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In t he Dutch W adden Sea a w helk  fishery existed  from 1900 to 1970. The high post-w ar catches, follow ing a 
period w ith out fishery, and the subsequent decrease in catches w h en  fishery w as reopened, allow ed  us to  
estim ate fishery m ortality and recruitm ent. Information on natural m ortality and grow th, w hich  w ere  
required in the estim ation procedure, w as obtained from  previous studies e lsew here. Natural m ortality could  
be calculated from  an experim ent w ith  m arked w helks in the Tham es estuary. A ge-length relations could be 
used  from French investigations on w helks near the Channel Islands. The size o f a potential w helk  population  
could be estim ated. Effects o f fishery and possible causes o f the disappearance o f the w helk  from  the Dutch 
W adden Sea are discussed.

© 20 0 9  Elsevier B.V. All rights reserved.

1. Introduction

The w helk (Buccinum undatum  L) is a neogastropod mollusc that is 
widely distributed in North Atlantic waters. It lives a t depths o f a t least 3 m 
and occurs on different substrates. W helks tolerate salinities dow n to 
20%o. European populations mainly breed during autum n and winter. The 
w helk is an opportunistic feeder, being a predator as well as a scavenger.

The w helk  is fished over its en tire  range. In th e  w este rn  Dutch 
W adden  Sea a w helk  fishery existed  be tw een  1900 and 1970. This 
fishery cu lm inated  in th e  1920s w h en  in 1925 and 1926 ha lf a m illion 
kg w as fished. From th e  end  o f M arch till October th e  fishery was 
closed. C ontrary to England and France w here  w helks are  fished w ith  
pots, special dredges w ere  used. These dredges had a w id th  of 1 m 
w ith  a b o ttom  o f m etal w ire ne tting  w ith  10 cm  m esh size a t th e  fore 
end  and 8 cm  a t th e  low er end, and a top m ade o f rough co tton  th read . 
Three to four d redges w ere  used  sim ultaneously. The m ajority  of 
w helks caught had a length  be tw een  55 and 70 m m  and w ere  
be tw een  4  and 6 years old (Havinga, 1929). In th e  1970s th e  w helk 
d isappeared  from  th e  Dutch w aters.

In th is paper w e explore th e  causes o f d isappearance o f th e  w helk 
in th e  W estern  Dutch W adden  Sea. W e are specifically in te rested  in 
w h e th e r  o r n o t o v erfish ing  has b een  a m ajo r cause  for th e  
d isappearance of th e  w helk. In o rder to shed som e light on  this 
question , w e first try  to reco n stru c t th e  popu lation  dynam ical 
characteristics o f th e  w helk  population, including grow th, natural 
m ortality, fishing m ortality, recru itm ent, and population  size. Next, 
w e  will link th is inform ation to da ta  on  trends in catches and fishing
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effort. U nfortunately, a lm ost no fishery research  has been  carried  ou t 
on th e  w helk  fishery in The N etherlands. The only extensive da ta  w e 
have considered a re  catches. So w e will partly  rely on  investigations 
on w helk  fisheries w hich have been  carried  o u t e lsew here , e.g. in 
England (Eiancock, 1963), France (Santarelli and Gros, 1985, 1986; 
Gros and Santarelli, 1986), Ireland (Fahy e t al., 1995, 2000), th e  
C hannel Island Je rsey  (M orel an d  Bossy, 20 0 4 ) an d  S w eden  
(V alentinsson e t al., 1999; Valentinsson, 2002).

2. Materials and methods

2.1. Growth

No com plete g row th  curve is available for th e  W estern  W adden 
Sea. Havinga (1929) only reported  th a t w helks had a length  o f 16 m m  
after th e ir first w in te r and o f 30 and 4 0 -4 5  m m  respectively a fter the  
second and th ird  w in ter. After four w in ters th e  length  could be as 
m uch as 55 m m . Santarelli, V éron and H uet (1986) published a m uch 
m ore detailed  g row th  table for w helks occurring east o f  th e  Channel 
Islands. Relations are given b e tw een  age, heigh t and w eigh t for 
anim als up  till nine years old. Lengths for th e  first four years 
correspond w ith  those  given by Havinga. Data from  these  French 
investigators w ere  therefore  used, toge th e r w ith  th e ir corresponding 
w eights, to  estim ate  a von Bertalanffy length  grow th  curve and a 
conversion coefficient from  cubic length  to biomass.

