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1 FORORD 
n 
i 

I 
Dette arbeidet er presentert på Det internasjonale havforskningsråds + 

t årsm~te i KØbenhavn i oktober 1982, (ICES Report C.M. 1982/K:7). Arbeidet 
I 
! 
I 

er derfor skrevet på engelsk, men er her forsynt med et norsk sammen- 

f drag og norske figur- og tabelltekster. 
I 

Hummerbestanden på Skagerrakkysten har hatt en jevn nedgang siden be- 

gynnelsen av 50-årene. Dette går frem av både fangststatistikken og ved 

undersØkelser som er blitt gjennomfØrt fra Statens Biologiske Stasjon 

FlØdevigen. 

Denne artikkelen baseres på alle tilgjengelige opplysninger om hummer 

i Skagerrak og utviklingen frem til 79. Dataene er brukt i matematiske 
modeller. At modellene fungerer riktig bekreftes ved at de beskriver den 

samme utvikling som kan finnes ved mere direkte observasjoner, son £.eks. 
merkeforsØk. Ved hjelp av modellene er det beregnet hva som vil skje 

dersom minstemålet og/eller fiskeinnsatsen forandres. Resultatene viser 

at man vil få stØrre avkastning pr rekrutt dersom minstemålet forhØyes. 

t 
l Modellen viser også forandringen i antall gytte egg. I artikkelen er 
1 
I det vist sammenheng mellom gytebestanden og rekrutteringen fem år etter. 
l 
i Gytebestanden er nå så liten at den ikke er istand til å gi gode års- 
l I 

1 klasser. Det er derfor helt naturlig at gytepotensialet taes med i 
bildet når man skal fastsette nye reguleringer. 

I 

Med den nåværende situasjon som utgangspunkt vil en ha stor nytte av 
l 

I redusert fangstinnsats og ~ k t  minstemål. F.eks. vil et minstemål på 
l 

26 cm og en fangstinnsats redusert til 50% av den nåværende, på 
/ I 
i lengre sikt gi 200% hØyere fangst. 
/ ' 
i i Al3STBaCT 
/ i  

/ / The lobster stock on the Norwegian Skagerrak coast has become gradu- 
/ / ally less abundant since early 1950'ies. This is shown by decreas- 
/ 
I I 
I ing catch per unit of effort and decreasing numbers aceording 

1 :  to cohort analysis on length groups. A modified mesh assessment 
1 i 
1 model is used to model the stock and the fishery. Predisted changes 

in yield per recruit are supported by tagging experiments. A re- 
l 

lationship between spawning stock and subsequent recruitment is 
I 

found and yield curves are constructed. The results indicate that 
l the long term yield would be increased by about 200% if the present . 
l 

1 l fishing effort is reduced by 50% and the minimum landing length 
l is increased from 22 cm to 26 cm. 
l 



Since only lobsters around the minimum size have been tagged, 

the experiments are unsuitable for stock assessment. They are, 

however, useful for estimation of growth and mortality in the 

length range of the tagged animals. 

The two models that are used in the present analysis are the cohort 

analysis on length (JONES 1974, 1979) and a modification of the 

mesh assessment model (HOYDAL, RORVIK and SPARRE 1980, 1983). 

The cohort by length model is used to estimate the development 

of the stock since 1949. The mesh-assessment model with the modi- 

fications is used to model the stock and the fishery and to pre- 

dict the consequences of changing the minimum legal size and the 

effort. 

Both models involve the von Bertalanffy growth equation 

and the natural mortality M. Before appbying the models these 

parameters have to be estimated. 

GROWTH 

Length increments of crustaceans are stepwise, but here growth 

is considered to be a continous prosess. 

Using sne year increments the growth tends to be overestimated 

since molters are more actively searching for food than nonmolters 

which give molters higher catchability. Whereas when using two 

years increments there is a possibility of underestimation because 

the largest individuals are growing into a size where the catch- 

ability mignt be lower because the traps have their highest se- 

lectivity for the medium sized and more abundant lobsters. More- 

over the larger individuals tends to have a lower activity due 

to less frequent molting. 

Using the length distribution formulas given by POWELL (1979) 



t h e  Lm i s  found t o  be around 32-33 cm wi th  smal l  d i f f e r e n c e s  be- 

tween t h e  sexes .  However, t h i s  method may underes t imate  t h e  L- 

because of t h e  lower c a t c h a b i l i t y  of  t h e  l a r g e r  animals.  Ford- 

Walford p l o t s  g ives  approximately La=31 cm f o r  females  and 43 c m  

f o r  males us ing  one yea r  increments.  

