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This document details the framework to be used to simulation test candidate MPs during the development of OMP-
18rev. A summary of assumptions made in this simulation testing framework are listed below. Appendix A provides

the full details, with data used listed in the tables at the end of the Appendix.

While four alternative possible combinations of directed >14cm sardine TACs and associated <14cm sardine TABs by
area / component were considered during OMP-18 development, only option (iii) and option (iv) below, and a
combination option with single-area and two-area TAC/Bs under different circumstances with two sardine components

are being considered for OMP-18rev.:

i) A single area sardine TAC/B and a single sardine stock.

ii) A two-area sardine TAC/B and a single sardine stock.

iii) A single area sardine TAC/B and two sardine components.
iv) A two-area sardine TAC/B and two sardine components.

The following assumptions are made in the implementation simulation of Candidate MPs for each of the above four
alternatives:
iii) The TAC/Bs are split by component in a pre-defined year-specific proportion.
iv) The TAC/B for west of Cape Agulhas is assumed taken from the west sardine component and the TAC/B
for east of Cape Agulhas is assumed taken from the south sardine component.

All other sardine bycatches are assumed to be taken from the single or west component only.

Summary list of assumptions made in the framework to be used to simulation test OMP-18rev

1) Half the sardine is caught between 1 November and 30 April and half from 1 May to 31 October.

2) Half the juvenile anchovy is caught between 1 November and 30 June and half from 1 July to 31 October.

3) Half the adult anchovy is caught between 1 November and 31 March and half from 1 April to 31 October.

4) The assumptions made during the development of the underlying operating models (de Moor 2020a,b), such
as maturity ogives (in recent years) and stock-recruitment relationships and differences in these assumptions
between alternative operating models (robustness tests), are carried forward during projections.

5) Inthe underlying operating model which assumes two sardine components, the movement of west component
sardine to the south component in November is assumed either to be i) dependent on a relationship with the
west component total biomass from the previous November, or ii) random based on movement estimated
between 2010 and 2019.

6) The recruit survey is simulated to commence mid-May each year.

*MARAM (Marine Resource Assessment and Management Group), Department of Mathematics and Applied Mathematics, University
of Cape Town, Rondebosch, 7701, South Africa.
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7) All directed sardine catch and >14cm sardine bycatch with round herring and anchovy is split into age groups
according to the selectivity-at-age estimated by the underlying operating model. The >14cm sardine TAB with
round herring and anchovy, assumed to originate from the single or west component, is not always assumed
taken; the bycatch is drawn from a distribution based on the historical bycatches with a maximum of
TABf,ybig_rh = 7000t

8) All TABs for <14cm sardine are assumed to consist of 0-year-old sardine.

9) Half of the <14cm sardine bycatch with round herring, TABjsma”‘rh = 1000t, assumed to originate from the
single or west component, is caught by the time of the recruit survey (mid-May). This full TAB is simulated to
be caught each year.

10) The maximum amount of <14cm sardine bycatch in the directed (>14cm) sardine catch used to set the sardine
TAB, wj, is not always assumed taken; a proportion is drawn from a distribution based on the historical
proportions with a maximum of w;. The historical proportions for the total area are used only for the single-
area single-component scenario, while the historical proportions by west and south coasts are used for all
other alternatives.

11

N

60% of the <14cm sardine bycatch with directed sardine is caught by the time of the recruit survey (mid-May).

12) Half of TAB# = 500t is taken by the end of June, with the remaining half taken by the end of the season.

~

13) The initial anchovy TAC, TACl'A, is caught by the end of June, and 76% of this is caught by the end of May with

~

the remaining 24% caught during June.

14) 29% of the total anchovy catch landed by the end of June (TAC;'A + %TABA) are juveniles caught by mid-May.

15) The annual adult anchovy catch is 38% of the anchovy catch landed by the end of June (TAC;'A + %TABA).

16) The juvenile (£14cm) sardine bycatch with anchovy is assumed to be taken from the single or west sardine
component.

17) The juvenile (<14cm) sardine bycatch with anchovy from January to 31 May is 1.327 times that from January
to mid-May.

18) The juvenile (<14cm) sardine bycatch with anchovy over the months of June to December is taken to be a
proportion of the anchovy catch during these months, with the monthly proportions and variances being
estimated from the monthly juvenile sardine to anchovy ratios, based upon historical catch monthly
observations and draws from model predicted recruitment.

19) In the implementation of the juvenile (<14cm) sardine bycatch with anchovy, correlations in the juvenile single
stock or west component sardine to anchovy ratios apply between successive months only.

20) In the implementation of the juvenile (<14cm) sardine bycatch with anchovy, 42% of the July to December
anchovy catch is taken in July, 26% in August and 20% in September.

21) For all catches simulated, an upper limit is placed on the industry’s efficiency by assuming that no more than
95% of the selectivity-weighted stock abundance may be caught.

22) The ratio of juvenile single stock or west component sardine to anchovy in May (and used in the Harvest Control

Rule), 7, is restricted to a maximum of 0.5.
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23) The ratios of juvenile single stock or west component sardine to anchovy in the months of June, July, August,
September and October to December, used in simulating how much juvenile sardine is actually caught, are
restricted to a maximum of 0.5.

24

-

Implementation simulation does not account for the closure of the anchovy fishery if the initial sardine bycatch
with anchovy allowance is reached, although the sardine bycatch is limited by this allowance.

25

~

Implementation simulation accounts for the closure of the anchovy fishery if the final sardine bycatch with
anchovy allowance is reached, by proportionally decreasing the amount of juvenile anchovy catch simulated
to be taken within a year.

26) Future survey observations are generated taking the historical correlation between the single stock or west
component sardine and anchovy into account, and the variance is based on a regression between historical
survey CV and model predicted abundance.

27) TAC/Bs and anchovy catches already known for 2020 have been used instead of model simulated observations.

The survey recruitment observation simulated to occur in mid-May 2020 is checked against the confidence

intervals of that observed by the survey in June 2020.
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Appendix A: The framework used to simulation test a joint MP for South African sardine and anchovy: OMP-18rev

In this appendix, the framework used to simulation test OMP-18rev is detailed. The framework consists of a population
dynamics model for future simulation of the effects of alternative MPs on the sardine and anchovy populations, an
implementation model which generates future catches-at-age given annual TAC/Bs, and an observation model which
generates the necessary data (in this case, catch and survey data) to be input into the Harvest Control Rules. Catches-
at-age are given in numbers of fish (billions), whereas the TACs and TABs are given in biomass (in thousands of tons).

