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Abstract

The assessment of the South African anchovy reechas been updated given three more years of ddta eevised time
series of commercial catch. The base case hypsthas the same juvenile and adult natural moytadites as previous
assessments, but a Beverton Holt stock recruitmadationship is now assumed instead of a hockek stiith fixed
inflection point based on the AlGelection criterion. This change has resulted large increase in median posterior
carrying capacity from previous assessments. Thasebeen a decrease in recruitment residual sthaéaiation and in
recruitment serial autocorrelation with the newssessments. The impact of this on the appropciadéce of a risk
definition and threshold for the new OMP to be deped next year will be considered early in the OlE#¥elopment
phase. The resource abundance remains above ayevidh a model-estimated 1+ biomass of 3.5 millions in
November 2009, and the resource has produced 8 péabove average recruitment in the past 11 yeadhe harvest
proportion in the past 9 years has not exceeded 0.1

I ntroduction

The assessment of the South African anchovy resolw@s been updated from the last assessment
(Cunningham and Butterworth 2007, with further updato take account of new data collected betv2&&T

and 2009. In addition there has been a changbetadlculation of time series of commercial catcfhe
monthly cut-off lengths for recruits now vary on@mual basis in accordance with the cut-off lerggtimated

by the annual recruit survey (de Maatral. 2010). This document details the updated assedsmmdel and

gives the assessment results for the base casé amtisome key robustness tests.

Population Dynamics M odel

The population dynamics model used for the Soutiicah anchovy resource is detailed in Appendix Fe
data used in this assessment are listed in de Moak. (2010). The prior distributions for the estimated
parameters were chosen to be relatively uninforraatiA range of combinations of adult and juvemigtural

mortality rates was examined using this model dreoto select realistic values for the base casesament.

The objective function consisting of the negativg likelihood of equation (A.7) to which the negat of the

36 log prior distributions were added, was minirdissing AD Model Builder (Otter Research Ltd. 20aDjit

the model to the observed data and estimate themmdéers at the joint posterior mode. The posterior
probability distributions were estimated using MarkChain Monte Carlo (Gelmaet al. 1995) in AD Model
Builder. Two chains of 100 million samples were far the purposes of testing convergence, with araen
beginning at the posterior mode and the otherisgaftom a random vector. A burn-in of 60 milliavas
discarded and the remaining chain was thinned by dvery 1000 to decrease any autocorrelation. ulRes

presented in this document are based on a randoplesaf 5 000 from the 40 000-long chain begunrhat t

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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posterior mode after burn-in and thinning. A seralsample will be used as input to the OMP testing

framework due to run-time constraints.

Convergence of the chains was tested using the EEa#esian Output Analysis) package (Smith 2003) and
the diagnostics from the tests of Geweke (1992)im@e and Rubin (1992), Raftery and Lewis (1992) and
Heidelberger and Welch (1983) were good, indicatiogvergence of the chain. The autocorrelationgéoh

estimable parameter and cross-correlations bettieeparameters were also low.

Robustness Tests: Natural Mortality

A number of combinations of juvenile and adult makunortality were tested, covering the range 0.1

year’. The chosen base case and initial selectiontnfatness tests are listed in the results section.

Robustness Tests: Stock Recruitment

The following robustness tests were selected tothessensitivity of the model to the assumptioraaftock

recruitment relationship (Table 1, see resultsieedbr choices made):

Ao—  Beverton Holt stock-recruitment curve, withfonin priors on steepness and carrying capacity

Aps— hockey stick stock-recruitment curve, with onih priors on the log of the maximum
recruitment and the ratio of the spawning biomaskeainflection point to carrying capacity

Asixeans — hockey stick stock-recruitment curve with a amif prior on the log of the maximum recruitmeng th
spawning biomass at the inflection point set e¢qo&0% of K (to correspond to that assumed in the
2007 assessment)

Ar— Ricker stock-recruitment curve, with uniforniqos on steepness and carrying capacity

Awodr — ‘Modified’ Ricker stock-recruitment curve, witiform priors on steepness, carrying capacity and

shape parameter.

Results
Natural Mortality

Table 2 lists the various contributions to the otije function at the posterior mode for the fudhge of
combinations of juvenile and adult natural moryatiésted. The following criteria were used to idgtiish

“reasonable” from “unrealistic” combinations (unlisic combinations are shaded in Table 2):
« MizMy;
* the ratio k,A/k(,* D[ 0.5;L.O], as the November spawner biomass survey is expéctbave a greater

coverage of the full distribution of the resourbarn the May recruit survey so that the latter sthoul
reflect a smaller relative bias.

