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Abstract

The ICES Mackerel Working Groups 'tune' Western Mackerel (Scomber scombrus L.; I.C.E.S
Divisions VI, VII, and VIIIa&b) VPA's by ininimising die residuals between the VPA generated
spawning stock biomasses (SSBs), and SSB estimates derived from trielmial international egg sWveys
of the spawning grounds. This paper describes the results of an investigation into the influence of
bias in the egg survey estiinates of SSB on the minima achieved by the tuning procedure. It is
assumed that the egg surVeys generate SSB totals which are.all either over or under estimatlng the
population SSB exploited by the fishery (the tuned VPA SSB for the same year) by a constant
proportion. It treats the SSB values derived' from the surveys as indices of the population SSB
abundance, a similar approach to that used when timing VPA's to fleet CPUE indices by ad hoc
methods. The results suggest that the Western Mackerel egg surveys over estimate the biomass

.exploited by the fishery. A 10% reduction of all theegg survey estimates produces a 30% reduction in
the sum of squares between the sufvey and VPA values. In addition, two Warking Group
modificauons to ihe assessment data sets are examined in the context of their influence on the minima
achieved by the timing process. - -

iriti-Oduction

When the virtuat population analysis equations are appÜed 10 cateh-at-age data they produce a family
of equally valid solutions for fishmg mortaIity arid population abundrince-ät~age. In order to
differentiate between them, stock assessment procedures use independein esumates of either
population abundanceor the fishing mortality to which the stock is subjected. The majority of
imporcint demersaJ species assessments use fishing inoriality estimates obtained by applying models
such as izd hoc tuning (Pope & Shepherd 1985), ADAPT(Gllvarls 1988), oe XSA (Shepherd 1992) to
Catch per unit effort data obtained from prosecuting fleets. For pelagic shoaling species assessments,
the derivation of reliable fleet effort data is a more complex problem. Interactions between catch and
effort indices require anaIyses whieh mimie those uSed fot prectator - prey studies. Effort has to be
subdivided between search and handling times. and both carrYing capacity and infomiation exchange
between individuaIs within a fleet Can influence the aSsessment (Gulland 1983). In order to overcome
this complexity, the majonty ofpehigic assessmeniS carried out by the Iriternational Council for the
Exploration of the Seas (I.C.E.S) Working Groups are adjusted to fit indices of fishing mortaIity.
derived from tagging returns (Hainre 1980), p<>pulation abundance estimates derived from acoustic.
surveys (Anon 1993), or spaWriing stock estimates obtained from plankton surveys (Lock~~ et al
198Ia). This paper exarnines a procedu~e used for tuning to spawning stock biomass and presents a
proeedural niodification that could be applied to other assessments of this type. .
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Method

The Western Mackerel Stock assessmeiit•
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The Mackerel Working Group'tune' Western Mackerel (Scomber scoTnbrus L., I.C.E.S Divisions VI,
VII, and VIIIa&b) VPA's by adjusting the F-at·age values for the final year and oldest age (terminal
Fs) to achieve the best fit between the spawning stockbiomasses (SSBs) generated by the VPA, and
SSB estimates derived from iriennial egg surveys of the spawning g..ounds (Anon 1991). The F values
are generated by applying a separable model for fishing mortality arid selection·at·age (pope arid
Shepherd 1982) to the total international cateh in numbers for age g..oups 0 - 11. Selection on the .
oldest age, defined by F-at-age divided by F on a reference age, is held constaut (1.0) to produce a flat
exploitation pattern for the older ages ofthe assessment (5 - 11). Tuning is achieved by adjusting the
terminal F on the reference age (5) until the sum of squares of the residuals between the two estimates
for SSB, for the years in which surveys were prosecuted, are'minimised (Figure 1). A time series .
weighting is applied such that the selection pattern used for each tuning iteration is an average of the
values for selection in the last six years of the assessment The model assumes that there have been no
significant changes 10 the selection pattern during the period of the assessment.

. I
. . . ". . I .". .

