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A number of sensitivity tests to assumptions underlying the baseline assessment of South African anchovy have been
undertaken. From the results presented in this document, a sub-set of these sensitivity tests are highlighted as
important for testing the robustness of OMP-18rev, some are no longer considered important for future assessments,
and further development of some of the alternatives in the future is also desired.

Introduction

The most recent baseline assessment for South African anchovy, conditioned to data available from 1984 — 2019, was presented
by de Moor (2020a). This document considers a number of sensitivity tests to assumptions underlying the baseline assessment.
The robustness of OMP-18rev (a planned update to OMP-18 (de Moor 2018)) to uncertainty can be tested by using Operating

Models developed from these sensitivity tests.
Methods
The baseline model is detailed in Appendix A and the data in de Moor et al. (2020c). For ease of comparison, the changes in the

model since de Moor (2020b) have been highlighted. The parameters are defined in Tables A.1 and A.2.

The following sensitivity tests were considered:

Agy - Beverton Holt stock-recruitment curve, with uniform priors on steepness and carrying capacity. IW]-A = 1\71&“(1 =1.2.
Baseline OM.
Agh - Two Beverton Holt stock-recruitment curves, with uniform priors on steepness and carrying capacity', one estimated

using data from 1984 to 1999 and the other from 2000 to 2019.

Asgy - Three Beverton Holt stock-recruitment curves, with uniform priors on steepness and carrying capacity?, one estimated
using data from 1984 to 1999, one from 2000 to 2012, and one from 2013 to 2019.

Azsirn - Two Beverton Holt stock-recruitment curves, with uniform priors on steepness and carrying capacity?, one estimated
using data from 1984 to 1999 and 2013 to 2019, and the other from 2000 to 2012.

Ar - Ricker stock-recruitment curve, with uniform priors on steepness and carrying capacity.

Ays - Hockey stick stock-recruitment curve, with uniform priors on the log of the maximum recruitment and on the ratio of

the spawning biomass at the inflection point to carrying capacity.

Am1 - MJ-A = M2, = 0.9 (for comparison with the baseline assessment of 2007)

Az - M = 1.5 and M4, = 1.2 (alternative M}, similar to Ay in terms of value of the negative log joint posterior mode)

Amad - Annually varying adult natural mortality, i.e. random effects model with 0,4, =0 and 0.2 (2 alternatives?) and
p~U(0,1).

* MARAM (Marine Resource Assessment and Management Group), Department of Mathematics and Applied Mathematics, University of Cape
Town, Rondebosch, 7701, South Africa.
1 When carrying capacity is estimated over a shorter time period, the average maturity at age, f;“‘, used in calculating stock recruitment
parameters is calculated over the corresponding time period.
2 Convergence proved difficult for this parameter when estimated and thus two alternative fixed values were used.
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Awjj - Annually varying juvenile natural mortality, i.e. random effects model with g; = 0.1 and 0.2 (2 alternatives) and
p~U(0,1).

Amzo00+ - Natural mortality assumed to have increased in 2000; i.e. M/ = MZ,; = 1.2year™ prior to 2000 and M/ = M, = 1.5
year? from 2000 onwards®. The Beverton-Holt stock recruitment relationship was estimated to correspond to the years
2000 onwards, with no stock-recruitment relationship assumed prior to 2000%.

Amsse+ - Natural mortality assumed to have increased in 1996; i.e. M/ = Mz, = 1.2year® up to 1995 and M/ = M, = 1.5
year? from 1996 onwards®. The Beverton-Holt stock recruitment relationship was estimated to correspond to the years

1996 onwards, with no stock-recruitment relationship assumed prior to 1996°.

Ay - No plus group, all remaining fish assumed to die as they reach age 5.
. W TFA _ 7AW —xBA_
Aop - Density dependent natural mortality: M/, = Mgy, = M + e *"v-1.
Asur _Survey selectivity below 7.5°cm was estimated to be a constant, and uniform (1) selectivity was assumed for lengths
>7.5cm.
Acom - Commercial selectivity was not estimated to decrease at higher lengths, i.e. §; = 0.
Acwm2 - Commercial selectivity was modelled using a double-logistic curve.
Axegg - Egg survey bias estimated with uninformative prior, i.e. ln(k;;‘)~U(—100,0.7).

Aiegsn - Negatively biased egg surveys, i.e., kg‘ = 0.75.

Aweggz - Positively biased egg surveys, i.e., kf = 1.25.

Aamr - Additional variance (over and above the survey sampling CV) associated with the recruit survey fixed (14)2=0.
Aamn - Additional variance (over and above the survey sampling CV) associated with the November survey, estimated with
(A14)2~U(0,100).

Aamn2 - Additional variance (over and above the survey sampling CV) associated with the November survey fixed (14)? = 0.02.

Results
Table 1 compares the fit to the data, the posterior (objective function) at the joint posterior mode and the posterior distributions

for some key model parameters for all the sensitivity tests.

The three sensitivity tests with two or three Beverton Holt stock-recruitment curves, instead of one time-invariant relationship,
all result in a slightly better fit to the data, but not substantially so such that model selection would prefer these models to Agy.
Relationships estimated including the early 2000s are higher than those estimated using the remaining years (Figures 2 to 4). The
relationship estimated for recent years for Ay is more optimistic at higher spawner biomass values than that under Agy, while
that estimated for Azgurn is more pessimistic at higher spawner biomass values than that under Agy. These provide useful and
realistic alternative recruitment scenarios to Agy and it is recommended that they be used to test the robustness of OMP-18rev
to uncertainty and are retained as future sensitivity tests. Similarly, Az and Agy are recommended to be used to test OMP-18rev

robustness and retained as future sensitivity tests due to their similar fit to data, but potentially different projected outcomes.

3 It was assumed that there was an increase in natural mortality of 0.3year™. 1\7IJ-A = M{fd = 1.2year? for 1984-1999 provided the best
deterministic fit in the range 0.9 to 1.2.
4 The average maturity at age, f_aA, used in calculating stock recruitment parameters is calculated over the corresponding time period.
5 It was assumed that there was an increase in natural mortality of 0.3year™. 1\711-‘4 = M;fd = 1.2year? for 1984-1995 provided the best
deterministic fit in the range 0.9 to 1.2.
6 This length was chosen as it provided the best deterministic fit in the range 6-9cm.
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While A3y is recommended to be retained as a future sensitivity test, it is not recommended that OMP-18rev be tested against
Asgy due to the difficulty in estimating the parameters of the stock recruitment relationship for the (relatively short) final time
period at the joint posterior mode, together with the similarly between the ‘posterior median’ stock recruitment relationship of

Aspy in recent years and that of Ajgy (Figure 5).

Amz produces a poorer fit to the historical data, while Auz produces a very similar fit to the data. It is recommended that the
robustness of OMP-18rev be tested against these two alternatives, and that future sensitivity tests include either these or other
alternative time invariant natural mortality assumptions (chosen based on historical fits to data and realistic natural mortality
assumptions), noting that it is now no longer necessary to maintain a comparison with the 2007 baseline assessment and that the

data suggest higher, rather than lower, natural mortality rates.

