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Summary

The sardine assessment is extended to consider tiyfeotheses for the presence of
two (west and east) stocks separated at Cape Agjulfize first hypothesis of two
completely separated stocks is dismissed, as itiemghat an unrealistically low
proportion of the recruits for the eastern stoak @etected in the recruitment survey.
The second hypothesis of movement of recruits fraest to east stocks, the extent of
which varies from year to year, is more successfitbrms of matching the data for
realistic values of detectability of eastern retsrum the recruitment survey. However
the proportion moving from year to year is only Wgacorrelated with high biomass
or recruitment in the western stock that year. el hypothesis is a variant of the
second for which the data are less informative bgeahe “dividing line” between
west and east recruits is taken to be unknown. fihithe one of several possible
forms implemented thus far) produces similar rastdt the second hypothesis. It is
proposed that because of the limited time available to complete the OMP revision,
and further issues still to be resolved relatinguture projections under two stock
hypotheses in relation to the distribution of catghthat future work in finalising this
OMP process be restricted to the second hypothi{epicifically the variant which
assumes movement from 1994 onwards onwards whenret¢hgit survey was extended
further eastwards).

Introduction

As part of the process of updating the assessnfghedsouth African sardine resource, a two sardine
stock hypothesis is to be tested. This hypothesisists of a “west” stock distributed west of Cape
Agulhas and an “east” stock distributed east ofeCa&gulhas. Initial results showed that a hypothesi
two discrete stocks was not incompatible with théadde Moor and Butterworth 2009), although the
multiplicative biases estimated to be associatetth Wie May hydroacoustic survey in the east was
questionable. A hypothesis of two mixing stockaldaot be adequately explored with the model at th

time due to the lack of ageing data.

The updated operating model for the South Africardime resource is detailed in Appendix A of de
Moor and Butterworth (2011) and the data used i @&ssessment are listed in de Mebal. (2011).

All key changes to the model described in de Mawt Butterworth (2011) also apply to the model used
for the two stock hypothesis. A glossary of ternsgdiin this model is repeated from de Moor and

Butterworth (2011) in the Appendix of this documémtease of reference.

Y MARAM (Marine Resource Assessment and Managemenouy®, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.
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This document details some initial results relatm@ two stock hypothesis. The document is agdng

such that a hypothesis is described, and thentsegpe@lrtaining to that hypothesis are shown and
discussed. In all results given in this documerlt natural mortality is fixed aM >, = 0.6, with no
random effects, i.eq;‘d =0 for all years. This is to force initial result®in the two stock hypothesis to

be broadly compararable to the single stock hymxheather than to allow extreme deviations frat 0
1

yr.

Hypothesis 1: Two Discrete Stocks

The first hypothesis tested is a two discrete stogsothesis. In this case the proportion of 1 yads

moving from the west stock to the east stock abginning of November is set to zero, inove, = 0

forall y=1984...,2010. Three alternatives were tested in this case:

i) Prior distributions for the bias parameters as rilesd in Appendix A of de Moor and

Butterworth (2011), excluding the prior on the tégnent residuals

i) As for i), except withk> ~U (03)

cov

iif) As for i), except including the prior on the reitment residuals.

Results

The population model fits to the time series ofratance of November 1+ biomass and May recruitment
are shown in Figures 1 and 2, respectively. Algiothe fit to the November 1+ biomass is good fithe

to the west stock May recruitment is very poor &tternatives i) and iii), particularly during thaté
1990s and early 2000s.

The estimated parameter values and other key cugatlisted in Table 1 together with the individua
contributions to the objective function at the goistr mode. The assumption is made that the survey
covers the full distribution of the 1+ sardine (tvasd east) in November. The November hydroacousti
survey estimate is, however, still estimated toabelative (under-) estimate due to biases assutiat

with the hydroacoustic survey (see Appendix B oMimor and Butterworth (2011)). For alternative i)

k>, =1 implies that the May hydroacoustic survey is dbleover the full distribution of recruits from

the west stock. This does not seem unreasonablewever, k> . = 018 implies that the May

covE
hydroacoustic survey is only able to survey 18%hefrecruits from the east stock. The fit to thayM
recruitment time series is substantially improveew the upper bound on the prior ki, is increased,

removing the limitation imposed on alternative jat the May survey does not detect a greater

proportion of recruits than the November surveysdokl+ sardine. This restriction is reasonablegi
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the near-shore distribution of recruits, outsidehaf range covered by the survey (though an esiimat
still made for this area), and furthermore the thet not all the recruitment for the year has tajkce

by the time of the survey. The recruit surveymates can be better mimicked by the model when
kS

cov

=23 (alternative ii), Table 1) implying that the Maydroacoustic survey estimate of recruits

overestimates the number of west stock recruitsibse than double!