Growth of l o b s t e r s  kep t  i n  c a p t i v i t y  are so  much d i f f e r e n t  from 

r e s u l t s  of t agg ing  experiments t h a t  t h e s e  d a t a  a r e  fsund complete ly  

u n r e l i a b l e .  Thus a l l  methods of e s t i m a t i n g  growth a r e  u n r e l i a b l e  

t o  some e x t e n t ,  

I f  t h e  Lm of 43 cm f o r  males i s  used t h e  K b e s t  f i t t i n g  t h e  annua1 

increments  from tagging  exper iments ,  would be  0.14. S ince  c o h o r t  

ana lyses  on l e n g t h  groups and t h e  modified mesh assessment  model 

r e q u i r e  t h a t  Lm i s  b igger  t han  t h e  b i g g e s t  i i z eg roup  measured, 

Lm f o r  females i s  chosen t o  be 35 c m ,  K w i l l  then be 0.22. The 

r e l e v a n t  r e s u l t s  from t h e  models a p p l i e d  a r e  independent of to. 

Rather a r b i t r a r y  t O = O  i s  chosen f o r  bo th  sexes .  It should a l s o  

be noted as long a s  t h e  combination of Lm and K d e s c r i b e s  t h e  

growth r a t e  i n  t h e  most r e l e v a n t  lengthgroups t h e  a c t u a l  va lues  

of La and K a r e  of less importance.  

NATURAL MORTALITY 

M o r t a l i t y  r a t e s  can be e s t ima ted  from tagging  experiments.  P o s s i b l e  

e r r o r s  u s ing  tagging  experiments f o r  s u r v i v a l  c a l c u l a t i o n s  are: 

1. Imrnediate l o s s  of t a g s  and dea ths  of tagged animal due t o  t agg ing .  

2 .  Loss of  t a g s  throughout t h e  experiment,  e x t r a  m o r t a l i t y  among 

tagged i n d i v i d u a l  and emigra t ion  from t h e  a r e a .  

3 .  Incomplete r e p o r t i n g .  

The f i r s t  one i s  q u i t e  n e g l i g i b l e  i n  t h e s e  experiments accord ing  

t o  GUNDERSEN (19 64) . 



The second type  of e r r o r s  i s  probably n e g l i g i b l e  accord ing  t o  

aquarium exper iments  (GUNDERSEN 1964) .  However, some l o b s t e r s  

had l o s t  t h e  e x t e r n a l  t a g ,  a s  shown by ex t rud ing  g u t  ends.  

The t h i r d  e r r o r  i s  cons ide rab le  i n  some of ou r  experiments.  How- 

eve r  i n  o t h e r  exper iments  t h i s  e r r o r  i s  very sma l l  due t o  good 

in format ion  about  t h e  experiments t o  t h e  few f ishermen f i s h i n g  

i n  t h e  area. 

Thic l e a v e s  incomplete r e p o r t i n g  a s  t h e  main source  of  e r r o r  f o r  

most of t h e  experiments.  I n  a d d i t i o n  t h e  rate of  e x p l o i t a t i o n  

is appea ran t ly  decreas ing  wi th  s i z e  a s  d i scus sed  below. Methods 

f o r  c a l c u l a t i o n  of m o r t a l i t i e s  us ing  more than  two y e a r s  r e c a p t u r e s  

are t h e r e f o r e  u n r e l i a b l e  a s  it ove re s t ima te s  n a t u r a l  m o r t a l i t y .  

The exper iments  which gave h i g h e s t  r e c a p t u r e  percen tage  (around 

8 0 % ) ,  g i v e s  e s t i m a t e s  of n a t u r a l  m o r t a l i t y  between 0.08 and 0.15 

wi thou t  c o r r e c t i n g  f o r  dec reas ing  r a t e  of e x p l o i t a t i o n  o r  incom- 

p l e t e  r e p o r t i n g .  The t o t a l  m o r t a l i t y  i s  found by t h e  r a t i o  be- 

tween t h e  numbers r ecap tu red  t h e  f i r s t  and t h e  second y e a r  a f t e r  

t agg ing .  The r a t e  of e x p l o i t a t i o n  is  c a l c u l a t e d  from t h e  r a t i o :  

nuwibers recaptured/sum of l o b c t e r s  p r e s e n t  be fo re  t h e  seasons  

involved.  I n  t h e  p r e s e n t  paper a c o n s t a n t  n a t u r a l  m o r t a l i t y  of  

0 . 1  i s  used. 

