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ABSlRACf .''. ,
. Asimulation model is presentt~d whieh allows an evalmition of Hossible bias in

the resultS of standard Virtual Population Analysis in combination With Separable
VPA and tunirig methods .when applied to an heterogeneous unit stock. Tbe
results indieate that, if a unit stock definoo for assessment purposes is composed
in reality by two or more sub-stocks which are exploited differentially,.the
estimated exploitation curve is dome-shaped, even when the exploitation pattern
imposed upon both sub-stocks individually is nat-topped. This bias rriay cause
significant underestimates of fishing effort, due to ,an ass6chited change in

" apparent catchability. Iri particular; the apparerit reeent trend in fishing mortality ,
and spa~ng ~tock biomass may deViate considerably from the true trend. These
features may easily lead to inappropriate inäilagement adviee. The paper does riot
offer a solutiori how this bias may be resolved other than to assess the different
comp6nents iildividually, which of course is rarely apractical solution. However,
the reswtS suggest that integrnted dfolt and survey indices over the enrlrC area of
distribution of the stOCk assessed result in less bias than when disaggregatoo data
seriesare used. Further, it is conc1uded that simulation models provide a valuable
tool to investigate problems of interpretatiori of the results obtained with the
existirig aSsessment methodology arid thai more research should be focused on
the evaluation of this kirid of problems.

J:NTRODUCTION " . .. '
Methods of fish stock assessmerii for providing management advice have been largely
staridardised within ICES. The central basis is formedby Virtual Population Analysis in

. combination With separable VPA and tuning methods based on effort series and survey daci~
However, even when standard proeedures are followoo, there may be. a variety of reasons
why the results of any assessment may be questioned~There irre essentially three different

'. possible causes for probleins: the input data may b6 um-eliable, inappropriate options may
have been selectoo from the range of possible procedures or the assumptions of the underlying
model are violated. This paperdeals with the latter aspeCl. . .'. ..' ,
The primary assumption underlying all assessment work is that the stock underconsideration
represents an unit stock. In practiCe, however, stocks are often defmed on logistic rather than
on biological grounds. For instiince, when management areas äre imifonnly defiDed to apply
equa1ly to all species, and cateh data are only available by these areas; thei-e is no other option
than to use the same areas for stock assessinent, even when there would be biological
information available in support of a different spatial structüre for distinguishing iU1it stocks. '

.Thus, there is eviderice that van6us North Sea fish stocks which are presently,assessed ata
total North Sea scale consist in fact of different sub-stocks (Daan et al.; 1990). Because ofthe
complexity of the models used, it is not direcdy obvious what the effect of a wrong
assumption in terms of the unit stock will be on the results of the assessmeni, but some bias
may be expeeted because the relative coritributionof the differerit sub-stocks in the overall
assessment will change as a function of the fishing monality on these sub-stOCks. In this
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paper, a simulation model iso developed by which the effect of coinbining data from two
independeilt sub-stocks in a sirigle assessment can be evahiated. .,
TUE MODEL. ' ." '
Two independent populations are set up with aeonstarii mitUra1 moitaIity änd reciuitrnent at
age 1. For convenience, the values are taken identical. The exploitation pattern is also identical
but the trends in F in each sub-stock are different. Orie is held constimt, whereas the other is
ällowed to change arinually by a fixed fmetion.. Two runs have been made, one for an annual
increaSe in exploitation rate by 5% and one for an annual decrease by 5%. , ' " "
The ealculated eatch-at-agearrays for each substock separntdy have then reen added to. obtain
the input for a VPAOIithe eombinoo stock. In reality, some mixing will gerierally oceur
between sub-stocks. Therefore,the preseiit mOdel represents an extreme ease where two truly
iridependent sub-stocks are assessed as one unit. . '." :, " ,...
Assuming identical eatchabilities, the fishing effort is direcdy proportional to the fishing
mortalities on each stock. Thus, two unbiasoo effort data series for tuning the VPA are given
by the F-values times a multiplier together with the cateh-at-age arrays for the two sub-stocks

· (disaggregated series). Alternatively, one eombined effort series rnight be applied by adding
·both the effort arid the catch-at-age arrays (total series). , ,,' '" .,
In addition; we assurne that surveys have been eamed out overthe.enfue äreä,which yield a
true image of the.aburidänce,by age group in each areas..Thus again two series of surirey
indices are. given bY. the stock" numbers in each population (disaggregated series) or
alternatively by the suni of these tWo (total senes). ' .,' , . . , ".'
Thus the output of this simple model provides a catch llt age ariay and tuning datil, which can
be used to rnimick a standard assessment on the combined stock. .The results should be
capable of identifying a possible bias due only to the violation ofthe assumption that the
assessment is carried out on a unit stock. Obviously, in practice there will be stöchastic
variations and uncertairity in tlie parameter estimates superimposed on the obserVed values;
but that is not our concern here. . . .

. .
PARAMETERIZATIONOFTHEMODEL. ,,' .
The,parameter values used in the simulations are given iri Table I.The Popuhitions,were
followoo over a penoo of 20 years and an 8-digit precision waS maintained in all calculations.
Age gi-ötip 13 was treated as a +-group.

. .
ASSESSMENT .
On the total catch data from the two runs with ari effoIt iricrease arid decreäse, a separable
VPA was run and in addition two tuning runs were made, one using the disaggregated6ffort

. arid survey iridices by sub-stOCk arid one usirig the eombined senes. Unless otheiwise släted;
the standard default values were used in order to limit the number of options. The package

· used is a eopy of the ICES package.
Separable YPA. ,', "..'.,. , , '. "

,The weight values of all yearsand age groups were set to 1, the reference age was set at 4,
arid thetemiinal population was used to provide the terminal Fs for VPA. Table 2 provides
the matrix of residuals for RUN 1. Although there is a dear shift mtheOccurrence of negative
values over time, the vahies are relatively low due the gradual changes over time lind therefore
it was decided not 10 explore a different option. '
VPA with Tuning. '.".. ' .. ,. .. " , ',', "" " , ..
Tables 3 and 4 provide the tuning data for RUN 1 for the 'disaggregated' with the four fleets
and the 'total' data set with two fleets, respectively. Alltuning runs included thefull ränge of
years and ages, the regressions were not weighted, and the log-catchability was used. The
fleets were weightedby the reciprocal varlance arid q was fixed to the niean for all fleets. The
tuning data for the two sets are giveri iri tables 5 and 6.

'.,

RESULTS. " . ' ,'. . , .'
Because of ihe simplicity of the mOdel; the input d,ita ean be easily reproouced and th6y are
not inCluded in the paper. The same is true for all the output data from the final VPA's. The
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. tables includerl fOf RuN.l.(effort increase) are just given as an example to allow ajudgemerii
of the statistical performance öf thesecomponents of the assessment. It niäy be notOO that the
figures used iri Table 4 actua1lyrepresent the input catch arrays (top pari) for the combinOO
assessment aitd the tnie. stock numbers for the two, sub-stocks combined (bottom pari)..The
data for RUN 2 showOO essentially the same features and have therefore not reen includOO. .
Figures land 2 summarlse the results in terms of fishing mortalities, spawning stock
biomasses and recruitrilent; in comparison with the 'true' values denved from the original
model. Obviously, ridther. the. separable VPA nor the tuning inethod are, capable of
reproducingthe exploitation pattern imposed on the two sub~stocks,simply becaüse the
average fishing mortalitjfor the combinoo stOCk is dowri-:wdghtOO fOf the older age grqups in
the more heavily exploitOO sub-stock. This in fact indicates that even though a constant and
equal catchability has been irriposed on the two sub-stockS, the overall catchability of the
combinOO stock changes if the two sub-stocks are differentially eXj>loiterl. The reason appears
to be that the 'average' fish within the combinOO stock has not a constarit chance öf bdng .
caught by one unit of effort. , '.. .
The general exploitation pattern estimated for the two runs is very similar With an apparent
high mortality on the younger age groups and a significantlyrOOucOO fishing mortality on the
older ories, although the cUrVature depends on the direction of the, actual change. The .
separable VPA appears to yield less of a rOOuction in the older age groups compared to tuning
methods. . . '..
The average fishing mortalities appear io be consisteritly ünderestimaiirig the total effon
employed iri the two stocks, but particularly noteworthy are the markedly deviating trerids in
the most recent years. Again, the separable VPA appears to follow the truetrend more closely

. than the tunirig methods. Among the latter two series, it seems that iri bOth nins the total data
series yield considerably better results than the disaggregatOO series. , .. '..'.. .. .'
In terms of spawning stOCk bioriiäss, the tuning method based on the integrated data, set
follows the true biomass most closely, whereas the disaggregated mtt! series results in
overestimates in recent Years.and the separable VPA results in underestiniates.. ... .,'
Firially, the estirriated recruitrilent appears tobe least sensitive tö any of the methods, althöugh

. the results vary deperiding on the effort change. Excluding the last data year, the variation is
within.the region of±5%; which seems not worthworrying aboüt given the large variations iri
recruitmerit anyway.

DISCUSSION
The assessment is based upon the. assumpiiori that the average fishing mönality (F)
experienced by an individual in the combined population is equal 10 the total fishing effon (0
iri the tWo sub-stocks multiplied by a constant catchabilitY (q):

F= q * (rl + ci)

However,' the true average fishing mortality ejqjenencerl by an individual in the combined
population will not be the siinple averageof thc fishirig mortalities imposed on the individual
sub-stocks, but will depend on the relative numberS (N) surviving in each sub-stock:

. .
NI * FI + N2 * F2 _ NI * q * fl + N2 * q * f2 .

NI+ N2 - NI+ N2
. - ' . ' \ .'