A modification to this approach was applied by the 1991 Mackerel Working Group (Appendix 1 in.
Allon (1991». This incorPorated the concurrent rninimisation of (1) the residuals between the , .
separable VPA estimates for log caich and log catch data, (2) the residuals between logarithrns of the
tWo series of estimates of SSB and (3) the separably generated estimates of Tecruitinent and
independent recruitrnent indices (log va1ues). Tbe results of the rninimisatiori produced final year F­
at·age and populatlon-at.age values which were similar to those achieved using the tuning procedure.

. I .
Both of these techniques assurne that the procedures used for~ deriving the egg survey SSBs produce.
estimates of the irue total population spawning stock biornass. If there are any unknown procedural
biases in the collection of data or calculations, the VPA assessments will be tuned towards them. An
alternative method for tuning the assessment is tci use the estlmates as iridices of tbe trUe population
SSB. Egg sUrvey SSB indices can therefore" be linked 10 the stock SSB by a "catchability" or bias .
parameter similar to that which links log values of CPUE-at~ageand log population·at·age within "the
fleet tuning approach. The "catchability" parameter (A.) for the Western Mackerel egg si.rrvey series ,
can be estimated by finding the value that minimises i

I
L [SSBVPA - Ä SSBSt:RVEY] 2 1

" "', I .
where Ä is a constaut across surveys. It is therefore a procedural effect, not a year effect

t
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vi>A SSBs for the years 1972 - 199Ö were generated uSlng a ~ge of values for terminai F(0.25 - .
0.6) within a separabh~ VPA. The assessment was performed'using the Lowestoft VPA 3.1 assessment
suite and the stock data files created by the 1991 Mackerel Working Group (Anon 1991). The va1ues
presented in the resulis are the rav.. VPA outputs. Tbe estirnates of recruits, stock numbers and .
spawning stock biomasses have not been actjusted for the lack of convergence in the younger ages of
the most receni yeacs. I " ;
The I.C.E.S progr:im used by th6 1991 Worid~g Group and the Lowestoft prograin used in this :
analysis differ in their me.thod of ca1culation for the weighis at age of the phis group: Tbe I.CE.S. ;
program uses the stock and catch weights for the first age in the plus group aS weights for the whole
plus group (i.e. age 12 weights for a 12+ group). The Lowestoft program ca1culates plus grOup .
specific stock and catch weight values. These are weighted averages (weighted by catch nurnbers-at­
age) of the cateh or stock weights supplied for all plus group ages. When the numbers at age in the
plus group are significant, this causes discrepancies between the spawilirig stock biomasses calculated
by the two prograrns. The Westerri Mackerel plus group populations are relatively srriall and the ..
minor differences in total spawning stock biomasses between the two assessment proeedmes are not
considered io have influenced the conclusions drawn from the reSults. It should be noted that when
tuning to SSB surVeys the calcutauon methoo will becorne a signific:lnt determinant ie a targe nurnber
of ages are concatenated into the plusgroup.! .
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For each assessinent the toiai sum of squares (SSQ) was calculated from the resictuals betWeen the
VPA SSB estimates generated by each terminal F and the egg survey estimates adjusied by a range of
I.. values. Total SSQ values were tabulated and exarnined for minima.

"'orking group customisation ofthe assessDuint dat3 sets.

During the dcveiopment of the Western Mackerel assessment series, tWo significarlt alterations to
aSsessment parameters have been made by Working Groups.

In 1980 the'second research vessel siuvey in the plankton survey series ( M.A.F.F. RV Cirolana 4/80)
reported sigoificantly lower caiches of eggs than would have been anticipated from the distributions of
egg pröduction with time observed during 1977 and 1983 (Anon 1984). This was thought to have
been caused by an unidentified, gear related, problem in the sampling procedure (Anon 1984). The
estimate of egg numbers derived from the 4/80 swvey was rejected by the 1984 Working Group.and
the totalilUmbers of eggs produced during May estimated using linear intefpolation between the
cruises adjacent to 4/80. Figure 2, lakeo from Anon (1984) illustrates the adjusunent to the egg sufvey
dara. The original 1980 SSB can be derived from the total production estimate of 1,48 X1O~5eggs
(LockwOOd et al, 1981b) and linear interpolation with the data in Table 3.3 of AilOn (1991). The
1984 Working Group alteration to the survey senes producect an increase in the 1980 estimate of SSB
from 2.20 x 106 to 2.73 x 106 tonnes. '

