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Biased stock assessment when using multiple, hardly overlapping, 
tuning series if fishing trends vary spatially

Sarah B. M. Kraak, N iels Daan, and M artin A. Pastoors

Kraak, S. B. M., Daan, N., and Pastoors, M. A. 2009. Biased stock assessment when using multiple, hardly overlapping, tuning series if fishing 
trends vary spatially. -  ICES Journal of Marine Science, 66: 2272-2277.

Fishing-effort d istribu tions are subject to  change, for a u to n o m o u s reasons an d  in response to  m anagem en t regulations. Ignoring such 
changes in a stock-assessm ent p rocedure  may lead to  a biased perception . W e sim ulated  a stock  d istribu ted  over tw o  regions with 
inter-regional m igration and  different tren d s in exploitation and  tes ted  th e  perform ance o f ex tended  survivors analysis (XSA) and 
a statistical catch-at-age m odel in te rm s o f bias, w hen spatially restricted  tu n in g  series were applied. If we used a single tun ing  
index th a t  covered only th e  m ore heavily fished region, estim ates o f fishing m ortality  and  spaw ning-stock biom ass were seriously 
biased. If tw o  tun ing  series each exclusively covering one  region were used (w ith o u t overlap b u t to g e th e r covering th e  w hole 
area), estim ates were also biased. Surprisingly, a m o d era te  degree o f overlap o f spatial coverage of th e  tw o  tun ing  indices was sufficient 
to  reduce bias o f th e  XSA assessm ent substantially. However, perform ance was best w hen one  tun ing  series covered th e  en tire  stock  
area.
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Introduction
M anagem ent o f  exploited fish stocks depends largely o n  knowledge 
o f  the  historical developm ent in  their status. P opulation  
param eters such as cu rren t and  historical biom ass, plus fishing 
m ortality, are usually estim ated by analytical stock-assessm ent 
m odels founded  on  v irtual p opu lation  analysis (VPA). Based o n  
these estim ates, advice m ay be given o n  im plem enting appropria te  
harvest con tro l rules and  m anagem ent m easures such as to ta l 
allowable catches (TACs; ICES, 2007). The appropriateness o f  the 
m anagem ent advice depends critically o n  the  accuracy o f  the his
torical and  cu rren t p opu lation  estim ates. I f  estim ates are biased, 
m anagem ent m easures m ay drive the  p opu lation  away from  the 
desired state ra ther th an  bringing it closer, o r exploitation  m ay 
be unnecessarily restricted. Therefore, po ten tial sources o f  bias in  
the assessm ent need to  be avoided.

M any assessm ent m ethods use fishery-dependent data, p a rticu 
larly com m ercial catch-at-age in  num bers, b u t incorporate  
fisheries-independent data  too , specifically indices o f  abundance 
from  research-vessel surveys. Therefore, extended survivors analy
sis (XSA; Shepherd, 1999), a calibrated varian t o f  VPA com m only  
used in  the  N ortheast A tlantic (ICES, 2007), needs as in p u t the 
catch-at-age in  num bers and one or m ore calibration (tuning) 
series o f  catch per u n it effort (cpue) by  age group. The tun ing  
series m ay be derived from  com m ercial catch and effort data  or 
from  research-survey data. M ultiple series are o ften  used together. 
In  the latter case, different indices m ay som etim es cover different 
parts o f  a stock’s d istribu tion  area o r its age classes (e.g. young fish 
surveys).

H ere, we investigate how  the  use o f  one o r m ore spatially 
restricted tu n in g  indices m ay affect the stock assessm ent in 
term s o f  bias, in  the  situation  th a t fishing trends vary spatially. 
W e approach  this question  generically w ith a sim ulation  m odel 
th a t does n o t aim  to reflect a real stock, b u t we illustrate the 
issue by  referring to  the  exam ple o f  N o rth  Sea plaice 
(Pleuronectes platessa) to  show  th a t the question  has curren t 
relevance.