One further “reality check” was provided by theterion that the multiplicative bias for the propont-at-age 1

in the November surveyk,’j, should not be markedly different from 1.



MCM/2010/SWG_PEL/38
There was little change in the posterior distribatas M ]A changed for a giveM 2, ; given M ]A the posterior
distribution indicated an improved fit to the déba increasingM 2, . This latter feature may, however, be an
artefact of the assessment in that a higher natooatality results in a higher loss of “memory” obhorts,
making the November survey data easier to fit. Sittering k;‘ then, the following combinations were chosen
for a base case and an initial set of robustnass. te

Aoc-  M}=09 andM} =09 (base case)

Awm- M ]A =12 andM 2 = 06 (robustness test: worse objective function vatue a highkr’,* value)

Aw- M ]A =12 andM Eﬁj 0.9 (robustness test: little difference frorg ik terms of value of objective
function andk ')

Aws- M J-A =15 andM 2, = 0.9 (robustness test: alternativé A with the objective function value not
substantially worse than that fog And k,’} above 0.9)

Awa- M JA =18 andM Eﬁj = 09 (robustness test: alternativé A with the objective function value not
substantially worse than that fog And k,’} above 0.9)

Aws- M ]-A =12 and M/, = 1.2 (robustness test: improved objective function cared to A,

thoughk ;' = 087 is on the low side).

Stock-Recruitment Relationship

Table 3 lists the various contributions to the obje function at the posterior mode for the alégire stock-
recruitment relationships considered. Ignoringuaiform prior distributions, but considering thermal priors
around the recruitment residuals as a likelihoadatig, from a frequentist perspective, Al€uggests that the
preferred stock-recruitment relationship is the &ean Holt. There is little difference between twtimated
Beverton Holt and Ricker curves over the rangepafinsier biomass observed historically (Figures 1 2nd
Sufficient data points are now available to estartae inflection point of the hockey stick curvdowever, to
enable comparison with the former assessment, tukely stick curve with a fixed inflection point is
maintained as an alternative, though note thaté#neying capacity estimated by this alternativéoiser than

that for the other stock-recruitment relationships.

Results at Posterior Mode

The base case model fit to the data at the posterale is shown in Figure 3 for acoustic spawnemiaiss,

Figure 4 for DEPM estimates of spawner biomass,reié for recruitment and Figure 6 for the propmortof

1-year-olds in the November survey. There is atipesrend over time in the standardised residér@m the

model fit to the survey estimates of May recruittneln other words, on average, the model predidswer

recruitment than that estimated by the survey aeme years and a higher recruitment in earlier sedrhis

trend is unaffected by the choice of stock recranimrelationship. Allowance for an increase inunait
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mortality after 2000 did not remove this trend.eféis a negative trend with model estimates gbq@noon-at-

age 1 in the standardised residuals from the nfiidelthe November survey estimated proportiomgé-1. In
other words, on average, the model predicts a I@n@portion-at-age 1 when the survey estimatedqatam
is high. The reasons for these trends are cuyrenttlear. Key model parameters and outputs apadiseerior

mode are listed in Table 4 for the base case amsessind robustness tests.

Base Case Posterior Distributions

The posterior means and CVs of the model paramatetsome key outputs fopAre given in Table 5, with
the posterior distributions of key model outputdbtoused in the testing of the new OMP shown inted .

Posterior distributions of annual model estimatedéinber 1+ biomasses are shown in Figure 8.

Discussion

Samples from the posterior distributions of key eloparameters and outputs, including those predente
Table 5 and Figure 7 will be used to develop the @P. For comparative purposes, therefore, Talgaes
some key model parameters and outputs at the pasterior mode for A together with those from the
previous assessments used to develop OMP-04 and-@MPrhe change in stock recruitment relationship,
from hockey stick with a fixed inflection point tbhe Beverton Holt curve, has resulted in a markedeiase in
median posterior carrying capacity from previouseasments. There has been a decrease in recruitmen
residual standard deviation and in recruitmenesantocorrelation with these newest assessméits.impact

of this on the appropriate choice of a risk deiimitand threshold for OMP-12 will be consideredyear the

development of the new OMP.

Figure 9 shows the November spawner biomass aweriti relation to estimates of carrying capacity 40%

of the average 1984 to 1999 biomass, the risk hiotdsused to tune OMP-04 and OMP-08. This shows th
resource peaked above its carrying capacity in 20Qlis clear from Figure 9 that the anchovy spawn
biomass at the posterior mode has never droppewld€% of its 1984 to 1999 average over the paseas,
while it has historically dropped below the averd§84 to 1999 biomass 32% of the time (Table &).place
this in context in relation to the two previous esnents, Table 7 lists the mean of the annual iNbge
biomass posterior distributions and the annual godity of falling below the average 1984 to 1996rbass,
with the mean biomasses plotted in Figure 10. {roéability of historically being below 10% of theerage

1984 to 1999 biomass was zero in all years for botke earlier assessments.