All parameters are listed in Table Al.

Population dynamics model

Given the numbers-at-age at the beginning of the projection period (i.e., November 2019), values for future catches
output from the implementation model, C]y o =35, A4 (see below), the population dynamics model projects numbers-
at-age and spawning biomass at the beginning of November for 2020 < y < 2040 as follows. The sardine adult catch
is assumed to be taken half way between 1% November and 31%t October each year!. The anchovy juvenile catch is
assumed to be taken as a pulse at 1°t July and the adult catch is assumed to be taken as a pulse at 1% April. All notation

allows for multiple components of both species, though only a single stock for anchovy is considered in all Operating

Models (OMs).

Sardine: I\Iji'flred = (I\I]Syprf‘;e_ Mju/2 _ (,‘ji'f"ge‘i) e~ Mju/?
NpTred = (NJPTee_ e Maal2 — ¢Pied) e~ Maal?, 2 < a < 4
I\Gsypsrfd N]Syprle'ie— Sa/2 Cj?f:ed) e~Maa/? 4 (N}Syprf(; e—Maa/2 _ C}Sypg‘fd) o-MSa/2
szpred Yat Msypz: o Wi
SSB]?J'/pred 2ot f} a ]szed Jsa (A1)
Anchovy: 1\/]_1':’1”‘1 = (N]Ayprlege—smju/lz Cj,'q},/z‘uored) o tMA/12

NA,pred _ (NA IJTEde—SM /12 _ CA,pred) e_7Mgd/12

Jy.2 Jjy-11 Jy1
Apred Apred —pmA
ad
Niys jy-12€

Apred Apred _pA Apred _pmA
= ad d
Nj.y.4+ N}y 13€ +Ny 14¥€ ¢

A red Apred — A
p Z N P

jy.a W] a
Apred __ A pTEd A
SSB]UY Z 1]3 aViya Wja (A.2)

In the two component OM of sardine, movement of west component (j = 1) sardine to the south component (j = 2)

at the beginning of November, is modelled in one of two ways:

1 The sardine stock assessment was fit to quarterly commercial proportion at length data and thus catch was modelled to be taken
quarterly (de Moor 2020b). The catch tonnage between 1984 and 2015, however, is almost equally split from 1 November to 30
April and 1 May to 31 October.
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i

MoveR: For simulation i, age-1 movement, move,, , for y; <y <, is drawn randomly from move;l for
2010 <y < 2019.
MoveD: For simulation i, age-1 movement is a function of the west component November biomass in the

previous year (Appendix E of de Moor 2020b), i.e.

movey, = a'Byn M + bt (A.3a)
*[
. expymove,, 1+§
move.,; = {—yﬂ,y}, where §,~N(0,0?), (A.3b)
1+exp{movey'1+§y}

where a!, b, and o; are obtained from conditioning the above model to the historical data (Appendix E of de Moor
20e). Then the proportion of age 2+ sardine moving is given by move, , = ¢ X move, 4, and the numbers-at-age in

equation (A.1) are updated with:

S,pred __ _ S*
Nl,y,a - (1 movey,a)Nl.y,a
S,pred _ prS* S*
NoYya = Nzyatmove,oNiy, ViSY=W (A.4)

where N]Sya is simply the numbers-at-age a given by equation (A.1) prior to movement.

Letting f(effSSBjﬁred) denote the stock recruitment relationship of the chosen model, with parameters a}' and b},

then future recruitment I\Iji%ed is assumed to be log-normally distributed about a stock recruitment relationship as
follows?:
. . . 2

ipred _ ipredy &t ot —0.5(ct
NIPTed = f(ef fSSBLET) e 05 ) (A.5)
where

. . . . . 2 .
&y = Sicor&y-1 1 W, fl — (s},wr) , where w; ,~N(0,1) (A.6)

These standardised residuals, sji,y, are restricted to the historical minimum and maximum residuals3. In addition, future
anchovy recruitment is restricted to a maximum of the 99%ile of that estimated in the peak recruitment year (November
2000), while sardine recruitment is restricted to a maximum of the 99%ile of that estimated in all years excluding the
pulse-years of Novembers 2000-2002.
In the two component OM of sardine, some south component (j = 2) spawner biomass is assumed to contribute to the
west component (j = 1) “effective” spawner biomass at the beginning of November:

i,pred i,pred i,pred
effSSB;*" = SSB,)" + pSSB,Y NM<Y<I (A.7)
and the south component recruitment is simulated from a “two step” model, independent of spawner biomass
(Appendix B of de Moor 2020b):
Jmv0l Ry + €, if €l = p”

. . -2 . .2
where g, ~Random|[0,1], €; ,~N (0, o} ) and €3 ,~N (O, o, ) (A.8)

and bounded to be within the historically estimated range.

2The e_O'S(U;W)Z is not used for sardine when a stock recruitment function was estimated after conditioning of the Operating Model
(de Moor 2020b).
3 Any values outside this range are set to the minimum/maximum, rather than re-sampled, to ensure the sequence of random
numbers remains unchanged between OMs.

5
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Implementation model

The candidate MPs output the following TAC/Bs:

1)
2)
3)
4)

5)

6)

7)

An annual directed >14cm sardine TAC, TAij, which may be split by area (TAC;'W and TAC;'S) in a candidate
MP which allocates sardine TAC west and south of Cape Agulhas.

An initial and final anchovy TAC (TAC;'A and TAC;'A).

An annual time-invariant anchovy TAB for sardine only right holders, TAB4.

An annual time-invariant >14cm sardine TAB with directed round herring and anchovy fishing, TABlfL-g.

An annual time-invariant <14cm sardine bycatch with round herring, and to a lesser extent with anchovy,
TABnaurn-
For each sardine TAC in 1) there is a corresponding <14cm sardine TAB with directed (>14cm) sardine,
TAB;,smalll which may be split by area (TAB;':Vma” and TAB;'SSma”) in a candidate MP which allocates sardine

TAC west and south of Cape Agulhas.

