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Introduction
Base case results for Bayesian assessments ofotite Sfrican anchovy and sardine resources have
recently been presented (Cunningham and Butterv&fi@4a,b). The results at the posterior mode for

some robustness tests to these base case assessmgresented here.

Anchovy Robustness Tests

The robustness tests to the base case anchovgmssesonsidered in this document are as folloes (s
Table 1 for a summary):

Ao — base case assessment (Cunningham and Butte 2084ia)

Awmi1 — adult and juvenile natural mortality of 0.6 yéar

Awmz — adult and juvenile natural mortality of 1.2 yéar

Awms — adult and juvenile natural mortality of 1.5 yéar

Awma — juvenile natural mortality of 1.5 year

Aus — hockey stick stock-recruitment curve with thiéeiction point estimated

Agn — Beverton Holt stock-recruitment curve

Ar — Ricker stock-recruitment curve

A10— 10cm cut-off length for calculating the proportiof 1-year-olds in the November survey
A10s5— 10.5cm cut-off length for calculating the prajpmm of 1-year-olds in the November survey

A11— 11cm cut-off length for calculating the proportiof 1-year-olds in the November survey

Akeggr— Negatively biased egg surveys, ik:@,z 075
Aregg2— pOsitively biased egg surveys, il§:.,= 125
Alami — fix (A:\)Z =0

Alamz — estimate(/]’,j )2

A A
For AHS, the prior distributionE—A ~U(03) is introduced. For Ay, the prior% ~U(03) is again used

and equation (A.5) of Cunningham and Butterworh0@) is replaced with
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dll@maths.uct.ac.za.




WG/PEL/MAY04/03

aABA A
A _ y:N £ —
= ¢, =198Q...,2002
y,0 bA + B;IAYN y Q

and equation (A.9) is replaced with
4 0.42+(/13‘)2) 4 “MA—(ac)MA
KAzaAeZ( { wle M —(a l)Mad:|_bA.
For Ag, equation (A.5) of Cunningham and Butterworth (@80is replaced with

-b*BJy
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and equation (A.9) is replaced with
1 1(0-42+(43)2) A —MA-(@-D)MA
K”=—"In{a”e’ w/e Mm@ M L

In addition, the prior distributions for the twoosk-recruitment parameters ingAare changed to

A

A

b
In(a)~U (-48) and In(1+ 5

j ~U(~100Q1000 .

Sardine Robustness Tests

The robustness tests to the base case sardinsrassg¢<onsidered in this document are as follows (s
Table 5 for a summary):

S — base case assessment (Cunningham and Butte20dxi)

Swi1 — unbiased November spawner biomass surveyskﬁe;,l

Swz — greater negatively biased November spawner lsismmarveys, i.eks = 05

Sw1 — adult natural mortality of 0.3 yelr

Swz — adult natural mortality of 0.5 yer

Svs — juvenile natural mortality of 0.6 year
Sws — juvenile natural mortality of 1.4 year
Ssv — Beverton Holt stock-recruitment curve

Sk — Ricker stock-recruitment curve
Sam— fix (43 f =0
Samo— fix (45 f =0 and (a5} =0
For S, the prior distribution fora® is modified toa® ~ N(50,12), equation (A.4) of Cunningham and
Butterworth (2004b) is replaced with
s _ a’Byy

yo = s S
b +By’N

ES

e, y=1979...,2002

and equation (A.11) is replaced with
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For &, equation (A.4) of Cunningham and Butterworth @8)0is replaced with
NS, =a®BS, e ®e”,  y=1980...,2002
and equation (A.11) is replaced with
1 (042 S J W -M$-@-)ME,
K®=—In{a% Se :

In addition, the prior distributions for the twoosk-recruitment parameters ik &re changed to

A

a® ~U(-10001000 and |n(1 b

+bA

] ~U(-100Q1000 .