Summary and Future Work

This document has detailed the updated assessmér South African anchovy resource, using dataéen
1984 and 2009, and provided results of the base assumptions and some robustness tests. Usig@he
selection criterion, a Beverton Holt stock-recrigtmhrelationship has been assumed for the basewhsh is
different from past assessments. The values ®temporarily invariant juvenile and adult naturartality
rates have remained unchanged from recent assdssmidre resource abundance remains above avevilye,

a model-estimated 1+ biomass of 3.5 million tonsl@avember 2009, having provided 8 years of aboezame
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recruitment in the past 11 years. The harvestgstigm over the past 9 years has not exceeded(Gifjdre

11).

As previously agreed by the Pelagic Scientific WiogkGroup, this assessment will be updated earB0il to
include data from November 2009 to November 20Ihe updated model will be used as a basis for
developing the new OMP. At that time, a largetesoif robustness tests will also be consideredes# twill
include:

Ao— 10cm cut-off length for calculating the propamtof 1-year-olds in the November survey

A10s— 10.5cm cut-off length for calculating the prapmn of 1-year-olds in the November survey

A1 — 1lcm cut-off length for calculating the propamtof 1-year-olds in the November survey

Aegg1— Negatively biased egg surveys, i@; 075 (testing assumption 7 of Appendix A)

Aegg2— positively biased egg surveys, ikég‘\.,z 125(testing assumption 7 of Appendix A)

Aami— fix the additional variance (over and abovedherey sampling CV) associated with the recruit
survey(/ﬁ*)2 =0

Aamz — fix the additional variance (over and abovedhrrey sampling CV) associated with the November

survey()ﬁ )2 = 004

The performance of the proposed new combined OMRdaine and anchovy will be examined under this
base case as well as under some of the robuststss The robustness tests chosen for Bayesidyssnand
used in the OMP development framework, will likdhe those resulting in extreme or more pessimistic

projections for the resources under OMP testingdas results at the posterior mode only.
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Table 1. The alternative stock-recruitment relationshipssitered. The parametér® denotes the “steepness”

of the stock-recruitment relationship, which is fw@portion of the virgin recruitment that is resald at a
spawning biomass level of 20% of average pre-etailon (virgin) spawning biomask * (shown in units of

3 CMA_ (a1 A M A_anm A
thousands of tons). For the hockey stick madet, > woe ™ @M 1, ™M ;A wherew*

a=1 1- e_M ad

is the average oi/v{,fa defined in Appendix A. For the hockey stick mgdal® denotes the maximum

recruitment (in billions) and” denotes the spawner biomass below which the exfp@ttfor recruitment is

reduced below the maximum.

Robustness Stock-Recruitment| ¢ (SSBAN ): Parameters
Test Relationship :
Ao Beverton Holt a”SBA, h* ~u(0215)
B* +SB)\, K* ~U(0,20000
oo KA
5h* -1 X
A! A ’
ﬁA — K J';\_ h
5h" -1
Aus Hockey stick a? , ifSSB;*’N >p”* | In(@*)~U (0,8) !
a’ b*
Sossmly ifssB), <b” | px U (02)
KA = areil! x 2
AfixedHs Hockey stick a? , ifSSByA’N >p? | In(@*)~U(08)
a* . . |pr=o02k”
b_A%y'N , IfS$y,N <b KA :aAe%(grA)ZX

Ar Ricker " SSBp e S h* ~U(0215)
K * ~U(0,20009

A\ 1/08
gh=t N
X {02

_in(r* 102)
p= 08K A

Aniodr Modified Ricker a"SB, e-ﬁA(sss;fN h* ~u(0215)
K * ~U(0,20000
c~u(03)

1

A 1(h?)rox
a=—| —
X102

A_ In\h* /02
g (kA - 02]

! Given the lack o priori information on the scale d”, a log-scale was used.

1A
> The ez(gr )2 factor corrects for bias in the mean of the logamal distribution.
7
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Table 2. The contributions to the objective function at thasterior mode for a range of combinations of

juvenile, M ]A and adult,M 2, , natural mortality. The ratio of the multiplicati bias in the recruit survey to
that in the November surve}g’*/kA , and the multiplicative bias in the proportionagie 1 in the November

survey,k”, are given for diagnostic purposes. Shaded weiisesent unrealistic choices in terms of the raite

applied.

