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Abstract
The operating model (OM) for the South African amohresource has been updated from that used ®ae©MP-08
given four more years of data and a revised times®f commercial catch. The OM with resultsha posterior mode
has already been presented (de Moor and Butten26rtth). The posterior distributions for the twes®aase hypotheses

are similar in many respects except for parameg&dasing to the stock recruitment relationship.

Introduction

The operating model of the South African anchowotgce has recently been updated to be used itopave

and simulation testing OMP-12. The full model dggmn is given in Appendix A of de Moor and
Butterworth (2011). Two base case hypotheses baem chosen, one assuming a constant adult natural
mortality over time, A, and the other allowing for random effects abautuml adult natural mortalityy,s.

de Moor and Butterworth (2011) present resultshatgosterior mode for these two base case hypatleese
well as for a range of robustness tests. In tbisuthent the posterior distributions for these tvagebcase

hypotheses are presented.

Bayesian Estimation

The objective function consisting of the negatiog likelihood (equation (A.7) of de Moor and Butterth
2011) added to the negative of the log prior distiibns was minimised using AD Model Builder (Otter
Research Ltd. 2000) to fit the model to the obstd&ta and estimate the parameters at the postevide. A
glossary defining all parameters is given in Append of de Moor and Butterworth (2011) and the prio
distributions utilised are listed in Table 1. Tpwsterior probability distributions were estimatesing Markov
Chain Monte Carlo (Gelmaet al. 1995) in AD Model Builder. The length of the @mahe thinning and burn-
in applied are given in Table 1. Results preseimetthis document are based on a random sampleO8i05
from the remaining chain. Convergence of the chaias tested using the BOA (Bayesian Output Angllysi
package (Smith 2003).

Results and Discussion

The posterior medians, means and CVs of key moaenpeters and outputs for,Aand Agw are given in
Table 2. The posterior distributions of key moplatameters and outputs are plotted in Figure lttendnnual

biomass posterior distributions are plotted in Feg2.

Y MARAM (Marine Resource Assessment and Managemertu®, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.
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The posterior distribution of the maximum mediaorogment, and consequently that of carrying capaci
under Aqw is centered on a lower number than undgs. AThe variance about the stock recruitment cusve i

estimated to be slightly larger undegf/ compared to As.

The main difference between the biomass distribgtir the two base case hypotheses are duringetle
years of 2001 to 2003. This can also be seenguar&i3 which plots the median and 95% posteriarvat
over time. This 2001 — 2003 period correspondh witiramatic change from low to high adult monalibder
Aps, compared to a constant value over all years fgf AFigure 4). A difference betweenydand Agw IS
also evident in the numbers at age 0 in Novembeh gaar, with a much higher peak in the late 198G=arly
2000s in Ais compared to Aw (Figure 5). As was evident at the posterior male,loss to predation during

the past decade as estimated hy i& much higher than that estimated hyw\(Figure 6).
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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

In(k @)"U[_ 100’0-7] Log of the constant of proportionality associateithvthe acoustic survey
estimate of adult anchovy biomass from the Noversherey

In(krA)~U[— 100’0_7] Log of the constant of proportionality associateithwhe acoustic survely

estimate of recruit survey numbers from the reguivey

In(kg)-U [_ 100,0_7] Log of the constant of proportionality associateithwhe proportion of 1

year-olds in the November survey

2 Additional variance associated with the recruiw:
(1 ~ulorod sy

2 Annual lognormal deviation of anchovy recruitment
e§~N[o,(a,A) ] y=1984...y. . 9 y

(arA)2 ~U [ 0.410] Standard deviation in the residuals about the steckuitment curve

N1A983a ~U[0500] ,a=01 Numbers at age in the initial year

N1A983a ~U[0,0.0:I] . a=23 Numbers at age in the initial year. These are ffettesely at zero becausge
there are insufficient data to determine these emlwith reasonablg
precision.

n;d - N(O, Jgd) Normally distributed error used in calculating thenual residuals abofit
adult natural mortality