For each anchovy TAC in 2) there is a corresponding <14cm sardine TAB with anchovy, TAB;'S

,anch and

TAB?S

y,anch*

Given these TAC / TABs output from the MP (in thousands of tons), the implementation model simulates the

implementation of these catch limits by the industry to yield future catches-at-age (in billions).

Defining TACj“‘qy to be the directed >14cm sardine TAC assumed taken from component j, the following separation of

TAC by component is effected:

i)

iv)

A single area sardine TAC/B and two sardine components: TAny = TTAC)‘? and TACfly = (1—-1)TACS,
and TABiq,y,small = TTABSS/‘,small and TABiq,y,small = (1 - T)TABJS/‘,small
A two-area sardine TAC/B and two sardine components: TAny = TAle’W and TACZS_y = TACj’S, and

TABS ), smau = TAB, wmqu and TABS , oy = TAB, s

y,smal y,small*

The annual proportion of sardine catch taken west of Cape Agulhas was found to have a relationship with the ratio of

the TAC in a particular year to the west component total biomass in November of the previous year (Appendix D of de

Moor 2020b). Thus, for simulation i we have

T, = 9‘1(1 - exp{—g‘2 Bl_;_l/TAC)S,‘}) (A.93)
(A.9b)

where $3i,~N(0,1), and the restriction 0 < 7}, < 1 applies.

Sardine directed catch

The directed sardine catch is simulated using selectivity-at-age estimated by the OM:

Ciya™ = Niyliae “Maa/2§5 Fy, 1< a <5t (A.10)
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TACS,+£,TABy S @Y
where Fj), = —— o p— - , (A.11)
5 ,pre s WS ,pre —M 268 S
Nj,y—l' e S ]OC+Za 1N]y 1,a ad S]a ]aC

Anchovy 1-year-old catch

Between 2006 and 2015, the total (annual) 1*-year-old catch in tons constituted, on average, 38%* of the anchovy catch
biomass between January and June (the period to which TAC;‘A and half of TAB4 is taken to apply). Almost all of this
catch consisted of 1-year-olds (de Moor 2016). The anchovy 1-year-old catch is thus taken to be:

d TACYA+0.5TABA
CoPTet = 038 x —X———. (A.12)

Wic

Anchovy 0-year-old catch

Between 2006 and 2015 the anchovy juvenile catch in tons from 1% January to 30%" April, together with half the May
juvenile catch in tons was 29%° of the total anchovy catch biomass from January to June. Using the above assumption
that TAC;'A and half of TAB“ is caught by the end of June, the anchovy 0-year-old catch taken prior to the recruit survey
is:

Apred TACYA+0.5TABA
Cyyops = 029 X —F—r——. (A.13)

Woc

and for the whole year:

cirred = Wi(‘?c (TAC}* + TABA — wi.c e (A.14)
Sardine 0-year-old catch prior to the recruit survey

The 0-year-old sardine catch prior to the recruit survey is based on the January to mid-May bycatch occurring with i)
round herring, ii) >14cm sardine in the directed fishery, and iii) targeted juvenile anchovy, in addition to some larger 0-
year-old sardine being landed as directed sardine. It is assumed that half the <14cm sardine bycatch with round herring
occurs before the recruit survey, and the other half after the recruit survey. Itis further assumed that 60% of the <14cm
sardine in the directed sardine catch is caught by the time of the survey. It is assumed that all 0-year-old sardine landed

in the directed >14cm fishery occur after the recruit survey:

draw S,pred 1,A
Spred __ TITABsmall rh @iy TACly 1,y-10 g Ny i TACy 6
Clly’()bs =0.5 — + 0.6 — + Kjanmay —Apred Sreq € Janmaylly.janmay X 0.26 —s—,
W3 0c Wioc 1y-1,0 Wioc
draw S
S,pred __ TZTABsmall rh w3y TAC3,
Cyyops = 0:5 w5, + 0.6 w5, , where 1, ianmay~N(0,1) (A.15)
c c

Sardine 0-year-old catch (in billions)
In modelling the total sardine juvenile bycatch, the following approach is used. If the full TAB with anchovy were caught,

the total juvenile sardine catch by mass would be

S
cirred = fl ((/1 TACy" +1,(TAC;™ = TAC,™)) + £ TABS i n + a)deTACly) NPT M 2gS F

437% for 1984 to 2015
527% for 1984 to 2015

S Wi - ik SO
With the restriction that kjanmay —75req € 7/enmaerivjanmay < 0.5. See footnote 7.

1,y-1,0
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CoPed = o TABS it + @V TACS,) + NyPTete™ M/ 285 0Fy, (A.16)

where

Ay = max{yy,ry}, (A.17)

Ty = %(Ty.sur +17y,com), and (A.18)
S,obs

1y sur = z}ib (A.19)

During simulation’, the sardine bycatch to anchovy ratio in commercial catches in May, is given by:

S,pred

N.

— 1yr 0, £

Ty.com = kmay Aprede maytymay, (A-ZO)
ler

2
where €ymay = Pmayly,janmay J 1- (pmay) Ny,may: (A.21)

With 11y may~N(0,1) and 1, janmay is given by equation (A.15). As7, .o, is based on simulated commercial catches, the

model predicted numbers-at-age, N.?"%%

1yr »areused rather than those simulated to be survey observations.

Equation (A.16) assumes that the ratio of juvenile sardine to anchovy “in the sea” during May, 73, will remain a constant
for the remainder of the year season. However, there is usually a drop-off in this ratio as the year progresses (Figure
A3). This effect is simulated by adjusting equation (A.16) to reflect the actual level of 0-year-old sardine to be expected
in the catches with anchovy, given the historical pattern of sardine bycatch to anchovy ratio from May to October-

December.

to mid-May®. Adjusting the sardine bycatch prior to the survey to take account of this additional bycatch by the end of

May, the catch from the west component or single stock in equation (A.16) is modified as follows:

N _uS +,TABS
coyaret = 75 (5T ABSaum + w5 TACE,) + N N PTet e Miu/285 F, |, + 1.327 X <C Spred _ o g 118 smallr _

1,y,0 1,y-1,0 1,y,0bs Wf,oc
draw S
w1y "TACTy 1 A,pred A p‘red Apred Apred cA ,pred
0.6 Wfoa + Wigm: (Ty,juncy_jun ]ulC Jjul y aug Cy aug + Ty,sep Cy,sep + ry,octdec Y, octdec) +
S,pred > /2 S
Ny 1€ T SioF1y (A.22)