Thus, although catchability was modelled as a constant in the two sub-stocks; the apparent
change in estimated q is causoo by the fact that the relative N's iri the two populationschange
over time. The assessment procerlures are obvii:>lisly riot develop6d to cope with this problem,
and, even if different options were applied iri order t? get rid of the trends, the mterpretation of
assessments of mixed stocks will remain difficult because orie can never be sure if a trend in
apparent q isan artef<ict or a true trend. The important point appears tobe that for mixed
populations there is riot adirect relationship between the overall fishing mortality and the total
fishirig effort, if the latter is differeritially employed within the differe~t sub-stockS. In extreme
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cases, when. recruitinhrit of a sub-stock would be affected by. overflshirig, orie component
inight even be wiped out completely, whereas the assessment would give the impression that .
fishing mortality were grridually reduced! '. ' .
Althoughthepresent analysis is limited in scope because of the many possible options

, available in the leES assessment package, the results suggest that the accepted procedures
may easily lead to the wrorig interpretation of the situation, when one is not absolutely sure
that the basic ässumptlons are correct; The exarnple of the effect of sub-stOCks is relevarit,
beeause iri many eases there is strong evidenee that the unit stock for which management
adviee is provided is eomposed of two or more sub-stocks, whieh are at least partly separated ,

,and exploited differentially. This applies for instance to a variety of North Sea species (see
Daan et al., 1990, for specific references). Herring has been shown to consist of a number of
races, which äre.. mixoo during the feeding.season but separateduring the spawning season,
when they attract specific effort. Plaice and sole are other examples, where tagging
experiments have indicated that different. sub-stocks exist . In .the case of cod, there is
evidence' of a cline of sub-populations, which undoubtedly iIiix to a large extent between

· neighbouring groups, but the extremes of which are completely sepamted. lnfestation with
· specific parasites indicated the existence of at least two fairly weIl separated whiting stocks to

the north and to the southof the Doggerbank. . .
Figure 3a,b provide examples of the estimat6d exploitation paiterns for North Sea sole and
plaicebased öri Arionymous (1990), but there are many other examples to be found in
different assessment workirig group reports. The similarity between the curvature in these
jJatterns and the ones produced on the baSis of the simulation inodel (fig 1a, 2a) is remarkable.
This coinciderice isof course no proof that this kind of problem is importarit in those cases.
However, the observation that an apparent reduction in exploitation rate of the older age
groups inight be caused entirely by an artefact due to the methodological necessity to make a '
combiried assessment for the accepted management units can change our perception of the
status of various stockS arid the consequences ofdifferent management options..
rn addition to effects on the exploitation pattern, the available assessment methOdologymay
also easily reswt in a biasedView on the present state ofthe stocks. Separable VPA and tuning
methOds appear to result in a general underestimate of the true trends in fishing effort, because
the differential exploitation autömatically leads to differences iri apparent'catchability: of the
corobined stock, which are not related to the'catchability'. within a sub-stock. Iri particular,
the ttinirig m6thOds inay not descrlbe the preseiit trend in fishing mortaIity very weIl according
to figures Ib and 2b. Thesame applies obviously to the spawning stock biomass which may
be over- or underestimated depending on the inethod used, büt also the apparent recent trend

· may deviate considerablyfrom the true trend. . . .. " .. . . .
,Recruitment estimates appear to be in general much less affected by the method applied;
probably, because the estimate reflects to a verj large extent the sum of the observed catches
of each year dass overits life span. ..... .' . .' .., . . .
Orie particwarly noteworthy result is that the simulationssuggest that in general an aggregated
effort iridex over the entire rarige of sub-stocks as weIl as an aggregated survey index result iri
less bias than when disaggregated indices are üsed. ,The reason is probably that soine apriori
averaging enharices the cohererice between the tuning data arid the combined assessment The
apparerit r6duction iri vanation would seem to support a different approach by working
groups, which probably should tryto come up with integrated effort arid survey series rather
than with all the individual data sets which are kriown to apply only to particular parts of the
uriit stock urider consideration. . . '.. . " ,
The jJresent investigation suggesis thai fish stock assessrrieni is still characierised by
oorisiderable pitfalls and that simulation sttidies provide an impcirtant tool to investigate these.
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Table 1. Parameter values used in the simulations.

Recruinnent at age 1
M
Relative F age 1
Relative F age 2-13+
catchability coefficient q
Woo (leg)
k
Age at maturity

RUN 1.
Effort-first year
Annual change in effort
Effort-final year

RUN 2.
Effort-frrst year
Annual change in effort
Effort-final year

Daan

Sub-stock I

1000
0.2
0.5
1.0

0.002
10

0.3
4

200
0%
200

505
0%
505

- 5 -

Sub-stock. 11

1000
0.2
0.5
1.0

0.002
10

0.3
4

200
+5%
505

505
-5%
200

VPA simulations



Table2
· Results of Separable analysis of the c?mbined catch at age data - RUN 1 : effort INCREASE

From 1970 to 1989 on ages 1 to 12 with Tenninal F of 0.710 on age 4 and Terminal S of
1.000 , .'
Initial sum of squared residuals was 30.459 and final sum of squared residuals is 0.569 after·'
33 iterations

Matrix of Residuals
Years 70/71 71/72 72/73 73/74 74/75 75/76 76/77 77/78 78/79 79/80
Ages
1/2 -0.054 -0.063 -0.063' -0.062 -0.060 -0.056 -0.051 -0.044 -0.035 -0.025
2/3 -0.086 -0.084 -0.082' -0.079 -0.074 -0.067 -0.058 -0.048 -0.036 -0.022
3/4 -0.070 -0.067 -0.065 -0.061 -0.056 -0.050 -0.042 -0.033 -0.022 -0.021
4/5 -0.050 . -0.047 -0.044 -0.041 -0.036 -0.030 -0.024 -0.016 -0.009 0.000·
5/6 -0.029 -0.026 -0.023. '-0.020 -0.016 -0.011 -0.007 -0.002 0.004 0.008
6/7 -0.009 -0.006 -0.003' 0.000 0.003 0.005 0.008 0.011 0.013 Q.014·
7/8 0.010 0.013 0.015· 0.017 0.019 0.020 0.020 0.020 0.018 0.016
8/9 0.028 0.031 0.032 0.033 0.032 0.031 0.029 0.025 0.021 0.015• 9/10 0.046 0.047 0.047 0.046 0.044 0.040 0.035 0.028 0.020 0.011
10/11 0.062 0.063 0.061' 0.058 0.053 0.047 0.039 0.029 0.018 0.007
11/12 0.151 0.139 0.126 0.109 0.091 0.071 0.050 0.029 0.008 -0.013

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

wrs 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Years 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 wrs
Ages
1/2 -0.013 0.000. 0.015 0.031 0.049 0.069 0.091 0.116 0.156 0.000 1.000
2/ 3 .' -0.006 0.010 0.028 0.048 0.068 0.088 0.109 0.130 0.162 0.000 1.000
3/4 0.001 0.014 0.027 0.041 0.054 0.066 0.078 0.088 0.107 0.000 1.000
4/5 0.008 0.017 0.024 0.031 0.037 0.042 0.044 0.045 0.049 . 0.000 1.000
5/6 0.013 0.016 0.019. 0.020 0.019 0.017 0.Oi2 0.006 0.000 0.000 1.000
6/7 0.014 0.013 0.010 0.006 0.001 -0.006 -0.014 -0.024 -0.036 0.000 1.000
7/8 0.012 0.007" 0.000 -0.007 -0.016 -0.025 -0.035 -0.045 -0.060 0.000 1.000
8/9 0.008 -0.001 -0.010 -0.020 -0.030 -0.040 -0.050 -0.059 -0.074 .0.000 1.000
9/10 0.001 -0.009 -0.020 -0.031 -0.042 -0.051 -0.061 -0.069 -0.084 0.000 1.000
10/11 -0.005 -0.018 -0.029 -0.040 -0.051 -0.060 -0.068 -0.075 -0.091 0.000 1.000
11/12 -0.032 -0.049 -0.065 -0.078 -0.089 -0.099 -0.107 -0.114 -0.130 0.000 1.000

. \

e· 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001

· wrs 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Fishing Mortalities (F)
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

F-values0.4531 0.4655 0.4739 0.4816 0.48860.4947 '0.5001 0.5047 0.5087 0.5122

1980 1981 1982 . 1983 1984 1985 1986 1987 1988 1989
· F-valuesO.5154 0.5185 0.5220 0.5264 0.5324 0.5416 0.5563 0.5814 0.6271 0.7100

Selection-ai-age (S)
1 2 3 4 5 6 7 8 9 10 11 12

S-valuesO.5112 1.0320.0173 1.0000 0.9840 0.9712 0.9626 0.9593 0.9623 0.9740 0.9993 1.0000
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Table 3
Input Disaggregated Tuning Data - RUN 1 : effort INCREASE
104 (1 ()() + number of fleets)

>>llil"ort Sul>-pop I« *)
1970,1989 (first year, last year)

1,1 (sex code, effort code)

1,13 (first age group, last age group)
200,164,839977,20I.6X1U1,li0.655282,60.7289064,33.3287305,18.2911951,1 0.0334207,5.509202l ,3.02351422,1.65933978,0.91 066498,0.49978354,0.60778461
200,164.839977,20I.6X1U1,li0.655282,60.7289064,33.3287305,18.2911951,1 0.0334207,5.5092021,3.02351422,1.65933978,0.91066498,0,49978354,0.60784629