A AlLA
M]-A Mz Posterior | -In(Lnov) | -IN(Legg) | -IN(Lrec) | -IN(Lprop) | -IN(Prior) kA k@ k; /kN kﬁ

06| 0.6 81.36 1.44 9.88] 11.32| 36.80] 21.92| 1.27| 156 1.22| 1.09

06| 0.9 60.77 -4.09 7.86 8.10| 27.10) 2180 1.19| 1.15] 097 0.96

06| 12| 4875 -8.50 6.54 6.72| 22.06] 21.94| 1.14| 094| 0.82| 0.87

06| 15 42.44| -11.60 5.69 6.23] 20.15| 2197 1.12| 0.82| 0.73]| 0.80

06| 1.8 39.47| -13.54 5.18 6.09] 20.05| 21.68] 1.11| 0.74] 0.67| 0.76

06| 21 38.15| -14.73 4.91 6.09] 20.69] 21.20f 1.10{ 0.69| 0.63| 0.72
09| 0.6 82.13 1.95| 10.03] 11.24] 36.52| 22.39| 1.28| 1.40( 1.10| 1.09

09| 0.9 61.27 -3.78 7.96 7.96| 26.94| 22.18] 1.19( 1.03] 0.86| 0.96

09] 1.2 49.11 -8.33 6.63 6.57| 21.98| 22.27| 1.15| 0.84| 0.73] 0.87

09| 15| 4272| -11.49 5.77 6.08] 20.11] 2226 1.12| 0.73] 0.65| 0.80

09| 18 39.70] -13.45 5.26 594 2001 2195 1.11| 0.66] 0.60| 0.76

09| 21 38.36| -14.67 4.98 595 20.65] 21.45] 1.10| 0.61] 0.56| 0.72
12| 0.6 82.92 247| 10.17| 11.20] 36.24| 22.83] 1.28| 1.26| 0.99| 1.09

12| 0.9 61.79 -3.50 8.06 7.88] 26.81| 22.53] 1.19| 0.92| 0.77| 0.96

12| 1.2 49.50 -8.19 6.71 6.49| 21.92| 22.56| 1.15( 0.75] 0.65| 0.87

12| 15 43.03| -11.40 5.84 6.00] 20.07| 22.52| 1.12| 0.65] 0.58| 0.80

12| 1.8 39.97] -13.39 5.33 5.86| 19.98| 2219 1.11| 0.59| 0.53| 0.76

12| 21 38.61| -14.62 5.04 5.88| 20.62] 21.69| 1.10| 0.54| 0.49| 0.72
15| 0.6 83.71 298| 10.30] 11.21] 35.98] 23.24] 1.28] 1.13| 0.88] 1.10

15| 0.9 62.33 -3.24 8.15 7.88| 26.68| 22.86| 1.19( 0.82] 0.69| 0.96

15| 1.2 49.92 -8.06 6.78 6.49| 21.87| 2284 1.15| 0.66| 0.58| 0.87

15| 15 43.38| -11.33 5.91 6.00| 20.04| 22.77] 1.13| 0.57| 0.51] 0.80

15| 1.8 40.27| -13.34 5.39 586| 19.95| 2242| 1.11| 052 047 0.76

15| 21 38.90| -14.58 5.09 5.89| 20.60f 2190 1.10| 0.48] 0.44| 0.72
1.8| 0.6 84.50 3.48| 1041 11.27| 35.73] 23.61| 128 1.01| 0.79| 1.10

1.8| 0.9 62.89 -3.00 8.23 7.93| 26.57| 23.15] 1.19( 0.73] 0.61| 0.96

1.8| 1.2 50.36 -7.97 6.84 6.57| 21.83] 23.09| 1.15( 0.59| 0.51| 0.87

1.8 15| 43.76] -11.29 5.96 6.07 20.02| 2299| 1.13| 051| 045] 0.80

18] 1.8 40.61| -13.31 5.44 594| 19.93| 22.62| 1.11| 0.46| 0.41] 0.76

18] 2.1 39.22| -14.57 5.14 598| 20.57| 22.09] 1.11| 0.43]| 0.39] 0.72
21| 0.6 85.30 3.96| 10.51] 11.37] 3550 23.95| 128 0.90| 0.71] 1.10