T he N o rth  Sea plaice stock is assessed annually  using XSA 
(ICES, 2008). Currently, plaice are taken m ainly  in  a m ixed flatfish 
fishery by  beam  trawlers in  the so u thern  and  southeastern  N orth  
Sea. D irected fisheries are also carried o u t w ith seines, gillnets, 
and  tw in-trawls, and  by  beam  trawlers in  the central N o rth  Sea, 
b u t the  nu m b er o f  vessels participating  in  these fisheries generally 
declined over the  past 10 years. In  particular, the D utch beam  trawl 
fleet, one o f  the  m ajor operators in  the  m ixed flatfish fishery, has 
shifted its m ain  effort from  the  central N o rth  Sea tow ards m ore 
inshore fishing grounds in  the  sou th  (R ijnsdorp et ah, 2008). 
This shift m ay have been  caused by a range o f  factors, including 
the  im plem en tation  o f  effort restrictions (days-at-sea), the 
increase in  fuel price, and relative changes in  the  TACs for the 
two target species, sole (Solea solea) and  plaice (ICES, 2008; 
R ijnsdorp et al., 2008). Im p o rtan t to  o u r question  is that over 
the  past decade, fishing in tensity  has decreased in  one pa rt o f  
the  stock’s d istribu tion  area, whereas it has rem ained constant 
o r m ay even have increased in  the  o ther part. M oreover, the 
plaice box has been closed to  vessels >  300 hp (Pastoors et al., 
2000) since 1995, and  fishing d im inished ab rup tly  there.
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Table 1. Maturity-at-age, weight-at-age (units are irrelevant), and relative F-at-age.

Parameter

Value at age

1 2 3 4 5 6 7 8 9 10 11 +
Maturity 0.0 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Weight 0.15 0.20 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.05
Relative F 0.10 0.35 0.60 0.80 0.95 1.00 1.00 1.00 1.00 1.00 1.00

The problem  addressed arises w hen fishing in tensity  changes 
differentially am ong subareas, gradually o r abruptly. In  such a 
situation , the  recent com m ercial catch-at-age data used as inpu t 
for the stock assessm ent are m ainly  from  the  subarea where 
fishing in tensity  is highest and  do n o t reflect the to ta l d istribu tion  
o f  the  stock. Because the  regions w ith relatively high fishing in ten 
sity tend  to  be  dom inated  by  younger age groups, whereas m ost o f 
the  surviving o lder fish are in  the  low-effort regions, the age com 
position  o f  the  com m ercial catches canno t be representative for 
the  en tire  population , and this could  bias the  assessment. Here, 
we investigate the role o f  the tun ing  series in  representing the 
abundance o f  the stock over the  entire  area and  in  rem edying 
the  poten tial bias.

W e constructed  a sim ple m odel in  w hich the p opu lation  
dynam ics were sim ulated un d er exploitation  levels that could  be 
varied independently  in  two subareas, allowing for different rates 
o f  exchange betw een the two. Sim ulated catch data  were equal to 
the  “tru e” catch num bers, and  sim ulated  abundance indices 
were p roportiona l to  the  true  num bers present. These data  were 
fed in to  XSA to investigate how  well the stock developm ent 
could  be assessed (note that for the  assessment, the subpopulations 
were viewed as a single stock). As catch num bers and tun ing  
indices used as in p u t were no t subject to  erro r o r bias, any discre
pancy betw een the  true  and  the perceived stock developm ent m ust 
be caused by  flaws in  the  assessm ent m odel. To test w hether any 
resulting bias is specific to  the use o f  the  XSA m odel, we also 
carried ou t assessments using a statistical catch-at-age m odel 
(Fournier and  Archibald, 1982; D eriso et a l ,  1985; ICES, 2005).

Methods
Simulated population dynamics
The determ inistic  sim ulation  ran  in  tim e-steps o f  1 year over a 
period  o f  20 years. A nnual recru itm en t at age 1 (R) was set con
stant a t 20 000. M aturity-at-age, weight-at-age, the  selection 
p a tte rn  (Table 1), and  na tura l m orta lity  (Aí =  0.1 a t all ages) 
were also set as constant. The fishing m orta lity  (F) on  fully 
recruited  ages ( > 5  years) was set constant at 0.5 for the  first 15 
years o f  the  sim ulation  ( F . - 8 =  0.41), and  m odified thereafter 
(see below). A nnual exchange betw een the  two subareas was 
m im icked by allowing a constant p ro p o rtio n  (E) o f  the  p opu lation  
present at the  start o f  the  year in  each subarea to  shift to  the  other. 
T he starting p opu lation  and  its d istribu tion  over the  subareas in 
year 1 were set to  be in  equilibrium  un d er the given m orta lity  
and  m igration  rates. These dynam ics determ ine p opu lation  
num bers-at-age, catch num bers-at-age, and  spaw ning-stock 
biom ass (SSB) for each subarea separately as well as for the  to ta l 
area. The equations used are given in  A ppendix  A.