>>llil"ort Sul>-pop D« *)
1970,1989
1,1
1,13
200,164.839977,206.483404,115.932933,65.030689,36.445597.20.408453,11,419170,6.384662,3.567286,1.991825,1.111458,0,499784,0.607785
21 0,172.276701,217.XlOIOS,I19.5216639,65.693247,36.U73920,19.79X129,10.8S12X1,5.944733,3.254498,1.780S34,O.973523,0,42S803,O.6325X1
22O..5,I80.008555.223.773549,120.55069I,64.88oo56,34.886685,18.74300S,10.061710,5.397313.2.893178,1.549821,0.829684,0.355442,0.592193
231.525,188.043302,230.147881,121.334786,63.877085,33.597149,17.655596,9.77OS99,4.864068,2.550217.1.336158,0.699614,0.293335,0.519011
243.1 0125,196.388499,236.669134,121.862321,62.684062,32.213156,16..539558,8.485016,4.349520.2.2X1973,1.140450,0.583388,0.239193,0,435016
255.256313,205.051451,243.011557,122.117550,61.302641 ,30.743969,15.404490,7.711980,3.857786.1.928344,0.963217,0.480811,0.1t2603,0.352615
268.019128,214.039148,249.247639,122.085853,59.736531;29.200200,14.260369,6.958253,3.39248I,I.65X137,0.804597,0.391435,0.153052,0.278168
281.420085,223.358204,2SS.34816O,121.75402S,57.991599,27.593697,13.117367,6.230195,2956643,1,402039,0.664363,0.314596,0.119946,0.214354
295.491089,233.01479O,26I.282252,121.110577,56.U75943,2S.9374OO,11.985648,5.533614,25521662,1.176622,0.541953,0.249451,0.092642,0.161696
310.265643,243.014563,267.017510,120.146039,53.999925,24.245153,10.875157,4.873635,2.182241.0.9763SS,O.436S05,O.195015,o.Ul0468,O.119541
325.778925.253.362585,272.520lll,118.8532166,51.776153,22.5314779.79S408,4.2S4S84,1.846374,0.800634,0.346914,0.150211,0.052748,0.086657
342.067872,264.063242,277.754988,117,2X1736,49,419415,20.811325.8.755268,3.679903,1.545351.0.648435,0.771880,0.113914,0.038825,0.061600
359.171265,275.120160,282686020,115.267835,46.946564,19-099791,7.762760,3,152076,1.778786,0.518376,0.209971,0.084989,O.f11.8(f17,0.042927
377.129828,286..5361 06,287.276276,112975119,44376339,17,411815,6.824880,2.6721609,1.045668,0.408785,0.159685,0.062333,0.019931,0.029311
395.98632;298312898,29I.488285,110.354540,41.7291X1,15.761869,5.947449,2.242024,O.8444n,0317784,O.tI9499,0.044904,O.013S75,O.0195911
415.785636,310.4S1301;295.284351.IUI.414637.39.026674,14.t63643,5.134994,1.8591198,O.673057.0.243363,O.0l17977.0,03174S,O.OO9464,O.oI2821
436..574918,322.950921.298.626911,1 04.167671,36.291737,12.629746,4.390668,I..5249X1,0..52915I,O.t83464,O.063560,O.022OO4,O.006319,O.ooaI98
458.403664,335.810103,301.478920,100.629694,33.547692,11.171477,3.716225,1.235028,O.41CX115,O.t36047.0.045101,D.OI4940,O.004125,0.005119
481.323847,349.02S813,303.804285,96.820556,30.818099,9.798325,3.112033,0.ll87456,0313043,O.0991 58,0.031385,0.009977,0.002630,0.003118
505.390039,362593535,296.520782,88.35X142,26.326003,7.844211.2.33730I,0.696433,O.1m513,O.06183I,O.018414,O.00S49O,O.001636,O.oo1851

»s""")' Sul>-pop I« **)
1970,1989
1,1
1,13
1,1000,670320046,367.879441.201.896518,110.803158,60.8100626,3337377,183156389,10.05I8357,5..51656442,3.on55475,1.66155727.2.02061264
1,1000,670.320046,367.879441,201.896518,110.803158,6O.8100626,33.373X1,18.3156389,I O.OSI8357,5.51656442,3.on55475,1.661 55727,2.0208177

(19 timcalqlCOlOdl

>>S""")' Sul>-pop 11« **)
1970,1989
1,1
1,13
1,1000,670320046,367.879441,201,896518,110.803158,60.8100626,3337327,183156389,1 0.0518357,5..51656442,3.on55475,1.661 55777.2.02061264
1,1000,670.320046,360.59494,193,980042,104350485,56.1347628,30.1973834,16.2445144,8.73864619,4.7009061 I ,252882J629,I.36036804,20208177
1,looo,663.6S02S,349.587986,I84.150854,97.0042972,51.098507,26.9169252,14.1789047,7,46895636,3.93438775,2U7249932,1.09172092,1.8188'J006
1,looo,656.718379,338.392099,174.36578,89.ll467354,46.2959868,23.855X129,I2.2920816,633383108,3.26367963,1.68170016,0.86654198,1.53320914
1,1000,649..517824,3X1.022109,164.650538,82.8989817,41.7383462,2I.o146U72,1 0.5805275,5.3771S079,2.68212738,1.35040936,0.67991008.1.23653738
1,1000,642.042197,315.494549,155.031571,76.1813098,37.4349039,18.39522I,9.03926873,4.4418264S,2.18267902,1.U72S5152,0.52704348,0.96490145
1,looo,634.285372,303.827684,145.53585I,69.7128176,33.392988I,15.99SS04,7.66197228,3.670145OI,I.7S802833,o.8421094,0.40337703,O.7DI3015
1,looo,626.241545;292.041519,136.19066,63.5111603.29.6177983,13.81196S8,6.44IU/297,3.oo373035,1.40075979,O.6532304I,0.3046Z75I,0..54439588
1,1000,617.905291,280.1578,1 XI.o23339,57..5922875,26.1123004,11.8392976,5.36792877,2.43381492,1.10348988,0.50032149,0.22684539,0.39593362
1,looo,609.7716X1,268.199982,118.061021,51.9701924,22.8771603,10.U704738,4.43299963.1.95139633,0.859OOO22,0.37812994,O.t6645194,O.28236754
1,looo,6OO.336082,2S6.193184,109.330339,46.6S66787,19,9IU1191.8.49689143,3.62604503,1.54741327,0.660358,0.28180751,0.12026124,0.19756931
1,1000,591.094766,244.164117,100.857121,41.6611$35,17.2090151,7.1085454,2.93633409.I.2129145I,O.so101983,O.20695677,0.08548784,0.13563406
1,1000,581.544449,232.140984,92.6660663.36.ll904517,14.76S853,5.894235,2.35286145,O.93921S52,0.37491617.0.14965908,O.OS974093,o.09133905
1,1000,571.682641,220.153352,84.7804268,32.6487001,12.5729211,4.84179601,1.86456181,0.71803743,0.77651416,0.10648481,0.041 CX11,O.06030813
1,1000,561.stn679,208.231993,77.2116742,28.6372X15,10.6199562,3.93835157,I.460S1573,O.54162412,0.2008S829,om448718,o.oXl62315,O.03901616
1,1000,551.018817,196.408699,70.00918X1,24.9545244,8.89495153,3.17057386,1.1 3013978,0.40283431 ,O.14358886,O.os1 18174,0.01824355,0.02471282
1,1000,540.216315,184,716055,63.1599231,21.5962597,7.38440469,2.52494799,0.86335495,0.29520678,0.10094,0.03451439,0.0118015,0.01531164
1,1000,529.10154,173.18719,56.6881791 ,18.SS53541 ,6.U7359722,1.98802906,0.6S077796,O.21299834,O.06971929,0.02282074,O.CX1146976,0.00977U19
1,1000,517.677062,161.855494,50.6052957,I 5.8221133,4.94689863,1.54668379,0.48358192,0.1511954,0.04727234,0.01478004,0.00462109,0.00547957
1,1000,505.946753,15O.754299,44.9194675,13384418,3.98808482,1.18830l17I,03S4U741I,O.1055016,0.03143576,0.00936675,0.00279096,0.00315804

*) the first value in each row represents the true fIshing effort in each sub-stock; the other 13 represent the catch al

age array for age groups 1 10 13.
**) the first value in each row represenls thc slandardized survey effort in each sub-S1ock; the other 13 represem the

population numbers at the begirming of the year for age groups 1 to 13.
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Table 3
Input Aggregated Tuning Data - RUN 1 : effort INCREASE
102 (100 + number of fleets)
>>EITort Sul>-pop 1« *)
1970.1989 (flISt year. last year)
1.1 (sex code. effort code)
1.13 (fust age group. last age group)
4OO.329.()/9954,408.110474.226.58821 5.123.759595.69 .7743I15,38.6996479,21.4575911,11..8938639,6.59080064.3.6S11652,2.02212I19,O.999S6708,1.215S6922
410,337.116678,418.897175,230.18192I,I26.422153,69.4026S09,38.0839238,20.8896482,11 A53935,6.27801187 ,3.43987342,1.88418797 ,009235860S,1.2A03731
420.5,344.848532,42S.4OOl519,231.205973,12S.608963,68.2154152,31.034200I,2O.1001306,10.906.5149,5091669213,3.20916073,1.14034858,0.15522549,1.20007346
431.523,352.883I19,431.874951.231.990068,I14.605991,66.92S8795,35.9467909,19.30902,10373Z703,5.51373124,2.99549114,l.610Z7873,o.79311891,1.12690944
443.1012S,361.228476,438.296204,232.517603,I23AI2969,65.54188()1,34.1301528,II.5234312,9.858722S,5.2S148()13,2.79979OO3,I,4940S334,O.13891691,1.04292469
4S5.2.S6313,369.191428,444.6386Z7,232.772832,122.031S41,64.0726999,33.69S6147,17.7S0400S,93669871,4.9518583,2.622S566,1.39147S6I,0.69238702,0.96052938
468.019128,371.879115,450.874709,232.741135,120.465431,62.5289304,32.551564,16.9966739,1SOI68321 ,4.()/62S072,246393649,1.30209961 ,O.6S283S09,O.atl608S81
481.42OO15,381.191111,4S6.975229,232.409301,111.7~,60.9224277,31A08S619,16.1JISI616,1.46S84477,4.423SS322,2.32370216,1.22526117,0.61972939,0..822I1295

