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Changes in catchabihty of cod, haddock, and whiting associated 
with the Scottish seine-net fleet

R. M. Cook and D. W. Armstrong
DAFS M arine Laboratory 
P.O. Box 101, Victoria Road 
A berdeen A B 98D B , Scotland

The catchability coefficient, Q , o f cod, haddock, and whiting associated with the 
Scottish seine-net fleet is examined. Cod and haddock show increasing catchability 
for the period 1963—1979. The rise in Q  is related to  the spatial distribution of the 
fleet as vessels increasingly fish in areas o f higher fish abundance. Additionally, for 
haddock, catchability is related to  year-class strength. The utility o f catchability 
trends in the prediction of fishing m ortality is discussed.

Introduction
C afch a n d  effo rt d a ta  form  th e  basis o f  m uch stock as­
sessm ent w ork  because they  may b e  u sed  to  calculate 
abundance  indices and  to  m ake sh o rt-te rm  catch  fore­
casts (e .g ., R off, 1983). I t  is frequently  im plicit in these 
calculations th a t fishing effo rt is linearly  re la ted  to  the 
in stan taneous fishing m ortality  ra te , F, w hich in tu rn  as­
sum es th a t th e  susceptibility o f  fish to  cap tu re , catcha­
bility, is constan t.

T h ere  are  m any reasons to  expect catchability  to  
change, such as technological im provem ents in vessels 
o r  th e  im position  o f  conservation  m easures to  p ro tect 
stocks. T h e  usefulness o f  catch  a n d  effo rt d a ta  from  
com m ercial vessels is there fo re  lim ited  by th e  degree  to  
which changes in catchability  ( if  any) can b e  quantified  
and  pred ic ted . R ecently  a ttem pts have b een  m ade to  
use com m ercial catch  and effo rt d a ta  to  estim ate  fishing 
m ortalities in som e N orth  S ea  dem ersal stocks (A rm ­
strong  an d  C o o k , 1982; S parre , 1982; A rm strong  and  
C ook , 1983; L ew y, 1983). T h ese  m ethods have to  a  va­
rying degree  accounted fo r changes in  catchability , bu t 
they  all rely heavily on catch  and effo rt d a ta  ob ta ined  
from  th e  Scottish se ine-net fleet. T he increasing use o f 
such m ethods by assessm ent w orking groups (A non ., 
1 9 8 2 ,1983a, 1984) m erits som e discussion o f  th e  under­
lying causes o f  catchability  changes associated w ith this 
Scottish fleet in  o rd e r to  help  understand  the n a tu re  o f 
the d a ta  being  used in these assessm ents.

Source data
L andings by Scottish seiners have been  sam pled fo r age 
and  leng th  each  m onth  since 1963 on  a  sea-area  basis.

T hese areas , show n in F igure 1, a re  subdivisions o f  the 
IC E S roundfish rep o rtin g  areas. E ffort da ta  (hou rs 
fished) fo r the sam e m o n th —area  s tra ta  a re  also avail­
ab le . T hese  d a ta  allow the estim ation  o f  catch in  num ­
b er p e r un it o f  effo rt fo r each age group  o f  fish fo r any 
com bination  o f  a rea  o r  tim e  period . E stim ates o f  to tal 
in ternational catch  a t age a n d  associated fishing m or­
tality  ra tes w ere  o b ta in ed  from  th e  app rop ria te  IC E S 
w orking group  rep o rt (A n o n ., 1983a).

Shetland

Viking

Forties
Mera Buchan

Firth'

Centra

Figure 1. Scottish sampling areas referred to in the text.
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Changes in catchability and effort
F o r simplicity th e  catchability  coefficient fo r flee t i (Q¡) 
is assum ed to  be th e  proportionality  constan t in the re la­
tion:

F, -  Q, E, (1)

w here F, is th e  fleet fishing m ortality  ra te  and  E , is the 
flee t effort.