2.2. Natural mortality

Hancock (1963) carried o u t an  ex p erim en t w ith  m arked w helks in 
th e  Tham es estuary. In July 1957 m arked w helks w ere  released, and
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during  th e  th ree  su b sequen t years th e  num ber o f recap tu red  m arked 
w helks w as noted. W e used  these  da ta  to estim ate  th e  natural 
m ortality, and applied th e  estim ation  m ethod  o f Paulik (1 9 6 2 ,1963), 
see also Seber (1973, pp 271-2 7 6 ). This m ethod  assum es th a t bo th  
th e  instan taneous m orta lity  ra te  and th e  instan taneous exploitation 
ra te  are constant, w hich  is in good ag reem en t w ith  th e  da ta  provided 
by Hancock on fishing effort and to ta l catches.

2.3. Recruitment, fishery mortality, and fishery catches and effort

Here w e develop a new  m ethod  to estim ate  fishery m orta lity  using 
inform ation  on  catch ra tes in a previously unexplo ited  population  and 
com pare th is to th e  catch in an  exploited  population. The situation  w e 
have in m ind is th e  observed high catch ra te  o f  th e  w helk  in th e  Dutch 
W adden  Sea in 1946, th e  first year after th e  Second W orld W ar. 
During th e  G erm an occupation  fishing had no t been  possible for 
several years (1 943-1945). W e com pare th e  catch in 1946 to th a t o f 
1949 to estim ate  recru itm en t and fishery m ortality. Fishing effort w as 
very sim ilar in these  tw o years. The m ethod  relies on  th e  assum ptions 
th a t recru itm en t is constant, g row th  follows a Bertalanffy g row th  
curve, natu ral m orta lity  is constant, and in years w hen  fishing occurs 
fishing m orta lity  is constant. See th e  A ppendix for details.

Catch da ta  and data  on  fishery effort w ere  ob tained  from  tw o  types 
o f fishery statistics published in th e  “Jaarcijfers over de visserij 
[Annual Fishery Statistics]" (A nonym us, 1920-1939 , 1940-1941 , 
1942-1944, 1946-1964 , 1965-1970). The first statistic  gives the  
“Extent and outcom e o f th e  W adden  Sea Fisheries on th e  w helk  in kg 
per year". The second statistic  gives “A sta tem en t show ing total 
quan tity  and value taken  by th e  d ifferent kinds o f gear in th e  coastal 
w aters; d redges and w eeks o f operation". The la tter statistic  is lacking 
from  1965 onw ards. From 1938 a m in im um  size lim it o f 50 m m  is 
applied in w helk  fishery in The N etherlands, because too m any small 
anim als w ere  supplied. This im plies th a t catch da ta  before and after 
1938 are  difficult to com pare.

2.4. Population size

Population surveys have no t been  carried ou t in th e  Dutch W adden  
Sea. However, an  assessm ent o f poten tial stock size could be m ade 
using published w helk  densities from  o th er estuaries and fishing 
areas (Table 1). In these  studies estim ates w ere  ob tained  e ith e r by 
fishing w ith  pots o r by diving. Kideys (1993) com pared four different 
sam pling m ethods (p o t sam pling, SCUBA diving, m ark-recap ture  
experim ents and video) and show ed th a t th e  estim ates ob tained  by 
these  m ethods are very similar.

Table 1
Densities of whelks (Buccinum undatum ) in different estuaries.