There is little difference in the results from Ndiii) except that in iii) the variance about te®ck

. : . 2 . .
recruitment relatlonshlp{ﬁfr) , iIs more accurately estimated (Table 1).

In all cases the model substantially overpredintsrtumber of recruits estimated from the surveytbén
east stock in May 2001 and 2003.

Figures 3 and 5 show the fits to the time serieswiey and commercial proportion-at-age data,
respectively for alternative i). The model estiathtsurvey and commercial selectivities at age are
plotted in Figures 4 and 6, respectively. As for single stock hypothesis. it is clear that thpeu@nd
lower bounds of the uniform prior distribution arenstraining the survey selectivities at ages 1and
The model generally over-predicts the quarterly eamrcial proportions-at-age 2 and under-predict the
proportions-at-age 3. This may be related to #hatively high commercial selectivity estimated &ge

2 and relatively low commercial selectivity estiedtfor age 3. This will be further investigatedhna

model that is able to fit the hydroacoustic surdata satisfactorily.

The model predicted November spawner biomass ardit@ent at the posterior mode are plotted in

Figure 7, together with the model estimated hocitegk stock-recruitment curve for alternative iii).

Note that for all these three scenarios, the regidtnot have a positive definite Hessian, implytimg

models may not have adequately converged to thegasmode.

Implications

If the assumption that the November survey covieesftill distribution of the west and east stocks is
made, while the May survey covers at most the disktribution of the west and east stocks, i.e.
k>, ~U (0)), the proposed hypothesis of two discrete sardioeks is not able to adequately fit the
time series of May recruitment from the west stotik.order to obtain an improved fit to the timeise

of recruitment from the west stock, the model eaten that the May survey overestimates the nunfber o

recruits in the west stock by more than doublebdth cases the model estimates the ratikof : k>,
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for the east stock to be 18 — 21%, with a ‘coverafiéhe east stock recruits being only 9-18% afttbf
the west stock recruits. The acceptance of supipathesis would imply that only about one fifthtbé
recruits of the east stock is surveyed during tireual May hydroacoustic survey. On the basis e$¢h

estimates of the coverage bias in the hydroacosstieys, this hypothesis is considered implausible

Hypothesis 2: Two Stocks With Eastward MigratiorRefcruits

The second hypothesis tested is an extension dirgtéo allow for one-way migration of recruitsom

the west stock to the east stock in Novemberasahey are modelled to turn 1 years old. Asitne t
series of hydroacoustic survey estimates May regomnt for the east stock begins in 1993, the

proportion of west stock recruits that annually ratg to the east stockjove, , can be estimated directly

only over 1994-2010. Two alternatives were testetlis case:
i) move, is estimated for 1994-2010 amebve, =0 for 1984-1993

i) As for i) but move, for 1984-1993 is set at the average of that estichbetween 1994 and 2010.

This alternative is based on the assumption thatgfation occurred during the latter part of
the time series, there may have also been sometmigrduring the early part of the time
series
In all alternatives the prior on the recruitmerdideials is excluded from the objective functionhefie
appears to be some confounding of the estimatidheomovement parameters and that of the residuals
about the stock recruitment curves such that ohiseprior is included in the objective function|oav
variance about the stock recruitment curve is egtoh but a poor fit to the time series of survey

estimates results.

Results
Estimating migration of west stock recruits to st stock between 1994 and 2010 only, with no
migration before that, results in a substantialriosnpment to the fit to the May recruitment datautih

with a slightly poorer fit to the November 1+ biogsadata, (Table 1, Figures 8 and 9). The covevage

the recruits in the east stock in comparison teehim the west stocks> ., is estimated to be 50%

(Table 1), with substantial eastward migrationexruits in 1995 and over 1999-2003 (Figure 10)e Th
residuals from the fit of the model to the May tetnent data in the west stock are still mostlyithees,

though much better than for Hypothesis 1 of twamige stocks.