21| 0.9 63.46 -2.80 8.29 8.06| 26.48| 23.43| 1.19( 0.65| 0.54| 0.97

21| 1.2 50.83] -7.90 6.89 6.72| 21.80] 23.32f 1.15| 0.52| 045 0.87

21| 15| 4420] -11.29 5.97 6.26| 20.09] 23.16] 1.14| 0.45| 0.40] 0.80

21 1.8 41.05| -13.31 5.44 6.14| 20.02| 22.76] 1.13| 0.41| 0.36| 0.76

21 21 39.65| -14.54 5.14 6.19|] 20.66] 22.21| 1.12| 0.38] 0.34] 0.72
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Table 3. The contributions to the objective function at thesterior mode for alternative stock-recruit

Ao Ans Hiixedris Ar Awmodr

Posterior 61.268 61.628 65.744 61.302 61.302
-IN(Lnoy) -3.78 -3.30 -6.87 -3.69 -3.69
-IN(Lggc) 7.96 8.10 7.22 7.99 7.99
-IN(Lreo) 7.96 7.77 9.52 7.92 7.92
-IN(Lprop) 26.94 26.73 28.33 26.91 26.91
-In(Prior) 22.18 22.33 27.54 22.18 22.18
# parameters 36 36 35 36 37
Sample size (i.e. data points) B7 87 87 87 87
AIC 194.54 195.26 201.49 194.60 196.60
AIC, 247.82 248.54 250.90 247.88 253.99
h” 0.34 0.34 0.33
K* 4094 4176 3039 4021 4726
Cc 0.11
a® 437 284

[ 2197 608
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Table 4. Key parameter values estimated at the joint postenode together with key model outputs for the

base case assessment and robustness tests. alligtars are defined in the Appendix. Fixed valresgiven

in bold. Numbers are reported in billions and biomassdqusands of tons.

Ao | A | A | Auvs | Awa | Aus | Aus | Anesns | Ar Awtodr

Hockey Modi-

Hockey | stick, fied

SR curve Beverton Holt stick fix b” Ricker | Ricker
M 09| 12| 12| 15| 18] 12 0.9 0.9 0.9 0.9
M 2 09| o6| 09| 09| 09| 12 0.9 0.9 0.9 0.9
N/se0 156.43| 179.35| 203.49| 265.41| 347.04| 224.70| 156.2| 154.28| 156.41| 156.8
Nsez 141.26] 106.49| 141.31| 141.35| 141.39| 180.66| 141.17| 137.77| 141.26| 141.67
Nisez | 0.0049| 0.0048| 0.0049| 0.0049| 0.0049| 0.0049] 0.0049| 0.0050| 0.0049| 0.0049
Nisess | 0.0048| 0.0048| 0.0048| 0.0048| 0.0048| 0.0049] 0.0048| 0.0050| 0.0048| 0.0048
k& 1.189| 1.277| 1.190| 1.191| 1.192| 1.148| 1.178| 1.233] 1.187| 1.189
K/ 1.027] 1.258| 0.917| 0.817| 0.728| 0.746] 1.019] 1.069| 1.026] 1.027
S 0.864] 0.986| 0.770| 0.686| 0.610| 0.650| 0.865| 0.867| 0.864| 0.864
Ko 0.963| 1.004| 0.964| 0.964| 0.965| 0.870| 0.964| 0.957| 0.963| 0.963
o2 0.465| 0.951| 0.460| 0.456| 0.452| 0.316] 0.458| 0518| 0.464| 0.467
) 0 0 0 0 0 0 0 0 0 0
ey 0.081] 0.113| 0.080| 0.080| 0.080| 0.068] 0.079| 0.096| 0.080| 0.081
Bboan 3489| 3222| 3478| 3467| 3456| 3571| 3530| 3312| 3497| 3487
Blioy ° 1103 1031| 1103| 1102 1102| 1148] 1109| 1080 1104| 1104
KA 4094| 4018| 3977| 3863| 3750| 3894| 4176| 3039| 4021| 4726

a’ 437 284
bA 2197 608

hA 0.339] 0.383| 0.330| 0.321]| 0.314| 0.308 0.335| 0.327
g/ 0.588] 0.603| 0.596| 0.604| 0.611| 0.157| 0591| 0.759| 0.588| 0.588
N300 0.260] 0.332| 0.261] 0.263| 0.264| 0.212| 0.262| 0679| 0235 0.257
Stor 0.221] 0.290| 0.226] 0.231| 0.236| 0.157| 0223] 0527| 0217 0226

® OMP-04 and OMP-08 were developed using Risk ddfiag “the probability that adult anchovy biomadis faelow
10% of the average adult anchovy biomass betweevember 1984 and November 1999 at least once duhiag
projection period of 20 years”.
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Table 5. The posterior means and CVs of key model paraseatst outputs for A