Figure 6 shows the annually estimated natural mortality rates for Avj and Auag. These indicate an improved fit to the data is
obtained for lower rates of M, ,, prior to 2000 and cyclically higher and lower MZ,; ,, after 2000 than the time invariant Mg, = 1.2
year?® assumed for Agy. The variability in the rate of juvenile natural mortality is estimated to be higher prior to 2000 and then
again higher around 2008-2013. While one needs to be cautious that these models which fit the data better do not primarily
reflect a ‘fitting to noise’ (Smith et al. 2011), they remain informative, particularly from an ecosystem perspective and are
recommended to be retained as future sensitivity tests. It is recommended that the robustness of OMP-18rev to changes in
natural mortality be tested against the more extreme alternatives with g,4 and g; = 0.2, with future cyclical patterns reflective of

those in the recent past.

While the objective function at the joint posterior mode is substantially better for Amaooo+ and Amiges+ than for Agy, this primarily
comes from estimating fewer residuals about the stock recruitment relationship and the fit to the data is actually slightly worse
than Agy for these two alternatives. The higher rate of natural mortality since 1996/2000 corresponds with a Beverton Holt stock
recruitment relationship with a substantially higher recruitment at higher spawner biomass values. It is not yet clear if this test is
accurately capturing the proposed hypothesis. It is thus recommended that OMP-18rev be tentatively’ considered under Awaooo+
and that further investigation of whether these two sensitivity tests are adequately capturing the proposed hypothesis be

undertaken during the next round of sensitivity testing.

A4 results in a better fit to the data, but not substantially so, such that the historical time series of survey indices do not differ
visibly from Agy. Due to the potential difference in future projections following a large year class forming part of the plus group
(or not), it is recommended that the robustness of OMP-18rev be tested using A; and that A4 be retained as a future sensitivity

test.

— — — A
Assuming natural mortality is density dependent with Mjf‘y = Mg;‘d,y = M + e *By-1 results in a slightly poorer fit to the data and
a relatively flat relationship between natural mortality and November biomass (Figure 7). The shape of the relationship could
allow for greater changes in natural mortality with biomass, but this isn’t preferred by the model. The lowest natural mortality

rate is estimated above that assumed for Agy. Although this is a new alternative that is still under development, there is some

7 Particularly considering the limitation of a fixed g2



FISHERIES/2020/SEP/SWG-PEL/90

contrast in natural mortality estimated against November biomass. It is thus recommended that the robustness of OMP-18rev
be tested against App, and that App be further investigated (including alternative relationships that allow for increases in natural
mortality at both high and low stock size and/or the possibility of density dependence operating on either the juvenile or adult
natural mortality, and not necessarily both) with future sensitivity testing. In particular, the more substantially productive stock
recruitment relationship coupled with the substantially lower bias estimated for the May acoustic survey estimate of recruitment

for App compared to Agn (Table 1) warrants further investigation.

The estimated survey selectivity curves and fits to survey proportion at length data for A, is compared to Agy in Figure 8. Aqy
produces similar results to Ags. It is therefore recommended that OMP-18rev not be tested against Aqyr, but that A, be retained

for future sensitivity testing.

The estimated commercial selectivity curves and fits to commercial proportion at length data for Acom and Acomz are compared to
Agy in Figures 9 and 10. A.m produces a much poorer fit to the data indicating little weight to the hypothesis that if the population
consists of larger fish, they will be landed by the fishery. This is consistent with our current understanding of the population
structure with the fishery operating primarily on the recruits and in a different area to the primary (November) distribution of
larger fish (e.g. Shabangu et al. 2019). However, given the global sensitivity to dome shaped selectivity assumptions, Acom is
recommended to be retained for future sensitivity testing, but given the poor fit to the data it is not recommended that OMP-
18rev need be simulation tested against Acom. Acom2 produces a substantially better fit to the commercial length frequency data,
although with some loss in the goodness of fit to the survey abundance indices. It is recommended that the robustness of OMP-
18rev be tested against A,m2 and that A,m» be retained for future sensitivity tests. It is further recommended that the
development of OMs for OMP-22 consider whether the baseline model should rather assume double-logistic commercial

selectivity relationships.

Avegg is @ new sensitivity test, made possible, in part, due to the recent inclusion of an informative prior on the November survey
bias (de Moor et al. 2020a). Interestingly, the results for Acegg and Aieggr are very similar, with the DEPM survey bias being estimated
to be around 0.75, and the bias on the November survey being slightly greater than that estimated for Agy (around 0.80 rather
than 0.88 for Agn). Axegg2 resulted in a substantially poorer fit to the data. Given the availability of an informative prior on the
November survey bias, it is recommended that A be used in robustness testing of OMP-18rev. It is additionally recommended

that Aieggr and Ayeggz be removed from future sensitivity testing.

There is little difference between Ajmy and Agy as Aiamn estimates (A4)? to be close to zero. This is in line with previous assessments (e.g.
de Moor 2019). It is therefore recommended that Al,mn be removed from future sensitivity testing in favour of Amn2 Which provides some
contrast to Ags. While Aiamr (Unexpectedly) provides a poorer fit to the data, it is recommended that the robustness of OMP-18rev be tested

against both A;;mg and Aiamnz and that Ajamg be retained for future sensitivity testing.

Discussion
This document has provided a number of sensitivity tests to assumptions underlying the baseline assessment of South African

anchovy. In addition to the below lists, these results indicate that anchovy may be subject to a higher natural mortality than that
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currently assumed as a time-invariant value for the baseline model and a change to that assumption may be necessary during the

next ‘benchmark’ assessment.

In summary, the list of sensitivity tests to form the basis for alternative Operating Models to be used to simulation test the
robustness of OMP-18rev to uncertainty is recommended as follows:

Agn, Azsn, Azshirtn, Ar, Ans, Am1, Avz, Amvad With Oqd = 0.2, A with 0j = 0.2, Am2000+, A4, App, Acomz, Axegg, Alamr and Ajamnz.

The list of sensitivity tests for future assessments (assuming a baseline hypothesis with a Beverton Holt stock recruitment
relationship and time-invariant natural mortality) is recommended as follows:

Asgn, Ass, Azsartn, Ar , Ans, Some alternative time-invariant natural mortality assumptions, noting that it is no longer necessary to
keep M]A = M2, = 0.9 for comparison with the 2007 baseline assessment, Awaq, Avj, further investigation of the hypotheses
underlying and modelling of Amao00+ and Amigse+, As, further investigation of the hypotheses underlying and modelling of App,
including the allowance for increases in natural mortality (at different rates) at both high and low anchovy biomass biomass, As.r,

Acom, Acom2 Which may form a new baseline model, Axegg, Aiamg and Ajamnz.
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Table 1. The posterior median and 95% probability intervals for key parameters and outputs. The value from the deterministic
fit is given in italics and the individual contributions to the objective function from the deterministic fit at the joint posterior mode
are shown. All robustness tests are defined in the main text and all parameters are defined in Table A.1. Fixed values are given in

bold. Numbers are reported in billions and biomass in thousands of tons.