A worse overall fit to the data is obtained undegraative ii) (Table 1, Figures 8 - 10).
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Implications
Hypothesis 2 results in a substantially improvefteotion of the data compared to Hypothesis 1, with
kS

CoVvE

estimated to have a more realistic value. N kfy, is still estimated to be at its maximum of

1. Further work would need to be undertaken witk proposed hypothesis if it is to be taken fodnar
to try to correct the almost-all positive residualgshe model fit to west stock recruitment betwday
1992 and 2010.

When migration of recruits from the west stockite east stock was initially proposed, a suggestas
made that such migration may be linked to high laissnor recruitment in the west stock. Figure 11
plots the estimated proportion of west stock rdsroiigrating to the east stock in November agahmest
model predicted November 1+ biomass of the formearyMay recruitment of the current year and
November 1+ biomass of the current year. Althowsgime relationship is evident with higher
proportions moving eastwards at higher abundancesoime years, there are also years with high
abundance where almost no migration occurs. Theeledion coefficients for the linear relationships
shown in Figure 11 are all rather low (0.40, 0.3@ @.11). This feature is evident for movement
expressed in absolute as well as in proportionahde as can be seen when considering the recruit
biomass or numbers which are modelled to move finwest stock to the east stock against the model
predicted November 1+ biomass of the former yeay kecruitment of the current year and November

1+ biomass of the current year (Figure 12).

If some form of this proposed hypothesis were toabeepted for use in simulation testing OMP-12,
future migration from the west to east stocks wdkd to be modelled. This would be relatively $emp
if a strong relationship between west stock 1+ laissnor recruitment had been found. In that case th
future west stock 1+ biomass or recruitment woltdely determine the amount of eastwards migration.
In its current form, the model reflects only a wealationship. Thus future movement modelled would
have very high variability about such linear relaships, ranging from zero to near 100%. The
implications of that are not immediately clear amtl be evident only once projection simulation® ar
conducted, but given this high variability, it islikely that any OMP could benefit in terms of

performance by assuming some knowledge of theioakttip.

Hypothesis 3: Two Stocks With Mixed Recruitment

The third hypothesis tested is based on the assumibtat the split between west stock and easkstoc
recruits is not clear and does not necessarilyespond to west and east of Cape Infanta. In this
hypothesis, the combined model predicted recruitmehthe west and east stocks are fitted to desing
time series of recruitment estimates from survelgeally this time series should extend as far aast

possible. However, due to the number of yearshictkvthe May survey did not extend east of Cape
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Infanta, an initial version of this hypothesis ufies time series of recruits estimated by the Mayesy

to Cape Infanta only (i.e. the data formerly coagéd to be west stock recruits only).

Results

The model results are almost identical to thosesuihtypothesis 2, alternative i). The contributiarfis

the recruits from the east stock to the total nundderecruits is small in absolute terms (Figurg,13
although estimated to be larger than those for thgms 2 (Figure 14). The estimated percentage of
recruits from the east stock does, however, ineréass much as 50% in 2005 and is above 30% in 9

out of 26 years.

Implications

This implementation of Hypothesis 3 is approximagestrictly the associated assessment shoulddeclu
making allowance in some way for how past juveod&ches are split between the west and east stocks.
Of more concern though is how that split is to ineutated for future projections, depending on defa
assumed distributions for that catch. Furthermoypdthesis 3 could be seen as a form of Hypothesis 1
(completely separated stocks) as well as of Hymih2 (some west to east movement), arising in each

case from an inability to define a boundary betwibenrecruits from both stocks.