The sardine bycatch to anchovy ratios, 7, ,,, are simulated in a similar way to 7y, .o, (equation A.20) as follows:

S,pred
N
1, . .
Tym = km —A{,:ed eméym 9 where m = jun, jul, aug, sep, octdec (A.23)

1yr

And correlation between adjacent months is simulated as follows:

7 During OMP implementation, 7y, ,,,, Will be an observed ratio.
8 Bycatch from 1%t to 15" May approximated by half the bycatch from the full month of May.
% Once all errors are considered, some relatively high ratios can be simulated in a small proportion of projections. While this occurs
infrequently, the resultant model predicted bycatch is likely unrealistic. It is expected that in practice if high ratios of juvenile sardine
with anchovy were observed, adaptive management e.g. through the industry’s Sea Management Committee would help restrict the
sardine bycatch with anchovy. Maximum ratios observed in past catches are 0.23 (January-May), 0.23 (May), 0.39 (June), 0.16 (July),
0.16 (August), 0.14 (September) and 0.69 (October-December), although the latter was considered an outlier, see legend of Figure
A3.Thus 1, ,m < 0.5and 7, < 0.5 in all simulations.

8
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2
Ey,jun = Pjun€y,may + J1- (pjun) My, jun

2
Eyjul = Pjut€y,jun T 1- (pjul) Ny, jul

2
gy,aug = paugsy,jul + 1 - (paug) ny,aug

2
Sy,sep = psepgy,aug + 1 - (psep) ny,sep

sy,octdec = poctdecgy,sep + vV 1- (poctdec)zny,octdec- (A-24)

where ), .4, is from equation (A.21), and 17, ,,~N(0,1), m = jun, jul, aug, sep, octdec.

Between 2006 and 2015 the average total anchovy catch from January to May was 76%% of that from January to June.
Assuming 76% of TAC;'A is caught by the end of May, and given the assumption that TAC;‘A is caught by the end of
June, the anchovy catches in equation (A.22), C;;’,’fed (m = jun, jul, aug, sep, octdec), are derived as follows (in

thousands of tons):

CpPret = 0.24 X TACy" (A.25)
Cybil® = ppu(TACH" = TAC") (A.26)
Coeg” = Paug(TAC;" = TACy™) (A.27)
Coten " = Poep(TACH — TACy™) (A.28)
oot = (1= Djut — Paug — Psen) (TACH* — TACY™) (A.29)

where pj,,; = 0.42', pgy, g = 0.26" and ps,, = 0.20 ** are taken to be the average 2006 to 2015 proportion of anchovy

catch during July to December that is taken in July, August and September, respectively.

Closure of the anchovy fishery

Apred
C D

S*,pred
1y,0 ¢

The anchovy catch, , is adjusted if the predicted proportion of 13,0 which accounts for small sardine bycatch

with anchovy exceeds TAB;,'inchl in order to reflect the closure of the anchovy fishery once the sardine bycatch

allowance with anchovy directed fishing is reached. If

—5 Spred _ v S _ draw s Apred Apred Apred Apred Apred
1.327 x (WLOECI,y,Obs 0.57, TABspaurn — 0-607Y TACl.y) + (ry.jlmcy,jun 1yl T yaugCaug t sepCysep T r}’»OCEdECCy,octdec)

> TAB??

y,anch’

then the anchovy fishery would be closed once the full bycatch allowance was taken. This is simulated by assuming that

the anchovy TAC is taken at the same rate as the sardine bycatch:

S** pred _

1,y,0 -
o\ ostored OITAB;:chh_i_ L (,TABS + I TACE,) + NPT -Mu/265 A30
mingCyyo s ming 0;—2g 7=+ Zo = (1T ABsmaurm + @1y 1y 1y-1,0€ 10F1Ly (A.30)

10 Average from 1984 to 2015 is 72%.
11 Average from 1984 to 2015 is 42%.
12 Average from 1984 to 2015 is 28%.
13 Average from 1984 to 2015 is 20%.
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A*pred _ _ . Apred - 1 A _ —A rApred
CLy’0 —mln{CL%O ;min {0, —— | TAB WICCW'1 +

Wi0c
2,S
TACZ,A [ TABy,anch ])}
y —S S,pred . S draw. S Aypred Aypred Apred Aypred Apred
1-327><(WLOCCLy,obS_O'STITABsmall,rh_0'6("1,y TACl,y)"'(ry.ju‘ﬂCy,jun +ry.l'ulcy,jul *1y.augCyaug TTy.sepCysep +ry.DCtdBCCy,octdec)
(A.31)
General

For all catches simulated in the OM, an upper limit is placed on the industry’s efficiency by assuming that no more than

95% of the selectivity-weighted abundance may be caught at the time of the pulse.

Observation Model

The survey estimates for total biomass and recruitment are generated as follows (i = A4, S):

. ) i d i
By = ki By elner A-32)
where &%) vow = 135 NovBiy Novs where n?,, o, ~N(0,1) (A.33)
and Efy,Nov = (pNovnf,y,Nov + V 1- pl%]ovnf,y,Nov) 5-]'I,qy,Nov14r where nf,y,Nov"’N(Otl) (A-34)
West component: 67y Noy = |min <1.12672; 0.2410 + ;é?;lt) + (p3.)% + (A3)?%

1y
South component: synoy = |min (1.22932; 0.3871 + :'S‘_’;fjd) + (@3)? + (25)21 (A.35)
2y
~A — ; 2. 12.5768 A2 AY216
and 6{ynoy = |min| 0.40962;0.0253 + Apred + (pd)? + (A%) (A.36)
1y

obtained from a regression of the observed CV against the base case OM predicted biomass between 1984 and 2019 at

the joint posterior mode (Figure A4).

i,obs _ 1, i,pred i
NGRS = I N ethores, a37)
where &) o0 =17y 106y recs where n?,, ,.~N(0,1) (A.38)
and giq,y,rec = (precnig,y,rec +y1- pzecnf,y,rec)aﬁy,recwl where nfy,rec"’N(O:l)- (A.39)
West component: 67y rec = |min (1.07852; 0.1875 + %) + (3% + (A3)21
1y,r
South component: Gy yrec = |min (1.01272 ;04722 + ;;?ff;) + (@5)2 + (A5)24 (A.40)
2,yr

14 n the two sardine component OM, the assumption is made that anchovy biomass and recruitment is only correlated with the west
component.
15 For the sardine two component OM, from the base case OM without a stock recruitment curve estimated during conditioning (de
Moor 2020b). OMP-18rev is not being simulation tested against the sardine single stock OM.
16 From the anchovy base case OM with a Beverton Holt stock recruitment curve (de Moor 2020a).