495.491089,397.1547()/,461..909322,231.76S859,116.ll04ll5,S9.26613I,30.I1684I1,1s's720348,1.06II6363,4.20013()11,2.20129232,I.I6011555,0.59142S53,O.769616S6
510.265643,401.15454,468.644519,230.801321,114.728832,57.5738831 ;J.9.1663523,IUI2QS53,7.69144261,3.99986904,2.09S84493,1.10S()196,O.5702S1S6,O.7I146199
52S.77192S,411.202S62,414.147111,229.508S41,112SOSOS9,55.tl60207I,28.0866033,14.29300S2,7 .3S557593,3.tl2414786,2.0062S353,1.06087629,0.55233189,O.694S1771
542.067872,428.903219,479.3820SI,2I1.88301I,11 0.148321,54.1400SS6,Z7 .0464632,13.7183233,7.0S4S532S,3.()/194928,lo93121936,I.024S7919,0.5386087,0.66952069
SS9 .111165,439.960137,48431309,2250923117,101.675411,52.4285218,26.0539546,13.1904969,6.787!l11l115,3.541I9OO4,1.16931117,0.99S6S442,0.5Z7I6OOS,0.6.S084193
sn.129828,4S1.376083,4II.903346,223.63040I,105.1 05246,50.7405457,15.1160749,12.7110301,6.5S416913,3.432299S6,1.81902463,o.9729983,0.51911401,0.63723266
595.98632,463.152875,493.115355,221.009822,102.458034,49.0905991,24.2386444,12.2104451,6.35363541,3.34129822,1.77113878,00955S6885,0.5136S882,0.62751934
615.71S636,475.291Z78,496.911421,218.069919,99.7555807,47.4923731.23.4261888,ll.1983113,6.1122S913,3.266877S6,1.747W,O.94241022,0.S0924796,O.62074186
636.514918,487.790898,SOO.233981,214.822953,97.0206439,4509584768,22.681863,II.S633475,6.03I3S353,3.20697822,1.72290017,Oj3266938,0.506I0239,0.61611958
658.403664,500.6S008,S03.1 0599,211.214976,94.2765987 ,44.soolsn,22.0014202,1 1.2734486,so9I92774I,3.159S6I68,1.70444041 ,0.9236054,0.50390843,0.61304075
681.323841,513.86579.so5.431355,207A75831,91.54700S1,43.1Z7OS57 ,21.4032211,ll.02S8763,s..8222446,3.122()1266.1.6907248I,O.920S9169,0.50141342,0.61103976
7OS.390039,5I1.433S12,498.147152,199.008024,87.0549093,41.1729514,20.628496S,10.734854I,s.71()/1471,3.08534566,I.()7776337,O.916154S6,O.so141924,O.60977215

»sllNCy Tot Pop« **)
1910,1989
1,1
1,13
1,2000,1340.64009,735.7S8112,403.793036,221.606317,121.620123.66.7463399,36.6312771,20.103()11 5,ll.033128I,6.DS5 I0949,332311455,4.04122529
1,2000,1340.64009,728.474381,395.87656,215.153643,116.944115,63.5106534,34.5601533,11.7904819,10.21741OS,s.5S638104,3.0219233I,4.04163539
1,2000,1333.9703,717.4()74I1,3I6.047372,207.8074S6,lII.908S7,60.2901952,32.4945436,17.5207921,9AS095217,s.1000S406,2.753Z712,3.13982029
1,2000,13Z7.03842,706.I1IS4,376.26229I,200.649894,101.106049,51.2285429,30.6071204,I6.38S6668,1.7102440S,4.7092S49,2.52809926,3.55420114
1,2000,1319..83787,694SOI55,366.5470S6,193.70214,102.54I409,543878772,28.8961663,1 5.37l1966S,1.19869II,4.3779641I ,2.3414()736,3.2S1S6326
1,2000,1312.36224,683.37399,356.921089,1860984468,91.2449665,51.768491,27.3549076,14.4936622,7.69914344,4.10010626,211160016,298594594
1,2000,1304.60S42,()/1.70112S.347.432369,I80.515976,94.103OS07,49.368774,15.9776112,13.7219101,7.Z74S9Z76,3.tl6966415,2.0649343,2.754ll148S
1,2000,1296.56159,659.920961,338.087171,174314319,9OAI1I609,47.1852358,24.7S67119 ,13.05SS661,6.91732421.3.6807ISI5,I.96618478,2.S6S4S618
1,2000,1288.22534,648.031241,328.9191S7,16839S446,16.9223631,4S.212S()16.23.683S677,124&S6S07,6.6200S43,3.5Z787624,1.88140267,2.41699699
1,2000,1I19.591()/,636.019423,319.951539.162.773351,83.6872229,43.4437438,22.7416315,12003232l,6375S6464,3.4OS6I46lI,1.12IOO92I,2.3034326
1,2000,1I10.6S613,624.072623,311.2261S7,I51A59831,1O.7207817,41.8701614,21.9416839,11.599249,6.17692242,3.3093622:6,1.78181152,2.2116353
1,2000,1261AI481,612043SS8,302.753639,152464312,71.o190777,40.4811154,21.231973,11.2647S03,6.017S842S,3.23451152,1.74704512,2.1S6700S6
1,2000,12S1..86449,600.020423,294-.S62384,147.79361,75.51591S6,39.WS05,2O.668S003,10.991OS13,s.89141OS9,3.17721383,1.7212912,211240583
1,2000,1242.00269,SI1.03Z793,216.()/6945,143.451159,733129838,38.21S066,2O.1102OO7,I 0.7698732,S.79301158,3.134039S6,1.702S64Z7,2.08137S06
1,2000,I23I..82773,S16.111435,Z79.111192,139.4403I6,71A300III,3731162IS,19.7761546,10.5934599,5.71142I11,3.10204192,1.6I91_3,2.06008318
1,2000,122133886,S64.21114,Z71.9OS10I,135.751683,69.70SOI42,36.543843I,19.44sn87,10AS46701,s.66015328,3.07873641,1.()/980082,204sn!lllll
1,2000,I210.53636,S52.595496,26S.0S6441,1323994II,68.1944()13,35.898218,19.1789938,10.347042S,5.617S0442,3.06206914,1.()/33S877,2.03637873
1,2000,II99A2159,S41.06663I,2S8.584697,I29.351512,66.atl36S91,35.361299,18.9663669,10.2648341,5.S8628371,3.0s037S41,I.6690Z703,2.03033719
1,2000,1187.99711,S29.734935,232.SOI814,126.62SZ72,65.7569613,3409199537,11.79922Oll,1 0.20303II,5.S6383()16,3.04233479,1.66617136,2.026S4668
1,2000,1176.2668,511.63314,246..815986,124.187576,64.7981474,34.5615787,11.669713,10.1513373,5.54100011,3.03692149,1.66434823,202422515

*) the fust value in each row represents the true ftshing effort in the combined stock; the other 13 represent the catch
at age array for age groups 1 to 13.
**) the fust value in each row represents the standardized survey effort in the combined stock; the other 13 represent
the population numbers at the beginning of the year for age groups 1 to 13.
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Table 5
Output tuning module VPA for Disaggregated Tuning Data -RUN! : effort INCREASE
DISAGGREGA1ED Qs /WG TRANSFORMATION /NO explanatory variate (Mean used)
Fleet 1.»Effort Sub-pop I« • has tenninal q estimated as the mean
Fleet 2 .»Effort Sub-pop 11« •has terminal q estimated as the mean
Fleet 3 .»Survey Sub-pop I« • has terminal q estimated as the mean
Fleet 4 .»Survey Sub-pop 11« • has tenninal q estimated as the mean
FLEETS COMBINED BY ** VARIANCE ** /fenninal Fs estimated using Laurec/Shepherd method

Regression weights
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Oldest age F = l.000*average of 5 younger ages. Fleets combined by variance of predictions
Fishing mortalities
AtF 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 0.204 0.208 0.213 0.219 0.224 0.230 0.236 0.242 0.249 0.256 0.263 0.270 0.277 0.284 0.290 0.296 0.302 0.309 0.323 0.329
2 0.416 0.429 0.«0 0.450 0.461 0.472 0.48-4 0.495 0.507 0.519 0.531 0.542 0.553 0.563 0.571 0.578 0.582 0.583 0.587 0.597
3 0.425 0.438 0.448 0.458 0.468 0.478 0.488 0.497 0.506 0.514 0.522 0.529 0.535 0.539 0.540 0.539 0.533 0.523 0.510 0.485
4 0.434 0.447 0.457 0.466 0.474 0.482 0.490 0.497 0.502 0.507 0.511 0.513 0.515 0.514 0.510 0.503 00492 0.475 0.453 0.417
5 0.444 0.456 0.465 0.473 0.480 0.486 0.491 0.495 0.498 0.499 0.499 0.498 0.494 0.491 0.484 0.473 0.459 0.«0 0.416 0.379
6 0.454 0.465 0.473 0.479 0.485 0.489 0.491 0.492 0.492 00491 0.487 0.483 0.477 0.469 0.463 0.451 0.436 0.417 0.393 0.359
7 0.464 0.475 0.481 0.486 0.490 0.491 0.491 0.490 0.487 0.482 0.477 0.470 0.462 0.453 0.442 0.415 0.421 0.403 0.381 0.350
8 0.476 0.486 0.491 0.494 0.495 0.494 0.492 0.488 0.482 0.475 0.468 0.459 0.450 0.441 0.430 0.419 0.412 0.396 0.376 0.348
9 0.490 0.499 0.502 0.503 0.502 0.499 0.494 OASS 0.480 0.471 0.462 0.452 0.442 0.433 0.423 0.412 0.400 0.395 0.376 0.350
10 0.508 0.515 0.517 0.516 0.512 0.507 0.500 0.491 0.481 0.470 0.460 0.449 0.439 0.429 0.420 0.410 0.399 0.385 0.381 0.356• 11 0.535 0.540 0.539 0.535 0.529 0.521 0.511 0.500 0.488 0.476 o.~ 0.453 0.442 0.431 0.422 0.412 0.401 0.388 0.370 0.366
12 0.494 0.503 0.506 0.507 0.506 0.503 0.498 0.491 0.48-4 0.475 0.466 0.457 0.447 0.437 0.427 0.417 0.406 0.393 0.377 0.354