T his defin ition  o f  catchability  incorporates all th e  fac­
to rs responsible fo r genera ting  th e  observed  fishing 
m ortality  ra te  o th e r th a n  fishing effo rt p er se. f t th e re ­
fore  includes factors such as gear efficiency, and fleet 
and  fish d istribu tional changes, as well as th e  intrinsic 
susceptibility to  cap tu re  o f  th e  fish in  re la tion  to  the 
g ear in  question . I t  th u s d iffers from  the original defi­
n ition  o f  catchability  used by B everton  and  H o lt (1957), 
w hich w as lim ited  to  th e  last o f  these  fac to rs, i.e . th e  in­
trinsic susceptibility to  cap tu re .

T h e  partia l m ortality  (F,) caused by any fleet i is as­
sum ed also to  b e  given by:

F ^ F . C / C ,  (2)

w here C, is the to ta l catch , is th e  catch  by fleet i and 
F, is th e  to ta l fishing m ortality  ra te . By substitu tion , the 
catchability  coefficient m ay be w ritten  as:

O t =  F ,C ,/C ,E 1. (3)

T he catchability  coefficient h as  been  calculated  in this 
way in F igures 2 - 4  fo r th e  Scottish se inc-net fleet for 
cod, haddock , and  whiting.

W hen p lo tted  against tim e, catchability  can  be seen 
to  have increased fo r b o th  cod and  haddock  over the 
last two decades. T he change in  the catchability  o f  had ­
dock is m uch g rea te r th an  th a t fo r cod, b u t bo th  species 
show a m ore m arked  increase in young  fish th an  old 
fish. I t is no tew orthy , how ever, th a t fo r w hiting th e re  is 
no clear trend  w ith tim e. In  explain ing catchability 
changes it m ust b e  b o rn e  in  m ind th a t cod , haddock, 
and  w hiting are  all p a r t o f  essentially  the sam e m ultispe­
cies fishery. T he obvious cause o f  increasing catchabil­
ity , im proving technological sophistication , appears 
there fo re  to  be inadequa te  if  w e a re  to  reconcile catcha­
bility trends fo r haddock and w hiting. If the fishing 
pow er o f  vessels has increased  th e n  it is reasonable  to  
expect com parab le  changes for all th ree  species. T his is 
clearly no t so  a n d  indicates th a t som e o th e r factor o r  
factors m ust be responsib le . T his is discussed below.

In  recen t years th ere  have been  an  increasing num ber 
o f  restrictions p laced on  all N orth  Sea fleets including 
the se ine-net fleet. M inim um  m esh sizes have been  in ­
creased  and T A C s im posed. In  particu lar th ere  has been 
a substan tia l change o f  m esh size in the N orw egian sec­
to r  o f th e  N orth  S ea , w hich is especially im portan t to  
th e  Scottish fleet. T h ese  changes will tend  to  cause a  d e ­
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Figure 2. North Sea cod. Catchability, Q , p lotted against time. 
Unbroken line shows predicted catchability from th e  fitted re­
gressions in Table 4. Broken line shows the extrapolated re­
gression values.

cline in  catchability  such as th a t ev iden t in  recen t years, 
notab ly  in th e  case o f  haddock  (Fig. 3). F o r th is reason 
th e  follow ing analysis is concerned  prim arily  w ith  the 
years 1963-1979 , a  period  w hen  th e  fleet m ay  have 
been  considered  to  be fishing “ad  lib itum ”.