Author Location Method
used

Density

Hancock (1963) Thames Fishing with 0.5 m ~2
estuary pots

Hylleberg (1991), based on the Thisted Sampling 1.23 m ~2
results of Petersen (1911) and Bredning Diving 0.5-1.5 n r 2
Petersen and Boysen Jensen (1911) (Limijord)

Legaultand Himmelman (1993) St Lawrence Diving 0.417 ±
estuary (1771 m2 0.045 m ~2

observed)
McQuinn, Gendron and St Lawrence Fishing 0.81 m ~2

Himmelman (1988) estuary Diving 0.65 m ~2
Petersen (1918) Thisted Sampling; 0.6 m ~2

Bredning 0.1 m2
(Limijord) (n =  15)
Nissum Sampling; 0.65 m ~2
Bredning 0.1 m2
(Limijord) (n =  8)

Gros and Santarelli (1986) Channel Fishing with 0.37 m ~2
Islands pots

3. Results

3.1. Growth

Using g row th  da ta  provided by Santarelli e t al. (1986) w e obtained 
estim ates for th e  th ree  g row th  param eters: th e  conversion coefficient 
from  cubic length  to m ass <f> is 0.114 g cm - 3 , th e  u ltim ate  length  L*. is 
10.3 cm, and th e  Von Bertalanffy g row th  coefficient y  is 0.191 y e a r-1
(Fig !)•

3.2. Natural mortality

Hancock (1963) tagged 4898 anim als and recap tured  349 ,213  and 
74 an im als in th e  first, second, and  th ird  y ear a fte r release, 
respectively. M axim um  likelihood estim ation , as p resen ted  in Seber 
(1973, pp. 271 -2 7 6 ) resu lted  in an  overall annual in stan taneous 
m orta lity  ra te  o f 0.700. The overall annual instan taneous m ortality  
ra te  is th e  sum  o f an  instan taneous natural m orta lity  ra te  o f  0.597 and 
an  in stan tan eo u s exp lo itation  ra te  o f 0.104. Hence th e  annual 
percentage th a t survived exploitation  equalled  90%, from  w hich 55% 
survived and 45% died  from  natural causes. Overall 50% survived each 
year.

3.3. Fishery mortality and recruitm ent

Average catches for various periods, bo th  before and after th e  w ar 
and for th e  W adden  Sea and for Zeeland, are p resen ted  in Table 2. The 
catch per year in th e  W adden  Sea for th e  period 1946-1969  is given in 
Fig 2. The catch peaks in th e  first y ear after th e  end o f th e  G erm an 
occupation  subsequently  decrease  un til th e  early  1950s w h en  a period 
o f relative stability begins. The last five years (19 6 5 -1 9 7 0 ) show  
low er catches.

W e used th e  post-second-w orld-w ar 1946 catch (w hich  equalled 
1 4 0 x l0 3k g ),an d  th e  1949 catch (w hich equalled 72 x  IO3 kg y ear- 1 ) 
to  estim ate  th e  annual recru itm en t and th e  instan taneous fishery 
m ortality. The renew al ra te  is estim ated  a t 4 6 .7 x  IO6 new -born  
individuals per year, w hich corresponds to an  annual recru itm en t a t 
th e  age o f 4  o f 81 .3 x  IO3kg. The instan taneous fishery m ortality  w as 
estim ated  a t 0.815 y ear- 1 . Our analysis predicts th a t such fishery 
m orta lity  has had a m ajor effect on th e  size d istribu tion  of the
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Fig. 1. Length-age data and the fitted von Bertalanffy growth curves (with or without 
the restriction that length is zero at age zero). Data from Santarelli et al. (1986).
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Table 2
Mean yearly catch of the whelk fishery in the Dutch Wadden Sea and Zuiderzee (which 
disappeared in 1932), and in Zeeland, expressed in kgx IO3.

Period Wadden Sea and Zuiderzee Zeeland

1920-1929 334 ± 1 2 4 3 9 ±  14
1930-1939 217 ± 6 6 112 ± 2 7
1950-1959 45 ± 1 0 42 ± 1 2
1960-1969 37 ±  15 76 ± 3 5

population. O lder age classes are virtually  absen t in case fishing occurs 
every  year, com pared to th e  situation  w ith o u t fishing. The situation  in 
th e  years 1946 (after several years w ith o u t fishing) and 1949 is in 
be tw een  these  tw o  extrem es (Fig. 3).