Given the very limited time left available for OMfevelopment, and the time-consuming complexities
of taking the various different possible forms oygdthesis 3 forward at this time, and further the
similarities in assessment results under this hgwi$ to those under Hypothesis 2, alternativet i),

would seem best to focus further two stock work tbe latter which is providing a reasonable

representation of available data.
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Table 1. Key model parameter values and model outputs attuinat the joint posterior mode for the two pregbkypotheses: 1) two discrete stocks and 2)

two stocks with movement of recruits from west &st®alues fixed on input are givenbold. Numbers are reported in billions and biomaghausands of

tonnes.
Alternative . Hyp! _Hypll Alternative _ Hyp! __Hypll
i) i) iii) i) i) i) i) iii) i) i)
L . survey
survey
~In L 28.88 33.77 28.55 33.95 46.62 Siz 0.90 0.90 0.90 0.90 0.90
survey
~InL™ 47.43 32.42 48.36 23.48 51.14) Sis 0.92 0.91 0.92 0.94 0.94
survey
—In L7 0.45 0.48 0.45 0.37 0.37 | Sis 0-% 0.9 0.9 0.9 0.9
survey
= I oo preptmn S 0.05,0.99| 002, 1.88 005049 %% | 023 049
2.99 2.96 2.99 3.05 3.05 | s e 77T 052 s
_ coml propl S 2 1.21 1.07 1.21 1.35 1.46

InL 46.63 46.57 46.61 46.89 4769
—ln L eimn g 4 0.40 0.41 0.40 039 | Ss 0.18 0.10 018 | 052 0.50
— I L3 prov 6.76 6.92 6.75 6.92 6.62 | S 1.00 1.00 1.00 1 1.00 1.00
o I 1.84,

In(priors) 6.2 558 14201 282 530| S 198,1.84) 197,176 198,184 [~ | 137,142
M > 1.0 1.0 1.0 1.0 1.0 N 5083 1.427 2.831 1.428 1.206 0.995
M2 0.6 0.6 0.6 0.6 0.6 N 31083 0.007 0.010 0.007 0.007 <0.001
kS 0.80 0.63 0.80 0.77 081 | BS,* 596 665 595 649 582
kS, 1.00 2.35 1.00 1.00 1.00 | K$ 1190 1414 1161 2159 1816
kS e 0.18 0.09 0.18 0.50 049 | K 123 95 123 78 63
Y 0.80 0.63 0.80 0.77 081 ad 20 20 20 37 31

! OMP-04 and OMP-08 were developed using Risk ddfaee“the probability that 1+ sardine biomass faétow the average 1+ sardine biomass between Nuoaeh991
and November 1994 at least once during the projegeriod of 20 years”. Here the combined westeasl stock 1+ biomass is reported.

7
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Table 1 (continued).

Alternative - H}_/p ! - Hyp Il - Alternative - H_yp ! - Hyp Il -
i) i) iii) i) i) i) i) iii) i) i)
kfr 0.80 1.47 0.80 0.77 0.81 a2S 2.0 1.6 2.0 1.3 1.0
kf, 0.14 0.13 0.14 0.38 0.40 blS 221 414 216 303 181
kf, /kLSN 1.00 2.35 1.00 1.00 1.00 | by 135 141 11.6 12.0 21.0
ks /Kon 0.18 0.21 0.18 0.50 049 | o 0.41 0.41 0.99 0.41 0.41
(5. f 0.08 0.12 0.08 0.13 0.14 | o3, 0.41 0.41 1.7 0.41 0.41
(A?N )2 0.01 0.05 0.01 0.04 0.09 | L, 19.8 19.6 19.8 19.9 19.8
) 0.58
(Afr ) 0.53 0.17 0.53 0.09 0.09 | « (k*L 0.59 0.58 0.58 0.58
fixed)
(/1§r )2 0.50 0.48 0.50 0.25 0.29 | t, -1.71 -1.71 -1.71 -1.71 -1.71
5 0.29 0.29 0.29 0.27 0.28
J, 0.11 0.12 0.11 0.11 0.10
I, 0.38 0.70 0.38 0.35 0.31
3, 0.08 0.07 0.08 0.06 0.07
e, 0.05 0.06 0.05 0.05 0.06
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Figure 1. Acoustic survey estimated and model predicted Ninex sardine 1+ biomass from 1984 to

2010 for Hypothesis 1 of two discrete stocks witeraatives i) excluding the prior on the recruitihe

residuals (thick black line), ii) higher upper bduon k3, (dotted line), and iii) including the prior on

the recruitment residuals (thin red line). Theeasted indices are shown with 95% confidence intsrva