Agn Azsn Az
Obj fn -721.8 -723.1 -724.2
—InL -761.5 -761.9 -761.8
—I[nLNov 0.38 0.92 1.19
—InLE99 6.62 6.32 6.38
—InLree 19.38 19.74 19.69
—InLsvrer -485.2 -486.3 -486.5
—InLeom?] -302.6 -302.6 -302.6
& 33.59 32.59 31.45
Growth -1.47 -1.40 -1.37
81, 63 -2.04 -2.04 -2.04
Nibgs a 10.79 10.78 10.78
k# -1.19 -1.18 -1.19
Mm# 1.2 1.2 12
MZ, 1.2 1.2 1.2
aj - - -
Oad - - -
P - - -
ki 0.890.88 0.900.87 0.890.87
[0.74,1.04] [0.75,1.03] [0.74,1.03]
kA 0.740.74 0.740.74 0.740.74
[0.58,0.92] [0.58,0.92] [0.57,0.92]
kg 1.00 1.00 1.00
(A4)? 0.00 0.00 0.00
(42 0.110.25 0.110.25 0.11 0.25
r [0.11,0.53] [0.11,0.52] [0.11,0.50]
1106 1107 482 621 1236 1370 478 644 1078 1539 5101011
a’ [577,3169] [337,1792] [704,7593] [342,1963] [773,6669] [413,15402]
1616 1121 250304 16971216 254 329 698 1099 0.006 705
b4 (66,6750] [15,3128] [30,22056] [11,4147] [24,1958] [19,59386]
A 2966 3318 17432112 34154110 17222249 3786 4891 21003156
[2003,6717] [1281,4607] [2315,8859] [1273,4618] [2515,9079] [1219,9390]
A 0.410.50 0.670.67 0.430.53 0.66 0.66 0.620.57 0.990.56
[0.29,0.91] [0.33,0.98] [0.24,0.97] [0.31,0.98] [0.25,0.98] [0.21,0.97]
0.630.80 0.610.78 0.590.79
of [0.59,1.07] [0.59,1.06] [0.58,1.06]
J 1547 1424 1567 1457 15341426
Bjo19 [868,2246] [913,2294] [896,2317]
s 1456 1343 14741371 1443 1346
2019 [822,2079] [869,2137] [846,2144]
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Table 1 (continued).

Agn A2BHrtn Ar Axs Am1 Am2
Obj fn -721.8 -724.0 -721.3 -720.7 -707.3 -721.6
—InL -761.5 -761.8 -761.1 -762.5 -747.6 -761.5
—InLNov 0.38 0.75 0.47 0.02 6.92 0.54
—InLE99 6.62 6.40 6.73 6.28 11.02 6.61
—InL"e¢ 19.38 20.02 19.26 20.41 19.67 19.32
—InLsuwrpr -485.2 -486.4 -485.0 -486.4 -486.1 -485.2
—InLeomp1 -302.6 -302.6 -302.6 -302.8 -299.1 -302.7
& 33.59 31.65 33.79 35.59 34.46 33.89
Growth -1.47 -1.37 -1.47 -1.37 -1.97 -1.55
81, 63 -2.04 -2.04 -2.04 -2.04 -2.03 -2.04
Nibgs.q 10.79 10.78 10.79 10.78 11.03 10.78
kf -1.19 -1.18 -1.20 -1.10 -1.27 -1.19
M7 1.2 1.2 1.2 1.2 0.9 1.5
M4, 1.2 1.2 1.2 1.2 0.9 1.2
0']' - - - - - -
Oad - - - - - -
P . . . . . .
kf 0.890.88 0.900.87 0.890.87 0.910.89 0.86 0.86 0.890.87
[0.74,1.04] [0.73,1.02] [0.74,1.02] [0.75,1.04] [0.73,1.01] [0.73,1.04]
kA 0.740.74 0.740.73 0.730.74 0.76 0.75 0.840.81 0.66 0.67
[0.58,0.92] [0.56,0.91] [0.56,0.91] [0.58,0.92] [0.66,0.96] [0.51,0.84]
kg 1.00 1.00 1.00 1.00 1.00 1.00
(d)? 0.00 0.00 0.00 0.00 0.00 0.00
()2 0.110.25 0.120.26 0.110.24 0.120.25 0.110.30 0.110.26
r [0.11,0.53] [0.11,0.49] [0.10,0.56] [0.11,0.53] [0.13,0.65] [0.11,0.57]
1106 1107 533625 1079 1531 0.500.58 614 690 744 687 1484 1641
at [577,3169] [376,1822] [750,7048] [0.34,1.12] [474,1186] [387,2063] [795,9522]
16161121 344308 699 1191 0.0002 0.0002 1074 1098 1332952 1639 1437
[66,6750] [15,3778] [24,23072] [0.0001,0.0005 [69,3235] [36,7012] [47,19776]
b4 ]
KA 2966 3318 1856 2190 37714902 3259 4094 25332793 2929 3427 29113531
[2003,6717] [1395,4336] [2568,9452) [2421,8326] [1953,4953] [2200,6912] [2101,9373]
A 0.410.50 0.620.66 0.630.56 0.36 0.40 - 0.440.54 0.410.46
[0.29,0.91] [0.31,0.97] [0.24,0.98] [0.26,0.67] [0.30,0.95] [0.26,0.93]
A 0.630.80 0.600.76 0.640.81 0.67 0.25 0.650.82 0.640.80
Or [0.59,1.07] [0.57,1.01] [0.60,1.10] [0.19,0.33] [0.63,1.11] [0.60,1.11]
., 15471424 1485 1429 1556 1419 1516 1427 17131532 1551 1419
Bjo19 [868,2246] [887,2217] [877,2242] [867,2272] [966,2364] [890,2272]
s 1456 1343 1397 1346 1464 1337 1426 1340 1566 1434 1460 1336
2019 [822,2079] [843,2083] [832,2109] [818,2127] [918,2202] [849,2115]
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ABH A4 ADD AMadO.l AMadO.Z AMjOAl AMjO.Z
Obj fn -721.8 -721.5 -720.3 -773.7 -753.6 -772.5 -750.3
—InL -761.5 -760.8 -758.1 -766.0 -776.0 -761.8 -761.7
—InLNov 0.38 -0.10 0.12 -0.11 -0.81 0.37 0.28
—InLE99 6.62 5.97 5.28 6.15 5.80 6.65 6.76
—InLree 19.38 19.66 16.18 18.57 16.83 18.86 18.04
—InLswrer -485.2 -483.7 -481.1 -488.1 -495.9 -485.0 -484.3
—InLeomP] -302.6 -302.7 -298.6 -302.5 -302.0 -302.6 -302.5
& 33.59 33.23 32.78 33.84 34.39 32.18 25.92
Growth -1.47 -1.48 -2.44 -1.23 -0.65 -1.47 -1.52
81, 83 -2.04 -2.04 -2.01 -2.05 -2.06 -2.04 -2.04
Nibgs.q 10.79 10.77 10.77 10.77 10.77 10.79 10.79
k# -1.19 -1.16 -1.24 -1.15 -1.11 -1.19 -1.20
), g - - - -47.9 -19.0 -49.0 -20.5
M7 1.2 1.2 1.3-2.0 1.2 1.2 1.1-1.3 1.0-1.6
M4, 1.2 1.2 1.3-2.0 1.1-1.3 1.0-1.6 1.2 1.2
o - - - - - 0.10 0.20
Oad - - - 0.10 0.20 - -
) ] ) 0.410.41 0.390.38 0.140.49 0.130.42
P [0.02,0.96] [0.03,0.87] [0.03,0.96] [0.03,0.96]
k# 0.890.88 0.900.88 0.880.87 0.900.88 0.910.89 0.890.88 0.890.87
[0.74,1.04] [0.74,1.04] [0.74,1.03] [0.75,1.05] [0.75,1.05] [0.74,1.04] [0.74,1.05]
kA 0.740.74 0.730.73 0.490.53 0.740.74 0.740.74 0.740.74 0.730.74
[0.58,0.92] [0.59,0.92] [0.39,0.73] [0.57,0.92] [0.56,0.93] [0.57,0.93] [0.57,0.92]
kg 1.00 1.00 1.00 1.00 1.00 1.00 1.00
8?2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4y 0.110.25 0.110.25 0.080.21 0.100.24 0.090.23 0.110.25 0.100.24
r [0.11,0.53] [0.11,0.54] [0.08,0.47] [0.10,0.52] [0.09,0.49] [0.10,0.54] [0.09,0.53]
1106 1107 11001119 4246 3387 11531126 12931168 11111108 11291075
a4 [577,3169] [579,3815] [2230,7932] [562,4360] [573,3884] [563,3612] [540,3052]
1616 1121 15771084 5483 3555 17401158 2116 1217 1680 1060 1868 1021
b4 [66,6750] [65,8529] [993,17074] [57,10404] [50,9504] [58,8145] [36,7212]
KA 2966 3318 30183439 10000 8452 30373369 32183461 29223276 2816 3260
[2003,6717] [2090,7405] [7037,9882] [2003,7981] [2080,7509] [2070,7125] [1973,6516]
A 0.410.50 0.42 0.50 0.410.46 0.410.50 0.390.49 0.410.51 0.390.51
[0.29,0.91] [0.29,0.92] [0.27,0.70] [0.28,0.92] [0.28,0.93] [0.28,0.92] [0.28,0.95]
0.630.80 0.630.80 0.610.76 0.650.79 0.65 0.80 0.610.78 0.510.75
or [0.59,1.07] [0.58,1.09] [0.58,1.03] [0.58,1.08] [0.60,1.08] [0.59,1.07] [0.55,1.04]
A 15471424 15311431 1681 1506 15141389 1447 1394 1552 1426 1561 1410
2019 [868,2246] [892,2221] [901,2372] [858,2222] [857,2252] [902,2332] [881,2270]
ey 1456 1343 1442 1348 1529 1365 1422 1305 1352 1305 1461 1346 14711331
2019 [822,2079] [852,2077] [827,2133] [814,2104] [795,2107] [858,2176] [831,2113]