3.4. Fishery effort and catch per un it effort

Although th e  qu an tity  o f w helks caught per year w as h ighest in 
1925 and 1926, no data  for fishery effort are available for th is period, 
n o t even th e  num ber o f boats involved. In th e  period 1932-1938  only 
th e  num ber o f  boats fishing on w helks is know n, no o th er da ta  on 
fishery effort a re  available. The m ean  catch  per b oat per year 
decreased  gradually  from  ab o u t 3300 kg in 1932 to 1200 kg in 1938.

For th e  period 1946-1963  da ta  for fishery effort are available in the  
form  o f th e  num ber o f dredges used  and th e  n u m b er o f  w eeks per year 
th a t they  w ere  used. M ultiplying these  tw o  factors provides a m easure 
indicating fishery effort. From 1946 onw ards th e  effort decreases 
continuously  till 1955, after w hich it rem ains a t a ra th e r co n stan t low 
level. The catch per un it effort is initially ra th e r low, b u t show s a large 
increase after th e  early  1950s (Fig. 4).

3.5. Population size

The m ean density  o f  w helk  populations in estuaries and coastal 
w aters th a t a re  m ore o r less com parable w ith  th e  W adden  Sea, was 
estim ated  a t 0 .6 9 ±  0.28 m ~ 2 (Table 1). The surface a rea  o f the  
W estern  Dutch W adden  Sea deep er th an  3 m  equals 3 0 6 x l0 6 m 2 
(D ekker 1989). Total p o ten tia l w h e lk  po p u latio n  can  th u s  be 
estim ated  a t 2 1 1 x l 0 6 w ith  a standard  e rro r o f 8 6 x 1 0 s anim als. A 
crude e stim ate  o f th e  to ta l b iom ass o f w helks larger th an  5 cm  is in the  
range of 2 2 8 0 -5 4 0 0  x 10 3 kg.

LO
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Fig. 3. Expected biomass versus age. The two thick lines represent (from right to left) an 
unexploited population and a population exploited from the age of 4 onwards. The thin 
lines give the 1946 and the 1949 situation.

4. Discussion

4.1. Growth, natural mortality, recruitm ent and population size

W helks show  only lim ited m ovem ents and they  disperse slowly 
(Hancock, 1963; H im m elm an and Hamel, 1993). This enables m ark- 
recapture experim ents, because even after several years m arked anim als 
can be recaptured. The estim ated  natural m ortality rate o f about 0.6, 
using data from  the  m ark-recapture experim ents o f Hancock (1963) is 
considerably  h igher th an  those  ob tained  by o th e r investigators. 
Santarelli and Gros (1986) assum ed, on  the  basis o f literature data  of 
tw o o ther gastropod species from Australia and th e  w est coast o f th e  US, 
a natural m ortality  o f 20 or 30% in the  seas east o f the  Channel Islands. 
Fahy e t al. (2000) assum ed a natural m ortality o f 20% in the  coastal

1950 1955 1960 1965

Year

Fig. 2. Catch of whelks (in kg) in the western Dutch Wadden Sea from 1946 to 1969.

— I--------------------I-----
1955 1960

Year

Fig. 4. Catch per unit effort in whelk fishery in the western Dutch Wadden Sea from 
1946 to 1964, expressed as tons per number of dredges used multiplied with the 
number of weeks in which the dredge was in use.
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w aters o f South-East Ireland. Com pared w ith  our experim entally  based 
estim ate, these  assum ptions are probably too low.