Log catchability estimates
Age 1
flc:c; 1970 1971 1972 Im 1974 1975 1976 1977 1978 1979 1980 1981 1982 1283 1984 19l!5 1986 1987 1988 1989
1 -7.58 -7.58 -7.58 -7.58 -7.58 -7.58 -7.57 -7.57 -7.57 -7.57 -7.57 -7.57 -7.57 -7.57 -7.57 -7.57 -7.58 -7.58 -7.57 -7.57
2 -7.58 -7.59 -7.59 -7.59 -7.60 -7.60 -7.61 -7.61 -7.61 -7.62 -7.62 -7.63 -7.64 -7.65 -7.66 -7.67 -7.69 -7.70 -7.69 -7.71
3 -0.48 -0.48 -0.48 -0.48 -0.48 -0047 -0.47 -0.47 -0.47 -0.47 -0.47 -0.46 -0.46 -0.47 -0.47 -0.47 -0.48 -0.48 -0.46 -0.47
4 -0.48 -0.48 -0.48 -0.48 -0.48 -0.47 -0.47 -0.47 -0.47 -0.47 -0.47 -0.46 -0.46 -0.47 -0.47 -0.47 -0048 -0.48 -0046 -0.47

SUMMARY srATISTICS
Fleet Prcd. SE(q) Partial Raiscd SLOPE SE INrRCPT SE

Q F F Slope In!rl;pt

1 -7.57 0.005 0.1028 0.3288 O.OOOE+OO O.OOOE+OO -7.574 0.001
2 -7.63 0.042 0.2A45 0.3557 O.OOOE+OO O.OOOE+OO -7.634 0.009
3 -0.47 0.007 0.6233 0.3288 O.OOOE+OO O.OOOE+OO -0.473 0.001
4 -0.47 0.007 0.6233 0.3288 O.OOOE+OO O.OOOE+OO -0.473 0.001

Fbor SIGMA(inL) SIGMA(ext.) SIGMA(ovc:n1l) Variance ratio
0.329 0.3S0E-02 0.375E-02 0.37SE-02 1.153

Age 2
Pm 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 19l!1 1982 19l!3 1984 1985 1986 1987 1988 1989
1 -6.88 -6.88 -6.87 -6116 -6.85 -6.84 -6.83 -6.82 -6.81 -6.80 -6.79 -6.78 -6.77 -6.76 -6.75 -6.75 -6.75 -6.75 -6.75 -6.72
2 -6.86 -6.85 -6.86 -6.87 -6.88 -6.90 -6.91 -6.92 -6.94 -6.96 -6.97 -6.99 -7.01 -7.04 -7.07 -7.10 -7.14 -7.18 -7.22 -7.26
3 -0.38 -0.38 -0.37 -0.36 -0.35 -0.34 -0.33 -0.32 -0.31 -0.30 -0.29 -0.28 -0.27 -0.26 -0.25 -0.25 -0.25 -0.25 -0.25 -0.22
4 -0.38 -0.38 -0.38 -0.38 -0.38 -0.38 -0.39 -0.39 -0.39 -0.39 -0.40 -0.40 -0.41 -0.42 -0.43 -0.44 -0.046 -0.49 -0.51 -0.50

SUMMARY srATISTICS
Fleet Prcd. SE(q) Partial Raiscd SLOPE SE INrRCPT SE

Q F F SlQpe In!ICpt

I -6.80 0.051 0.2229 0.5507 O.OOOE+OO O.OOOE+OO -6.799 0.011
2 -7.00 0.130 0.4624 0.7769 O.OOOE+OO O.OOOE+OO -6.997 0.028
3 -0.30 0.051 0.7411 0.5507 O.OOOE+OO O.OOOE+OO -0.300 0.011
4 -0.42 0.045 0.6603 0.6501 O.OOOE+OO O.OOOE+OO -0.415 0.010

Fbor SIGMA(inL) SIGMA(exL) SIGMA(ovc:n1l) Variance ratio
0.596 O.27SE-OI 0.566E-ol 0.566E-OI 4.234

Age 3
Pm 1920 1971 1972 1923 1924 1975 1976 1977 1978 1979 1980 19l!1 1982 19l!3 1984 1285 1986 1987 1988 1989
1 ·6.87 ·6.86 -6.84 -6.82 -6.80 -6.78 -6.76 -6.14 -6.72 -6.70 -6.68 -6.66 -6.64 -6.62 -6.61 -6.59 -6.59 -6.59 -6.60 -6.61
2 -6.82 -6.83 -6.85 -6.87 -6.90 -6.93 -6.95 ·6.99 -7.02 -7.06 -7.10 -7.14 -7.18 -7.23 -7.29 -7.36 ·7.043 -7.52 -7.61 -7.76
3 -0.37 -0.36 -0.34 -0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.20 -0.18 -0.16 -0.14 ·0.12 -0.11 -0.10 -0.09 -0.09 -0.10 -0.11
4 -0.37 -0.38 -0.39 -0.40 -0.42 -0.43 -0.45 -0.47 -0.49 -0.52 -0.54 -0.57 -0.60 -0.63 ·0.68 ·0.72 -0.78 -0.85 -0.92 -1.00

SUMMARY srATISTICS
Fleet Prcd. SE(q) P.niol Raiscd SLOPE SE INrRCPT SE

Q F F Slope In!rl;pt

1 -6.70 0.100 0.2454 0.4413 O.OOOE+OO O.OOOE+OO -6.703 0.022
2 -7.14 0.284 0.4000 0.9011 O.OOOE+OO O.OOOE+OO -7.141 0.062
3 -0.20 0.100 0.8157 0.4413 O.OOOE+OO O.OOOE+OO -0.204 0.022
4 -0.58 0.194 0.5597 0.7388 O.OOOE+OO O.OOOE+OO -0.580 0.042

Fbor SIGMA(inL) SIGMA(exL) SIGMA(ovc:n1l) Variance ratio
0.485 0.649E-0I 0.126 0.126 3.753

Age 4
fJq;t 197Q 1971 19TI 1973 1971 ]97S 1976 19TI 19711 1979 1980 198' 1982 1983 1984 198' J986 J987 1988 J989

1 ·6.86 -6.84 -6.81 ·6.78 -6.75 -6.73 -6.70 ·6.67 -6.64 -6.61 -6.59 -6.56 -6.53 -6.51 -6.49 -6.48 -6.48 -6.48 -6.50 -6.53
2 -6.79 -6.81 ·6.84 -6.88 ·6.92 -6.96 -7.01 -7.06 -7.11 ·7.17 -7.23 ·7.30 -7.38 -7.46 -7.$5 -7.66 ·7.77 -7.91 -8.06 -8.29
3 -0.36 ·0.34 -0.31 ·0.28 -0.25 -0.23 -0.20 -0.17 -0.14 -0.11 -0.09 -0.06 -0.03 -0.01 0.01 0.02 0.02 0.02 0.00 -0.03
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4 -0.36 -0.38 -0.40 -0.43 -0.46 -0.49 -0.52 -0.56 -0.60 -0.65 -0.70 -0.76 -0.81 -0.88 -0.96 -1.04 -1.14 -1.25 ·138 -1.54
SUMMARY srATISTICS

Fleet Prc:d. SE(q) Panial lWscd SLOPE SE INrRCPT SE

Q F F SIQpe Intrl;pt

I -6.63 0.133 0.2648 0.3795 O.OOOE+OO O.OOOE+OO -6.627 0.029
2 -7.31 0.454 0.3389 1.1207 O.OOOE+OO O.OOOE+OO -7.307 0.099
3 -0.13 0.133 0.8802 0.3795 O.OOOE+OO O.OOOE+OO -0.128 0.029
4 -o.n 0.361 0.4650 0.9013 O.OOOE+OO O.OOOE+OO -0.766 0.079

Fbar SIGMA(int.) SIGMA(exL) SIGMA(overall) Vui.ncc ratio
0.417 0.895E-OI 0.166 0.166 3.432

Age 5
FIq;t 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1281 1982 1283 1984 1285 1986 1987 1988 1989
1 -6.85 -6.82 -6.78 -6.74 -6.71 -6.67 -6.64 -6.60 -6.57 -6.54 -6.51 -6.48 -6.46 -6.43 -6.41 -6.40 -6.40 -6.41 -6.43 -6.48
2 -6.76 -6.79 -6.83 -6.88 -6.94 -7.00 -7.06 -7.14 -7.21 -730 -7.39 -7.49 -7.60 -7.71 -7.84 -7.99 ·8.15 -8.33 -1.54- -1.85
3 -0.35 -0.32 -0.28 -0.25 -0.21 -0.17 -0.14 -o.ll -0.07 -0.04 -0.01 0.02 0.04 0.07 0.09 0.10 0.10 0.09 0.07 0.02
4 -0.35 -0.38 -0.41 -0.045 -0.50 -0.55 -0.60 -0.66 -0.73 -0.80 -0.87 -0.96 -LOS -1.15 -1.27 -1.39 -1.53 -1.70 -1.88 -2.09