10
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and G rec = \/min (0.33562; 0.0398 + %) + (pA)? + (A8)2s (A.41)

1Lyr

obtained from a regression of the observed CV against the base case OM predicted recruitment between 1985 and 2019

at the joint posterior mode (Figure A4).

Assuming that the recruit survey begins mid-May each year, and that juvenile sardine are caught half-way between 1
November and the start of the survey, while juvenile anchovy caught prior to the survey are taken in a pulse at 1 May,
we simulate:

S,pred S,pred -3. s S,pred -3. S
NSPred _ (N pred ,~3.25Mjy /12 _ ~SP )e 3.25M7,/12

jiyr jy=1,0 'j,y,0bs
Apred _ (pApred —0.5MfA, _ ~Apred\  -05M%4 /12
Niyr = (Nj.y—l,o e = Ciyons )€ / (A.42)

Assumptions made for 2020

As the stock assessments (de Moor 2020a,b) covered the period to November 2019, the MP testing framework begins
from November 2019 and projects to November 2040. A number of parameters that would be simulated in the testing
framework for 2020, have, however, already been observed. Thus the following changes are made to the simulation
framework above for 2020:

i) The TAC/TABs (in thousands of tons) for 2020 have already been set using ad hoc advice based on short

term projections, thus TACS), = 32.0007, TAB3050 sman = 0.200, TAC,i5 = 200.000, TAB, gy anc =

7.000, TACZ, = 350.000 and TABzzészo,anch = 10.000. For two area candidate MPs, and single area
candidate MPs simulation tested on two components, the proportion of the directed sardine TAC taken
west:east of Cape Agulhas during 2020 is 0.4375:0.5625, based on the limits associated with the TAC.
ii) Given data available by November 2020, the anchovy fishery is not simulated to close if the sardine bycatch
limit is simulated to be reached (equations A.30 and A.31) and the anchovy catch for 2020 is restricted to
a maximum of 290 000t, lower than the TAC of 350 000t.
iii) The model predicted recruitment in November 2019 comes from the stock recruitment curve, i.e.
equations (A.5), (A.6) and (A.8).
For past OMP development, the recruitment in the initial year was calculated with the inverse variance weighting
average of the logarithms of two estimates: (a) recruitment calculated from the stock-recruitment relationship (ii above)
and (b) that back-projected from the subsequent winter survey (de Moor 2018). This is problematic when the winter
recruitment survey indicating substantially higher/lower recruitment does not correspond closely with the following
November survey’s length frequency. Instead, the distribution of simulated mid-May 2020 recruitment from equation

(A.37) will be compared with that observed from mid-June 2020.

External inputs into the MP testing framework
Some of the parameters required in the observation model were sampled from the posterior distributions of the

underlying OMs (de Moor 2020a,b). In addition, historical catches were used in the calculation of single stock or west

17 Initial TAC was 22 000t.
11
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component sardine bycatch to anchovy ratios used in the implementation model. These parameters are detailed in this

section.

Correlation in survey residuals

The single stock or west component sardine and anchovy November survey residuals are given by (i = S, A):
& now = In(By™) — In(ki yBL ), 1984 < y <2019 (A.43)

The standard deviations of the residuals are given by:

) 2
2512119984—(8;/,N0V) (A.44)

i —
g, =
Nov Z§1211%84 1

and

22019 S A
y=1984 €y,NovEy,Nov (A.45)
PNov (22019 .

S A
y=1984 1)UN0VJND‘V

Similarly, the single stock or west component sardine and anchovy May recruit survey residuals are given by (i = S, A):

& rec = M(NPOY) — In(ki,NE ), 1985 < y < 2019 (A.46)

The standard deviations of the residuals are given by:

. 2

) $2010 (el

i y=1985\Ey,rec 18

Orec = 2019 . (A.47)
Xy=10851

The correlation in the residuals between the single stock or west component sardine and anchovy recruit survey
estimates is:

22019 S A
_ Zy=1985Ey,rec€yrec 18 (A 48)
Prec = (22019 . .

s A
y=1985 l)o'recarec

Ratio of sardine bycatch to anchovy between January and May

The ratio of sardine bycatch to anchovy in the commercial catches from January to May is needed to simulate the 0-
year-old single stock or west component sardine caught prior to the recruit survey (equation (A.12)). The relationship
between the historical sardine bycatch to anchovy ratio in the catches from January to May, together with the OM
prediction for the ratio of single stock or west component sardine to anchovy November recruitment, is used to provide
this ratio. Data between 2006 and 2015 (the most recent 10 years data used during OMP-18 development) is used in
the below equations as future catches are assumed to more closely resemble those over the past decade, rather than
earlier periods when fishing patterns may have differed. The constant of proportionality estimated and the associated

time series of residuals are as follows:

o gy {23506 (S iy janmay )Wy 1.0/ Wy 1.0 (A.49)
janmay = €XP 25%%5%006 1 |
and
, S,b N N
€y, janmay = ln(cy.igrfmay/c}fjanmay) - ln(kjanmales.y—LO/ny—1'0) 2006 <y =< 2015 (A.50)

18 The sum is taken over all years for which a survey estimate of recruitment exists, i.e. excluding 2018.
12
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The standard deviation of the residuals is given by:

— 2015 2 /502015
O-janmay - \/Zyzzooe(gglz,janmay) /Zy=2006 1. (A'Sl)

Ratio of sardine bycatch to anchovy in the commercial fishery during May

The estimated constant of proportionality and the associated time series of residuals for the juvenile single stock or

west component sardine to anchovy ratio from the commercial catches during individual months May to September

and October-December (m = janmay, may, jun, jul, aug, sep, octdec) are as follows:

§2015 65.313": chn)-1 NS . NA .
om = exp{ i i Lrnl ¥y} (A52)
y=2006
and
eym = In(Con? [ Chn) — (kNS /NA, ), 2006 < y < 2015 (A.53)

The associated residual standard deviation is:

2
O = TS0 /5206 1 (as4)

A correlation coefficient between the residuals in successive months, is then calculated by:

_ 2325006 £y.m-18ym 16 20

= TS (A.55)
om-10m(22 %06 1)

Pm

19 Summing over years for which anchovy directed catch in month m is non-zero.
2 For ppmgy, monthm — 1 = janmay.

13



Table Al. Parameter definitions.
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Operating Model parameters Units Used in Equation Notes
le:ﬁzed OM predicted numbers at age a of species i, component j, at the Billions A.1,A.2, (A.10,A.11) I\Glfgféia sampled from Bayesian posterior
beginning of November in year y distributions of de Moor (2020a,b)
M]-iu Natural mortality rate of juvenile (age 0) fish of species i Veart Al,A2 sampled from Bayesian posterior distributions
ear
of de Moor (2020a,b)
jzd Natural mortality rate of adult (age 1) fish of species i Vear! Al,A2 sampled from Bayesian posterior distributions
ear
of de Moor (2020a,b)
Cji";ze‘i OM predicted future catches at age a in year y of component j of Billions A.10,(A.1,A.2)
species i
C}i,'g%ii OM predicted future catches at age 0 prior to the May recruit survey in Billions A.13,A.15,(A.42)
year y of component j of species i
Bji";’red OM predicted November total biomass in year y of component j of Thousands A.1,A.2
species i of tons
Eji’y OM predicted November total biomass in year y of component j of Thousands (A.43) Sampled from Bayesian posterior distributions
species i of tons of de Moor (2020a,b)
553},{'5’"3‘1 OM predicted November spawner biomass in year y of component j of  Thousands A.1,A.2
species i of tons
effSSB]l::zre'i OM predicted November effective spawner biomass in year y of Thousands A.7
component j of species i of tons
Wji'a Historical average November weights-at-age a of component j of Weight is given by length in the OM, and thus:
species i Grams wg = Yy wiAST = Y,0.0079 x 13097945
Wia = £ 2305015 T WA 0, 2!
f]la Proportion of component j of species i that is mature at age a (A.1,A.2) Maturity is given by length in the OM, and thus:
faA = 232/(;129105 Zlfyf,ll _;ler
fia = 323 %01s X1 1A s
move,, g, Proportion of sardine at age a moving from the west to the south A3,A4 move, ,, 2010 <y <2019, sampled from

component in year y (2 component OM only)

Bayesian posterior distributions of de Moor
(2020b)

21 This differs for each sample from the posterior distribution and thus a table of weights is not provided in this document.
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Operating Model parameters Units Used in Equation Notes

[0) The proportion of 2*-year-old sardine which move from the west tothe - A4
south component in year y is this time-invariant proportion ¢ of the 1-
year-olds moving in year y

a} Stock-recruitment parameter for component j of species i (e.g. e.g.billions (A.5) Sampled from Bayesian posterior distributions
maximum median recruitment in Hockey Stick stock-recruitment of de Moor (2020a,b)
relationship)

bji Stock-recruitment parameter for component j of species i (e.g. e.g. (A.5) Sampled from Bayesian posterior distributions
spawner biomass below which median recruitment declines) thousands of de Moor (2020a,b)

of tons

g]."‘y Standardised November recruitment residual for component j of A.6 5},2018 sampled from Bayesian posterior
species i in year y distributions of de Moor (2020a,b)

aji’r Standard deviation of the recruitment residuals for component j of (A.5) Sampled from Bayesian posterior distributions
species i of de Moor (2020a,b)

s].‘"wr Recruitment serial correlation for component j of species i (A.6)

wl, Random variable - A6 w},~N(0,1)

p! The probability that the sardine south component November - A.8
recruitment is drawn from the lower of the “two-steps”

R: The lower “two-step” average of the log of the sardine south In(billions) A.8
component November recruitment

RS The higher “two-step” average of the log of the sardine south In(billions) A.8
component November recruitment

o} The standard deviation associated with the lower “two-step” sardine - A8
south component recruitment

ol The standard deviation associated with the higher “two-step” sardine - A.8
south component recruitment

T The proportion of the directed >14cm sardine TAC assumed caught - A9
west of Cape Agulhas. The <14cm sardine bycatch with directed >14cm
sardine is assumed to be proportioned west/south of Cape Agulhas in
the same manner as the TAC.

S]fa Commercial selectivity-at-age a of sardine component j - (A.10,A.11) Sampled from Bayesian posterior distributions

of de Moor (2020b). Selectivity is estimated by
length in the OM, and thus:

15



F, Commercial fishing mortality of sardine component j in year y
Wj-i'ac Historical average weights-at-age a in the catches from component j of grams
species I
% Proportion of the <14cm and >14cm sardine TAB with round herring?3

assumed caught west of Cape Agulhas
TAB4T  >14cm sardine bycatch with round herring and anchovy in year y

A.11 (A.10)
(A.11)

(A.11,A.15,A.16)

FISHERIES/2020/DEC/SWG-PEL/122

s _ 1ly2019 S com
Sta = 325%5015 21 0.5(S7 21455 01 +
S com 22 +
5y314595,a1) 2 0<a<5
Table A2

ty=1andt, =1

Randomly sampled from historical bycatches
(Figure A1)

22 The average over quarters 2 and 3 is assumed since in past years, on average, 11% of the directed catch was in quarter 1 and 15% in quarter 4, while 43% and 32% were in quarters 2 and 3, respectively.