Table 1 (continued).
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ABH AM2000+ AM1996+ Asur Acom Acom2
Obj fn -721.8 -746.4 -743.4 -719.5 -515.3 -727.8
—InL -761.5 -760.1 -759.6 -757.3 -731.5 -769.1
—InLNov 0.38 0.57 1.20 0.36 2.27 1.11
—InLE99 6.62 5.65 5.66 6.63 6.90 6.98
—InLrec 19.38 19.73 19.52 19.11 20.32 19.56
—InLsuwrpr -485.2 -487.36 -487.15 -483.4 -481.7 -487.3
—InLeomp1 -302.6 -298.72 -298.79 -300.0 -279.3 -309.5
& 33.59 7.88 10.63 33.16 32.74 34.18
Growth -1.47 -1.71 -2.01 -2.97 1.74 -2.44
81, 63 -2.04 -1.98 -2.00 -2.05 172.2 -
Nibgs.q 10.79 10.78 10.78 10.79 10.78 10.79
kf -1.19 -1.20 -1.19 -1.18 -1.25 -1.20
M7 1.2 1.2;1.5 1.2;1.5 1.2 1.2 1.2
M2, 1.2 1.2;15 1.2;1.5 1.2 1.2 1.2
0']' - - - - - -
Oad - - - - - -
P . . . . . .
kf 0.890.88 0.890.88 0.890.88 0.900.88 0.840.82 0.890.87
[0.74,1.04] [0.73,1.03] [0.74,1.02] [0.74,1.03] [0.69,0.97] [0.73,1.02]
kA 0.740.74 0.56 0.58 0.570.61 0.750.75 0.46 0.47 0.730.73
[0.58,0.92] [0.46,0.77] [0.46,0.80] [0.59,0.92] [0.36,0.61] [0.56,0.90]
kg 1.00 1.00 1.00 1.00 1.00 1.00
(d)? 0.00 0.00 0.00 0.00 0.00 0.00
()2 0.110.25 0.110.25 0.110.24 0.110.25 0.120.25 0.110.24
T [0.11,0.53] [0.10,0.55] [0.11,0.53] [0.11,0.51] [0.11,0.55] [0.10,0.52]
1106 1107 33492043 23832029 1102 1060 1584 1573 1094 1152
at [577,3169] [1071,41621] [1108,10541] [558,2986] [862,5668] (626,3861]
16161121 44771795 23791798 16881148 1070 672 1562 1191
b4 [66,6750] [66,81311] [234,18309] [45,7066] [27,6439] [87,7923]
KA 2966 3318 2449 2668 25822742 3063 3343 1961 2200 3000 3395
[2003,6717) [1658,6301] [1900,5012] [2087,6783] [1381,4690] [2086,7110]
pA 0.410.50 0.280.38 0.340.39 0.410.50 0.410.51 0.420.49
[0.29,0.91] [0.21,0.91] [0.23,0.75] [0.30,0.93] [0.28,0.94] [0.29,0.89]
0.630.80 0.44 0.44 0.620.79 0.620.78 0.640.79
Or [0.59,1.07] [0.58,1.05] [0.59,1.06] [0.60,1.07]
A 15471424 1540 1487 1599 1524 1549 1421 1748 1607 1558 1460
2019 [868,2246] [935,2359] [970,2446] [870,2297] [1023,2598] [938,2262]
ey 1456 1343 13711339 1435 1396 1470 1345 13171206 1468 1371
2019 [822,2079] [862,2113] [886,2203] [835,2167] [777,1920] [884,2120]
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Table 1 (continued).