The effect of effort distribution
A  m ajo r change in recen t years in  th e  se ine-ne t flee t is 
in its spatia l d istribu tion . Figure 5 show s th e  p ropo rtion  
o f  to tal e ffo rt expended  in  each  o f  th e  six N o rth  Sea 
a reas illu stra ted  in  Figure 1. I t can  b e  seen  th a t in  earlier 
years fishing w as predom inantly  inshore in  M oray F irth
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Figure 3. N orth Sea haddock. Catchability, Q , plotted against 
time. U nbroken line shows predicted catchability from the fit­
ted regressions in Table 5. Broken line shows the extrapolated 
regression values where sufficient data are available.

a n d  B uchan, th e  m ore recen t d istribu tion  is in  the off­
shore a reas  o f  V iking, F orties, and  C en tra l. T h e  change 
is substan tia l. In  the early  1960s over 40 %  o f  effo rt w as 
spen t in  B uchan , w hereas th is has now  d ro p p ed  to  less 
than  15 % . C onversely, effort in  Forties has risen from  
less th an  5 %  to  over 15 %  in recen t years. T h e  m ove­
m en t o f  vessels has occurred  presum ably  because catch 
ra tes a re  h igher in these areas . T hus it  seem s reasonable 
to  p ropose th a t th e  rise in  catchability  is re la ted  to  the 
m ovem ent o f  vessels to  areas o f  h igher fish abundance.

W hilst it is difficult to  p rove  th a t fish a re  m ore ab u n ­
d an t o ffshore , it  can  be show n th a t th e  ca tch  p e r un it ef­
fo rt by se iners has b een  consistently  h igher in  offshore

Figure 5. Proportion o f  total hours’ fishing by Scottish seine- 
net vessels spent in six areas, plotted against time.
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Figure 4. N orth Sea whiting. Scatter plots o f catchability, Q , 
against time.
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Table î . Overall ranks o f  c .p .u .e . in each sea a rea  for each age group o f cod, haddock, and whiting. Kendall's coefficient o f  con­
cordance, W , has been calculated to  show that the rankings for each year do  not differ significantly.

Age

Inshore Offshore

W Probability
Moray
Firth Buchan Forties Central Shetland Viking

C od 2 4 5 3 1 6 2 04922 <0-01
3 4 6 3 2 5 1 0-5341 <0-01
4 4 6 1 3 5 2 0-6440 <0-01
5 + 6 + 7 5 6 I 3 4 2 0-7532 <0-01

Haddock 2 6 5 1 2 4 3 0-4574 <0-01
3 6 5 1 4 3 2 0-7480 <0-01
4 6 5 3 4 2 1 0-7026 <0-01
5 + 6+ 7 6 5 2 4 3 1 0-7197 <0-01

W hiting 2 6 2 3 4 ! 5 0-4197 <0-01
3 6 2 4 5 I 3 0-5271 <0-01
4 6 3 5 4 1 2 0-6774 <0-01
5 + 6 + 7 6 3 5 4 1 2 0-6934 <0-01

w hich are  least susceptible to  discarding, th e  difference 
in catch  ra tes is large enough to  explain th e  change in  Q , 
b u t fo r younger fish n o  unequivocal s ta tem en t can  be 
m ade. A s expected  in  the case o f  w hiting , th e  catch 
ra te s  inshore and  offshore are  very  sim ilar, and  th is is 
consistent w ith the ap p aren t lack o f  change in Q  with 
tim e (cf. Fig. 4).

T h is  analysis suggests tha t the increase in  Q  w ith tim e 
can b e  explained a t  least in  p a rt by the m ovem ent o f  
vessels to  a reas  o f  h igher fish abundance. S ince th e  off­
sho re  m ovem ent o f  vessels has been  con tinuous an d  oc­
curs sim ultaneously w ith  the change in Q  it  w ould  no t 
be difficult to  re la te  th e  tw o quantita tively . A  first ap ­
proach  m ight be to  perform  a m ultip le regression o f  Q 
against th e  independen t variâtes o f  p ro p o rtio n  o f  effort 
in each  a rea . T his results in a  high co rre la tio n , b u t b e ­
cause th e  independen t variâtes are  obviously highly cor­
re la ted  them selves, each successive independen t varíate 
in  the regression does n o t really co n trib u te  any  new  in ­
form ation. C learly  the change in  effo rt in each  a rea  is 
m easuring the sam e th ing  -  th e  m ovem ent o ffshore -  so 
th e re  is redundancy  in the variâtes.