MODELS AND RESULTC 

Cohort a n a l y s i s  

JONES (1974) adapted t h e  b a s i c  equa t ions  of  c o h o r t  a n a l y s i s  f o r  

a p p l i c a t i o n  t o  l e n g t h  composition d a t a ,  t h u s  avoid ing  t h e  problem 

of aging t h e  ca t ch .  The r a t e  of  e x p l o i t a t i o n  of  t h e  l a r g e s t  l e n g t h  

group has  a l s o  t o  be given as inpu t .  From tagging  exper iments  

F/Z=0.8 seemed t o  be reasonable  and f i t t e d  w e l l  t o  t h e  va lues  

consequent ly  c a l c u l a t e d  f o r  t h e  l e n g t h  groups nex t  t o  t h e  b i g g e s t .  

Cohort a n a l y s i s  based on average l eng th  d i s t r i b u t i o n s  f o r  t h e  

a r e a  Krager@-Mandal from 1949 t o  1979 w e r e  performed. 



Fig. 3. Lobsters (H. qammarus) on the Norwegian Skagerrak coast. 
A: Average annua1 fishing mortality for the length groups 23-26 cm, 
both sexes according to cohort analysis on length groups. 
B: Effort in million trapdays fron cpue and reported catch. 
r~ka~errakhummer . 
A: Gjennomsnittlig fangstdØdelighet for lengdegruppene 23-26 cm, 
begge kjØnn i£ lg. -cohort analyse. 
B: Fangstinnsats i millioner teinedogn beregnet fra offisiell 
totalfangst dividert på fangst pr teined~gn.1 

/ 1 1 1 1 1 , 1 1 1 1 , 1 1 ~ ~ 1 ~ ~ 1 ~ ~ 1 1 1  1 1 1 1 1 1 1  

1950 1960 1970 1980 
YEAR 

Fig. 4. Lobsters (H. gammarus) on the Norwegian Skagerrak coast. 
A: Stock (L22 cm) in millions accordinq to cohort analysis. 
B: Catch in numbers per trap day from questionaries. - 

CSkagerrakhummer. 
A: Bestand (E22 cm) i nillioner ifØlge cohort analyse. 
B: Fangst i antall pr teinedØgn ifØlge opplysninger fra fiskere.] 



Fig.  3 shows t h e  c a l c u l a t e d  annua1 F on t h e  l e n g t h  i n t e r v a l  from 

23 t o  26 cm t o g e t h e r  w i th  t h e  t o t a l  e f f o r t .  The e s t ima ted  F on 

t h e s e  lengthgroups depends l i t t l e  on t h e  r a t i o  F/Z on t h e  l a r g e s t  

lengthgroups,  The l e n g t h  d i s t r i b u t i o n  of  t h e  c a t c h  i n  any yea r  

con ta inc  s e v e r a l  y e a r c l a s s e s  and t h e  annual  F  can s t r i c t l y  n o t  

be c a l c u l a t e d .  However, t h e  dec reas ing  t r e n d  of  F from l949 t o  

1979 (Fig .  3) seems s i g n i f i c a n t .  T o t a l  e f f o r t  i n  t r a p  days  a r e  

c a l c u l a t e d  from t h e  t o t a l  r epo r t ed  c a t c h  and t h e  c a t c h  p e r  t r a p  

day (cpue) a s  r epo r t ed  from about 30 f ishermen each year .  The 

c a l c u l a t e d  e f f o r t  dec rease  a t  a f a s t e r  r a t e  t han  t h e  c a l c u l a t e d  

F. This  i s  probably caused by a  g radua l ly  i n c r e a s i n g  p ropor t ion  

of t o t a l  c a t c h  beeing s o l d  d i r e c t l y  t o  consumers o r  taken by s p a r e  

t i m e  f ishermen and t h u s  exempted from t h e  o f f i c i a l  s t a t i s t i c s .  

The es t imated  s t o c k  and cpue a r e  given i n  Fig .  4 .  The s t o c k  seemed 

t o  have been decreas ing  a t  a h ighe r  r a t e  t han  t h e  cpue series. 

The d i f f e r e n c e  has  t h e  same reason a s  f o r  Fig.  3 ,  t h e  cohor t  based 

c tock  assessment i s  dependent on t h e  o f f i c i a l  c a t c h  s t a t i s t i c s  

whereas t h e  cpue d a t a  a r e  independent.  Of t h e s e  two measures of  

t h e  s t o c k  s i z e ,  t h e  cpue i s  probably t h e  b e s t  one. 

