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Simulation testing framework used during OMP-18 development
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This document details the framework to be used to simulation test candidate MPs during the development of OMP-18.
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.

There are two main hypotheses for sardine: a single stock hypothesis or a two-mixing sub-stock or ‘component’
hypothesis (with “west” and “south” components). Two different types of candidate MPs have been proposed:
Candidate MPs which recommend a single directed >14cm sardine TAC and associated <14cm sardine bycatch.
Candidate MPs which recommend a separate directed >14cm sardine TAC for west and south-east of Cape Agulhas, and
an associated split in the <14cm sardine bycatch.

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

There are therefore four alternative possible combinations of sardine TAC/B by area / component:

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:

i) All sardine catch/bycatch is from the single stock

ii) The TAC/Bs are added and all catch/bycatch is from the single stock

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.

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

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 2016b, de Moor

and Butterworth 2016a,b), such as maturity ogives and stock-recruitment relationships and differences in
these assumptions between alternative operating models (robustness tests), are carried forward during

projections.

*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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In the 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 2006 and 2015.

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

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
TAB}fybig_rh = 7000t

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

Half of the <14cm sardine bycatch with round herring, TAij‘sma”‘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.

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.

60% of the <14cm sardine bycatch with directed sardine is caught by the time of the recruit survey (mid-May).
Half of TAB4 = 500t is taken by the end of June, with the remaining half taken by the end of the season.
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.
1
29% of the total anchovy catch landed by the end of June (TAC;'A + ETABA) are juveniles caught by mid-

May.

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

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

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

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.

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.
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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), 7y, is restricted to a maximum of 0.5.

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 (see de Moor and Butterworth 2012 for reasons), 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) Survey and catch-related observations already known for 2016 to 2018 have been used instead of model
simulated observations. The under-catch of the final anchovy TAC has been taken into account. The
recruitment in Novembers 2015 and 2016, and the corresponding recruitment residuals are obtained by
combining information from both the stock recruitment relationship and the known June 2016 and June 2017

survey results.
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Appendix A: The framework used to simulation test a joint MP for South African sardine and anchovy: OMP-18

In this appendix, the framework used to simulation test OMP-18 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 2015), values for future catches

output from the implementation model, C;’y’a, i=S,A (see below), the population dynamics model projects

numbers-at-age and spawning biomass at the beginning of November for 2016 <y <2036 as follows. The sardine
adult catch is assumed to be taken half way between 15t November and 315t October each year!. The anchovy juvenile
catch is assumed to be taken as a pulse at 1% 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).

S
. S,pred Spred -M3, /2 S,pred) -M3, /2
. . = ju N ju
Sardine: N;o4 (N] y—-1,0€ =Ciyo )e
Spred _ (nSpred _—mS,/2 _ ,Spred\ -mS,/2
Nj,y.a - (Nj,y—l.a—le ad Ci.y.a—l e adt, 2<as<4
Sppred _ Spred -mS. /2 _ S,pred) M5 /2( Spred _-mS_./2 S,pred) -M5 /2
= ad ; ad ad — ad
Niys+ (Nw 14€ Civa )€ Niy-15+€ Cyst )€
S,pred __ S,pred —s
By = NJ ya Wia
Spred _ Sp‘fEd S
SSBIPT = ¥5E, 5N, (A1)
A
. Apred __ Apred —8Mj, /12 _ ~Apred —4M u/12
Anchovy: NJ',y,l - (N] y-1,0°€ ! Cj,y,o e

Apred _ (nApred ,_smA /12 _ A,pred) —7M4,/12
Niy2 = (Njy 11€ Cya )

Apred _ jz/Apred —M
Ny =Njy-12€

Apred Apred — Apred _pmA
NP = NP eMd+N” Mad

jyat T Niy-13 jy-1,4+€
Apred __ Apred — A
Bi,y - N] ¥.a Jj.a
Apred __ A p‘red A
SSBi = a1 fiaNiya  Wia (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 and Butterworth 2016a,b). 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

y1, fory; <y <y, is drawn randomly from move;l for

MoveR: For simulation i, age-1 movement, move
2006 <y < 2015.
MoveD: For simulation i, age-1 movement is a function of the west component November biomass in the

previous year (de Moor et al. 2018), i.e.