A n app rop ria te  technique to  use to  resolve this diffi­
culty  is p rincipal-com ponent analysis (e .g .,  see  M or­
rison , 1978). T his technique h as th e  advantage o f  find­
ing new  pseudovariates (which are  lin ea r com binations 
o f  the orig inal variâ tes) th a t a re  unco rre la ted . A lso  each 
new  pseudovariate  accounts fo r a successively sm aller 
p ropo rtion  o f  th e  to ta l variance. T hus th e  first principal 
com ponen t will account fo r the g rea test p ropo rtion  of 
the to ta l variance in th e  original variâtes. T h e  resu lt o f  
this analysis is given in Table 3  w here it is ev iden t from  
th e  eigenvalues tha t o ver 80 %  o f  th e  to ta l variance is 
contained in  th e  first principal co m ponen t. T h e  eigen­
vector  associated  w ith this com ponent is a  con trast b e ­
tw een the offshore and  inshore areas. T h is  can  b e  seen 
from  the e lem en ts  o f  th e  eigenvector. F o r th e  offshore

areas over th e  past tw enty years. T his can  be done by 
rank ing  th e  c .p .u .e . in  each a re a  fo r each year. U sing 
K endall’s  W  it can  b e  show n th a t th e  rankings fo r each 
y ear d o  no t d iffer significantly from  each an o th e r and 
th a t the offshore a reas rank  h ighest (Thble 1). I f  c .p .u .e . 
is an acceptable m easure o f  popu la tion  size th en  this 
m eans fish have been  m ore ab u n d an t offshore fo r at 
least the period  under investigation.

T he ranking p rocedu re  dem onstra tes th a t a rea  catch 
ra tes d iffer in  a  consistent way. I t  does n o t, how ever, 
quantify  the d isparity  betw een  areas. U nfortunately  
catch p e r unit e ffo rt is m odified by th e  effect o f  discar­
d ing fish a t  sea (see Jerm yn a n d  R o b b , 1981). T he dis­
carding effect is d ifferen t in  each a rea  (Jerm yn and 
R o b b , unpublished d a ta ) , thus th e  tru e  relative m agni­
tu d e  o f  the catch ra tes is difficult to  assess fo r the range 
o f  years considered. Table 2  show s th e  m ean  catch per 
unit e ffo rt in  inshore and  offshore areas. For o lder fish,

Table 2. M ean catch per unit effort (no ./h) for Scottish seiners 
for each age group of cod, haddock, and whiting for inshore 
and offshore areas.

Age Inshore Offshore

Cod 2 14-9 37-9
3 4-6 11-5
4 1-2 3-4
5 + 6+ 7 0-6 2-3

Haddock 2 84-1 130-8
3 65-4 151-6
4 26-2 74-7
5 + 6+ 7 9-6 40-8

Whiting 2 44-6 46-3
3 51-1 58-6
4 24-1 38-9
5 + 6 + 7 12-8 16-7
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Table 3. Eigenvalues and eigenvectors from principal-component analysis o f  proportion o f  effort data.

Com ponent Eigenvalue Eigenvector

Shetland Viking Moray Firth Buchan Forties Central

 1  0-02321 0-2631 0-2408 -0-5863 -0-5241 0-2939 0-4099
 2..........................  0-00164 0-4841 0-2827 0-0876 -0-2814 0-0811 -0-7696
 3..........................  0-00124 0-5862 -0-4623 0-2301 -0-2528 -0-5061 0-2642
 4..........................  0-00047 0-3474 -0-4292 -0-5765 0-5553 0-1583 -0-1904
 5..........................  0-00013 0-1616 0-6297 -0-2281 0-3645 -0 -6 1 7 ! 0-1087
 6..........................  0-00005 0-4539 0-2603 0-4671 0-3756 0-4951 0-3492

areas these  elem en ts a re  all positive, while fo r th e  in­
shore a reas the values a re  all negative. T h e  first p rin ­
cipal-com ponent score th e re fo re  form s a convenient 
“offshoreness" index to  co rre la te  w ith  Q . F igure 6 
show s Q  p lo tted  against this index fo r cod and  haddock