W e assum ed th a t recru itm en t w as constan t during  th e  w ar and 
th e  post-w ar period. Given th e  lim ited da ta  available, th is w as m erely 
a necessity  in o rder to estim ate  fishery m ortality, th an  th a t this 
assum ption  w as based on  rigid data. The high catches in th e  p re-w ar 
period w ere  com pared to th e  low  catches in th e  post-w ar period 
point, how ever, to a m uch m ore com plicated situation. Overfishing in 
th e  1930s, as indicated by th e  decreasing catch per un it effort in this 
period m ay have resu lted  in a population  decrease, b u t m ost likely 
o th er factors th an  fishery will also have con tribu ted  to th e  decrease  o f 
th e  w helk  population  in th e  W estern  Dutch W adden  Sea. These 
factors are related  to th e  closure o f th e  Zuiderzee in 1932. First o f all, 
area reduction  m ay have con tribu ted  considerably to th e  decline in 
w helk  catches. Reclam ation sta rted  a lready a t th e  end  of th e  1920s, 
w hen  th e  region sou th  o f W ieringen w as reclaim ed. Second, as a 
resu lt o f th e  closure, th e  channels leading to  th e  form er Zuiderzee

becam e silted and unsu itab le  for w helks and oysters alike. O yster beds 
d isappeared  com pletely  from  th e  w este rn  Dutch W adden  Sea. It is 
know n th a t m any  w helks are found near o r on  oyster beds (Fig 5). In 
Zeeland, for exam ple, th e  w helk  catch has alw ays been  a subsidiary to  
th e  oyster harvest. The decline in th e  w helk  catches in th e  w este rn  
W adden  Sea a fter th e  1930s and w hich  did no t occur in Zeeland, could 
th u s be related  to th e  d isappearance o f th e  oyster beds.

Our analysis po in ted  to  a p o st-w ar stock of approx im ate ly  
h u n d red  to n  w helks, w hich  is low  com pared  to  th e  po ten tial 
population  size o f several thousand  tons, as assessed  on  th e  basis o f 
com parable areas. This im plies th a t th e  p o st-w ar stock w as a lready in 
a phase o f severe decline.

4.2. Fisheries

In th e  period 1932-1938 , th e  m ean  catch per b oat per year 
decreased  gradually  from  abou t 3300 kg in 1932 to 1200 kg in 1938.

Sampling localities in

^  living w h elk s  

O  em pty  w helk  sh e lls  

_  i 5 m ete r  dep th

Land a n d  c h a n n e ls  a re  from  th e  s a m e  
period

Fig. 5. The occurrence of whelks and oysters in the western Wadden Sea in the period 1890-1910, presented on a recent map.
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This reduction  in th e  catch per u n it effort points to  overfishing. For 
th is reason, th e  au th o ritie s  in troduced , from  1938 onw ards, a 
m in im um  size lim it o f  50 m m  in th e  w helk  fishery in The N etherlands. 
For th e  period 1946-1963  m uch b e tte r  da ta  for fishery effort are 
available in th e  form  o f th e  num ber o f d redges used  and th e  nu m b er of 
w eeks o f use per year. From 1947 to 1955 th e  catch per un it effort 
rem ained  a t a ra th e r constan t and low  level, bu t from  1956 onw ards a 
large increase in catch per un it effort is observed until 1963. This is a 
surprising  resu lt and one explanation  m igh t be th a t  th e  w ay fishery 
effort is calculated, th a t is in m ultiplying th e  n u m b er o f d redges used 
by th e  nu m b er o f w eeks th e  d redges are  in use, is o f  ra th e r lim ited 
value. M ost likely th e  m oto r pow er o f th e  ships involved has been 
increased during  th is period, and ignoring m otor pow er m ay give a 
w rong  im pression o f th e  fishery effort. U nfortunately, no inform ation 
is available for m oto r pow er o f vessels fishing on whelks. However, 
national statistics are available for categories o f fishing vessels. M ean 
HP for fishing vessels g reater th an  7 BRT increased b e tw een  1950 and 
1955 w ith  20% and be tw een  1956 and 1964 w ith  194%. For vessels 
sm aller th an  7 BRT, m ean  HP increased by 10% b e tw een  1950 and 
1955, and by 60% be tw een  1956 and 1964. Both categories o f vessels 
show ed a strong increase in m otor pow er after 1955. From 1965 to  
1969 th e  catch is low er com pared w ith  th e  earlier periods, b u t over 
these  years no da ta  on  fishery effort are available.