in 1986 a relatively low abundance of eggs was recorded on the spawning gi-oumis (AoonI987a).
Stock surveys indicated that density dependent effectS were implicated for the relatively aburidaIit
1984 year class (6.9 billion recruits, 4.9 billion 2 gToup). The mean length of two year old fish
recorded on the spawning grounds in 1986 waS 3 cm smaller than that recorded for 1985. Tbe

. Working Graup discussed the effect on the maturity ogive and reduced the maturity of the 2 year old
fish from 60% to 20% (Anon 1987b). This has rioi beeil repeated for other abundant year classes. The
1981 year class had 6.9 billion recruits and the 1989 year class was pn~dicted tO have beeo 7.0 billion
recruits (Anon 1991).

• " . I .' .. ,

The influeilce of both Working Group aIterations on the fit of the tuned VPA model SSBs ici the
sUrVey results was examincd; initially by varying terminal F 3.Ione (A.=l.O),llnd then using the
interaction between I.. arid terminal F.

ResultS

Variation in terminal F (1..=1.0)

Figure 3 ilhistrates the effect of changes i6 terminal F, on the time senes of spawning stOCk biomäss
generated by the VPA. Thc egg swvey eStimates are plouCd for companson. They include the 1980
vaIue before alterätion by the Working Group. It is evident that 're3.J.istic' vanatiOIi in the valueof
terminal F, will only generate significant alterations to VPA spawning stock biomasses after 1982..
Prior to this YC3I the convergence of the VPA calculations ensures that the VPA generated SSBs are
robust with regard to the input terminal F. An exarnination of the residu3.J.s beiween the survey
estimates arid VPA SSB's, illusirated by FigUre 3, reveals that the reductioii in the sum of squares
shown in Figure I, resultS primarily from alterations to the fitef the vpA to the last three surveys.
The coritribution to the sum of squares by the 1977 and 1980 surveys (for each 1980 scenario) Caß be
corisidered significant but relatively constaßL

The figure demonstrates that, if the separabie vi>A mOdel holels ror this stock and it is aSsumed that
the catches and egg si.uveys are measuring the sarrie popil1ation, the egg surveys uridertaken during
1977 and 1980 appear to have over-estimatCd the exploitect spawning stock biomass. It is also clear
that the estimaie of SSB from the 1980 egg surveys which mchide the Cirolana 4/80 cruise, provides a
hetter fil to the VPA SSBs than the Working Group vall.ie which eXcludes iL
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A comparison between Figures 3 & 4 illustrates the effect of the Working Group alteration to the
maturity of the 2 year old fish in 1986. The result of the change is to significantly decrease the
spawning stock biomass estimated by the VPA for that year: This results in a minor alteration 10 the
value of terminal F providing the optimum fit from 0.3 (60% maturity, Figure 5) to the Working

. Group optimum F of 0.275 (20% maturity, Figure 1) and a ~ecrease in reference Fbar(4-8) from 0.4 to
0.3. i '. . .

I
\
I

Figures 6 presents a contoured surface of the SSQ calculated using a range of input terminal F values ,
for the separable VPA and A, the proportion by which the eg'g surveys are scaled. A reference point
on the SSQ's surface is provided by plotting the range over which the values calculated by the
Working Group are situated (i.e. A.=1.0 F=0.25 - 0:3). This corresponds to the range of SSQ values·
ploucd in Figure 1. The cross on the line is situated at the 1991 Working Group optimum value for
terminal F. I ... ,

. .. I. . .