Results

Anchovy robustness tests

The results at the posterior mode are given indsallto 4. Although the value at the posterior enisd
greater for A, and Aus, compared to & the higher natural mortality cases are assumedbeto
unrealistically high. In addition, for ease of quamability with the assessments used to constrivtiP-O

02, it is suggested that the base case assessaterdlmortality remain at 0.9 year

The Beverton-Holt and Ricker stock-recruitment esrprovide a better fit to the model at the posteri
mode than A In addition, estimating the inflection poirt, also results in a better fit. The stock-

recruitment curves and the predicted spawner bisraad recruitment are shown in Figure 1.

The alternative ageing methods have a worse fiteaposterior mode thanA

Sardine robustness tests

The results at the posterior mode are given in a8l to 8. The Beverton-Holt and Ricker stock-
recruitment curves do not currently fit the stoeksuitment data well (Figure 2). This may be doe t

model mis-specification and further testing of theases is currently underway.

Discussion and Further Work

The results at the posterior mode for some seitgittests to the base case sardine and anchovy
assessments have been presented in this docur@éven these results at the posterior mode, MCMC
chains have been simulated fouAAgH, and Aeggz in addition to the MCMC chain already simulated
for Ao, from which current OMP-04 trade-off curves aréngecalculated. Aw was chosen to provide one
test where the stock-recruitment curve that iseddfit in nature to A Risk may be higher under the

alternative with lower true biomass kfy) and both of these robustness tests have a gnedter at the
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posterior mode than A Posterior distributions for these selected cagesnot presented here, but
candidate OMP-04 trade-off curves under these tabas tests will be presented in forthcoming

documents.

Sam2 has a bad fit to the data (Table 5) andiuSnakes little difference to the results, so theststwill
not be considered further. As mentioned aboweg,a88d & still need to be finalised. The effect of the
sardine robustness results at the posterior modetore projections under the base case candidisite-O
04 will first be investigated prior to MCMC chaibging simulated on the tests, which may prove teha

a greater effect.
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Table 1. Assumptions and likelihood and prior values for the anchovy robustness tests at the posterior mode. Blank cells indicate no change from Ao.

Test M aAd M Jg:l S-R Ageing kgA (/1?)2 (/]ﬁ )2 Neg. Neg. | Neg. | Neg. | Neg. | Neg. Neg. Neg. Neg. Neg.

curve | Method Posterior| InL | INLnov | INLegg | INLRrec | INLprop | INPr(ky) | INPr(k) | InPr(del) | INPr(korop)
Ao 0.9 0.9 Hockey| Prosch| 1.0| estimated fixed=

Stick 4586 | 20.62 -6.59 3.6 10.83 12.72 0.7p 0.21 2369 0.58
Awm 0.6 0.6 50.43| 27.0p -2.4p 479 11/50 13{15 820.[ 0.65 21.77 0.18
Amz 1.2 1.2 43.34| 171 -7.1p 347 9.70 11j49 80.6 0.11 23.95 1.43
Awmz 15 15 42.67| 1502 -8.1p 2.83 9.12 11j]17 70.6 0.27 24.02 2.70
Awmg 15 47.15 | 215y -558 3.78 11.p2 12/09 0.72 0.10 24.18 0.58
Aus Hockey

Stick, b
estimated 43.95 | 21.13 -5.44 418 1040 12.00 0.7p 0.21 21.23 0.59

AgH Beverton

Holt 4247 | 2134 -449 4371 956 11.90 0.74 0.20 1960 .590
Ar Ricker 4261 | 2145 -44p 44 959 1183 50.17 0.20 19.62 0.60
Ao 10cm 4720 | 1996 -6.38 3.44 11[f9 11{05 0.76 0.22 23.92 2.33
A1os 10.5cm 47.19| 2172 -6.88 345 10/98 14{16 740.[ 0.21 23.99 0.54
Ar 1icm 47.63 | 225 -7.0p 3.60 1059 15(37 0.3 0.21 23.96 0.17
Akeggl 0.75 47.05| 2179 -54p 388 1086 12|51 0.26 0.10 24.37 0.52
Akegg2 1.25 4495 | 1984 -6.6p 356 1061 12|36 1.33 0.39 22.74 0.64
Alam1 fixed=0 5535 2990 1030 5938 2.32 11|35 510.| 0.13 24.26 0.55
Alamz estimateq 45.86 | 20.62 -6.59 3.6 10893 12.72 0.7p 0.21 2369 0.58