movey; = a'ByP M + bt (A.3a)
*[
. expymovey, 1 +§
move,, | = {—y”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 (de Moor et al. 2018). Then
the proportion of age 2+ sardine moving is given by move,, , = ¢ X move,, ;, and the numbers-at-age in equation (A.1)

are updated with:

S,pred __ _ S*
Nl,y,a = (1 movey,a)NLy,a
Spred _ arS* S*
NZ,y,a = NZ,y,a + movey,aNl,y,a YiSYSEW (A.4)

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

Letting f(effSSB]L:_’zre‘i) denote the stock recruitment relationship of the chosen model, with parameters a]‘: and b,

then future recruitment N]-i’;’ged is assumed to be log-normally distributed about a stock recruitment relationship as

follows?:

. : i i i \?
N]-L";ZSEd — f(effSSB}:zre‘i)eSJ"YUJ"T_O'S(JJ"T) (A.S)

where

. . . . . 2 .
s}_y = 5},cor£},y—1 + w]‘-'y /1 - (sj‘,wr) , Where a)]‘-_y~N(0,1) (A.6)

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;Y*" = SSB,Y"* + pSSBY"* Vi<y<y, (A7)
and the south component recruitment is simulated from a “two step” model, independent of spawner biomass (de
Moor 2018c):
ipred\ _ {uill + E{,y if sli’ < pi

In(N; =3 L
Jj=sy,0 i i . i i’
u, + €, ife=2p

where &l ~Random[0,1], €] ,~N (0, O'liz) and €5 ,~N (0, aziz)

Implementation model
The candidate MPs outputs the following TAC/Bs:
1) Anannual directed >14cm sardine TAC, TAC,;, 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.

2) Aninitial and final anchovy TAC (TAC;'A and TAC;’A).

i \2
2 The e7°5(%ir) is not used for sardine when a Hockey Stick stock recruitment function was estimated after conditioning of the
Operating Model (de Moor 2016c).

6
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An annual time-invariant anchovy TAB for sardine only right holders, TABA.
An annual time-invariant >14cm sardine TAB with directed round herring and anchovy fishing, TAB,fL-g.

An annual time-invariant <14cm sardine bycatch with round herring, and to a lesser extent with anchovy,

TABS,

small,rh-

For each sardine TAC in 1) there is a corresponding <14cm sardine TAB with directed (>14cm) sardine,

TAB;"S,M”, which may be split by area (TAB;_';”ma” 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 a nd

TAB2?

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).

There are four alternative possible combinations of sardine TAC/B by area / component:

i)
i)
i)

iv)

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

A two-area sardine TAC/B and two sardine components.

Defining TA(,fy to be the directed >14cm sardine TAC assumed taken from component j, the following separation of

TAC by component is effected:

i) TACP, = TAC; and TABS ,, nau = TAB} smau, With only a single sardine stock

i) TACS, = TAC,™ + TACy® and TAB;, cnan = TAB, s + TAB, sy 0 With only a single sardine
stock

i) TACP, = tTACy and TAC3, = (1 — ©)TAC;, and TABS, ooy = TTAB} smay and TABS |, cnan =

1- T)TABSj,small

iv) TAC{, = TAC," and TACS, =TAC,*, and TABf,y,sma”=TABj;;”ma” and TAB3 ) cman =
S,
TABy,:mall'

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 (de Moor and

Butterworth 2018). Thus, for simulation i we have

i, =g\ (1 - exp{-g} B}, /TACS'}) (A.8a)

L ;
and 73, =7, + &

(A.8b)

where 8§,~N(O,1), and the restriction 0 < 7, < 1 applies.

Sardine adult catch

The adult sardine catch is simulated using selectivity-at-age estimated by the OM:
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Spred _ ySpred —mS . /2cS +
Cya =Niy-108 0 Sk, 1<a<5 (A.9)
S S, draw
TAC; ., +T;TAB;;
p ] b
where Fj, = ———— 1Y " lsg o , (A.10)
’ Jpred —Mj S =S 5 pred —M> /2.5 _S
jy-1,0¢ ]u Sjlowj'0C+2a=1Nj,y—1,ae ad Sj,awj,ac

Anchovy 1-year-old catch
Between 2006 and 2015, the total (annual) 1*-year-old catch in tons constituted, on average, 38%3 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 2016b). The anchovy 1-year-old catch is thus taken to be:

TACY4+0.5TABA

Clnet = 038 x ——r—— (A11)

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:

¢y +0.57ABA

Apred __ TA
Cl,y,Obs =0.29 X v_v—f)qc' (A.12)

and for the whole year:

cliop = é (TAC}* + TAB — wi.C,P7e (A.13)

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 O-
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. Itis assumed that all 0-year-old sardine landed

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

: S draw S S,pred 14
S,pred __ T1TABgmailrh w1y TACLy Nl,y—l,O o Ny i TACy s
Cl.y.Obs =05 =3 + 0.6 —S + kjanmay Apreq € JAnmAyiyjanmay X 0.26 ——,
Wi0c Wi0c Nyy—10 Wi0c
7 S draw N
S,pred _ 22TABymali,rh wyy TACYy
Cyyops = 0.5 . + 0.6 S where 7, janmay~N(0,1) (A.14)

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

337% for 1984 to 2015
427% for 1984 to 2015

S,pred

> With the restriction that kjqnmay ﬁe”ianmay"yvianmay < 0.5. See footnote 7.

1,y-1,0
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S
Copoet = — (()lyTAC;’A + 1, (TACE* = TACH™) ) + £, TABS quy . + wf_;“WTAcfy) + NPT e M 2550 Fy

1,0c
C3 = A (6T ABS i + WS TACE) + NSTT S0 2550, A1)
where
Ay = max{yy, ry}, (A.16)
r, = %(ry,sur + rylwm), and (A.17)
S,0bs
Tysur = % (A.18)

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

S,pred

N

— Lyr o, &

Ty, com = kmay yApred e mayrymay, (A-19)
1Lyr

2
where &y,may = Pmayly,janmay t 1’ 1- (pmay) Ny,may, (A.20)

with 17y, may ~N(0,1) and 77y jan:may is given by equation (A.14). As 7y, .o, is based on simulated commercial catches,

Ni,pred

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

the model predicted numbers-at-age,
Equation (A.15) 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.15) 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.

Over the past 10 years (2006-2015), the sardine bycatch with anchovy from January to 315 May has been 1.327 times
that from January 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.15) is modified as follows:

. s
Sxpred _ 1 , S draw s Spred -MS /2 s S,pred T1TABgmailrn
C =55 (1 TABSmairn + @ TACl,y) + N; ST oFy +1.327 X | Gy ops — 0.5 ——5———

e
1y,0 oc Ly ,¥y—1,0 Wf. oc
draw S
w1y TACTy 1 Apred Apred Apred Apred Apred
0.6 7S o + w5, (ry,juncy, jun T 1yl T augChaug T 1sepCysep  + TyoctaecCypctaec (A.21)

The sardine bycatch to anchovy ratios, 1, ,, are simulated in a similar way to 7, .o, (equation A.19) as follows:

S,pred
N
Tym = km —ioreg €mrm, & where m = jun, jul, aug, sep, octdec (A.22)

1Lyr

& During OMP implementation, 7y, ¢, Will be an observed ratio.
7 Bycatch from 15t to 15t May approximated by half the bycatch from the full month of May.
8 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, < 0.5and 1, < 0.5 in all simulations.

9
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And correlation between adjacent months is simulated as follows:

2
€y jun = Pjun€ymay + 1- (pjun) Ny, jun

2
€y jul = Pjul€y, jun + [1- (pjul) Ny, jul
2
Eyaug = Paug€y,jul + [1- (paug) Ny,aug

2
Eysep = PsepEyaug T 1~ (psep) Ny,sep

€y octdec = PoctdecEy.sep T 1- (poctdec)zny,octdec- (A.23)

where €y may 1S from equation (A.20), and ny,m~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.21), C;_;f’fed (m = jun, jul,aug, sep, octdec), are derived as follows (in

thousands of tons):

Cphret = 0.24 X TACy" (A.24)
Cyrn’® = puu(TACy* — TACy™) (A.25)
Cortng = Paug(TACy" = TACY") (A.26)
Codep* = Dsep(TACy" — TAC;™) (A.27)
Corbtiee = (1— Piut — Paug — Psep XTACj’A —TAC;'A) (A.28)

where pjy,; = 042, pyy g = 0.26™ and pg,, = 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

*pred

A,pred
¢ v,0

The anchovy catch, 1.0 is adjusted if the predicted proportion of Cf which accounts for small sardine bycatch

with anchovy exceeds TAB}%’S in order to reflect the closure of the anchovy fishery once the sardine bycatch