Modified mesh-assescment model 

HOYDAL, RØRVIK and SPARRE (1980, 1983) d e s c r i b e  a  model of a  s t o c k  

e x p l o i t e d  by s e v e r a l  f i s h e r i e s  t h a t  i s  used t o  e s t i m a t e  t h e  e f f e c -  

&ive mesh s i z e s .  L o g i c t i c  curves  a r e  used t o  d e c c r i b e  t h e  r e w u i t -  
-- - 

ment of t h e  f i s h  t o  t h e  f i s h i n g  grounds, t h e  s e l e c t i v e  p r o p e r t i e s  

06 t h e  gea r s  and t h e  d i s c a r d  p r a c t i s e .  By changing t h e  l e n g t h  

a t  508 c e l e c t i o n  t h e  model f i t s  wi th  t h e  h e l p  of  a minimisat ion 

r o u t i n e  t h e  s imula ted  l e n g t h  ( o r  age)  d i s t r i b u t i o n s  t o  observed 

l e n g t h  ( o r  age)  d i s t r i b u t i o n s .  The goodness of f i t  between t h e  

two d i s t r i b u t i o n s  are given by t h e  ob-ject func t ion  (OBJ)  which 

i s  t h e  sum of t h e  squared d i f f e r e n c e s  between t h e  s imula ted  and 

t h e  observed f r equenc ie s .  With two mod i f i ca t ions  t h i s  model has  

been appl ied .  

F i r s t l y  it i s  assumed t h a t  t h e  whole c a t c h  of unders ized l o b s t e r s  



i s  d i sca rded ,  and t h a t  t h e  d i s c a r d s  do n o t  s u f f e r  from e x t r a  na tu r -  

a l  m o r t a l i t y .  Secondly t h e  fol lowing emperical  r e l a t i o n s  between. 

weight W ( i n  kg) and t o t a l  l e n g t h  L ( i n  cm) a r e  used: 

f o r  males, 
w = -  3 . 8 2 - 1 0 - ~  + 6 . 5 6 * 1 0 - ~  L - 3 . 8 5 * 1 0 - ~  L' + 1.05*10 -4 L3 

and f o r  females ,  

W = + 3 . 0 0 * 1 0 - ~  - 4 . 5 0 * 1 0 - ~  L + 2.05010 -3 L2 

The model was c a l i b r a t e d  a g a i n s t  t h e  average l e n g t h  d i s t r i b u t i o n  

of  females caught  i n  t h e  seasons  1949-1963 when t h e  minimum l and ing  

s i z e  was 21 c m .  The l eng th  d i s t r i b u t i o n  of t h e  c a t c h  s i n c e  1964 

has  been t r e a t e d  s e p e r a t e l y  s i n c e  t h e  minimum landing  s i z e  w a s  

i nc reased  by l c m  i n  1964. The l e n g t h  d i s t r i b u t i o n  used i n c l u d e  

t h e  d i s c a r d s .  

From t h e  cohor t  a n a l y s i s  on l eng th  groups an e f f e c t i v e  Fi1 .3  

(1949-1963) was found f o r  t h e  l e n g t h  i n t e r v a l  23-26 cm (Fig.  3 ) .  

The t o t a l  F  i n  t h e  model w a s  taken t o  be 1.80 s o  t h a t  t h e  e f f e c t i v e  

F ' s  s imula ted  on t h e s e  l eng th  groups become about  1.3. The simu- 

l a t e d  FIS t ends  t o  be sma l l e r  t han  t h e  i n p u t  t o t a l  F  s i n c e  t h e  

s imula ted  FIS of a  given l e n g t h  i s  t h e  produc t  of i n p u t  t o t a l  

F  t h e  p ropor t ion  r e c r u i t e d ,  t h e  s e l e c t i o n  r a t i o  of t h e  t r a p s  and 

t h e  propor t ion  r e t a i n e d  i n  t h e  d i s c a r d  p r a c t i s e .  

The r ec ru i tmen t  curve  wac chosen s o  t h a t  50% and 75% rec ru i tmen t  

occured a t  15 cm and 20 cm r e s p e c t i v e l y .  The r ec ru i tmen t  curve  

w a s  n o t  assumed t o  decrease  f o r  t h e  l a r g e r  animals.  