SUMMARY srATISTICS
Fleet Prc:d. SE(q) Panial lWscd SLOPE SE INrRCPT SE

9 F F Siope IotrcJ?t

I -6.57 0.154 0.2812 0.3474 O.OOOE+OO O.OOOE+OO -6.567 0.034
2 -7.49 0.637 0.2824 1.4820 O.OOOE+OO O.OOOE+OO -7.490 0.139
3 -0.07 0.154 0.9349 0.3474 O.OOOE+OO O.OOOE+OO -~.067 0.034
4 -0.97 0.540 0.3804 1.1701 O.OOOE+OO O.OOOE+OO - .967 0.118

Fbar SIGMA(int.) SIGMA(exL) SIGMA(overall) Vuiancc ratio
0.379 0.105 0.188 0.188 3.192• Age 6

FIq;t 1970 1971 Im 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 -6.84 -6.80 -6.75 ·6.71 -6.67 -6.63 -6.59 -6.55 -6.51 -6.48 -6.45 -6.42 -6.39 -6.37 -6.35 -6.34 -634 -6.36 -639 -6.«
2 -6.73 -6.77 -6.83 ·6.89 -6.96 -7.04 -7.13 -7.22 -7.32 -7.044 -7.56 -7.69 -7.84 -7.99 -1.16 -8.34 -8.55 -8.78 -9.04 -9.43
3 -0.34 -0.30 -0.25 -0.21 -0.17 -0.13 -0.09 -0.05 -0.01 0.02 0.05 0.08 0.11 0.13 0.15 0.16 0.16 0.14 0.11 0.06
4 -0.34 -0.38 -0.43 -0.48 -0.54 -0.61 -0.69 -0.77 -0.86 -0.96 -1.06 -1.18 -1.31 -l.45 -1.60 -1.77 -1.95 -2.16 -2.40 -2.67

SUMMARY srATISTICS
Fleet Prc:d. SE(q) PaItial lWscd SLOPE SE INrRCPT SE

9 F F Siope Intrept
I -6.52 0.166 0.2952 0.3329 O.OOOE+OO O.OOOE+OO -6.518 0.036
2 -7.69 0.828 0.2323 20500 O.OOOE+OO O.OOOE+OO -7.685 0.181
3 -0.02 0.166 0.9815 0.3329 O.OOOE+OO O.OOOE+OO -0.019 0.036
4 -1.18 0.728 0.3075 1.5904 O.OOOE+OO O.OOOE+OO -1.179 0.159

Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variancc ratio
0.359 0.115 0.199 0.199 3.007

Age 7
flq;I 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1281 1982 1283 1914 1985 1986 1987 19I1lI 1989
I -6.83 -6.78 -6.72 ·6.67 -6.63 -6.58 -6.54 -6.49 ·6.46 -6.42 ·6.39 -6.37 -6.34 -6.33 -632 -6.30 -631 -6.32 -6.36 -6.42
2 -6.70 -6.75 -6.82 ·6.90 -6.99 -7.09 -7.19 -7.31 -7.« -7.59 -7.74 -7.91 -1.09 -8.28 -8.50 -8.72 ·8.97 -9.25 ·9.55 ·10.QI
3 -0.33 -0.28 -0.22 ·0.17 -0.13 -0.08 -0.04 0.00 0.04 0.08 0.11 0.13 0.16 0.17 0.18 0.20 0.19 0.18 0.14 0.08
4 -0.33 -0.38 -0.« ·0.51 -0.59 -0.68 -0.77 -0.88 -0.99 -1.12 -1.26 -1.41 -1.58 -1.76 -1.95 -2.15 -2.39 -2.64 ·2.93 -3.25

SUMMARY srATISTICS
Fleet Prc:d. SE(q) Panial lWscd SLOPE SE INrRCPT SE

Q F F StOUe lntrl;pt

I -6.48 0.172 0.3074 0.3287 O.OOOE+OO O.OOOE+OO -6.478 0.038
2 -7.89 1.024 0.1893 29185 O.OOOE+OO O.OOOE+OO -7.890 0.223• 3 0.02 0.172 1.0218 0.3287 O.OOOE+OO O.OOOE+OO 0.022 0.038
4 -1.40 0.921 0.2465 2.2268 O.OOOE+OO O.OOOE+OO -1.400 0.201

Fbar SIGMA(inL) SIGMA(ext.) SIGMA(overall) Variancc ratio
0.350 0.120 0.203 0.203 2863

Age 8
Pp;! 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1283 1984 1985 1986 1987 1988 1989
I -6.81 -6.75 ·6.69 ·6.64 -6.58 ·6.53 -6.49 -6.45 -6.41 -6.38 -6.35 -6.32 -6.31 -6.29 -6.28 -6.28 -6.28 ·6.30 -6.33 -6.39
2 -6.66 -6.72 -6.81 ·6.91 -7.02 ·7.13 -7.27 -7.41 -7.57 -7.74 ·7.93 -8.13 -1.35 -8.59 -8.84 -9.12 -9.40 -9.72 ·10.08 ·10.60
3 -0.31 -0.25 ·0.19 -0.14 ·0.08 ·0.03 0.01 0.05 0.09 0.12 0.15 0.18 0.19 0.21 0.22 0.22 0.22 0.20 0.17 0.11
4 -0.31 -0.37 -0.45 -0.54 -0.63 -0.74 ·0.86 -0.99 -1.14 -1.29 -1.47 -1.65 -1.86 -2.08 -2.31 -2.57 ·2.83 -3.13 -3.47 -3.11-4

SUMMARY srATISTICS
Fleet Prc:d. SE(q) Panial lWscd SLOPE SE INrRCPT SE

9 F F Siope Intrl;pt
I -6.44 0.174 0.3183 0.3303 O.OOOE+OO O.OOOE+OO -6.443 0.038
2 -8.10 1.22A 0.1534 4.2266 O.OOOE+OO O.OOOE+OO -8.100 0.267
3 0.06 0.174 1.0584 0.3303 O.OOOE+OO O.OOOE+OO 0.057 0.038
4 -1.63 1.118 0.1966 3.1742 O.OOOE+OO O.OOOE+OO -1.627 0.244

Fbar SIGMA(inL) SIGMA(exL) SIGMA(overall) V.riancc ratio
0.348 0.122 0.202 0.202 2749

Age 9
FIq;t 1970 1971 1972 1973 1974 Im 1976 1977 1978 1979 1980 1981 1982 1283 1914 1985 1986 1987 1988 1989
1 ·6.79 -6.72 ·6.66 -6.60 -6.54 -6.49 ·6.« ·6.40 -6.36 -633 -6.31 -6.29 -6.27 -6.26 -6.26 -6.26 -6.27 ·6.Z7 ·631 -6.37
2 ·6.63 -6.70 ·6.80 -6.91 -7.04 -7.\8 -7.34 -7.5\ -7.70 -7.90 -8.12 -8.36 -8.62 -8.90 ·9.20 -9.51 -9.86 -10.20 ·10.60 ·11.18
3 -0.29 -0.23 ·0.t6 ·0.10 ·0.04 0.0\ 0.06 0.\0 0.14 0.\7 0.\9 0.2\ 0.23 0.24 0.24 0.24 0.23 0.23 0.\9 0.13
4 ·0.29 ·0.37 ·0,46 ·0.56 ·0.67 -0.80 ·0.95 -1.11 -1.28 -1.047 -1.68 -1.90 -2.14 -2.40 ·2.68 -2.98 ·3.30 -3.63 ~.o\ ~.42

SUMMARY srATISTICS
Fleet Prc:d. SE(q) P",ti.. l lWscd SLOPE SE lNTRCPT SE

Daan - 10 - VPA simulalions



Q F F Slope Intrcpt

1 -6.41 0.172 0.3290 0.3357 O.oooE-+OO O.oooE-+OO -6.410 0.038
2 -8.31 1.428 0.1240 6.1856 O.oooE-+OO O.oooE-+OO -8.313 0.312
3 0.09 0.172 1.0938 0.3357 O.oooE-+OO O.oooE-+OO 0.090 0.038
4 -1.85 1.319 0.1565 4.5756 O.oooE-+OO O.oooE-+OO -1.855 0.288

Fbar SIGMA(inl) SIGMA(exl) SIGMA(averall) Variance ratio
0.350 0.121 0.197 0.197 2654

Age 10
Ace! 1970 1971 1972 1973 1974 Im 1976 1977 1978 1979 1980 1281 1982 1283 1984 1285 1986 1987 1988 1989
I -6.76 -6.69 -6.62 -6.55 -6.49 -6.44 -6.39 -635 -631 -6.29 -6.T1 -6.25 -6.2A -6.2A -6.2A -6.24 -6.26 -6.28 -6.2ll -6.34
2 -6.58 -6.67 -6.78 -6.91 -7.06 -7.22 -7.40 -7.60 -7.82 -8.06 -832 -8.60 -8.89 -9.21 -9.55 -2.91 -1030 -10.72 -11.13 -11.77
3 -0.26 -0.19 -0.12 -0.05 0.01 0.06 0.11 0.15 0.19 0.21 0.23 0.25 0.26 0.26 0.26 0.26 0.24 0.22 0.22 0.16
4 -0.26 -0.35 -0.46 -0.58 -0.71 -0.86 -1.03 -1.22 -1.42 -1.65 -1.89 -2.15 -2.43 -2.73 -3.05 -3.39 -3.76 ....15 ....54 -5.01