Table 4. Regressions o f  catchability, Q , against offshoreness 
index for cod and haddock.
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Figure 6. Catchability p lotted against offshoreness index for 
cod and haddock, for ages 2 - 7 .  Coefficients o f fitted regres­
sions are given in Table 4.

Age Slope Intercept Coefficient o f 
determination

Cod 2 8-08 3-90 0-537
3 5-37 3-05 0-417
4 2-21 1-85 0-181
5 3-33 1-95 0-536
6 1-04 1-35 0-305
7 2-29 1-37 0-305

Haddock 2 26-02 11-39 0-665
3 37-21 13-85 0-880
4 29-02 11-46 0-761
S 22-54 9-49 0-654
6 18-15 8-27 0-695
7 16-92 7-42 0-494

from  1963 to  1979, and  Table 4  gives the regression 
equations.

In Figure 2 the fitted  values o f  Q  ob ta ined  from  this 
“offshoreness m odel” a re  p lo tted  for cod , and th ere  is 
satisfactory  ag reem ent. T h e  m odel h i«  been  ex trap o ­
la ted  fo r th e  years 1980-~1982 in F igure 2, and  again  the 
p red ic ted  values con tinue  the observed trend . T he ex­
cep tion  is the tw o-year-olds. H ere  th e  observed tren d  in 
recen t years is dow nw ard while th e  p red icted  tren d  is 
upw ard. T his is p robab ly  th e  resu lt o f  changes in  m esh- 
size regulations as discussed below .

T h e  corre la tions are  generally  b e tte r  fo r haddock , 
perhaps no t surprisingly, as th is is the prim ary target 
species fo r this fleet. H ow ever it  is know n th a t year- 
class fluctuations affect fishing m ortalities for this sp e ­
cies (C ook , 1974), and  th e  effect needs to  be included  in 
the m odel. T h is  is described  in  the nex t section.

The effect of year-ciass strength in 
haddock
C ook (1984) no ted  tha t in  th e  N orth  Sea haddock  fish­
ery  th ere  w ere delec tab ly  h igher fishing m ortalities o n  
age groups o f  fish constitu ting  a high biom ass. A rm ­
strong  and  C ook  (1983) fo u n d  th a t th e re  was a re la­
tionship betw een  year-class strength  and  th e  residual
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Table 5. Analysis o f  variance tables for haddock catchability. X I =  offshoreness index. X2 =  log year-class-strength index.

Age Source d.f. F Slope Intercept Coefficient o f 
determ ination

2 Regression 2 17-392 3-20 0-713
XI 1 27-163 4-06
X2 1 5-632 -0 -40

3 Regression 63-435 2-50 0-901
XI 1 126-279 5-90
X2 1-202 0-12

4 Regression 39-256 1-65 0-849
XI 1 70-671 4-92
X2 10-645 0-42

5 Regression 21-951 1-09 0-758
X I I 28-629 4-13
X2 9-879 0-55

6 Regression 25-206 1-59 0-783
X I 36-897 3-28
X2 4-303 0-25

7 Regression 13-928 1-20 0-666
XI 18-722 4-02
X2 1 3-496 0-38

variation  in  Q  after allow ing fo r changes in effo rt d istri­
bution . T h ere  is som e reaso n , th e re fo re , to  expect year- 
class streng th  in  haddock  to  co n trib u te  to  changes in Q . 
T h is  w as exam ined as follows.