The s e l e c t i o n  curve i s  t h e  product  of two curves ,  an  i n c r e a s i n g  

s e l e c t i o n  of t h e  s m a l l e r  animals and a  dec reas ing  s e l e c t i o n  f o r  

t h e  l a r g e r  l o b s t e r s .  Le t  and L50 be t h e  l e n g t h s  a t  75% and 

50% s e l e c t i o n  of t h e  t r a p s .  For t h e  l e f t  i n c r e a s i n g  p a r t  of t h e  

s e l e c t i o n  curve it was found t h a t  a  L75/L50 r a t i o  =1.10  gave a 

reasonable  s t eepness  of  t h e  e s t ima ted  l e n g t h  frequency.  The de- 

s e l e c t i o n  of t h e  l a r g e r  animals a r e  caused by t h e  opening of t h e  

t r a p s ,  and p o s s s i b l y  by less mob i l i t y  of t h e  l a r g e r  ones. This  

was accounted f o r  by s e t t i n g  t h e  75% and 50% s e l e c t i o n  a t  27.5 :m 



LENGTH 

Fig. 5. Lobsters (H. gammarus) on the Norwegian Skaggerak coast. 
R: Proportion recrxted . S: Selection, F: Fishing mortality 
arrived at for female lobsters. 1949-1963, using the modified 
mesh assessment model. 
r~kagerrakhummer 
R: Andel rekruttert til fisket, S: Seleksjon, E': FangstdØdelighet 
for hunnhummer. 1949-1963. fremkommet ved bruk av en "tilpasset 
maskevidde modell"3 



and 30 cm respectively which was found to give a reasonable good 

fit between the observed and simulated length frequencies for 

the larger length groups. 

Given these parameters, M=0.10, K=0.22, tO=O, Lm=35 cm and the 

length frequency of the females caught from 1949 to 1963, 

LS0=20.4 cm minimized the object function. The observed and simu- 

lated length distribution are shown in Fig. 6 (OBJ=13.51). The 

recruitment curve (constant), the resulting selection curve as 

given by L50=20.4 cm and L75/L50=1.10 and the implied landing 

(fishing) mortality are shown in Fig. 5. 

In fitting the length distribution of males caught in 1949-1963 

the same parameters were used, except for K (=O. 14) and Lm (=43) . 
The result is shown in Fig. 7. L50 is estimated to be 20.2 cm, 

close to that for females, although the fit between the two curves 

(OBJ=21.16) is somewhat weaker than for females. 

Using data from the periode 1964-1979 the change in minimum landing 

size from 21 cm to 22 cm was accounted for. Except for F, all 

the other parameters remain the same as used for the first period. 

The input total F (=1.10) was chosen so that the effective F on 

the lengthgroups 23-26 cm become about 0.8 which is close to the 

cohort average for this period (Fig. 3). 

This procedure gave L50=20.9 cm for females and LS0=20.6 cm for 

males. The £it between observed and simulated distributions were 

in both cases relatively good (Fig. 8 (OBJ=6.87), and Fig. 9 

(OBJ=9.39)). If F had not been changed the £it between the two 

distributions would have been significantly impaired, and the 

estimates of L50 would increase by about 2 cm and become 22.7 cm 

for females (OBJ=28.63) and 22.3 cm for males (OBJ=28.72). 

However, with the adopted procedure the four estimates of length 

at 50% selection of the traps (L ) varies between 20.2 cm and 50 
20.9 cm. It ceems to us that the parameters used describes a fair- 

ly consistent model of the population and the fishery. It may 



Fig. 6. Lobsters (H. gammarus) on the Norwegian Skagerrak coast. 
Observed 1) and sirnulated 2) length frequencies in percent in- 
cluding discards for female lobsters 1949-1963. OBJ=13.5. 
L~kagerrakhummer. Observert 1) og simulert 2) lengdefordeling for 
hunnhummer 1949-1963. OBJ=13,5J 

LENGTH 

Fig. 7. Lobsters (6 gammarus) on the Norwegian Skagerrak coast. 
observed 1) and simulated 2) length frequencies in percent in- 
cluding discards for male lobsters 1949-1963. OBJ=21.2. 
bkaggerakhummer. Observert 1) og simulert 2) lengdefordeling for 
hanhummer 1949-1963. OBJ=21,23 



Fig. 8. Lobsters (H. gammarus) on the Norwegian Skagerrak coast. 
Observed 1) and sirnulated 2) length frequencies in percent in- 
cluding discards for female lobsters 1964-1979. OBJ=6.9. 
pkagerrakhummer. Observert 1) og simulert 2) lengdefordeling for 
hunhummer 1964-1979. OBJ=6,9J 

LENGTH 

Fig. 9. Lobsters (H. garnmarus) on the Norwegian Skagerrak coast. 
Observed 1) and sirnulated 2) length frequencies in percent in- 
cluding discards for male lobsters 1964-1979. OBJ=~;~. 
ESkagerrakhummer. Observert 1) og simulert L) lengdefordeling for 
hanhummer 1964-1979. OBJ=9,43 



