w e l l  nourished the  f i s h  a re ,  show 
a cycle almost pa ra l l e l  t o  the l i v e r  indices (Fig.6).  The minimum 
value is  observed i n  May and the maximum i n  August. Significant 
changes takes place i n  the  spawning period and decreases of up t o  25 % 
have been observed (Bailey 1982). The build-up of reserve takes place 
gradually through the summer and autumn with most rapid increase 
observed i n  July and August. The drop i n  both condition fac tor  and 
l i v e r  indices observed f o r  September - November and again fo r  January, 
may be due t o  bias  i n  the  sampling. 

I n  Fig.8 a re  shown the year t o  year var ia t ions  of paras i te  indices 
(Anisakis), l i v e r  indices and condition factors  from 1975 t o  1988 i n  
the areas of Porcupine, Hebrides, Norwegian Sea and Norwegian Coast 
(Fig.1).  For the Hebrides and Porcupine the annua1 mean values 
represent February-May and fo r  Norwegian Sea and Norwegian Coast June- 
September . 
For the paras i te  indices only minor var ia t ions  between the  areas were x 

observed, but there is  a decreasing tendency up t o  the middle of the 
1980's. Except f o r  1979 l e s s  paras i tes  were found i n  the Norwegian 
Coast area a l l  of the years. This indicate  a pa r t  of the  population 
which only t o  a ce r ta in  extent mix with f i s h  from the other three 
areas.  In  these areas the indices varied i n  a regular way and 
a l te rna t ive ly  show the highest value from year t o  year. 

The l i v e r  indices,  however, show grea t  var ia t ions  between the various 
areas a s  well as  from one year t o  another. Lowest value of 1.4 was 
observed i n  Porcupine i n  1985 and highest value of 3.7 i n  Norwegian 
Sea i n  1984. The condition factors  show s ign i f ican t ly  smaller 
var ia t ions ,  and have a congruent tendency, a ls0  towards the middle of 
the 1980 ' s . 
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Fig. 10. Parasi te  index P ,  l i v e r  index L and condition fac tor  C by 
age of blue whiting i n  various areas 1970-1987. 
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Fig. 11. Annua1 mean values of the paras i te  index P against  condition 
fac tor  C of the blue whiting i n  the Norwegian Sea and the  
Norwegian Coast areas (upper),  and the Hebrides and the 
Porcupine areas (lower). 
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The l a rva l  form of Anisakis which accumulates on the  l i v e r  surface,  
a l s0  i n f ec t s  the  v i scera l  cavity probably by being expelled from the  
l i v e r .  The index value, however, is subjectively set i n  r e l a t i on  t o  
the  l i v e r  s i z e ,  which var ies  through the year and from year t o  year 
(Fig.8).  In  order t o  see  how t h i s  would a f f ec t  the  pa ra s i t e  index, its 
value by age was compared t o  corresponding r a t i o  of paras i t e  and l i v e r  
indices ,  PIL, by age (Fig.9).  These overal l  mean values f o r  the  areas 
i n  question show the  in fes ta t ion  r a t e  increasing with host  age. 

Up t o  the age of 5 years the  difference was neclectable i f  any. For 
the  older age groups the  difference was noticeable,  with the  pa ra s i t e  
index being s l i g h t l y  lower when not re la ted  t o  the  l i v e r  s i z e .  

Paras i te  indices by h o s t t s  age i n  the 4 areas a r e  shown i n  Fig.10 
together with the  corresponding l i v e r  indices and condition fac tors .  

Table 4.  The growth parameters of von Ber ta lmffy ' s  equation 

(L in f*  K and t o ) ,  pa ras i t e  index of l a rva l  Anisakis, 
l i v e r  index (L)  and r a t i o  of paras i t e  and l i v e r  indices  
(PIL) of the  1971-1983 -blue whiting yearclasses a t  1-6 
years old i n  the  Hebrides area. 

Yearclasses 
1978 1979 1980 1981 i982 1983 

t o  

Pa ras i t e  

-2.83 -1.32 -0.99 -1.21 -2.13 -1.48 

1.30 1.40 1.52 1.22 1.02 0.86 
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I n  a l l  a reas  the  amount of Anisakis on the  l i v e r  increases  with 
increas ing age, and t h e  highest  value was observed i n  the  Norwegian 
Sea f o r  the  10 and 11 years olds.  Smith and Wotten (1978) a l s o  found 
increas ing number of Anisakis with age of the  blue whiting h o s t ,  and 
no s i g n i f i c a n t  d i f ference  between the  sexes. Bussmann and Ehrich 
(1978),  however, found t h a t  the  i n f e s t a t i o n  was decreasing i n  the  
h ighes t  length  groups. 