A n  index o f  year-class streng th  w as calculated  from 
th e  Scottish research-vessel series as described in the 
A ppendix. A  m ultip le regression  o f  log Q  against the 
offshoreness index and  log  year-class-strength index was 
th e n  ca lcu lated  fo r each  age g ro u p . T h is  m odel w as cho ­
sen  sim ply because it  yields th e  h ighest coefficient of d e ­
term ination . T h e  results o f  th is analysis a re  show n in Ta­
ble 5. F o r ages 4 - 7  th ere  is a  significant positive effect 
o f  year-class streng th  on Q  which is consisten t w ith ea r­
lier findings. In terestingly , th e  resu lts fo r younger fish 
a re  ra th e r d ifferen t. In  th e  case o f  tw o-year-olds the 
year-class effect is significantly negative. T his m ay ap ­
p e a r to  b e  in con trad iction  to  th e  resu lts fo r o ld er fish, 
b u t in fact it  is probably  a characteristic  o f  th e  sam e p ro ­
cess. D irec ted  fishing fo r o ld e r fish o f  abundant year 
classes (hence elevating  Q ) w ould b e  w orth  while, 'lb  d o  
th e  sam e w hen an ab u n d an t y ear class is recruiting  as 
young  fish w ould , how ever, b e  pointless, because the 
catch  w ould th e n  contain  large num bers o f  sm all fish 
which a re  e ith e r uneconom ic o r  illegal to  land. A bun­
d a n t year classes a t this age a re  best avoided, as the 
trend  in Q  reflects. A t age 3 th ere  is no  significant effect 
a ttrib u tab le  to  year-class streng th  since th is rep resen ts 
an  in term ed ia te  stage betw een  avoidance and  directed 
fishing.

F igure 3 show s th e  fitted  values from  th e  above m o­
del and it can  be com pared  w ith  th e  observed  values. 
T h e  m odel describes the d a ta  po in ts  up  to  1979 well. 
H ow ever, if i t  is ex trapo la ted  it  diverges significantly 
from  the d a ta  (Fig. 3). T he dow nw ard  trend  in  Q  is most

m arked  in younger fish, though all ages 2 - 7  show  the 
decline. I t seem s likely th a t m esh  changes a re  the m ajo r 
fac to r because catchability  fo r cod (a  la rger fish) does 
n o t seem  to  b e  affected  except fo r th e  youngest fish, 
while for haddock  a  larger range o f  ages show s declining 
catchability . T his change in trend  p reven ts successful 
ex trapo lation  o f  th e  m odel. T h e  alm ost com plete lack of 
da ta  o n  selectivity o f  dem ersal seine p rev en ts  any a t­
tem p t, a t  p re sen t, to  include such an  effec t in  th e  m o­
del.

The use of catchability trends in stock 
assessments
G iven th a t the m ajo r causes o f  changes in catchability  
o ver th e  last tw o decades have been  iden tified  it  should 
in princip le be possib le to  p red ict Q  w ith know ledge o f  
the fleet d istribu tion  a n d  year-class strength . I f  0  can be 
p red icted  th en  it is possible to  calculate th e  fish ing m or­
tality  ra te  from  effo rt d a ta , and  this w ould solve many 
o f  th e  difficulties facing assessm ent scientists in eval­
ua ting  cu rren t m ortality  ra tes and  stock  sizes. T his was 
the basic principle ¡u th e  m ethods o f  A rm strong  and 
C ook  (1982 ,1983) and  Lewy (1983), w here tren d s  in Q  
coupled to  v irtual population  analysis (V P A ) w ere  used 
to  estim a te  cu rren t fishing m ortalities and  stock  sizes. 
In d eed  th e  so-called “rh o  m ethod” , (A rm strong  and 
C ook , 1982) h as becom e a standard  m eth o d  used  by the 
N orth  Sea R oundfish  W orking G ro u p  (A n o n ., 1982, 
1983a, 1984). T h e  tru e  value o f  these m ethods how ever 
d epends o n  tw o conditions:

(1) I t  m ust b e  realistic  to  ex trapo la te  th e  observed 
trends in Q .
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(2) T h e  variance o f  th e  p red icted  values o f  F  mus! be 
n o  g rea te r than  the to ta l variance in  th e  observed  values 
o f F.