Various scenarios were explored in  w hich we independently  
varied (i) the  d istribu tion  o f  recruits over the two subareas, 
(ii) the respective em igration  rates E 12 and  E21 from  subarea 
1 in to  subarea 2 and vice versa, and (iii) the change in  F  during

the final 5 years o f  the  sim ulation . We rep o rt o n  results from  sim u 
lations where the recruits are e ither equally divided am ong the  two 
subareas (10 000 in  each) o r  where young fish m ainly  recruit in to  
subarea 1 (18 000 recruits in to  subarea 1,2000 in to  subarea 2). The 
first type o f  sim ulation  was used to m im ic the situation  where 
exploitation  differs in  two (m ore or less equally sized) parts o f 
the  stock’s d istribu tion  area. Here, E12 and  E21 were either set at 
0.3 and 0.1, respectively, o r at 0.1 and  0.3, respectively. 
Sim ulations w ith E12 =  E21 yielded results th a t were qualitatively 
in term ediate  betw een the cases reported  here. The sim ulations 
w ith an  unequal d istribu tion  o f  recruits were in tended  to  m im ic 
the  in tro d u c tio n  o f  a closed area. The in te rp reta tion  is that 
subarea 2 covers 10% o f  the to ta l d istribu tion  area. For unequal 
recru itm ent, a 10 x  sm aller fraction o f  the  bigger subgroup 
m igrated to  the sm aller subgroup th an  vice versa: E 12 =  0.03 and 
E2i =  0.3.

F  was m odified differently for the  two recru itm en t scenarios. 
For subareas o f  equal size, F  was gradually reduced by  60%  over 
the  final 5 years in  subarea 2, whereas F  gradually  increased by 
the  sam e extent in  subarea 1, so reflecting a shift in  spatial effort 
allocation. This scenario m im ics the  situation  for N o rth  Sea 
plaice w here exploitation  is supposed to  have decreased in  the 
n o rth  and  increased in  the  south . Specifically, the  setting o f 
E 22 >  E21 , m im icking the tendency o f  fish to  m ove in to  deeper 
w ater in  the n o rth  (Bolle et al., 2005), allowed a bu ild -u p  o f 
o lder fish in  subarea 2. The reverse setting (E12 <  E21) was used 
only to  explain the results from  the  closed-area case (see below). 
In  the  sim ulations m im icking area closure, F  in  the  sm aller 
subarea 2 was ab rup tly  reduced to  zero, th en  kep t at zero during  
the  final 5 years. F  in  the  m ain  subarea 1 was increased by 10% 
at the  start o f  the  closure o f  subarea 2, m im icking effort 
re-allocation from  the closed area in to  the  m ain  (open) area. 
Hence, we report o n  three  d istinct sim ulation  scenarios: (i) a 
gradual shift in  effort, equally d istribu ted  recruits, and  E u  >  
E21; (ii) a gradual shift in  effort, equally d istribu ted  recruits, and 
E  n  <  E21; and  (iii) a closure o f  subarea 2, w ith 10% o f  the recru it
m ent, and  E12 <  E21.

Stock assessm ent
SSB and  F2_ 8 o f  the  p opu lation  as a w hole were estim ated, using as 
in p u t the  exact catch num bers-at-age and one or two tu n in g  series 
o f  relative abundance-at-age. The surveys to o k  place at the start o f 
the  year. We investigated the  assessm ent results un d er different 
configurations o f  coverage o f  the tu n in g  series:

(i) one tu n in g  series covering the  w hole area, such th a t the  index 
values were p ro p o rtio n a l to  the to ta l p o p u latio n  num bers;

(ii) one tu n in g  series covering on ly  subarea 1 (where fishing was 
n o t reduced), such that the  index values were p ro p o rtio n a l to 
the p o p u latio n  num bers in  th a t subarea only;
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(iii) two separate tu n in g  series, together covering the  entire  area, 
such th a t the  index values were p ro p o rtio n a l to  the  p o p u 
lation  num bers in  subareas 1 and 2, respectively;

(iv) in  configuration  (iii), there  was n o  overlap in  area coverage 
betw een the two indices (0% ), so we investigated som e 
additional configurations w ith spatial overlap betw een the 
two indices o f  25, 50, and  75%. The index values were p ro 
p ortiona l to  the  w eighted average o f  the  p opu lation  
num bers over b o th  subareas, w ith one subarea receiving a 
w eight o f  1 and the  o th er a weight corresponding  to  the 
extent o f  overlap. In  th a t way, index 1 covered subarea 1 
plus a pa rt o f  subarea 2, whereas index 2 covered subarea 2 
plus a pa rt o f  subarea 1.