The COntours of Figure 6 clearly demonstrate that a beuer fit between the two sets of data is achieved
at A= 0.9 (a 10% reduction of the survey SSB estimates) or less, and a terminal F value for the
reference age in the separable VPA of F = 0.35. The SSQ minimum at these parameter values is 43%
lower than the vahie achieved at the Working Group solution (628019 ~ 269044, Table 1). The ....
highlighted contour level demonstrates the 95% confidence interval about the minimum. This is
calculated by a reworking of the maximum likeIihood (M.D.Nicholson pers.comm.), such that

. j

I

SSQ @95% =SSQ minimUl~ xd~7.1 n
I

, ! . '. .
wherc ~2 is the Chi squared parameter with 2 degrees of freedom, at the 95% level and n is the
number of data points (5). The SSQ value at the 95% level of confidence is 8.92 E+5. The SSQ toiaI
obtained by the Working Group falls within the 95% level of confidence surrounding the new

. . i
minimum. . . I .
Figure 7 ilhistrates the fit of the scaled survey points (SSB * A=0.9) to the biomasses generated by.
the optimum VPA solution. I

•i

I
.The 1980 egg suney SSB estimate. I

\ 1
Figures 3 and 4 illustrate that, with hind-sigbt, the original 1980 spawning stock biomass estimate
provides a better estimate of the 1980 VPA SSB than the 1984 Working Group alteration. Figure 8
presents the SSQ surface generated when the 1980 value is set to the original estimate. Tbe pattern of
contours is similar 10 that derived in the previous simulation; The optimum fit is again achieved at A.
=0.9 and a terminal F value ofO.35. At these values the SSQ have been reduced frOm 628,019 (A =
1.0, F = 0.275 the Working Group optimum) to 31,914 (A= 0.9, F = 0.35) areduction by a factor of

. 95% and the broad double minimum apparent in Figure 6 is ~liminated. Clearly the fit to the egg .
survey SSB indices is improved dramatically. The contour line equivalent to the 95% confidence
interval is bighlighted on the figure at SSQ = 1.06 E +5. . i. . '

• . I .

Figure 9 illustrates the fit of the scaled survey points to the optimum assessmenL Table 2 presents the

SSQ values. i.

The interaction between Aand terminal F.
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The sensitivity of the assessment to maturity at age.

Ir the 1980 SSB estimate is set to that recommended by the 1984 Working Group, and the pci-ceniage
maturity of the 2 year old fish in 1986 set to 60%, the SSQ surface plot for the simulations is similar
to that for 20% maturity. The surface minimum occurs at a egg survey scaling of A= 0.9 and as
amicipated from the results illustrated by Figures 3 and 4 the tenninal F value is slightly higher at
0.38. The rcference mean F (Fbar(4_8» for the terminal year is increased fro":l. 0.3? to OA3. These
results demonstrate that the 1991 assessment is relatively insensitive to variations in the maturity of
2 year old fish in 1986. The robustness is primarily due to the presence of the 1989 egg survey SSB .
which restrained the level of terminal F in the optimum fit. Without the 1989 survey the curTeilt
assessment wauld be extremely sensitive to the matUrlty of the abundarit year classes.

The influence of the alterations to maturity on the vaiue of tenn~alF lIi<iy not seem too darriaging for
the 1991 assessment but the result must be considered in the context of past and future assessments.
Figures 3 & 4 illustrate that the fit to the egg survey SSB estimates achieved by the 1987, 1988 arid ,
1989 assessments could have been extremely sensitive to the alteration in the mattirity of two year old .
fish in 1986. If the 1989 egg surVey is ignored, Figure 3 shows that the optimum terminal F appears to
be 0.3, in Figure 4 the termin31 F would be::: 004. In 1992 the abimdant 1989 and 1991 yeär cla.sses
could doiniriate the population stnicture arid spawning stock bioma.ss. Both recruitrnents are predicted
to be equivalent in magnitude to the 1984 year class. Ir the 1993 Working Group uses the standard .
inatunty-at-age ogive, used in the VPA for all years except 1992, significant errors mar be introduced
inta the tuning process.

Discussion

This study has established that the applicatiori of a bias or "catchability" parameter to the spawning
stock biomasses recorded by the Western Mackerel egg surveys can improve the fit to a "tuned"
separable VPA. Assessments.tuned by varying the bias parameter (A) and the terminal Fon the
rcfcrcncc age have achieved surn of square totals which are reduced 43% when compared to the
results achieved by the 1991 aSsessment Working Group (Anon 1991).