Parameter Mean Median 04V
kn 1.092 1.085 0.12
Ke 0.992 0.979 0.14
Ky 0.941 0.945 0.05

ey 0.186 0.173 0.44
N Jse30 186 179 0.31
Nisez 148 145 0.36
N Jssaz 0.005 0.005 0.58
N 15633 0.005 0.005 0.58
N 20001 188 183 0.27
N Zo0s2 108 107 0.22
N Zo0ss 29 28 0.26
N So0gs: 9.7 9.5 0.19
Bboan 3777 3721 0.17
Brov 1243 1236 0.12
KA 4686 4212 0.41
h” 0.33 0.33 0.19
N300 0.184 0.191 2.13
a! 0.734 0.720 0.17
Seor 0.187 0.186 0.55

11
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Table 6. A comparison of key parameters and outputs ajdime posterior median for the updated anchovy
base case assessmeny, #& the previous assessments. Biomass is givéimoimsands of tons and numbers in

billions. “Starting” values refer to those used:tonmence future projections.

Previous Previous
Assessmenf Assessmen
(used to (used to Ao
develop develop
OMP-04) | OMP-08)
N §0031, N ?0061 , N ?oom 133 52 183
N 90032 » N ?ooez , N Qoogz 39 46 107
Starting numbers at age |<|§0033. Né\ooag Nonoa3 74 8 28
N 90034 N 90064+
~ 24 16 10
N
20064+ ,
Starting estimated spawner biomabB.ax » Baosn » Baoan 3102 1770 3721
Juvenile natural mortality M ]A 0.9 (fixed) | 0.9 (fixed) | 0.9 (fixed)
Adult natural mortality M2 0.9 (fixed) | 0.9 (fixed) | 0.9 (fixed)
Bias for November survey ke 1.22 1.23 1.08
Bias for recruit survey k* 0.93 1.03 0.98
at 216 249
Stock-recruitment parameters b 498 585
KA 2492 2925 4212
h” 0.33
Last estimated recruitment residudl 775000, 7005+ 72003 0.789 -0.360 0.191
Recrwtm((ejnt (es_ldual standard oA 0.883 0.856 0.720
eviation r
Recruitment serial correlation Sty 0.474 0.430 0.186
Average 1984 — 1999 biomass Bty 1169 1103 1236
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Table 7. The mean posterior annual November biomass ferassessment and previous assessments, together

with the annual probability of November biomassgdielow the average 1984 to 1999 biomass.

Probability of November Biomass being bel
Mean November Biomass 1984-1999 average
2004 2007 2010 2004 2007 2010
Year | Assessment| Assessment| Assessment| Assessment| Assessment| Assessment
1984 1313 1401 1521 0.32 0.13 0.16
1985 1134 1083 1236 0.64 0.60 0.54
1986 2016 1887 2009 0.00 0.00 0.00
1987 1678 1656 1787 0.00 0.00 0.00
1988 1241 1194 1300 0.33 0.27 0.33
1989 719 656 740 1.00 1.00 1.00
1990 646 622 721 1.00 1.00 1.00
1991 1923 1754 1912 0.00 0.00 0.00
1992 1673 1429 1657 0.00 0.01 0.00
1993 1082 898 1027 0.83 0.98 0.98
1994 631 555 640 1.00 1.00 1.00
1995 494 432 504 1.00 1.00 1.00
1996 435 486 563 1.00 1.00 1.00
1997 1038 967 1027 0.77 0.82 0.90
1998 1170 1164 1297 0.55 0.42 0.41
1999 1713 1686 1947 0.01 0.00 0.00
2000 3759 3804 4264 0.00 0.00 0.00
2001 5388 4623 5145 0.00 0.00 0.00
2002 3983 3828 4380 0.00 0.00 0.00
2003 3131 2877 3322 0.00 0.00 0.00
2004 2130 2489 0.00 0.00
2005 2289 2594 0.00 0.00
2006 1798 2076 0.00 0.00
2007 2453 0.00
2008 3343 0.00
2009 3777 0.00
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Figure 1. Model predicted anchovy recruitment (in Novembpljtted against spawner biomass from
November 1984 to November 2008 fog, Avith the Beverton Holt stock-recruit relationshiphe vertical thin
dashed line indicates the average 1984 to 1999rsgawomass (used in the definition of risk in OMP-and
OMP-08). The dotted line indicates the replacenfieet The standardised residuals from the fitgiven in

the lower plots, against year and against spawinendss.
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Figure 3. Acoustic survey results and, Anodel estimates for November anchovy spawner Bsrfram 1984