The equations covering the tu n in g  indices are given in  A ppendix  A.
Assessments were perform ed using the  XSA suite (D arby and 

Flatm an, 1994) w ith the  settings given in  A ppendix  B, and  using 
a statistical catch-at-age m odel (Fournier and Archibald, 1982; 
Deriso et al., 1985). The latter m odel was ru n  in  an  excel spread
sheet (“xM odel”; ICES, 2005) w ith selectivity m odelled using a 
doub le-ha lf G aussian function  (legs o f  two norm al d istributions 
w ith different “slopes” o n  each side o f  the age o f  full selectivity). 
Details are given in  A ppendix  C.

Results
Figure 1 depicts the  deviations o f  the  perceived F  and  SSB from  
their tru e  values in  the  final year o f  the  sim ulation  based o n  the 
two assessments for each o f  tun ing  series configurations ( i ) -  
(iii). XSA estim ated b o th  param eters precisely so long as one 
tu n in g  series was used th a t was representative o f  the  d istribu tion  
o f  the to ta l stock over the two subareas [configuration (i)]. The 
statistical catch-at-age m eth o d  was notably  less accurate except 
for the scenario w ith gradual effort reallocation and  E21 >  E 12, 
where all fish tended  to concentrate in  the  m ore heavily fished 
area.

As expected, the perceived status o f  the stock in  term s o f  F  and  
SSB was heavily biased for all three scenarios if  the  tu n in g  series 
was p rovided by a survey that only covered the  intensively 
fished subarea [configuration (ii)]. In  that case, the  catch-at-age 
m odel d id  slightly bette r th an  XSA, b u t for b o th  m ethods the 
bias was large. F  and  SSB in  the final years were overestim ated 
and  underestim ated , respectively. A pparently, it is essential 
th a t the tu n in g  series continues to cover the  subarea where 
fishing in tensity  declined. The sam e applies to  an  area that 
has been  closed to  fishing. N either the  tru e  increase in  SSB no r 
the tru e  decline in  to ta l F  resulting from  shifting the  effort from  
one area to  the o th er can be detected using a tu n in g  series only 
covering the subarea in  w hich intensive fishing continues 
(Figure 2a).

M ore surprisingly, the  percep tion  o f  stock  developm ent was 
also m arkedly biased w hen two non-overlapp ing  tu n in g  series 
were used th a t together covered the w hole area [configuration 
(iii)]. The d irection  o f  the bias depended o n  w hether m igration  
was stronger from  the intensively fished subarea in to  the 
less-fished subarea, o r vice versa. In  the first case, F  was overesti
m ated  and SSB underestim ated , as before. I f  a larger p ro p o rtio n  
o f  fish em igrated ou t o f  the  less-fished subarea (E21 >  £ 1 2 )» as in  
the sim ulation  that m im ics area closure (Figure 2b), the  bias was 
reversed: F  was underestim ated  and  SSB overestim ated.
Apparently, the  practice o f  using m ultip le tun ing  series, each
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Figure 1. Percentage bias of the perceived value relative to  the true 
value of stock param eters in the last year, (a) Gradual shift in effort, 
equally distributed recruits, and E12 >  E21. (b) Gradual shift in effort, 
equally distributed recruits, and E12 <  E2i- (c) Closure of subarea 2 
with 10% of the  recruits and E12 <  E21. c@a, catch-at-age.

covering a com plem entary  pa rt o f  the  stock’s d istribu tion  area, 
yields biased stock assessments if  fishing trends vary spatially.

XSA m ight provide incorrect estim ates owing to  the  au tom atic 
w eighting o f  the  tun ing  fleets. W e expected th a t the tu n in g  series 
th a t m ore  closely resem bled the  com m ercial catch com position, 
i.e. the  series reflecting the m ore intensively fished subarea from  
w hich m ost o f  the  com m ercial data  were derived, received m ore 
w eight th an  the other, m ore deviant one. However, checking the 
diagnostics o f  the  XSA runs revealed th a t this was no t the  case: 
the  tu n in g  series received exactly equal weights (ranging from  
0.482 to  0.498; the  rem aining weight was a ttribu ted  to shrinkage). 
M oreover, the statistical catch-at-age m odel, w hich has no  a u to 
m atic weighting, gave sim ilarly incorrect estim ates. Nevertheless, 
the  sum  o f  squares in  the objective function  from  the subarea 2
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Figure 2. Time-series of true and perceived F2_8. (a) Gradual shift in 
effort, equally distributed recruits, and £12 >  E2i; the  assessment uses 
one tuning series covering only subarea 1 [configuration (ii)]. (b) 
Closure of subarea 2 with 10% of the  recruits and E12 <  E21; the 
assessment uses two tuning series covering subareas 1 and 2, 
respectively, w ithout overlap [configuration (iii)]. c@a, catch-at-age.

index was always h igher th an  that from  subarea 1, dem onstra ting  
th a t the latter fitted the  final m odel bette r (Table 2).