The minima in the sum squares at A=0.9 suggests that theprocectures used for calculating the SSB
estimates are consistently over estimating the spawning stock exploited by the fishery by 10%.,
Lockwood et al (1981a) estimated errors of +30% and -20% for the total egg production in 1977. Thc
errors have not been carrled through to the spawning stock abundance, but if they are of similar ,
magnitude they would explain the size of the discrepancy between the VPA and egg survey SSB's but
not the apparent biaS towards over estimation. Possible explanations for the values of A< 1.0 are:

1) The catches ure derived from only part of the population measured by the egg sufvey•.
The fleets may be exploiting a different spatiai distribution to that exarnined by the egg surveys. If the
catch is derived from high density schools situated within a low density background abund3.nce. The

. catches would reflect the abundance within patehes. The egg surveys ure representative of the overall
population abund3I1ce. This difference in the populations perceived by the methods could be
compounded by aggregation on the spawnirig grciuridS after migration.

~iodest under or over reporting of catches, an incorreet estimate of M or errors in the percentage
maturity at age for important age groups could all lead to values for Awhich Me less ihan 1.0..

5
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2) If it is thought that the catches reported by the fleet are drawn from the same population as that
covered by the egg surveys. then : I

I .
SSBvPA = Ä SSBSI."RV = Ä Eggs in the sea C

Eggs per fish
I.

C is representative of the sex ratio and the average weight of a female on the spawning grounds.
t

'.' !,. .
. For set values of eggs in the sea and stock weights etc.• values of A. < 1 indicate that the number of
eggs produced per fish is under·estimated by the fecundity analysis arid processes such as
indeterminate spawning may be taking place. If Ä> 1 the Iuimber of eggs produced per fish is over­
estimaiedand this would indicate areduction in fecundity due to atresia ete.

j
In ali of the simulations examined during this investigation. lhe SSB derived from the 1980 egg
sun-eys which included the Cirolana 4/80 survey. provide the best estimate of the converged VPA :
biomasses. The fit to the survey estimates achieved by the 1991 Working Group can be improvect by
95% when the onginal survey value is used in conjunction with the bias parameter•.

Ir th6 4/80 survey value is revised to the original value recorded in 1980 (Lockwood et al, 198Ib). : •
further lines ofinvestigation may lead LO the cause ofthe absence of eggs in May 1980: Anon (1984)
reported that the low abundance of eggs in the pIankton sampies was not confined tci Mackerel. Ir gear
.failure could be excluded as a cause. this may indicate that the bimodal distributionwas
environmentally induced. Future Working Groups should seriously consider whether to reverse the
decision to reject the 4/80 survey made by the 1984 Working Group and tune with the original 1980
SSB estimate. ;,,
Density dependent effeCtS ongrowth und matUrlty have been implicated within this stock. Predictions
for population parameters in the terminal years, denved by tuning VPA's using SSB estimates. cim be
extremely sensitive to these effects. In order to reduce the sensitivity of the method LO this parameter,
there is a requirement for direct estimation of the maturity-at:age in each year that the egg surveys are .
collected. As soon as possible this should be augmented by adescription of the relationship between
population density and both meari Iength at age and maiurity at age. It may be possible to estimate
matunty as a function of length rather than age. The statement recorded in Anon (1991) that " in the
absence of evidence to the contrary the maturity of2 year old fish is assimied to be 60%", requires
experimental verification. . ! '-,

I . .
This snidy has demonstrated the use of a bias or "catchability" parameter which links indices of •
population or spawning stock biomass to the "lrue" population or biomass. The procedure can
significantly improve the fit between indices and assessinent results. However, it haS only been
applied to the 1991 (final year of daia 1990) assessment for the stock. The over estimation bias
estimated for the Western mackerel egg surveys, falls within the range of the known procedural biases
(atresia, indeierminate spawning etc.): valueS outside the range should be treated with caution.
Retrospective studies examining the robustness of the estim~lte of catehability should be carried out in
order to ascertain the long term value of the technique. The study should also consider other .
parameters which have a significant bearing on the conclusions drawn from the results. The technique
is straight forward to use and may be useful with other assessment procedures or stocks.