The standardised residuals from the fits are ginehe right hand plot.
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Figure 2. Acoustic survey estimated and model predictedisandcruitment numbers from May 1985

to May 2010 for Hypothesis 1 of two discrete stoekth alternatives i) excluding the prior on the

recruitment residuals (thick black line), ii) highgpper bound ork?, (dotted line), and iii) including

the prior on the recruitment residuals (thin rege)i The observed indices are shown with 95%

confidence intervals. The standardised residuain the fit are given in the right hand plot.
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Figure 3. Observed and model predicted sardine proporticagas 1 (at the top) to 5+ (lowest plot)
associated with the November surveys from 19930t Xor Hypothesis 1 of two discrete stocks with
alternative i) excluding the prior on the recruitrneesiduals. The residuals from the fits are givethe

right hand plots.
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Figure 4. The model estimated November survey selectivitage for Hypothesis 1 of two discrete

stocks with alternative i) excluding the prior v recruitment residuals.
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Figure 5. Observed and model predicted sardine proportieagas 1 (at the top) to 5+ (lowest plot)
associated with the quarterly commercial catch fi2004 to 2009 for Hypothesis 1 of two discrete
stocks with alternative i) excluding the prior ¢re trecruitment residuals. The residuals from tiseafe

given in the right hand plots.
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Figure 6. The model estimated commercial selectivity at faggroposed hypothesis 1 of two discrete
stocks with alternatives i) excluding the priortbe recruitment residuals. The open diamonds septe
the selectivity at ages 1 and 5+ estimated from72002010, while the solid diamonds for these ages

represent the selectivity from 1984 to 2006.
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Figure 7. Model predicted sardine recruitment (in Novembaotted against spawner biomass from
November 1984 to November 2009, with the ‘hockégkststock recruitment curve and the constant
recruitment between 2000 and 2004 also shown, fgpothesis 1 with two discrete stocks with
alternative iii) including the prior on the recmignt residuals. The open diamonds denote the 2000
2004 November spawner biomass and recruitment. v€héeal thin dashed line indicates the average
1991 to 1994 spawner biomass (used in the defmdafaisk in OMP-04 and OMP-08). The dotted line

indicates the replacement line for normal recruttnelhe standardised residuals from the fits arerg

in the lower plots, against year and against spabioenass forM 5, = 0.8 (black) andM 3, = 0.6 (red).
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Figure 8. Acoustic survey estimated and model predicted Ninex sardine 1+ biomass from 1984 to

2010 for Hypothesis 2 of two stocks with eastwaml/ement of recruits for alternatives i) no movement
from 1984-1993 (thick black line), and ii) averagevement from 1994-2010 used prior to 1994 (dotted
line). The observed indices are shown with 95%fidence intervals. The standardised residuals from

the fits are given in the right hand plot.
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Figure 9. Acoustic survey estimated and model predictedisangcruitment numbers from May 1985
to May 2010 for Hypothesis 2 of two stocks withtaesd movement of recruits for alternatives i) no
movement from 1984-1993 (thick black line), andaverage movement from 1994-2010 used prior to
1994 (dotted line). The observed indices are shawtin 95% confidence intervals. The standardised

residuals from the fit are given in the right haohot.

0.8

0.6 A
0.4 A~

0 . kKl A

proportion moving W toE

1983 1988 1993 1998 2003 2008

Figure 10. Time series of estimated proportion of west staakuits which migrate to the east stock at
the beginning of November for Hypothesis 2 of twocks with eastward movement of recruits for
alternatives i) no movement from 1984-1993 (thitkck line), and ii) average movement from 1994-
2010 used prior to 1994 (dotted line).
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Figure 11. The model predicted proportion of west stock rgsrwhich migrate to the east stock at the
beginning of November plotted against a) November blomass of the previous year, b) May
recruitment of the current year, and c) Novembebibmass of the current year, for Hypothesis 2naf t
stocks with eastward movement of recruits for akéve i) no movement from 1984-1993. The straight
line regressions between the two sets of datach pbot are also shown, with correlation coeffitteaf

a) 0.40, b) 0.35and ¢) 0.11.
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Figure 12. The model predicted biomass/numbers of west stectuits which migrate to the east stock
at the beginning of November (red) plotted witiN@myvember 1+ biomass of the previous year, b) May
recruitment of the current year, and c) Novemberhleamass of the current year (in black), for
Hypothesis 2 of two stocks with eastward moveménmeoruits for alternative i) of no movement from
1984-1993.