23 The >14cm TAB also allows for some bycatch with anchovy.
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Table Al (continued). Parameter definitions.
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Operating Model parameters Units Used in Equation Notes
w Proportion of the directed >14cm sardine TAC used to set the <14cm - w = 0.07; in the case of a two-area MP,
sardine TAB with directed sardine fishing Wyest = 0.07 and wgoyep, = 0.02
w}’f;aw Proportion of the directed >14cm sardine TAC simulated to be caughtas - (A.15) Randomly sampled from historical proportions
<14cm sardine bycatch from component j in year y (Figure A2)
Yy Percentage of the initial anchovy TAC used to set the initial <14cm - (A.17) Equation given as part of Harvest Control Rules
sardine TAB with anchovy
7, Ratio of juvenile sardine to anchovy “in the sea” during May - A.18 (A.17)
Ty sur Ratio of juvenile sardine to anchovy observed during the May recruit - A.19 (A.18) Observed data input to the Harvest Control
survey Rule
Ty com Ratio of juvenile sardine to anchovy in May commercial catches - A.20 (A.18) Observed data input to the Harvest Control
Rule; simulated during OMP testing as A.20
Nf;,ﬂ;s Acoustic survey estimate of recruitment of component j of species i for  Billions (A.19) Observed data input to the Harvest Control
May/June of year y Rule; simulated during OMP testing by
equation A.37
1\/}_{';’;“1 OM predicted recruitment of component j of species i in November y —  billions A.42,(A.20)
1, projected forward to the time of the recruit survey in May/June y
Iijy_r OM predicted recruitment of component j of species i in Novembery —  Billions (A.46) Sampled from Bayesian posterior distributions
1, projected forward to the time of the recruit survey in May/June y of de Moor (2020a,b)
Kianmay Estimated bias in residuals for juvenile sardine: anchovy from - A.49,(A.15)
commercial catches between January and May
Ojanmay Standard deviation from the residuals for juvenile sardine: anchovy from - A.51,(A.15)
commercial catches between January and May
&y janmay Residuals for juvenile sardine: anchovy from commercial catches - A.50 (A.51)
between January and May
ko Estimated bias in residuals for juvenile sardine: anchovy from - A.52 (A.20,A.23)
commercial catches during month m
Eym Residuals for juvenile sardine: anchovy from commercial catches during - A.21, A.24 (A.19,A.23)
month m
Om Standard deviation from the residuals for juvenile sardine: anchovy from - A.54 (A.20,A.23)
commercial catches during month m
Pm Correlation coefficient between the residuals for juvenile sardine: - A.55 (A.21,A.24)
anchovy from commercial catches during months
m—1andm
C;fr’lred OM predicted anchovy catch in month m of year y, for use in calculating Thousands A.25-A.29 (A.22)
the drop-off in small sardine bycatch with anchovy of tons
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Table Al (continued). Parameter definitions.
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Operating Model parameters Units Used in Equation Notes
Pm Average proportion of total anchovy catch during July to December that - (A.26-A.29)
is taken in month m
Bj{';bs November acoustic survey estimate of total biomass of component j of Thousands A.32 Observed data input to the Harvest Control
species i in year y of tons Rule; simulated during OMP testing by
equation A.32
k}"N Multiplicative bias associated with the acoustic survey estimate of - (A.32) Sampled from Bayesian posterior distributions
November total biomass of component j of species i of de Moor (2020a,b)
gji‘y’Nov Residuals in the simulated observation of November survey estimate of - A.33,A.34(A.32)
total biomass from OM predicted November biomass in year y of
component j of species i
c?ji,y,Nw Standard deviation of the residuals &! being the November survey - A.35,A.36,(A.33,A.34)
sampling CV
PNov Correlation in the residuals between sardine and anchovy November - A.45 (A.34)
survey estimates of total biomass
QLe CV associated with the factors which cause bias in the acoustic survey (p5)?=0.227 from de Moor and
estimates of species i and which vary inter-annually rather than remain Butterworth 2016. (@Z.)? = 0.039 from de
fixed over time Moor (2020a)
(/1;'\’)2 Additional variance (over and above the survey sampling CV and (¢,.)?)
associated with the November survey of species i
k}"r Multiplicative bias associated with the acoustic survey estimate of May - (A.37) Sampled from Bayesian posterior distributions
recruitment of component j of species i of de Moor (2020a,b)
Eji,y,rec Residuals in the simulated observation of May survey estimate of - A.38,A.39,(A.37)
recruitment from OM predicted recruitment in year y of component j
of species i
@fy_rec Standard deviation of the residuals &! being the May recruit survey - A.40,A.41,(A.38,A.39)
sampling CV
Drec Correlation in the residuals between sardine and anchovy survey - A.48 (A.39)
estimates of recruitment
(AL)? Additional variance (over and above the survey sampling CV) associated
with the May recruit survey of species i
CJ‘,“‘m Observed anchovy catch from landings that have targeted anchovy Thousands (A.49,A.50) Observed data
during month m,( m = janmay, may, jun, jul, aug, sep, octdec) in of tons
yeary
C;ﬁlyc Observed <14cm sardine bycatch from landings that have targeted Thousands (A.49,A.50) Observed data
anchovy during of tons

janmay, may, jun, jul, aug, sep, octdec) in year y

18



Table Al (continued). Parameter definitions.
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Operating Model parameters Units Used in Equation Notes
IVji’y,O OM predicted recruitment of component j of species i in November y Billions (A.49,A.50) Sampled from Bayesian posterior distributions
of de Moor (2020a,b)
Kji Average pristine level (“carrying capacity”) for component j of speciesi Thousands Sampled from Bayesian posterior distributions
of tons of de Moor (2020a,b)
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Wj‘,ac,i = S, A). The posterior medians of the average

Table A2. Average 2015 to 2019 catch weights-at-age (in grams) (
2015 to 2019 catch weights-at-age are used, where the catch weights-at-age are calculated from the product of the

commercial weight-at-length relationship and the growth curve in the middle of the 2" quarter.

Sardine Anchovy
West component South component

Wioc 35.45 W3 oc 35.00 wé. 5.08
Wiie 66.87 W5 1¢ 72.94 wi. 12.20
Wiac 98.29 W3¢ 92.23

Wi 123.07 W3 3¢ 98.75

Wi 4c 140.97 W5 4c 100.66

Wisic 14937 Wisc 101.18
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Table A3. Anchovy catch (in thousands of tons) from landings that have targeted” anchovy (CJ‘,“_m), for five-month (“janmay”), five single month (“may”, “jun”,

and a three-month (“octdec”) periods, with the associated recorded landings of <14cm sardine bycatch (C;ﬁlyc, also in thousands of tons).