Table 1. Shortterm effect on yield per recruit of different minimum 
legal length and fishing mortality, compared to longterm effect on 
yield per recruit and egg production. C~orttidsvirknin~er på av- 
kastning pr rekrutt av endringer i minstemål og fangstinnsats sammen- 
holdt med tilsvarende langtidsvirkninger på avkastning pr rekrutt og 
eggproduksjon 2 

% forandr- Langtidsvirkninger 
~ i n s  temål 

ing i Gytte egg 
i c m  l å r  3 å r  5 å r  7 å r  

innsa t s  Y'R % forandring 



be t h a t  some of t h e  d e s e l e c t i o n  of t h e  l a r g e r  animals should be 

a t t r i b u t e d  t o  t h e  behaviour ( l e s s  movements of t h e  l a r g e r  an imals )  

and t h e r e f o r e  accounted f o r  by t h e  r ec ru i tmen t  curve.  A s i m i l a r  

t r a n s f e r  between t h e  s e l e c t i o n  and r ec ru i tmen t  of t h e  s m a l l e r  

animals  may a l s o  have been argued f o r .  However, i n  terms of t h e  

prognos is  done l a t e r ,  what m a t t e r s  i s  t h e  product  between r e c r u i t -  

ment and t h e  s e l e c t i o n  curve.  A s  long a s  t h i s  p roduc t  i s  unchanged 

it does n o t  a f f e c t  t h e  e s t i m a t e s  of  what would happen i f  t h e  e f f o r t  

and t h e  minimum l e g a l  s i z e  a r e  changed. 

Before us ing  t h i s  modified mesh assessment  model f o r  p r e d i c t i o n ,  

t h e  i n p u t  f i s h i n g  m o r t a l i t y  was changed s o  t h a t  e f f e c t i v e  F on 

t h e  23-26 cm become c l o s e  t o  0.50 (Ftot=Oe70). This  was done i n  

accordance wi th  Fig .  3 i n  o rde r  t o  l e t  t h e  model r e p r e s e n t  t h e  

p r e s e n t  ( l a te  1970 ' s )  s i t u a t i o n .  LS0 a s  e s t ima ted  f o r  t h e  per iode  

1964-1979 was used, a l l  t h e  o t h e r  parameters  i n  t h e  model were 

l e f t  unchanged. 

The es t imated  long term and s h o r t  term e f f e c t s  on y i e l d  p e r  r e c r u i t t  

due t o  changes i n  minimum landing  s i z e  and f i s h i n g  m o r t a l i t i e s  

a r e  given i n  Table 1. 

Tagging 

Tagging experiments have shown t h a t  i f  l o b s t e r s  between 22 cm 

( t h e  p r e s e n t  minimum s i z e )  and 23 cm a r e  r e l e a s e d  one w i l l  a f t e r  

t h r e e  t o  Sour y e a r s  r e c a p t u r e  up t o  1 2 2 %  i n  weight (Table 2 ) .  

On an average t h i c  s i z e  group makes 15 kg of a 100 kg c a t c h ,  by 

d i s c a r d i n g  t h e s e  animals one w i l l  l o o s e  t h e  15 kg b u t  a f t e r  some 

y e a r s  g e t  back 18.3  kg i . e .  3.3% weigth i n c r e a s e  f o r  t h e  same 

number of r e c r u i t s .  This  i s  minimum f i g u r e s  s i n c e  no al lowance 

has  been made f o r  unrepor ted r e c a p t u r e s  o r  l o s t  t a g s .  Fishermen 

have r epo r t ed  t h a t  t hey  have had tagged l o b s t e r s  i n  t h e i r  c a t c h ,  

b u t  a f t e r  s t o r i n g ,  t h e  t a g s  have e i t h e r  been l o s t  o r  t h e  l o b s t e r  

s o l d  wi thout  n o t i c i n g  t h e  t a g s .  In one experiment of  1 0 0  l o b s t e r s ,  

s i x  of t h e  82 recap tured  had l o s t  t h e i r  e x t e r n a l  t a g ,  b u t  were 

recogniced on t h e  ex t rud ing  gu t  ends. S ince  they  could n o t  be 



Table 2 .  Marking (1919-1966) and tagging  (1966-1973) 
experiments.  Numbers tagged ( N )  and pe rcen t  r ecap tu red  
by weight.  [ ~ e r k i n ~ e r  1919-1973. A n t a l l  merket ( N )  og 
% g jen fange t  i vek t ,  f o r  t re  lengdegrupperJ 

Tota l lengde  i c m  
20.0-20.9 21.0-21.9 22.0-22.9 

Halek l ippe t  

2, plas tmerke 

l i d e n t i f i e d  t o  group, they have no t  been inc luded  i n  any f i g u r e s .  