5. Conclusions

Overfishing in the pre-w ar period in combination w ith the  loss o f area 
and the  disappearance of the oysters initiated the decline o f the  whelk. 
Despite intensive fishing mortality during the post-war period 1947- 
1963, there are no strong indications o f overfishing in term s of a 
decreasing catch per unit effort, and fishery probably stopped definitely in 
1969 for economical reasons. Most likely other factors such as the use of 
tributyltin antifouling paints since the 1970s m ay explain the  later 
com plete extinction o f the whelk in the W adden Sea (Cadée e t al., 1995).
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Appendix A. Estimating fishery mortality and recruitment rate in 
the whelk

Fishery biologists usually distinguish betw een natural m ortality and 
fishery mortality. Here w e present a new  m ethod on how  to estim ate 
fishery mortality using very limited information on catch rates; i.e. 
information is available on the  total catch in a previously unexploited 
population and on the catch in an exploited population. The situation we 
have in m ind is the observed high catch rate of the w helk in the  Dutch 
W adden Sea after the Second W orld War, during which fishing had not 
been possible for several years. W e assum e th a t grow th and naturality 
mortality are known and that the  population is stationary, i.e. recruitm ent 
or renewal rate B is constant. For illustrative purposes first w e start w ith 
the  idealized situation w here fishery mortality affects all ages (A). After 
this w e continue w ith a m ore realistic case, w here older age classes only 
are subject to  fisheries (B).

(A). Assum e th a t th e  instan taneous m orta lity  rate  \  is constant, 
w hich  m eans th a t  th e  life span  X is exponentially  d istributed , and th a t 
th e  expected  m ass o f living individuals equals th e  expected  m ass a t 
d ea th  (Van Straalen, 1985). Assum e fu rth er th a t g row th  is o f th e  Von 
Bertalanffy type. Van de r M eer e t al. (2001 ) show ed th a t th e  expected  
m ass a t d ea th  W  is th en  equal to

E(W) =  i>Lœ +  X){2y  I  X)i3y  +  X )) -

w here  4> is a condition  pa ram ete r relating cubic shell length  to  mass, 
i«, th e  a sy m p to tic  leng th , and  y  th e  Von B ertalanffy  g ro w th  
param eter. The population  biom ass equals B ■ E(W)/A.

Assume that the instantaneous mortality rate is the  sum  of an 
instantaneous natural m ortality  ,\m and an  instan taneous fishery 
m ortality \ f. This m eans that the  catch rate can be w ritten  as B-E(W) ■ 
Af/(Am +  Af). Consider now the  situation w here a population w ithout 
fisheries (population biomass equals B ■ E( W) Am). ¡s suddenly exposed to 
fisheries, w ith instantaneous fishing mortality \ f. The initial catch rate will 
then  equal to B-$Ll ( (7 + Xm)(2y 6/ Xm)(3y + Xm))  'Af /  Am- In the long run, 

the catch rate will settle a t B-]>Ll({y + + M(27 + g + Ktl(37 + + Ktl) '
A f /  (X-m +  A f ).

These tw o catch ra te  equations contain only tw o  unknow ns, the  
instan taneous fishery m orta lity  ra te  and th e  recru itm en t ra te  B, 
w hich can th u s be easily obtained. For exam ple, th e  fishery m ortality  
rate  follows from  th e  ratio  be tw een  these  tw o  catch rates, w hich 
equals:

(7 +  Am +  Af )(2y +  \ m +  Af)(3-y +  \ m +  \ f ) ( \ m +  \ f ) 
i f  +  Am)(2y +  Am)(3y +  \ m) \ m

(B). Some of th e  assum ptions m ade above a re  too rigid (e.g. th a t o f 
equal fishery m ortality  for all age classes and th a t o f a stationary  
population  th a t is a lready in equilibrium  a t th e  end o f th e  w ar after a 
th ree  year fishery m ortuarium ) and w e will proceed w ith  a m ore 
specific tre a tm e n t. W e first co n sid er an  ex p lo ited  population , 
consisting o f annual cohorts. Only individuals th a t have reached the  
age of 4  are  fished. Furtherm ore fishery occurs in annual pulses, 
im m ediately  after each b irth  day. Hence w hen  it is fished for th e  first 
tim e, th e  abundance o f age cohort 4  equals

JV4 =  B ex p (—\ m-4).