t,,
I
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Figure 2. The Western Mackerel egg production curves for 1977, 1980 and 1993.
Illustrating the alteration made by the 1984 Working Group Lo the 1980 senes.
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Figure 5.
Western Mackere' Stock Assessment
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.Figure 6. The sum of squares surface for the residuals belween the SSB's generated by a
separable VPA assessment with various t~nninal F values [or the reference age. and egg
survey SSB's scaled by A.. a procedural bias estimate. The1980 egg survey SSB is set to
the Working Group alteration. i,
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Figure 7. The fit between the scaled egg surveys and the optimum assessment with
A= 0.9 and the 1980 egg survey estimate set 10 the Working Group alteration.
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: Figure 8. The sum of-squares surface far the residuals:between the SSB's generated bya
. separable VPA assessment with various terminal F values for the reference age. and egg

survey SSB's scalcd by A. a procedural bias estiinate. The 1980 egg survey SSB is set to
the original estimale. 1 .
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Figure 9. The fit between the scaled egg surveys and the optimum assessmcnl with
A. =0.9 and the 1980 egg survey estimate set to the original estimale.



TABLE1.XLS

Tuble 1. The sum 01 squares 01 the reslduols between egg survev ond VPA estlmotes
01 total spownlng stock blomoss lar the Western Mockerel
All surveys. W.G volues lar 1980 egg surveV. 2atmoturlty on 1986 2 vr oIds

Terminal F lar Ihe Separoble VPA
0.25 0.26 0.271 0.2751 0.28 0.29 0.3 0.35 0.4 0.'15 05 06

0.75 1392229 1242902 1115988 1061068 1007772 916377 837921 585224 473439 433142 428951 472362
0.8 967548 842920 738586 693879 651083 578828 518241 339541 281974 282925 311249 402403

Egg 0.9 539055 463825 404651 380370 358574 324599 2997fIJ 269044 319913 403360 496714 683354
Survey 1 671720 645888 631874 628019 627223 631528 642417 759705 919010 1084953 1243337 1525463
Scoling 1.05 948487 947354 955920 962278 971982 995427 1024185 1215470 1428993 1636184 1827083 2156952

1.1 1365543 1389109 1420255 1436826 1457030 1499615 1546242 1811524 2079265 2327704 2551118 2928730
1.2 2620524 2693488 2769794 2806791 2847995 2928860 3011225 3424flJl 3800678 4131613 4420057 4893155

1.25 3458449 3556112 3654998 3702208 3753912 3853917 3954151 4441424 4871819 5244002 5564961 6085802

WG terminal F ,,0.275

Table 2. The sum of squares 01 the reslduols between egg survey ond VPA estlmotes
01 total spownlng stock bIomass lor the Western Mockerel
All surveys. w1lhout WG correctlon to 1980. 2O'tmotlJlity 1986 'lyr oIds

Terminal Flor the Separoble VPA
0.25 0.26 0.27 0.275 0.28 0.29 0.3 0.35 04 0.45 0.5 06

0.75 1521861 1367727 1236807 1180285 1125386 1030787 949126 6133610 563813 517106 508909 545911
0.8 1000580 870825 762218 715802 671296 595623 531617 339244 273131 267245 291296 375613

Egg 0.9 339421 258423 194442 168238 144519 106698 78003 31914 73169 148925 237471 416420
Survev 1 186799 154558 135202 129211 126278 126310 132926 233122 3817"4 539141 692184 965764
SColing 1.05 301189 293326 296284 300399 307859 326818 351089 524427 726733 924951 1110242 1431137

1.1 542714 559229 584500 598721 616575 654459 696386 942867 1198857 1"37895 1655434 2023645
1.2 1407165 1"72438 1542334 1576768 1615408 1691145 1768382 2161148 2524506 2845185 3127220 3590063

1.25 2030093 2119744 2211953 2256492 2305526 2400189 249f1J82 2960990 3378032 3739532 4053814 4563973
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