These experiments have a l s o  shown t h a t  d i s ca rded  l o b s t e r s  have 

g r e a t  s u r v i v a l  p o t e n t i a l s .  

DICUSSION 

Table l chows t h a t  i n  tne long run t h e  y i e l d  p e r  r e c r u i t  would 

b e n e f i t  from an inc reased  minimum landing  s i z e ,  keeping t h e  f i s h i n g  

m o r t a l i t y  a t  o r  above t h e  p r e s e n t  l e v e l .  With t h e  p r e s e n t  f i s h i n g  

m o r t a l i t y  and a new minimum l e g a l  l and ing  s i z e  of 24 cm compared 

t o  22 cm a t  p r e s e n t ,  an increment i n  y i e l d  p e r  r e c r u i t  of 7% i s  

i n d i c a t e d  (Table 1). This compares w e l l  wi th  t h e  tagg ing  exper iments  

which i n d i c a t e d  a 3.3% i n c r e a s e  f o r  one cm h ighe r  minimum l and ing  

s i z e .  For t h e  p r e s e n t  minimum l eng th  t h e  p r e s e n t  f i s h i n g  m o r t a l i t y  

seems c l o s e  t o  t h e  MSY Level. 



For a l l  minimum l e n g t h s  t h e r e  a r e  s h o r t  t e r m  l o s s e s  i n  Y/R when 

t h e  f i s h i n g  m o r t a l i t y  i s  reduced. When f i s h i n g  m o r t a l i t y  i s  in -  

c reased  t h e  f i r s t  y e a r s  ga in  i s  reduced through t i m e .  

Applying t h e  Y/R r e s u l t s  f o r  management advice  r e q u i r e s ,  s t r i c t l y  

speaking,  t h a t  t h e  recru i tment  s t a y s  cons t an t .  The a s s o c i a t e d  

longterm changes i n  t h e  eggproduction (Table 1) a r e  n o t  t aken  

i n t o  account .  T v e i t e  (1979) shows t h a t  poor r ec ru i tmen t  i s  one 

of t h e  main reasons  f o r  t h e  r educ t ion  of t h e  s t o c k  s i n c e  t h e  e a r l y  

1950 ' s  (F ig .  4 ) .  

Table 3. C o r r e l a t i o n  c o e f f i c i e n t s  between c a t c h  p e r  t r a p  p e r  
day and number of r e c r u i t s  according t o  cohor t  a n a l y s i s  w i th  
O t o  7  y e a r s  l a g .  L~orrelasjonskoeffisient mellom f a n g s t  p r  
te inedggn og a n t a l l  r e k r u t t e r  i f g l g e  cohor t  ana lyse  med O til 
7 å r s  t i d s f o r s k y v n i n g 3  

Lag o 1 2 3  4 5 6 7 

I n  Table 3 the c o r r e l a t i o n  c o e f f i c i e n t  between t h e  weight p e r  

t rapday  according t o  f ishermens in format ion ,  and number of  re- 

c r u i t s  (22-23 cm) according t o  t h e  cohor t  a n a l y s i s  on l e n g t h  groups,  

i s  given f o r  O t o  7  yea r s  l a g .  I t  i s  seen t h a t  t h e  c o r r e l a t i o n  

i s  r e l a t i v e l y  h igh  f o r  a l l  combinationc,  most l i k e l y  due t o  t h e  

gene ra l  f a l l i n g  t r e n d  of both curves  (F ig .  4 ) .  However, t h e  b e s t  

c o r r e l a t f o n  i s  f o r  5 yea r s  l a g  which corresponds w e l l  wi th  t h e  

expected age of  l o b s t e r s  22-23 cm long.  This i n d i c a t e s  a  r e l a t i o n -  

s h i p  between t h e  spawning s tock  and t h e  subsequent r ec ru i tmen t  

a s  s een  i n  Fig .  1 0 .  