Results from  statistical catch-at-age m odels are know n to  be 
sensitive to assum ptions o n  the  selection pattern , and the 
assum ed “double-leg” selectivity contradicts the  flat selection in 
the  tru e  population . This m ay cause the slight differences in 
results betw een XSA and the  statistical catch-at-age m odel. 
Always, however, the o-R was estim ated abou t 3 x  IO8 tim es 
larger th an  oy (see A ppendix  C), so well reflecting the flat true 
selectivity o n  the  right side.

Interestingly, the relation  betw een the  degree o f  spatial 
overlap betw een the indices and  the resulting bias was n o t a t all 
linear [configuration (iv); Table 3], As spatial overlap increased, 
the  initial reduction  in  bias was steep. A n overlap o f  only 
25%  reduced the  bias to  quite  m oderate  p roportions (< 5 % ), 
b u t a fu rther increase in  overlap failed to yield fu rther gains in 
accuracy.

Discussion
A lthough the tru e  tem poral developm ents in  popu lation  p a r
am eters m ay be approxim ated  by XSA even if  fishing varies 
spatially in  tim e, we found  th a t it m atters crucially th a t the

Table 2. Sums of squares of the three com ponents in the fitted 
statistical catch-at-age model.

Scenario
Commercial

catch
Index 

subarea 1
Index 

subarea 2
G radual sh ift In effort, 1.41 0.42 0.43

equally d is trib u ted  
recruits, a n d  E12 >  E2i 

G radual sh ift In effort, 1.36 0.36 0.52
equally d is trib u ted  
recruits, a n d  E12 <  E21 

C losure o f  su b area  2 w ith 1.38 1.05 2.64
10% of the recruits and
f  12 <  £21

Table 3. Relation between the extent of spatial overlap of the 
tuning indices and the  resulting bias in stock param eters estim ated 
using XSA.

Spatial overlap between two indices 

One index
Parameter 0% 25% 50% 75% covering all
Scenario: Gradual effort shift, equally distributed recruits, E12 >  E2i

Bias In F (%) 11.5 4.9 2.6 1.8 1.4
Bias In SSB (%) - 9 .1 - 4 . 2 - 2 . 7 - 2 .1 - 1 . 7

Scenario: C losure o f subarea  2 w ith  10% o f th e  recru its  an d  E12 <  E21

Bias In F (%) - 2 3 .2 - 5 . 0 - 0 . 4 1.2 1.0
Bias In SSB (%) 21.5 3.3 - 0 . 2 - 1 . 3 - 1.0

tu n in g  series used represent the  overall abundance over the 
w hole area. I f  m ultip le series were used, each covering only part 
o f  the to ta l area w ith hardly  any overlap, there were serious 
biases in  the param eter estim ates. However, partial spatial 
overlap reduced these biases substantially. In  closed areas, o r  in 
areas where the  fishing in tensity  has declined notably, sam pling 
needs to continue. If  com m ercial data  are used for tuning, it is 
im p o rtan t that the cpue is w eighted appropria te ly  over the 
w hole area and n o t biased tow ards the  regions where m ost 
fishing effort is deployed (Q uirijns et al., 2008). For closed areas, 
this becom es obviously im possible, so the  tu n in g  series needs to 
be derived from  research-vessel surveys th a t con tinue  to sam ple 
those areas.