70

60 West and East stocks West and East stocks

50
40
30
20
10

2003 2008

Recruits (in billions)

0

1983 1988 1993 1998 2003 2008 -2
Year

Year

Figure 13. Acoustic survey estimated and model predicted satedine recruitment numbers from May
1985 to May 2010 for Hypothesis 3. The model prtedi sardine recruitment numbers for the west
stock only are also shown (dotted line). The olesgtindices are shown with 95% confidence intetvals

The standardised residuals from the fit are givethé right hand plot.
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Figure 14. Model predicted sardine recruitment numbers from @ast stock from May 1985 to May

2010 for Hypothesis 3 (solid line) and Hypothesial&rnative i) (dotted line).
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Appendix: Glossary of parameter s used in this document

Annual numbers and biomass:

N7, . - model predicted number (in billions) of sardafeagea at the beginning of November in

year y of stock |

S . . . . - . .
B,y - model predicted biomass (in thousand tonnesgjdaft sardine of stock at the beginning of
November in yeay, associated with the November survey

SSB>. - model predicted spawning stock biomass (in taodstonnes) of stock at the beginning of

November in yeay

- mean mass (in grams) of sardine of agé stock j sampled during the November survey

iy.a
of yeary
ny,r - model predicted number (in billions) of juvendardine of stockj at the time of the recruit
survey in year y
tf - time lapsed (in months) between 1 May and tag sf the recruit survey in yegr

move, - proportion of west stock recruits which migrédehe east stock at the beginning of

November of yeary

Natural mortality:

M iy - rate of natural mortality (in yedrof sardine of age in yeary
M}, - median juvenile rate of natural mortality (iray&)

MZ> - median adult rate of natural mortality (in y&ar

&y - annual residuals about adult natural mortality

ny® - normally distributed error used in calculatiaff

0, - Standard deviation in the annual residuals ahdutt natural mortality

p - annual autocorrelation coefficient in annualdeals about adult natural mortality

Catch:

nyya,q - model predicted umber (in billions) of sardirfeagea of stock j caught during quartey of
yeary

C S - number of fish in length clagslanded in monttm of yeary of stock j (the ‘raised

length frequency’)

lcut, , - cut off length for recruits in montm of yeary
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cfvyca;;cg - the number of fish of aga>1 from the anchovy-directed fishery in quarterof yeary

S| yaa - COMmercial selectivity at age during quarterg of yeary of stock |

F;,q - fished proportion in quartey of yeary for a fully selected age classof stock |, by the
directed and redeye bycatch fisheries

(ﬁfjs”y'ObS - number (in billions) of juvenile sardine of sko¢ caught between 1 May and the day before

the start of the recruit survey

Proportions at age:

pjs,yva - model predicted proportion-at-ag®f stock j in the November survey of yegr

S;a ) -survey selectivity at again the November survey for stock

com,S

P Vaa - model predicted proportion-at-agef stock j in the directed and redeye bycatch

commercial catch of quartey of yeary

Recruitment:

S

a, - maximum recruitment of stock (in billions)

bjS - spawner biomass above which there should becraitment failure risk in the hockey stick
model for stock]j

c® - constant recruitment (distribution median) dgrihe “peak” years of 2000 to 2004

Efy - annual lognormal deviation of sardine recruittnen

afr - standard deviation in the residuals (lognorneadiation) about the stock recruitment curve of

stock |

afpeak - standard deviation in the residuals (lognormewNiaktion) about the stock recruitment curve

during peak years in the single stock hypothesis

Proportions at length and growth curve:

piy’, - model predicted proportion-at-lendtbf stock j associated with the November survey in year

y
A?,JQJ - proportion of sardine of age of stock j that fall in the length group in November

coml,S

P;yqr - model predicted proportion-at-lendtbf stock | in the directed and redeye bycatch
commercial catch of quartey of yeary
A™" - proportion of sardine of age of stock j that fall in the length group in quarterq

j,q.a,l

L. - maximum length of sardine of stogk

],®
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K - annual growth rate of sardine of stogk

to - age at which the growth rate is zero of sardingtock |

)]

J,, - variance about the meal length for agef sardine of stock

Likelihoods:

—In LN - contribution to the negative log likelihood fratre model fit to the November 1+ biomass
data