SUMMARY srATISTICS
Fleet Pred. SE(q) Partial lWscd SLOPE SE INTRCPT SE

q F F Slope Intrcpl

1 -6.38 0.167 0.3405 0.3443 O.oooE-+OO O.oooE-+OO -6.376 0.036
2 ·8.53 1.635 0.1002 9.1261 O.oooE+OO O.oooE-+OO -8.526 0.357
3 0.12 0.167 1.1319 0.3443 O.oooE-+OO O.oooE-+OO 0.124 0.036
4 -208 1.523 0.1247 6.6543 O.oooE-+OO O.oooE-+OO -2.082 0.332

Fbar SIGMA(inL) SIGMA(exL) SIGMA(averall) Variance ratio
0.356 0.117 0.188 0.188 2570

Age 11

• AllC! '97° 1971 19n 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1283 1984 1985 1986 1987 1988 1989
1 -6.72 -6.64 -6.56 -6.49 -6.43 -637 -6.33 -6.29 -6.26 -6.23 -6.22 -6.21 -6.20 -6.21 -6.21 -6.22 -6.2A -6.26 -630 -6.31
2 -6.52 -6.62 -6.76 ·6.90 -7.07 -7.26 -7.46 -7.69 -7.94 -8.21 -8.51 -8.82 -9.16 -9.52 -9.90 -10.31 -10.74 -11.20 -11.70 -12.35
3 -0.22 -0.14 -0.06 0.01 0.07 0.13 0.17 0.21 0.24 0.27 0.28 0.29 030 0.29 0.29 0.28 0.26 0.2A 0.20 0.19
4 -0.22 -0.32 -0.44 -0.58 -0.74 -0.91 -1.11 -132 -1.56 -1.81 -2.09 -2.39 -2.71 -3.05 -3A2 -3.80 ....21 ....65 -5.13 -5..59

SUMMARY srATISTICS
Fleet Pred. SE(q) Partial lWscd SLOPE SE INTRCPT SE

Cl F F Slope In!rCJll
1 -6.34 0.159 0.3545 0.3566 O.oooE-+OO O.oooE-+OO -6.335 0.035
2 -8.73 1.848 0.0815 ...... O.oooE-+OO O.oooE-+OO -8.733 0.403
3 0.16 0.159 1.1785 0.3566 O.oooE-+OO O.oooE-+OO 0.164 0.035
4 -230 1.734 0.1000 9.7764 O.oooE-+OO O.oooE+OO -2303 0.378

Fbar SIGMA(inL) SIGMA(exL) SIGMA(averall) Vari.ance ratio
0.366 0.112 0.177 0.177 2489

•
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Table 6
Output tuning module VPA für Aggregated Tuning Data -RUN 1 : effürt INCREASE
DISAGGREGATED Qs /LOG TRANSFORMATION /NO explanatory variate (Mean used)
Aeet 1.»Effort Tot Pop« • has terminal q estimated as the mean
Aeet 2 .»Survey Tot Pop« • has terminal q estimated as the mean
FLEETS COMBINED BY ** VARIANCE ** /ferminal Fs estimated using Laurec/Shepherd method

Regression weights
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Oldest age F =l.000*average of 5 younger ages. Fleets combined by variance of predictions
Fishing mortalities

"* 1970 1971 1972 1973 1974 1915 1976 1911 1918 1979 1980 19111 1982 1983 1984 1985 1986 1981 1988. 1989
1 0.204 0.208 0.213 0.219 0,22,4 0.230 0.236 Q.2A3 0.249 02S6 0.2&3 0.771 0.279 0.287 Q.296 0.305 o.J14 0.323 o.J3S 0.3048
2 0.416 0.429 0.440 0.450 0.461 0.412 0AS4 0.496 0.508 0.520 0.532 0.545 0.551 0.570 0.583 0.591 D.609 0.621 0.630 0.631
3 0.425 0.438 0.448 0.458 0.468 0.478 0.488 0.497 0.506 0.515 0.52>4 0.532 0.540 0.547 0.5S3 0.559 0.564 0.568 0.569 0.549
4 0.434 0.447 0.457 0.466 0.474 0.483 0.490 0.497 0.5Q3 0.509 0.513 0.511 0.520 0.522 0.523 0.523 0.523 0.521 0.519 o.soo
5 0.444 0.456 0.465 0.413 0.480 0.486 0.491 0.495 0.499 0.s01 O.soI O.soI o.soo 0.499 0.496 0.493 0.489 0.486 0.482 0.469
6 0.454 0.466 0.413 0.419 0.485 0.489 0.492 0.493 0.493 0.492 0.490 0.486 0.482 0.477 0.474 0.469 0.464 0.461 0.451 0.450
7 0.464 0.475 0.481 0.486 0.490 0.491 0.492 Q.49O 0.488 0.484 0.419 0.413 0.461 0.461 0.455 0.453 0.448 0.445 0.443 0.440
8 0.476 0.486 0.491 0.494 0.495 0.495 0.492 0.488 0.483 0.477 0.410 0.463 0.455 0.449 0.443 0.437 0.439 0.436 0.436 0.436
9 0.490 0.499 0.502 0.503 O.so2 0.499 0.494 0.488 0.481 0.472 0.464 0.455 0.447 0.440 0.435 0.430 0.477 0.434 0.434 0.436
10 0.508 0.515 0.517 0.516 0.512 0.501 o.soo 0.491 0.482 0.472 0.462 0.453 0.444 0.431 0.431 O•.m 0.425 0.425 0.438 OM1
11 0.535 0.540 0.539 0.535 0.529 0.521 0.512 O.soI 0.489 0.478 0.461 0.456 0.447 0.439 0.433 0.429 0.477 0.477 0.429 0.452
12 0.494 0.503 0.506 0.507 0.506 0.503 0.498 0.492 0.485 0.476 0.468 0.A60 0.452 0.445 0.439 0.435 0.433 0.433 0.436 0.441

• Log catehability estimates
Age 1
Reet 1970 1971 1972 1913 1974 1915 1976 1911 1918 1979 1980 1981 1982 1983 1984 1985 1986 1981 1988 1982
1 -7.58 -7.58 -7.59 -7.59 -7.59 -7.59 -7.59 -1.59 -7BJ -7BJ -7.60 -7BJ -1.60 -7.61 -7.61 -7.61 -7.61 -7.62 -7.62 -1.611 2

0.21 0.21 0.21 0.22 0.22 0.22 0.22 0.22 0.23 0.23 0.23 0.23 0.2>4 0.24 0.25 0.25 0.25 0.25 0.26 0.28

SUMMARY srA1lSI1CS
Fleet Pred. SE(q) Partial Raiscd SLOPE SE INTRCPf SE

Q F F Siope Intrept

I -7.(1.) 0.013 0.3532 0.3532 O.OOOE+OO O.OOOE+OO 7.599 0.003
2 0.23 0.019 1.2632 0.3331 O.OOOE+OO O.OOOE+OO 0.234 0.004

Fbar SIGMA(inL) SIGMA(cxL) SIGMA(ovcn.ll) Variance ntio
0.347 O.I06E-Ol 0.269E-OI 0.269E-OI 6.434

Age2
Eeet 1970 1971 1972 1913 1974 1975 1976 1911 1978 1979 19l!O 1981 1982 1983 1984 1985 1986 1981 1918 1989
1 -6.81 -6.86 -6.86 -6.81 -6.81 -6.81 -6.81 -6.88 -6.88 -6.89 -6.90 -6.90 -6.91 -6.92 -6.93 -6.94 -6.95 -6!17 -6.99 -7JJ2
2 0.31 o.J2 0.32 0.32 0.33 0.33 0.34 0.34 o.J5 0.35 o.J6 0.36 o.J1 0.31 0.38 0.38 0.39 0.39 0.39 0.40

SUMMARY srA1lSI1CS
Fleet Pred. SE(q) Partial Raiscd SLOPE SE INTRCPf SE

Q F F Siope Intrcpt

1 -6.91 0.046 0.7059 0.7059 O.OOOE+OO O.OOOE+OO -6.907 0.010
2 0.35 0.028 1.4258 0.6038 O.OOOE+OO O.OOOE+OO 0.355 0.006

Fbar SIGMA(inL) SIGMA(exl) SIGMA(ovcn.ll) Variancc ntio
0.630 O.:M2E-OI 0.697E-OI 0.697E-OI 8.270

Age3• fGJ 1970 1971 1912 1973 1974 1975 1976 1911 1918 1979 19l!O 1981 1982 1983 1984 1985 1986 1987 1918 1989

1 -6.85 -6.84 -6.84 -6.85 -6.85 -6.86 -6.81 -6.88 -6.89 -6.90 -6.91 -6.93 -6.94 -6.96 -6.98 -7.00 -7.03 -7.06 -7m -7.16
2 0.32 0.33 0.33 0.33 0.34 0.34 0.34 0.35 0.35 0.35 0.35 0.36 0.36 0.36 0.31 0.37 0.37 0.37 0.37 0.36

SUMMARY STA1lSI1CS
Fleet Pred. SE(q) Partial Raiscd SLOPE SE INTRCPf SE

Q F F Slgpe Intrt;pt

1 -6.93 0.095 0.6872 0.6872 O.OOOE+OO O.OOOE+OO -6.934 0.021
2 0.35 0.017 1.4206 0.5451 O.OOOE+OO O.OOOE+OO 0.351 0.004

Fbar SIGMA(inL) SIGMA(CXL) SIGMA(ovcnll) Variance ratio
0.549 0.163E-Ol 0.392E-OI 0.392E-OI 5.796