to 2009. The survey indices are shown with 95% identce intervals. The standardised residuals fiwarfit

are given in the right hand plot.
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Figure 4. Egg survey results and,Anodel estimates for November anchovy spawner Berfram 1984 to
1991. The survey indices are shown with 95% confidentervals. The standardised residuals fronfitteee

given in the right hand plot.
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Figure 5. Acoustic survey results and, odel estimates for anchovy recruitment numbens fiMay 1985 to
May 2009. The survey indices are shown with 95%idence intervals. The standardised residuals fitwarfit

are given in the right hand plot.
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Figure 6. Acoustic survey results and, Anodel estimates for proportions of 1-year-oldgha November
survey from 1984 to 2009. The standardised reduam the fit are given in the lower plots, agdigear and
against model estimates of proportions at age 1.
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Figure 7. Posterior distributions for key model parametard autputs for A The parameters are defined in

Table 4 and in the Appendix. Biomasses are digplaly thousands of tons.
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Figure 9. The base case model estimated November anchownsp&iomass, plotted together with estimates
of the carrying capacity, the average November 1884099 spawner biomass and 10% of this averdagés
last quantity was used as the risk threshold irelbping OMP-04 and OMP-08. The running averagengfr
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APPENDIX: Bayesian Assessment Model for the South A frican Anchovy Resource

Assumptions

All fish have a theoretical birthdate of 1 November

Anchovy spawn for the first time (and are calledladnchovy) when they turn one year old.

A plus group of age 4 is used, thus assuming thtatral mortality is the same for age 4 and oldersag
Two acoustic surveys are held each year: thetfikes place in November and surveys the adult stock
the second is in May/June (known as the recruitesyrand surveys juvenile anchovy.

The November acoustic survey provides a relatidexrof abundance of unknown bias.

The recruit survey provides a relative index ofradance of unknown bias.

The egg survey observations (derived from dataect#t during the earlier November surveys)
provide absolute indices of abundance.

The survey designs have been such that they resalirvey estimates of abundance whose bias is
invariant over time.

Pulse fishing occurs five months after 1 Novemioerlfyear-old anchovy; for O-year-old anchovy this
occurs 7% months after 1 November prior to 1999 &% months after 1 November from 1999

onwards; these two ages (0 and 1) are the onlytaggsted by the fishery.

10) Catches are measured without error. (Selectiviiigge 0 and age 1 anchovy varies from year to year.

This would prove problematic were model predictattls to be estimated and fitted to observed catch,

but here the observed catches-at-age are diraciyporated into the dynamics.)

11) Natural mortality is year-invariant for juvenilegadult fish, and age-invariant for adult fish.

Population Dynamics

The basic dynamic equations for anchovy are asvisl| wherey,, = 2009.

Numbers-at-age at 1 November

—rsm A _asMA
N;\’l - (N?—Loe oMtz C;/\,o)e (45M 112 y=1984...1998
A A _-(B5M jA n2 A —(3.5)MJ-A/12 _
Ny,l =(Ny—LOe _Cy,o)e Yy =1999..., Y
A _ A BMA 2 AN TMA 112 _
Ny,2 _(Ny—Lle _Cy,l)e Yy =1984..., Y
NA = NA e =198
y3 = y—].,2e y_ 4""yn
NA, =NA, e Ma =1984
y., 4+ y-13 y
NA, =NA, e ™M@ ¢ NA,, o™ =198 Al
yar =Ny 13€ % + Ny 4.8 y=1983...,y, (A1)
where

21



MCM/2010/SWG_PEL/38

N%  is the number (in billions) of anchovy of agat the beginning of November in yaar

ch is the number (in billions) of anchovy of ageaught from 1 November in year—1 to 31 October in
yeary;

M# s the natural mortality (in yedy of juvenile anchovy (i.e. fish of age 0); and

M a’f, is the natural mortality (in yedy of adult anchovy (i.e. fish of age 1+).

Biomass associated with the November survey
S A < A A
By = D NJLwWi, y=1984...,y, (A.2)
a=1

where:

EEQN is the biomass (in thousand tons) of adult anctedvihe beginning of November in yearwhich are
taken to be associated with the November survay; an

W)/:a is the mean mass (in grams) of anchovy ofaagempled during the November survey of year

Anchovy are assumed to mature at age 1 and thusp#wvening stock biomass is:

4+

SSB)\y :z N W), y=1984...,y. (A.3)
a=1

Recruitment

Recruitment at the beginning of November is assumeefluctuate lognormally about a stock-recruitment

curve:
N2, = f(ssB2, e y=1984...,y (A.4)
where

el is the annual lognormal deviation of anchovy réorant.