These findings m ay have im plications for som e curren t stock 
assessments w here m ultip le tu n in g  series are used. Looking 
again at the exam ple o f  N orth  Sea plaice (ICES, 2008), three 
tu n in g  series have been used for the  assessm ent based on  (i) the 
stations o f  the  beam  trawl survey fished by RV “Isis” and covering 
the  so u thern  N o rth  Sea (BTS Isis), (ii) the stations o f  the  beam  
trawl survey fished by RV “Tridens” and  covering the  central 
N o rth  Sea (BTS Tridens), and  (iii) the  sole net survey covering 
the  coastal areas and  sam pling only young age groups (SNS). As 
the  spatial coverage by  BTS Isis and  BTS Tridens overlaps by 
only ~ 1 0 %  (Bogaards et al., 2009), the  tru e  extent o f  change in 
stock status caused by the reduced fishing in tensity  in  the 
central N o rth  Sea m ay n o t be detected by  the assessment. O ur 
results suggest th a t the  stock m ay be in  a m ore healthy state 
th an  is curren tly  though t, if  p roportiona lly  m ore fish m igrate 
n o rth  ra ther th an  south . I f  the  reverse were true, the  stock m ight 
be in  a worse state. However, the  latter o p tio n  is less likely
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because the o lder age groups o f  plaice are generally m ore abundan t 
in  the deeper, m ore  n o rth e rn  waters (Bolle et al., 2005). Bogaards 
et al. (2009) explored a purely survey-based assessm ent o f  N orth  
Sea plaice using the  two alternative signals provided by  BTS Isis 
and  BTS Tridens (disregarding any com m ercial catch data). The 
m odel giving the  best fit allowed for different trends in  F 
betw een the two areas. T heir findings suggest th a t the  curren t 
ICES assessm ent o f  N o rth  Sea plaice m ay  no t be able to  capture  
the overall tren d  w ith in  the  population .

A lthough the  estim ates in  som e sim ulations deviated on ly  a few 
percentage po in ts from  the tru e  values, this should  no t lead to  the 
conclusion th a t the assessments o f  stocks in  the real w orld  m ight 
be th a t accurate and  precise given appropria te  tun ing  series. In  
the sim ulations, we d id  no t incorporate  any uncertain ty  o r bias 
in  the  in p u t data, and  these da ta  reflected exactly the  tru e  p o p u 
lation  dynam ics o f  the sim ulated (sub)popula tion(s). In  reality, 
this will never be the case because there is always uncerta in ty  in  
the data, and  often  bias too  (Dickey-Collas et al., 2007). 
M oreover, the  sim ulated  p opu lation  behaved very neatly w ithou t 
annual fluctuations in  various param eters and  only gradual or 
ab ru p t changes in  F. The assum ptions th a t are explicit o r im plicit 
in  stock-assessm ent m odels, such as constan t na tura l m orta lity  
(Aí), applied exactly to the sim ulated population . Therefore, ou r 
study  addressed only the po ten tial effect o f  spatially heterogeneous 
fishing in  isolation o f  all the o th er possible factors th a t can 
con tribu te  to  uncertain  and  biased stock assessments (Kraak 
et al., 2008). W e conclude th a t changes in  fishing behaviour, e.g. 
resulting from  policy changes, do  no t necessarily give rise to 
biased stock assessments, if  the  tun ing  series are appropriate: 
they need, however, to cover the  w hole stock area, o r if  m ultiple 
series are used, they need to  have a substantial extent o f  spatial 
overlap. The use o f  indices th a t represent the  abundance in  
hardly  overlapping subareas can give rise to serious biases.

assessment o f North Sea plaice. ICES Journal o f  Marine Science, 
64: 1641-1649.

Fournier, D., and Archibald, C. P. 1982. A general theory for analysing 
catch at age data. Canadian Journal o f Fisheries and Aquatic 
Sciences, 39: 1195-1207.

ICES. 2005. Report o f the W orkshop on Advanced Fish Stock 
Assessment Techniques (WKAFAT), 24 February-1 March 2005, 
ICES Headquarters. ICES Docum ent CM 2005/D: 04. 13 pp. 
www.ices.dk/reports/RM C/2005/W KAFAT.

ICES. 2007. Report o f the ICES Advisory Committee on  Fishery 
Management, Advisory Committee on the Marine Environment 
and Advisory Committee on Ecosystems, 2007. ICES Advice, 
1-10. 1333 pp. http://www.ices.dk/products/icesadvice.asp.

ICES. 2008. Report o f the W orking Group on  the Assessment o f 
Demersal Stocks in the N orth Sea and Skagerrak— Spring and 
Autum n (WGNSSK), 1 -8  May 2007, ICES Copenhagen, and by 
Correspondence. ICES Docum ent CM 2007/ACFM: 18 and 
ACFM: 30. 960 pp.

Kraak, S. B. M., Buisman, F. C., Dickey-Collas, M., Poos, J. J., Pastoors, 
M. A., Smit, J. G. P., van Oostenbrugge, J. A. E., et al. 2008. The 
effect o f m anagement choices on the sustainability and economic 
performance of a mixed fishery: a sim ulation study. ICES Journal 
o f  Marine Science, 65: 697-712.

Pastoors, M. A., Rijnsdorp, A. D., and van Beek, F. A. 2000. Evaluation 
o f the effects o f a closed area in the N orth Sea (“Plaice Box”) on  the 
stock development o f plaice (Pleuronectes platessa L.). ICES Journal 
o f  Marine Science, 57: 1014-1022.