Ty ~ U[ 020’050] Standard deviation in the annual residuals abouit adtural mortality

p~U[O,1] Annual autocorrelation coefficient in annual residuabout adult naturdl
mortality

Jr/? - U[ 0_09,10] Standard deviation associated with the estimatedgotion of 1-year-olds in
the November survey

In(aA) ~U [0'7_2] Log of the maximum median recruitment in the hockstick stock
recruitment curve

pA The biomass above which median recruitment is mpiired in the hocke

F ~U [0’1] stick stock recruitment curve as a proportion afyéag capacity
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Table 2. The MCMC chain length, thinning and burn-in useadyét a sample from the posterior distribution for
the robustness tests. The posterior means andof\W%ey model parameters and outputs are also shown.
Biomasses are given in thousands of tons and nsmbdillions. Parameters fixed for MCMC runs green

in bold (initial testing showed very little movement iretbhain from the posterior mode)

AHS AcstM
Total chain length 120 000 000 240 000 000
Thinning 3 000 3 000
Chain excluded (eg for burn-in) 10 000 000 30 000 000
Length of chain used for posterio 30 000 50 000
Parameter Median Mean Cv Median Mean CcVv
kh 1.07 1.08 0.12 1.07 1.08 0.13
kA 0.78 0.79 0.14 1.02 1.03 0.14
k) 0.86 0.87 0.05 0.95 0.94 0.06
(,1;*)2 0.11 0.12 0.49 0.20 0.22 0.43
(2 009 | 009 | NA | o8 | o091 | o035
N{5g30 174 178 0.18 180 189 0.32
N {sea 129 133 0.28 146 149 0.38
N {5g22 0.005 0.005 0.58 0.005 0.005 0.55
N/{5ga3 0.005 0.005 0.57 0.005 0.005 0.58
O ad 0.45 0.44 0.10 N/A N/A N/A
P 0.59 0.57 0.31 N/A N/A N/A
na . 0.42 0.40 0.65 N/A N/A N/A
a’ 903 906 0.26 474 551 0.45
bA 4318 4380 0.30 2600 3146 0.55
ol 0.66 0.67 0.18 0.75 0.76 0.17
K A 7239 7259 0.26 3798 4418 0.45
I3 -0.56 -0.57 0.63 -0.52 -0.53 0.79
sh. 0.16 0.17 0.59 0.17 0.17 0.61
By 1268 1274 0.11 1251 1260 0.12
\fasyn 159 162 0.22 89 93 0.34
N 26102 40 42 0.34 57 58 0.27
N 20103 8.84 9.57 0.55 40 41 0.23
N 26104+ 1.04 1.39 0.86 16 16 0.21
Bioion 2183 2217 0.18 2451 2495 0.18
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Figure 1. Posterior distributions for key model parameterd autputs for the two base case hypothesgqolid lines) and Aw (dotted lines). The prior distributions for model

parameters estimated are shown by the thin dastes IThe prior distribution fap3S,, is not plotted as it depends on the distributib@, , ast]f,‘d ~ N(O, o2, )
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Figure 2. The posterior pdfs of annual November biomasmiftiee two base case hypothesegs @olid lines) and Aw (dotted lines) — note that in some cases whersethee
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Figure 3. The posterior median and 95% probability intenaflshe annual anchovy November 1+ biomass.

together in c).

pdsterior medians for 4 (solid) and Agw (dotted) are plotted
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Figure 4. The posterior median and 95% probability interfafsadult natural mortality for 4.
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Figure 5. The posterior median and 95% probability intervdlthe annual numbers of anchovy at age 0 in Ndezrfor a) Ais and b) Asw. The posterior medians for;A(solid)
and A (dotted) are plotted together in c).
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Figure 6. The posterior median and 95% probability intenialanchovy loss to predation for a@and b) Asw. The posterior medians foryA(solid) and Asw (dotted) are
plotted together in c).