FISHERIES/2020/SEP/SWG-PEL/90

ABH Akegg Akeggl Akeggz AIamR AIamN AIamNZ
Obj fn -721.8 -722.4 -722.2 -714.2 -717.7 -721.8 -720.4
—InL -761.5 -762.1 -762.1 -752.8 -756.9 -761.5 -759.7
—InLNov 0.38 -0.29 -0.60 2.52 8.64 0.38 5.00
—InLE99 6.62 5.73 5.55 8.03 8.38 6.62 6.89
—InLrec 19.38 20.06 20.44 18.32 11.24 19.38 16.78
—InLswrer -485.2 -485.0 -484.9 -482.5 -483.1 -485.2 -486.0
—InLcomp1 -302.6 -302.6 -302.6 -299.1 -302.1 -302.6 -302.4
& 33.59 33.82 33.98 32.94 33.25 33.59 33.20
Growth -1.47 -1.57 -1.61 -2.36 -1.49 -1.47 -1.41
81, 63 -2.04 -2.04 -2.03 -2.02 -2.03 -2.04 -2.04
Nibgs.q 10.79 10.77 10.77 10.83 10.79 10.79 10.78
kg -1.19 -1.27 -1.18 -0.78 -1.27 -1.19 -1.22
M7 1.2 1.2 1.2 12 12 1.2 12
M2, 1.2 1.2 1.2 1.2 1.2 1.2 1.2
0']' - - - - - - -
Oad - - - - - - -
P B ) B B N 3 B
kg 0.890.88 0.840.80 0.81 0.80 0.950.93 0.86 0.83 0.890.88 0.880.87
[0.74,1.04] [0.66,0.97] [0.68,0.94] [0.79,1.10] [0.70,0.98] [0.73,1.04] [0.73,1.03]
kA 0.740.74 0.700.68 0.68 0.68 0.700.74 0.700.69 0.740.74 0.730.73
[0.58,0.92] [0.51,0.85] [0.53,0.86] [0.56,0.95] [0.56,0.83] [0.56,0.92] [0.57,0.91]
A 1.00 0.840.77 0.75 1.25 1.00 1.00 1.00
9 [0.56,1.04]
(hy2 0.00 0.00 0.00 0.00 0.00 0.00 0.018 0.02
N [0.00,0.01]
(42 0.110.25 0.120.26 0.120.26 0.100.24 0.00 0.110.24 0.090.24
r [0.11,0.53] [0.11,0.55] [0.12,0.58] [0.10,0.50] [0.09,0.53] [0.10,0.51]
1106 1107 11611191 1199 1206 11841171 1260 1354 1106 1124 11451125
at [577,3169] [634,3390] [600,4372] [609,5821] [672,3170] [559,4830] [553,3211]
16161121 17151155 17801223 15121158 20211818 1616 1141 17251094
b4 [66,6750] [67,7352] [65,9565] [80,11869] [153,7417] [64,12141] [42,7901]
KA 2966 3318 31283647 3236 3670 2600 3108 2990 3659 2966 3435 3023 3313
[2003,6717] [2223,7438] [2196,8203] [1815,8334] [2260,6576] [2038,8249] [2027,6440]
A 0.41 0.50 0.410.52 0.410.51 0.400.48 0.380.43 0.41 0.50 0.41 0.50
[0.29,0.91] [0.30,0.92] [0.29,0.91] [0.28,0.89] [0.29,0.81] [0.28,0.91] [0.29,0.94]
A 0.630.80 0.640.81 0.64 0.80 0.620.79 0.630.73 0.630.80 0.62 0.79
Ir [0.59,1.07] [0.61,1.11] [0.62,1.09] [0.60,1.06] [0.57,0.98] [0.59,1.07] [0.59,1.07]
A 15471424 16331570 16931574 1496 1356 1972 2015 1547 1480 17201522
2019 [868,2246] [969,2551] [969,2458] [816,2202] [1393,2895] [886,2452] [910,2484]
ey 1456 1343 1540 1475 15971482 1362 1258 18571893 1456 1383 1618 1430
2019 [822,2079] [916,2371] [922,2320] [763,1989] [1312,2728] [832,2286] [853,2309]

8 Convergence not achieved, but as this was not considered a ‘key’ robustness test, a longer chain was not (yet) run.
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Figure 1. Model predicted anchovy recruitment (in November) plotted against spawner biomass from November 1984 to

November 2018, with the Beverton Holt stock recruitment relationship estimated for Agy at the joint posterior mode.
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Figure 2. Model predicted anchovy recruitment (in November) plotted against spawner biomass from November 1984 to 2018,

with the Beverton Holt stock recruitment relationships estimated for 1984-1999 (grey) and 2000-2018 (black) for Azgy at the joint

posterior mode.
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Figure 3. Model predicted anchovy recruitment (in November) plotted against spawner biomass from November 1984 to 2018,
with the Beverton Holt stock recruitment relationships estimated for 1984-1999 (grey) and 2000-2012 (black) and 2013-2018 (red)

for Asgy at the joint posterior mode.
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Figure 4. Model predicted anchovy recruitment (in November) plotted against spawner biomass from November 1984 to 2018,
with the Beverton Holt stock recruitment relationships estimated for 1984-1999 and 2013-2018 (black) and 2000-2012 (grey) for

Azshreturn at the joint posterior mode.
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Figure 5. Estimates stock recruitment relationships corresponding to the most recent historical years, and thus to be used in future
projections under Agy, Ag and Ays (no change over time), Azsn (2000-2018), Asgn (2013-2018), Azshrtn (2013-2018) as estimated at

the joint posterior mode (left) and as the ‘posterior median’® (right).
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Figure 6. The annual juvenile and adult natural mortality rates estimated for Agy, Aw;j (0 = 0.1 or 0.2) and Amad (044= 0.1 or 0.2).

% These curves correspond to those with stock recruitment parameter values at the posterior median, rather than a median of all of the individual
sampled stock recruitment relationships from the posterior distribution.
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Figure 7. The estimated relationship between juvenile and adult natural mortality in year y and the November y-1 biomass (left)

and the time series of natural mortality (right) under App at the joint posterior mode (solid line) and posterior median (dotted

line).
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Figure 8. Model estimated trawl selectivity at length (left) and average (over all years) model predicted and observed proportions-

at-length in the November survey trawls (right) for the baseline model (Agn) and sensitivity test Ag,,.
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Figure 9. Model estimated quarterly commercial selectivity at length for Agy, Acom and Acoma.
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Figure 10. Average (over all years) model predicted and observed proportions-at-length in the quarterly commercial catch for Agy,

Acom and Acoma.
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Appendix A: Bayesian operating model for the South African anchovy resource

In the below equations a “” 7 is used to represent an estimate of a quantity (e.g. biomass) from a source external to this model
(e.g. a survey). Model predicted quantities are represented by terms without any additional super-/sub-scripts other than

dependencies on, for example, year, length etc.

Model Assumptions

1) Allfish have a birthdate of 1 November.

2) Anchovy mature according to a length-based ogive with an annually varying Lso.

3) A plus group of age 4 is used.

4) A minus length class of 2cm and a plus length class of 16cm is used.

5) Natural mortality is age-invariant for fish aged 1 and older.

6) Two hydro-acoustic surveys are held each year: the first takes place in November and provides an index of abundance of
the total biomass; the second is in May/June (known as the recruit survey) and provides an index of abundance of
recruitment.

7) The November and recruit surveys provide relative indices of abundance of unknown bias.

8) The egg survey observations (derived from data collected during the earlier November surveys) provide estimates of
spawner biomass in absolute terms.

9) The survey designs have been such that they result in survey estimates of abundance whose bias is invariant over time.

10) Pulse fishing occurs four times a year, in the middle of each quarter of the assessment year (November to October).

Population Dynamics
The basic dynamic equations for anchovy, based on Pope’s approximation (Pope, 1984), are as follows, where y; = 1984 and

y, = 2019.