WG/PEL/MAY04/03

Table 2. Key model parameters for the anchovy robustness tests at the posterior mode.

Bl L R U R R T R RO S I

Ao 1.384( 0.984| 0.711 1.268 0.000 | 0.154( 0.254 0.388 0.16
Am 1.416| 1.315| 0.929 | 0.94% 0.000 [ 0.167| 0.283 0.292 0.16
Amz 1.331| 0.736| 0.553 | 1.758 0.000 [ 0.133| 0.183 0.35¢y 0.16
Awms 1.325| 0.583| 0.440 | 2.43% 0.000 [ 0.123| 0.169 0.360 0.16
Awma 1.362| 0.786| 0.578 | 1.270 0.000 [ 0.161| 0.219 0.36y 0.16
Ans 1.398| 0.987| 0.706 | 1.279 0.000 [ 0.145| 0.211 0.248 0.16
AgH 1.371| 0.970| 0.708 | 1.280 0.000 [ 0.130f 0.205 0.179 0.16
Ar 1.380| 0.975| 0.706 | 1.281 0.000 [ 0.131| 0.203 0.184 0.16
Ao 1.383| 0.997| 0.721 | 2.240 0.000 [ 0.173| 0.161 0.39y 0.16
As | 1.371( 0.988| 0.721 1.244 0.000 | 0.157( 0.354 0.401 0.16
An 1.367| 0.984| 0.720 | 0.649 0.000 [ 0.150| 0.463 0.400 0.16
Akeggr | 1.035( 0.791| 0.764 | 1.233 0.000 | 0.154( 0.241 0.37y 0.16
Akegg2 | 1.705( 1.138| 0.667 1.310 0.000 | 0.150( 0.233 0.341 0.16
Aem: | 1.226( 0.880| 0.717 1.250 0.000 | 0.000( 0.17q 0.371 0.16
Aemz | 1.384( 0.984| 0.711 1.2613 0.000 | 0.154| 0.254 0.388 0.16

Table 3. Key outputs from the anchovy robustness tests at the posterior mode (numbers in billions and
biomass in thousands of tonnes).

Test | N 90031 N 90032 N 90033 Average 84-99 Biomas{
Ao 131.8 | 456 62.7 1022.6
A 86.8 43.4 74.9 994.0
Awz | 1780 46.1 44.8 1068.0
Aws | 5149 42.3 28.5 1077.9
Aws | 1307 45.2 63.1 1039.5
Ars | 1305 46.5 61.1 1010.9
Aen 141.6 52.1 61.6 1028.1
AR 141.7 50.9 61.5 1022.6
Ao 129.2 435 63.0 1023.6
Aws | 1353 45.6 63.1 1030.4
Au 133.5 46.5 62.7 1031.0
Akegar | 173 1 61.0 82.8 1368.4
Aregz| 1064 | 36.8 51.1 829.2
Aami | 1981 | 1052 67.2 1120.6
Aamz | 1318 | 456 62.7 1022.6
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Table 4. Key stock-recruitment parameters and outputs for the anchovy robustness tests at the posterior
mode.