Quirijns, F. J., Poos, J. J., and Rijnsdorp, A. D. 2008. Standardizing 
commercial CPUE data in m onitoring stock dynamics: accounting 
for targeting behaviour in mixed fisheries. Fisheries Research, 89: 
1- 8.

Rijnsdorp, A. D., Poos, J. J., Quirijns, F. J., HilleRisLambers, R., De 
Wilde, J. W., and Den Heijer, W. M. 2008. The arms race 
between fishers. Journal o f Sea Research, 60: 126-138.

Shepherd, J. G. 1999. Extended survivors analysis: an improved 
m ethod for the analysis o f catch-at-age data and abundance 
indices. ICES Journal o f Marine Science, 56: 584-591.

Acknowledgements
We th an k  D ankert Skagen and  E inar H jörleifsson for use o f  their 
Excel spreadsheet xM odel (ICES, 2005), and  Benoît M esnil, Coby 
Needle, and  the ed ito r for their valued com m ents o n  earlier ver
sions o f  the m anuscrip t. We also acknowledge the  constructively 
critical rem arks o f  a group o f  D utch  fishers that p ro m p ted  us to 
carry  o u t this study.

References
Bogaards, J., Rijnsdorp, A. D., and Kraak, S. B. M. 2009. Bayesian 

survey-based assessment o f North Sea plaice ( Pleuronectes platessa 
L.): extracting integrated signals from multiple surveys. ICES 
Journal o f Marine Science, 66: 665-679.

Bolle, L. J., Hunter, E., Rijnsdorp, A. D., Pastoors, M. A., Metcalfe, J. 
D., and Reynolds, J. D. 2005. Do tagging experiments tell the truth? 
Using electronic tags to evaluate conventional tagging data. ICES 
Journal o f Marine Science, 62: 236-246.

Darby, C. D., and Flatman, S. 1994. Virtual Population Analysis: 
version 3.1 User Guide. MAFF Directorate o f  Fisheries Research 
IT Report, 1. 85 pp.

Deriso, R. B., Quinn, T. J., and Neal, P. R. 1985. Catch-age analysis 
with auxiliary information. Canadian Journal o f Fisheries and 
Aquatic Sciences, 42: 815-824.

Dickey-Collas, M., Pastoors, M. A., and van Keeken, O. A. 2007. 
Precisely wrong or vaguely right: simulations o f noisy discard 
data and trends in  fishing effort being included in the stock

Appendix A
Population dynamics equations in the true population

N i(a ,y )  =  N i(a  — l , y — l ) x  exp[—Zi(a  — l ) , ( y — 1)]

+  T2(a — l , y — 1),

N 2( a ,y )=  N 2(a — \ , y — 1) x  exp[—Z 2(a — l ) , ( y — 1)]

+  Ti(a — l , y — 1),

Z ;= F ;+ M  +  Ey, j ■ƒ Í,

T i ( a ,y ) =  x N i ( n ,y ) x { l —exp[—Z i(n ,y )]} x ex p { —0.5
Z i(a ,y )

x [ M + F 2(a,y)]}, 1,

Eoj
Ti ( f l ,y )=  ~ x N 2( a , y ) x  { l —exp[—Z 2(a,y)]} x  exp{—0.5

Z i(a ,y )

x  [M + Fi(a ,y)]} ,  2,

N tot!i( a , y ) = N 1( a , y ) + N 2(a,y),

C l (a,y) =  F l ^ ' y \ x N l ( a , y ) x { l - e x p [ - Z l (a,y)]}
Z i  (a .y)

+ M F+FÍ(a y ) XTl{a'y) X (exPÍ°'5x [AÍ+fj(íi,y)]}- ! ),
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Stock assessment bias when using multiple, hardly overlapping, tuning series l i l i

C2(a ,y )  =  F72^ ' y \  x  N 2(a ,y )  x  {1 -  exp[ ~ Z 2(a,y]]}
Z 2( a , y )

+  n / f v ' P  , x T i ( a , y ) x ( e x p { 0 . 5 x [ M  +  F2(a, y ) ] } - l ) ,  
M  +  F2(a ,y )

Ctotai(fl.X) =  C d a , y )  +  C2(a,y) ,

W « , y)  =  M  x  r i '
1') N t0tal(¿í T  I, y  T  1) Ctotal(^' 1')

In  configuration  (i):

I (a ,y )  =  p  x  (N i (a ,y )  +  N 2(a,y))\

In  configuration  (ii):