Numbers-at-age at 1 November

_yA _yA A _yA A
M = <<<(N3f_1,a_1e Ma-1.y/8 — ;.La—l) e~Mam1y/t — C;j.z.a-l) e Ma-iy/* — C;l.3.a-1> e Ma-1y/4 _ Cﬁ4,a—1> e~ Ma-1y/8

Numbers-at-length at 1 November
The model estimated numbers-at-length range from a 1.5cm minus group to a 16cm plus group, denoted 1.5 and 16*, respectively,
in the remaining text. The length class sizes are 0.5cm and, where length is used in an equation, the mid-point of the length class

is used. The model predicted numbers-at-length at the time of the survey are:
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= Teto YNy, y1 <y <y, 15 ecm<I<16*cm  (A2)
The model predicted numbers-at-length of ages 1+ only are given by:
N = Tt ASYT NG, Yy, <y<y,1l5-cm<i<16tcm (A3)
The proportion of anchovy of age a that fall in the length group [ at 1 November matrix, Ag'{", is calculated under the assumption

that length-at-age is normally distributed about a von Bertalanffy growth curve:

ASST~N(Loo (1 — e7*(@7t0)),92) 0<a<4",15cm<I1<16¥cm  (A4)Y

Natural mortality

Natural mortality is modelled to vary annually around a median as follows:

Mg, = M{'e®iv with &g, = 1{eg, and &, = pe),_; +1)3/1—p2,y >y, (A.5)
M{, = Miqeady with efsy, = n{§s, and e5? = peg?y +n5%/1—p% y >y, (A.6)

Biomass associated with the November survey

= Y18 s- N wf Y1 <Y<y (A.7)

November spawner biomass

The spawning stock biomass is:

SSBj = 2181 s~ AN wi y, <y <y, (A.8)
where
fi=1/(1 + e~(7Lsoy)/8™) <Y< (A.9)

Commercial selectivity
Commercial selectivity-at-length is assumed to follow the logistic shape, with a dome at high lengths. Commercial selectivity is
assumed to vary by quarter, but remain unchanged over time. Selectivity-at-lengths less than the smallest observed length class

(3.5cm) and greater than the largest observed length class (14.5cm) are taken to be zero. Thus we have:

0 1.5"ecm <1 < 3cm
P 1/(1 + e%a(=15%))  35cm < | < shreak . . (A10
= Sy<y,1=<q=< A.10
YA S, q1-re% Sbreak <1 < 14.5cm 1=V=n 1
0 15cm <1< 16%cm

Commercial selectivity-at-age is given by:

.
Syqa = 2it1s- ASRiSy a1 Y <y<y,1<q<40<a<4t (Al11)

The proportion of anchovy of age a that fall in the length group [ in quarter g, ;‘Z’; is calculated under the assumption that

length-at-age is normally distributed about a von Bertalanffy growth curve:

f]?cZilNN (Loo(l — e—K(a+(2q—1)/8—t0))'( 29— 1) 92 + 22 119a+1)

10 The proportion is calculated as the area under the curve between the lower limit and upper limit of length class I. The lower and upper tails
are included in the proportions calculated for the minus and plus groups, respectively.
11 These selectivities-at-length are renormalized so that the maximum is 1.
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1<g<40<a<4%, 15 cm<l<16%cm (A12)%?

Commercial catch

Anchovy quarterly pulse catches are split between ages using a model estimated selectivity:
_yA
C;,La = N;—l,ae Ma'y/BSy,l,aFy,l

A _(nA -M§,/8 A -M{, /4
(Y2a = (Ny—l.ae ay/ _Cy.l.a)e ar/%Sy 5.y

A A A
A _((NA . o-MAy/s _ A -MAy /4 _ ;A -MA, /4
(Y0 = ((Ny—l,ae * Cy,i,a) e " Cy.z.a) e Sy 5alYy 3

A _ A -M4,/8 A -M&, /4 A -M4, /4 A -M4, /4
Cy.4.a—<((Ny—1,ae ay/ _Cy,l,a)e ay/ _Cy,z,a)e /= Cflsq |eTME/2S, 4 o Fy g

VY <y<y,0<a<4t (A.13)
In the equations above the difference in the year subscript between the catch-at-age and initial numbers-at-age is because these

numbers-at-age pertain to November of the previous year.

The fished proportion of the available biomass from the anchovy fishery is estimated by:

12 14.5 ~RLF 14.5 ~RLF
_ Zm=1121=35Cy=1,m1+21=35Cy 1l

F,
»1 + -M4 /8
Zg:oN;‘—Lae ay/ Sy1,a
4 14.5 RLF
F _ 2m=221=3.scy.m,l
Y2 T ut (va MBy/s_ A ) —MAy/a
Za:o(Ny—l,ae ay ‘Cy,1,a)e YISy 2.4
7 14.5 RLF
F 2m=521:3.scy.m,l
.3

A A A
4t A -M&y/8_ A -Mgy/4_ A -ME /4
2a=0<<Ny—1,ae @y _Cy,l,a>e @y _Cy,z,a e Ay Sy3,a

145 ~RLF
Th=g X

—2eC
_ 1=35%y,m,l 13
Fya=— " " " " Y1 =y <y (A14)
Zgz(,(((N;‘}_Lae_ a,y/8_(:5,4,1,a>e_ a.y/4_c3‘,“,2,a>e_ a.y/4_(;5,4'3_a>e_ a,y/4sy,4,a

A penalty is imposed within the model to ensure that S,, | F, ; < 0.95 for all [.

Recruitment

Recruitment at the beginning of November is assumed to fluctuate lognormally about a stock-recruitment curve (see Table 1):

2
Nio = f(SSBf)ess—05(o#) V1 <Y< (A.15)

Number of recruits at the time of the recruit survey

The following equation projects N;‘_O to the start of the recruit survey, taking natural and fishing mortality into account:
A A A A
N;fr _ (((N;x_we—mo,y/s _ szq,i,o) e~ MEy/4 _ szq,z,o) o~(1/8+05ty/12)ME)y, C;l,obs> o~ (05ty/12)M8,

V2 SY S Y (A.16)

The recruit catch from 1 May to the day before the survey is calculated as follows

12 The proportion is calculated as the area under the curve between the lower limit and upper limit of length class [. The lower and upper tails
are included in the proportions calculated for the minus and plus groups, respectively.
13 The range of length classes used in these summation matches the range of length classes in the observations which is a smaller range than the
maximum range modelled of 2'cm to 167cm.
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A A A
C;’Obs = <(N5}4_1’0e—M0,y/8 — Cfl,1,o) e Moy/4 _ C;l,z,o) e—(1/8+0.5ty/12)M0‘ySy‘s‘OFy'bs v, <y <y, (A17)
where
1:}.5 CRLF
Fy,bs — YiZ3s y,bs,L ¥, < y < v, (A.18)

+ -M4 /8 -MA /s —(1/8+0.5ty/12)M4
23.:0((1"}4—1,(16 ay/ ‘534,1,11)3 ay/ ‘%ﬁ‘,z,a)e @/ ¥/12) “YSy3,a

A penalty is imposed within the model to ensure that S, , F,, ,,; < 0.95 for all [.