Test KA at b2 042 + (/13)2 ‘92A002 Sézr

Ao 2306.6| 227.7 461.3 0.740 0.871 0.565
A | 54923| 1459 4985 0.672 0.817  0.548
Awz | o082.1| 3427 416.4 0.719 1.041 0581
Aws | 1987.8| 507.9 397.6 0.721 1.101 0596
Aws 1 5111.4| 3834 422.3 0.726 0.913 0.564
Ans | 24758 262.7 1083.3 0.635 0.786  0.337
Aert | 5976.1| 503.4 16195 0.582 0.472  0.307
AR 131587| 03 0.0 0.587 0.4656  0.284
A | 5306.0| 226.4 461.2 0.746 0.857  0.537
Aws | 53308| 228.4 466.2 0.749 0.864  0.543
Au | 533g0| 2204 467.6 0.748 0.871  0.545
Akeaat | 57470 2727 549.6 0.733 0.924 0.566
Akessz| 19730| 109.4 394.6 0.707 0.881  0.561
Aami | 5451 0| 243.9 490.2 0.729 1.233  0.614
Aamz | 5306.6| 227.7 461.3 0.740 0.871  0.565
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Table 5. Assumptions and likelihood and prior values for the sardine robustness tests at the posterior mode. Blank cellsindicate no change from S,.

Test| m asd M JSu S-R k,ﬁ (/]rs)Z (Aﬁ )2 Neg. Neg. | Neg. | Neg. | Neg. | Neg. Neg. Neg. Neg. Neg. Neg.

curve Posterior| InL | InLnov | INLrec | INLprop | INPr(k) | InPr(del) | INPr(korop) | INPr(vagrg) | INPr(a) | InPr(a)
S 0.4 1.0 Hockey| 0.7195| estimated estimatgd

Stick 69.44 47.17) 1.42 | 14.75] 30.99 0.61 7.42 4.50 3.08 5.44 1.23
Sint 1.0 71.16 48.67 2.17 | 14.56| 31.94 0.93 7.32 4.66 3.14 5.24 1.20
Sinz 0.5 69.01 46.28 1.06 | 14.82( 30.35 0.38 7.96 4.35 3.01 5.78 1.»9
Sw1 0.3 74.67 48.0Y 1.52 | 14.75| 31.80 0.75 10.44 4.09 3.14 7.75 0.4
Swz 0.5 70.21 46.58 1.31 | 14.68| 30.59 0.50 8.23 5.12 3.01 5.51 1.p6
Swuz 0.6 68.01 47.28 1.85 | 14.34| 31.09 0.80 6.36 4.48 3.07 5.21 0.81
Swa 1.4 71.80 46.96 1.05 | 14.96/ 30.95 0.46 9.33 4.49 3.07 5.85 1.63
SeH Beverton

Holt 92.50 4755 3.06 | 14.94| 29.56 0.65 32.55 4.41 2.96 4.88 NJA
Sk Ricker 88.98 47.60 3.15 | 14.88| 29.56 0.64 33.38 4.42 2.95 N/A N/fA
Sam1 fixed=0 71.94 47.54 2.12 | 14.48] 30.94 0.59 9.18 4.46 3.06 5.92 1.20
Sam2 fixed=0 fixed=0 81.51 56.8p6 -0.01 | 15.04| 41.83 0.72 8.88 4.53 4.08 5.%3 0.91
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Table 6. Key model parameters for the sardine robustness tests at the posterior mode.