T h ere  is increasing ev idence, a t  least in the case o f  
haddock , th a t th e  trend  observed  in  Q  u p  to  ab o u t 1979 
can n o t be ex trapo la ted  using  th e  m odels cu rren tly  fitted 
to  the d a ta  (see Fig. 3). A ll these  m odels p red ic t in ­
creasing O  beyond 1979 e ith e r  because a tim e tren d  is 
ex trapo la ted  (A rm strong  and  C o o k , 1982; Lewy, 1983) 
o r  because the offshoreness index is still increasing 
(A rm strong  and  C ook , 1983). R ecen t changes in Q  for 
haddock  indicate a  substan tia l fall fo r reasons already 
m en tioned , and  these effects need  to  b e  built in to  the 
m odel before  O  can be successfully pred icted .

T h e  question  o f  th e  precision o f  the p red icted  F  is 
also difficult to  answ er because  o f  th e  problem  o f  esti­
m ating  th e  variance o f  th e  pred iction . I t  is a  featu re  of 
the N o rth  Sea dem ersal fisheries th a t fishing m ortality  
ra tes show  low variance. T his pu ts considerab le  d e ­
m ands o n  any predictive m ethod  to  satisfy  condition
(2 ) , and  a t  p resen t n o  m ethod  can  b e  show n to  be satis­
factory  in this regard . Such tests tha t have been  carried  
ou t on  these m ethods indicate th a t the variance o f  th e  
pred icted  Fs is g rea te r th an  th a t o f  th e  observed  Fs 
(A rm strong  and  C ook , 1982,1983). T h e  prob lem  o f  as­
sessing th e  accuracy o f  these  and  o th e r so-called "tuning 
m ethods" is fu rth er discussed by Pope and  Shepherd  
(1983; this volum e, p . 129) and  Á non. (1983b).

Conclusions
T he catchability  o f  cod  an d  haddock  associated  w ith the 
Scottish se ine-net fleet has undergone a con tinuous in­
crease during the period  1963 to  1979. 'fh e  single m ost 
im portan t factor underly ing these changes appears to  be 
the red istribu tion  o f  fishing effort in  th e  N orth  Sea to  
offshore areas. In  the case o f  haddock  th ere  is an  add i­
tional year-class effect con tribu ting  to  catchability 
changes.

A lthough  th ere  have been technological im prove­
m en ts in th e  seine-net flee t, many o f  these changes have 
increased  the efficiency o f  shooting  an d  hauling  the gear 
ra th e r  th an  affecting th e  fishing pow er o f  th e  n e t itself. 
This w ould increase th e  efficiency o f  a  vessel, w ithout 
affecting th e  value o f  Q  an d , considering  its d is tribu ­
tio n , could  explain why th e  catchability  o f w hiting does 
n o t seem  to  have changed.

In  th e  years since 1979 th ere  is som e ev idence tha t

catchability  has declined , particularly  fo r haddock . T his 
decrease canno t b e  explained by effo rt d istribu tion  o f  
year-class streng th  and is m ost p robab ly  caused by 
mesh-size increases. Total allow able catches (TA C s), 
though aim ed m ore a t  reducing fishing m ortality  a t  all 
ages by reducing effo rt, a re  also liable fo  cause changes 
in catchability . T his is because TA Cs are  se t separately  
fo r each m ajo r species in  th e  m ixed dem ersal fishery 
and allow vessels the lim ited possibility o f  redirecting  
effort in the m ost rew arding way am ongst ta rg e t sp e ­
cies. T h e re  is evidence th a t effort can  b e  red irec ted  
am ongst ages o f  fish w ithin a species (C ook , 1984) so 
th ere  is n o  reason w hy such redirection  could n o t also 
occur across species. I f  redirection  does occur th en , fo r 
the sam e effo rt, th is effect w ould b e  m anifest as a 
change in Q  fo r each species.
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Appendix