—In L' - contribution to the negative log likelihood fratre model fit to the May recruit data

—In L™ P%2_ contribution to the negative log likelihood frahe model fit to the November survey
proportion-at-age data

—In L™ P2 _ contribution to the negative log likelihood frahre model fit to the quarterly commercial
proportion-at-age data

—[n L PePimin_ contribution to the negative log likelihood fraihe model fit to the November survey
proportion-at-length data for the minus length lasly

—InL> PPl contribution to the negative log likelihood fraihve model fit to the November survey
proportion-at-length data for the minus length lasly

— [n L™ PoRimin _ contribution to the negative log likelihood frahe model fit to the quarterly
commercial proportion-at-length data for the mifergyth class only

—In L®™ PP _ contribution to the negative log likelihood frahe model fit to the quarterly commercial

proportion-at-length data for the remaining lengtsses

35S . . . . . .
B;y - acoustic survey estimate (in thousands of tgnoleadult sardine biomass of stogkfrom
the November survey in year

ny,NOV - survey sampling CV associated Wny that reflects survey inter-transect variance

ka - constant of proportionality (multiplicative bjasssociated with the November survey of

stock |
k> - multiplicative bias associated with the acousticvey
N js,y’r - acoustic survey estimate (in billions) of saediecruitment numbers of stogkfrom the
recruit survey in yeay
afy,rec - survey sampling CV associated wilﬁszyyvr that reflects survey inter-transect variance
kfr - constant of proportionality (multiplicative bjaassociated with the recruit survey of stock
kS, - multiplicative bias associated with the coveragthe recruits by the recruit survey in

comparison to the 1+ biomass by the November survey
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k>,e - multiplicative bias associated with the coverafjthe east stock recruits by the recruit survey
in comparison to the west stock recruits duringstéuee survey

(AJ-S'N ,+)? - additional variance (over and abo:Vé’Nov,rec) associated with the November/recruit

surveys of stockj
ﬁ,—s,y,a - estimate of the proportion (by number) of saeddf agea in stock j in the November survey of

yeary

Nsy - number of fish from the November survey trawlyeary used to compile the age-length key

for calculating p}, .

5)2

(o,

- overall variance-related parameter for the lags¢formed survey proportion-at-age

observations p?, , [note variance {o5)* /(n, P}, )]

ys - years for which ALKSs are available to calculpteportion-at-age in the November survey (‘93,

‘94, ’96, '01, '03, '04, '06-'10);

survey

Wpropa

- weighting applied to the survey proportion-aéagta

~com,S

Pyqa - €stimate of the proportion (by number) of sirgfieck or “west stock” sardine of agen the

commercial catch of quartey of yeary

com

nyq - number of fish from the commercial trawls in geaq of yeary used to compile the age-
length key for calculating“)ﬁf’l;*";aS
(03,,)? - overall variance-related parameter for the l@gsformed commercial proportion-at-age

A com,S

observationspi% [note variance og,,)* /(n

- ,S
v Pygs )]

yc/ gc - years/quarters for which ALKs are availablectdculate quarterly proportions-at-age in the

commercial catch ('04 Q1-4, '06 Q2-4,'07 Q1-3, 'Q4, '09 Q1);

com

Wpropa

- weighting applied to the commercial proportidrage data

~coml,S

Piyaqr - Observed proportion (by number) of the dire@ad redeye bycatch commercial catch in

length groupl of during quarterg of yeary;

com

Woronimin - Weighting applied to the commercial proportiorestgth data for the minus length class

com

VVpropl

- weighting applied to the remaining commercialgartion at length data

05 min - Variance-related parameter for the log-transfare@mmercial proportion-at-length data of the

minus length class

oo - variance-related parameter for the log-transémrmommercial proportion-at-length data
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Other:

F... - rate of fishing mortality assumed in the inityaar

init

S
j,cor

S - recruitment serial correlation for stogk

/7]-52009 - standardised recruitment residual value for 200%tock |

st - carrying capacity for stock

Kﬁeak - carrying capacity during peak years (only forgé stock hypothesis)

Wfa - mean mass (in grams) of sardine of ag®@m stock j sampled during each November survey,

averaged over all November surveys for which @gimese of mean mass-at-age is available
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