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Abstract
The operating model (OM) for the South African siaedresource has been updated from that used ®laqe®MP-08
given four more years of data and a revised timesef commercial catches. The OM with resulthatposterior mode
has already been presented (de Moor and Buttenrtfia). The posterior distributions for the baase hypothesis

assuming constant (time-invariant) natural mortaite presented here.

Introduction

The operating model of the South African sardireouece has recently been updated to be used itogéaweg

and simulation testing OMP-13. The full model dggon is given in Appendix A of de Moor and
Butterworth (2011a). Two base case hypotheses haga chosen, one assuming a constant adult natural
mortality over time, §w, and the other allowing for random effects aboutual adult natural mortality,4S

de Moor and Butterworth (2011a) present resultheatposterior mode for these two base case hypesies

well as for some robustness tests. In this doctitherposterior distributions for thesgypare presented.

Bayesian Estimation

The objective function consisting of the negatiog likelihood (equation (A.20) of de Moor and Butterth
2011a) added to the negative of the log prior iistrons was minimised using AD Model Builder (Qtte
Research Ltd. 2000) to fit the model to the obsgid@ta and estimate the parameters at the posteoide. A
glossary defining all parameters is given in Apperd of de Moor and Butterworth (2011a) and theopri
distributions utilised are listed in Table 1. Tpesterior probability distributions were estimatesing Markov
Chain Monte Carlo (Gelmat al. 1995) in AD Model Builder. Given a limited tinte run the chains, only a

chain of length 8 200 000 was run and full convecgewas not attained far;>, the standard deviation of the

residuals about the stock-recruitment relationshipng non-peak years. The thinning and burn-ipliad are
given in Table 1. Results presented in this docunaee based on a random sample of 5 000 from the

remaining chain.

Results and Discussion

The posterior medians, means and CVs of key moalelmpeters and outputs fof.$y are given in Table 2.

The posterior distributions of key model parametensl outputs are plotted in Figure 1. The posterio

“ MARAM (Marine Resource Assessment and Managemertui, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.
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distribution for g° is tightly constrained close to 0.4 (this resslinbt regarded as satisfactory and will be

examined further).

Figure 2 plots the median and 95% posterior infdiatal+ biomass and spawning biomass over timdlewh

Figure 3 plots the same for the numbers at ageNbirermber each year.

Although the convergence of this chain is acknogégtito not yet be adequate, these results are usdikin
initial comparative tests of OMP-13 for this workgh(de Moor and Butterworth 2011b).
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Table 1. A list of the model parameters and their prior ritisttions (see Appendix A of de Moor and

Butterworth (2011) for further details). Where plgtion numbers are concerned, the units are bdlion

Parameter Description

kS ~ N(O.714,OO772) The multiplicative bias associated with the sunestimate of
sardine abundance from the hydroacoustic surveys

kS ~U(0.3,1) The multiplicative bias associated with the coveragf the

cov
recruits by the recruit survey in comparison to thebiomass by

the November survey

kS ~U(O,1) The multiplicative bias associated with the coverad the eas
covE
stock recruits by the recruit survey in comparigonthe west
stock recruits during the same survey
5 — - . . -
(AstN”) ~U (010) Additional variance associated with the Novemberiii survey

2 Annual lognormal deviation of sardine recruitment
£0,~ N(O, (af) ),y: Yi,...,19992005...,y,

£5, ~N(0.(0% ) ) . y=2000...,2004

(ars)Z ~U(0.16,10) Standard deviation in the residuals about the steckuitment
curve during non-peak years

(Uspeak )2 ~U(O.16,10) Standard deviation in the residuals about the steckuitment
curve during peak years

N,gg5 ~U (050) billion Numbers at age 0 in the initial year

Lo~ N(19-741622) Maximum length of sardine

9. ~U ( 0_012) Standard deviation about the mean length

éj,a ~U (02) Commercial selectivity

sﬁgvey ~U (0911) Survey selectivity

,7;1(1 _ N(O, Jgd) Normally distributed error used in calculating #enual residual$
about adult natural mortality

,731/ - N(O, Jl_2) Normally distributed error used in calculating #enual residual$
about juvenile natural mortality

T,y -U( 020,050) Standard deviation in the annual residuals abouit athtural
mortality

o, ~U( 020,050) Standard deviation in the annual residuals abotgrjile natural
mortaliy

p~U (0,1) Annual autocorrelation coefficient in annual resilduabout adul

natural mortality

In(ajs) ~U (0,4.4) Log of the maximum median recruitment in the hoc&igk stock
recruitment curve
bS The biomass above which median recruitment is mpiired in
[
F U(O'l) the hockey stick stock recruitment curve as a prigo of

j
carrying capacity
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Table 2. The MCMC chain length, thinning and burn-in usedget a sample from the posterior distribution.
The posterior means and CVs of key model parametggsoutputs are also shown. Biomasses are given i

thousands of tons and numbers in billions. Pararadixed for MCMC runs are given bold (initial testing

showed very little movement in the chain from tlstgrior mode).

ScstM
Total chain length 8 500 000
Thinning 1000
Chain excluded (eg for burn-in) 0
Length of chain used for posterio 8 500
Parameter Median Mean CVv
S _S
Kin =Kz 0.73 0.73 0.10
Koy 0.79 0.79 0.14
kS 0.57 0.57 0.16
() 0.00 0.00 .
(,1§)2 0.00 0.00 ;
Sl 1.00 1.00 0.06
S5 1.01 1.00 0.06
S 1.00 1.00 0.06
ST 1.00 1.00 -
Sisr 1.00 1.00 0.06
S 0.05 for 84-06, | 0.05 for 84-06, -
ol 0.15 for 07-10 | 0.15 for 07-10
Sq2 0.62 0.62 -
S, 0.87 0.87 -
S, 1.00 1.00 -
s, 2.00 for 84-06, | 2.00 for 84-06, -
* 1.19 for 07-10 | 1.19 for 07-10
N 3e3 3.0 3.0 -
Brov ' 598 617 0.22
K el 1686 1813 0.32
as 37 39 0.32
bS 501 543 0.37
o’ 0.40 0.40 0.01
T peak 1.73 1.80 0.33
Nooo 0.64 0.63 0.30
Sor 0.38 0.37 0.30
L., 20.8 20.8 0.04
K 0.56 0.56 -
to -1.71 -1.71 -

! OMP-04 and OMP-08 were developed using Risk ddfiag “the probability that 1+ sardine biomass fakidow the
average 1+ sardine biomass between November 139 Navember 1994 at least once during the projegtienod of 20
years”.
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Table 2 (continued).
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ScstM

Parameter Median Mean Ccv
9 0.34 0.46 0.78
3, 0.10 0.10 0.36
5, 0.11 0.23 0.33
3, 0.81 0.87 0.69
Fss 0.88 0.92 0.58
N o101 13.4 14.4 0.38
N o102 3.6 3.8 0.41
N o103 1.10 1.17 0.40
N o104 0.27 0.29 0.49
N So10s+ 0.14 0.16 0.61
Bjo1on 1050 1088 0.29
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Figure 1. Posterior distributions for key model parameters autputs for the base case hypothedgg,S The prior distributions for model parametersneated are shown by the

thin dashed lines. The prior distribution #pf5,, is not plotted as it depends on the distributibwg, asnj‘d ~ N(O, o’ )
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Figure 2. The posterior median and 95% probability intervaisthe annual sardine November a) 1+ biomass gnd |

spawning biomass forSu.
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Figure 3. The posterior median and 95% probability intenafishe annual numbers of sardine at age 0 in Nbesrfor
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