Based on t h e  d i f f e r e n c e s  between t h e  two curves  i n  Fig. 3  and 

Fig. 4, t h e  o f f i c i a l  s t a t i s t i c s ,  somewhat a r b i t r a r y ,  is supposed 

t o  g ive  t h e  t o t a l  ca t ch  landed u n t i l  1963, b u t  g radua l ly  dec reases  

t o  one t h i r d  of t h e  l and ings  i n  1979. One would then  g e t  a  re -  



Fig. 10. Lobsters (H. gammarus) on the Norwegian Skagerrak coast. 
Stock as grams/trapdays and recruitment in numbers of lobsters 
22-23 cm for the years 1949 (1944 yearclass) to 1979 with five 
years lag as calculated from official catch statistics 
1) Regression line for official catrlh statistics 
2) Regression line for adjusted catch statistics 
r~ka~errakhunmer. Bestand gitt som gram pr teinedØgn og rekruttering 
i antall rekrutter for årene 1949-1979 
1) Regresjonslinje for offisiell statistikk 
2) Regresjonslinje for justert statistikk2 

RELATIVE CHANGE IN FISHING MORTALITY % 

Fig. 11. Lobsters (H. gammarus) on the Norwegian Skagerrak coast. 
Long term yield fordifferent fishing mortalities and minimum 
landing lengths relative to the present situation (F=0.5; 
M.l.l.=22 cm; Marked with square). i~vkastnin~ ved forskjellig 
innsats og minstemål i forhold til den nåværende situasjon 
(markert ved en firkant) J 



g r e s s i o n  l i n e ,  l i k e  t h e  s t i p p l e d  one i n  F ig .  1 0 ,  Th is  i n t e r s e c t s  

t h e  X-axis c l o s e r  t o  o r i g o  as would be expected from t h e o r e t i c a l  

cons ide ra t ions .  

Taking t h e  r ec ru i tmen t  t o  be p r o p o r t i o n a l  t o  t h e  egg produc t ion  

t h e  long t e r m  y i e l d  (LY) r e l a t i v e  t o  t h e  p r e s e n t  s i t u a t i o n  has  

been c a l c u l a t e d  from t h e  formula: LY=(l+YR).(l+ES), where YR i s  

t h e  long term change i n  y i e l d  p e r  r e c r u i t  and ES i s  t h e  change 

i n  eggs spawned. LY and ES i s  given i n  t h e  l a s t  two columns of 

Table 1 as percen tages .  F ig ,  11 shows t h e  r e s u l t s  f o r  d i f f e r e n t  

combinations of f i s h i n g  m o r t a l i t i e s  and minimum landing  s i z e s .  

It  i s  e s t ima ted  t h a t  reducing t h e  e f f o r t  by 50% bu t  keeping t h e  

p r e s e n t  minimum s i z e ,  would double t h e  long term ca tch .  A s i m i l a r  

i n c r e a s e  i n  long t e r m  y i e l d  could be achieved by i n c r e a s i n g  t h e  

minimum landing  s i z e  t o  25-26 cm whi le  l eav ing  t h e  f i s h i n g  e f f o r t  

unchanged. I f  t h e  minimum s i z e  i s  inc reased  t o  26 cm and t h e  

f i s h i n g  m o r t a l i t y  i s  reduced by 50% t h e  long term y i e l d  would 

be t h r e e  t i m e s  t h e  p r e s e n t ,  whi le  y i e l d  p e r  r e c r u i t  i s  reduced 

by 16% (Table 1) .  Judged from t h e  y i e l d  per  r e c r u i t  c a l c u l a t i o n s  

(Table 1) and given t h e  p r e s e n t  minimum landing  s i z e ,  t h e  p r e s e n t  

f i s h i n g  m o r t a l i t y  may be adviceab le  s i n c e  i t  i s  c l o s e  t o  t h e  FMSy. 

U n c e r t a i n t i e s  about  M e f f e c t  t h e  Y/R c a l c u l a t i o n s  (Table 1) and 

LY c a l c u l a t i o n s  (Fig .  11) equa l ly .  It  i s ,  however, reasonable  

t h a t  t h e  r e l a t i o n s h i p  between spawning s t o c k  and subsequent  re- 

c ru i tment  shown i n  Fig.  1 0 ,  should be considered i n  g iv ing  manage- 

ment advice  e s p e c i a l l y  a t  t h e  p r e s e n t  low s tock  l e v e l .  It may 

t h u s  be concluded t h a t  t h e  y i e l d  p e r  r e c r u i t  model (Table 1) pro- 

bably g ives  mis leading r e s u l t s  i n  terms of t h e  probable  e f f e c t s  

on t h e  ca t ches  from changes i n  minimum landing  s i z e  and f i s h i n g  

m o r t a l i t y ,  and t h a t  Fig .  11 i s  a  b e t t e r  b a s i s  f o r  management advice .  
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