Derivation of a year-class-strength index 
for haddock
Scottish research  vessels have  carried  o u t traw ling sur­
veys o f  th e  N o rth  Sea fo r m any  years. T h e  surveys p ro ­
vide catch-per-un it-effort indices o f  abundance  fo r had­
dock o f  ages 1 to  5 as described  by Jones and  H islop 
(1978). T hese  abundance  indices w ere  used to  calculate 
a year-class index.

E ach  y ear class is sam pled  up  to  five tim es by succes­
sive surveys (i.e . once a t  each  age 1—5). T h e  year-class- 
streng th  index was th e re fo re  calculated  by taking the 
average abundance  over the five values. In  o rd e r to  en ­
sure  equa l w eighting to  each  o f  the sam ples the abun­
dance o f  each  g ro u p  was first scaled to  th e  value o f  the 
1967 year class a t th a t age. T his w as necessary to  allow 
fo r missing values. A  sim ple m ean  o f  th e  scaled values 
was th en  taken  fo r each y ear class. Table 1A  show s the 
values used.

Table 1A. Abundance indices for haddock from Scottish re- 
search-vessel surveys scaled to  the 1967 year class.

Year class
1 2

Age
3 4 5

Mean

1956 . . .  0-004 0-004 0-023 0-069 0-025
1957 . . .  0-003 — 0-020 0-027 0-077 0 -0 »
1958 . . .  0-057 0-044 0-063 0-179 0-246 0-118
1959 . . .  0-018 0-014 0-025 0-061 0-077 0-039
1960 . . .  0-016 0-004 0-111 0-043 0-162 0-067
1961 . . .  0-078 0-104 0-079 0-136 0-231 0-126
1962 . . .  0-600 0-518 1-230 3-250 1-538 1-427
1963 . . .  0 001 0-003 0-018 0-009 0-085 0-023
1964 . . .  0-004 0-002 0-003 0-0Î4 0-008 0-006
1965 . . .  0-005 0-004 0-004 0-025 0-016 0-053
1966 . . . 0-153 0-019 0-143 0-159 0-038 0-103
1967 . . .  1-000 1-000 1-000 1-000 1-000 1-000
1968 . .. 0-055 0-039 0-037 0-052 0-023 0-041
1969 . .. 0 049 0-011 0-017 0-014 0-069 0-032
1970 .... 0 -150 0-716 0-067 0-277 0-217 0-157
1971 .... 0-130 0-060 0-594 0-318 - 0-275
1972 .. . 0-023 0-065 0-032 - 0-073 0-048
1973 .. . 0-113 0-096 _ 0-156 0-082 0-112
1974 .. . 0-157 — 0-212 0-179 0-215 0-191
1975 .. — 0-014 0-008 0-036 — 0-019
1976 .. . 0-029 0-019 0-038 - - 0-029
1977 .. . 0-584 0-031 — — — 0-045
1978 .. . 0-094 - - — 0-094

-  =  no  data

T his index was devised  because no abundance-a t-age  in ­
dex was available fo r fish aged 6  and  7 and  because 
th e re  a re  occasional years w hen n o  survey w as carried  
ou t. By sim ply using year-class streng th  a s  an  independ ­
en t variab le  th e  analysis could  be ex tended  to  all groups 
and years.

Reference
Jones, R .,  and Hislop, J. R. G . 1978. Changes in North Sea 

haddock and whiting. Rapp. P.-v, R éun. Cons. int. Expior. 
M er, 172: 5 8 -7 1 .

178