Age4
Pm 1970 1971 1972 1973 1974 I97S 1976 19V 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1918 1989
1 -6.83 -6.82 -6.82 -6.83 .6.84 -<S.8S -6.86 -6.88 -6.89 -6.91 -6.93 ·6.96 -6.98 -1.01 -7.0<1 -7.01 -7.11 -7.14 -7.18 -7.25

2 0.33 0.34 0.34 0.34 0.34 0.34 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.36 0.36 0.36 0.35
SUMMARY srATISTICS

Aeet Pred. SE(q) Partial Rais<xI SLOPE SE INTRCPf SE

Q F F Slope Intrcpt

1 -6.96 0.136 0.6697 0.6$7 O.OOOE+OO O.OOOE+OO -6.960 0.030
2 0.35 0.007 1.4167 0.4997 O.OOOE+OO O.OOOE+OO 0.348 0.002

Fbor SIGMA(inL) SIGMA(cxL) SIGMA(ovcn.ll) Vuiance ratio
0.500 0.717E-02 0.155E-OI 0.155E-OI 4.654

Age5
F!oct 197Q 1971 19U 1973 1974 1975 1976 Im 1978 1979 1980 1981 1982 1983 19M 1985 1986 1987 1988 1989
1 -<S.80 -6.80 -6.111 -6.82 ·6.113 -<S.84 -6.86 -<SJIlI -6.90 -<S.93 -6.96 -6.99 -1.02 -1.0S -1-'39 -1.13 -1.11 -1.21 -1.15 ·1.32

2 0.34 0.35 035 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.35 0.35

SUMMARY STATISTICS
fleet Pred. SE(q) Partial Raiscd SLOPE SE INTRCYf SE
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Q F F Slope In!rcpt

1 -6.98 0.169 0.6544 0.6544 O.OOOE+OO O.OOOE+OO -6.983 0.037
2 0.35 0.003 1.4138 0.4687 O.OOOE+OO O.OOOE+OO 0.346 0.001

Fbar SIGMA(inL) SIGMA(exL) SIGMA(ovcrall) Variance ratio
0.469 0.266E-02 0.526E-02 0.526E-02 3.901

Age 6
Ag:t 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 '981 1982 1983 1984 1985 1986 1987 1988 1989

1 -6.78 -6.78 -6.79 -6.80 -6.82 -6.84 -6.86 -6.88 -6.91 -6.94 -6.98 -7.02 -7.06 -7.10 -7.14 -7.18 -7.:12 -7.:n -7.31 -7.36
2 0.35 0.36 0.36 0.36 0.36 0.35 0.35 0.35 0.35 0.34 0.34 0.34 0.34 0.33 0.34 0.33 0.33 0.34 0.34 0.35

SUMMARY STATISTICS
F1ce! Prcd. SE(q) Partial lUised SLOPE SE INfRCPT SE

9 F F Slope Intrept

1 -7.00 0.195 0.6425 0.6425 O.OOOE+OO O.OOOE+OO -7.001 0.043
2 0.35 0.009 1.412.4 0.4496 O.OOOE+OO O.OOOE+OO 0.345 0.002

Fbar SIGMA(int) SIGMA(ext) SIGMA(ovcrall) Variance ratio
0.450 0.927E-02 0.169E-Ol 0.169E-Ol 3.344

Age7
Ag:t 1970 1971 1m 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986' 1987 1988 1989
I -6.76 -6.76 -6.77 -6.79 -6.81 -6.83 -6.86 -6.89 -6.92 -6.96 -7.00 -7.04 -7.(1) -7.13 -7.18 -7.:12 -7:lfJ -7.30 -7.34 -738
2 0.37 0.37 0.37 0.37 0.36 0.36 0.36 0.35 0.35 0.34 0.34 0.33 0.33 0.33 0.32 0.33 0.33 0.33 0.34 0.35

SUMMARY STATISTICS •
F1ce! Prcd. SE(q) Partial lUised SLOPE SE INfRCPT SE

Q F F Slope Intrepl

• 1 -7.01 0.215 0.6341 0.6341 O.OOOE+OO O.OOOE+OO -7.014 0.047
2 0.35 0.016 1.4136 0.4391 O.OOOE+OO O.OOOE+OO 0.346 0.003

Fbar SIGMA(inL) SIGMA(exL) SIGMA(ovcrall) Variance ratio
0.440 0.158E-Ol 0.270E-Ol 0.270E-Ol 2917

Age8
Ag:t 1970 1971 1m 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 -6.73 -6.74 -6.75 -6.77 -6.80 -6.82 -6.86 -6.89 -6.93 -6.98 -7.02 -7.07 -7.11 -7.16 -7.21 -7.25 -7.28 -7.32 -7.35 -7.39
2 0.38 0.38 0.38 0.38 0.37 0.37 0.36 0.36 0.35 0.34 0.34 0.33 0.33 0.32 0.32 0.32 0.33 0.33 0.34 0.35

SUMMARY STATISTICS
F1ce! Prcd. SE(q) Partial R.aised SLOPE SE INfRCPT SE

Q F F Slgpe Intn;pt

1 -7.02 0.230 0.6293 0.6293 O.OOOE+OO O.OOOE+OO -7.022 0.050
2 0.35 0.022 1.4185 0.4343 O.OOOE+OO O.OOOE+OO 0.350 0.005

Fbar SIGMA(inL) SIGMA(ext) SIGMA(ovcrall) Variance ntio
0.436 O.222E-OI 0.356E··OI 0.356E-OI 2576

Age9
flcz;t 1979 1971 1m 1973 1974 1975 1976 1977 1978 1979 198Q '981 1982 1983 1984 1985 1986 1987 1988 1989
I -6.71 -6.71 -6.73 -6.75 -6.78 -6.82 -6.85 -6.89 -6.94 -6.98 -7.03 -7.08 -7.13 -7.18 -7.:12 -7.:n -7.31 -7.33 -7.36 -7.39
2 0.40 0.40 0.40 0.39 0.39 0.38 0.37 0.36 0.36 0.35 0.34 0.33 0.33 0.32 0.32 0.32 0.32 0.34 0.35 0.36

SUMMARY STATISTICS
F1ce! Prcd. SE(q) Partial lUised SLOPE SE INfRCPT SE

Q F F Siope Intrept

I -7.02 0.2.43 0.6285 0.6285 O.OOOE+OO O.OOOE+OO -7.023 0.053
2 0.36 0.029 1.4290 0.4341 O.OOOE+OO O.OOOE+OO 0.357 0.006

Fbar SIGMA(inL) SIGMA(ext) SIGMA(ovcrall) Variancc ntio

• 0.436 0.288E-01 O.436E-OI 0.436E-OI 2.293

Age 10
Roct 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
I -6.61 -6.68 -6.70 -6.73 -6.76 -6.80 -6.84 -6.89 -6.94 -6.99 -7.04 -7.(1) -7.14 -7.19 -7.23 -7.:n -7.31 -7.35 -7.35 -7.38
2 0.43 0.43 0.42 0.41 0.41 0.40 0.39 0.38 0.37 0.36 0.35 0.34 0.34 033 0.33 0.33 0.33 0.33 0.37 0.38

SUMMARY STATISTICS
F1ce! Prcd. SE(q) Partial lUised SLOPE SE INTRCPT SE

Q F F Siope Intrepl
1 -7.02 0.255 0.6327 0.6327 O.OOOE+OO O.OOOE+OO -7.016 0.056
2 0.37 0.037 1.4484 0.4380 O.OOOE+OO O.OOOE+OO 0.370 0.0082

Fbar SIGMA(in!.) SIGMA(CXL) SIGMA(ovcrall) V uiance ratio
0.441 0.365E-Ol 0.520E-OI 0.520E-OI 20330

Age 11
Fk&1 197Q 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 -6.62 -6.63 -6.66 -6.69 -6.73 -6.77 -6.82 -6.87 -6.92 -6!T1 -7.03 ·7.08 -7.13 -7.18 -7.23 -7.:n -7.31 -7.34 -7.37 -7.35
2 0.47 0.46 0.46 0.45 0.44 0.43 0.42 0.41 0.40 0.39 0.38 0.36 0.36 0.35 0.34 0.34 0.34 0.34 0.35 0.40

SUMMARY STATISTICS
F1ce! Prcd. SE(q) Partial lUised SLOPE SE INTRCPT SE

9 F F Slgpe In!lCpI
I -7.00 0.271 0.6442 0.6442 O.OOOE+OO O.OOOE+OO -6.998 0.059q
2 0.39 0.047 1.4826 0.4473 O.OOOE+OO O.OOOE+OO 0.394 0.0100

Fbar SIGMA(inL) SIGMA(ext) SIGMA(ovcrall) Variancc ratio
0.452 O.466E-OI 0.620E-OI 0.620E-Ol 1.765

Daan - 13 - VPA simulations



Figure 1. Estimated exploitation pattern (A), fishing mortality (B), spawning stock biomass
(C), and recruitment (D) from RUN 1. The true values as well as the values obtained by
separable VPA and on the basis of two sets of tuning data (see text) are indicated.
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Figure 2. Estimated exploitation pattern (A), fishing mortality (B), spawning stock biomass
(C), and recruitment (0) from RUN 2. Tbe true values as weil as the values obtained by
separable VPA and on the basis oftwo sets oftuning data (see text) are indicated.
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•

Figure 3. Estimated exploitation patterns from separable VPA and tuning for North Sea sole
(A) and plaice (B). (from Anonymus, 1990).

•

Daan - 16- VPA simulations