Its individual biom ass is

C4 =  ^ ( l - e x p ( - y 4 ) ) 3,

and its con tribu tion  to th e  catch equals

Q  =  (1 —q ) 'ß e x p (—\ m-4)-c|>LÍ(l —ex p (—r 4 ) ) 3,

w here  th e  fraction th a t survives fishing q can also be expressed  as 
q =  exp( — Af). Similarly th e  con tribu tion  o f age class 5 equals

C4 =  (1 —ex p (—\ f ))-B exp(—\ m-5—V D '< I> ¿(1  — ex p (—r 5 ) ) 3, 

and th e  to ta l annual catch equals

C =  £  (1 —exp(—\ f ))-Bexp(—\ mT—V O - 4)) '<|>LÍ(l-exp(—r O ) 3
i = 4

=  ( l - e x p e x p ( —V ' —Af ' ( i —4)) ' (1 — ex p (—y i ) ) 3.
1 = 4

For a population  th a t has no t been  exploited  for several years (as 
th e  p ost-w ar w helk  population) th is la tte r eq uation  should be 
replaced by

C,- =  ( l - e x p ( - \ f ) W > ¿ » ¿  ex p (—V ' —Af'Z ,j)'(l — ex p (—y i ) ) 3,
i = 4

w here  z¡¡ reflects th e  fishery history  o f age class i in year j  and gives 
th e  num ber o f years th a t each specific cohort a t a specific age has been 
fished previously. See Table AÍ for th e  case o f th e  w helk  fisheries in 
th e  Dutch W adden  Sea.
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Table AÍ
Fishery histories.

1 2 3 4 5 6 7 8 9 10 11 12 13 . .. 30

46 45 44 43 42 41 40 39 38 37 36 35 34 33 . .. 16
0 0 0 0 0 0 0 1 2 3 4 5 6 23

47 46 45 44 43
(1)
42

(2)
41

(3)
40

(4)
39

(5)
38

(6)
37

(7)
36

(8)
35

(9)
34 .

(26) 
.. 17

0 0 0 0 1 1 1 1 2 3 4 5 6 23

48 47 46 45 44 43
(2)
42

(3)
41

(4)
40

(5)
39

(6)
38

(7)
37

(8)
36

(9)
35 .

(26) 
.. 18

0 0 0 0 1 2 2 2 2 3 4 5 6 23

49 48 47 46 45 44 43
(3)
42

(4)
41

(5)
40

(6)
39

(7)
38

(8)
37

(9)
36 .

(26) 
.. 19

0 0 0 0 1 2 3 3 3 3 4 5 6 23

50 49 48 47 46 45 44 43
(4)
42

(5)
41

(6)
40

(7)
39

(8)
38

(9)
37 .

(26) 
.. 20

0 0 0 0 1 2 3 4 4 4 4 5 6 23

51 50 49 48 47 46 45 44 43
(5)
42

(6)
41

(7)
40

(8)
39

(9)
38 .

(26) 
.. 21

0 0 0 0 1 2 3 4 5 5 5 5 6 23

52 51 50 49 48 47 46 45 44 43
(6)
42

(7)
41

(8)
40

(9)
39 .

(26) 
.. 22

0 0 0 0 1 2 3 4 5 6 6
(7)

6
(8)

6
(9)

23
(26)

Rows refer to the year of fishing (1946-1952), columns to the age class (1 year old to 
30 years old).
Upper figure gives the year of birth, lower figure the number of previous years in which 
fishing took place. Between brackets is the number of years in which fishing took place 
if fishing would have continued during the years 1943-1945. For example, just before 
the 1946 fishing, age class 8, which was born in 1938 has experienced only one fishing 
year, that is in 1942. Before 1942 they were too small (in 1939,1940 and 1941) and 
from 1943 to 1945 no fishing took place.
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