y

Table 1 list the forms considered for the funcfion

Number of recruits at the time of the recruit survey

The following equation projectdl y‘fo to the start of the recruit survey, taking nataadl fishing mortality into

account, and assuming pulse fishing of juvenilek ldiay (based on historic data).
¢ -0. A —tAxM A/
N = (Nl ™ =) 02 y=1985...,y, (a5

where

I\Al;fr is the number (in billions) of juvenile anchovythé time of the recruit survey in yegr

CQObS is the number (in billions) of juvenile anchovyught between 1 November and the day before the star

of the recruit survey in year
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t2 is the time lapsed (in months) between 1 May dred start of the recruit survey that provided the

estimateN". in yeary.
Proportions of 1-year-olds associated with November survey
N A
~ 1 —
o1 = y=1984....y, (A.6)

2N
a=1

where

ﬁ)’,*,l is the proportion of 1-year-old anchovy at theibeiopg of November in yeay, which is taken to be

associated with the November survey.

Fitting the Modd to Observed Data (Likelihood)

The observations are assumed to be log-normaflitwised, and sampling CVs (squared) of the unfaansd
survey observations are used to approximate thenglag” component of the total variance of the
corresponding log-distributions. The proportiond gear-olds are first logit-transformed beforengeused in
the likelihood. Thus we have:

n (|n B2\ —|n(k£éy‘fN))2

—inL=% )

e (Op0) (A

+in2r{(2,)? +(44)?)]

e ((nBA, ~In(k*BA,)f
y.e99 g PyN +|n[2n(0.A )2]
y=1984 (UyA,egg )? 7

v (A7)
n (N2 -In(kAKA))

y=1985 (Uﬁr )2 +(A0)?

+infer{(o?)? + (142

+% i (In(pﬁl/(l— p?l))_ In(k":f)yA’l (1_ k,?f’?,l)))z + |n[277(0§)2]

2
y=1984 (0' s )

BQN is the acoustic survey estimate (in thousand tohajlult anchovy biomass from the November survey
in yeary, with associated C\UQN and constant of proportionality (multiplicativeab) k., ;
B2 is the egg survey estimate (in thousand tonsdaftanchovy biomass from the November survey in

yeary, with associated C\Uﬁeg and constant of proportionality.”;

g

N2 is the acoustic survey estimate (in billions) otlaovy recruitment from the recruit survey in ygar

with associated C\U)’,fr and constant of proportionaliﬂy,A;

* This transformation proved adequate, resultingareteroscedasticity in the residuals of the logitsformation.
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p)’,*,1 is an estimate of the proportion (by number) gear-old anchovy in the November survey of year

For the base case assessment an average Prodehgigeey is used to derive these proportions;

Ky is a multiplicative bias associated with the pmipo of 1-year-olds in the November survey;

(A%, )?is the additional variance (over and above theesusampling CVJ;:N,r that reflects survey inter-
transect variance) associated with the Novembeufitezurveys;

o is the standard deviation associated with the gnt@gm of 1-year-olds in the November survey, which

©

is estimated in the fitting procedure by:

2006

:\/ 2.io‘f[ln(loyl/( pya))-inlk; By /- p“]/ 2

=1984 =1984

Fixed Parameters
Four parameters are fixed externally in this agsess (see main text for reasons and for variatifmms

robustness tests):

MjA and M2 (values given in main text{ﬂﬁ)2 =0, and kg =1, as the egg survey estimates of abundance

are assumed to be absolute.

Estimable Parametersand Prior Distributions

The recruitments are assumed to fluctuate logndyrahbut the stock-recruitment curve:
£h~ N(o,(aﬁ)z) . y=1984..y.
The remaining estimable parameters are define@éadnthe near non-informative prior distributions:
In(k£)~U (-100,0.7) (upper bound corresponding kf = ) 2
In(k,A)~U(—1OO,O.7) (upper bound corresponding kd* = ) 2
In(k;‘)~U (-1000.7) (upper bound corresponding kg =2)
(1 ~u(ar00)
(o2 ~u(010
N ssaa ~U (0500), a=01
Nissaa ~U (0001, a=23
A ~U (0215)

In(K A)~ U (4692) (corresponding to a range of about [100 000t; @ @a0t] for K *)

24



Further Outputs

Recruitment serial correlation:

yn-2

2 EyEya

A _ y=1984

Scor -
yn-2 yn-2
2 2
26| 2
y=1984 y=1984

and the standardised recruitment residual valug@ob:

A
A _ Tyl
My = .
yn oA

r

are also required as input into the OMP.
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