TSl kS | k® | KR/KS | kpn | koo | ks | KRa | ko [ OS] | OSF [ OSF | (o3)
S 0.720| 1.045 1.453 1.1890.781| 1.043 0.884| 1.006 0.000 | 0.230| 0.00d 6.582
S | 1.000( 1.331 1.331 1.168 0.771| 1.068 0.937| 1.115 0.000 | 0.222| 0.009 6.742
Swve | 0.500( 0.783 1.565 1.207 0.783| 1.014 0.832| 0.918 0.000 | 0.233| 0.00d 6.425
Swi1 0.720| 1.174 1.632 1.298 0.783| 0.942 0.724| 0.736 0.000 | 0.236| 0.035 6.733
Swz 0.720| 0.931 1.295 1.0990.784| 1.155 1.090| 1.402 0.000 | 0.230| 0.00d 6.416
Swz 0.720| 1.221 1.697 1.1890.778| 1.034 0.877| 0.998 0.000 | 0.219| 0.00d 6.573
Swa 0.720| 0.893 1.241 1.1850.779| 1.042 0.883| 1.008 0.000 | 0.239| 0.00d 6.568
SeH 6.289| 0.720 1.081 1.502 1.193| 0.783 1.026| 0.856 0.957 | 0.000| 0.248 0.668
SR 0.720| 1.051 1.460 1.184 0.783| 1.035 0.873| 0.996 0.000 | 0.241| 0.953 6.295
Sam1 | 0.720| 1.025 1.425 1.1900.776| 1.035 0.867| 0.991] 0.000 | 0.219| 0.016 6.534
Sam2 | 0.720| 1.152 1.601 1.241 0.759| 1.018 0.902| 1.008 0.000 | 0.000| 0.00d 9.258

Table 7. Key outputs from the sardine robustness tests at the posterior mode (numbers in billions and
biomass in thousands of tonnes).

Test N 250031 N 20032 N 280033 N 20034 Average 91-94 Biomasp S S, S S,

S 31.0 22.6 15.7 7.9 898.1 0.648 1.000 0.865 0.342
Sant 23.3 16.6 11.4 5.7 662.6 0.646 1.000 0.892 0.362
Sanz 43.3 32.2 22.6 11.7 1288.9 0.653 1.000 0.842 0.325
Sw1 37.2 22.9 16.7 9.3 874.6 0.697 1.000 0.780 0.276
Swvz 34.7 23.7 14.7 6.6 912.5 0.587 1.000 0.959 0422
Swvia 324 235 16.5 7.9 899.0 0.638 1.000 0.873 0.346
Swvia 30.6 22.3 15.6 7.9 901.2 0.65p 1.000 0.864 0.341
SeH 22.8 20.4 18.8 6.2 35 9529 0.635 1000 0.914
SR 27.2 22.8 18.1 6.7 933.7 0.627 1.000 0.908 0.356
Sam1 374 25.6 17.6 7.6 893.0 0.61y 1.000 0.885 0.350
Siam2 32.0 23.3 15.4 7.8 907.9 0.71g 1.000 0.8p2 0.332
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Table 8. Key stock-recruitment parameters and outputs for the sardine robustness tests at the posterior
mode.

Test s s S s S s

es K a Qg794083 | D 042 + (/]g)z €2002 Scor
S 6267.0| 91.811 3.273 2569.6 0.400 -0.0B7 0.2B6
Snni | 48914 71.352 3.076 1953.1 0.411 -0.0p2 0.2B2
Sinz | 8581.2 ( 125.713 3.559 38457 0.400 -0.035 0.2p4

Svi | 31775.7| 380.609 2.715 12710.4 0.442 -0.45 0.982

Svz | 5694.8 | 98.550 3.393 2288.4 0.400 0.051 0.2p8
Sws | 6921.5| 67.970 2.715 2928.p 0.400 -0.143 0.1p0
Sws | 6065.4 | 132.56( 3.798 2572)0 0.400 -0.019 0.2b5
Ssh | 2063.4| 25.351 353.0 0.910 1.169 0.8%7

SR 3148.8 0.045 N/A 0.0005 1.038 1.228 0.715

Sam1 | 9678.1 | 140.633 3.262 38712 0.420 -0.6B1 0.2p6
Sam2 | 6887.8 | 100.890 3.130 27573 0.400 -0.199 0.2p2

1C
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Figure 1. Model predicted November anchovy spawner biomass and recr uitment with the fitted stock-recruitment curves.
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Relationship

Model Predicted Sardine Hockey Stick Stock Recruitment
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Figure 2. Model predicted November sardine spawner biomass and recruitment with the fitted stock-recruitment curves.
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