I (a ,y )  = p  x  N i(a ,y ) \

In  configuration  (iii):

I ^ a ,  y )  =  p  x  N i(a ,  y )  a n d I 2(a, y )  =  p  x  N 2(a,y)\

In  configuration  (iv):

J i( ii,y )  = p  x  (N i (a ,y )  +  s x  N 2(a,y))

h (a ,  y )  = p x  (N 2(a, y  ) +  s x  N d a , y )),

w here N  is the  popu lation  num ber, Z  the  m orta lity  rate, T  the 
n u m b er o f  em igrants, F  the  fishing m orta lity  rate, M  the  natural 
m orta lity  rate, E  the  em igration  rate, C the  catch num ber, I  the 
index value, a the age, y  the  year, i and  j the  indices, w ith  value 
1 for subarea 1, 2 for subarea 2, o r “to ta l” for the  to ta l area, p
an arb itrary  p ro p o rtio n  (in  this study we used p  =  0.005, bu t
the  results do  n o t depend o n  its value), and s the  p ro p o rtio n  o f 
spatial overlap (we used values o f  s =  0.25, 0.5, and 0.75).

Appendix B
Settings in the XSA runs [Lowestoft VPA version 3.1 
(Darby and Flatman, 1994)]

(i) Catch data  for 20 years; ages 1 -1 1  (last age is a plus group).

(ii) Tuning data  for 20 years; ages 1 -7 ;  start o f  fishing a t 0.01 
and  end o f  fishing at 0.02 o f  the year.

(iii) Tapered tim e weighting no t applied.

(iv) C atchability independen t o f  stock size for all ages.

(v) C atchability independen t o f  age for ages > 6 .

(vi) Survivor estim ates sh ru n k  tow ards the  m ean  F  o f  the  final 3 
years o r the five oldest ages; standard  erro r o f  the  m ean to 
w hich the estim ates are sh ru n k  =  2.000.

(vii) M in im u m  standard  erro r for popu lation  estim ates derived 
from  each fleet =  0.300.

(viii) For two tun ing  fleets, p rio r weighting was n o t applied.

Tuning never converged after 30 iterations, b u t to ta l absolute 
residual betw een iterations 29 and  30 was always < 0 .0 6 .

Appendix C
Details o f the statistical catch-at-age model
W e used the Excel spreadsheet xM odel provided by D ankert 
Skagen and E inar H jörleifsson (ICES, 2005). The m odel fo rm u 
lation  used here disregards the  possibility o f  differentiation 
betw een subareas and  m odels the  standard  p opu lation  dynam ics 
o f  the  entire  p opu lation  (equations are no t provided here; the 
xM odel too l can be found  a t w w w .ices.dk /reports/R M C /2005 / 
WKAFAT). The objective func tion  m inim izes the  sum  o f  the 
squared deviations betw een the  natural logarithm s o f  the  observed 
and  predicted  com m ercial catch- and  survey num bers-at-age.

Data

(i) Catch data  for 20 years; ages 1 -1 1  (last age is a plus g roup).

(ii) Tuning data for 20 years; ages 1 -7 ; start and  end o f  fishing at 
0.00 o f  the  year.

Estim ated param eters

(i) Selectivity (S)  param eters: ln(o-L), ln(o-R), and  l n ) « ^ )  (see 
below).

(ii) Level o f  fishing m ortality: ln(F-at-age o f  full selectivity) for 
each o f  the  20 years.

(iii) P opulation  num bers in  the  first year: ln ( N  in  the  first year) 
for each o f  the 11 age groups.

(iv) N um ber o f  recruits: ln ( N  at the first age) for each o f  the 
20 years.

(v) Survey catchabilities: ln(q) for each o f  the  7 ages for each o f 
the surveys.

Selectivity was m odelled using a doub le-ha lf G aussian function, 
where each ha lf is h a lf o f  a n o rm al d istribu tion . The equation  is

fo r a <  a m ^

/OX, £o r a aiaR^_

The values o f  cr in  this case are equivalent to  the standard  devi
ations and  the equivalent to  the m ean in  the  n o rm al d istrib u 
tional sense, a ^  is the age o f  full selectivity ( =  1.0), crL determ ines 
the  shape factor o f  the left side o f  the  curve, and  o-R determ ines the 
shape factor o f  the right side. N ote th a t always, the o-R was esti
m ated ~ 3  x  IO8 tim es larger th an  oy, reflecting the fact th a t the 
tru e  selectivity was flat on  the right side.

doi:10.1093/icesjms/fspl79
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