Proportion-at-length associated with the November survey

The model predicted proportion-at-length associated with the November survey is'*:

NA Ssurvey
A _ v <y< (A.19)
Py, $I55 N;jlslsurvey YiSY=DYn A
where
0 l=1.5"
1
survey __
S, = Trermc Gy 57 2cem <1 < 15.5cm (A.20)
0 l=16%

Proportion-at-length associated with the commercial catch

The commercial catch-at-length from the anchovy fishery is:

A _ V4+ A -MA,,/8 gcom
Cy,l,l = Lia=0 Ny—l,ae ay A1,a,15y,1,le,1
A _ Y4+ A -M2,/8 _ A -MZ,/4 gcom
Cy,z,l — Lia=0 (Ny—l,ae @y Cy,l,a) e "y AZ,a.l y,Z,IFy,Z
A _ 4+ A -M4,/8 A -M2,/4 A -MA,/4 gcom
Cy,3,l — Lia=0 ((Ny—l,ae ayi= = Cy,l,a) e "aT— Cy,z,a e "y A3,a,lSy.3.le.3
CA = Y4t NA . g~Miy/8 _ cA )\ o~Mly/4 _ cA ) o~Miy/4 _ A e~Méy/4 gcom F
y,4,l — La=0 y-1,a y,1,a y,2,a y,3,a 4,a,l°y4,l1'y,4

yi<y<y,l5 cm<l<16*cm (A.21)

The model predicted proportion-at-length by quarter in the commercial catch® is:

CA
oA VISYSY1<q<435m<I<14.5cm (A.22)
y.a.l 21535 Cyq1

Fitting the Model to Observed Data (Likelihood)

The survey observations of abundance are assumed to be log-normally distributed. The standard errors of the log-distributions
for the survey observations of adult biomass and recruitment numbers are approximated by the CVs of the untransformed
distributions and a further additional variance parameter. A “sqrt(p)” formulation, rather than the “adjusted lognormal” (“Punt-
Kennedy”, Punt and Kennedy 1997) error distribution formulation, is assumed for the estimated proportions-at-length particularly
as it can deal with occasional zero observations more easily. This “sqrt(p)” formulation mimics a multinomial form for the error
distribution by forcing near-equivalent variance-mean relationship for the error distributions. The negative log-likelihood function

is given by:

14 Note the model predicted survey proportion of lengths 1.5°cm and 16*cm is zero, given a zero survey trawl selectivity in equation (A.19). This
is consistent with the range of length classes in the observed trawl survey proportions-at-length.
15 Note there model predicted commercial catch of lengths <3.5cm and >14.5cm is zero, from a zero commercial selectivity in equation (A.9).
This is consistent with the range of length classes in the observed commercial proportions-at-length.
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(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)

16 Although strictly there may be bias in the proportions of length-at-age data, no bias is assumed in this assessment. The effect of such a bias

is assumed to be small.
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Table A.1. Assessment model parameters and variables.

Parameter / Descrintion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution 9
N;,“,a Model predicted numbers-at-age a at the beginning of November in year y Billions Al
N{‘}BSS,S =
A
Nibgs,0~N(51,302) Niogs e M2 A
’ ’ A dM =
Nigsa Initial numbers-at-age a Billions Niygs 1 ~N(143,20%) Nogs ot = ssum;IA ad,1983
Nibgs,~N(349.6,5%) oM ad,1984
@ Nisg3 3 ——
(o] 1-e
g N;,“,l Model predicted numbers-at-length [ at the beginning of November in year y Billions A2
% N;QH Model predicted numbers-at-length length [ at the beginning of November in year Billions A3
S ’ y of anchovy ages 1+ only
& . . I . Th d
9 B;‘ Model predicted total biomass at the beginning of November in year y i’s;zn A7
€
2 Using model viii) in
© November from de
g wi Mean mass of anchovy of length [17 (in cm) during November Grams wi = 0.0079 x [3:0979
= Moor and
< Butterworth (2015)
Th
SSB;,‘1 Model predicted spawning biomass at the beginning of November in year y ig:nd A8
fy“_‘l Proportion of anchovy of length [ (in cm) that are mature in year y A9 de Moor (2020a)
Lso,y Length at 50% maturity in year y Cm Table A.3 de Moor (2020a)
smat Rate of increase in maturity at length - 0.34245 de Moor (2020a)
cA Model predicted number of anchovy of age a caught during quarter g*® from 1 i AL
y.a.a November y —1to 31 October y Billions )
< E, 4 Fished proportion in quarter q of year y for a fully selected length class [ - A.13
& Cﬁobs Number of recruits caught between 1 May and the day before the start of the Billions A 16

recruit survey in year y

Fished proportion between 1 May and the day before the start of the recruit

F. . - A.17
ybe survey in year y

17 Where length is required in an equation, the mid-point of the length class is used.
8 The quarters are ¢ = 1: November-January; ¢ = 2: February-April; ¢ = 3: May-July; ¢ = 4: August-October.
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Table A.1 (continued).
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Parameter / Descrintion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution q
. A.5 and
M Rate of natural mortality of age a Year? Aasn
' From de Moor (2016)
E MJA Median rate of natural mortality for age-0 anchovy Year?! 1.2
g Mz, Median rate of natural mortality for 1+ anchovy Year? 1.2
E g; Annual residuals about natural mortality rate for age-0 anchovy - A5
g sf,‘d Annual residuals about natural mortality rate for 1+ anchovy - A.6
2 ni Normally distributed error in calculating 83]; - ~N(0, 6‘,-2)
nge Normally distributed error in calculating e3¢ - ~N(0,0Z;)
gj Standard deviation in the annual residuals 7;, - 0 From de Moor (2016)
Oad Standard deviation in the annual residuals r);‘d - 0 From de Moor (2016)
p Annual autocorrelation coefficient - 0 From de Moor (2016)
Sy November survey trawl selectivity-at-length [ - A.19
[sur Length class number at which the survey selectivity-at-length is 50% Ligitsh U(3,21) "
osur Steepness of the survey selectivity-at-length relationship U(0.005,5)
Syl Commercial selectivity-at-length [ during quarter q of year y - A9
=z Syaa Commercial selectivity-at-age a during quarter q of year y - A.10
= - - . - . _ _ _
E " Steepness of ascending limb of logistic part of commercial selectivity curve during U(—=10,0), Y, = 3 Uninformative
G quarter q P,
150, Length at which ascending limb of logistic part of commercial selectivity is 50% cm ~U(3,10), 150, = 150, Uninformative
during quarter g
Rate of exponential decrease in commercial selectivity at large lengths during &, = §,~N(-0.38,0.5%) .
S, - 12 ’ See A dix B
q quarter q 83 = §,~N(—0.75,0.04?) €€ Appendix
Length at which commercial selectivity starts to decrease during quarter g Length Spreak — 15, ghreak — 16,
b k 1 A ’
Skrea class sbreak _ ghreak _ 14 From de Moor (2016)

19 Length class 3 corresponds to 2.5cm, length class 21 corresponds to 11.5cm and length classes 14-16 correspond to 8.5-9.5cm.
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Table A.1 (Continued).

Parameter/ Descrintion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution 9
h4 Steepness associated with the stock-recruitment curve® - ~U(0.2,1)
. . Thousand
K4 Carrying capacity tons K4/1000 ~U(0,10)
P P ., 4h* K4
- i a” = — — — —
oA ;Foﬁk recruitment curve parameter, related to h“ and K4, for Beverton Holt and i (5hi — 1)( 2:1ﬂAW£e,M;L(a,1)MEAd +ﬁ,iwf+e’Mf’3MﬂAd/(1 =y )
icker curves _ N N
fi= izm Yidis- fy“,‘zAle,llr andwg' = X8 - WlAAzszl,llT
= 2 Stock-recruitment curve parameter, related to h“ and K4, for Beverton Holt and  Thousand L, (@ —=hMHK4
o B Ri B =i
£ icker curves tons (5h4 —1)
)
E s ~N(0,(6#)?), 31 <y <1999
S £ Annual lognormal deviation of recruitment - 2
g y ~N (0, (63000+)"),2000 < y < 3,y
Lower bound chosen
to restrict the
. . . _— . influence of the
(c4)? Variance in the residuals (lognormal deviation) about the stock recruitment curve - ~U(0.16,10) .
stock recruitment
curve on the
assessment results
N4 Model predicted number of recruits at the time of the recruit survey in year Billions A.15
Y, Yy

20 The proportion of the median virgin recruitment that is realised at a spawning biomass level of 20% of average pre-exploitation (virgin) spawning biomass, K.
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Table A.1 (Continued).