Year  Cjanmay Cymay — Cojun  Cyju_ Chaug  Cysen  Cyoctaec Cyivnnay Cymay  Cojun  Cyjur  Cyawg  Cysen  Coomaec
1987 377.5 14.9 50.6 78.5 67.9 24.4 # 1.1 0.3 1.0 1.2 1.0 0.2 #
1988 252.5 50.1 74.3 60.7 70.4 38.7 73.9 1.0 0.8 1.9 0.4 0.5 0.1 0.3
1989 233.4 83.0 39.2 13.7 # # # 5.1 2.7 1.2 0.3 # # #
1990 88.6 36.3 59.5 0.5 0.2 0.0 # 3.2 1.9 35 0.0 0.0 0.0 #
1991 90.7 22.7 51.4 6.1 1.0 0.0 # 2.8 0.4 1.6 0.0 0.0 0.0 #
1992 178.6 58.8 34.6 443 56.3 26.2 4.8 3.2 1.5 2.3 2.1 2.5 0.3 0.0
1993 110.9 13.0 0.8 10.8 67.0 38.4 3.0 2.3 1.2 0.2 0.6 1.6 0.6 0.1
1994 94.6 38.8 17.1 0.2 29.2 2.8 # 5.2 3.1 1.6 0.0 2.2 0.0 #
1995 56.0 131 35.1 31.7 37.2 1.7 11.3 2.5 1.3 4.1 5.1 5.9 0.1 1.7
1996 20.9 9.2 13.4 0.2 # # 0.0 3.2 1.3 1.5 0.0 # # 0.0
1997 0.6 0.5 0.7 20.0 10.1 21.3 3.3 0.1 0.1 0.3 1.4 0.7 2.9 0.8
1998 39.7 22.4 42.0 11.9 3.7 4.3 1.2 4.8 34 4.2 0.9 0.2 0.5 0.1
1999 30.3 18.9 28.2 20.0 33.2 51.5 13.9 1.7 1.3 2.1 0.5 0.7 0.7 0.2
2000 103.1 41.2 15.7 50.8 55.0 34.1 5.8 3.1 1.0 0.8 0.3 0.2 0.0 0.0
2001 84.1 32.7 44.9 10.1 30.0 50.9 62.3 34 2.2 2.6 1.1 3.3 1.0 0.8
2002 35.0 6.6 48.6 48.1 33.8 43.5 0.3 0.9 0.3 1.8 1.3 5.5 2.3 0.0
2003 411 23.2 77.5 47.9 16.7 39.8 28.7 3.9 2.0 3.9 1.1 0.1 0.2 0.5
2004 58.5 38.6 20.2 65.4 22.4 15.6 0.7 3.5 2.9 0.5 0.7 0.6 0.2 0.0
2005 133.6 55.8 21.2 42.0 27.0 429 10.9 2.7 1.3 0.4 0.4 0.3 0.5 0.2
2006 19.0 7.0 31.1 35.5 20.6 22.4 1.9 0.9 0.6 1.7 1.8 0.9 1.6 0.1
2007 77.0 57.6 31.0 34.4 37.3 43.5 27.2 2.3 1.5 0.4 0.2 0.1 0.1 0.2
2008 69.9 34.9 21.1 26.3 59.1 28.8 58.6 1.6 1.5 0.6 0.3 0.5 0.1 0.1
2009 53.6 18.6 8.8 38.2 35.2 27.7 8.9 1.0 0.3 0.3 0.4 0.6 0.1 0.1
2010 63.3 14.8 39.2 65.6 39.4 4.9 0.1 6.3 2.5 5.4 3.9 1.3 0.0 0.1
2011 42.9 22.0 16.5 39.3 13.8 # # 4.3 3.1 1.2 2.8 1.2 # #
2012 162.9 57.7 32.0 43.9 21.8 31.7 12.4 5.3 2.3 0.7 0.3 0.2 0.1 0.0
2013 439 17.7 12.5 34 3.5 8.0 6.3 3.2 0.0 0.0 0.0 0.0 0.1 0.0
2014 162.9 42.9 3.9 21.9 19.2 21.1 8.6 5.8 0.0 0.0 0.1 0.0 0.0 0.0
2015 172.0 68.4 28.5 29.0 4.3 0.2 0.8 12.7 4.6 0.4 0.1 0.0 0.0 0.0

* A landing is assumed to have targeted anchovy when the ratio anchovy : (anchovy + directed sardine + horse mackerel + round herring) exceeds 0.5 (in terms of mass).
# As no anchovy were landed during these months, sardine bycatch with anchovy is not applicable.

J
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Figure Al. The 1987 - 2016 >14cm sardine bycatch with round herring and anchovy. The circles are data from Johan de

Goede and the diamonds are data from Jan van der Westhuizen. The distribution from which future samples are made

(equation A.11) consists of the observations from the most recent 10 years only.
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Figure A2. The historical ratio of <14cm sardine to >14cm sardine in the directed sardine fishery for a) all catch??, b) catch

west of Cape Agulhas and c) catch south of Cape Agulhas®>. The open diamonds indicate historical ratios above the ratio

used to set the <14cm sardine TAB with directed >14cm sardine TAC; these are set at the maximum values (of 7% for a

single-area directed sardine TAC and the west-area TAC and 1% for the south-area TAC) in the distribution from which

future samples,

w

1y

araw 5re made (equations A.15, A.16 and A.22).

24 Used for the single-area sardine TAC with single-component scenario only.
2> These are used for the two-area sardine TAC scenarios, and additionally for the single-area sardine TAC and two-component scenario
to allow for the differential bycatch on the components distributed on the west and south coasts.
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Figure A3. The regressions of the ratio of small sardine bycatch : anchovy?® in the monthly commercial catch against that

2
observed in the recruit survey, i.e. minimising $2%5% [ (Come </ Ciim) — kn(Nge? INGO2)]” wort. k. The outliers of
commercial ratio of 0.69 in October to December 2010 (shown as an open diamond) is removed, as this could have been
biased by the mid-water trawl experiments which occurred during this time. The regression including this outlier is given

by the dotted line. The k,,,’s obtained when considering all years (1987-2015) are also given in brackets.

26 For cases where anchovy is the most common species by mass in the landing
23
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Figure A4. The regressions between observed survey CV? and model predicted abundance for a) anchovy November, b)
sardine west component November, c) sardine south component November, d) anchovy May, e) sardine west component

May and f) sardine south component May, for use in equations (A.30), (A.31), (A.33) and (A.34). In a) the outlier (536,0.17)

was excluded from the regression.
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