The l i v e r  index and the  condit ion f a c t o r  t o  a g r e a t  ex ten t  follow each 
o the r  a f t e r  the  youngest age groups. I n  the  Hebrides and the  Porcupine 
a reas  they a r e  observed t o  be r a t h e r  even f o r  most age groups, but 
a f t e r  8 years o ld  the  condit ion f a c t o r  increases  s i g n i f i c a n t l y  with 
age i n  the  Hebrides area .  The l i v e r  index show only a s l i g h t  increase  
f o r  the  o l d e s t  age groups, ind ica t ing  t h a t  the  spawning products 
n a t u r a l l y  a r e  more s i g n i f i c a n t  i n  the  o lde r  than i n  the  younger age 
groups of the  spawning stock.  I n  the  Porcupine a r e a  t h i s  phenomenon 
was not  obvious t o  the  same extent .  

On the  cont rary ,  i n  the  Norwegian Sea a r e a  the  condit ion f a c t o r  
decreases s i g n i f i c a n t l y  with age from 2 years o ld .  The l i v e r  index was 
a l s o  observed t o  decrease with age, bu t  a t  a l e s s e r  r a t e .  I n  the  
Norwegian Coast a r e a  the  same tendency could be t r aced ,  but the  rapid 
increase  of the  condit ion f a c t o r  of the  o l d e s t  age groups, alter the  
p a t t e r n  of the  Norwegian Sea area.  

While the  spawning product mass r e a r  the  condit ion f a c t o r  i n  the  
spawning per iod ,  the  o l d e s t ,  and hence the  l a r g e s t  specimen, seem t o  
need more food propor t ional ly  per  body length  u n i t  t o  gain a condit ion 
equal t o  the  smaller specimen during the  feeding period.  

The increas ing p a r a s i t e  index with age could g ive  reason t o  be l ive  
t h a t  the  accumulation of the  l a r v a l  Anisakis on the  l i v e r  surface 
would i n  some way a f f e c t  the  blue whiting h o s t ,  and hence explain the  
decreasing condit ion f a c t o r  with age during t h e  feeding period. 
Bussmann and Ehrich (1978) and Smith and Wotten (1978), however, show 
t h a t  i n  blue whiting the  r e l a t i o n  between weight and length ,  i .e .  the  
condit ion f a c t o r ,  i s  not  af fec ted  by t h e  appearence of the  l a r v a l  
Anisakis p a r a s i t e .  

I n  order  t o  v e r i f y  t h i s  non-relat ionship the  mean values of the  
p a r a s i t e  ind ices  f o r  the  years  1975 - 1988 were p l o t t e d  agains t  
corresponding condit ion f a c t o r s  f o r  each separa te  a r e a  (Fig. 1 1 ) .  The 
random d i s t r i b u t i o n  shown on the  graph could not  j u s t i f y  a regression 
f o r  the  r e l a t ionsh ip .  

Data ava i l ab le  f o r  the  Hebrides area  permitted a f u r t h e r  study of t h i s  
mat ter ,  and a comparison was made between the  growth parameter K (von 
Ber ta l an f fy ' s )  of the  yearclasses 1971 - 1983 and t h e i r  Anisakis 
p a r a s i t e  index. The material  and method f o r  the  growth ca lcu la t ions  
a r e  described i n  Monstad (1989). To avoid a b i a s  due t o  inf luence  of 
o lde r  age groups i n  some of the  yearc lasses ,  the  growth parameter a s  
w e l l  a s  t h e  p a r a s i t e  index were based on l - 6 years o ld  f i s h  only. 
The parameters of von Ber ta lanffy ' s  length-growth equation f o r  the  
various yerarc lasses  a r e  given i n  Table 4 together  with corresponding 
p a r a s i t e  and l i v e r  s i z e  indices .  
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Fig. 12. Regression of growth parameter K (von Berta lanffy) ,  c i r c l e  
and s t ippled l i n e ,  and of paras i te  index P ,  cross and f u l l  
l i n e ,  against  year c lasses  of blue whiting i n  the Hebrides 
area during spring,  based on values for  the s i x  f i r s t  
years of l i f e .  

The regressions i l l u s t r a t e d  i n  Fig. 12 were calculated to:  

Y~ 
= -0.03 . X 

yearclass 
+ 0.6 

f o r  the growth, and 

"p ' Xyearciass + 2.2 
f o r  the paras i te  index. 

The l i ne s  were almost pa ra l l e l  with decreasing values with increasing 
yearclasses. 

Although there is  variaton i n  the yearclass'  K-values, t h i s  analysis 
gives no reason t o  believe t ha t  the burden of l a rva l  Anisakis para- 
s i t e s  on the l i v e r  surface a f f ec t s  the blue whiting host ,  regarding 
the length growth i n  the f i r s t  s i x  years of l i f e .  
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