FISHERIES/2020/SEP/SWG-PEL/90

Parameter / Descriotion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution q
e Multiplicative bias associated with the November acoustic survey i In(kA)~N(=0.158,0.1122) de Moor et al.
(2020a)
(2] . . . . . .
Ko 4 Multiplicative bias associated with the November egg survey From de Moor et al.
° kg - 1.0
g (2020b)
g Recruit survey
= assumed to cover
= less of the recruits
4 S . . . . i AJLA
§ k? Multiplicative bias associated with the recruit survey k#/kfi ~U(0,1) than the November
survey covers of the
total biomass
pA Model predicted proportion-at-length [ associated with the November survey in i A1S
< vl yeary .
S ol Proportion of anchovy-at-age a that fall in the length group [ in November - A4
f;’ com,A Model predicted proportion-at-length [ in the commercial catch during quarter q of i A21
_rccu vl yeary '
E" g";’f Proportion of anchovy-at-age a that fall in the length group [ in quarter q - A1l
2 L Maximum length (in expectation) of anchovy Cm ~N(11.05,1.1052) From de Moor (2016)
© L,
o K Annual somatic growth rate of anchovy Year? 10 ~N(2.915,0.2922) From de Moor (2016)
o
‘g to Age at which the length (in expectation) is zero Year ~N(0.112,0.1%) From de Moor (2016)
ey 9,~N(2.0,0.152) From de Moor (2016)
o 9, Standard deviation of the distribution about the mean length for age a - 9,~N(1.2,0.182)
9,+~N(1.0,0.1%)
o 23;51 £ &
o s, Recruitment serial correlation - 2 2
5 Yn—2 EA) yn_Z(SA )
S y=yi\"Y y=y1\“y+1
% 773[},1—1 Standardised recruitment residual value for final year - g;‘n_l
5 A
i Or2000*
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Table A.1 (Continued).

FISHERIES/2020/SEP/SWG-PEL/90

Parameter / Descrintion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution 9
_InNov Contribution to the negative log likelihood from the model fit to the November i A3
total survey biomass data ’
—InLE99 Contribution to the negative log likelihood from the model fit to the November A4
egg survey spawner biomass data )
_InLrec Contribution to the negative log likelihood from the model fit to the recruit survey i A5
data ’
Il surpropl Contribution to the negative log likelihood from the model fit to the November i A.26
survey proportion-at-length data ’
_ I .compropl Contribution to the negative log likelihood from the model fit to the quarterly A27
commercial proportion-at-length data '
i, . 4 \2 . .
(/11/\1/)2 Additional variance, over and above (Uy,N) , associated with the November ) 0 See robustness tests
- survey
o 2 . .
° (A4)? Additional variance, over and above (o), associated with the recruit survey ~U(0,100) Uninformative
I . . . de Moor et al.
= (pA)? Additional hydro-acoustic survey variance - 0.197?
(2020a)
wSEr Weighting applied to the survey proportion-at-length data - 0.2 To allow for
prop ghting app y prop & ' autocorrelation?
Yn 13 2 Yn 13 al df
A I . . S i {AA _ [4 osed form
Osur Standard deviation associated with the survey proportion-at-length data Z Z ( Py py,l) /Z Z 1 solution??
y=y, 1=7 y=yy 1=7
wgem Weighting applied to the commercial proportion-at-length data 0.05 To allow for
prop ghting app prop g ) autocorrelation?
2
. L. . . . . y 4 12 AAcoml A,coml y. cl df
ol Standard deviation associated with the commercial proportion-at-length data - y1y1 q=1 2iss (\/py.q,l \/py.q.l ) /Zyly osearorm

solution?*
8

21 Based upon data being available ~5 times more frequently than annual age data which contain maximum information content on this

22 A shorter range of lengths (7cm < | < 13c¢m) is used given the near absence of data outside this range, resulting in small/zero residuals, which would negatively bias this estimate.
23 Based upon data being available ~4x5 times more frequently than annual age data which contain maximum information content on this

24 A shorter range of lengths (5cm < | < 12c¢m) is used given the near absence of data outside this range, resulting in small/zero residuals, which would negatively bias this estimate.
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Table A.2. Assessment model data, detailed in de Moor et al. (2020c).

Units / Shown in

Quantity Description Scale Figure
Cf‘f,’;l Observed number of anchovy in length class | caught during month m of year y%° Billions
CRLF Observed number of anchovy in length class [ caught from 1 May to the day before the Billions
Ybs  start of the recruit survey in year y
ty Time lapsed between 1 May and the start of the recruit survey in year y Months
A . . . . Th d Fi 1
B;,“ Acoustic survey estimate of total biomass from the November survey in year y ?;;2” lsure
A . . L BA . . Figure 1
Oynov  Survey sampling CV associated with By’ that reflects survey inter-transect variance -

BA,., E timate of biomass from the Novemb i Thousand o re
ie9g gg survey estimate of spawner biomass from the November survey in year y tons igure
af_egg Survey sampling CV associated with B;,“_egg estimated from inter-transect variance Figure 2
- Fi

N;‘_r Acoustic survey estimate of recruitment from the recruit survey in year y Billions lgure 3

A . . L A . . Figure 3

Oyr Survey sampling CV associated with Ny, that reflects survey inter-transect variance -

.4 Observed proportion (by number) of anchovy in length group [l in the November survey i

Py of yeary

.acom Observed proportion (by number) of anchovy commercial catch in length group [ during
Yl quarter q of year y
Table A.3. Annual length (in cm) at which maturity is 50% (de Moor 2020a).

Year Lso,y Year Lso,y Year Lso,y
1984 9.1134 1996 8.9407 2008 8.9242
1985 9.0202 1997 9.2542 2009 8.7953
1986 9.3520 1998 9.5677 2010 9.1743
1987 9.2447 1999 9.4205 2011 8.0616
1988 8.3041 2000 9.2733 2012 8.5990
1989 8.1260 2001 9.1262 2013 8.4963
1990 8.3041 2002 8.9790 2014 9.5811
1991 8.4710 2003 8.7764 2015 8.4884
1992 8.3760 2004 8.5737 2016 8.6887
1993 8.3482 2005 9.2778 2017 9.7874
1994 8.3205 2006 8.7027 2018 8.0245
1995 8.6273 2007 8.3006 2019 8.4571

25 This is the observed length-frequency adjusted such that the expected mass calculated using the weight-at-length relationship matches the
observed catch in tons (de Moor et al. 2020c). The weight-at-length relationship applied to these commercial data is taken to vary by month, as
obtained from fitting an inverted normal distribution for the “a parameter” to monthly commercial data from 1984 to 1996 (de Moor and
Butterworth 2015).
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