,anch’
allowance with anchovy directed fishing is reached. If

—S S,pred_ Y S _ draw S Apred Apred Apred Apred Aypred
1.327 X (W10cCy 3 oms—0-5T1 TABSmqurn — 06T TACE,) + (1, junCyfum + Ty jutCoput -+ TyaugCriag + TysepComep .+ TyoctaecCymetdec)

> TAB%S

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 _
Cl.y.O -
. CS*,pred_ . 0: TAB;:gnch 1 , TABS draWTACS NS,p‘red —M}gu/ZSS F A.29
minyly, o smingl; TS + w5, (T1 smaltrn T W1y 1,y) T Npy_q0€ 1,01y (A.29)
,0C ,0c

9 Average from 1984 to 2015 is 72%.
10 Average from 1984 to 2015 is 42%.
11 Average from 1984 to 2015 is 28%.
12 Average from 1984 to 2015 is 20%.
10
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A*pred _ _ . Apred, . 1
Ciyo —mln{C‘Lyl0 ;min O'W‘{‘OC

(TABA — WL e +

2,S
TABy,anch

S,pred red

1,y,0bs

p

2,A
TAC} [

=5
1.327%(w§ o C

(A.30)

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):

le,‘;:bs — k}yNleI'JI;TEdeELy'N"” (A.31)
where €%, vop = 135 novBiyNovs where 17, v, ~N(0,1) (A.32)
and giq,y,Nov = (pNovnf,y,Nov + v 1- pl%/ovnf,y,Nov) 6_}'1,43/,Nov 13/ where nf,y,NOVNN(O']') (A-33)
. ) s _ . ) 81.0356 s 2 sz 14
Single stock: 61y noy = |min| 1.11812;0.0486 + Spred + (p3:)% + (A3)
1y
. =S — ; 2. 29.4655 S )2 53215
West component: Giynoy = |min| 1.12672;0.1496 + sprea | T (p5.)% + (A3
1y
South component: 525,y,1vou = [min (1.22932; 0.3749 + ;;%) + (p5)% + (A3)?™ (A.34)
2y
and &noy = |min (0.40962 ;0.0215 + Zijé‘iﬁ) + (A4)216 (A.35)
1y

obtained from a regression of the observed CV against the base case OM predicted biomass between 1984 and 2015 at

the joint posterior mode (Figure A4).

i,obs _ 1,i i,pred i
NP = kg et (a36)
where €%, e =135 1007y recs where n?,, ,.~N(0,1) (A.37)
and giq,y,rec = (p‘recnig,y,rec + 1- pvgecnfy,rec)afy,recnl where nf,y,reCNN(O'l)- (A.38)
. -5 , 2 1.1859 512 211
Single stock Giyrec = |min| 1.0785%;0.1056 + ~sorea | T (p5.)% + (A3)
1y,r

13 |n the two sardine component OM, the assumption is made that anchovy biomass and recruitment is only correlated with the west
component.
14 For the sardine single stock OM, from the base case OM with hockey stick stock recruitment curve (de Moor and Butterworth
2016b)
15 For the sardine two component OM, from the base case OM with hockey stick stock recruitment curves (de Moor and Butterworth
2016a).
16 From the anchovy base case OM with a Beverton Holt stock recruitment curve (de Moor 2016b).
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West component: 6Py rec = |min (1.07852; 0.0209 + %) + (p5.)?% + (13)312

1Lyr

0.0334

South component: G5 yrec = |min (1.01842; 0.4690 + NS"’“’”’> + (p3)% + (A5)%12 (A.39)

2y.r

A,pred
1y7r

and Gfyrec = |min (0.34042; 0.0366 + ;'9598 ) + (A8)2 (A.40)
obtained from a regression of the observed CV against the base case OM predicted recruitment between 1985 and 2015

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:

NSPred _ (NS,prede—S.ZSM]Su/lZ _ Cs,pred) -325M5,/12

jyr j,y—1,0 'j,¥,0bs
Apred __ Apred —0.5M4 _ rApred —0.5M4 /12
Niyr = (Nj.y—1.0 e =G yops )€ u (A.41)

Assumptions made for 2016, 2017 and 2018
As the stock assessments (de Moor 2016a, de Moor and Butterworth 2016a,b) covered the period to November 2015,
the MP testing framework begins from November 2015 and projects to November 2036. A number of parameters that
would be simulated in the testing framework for 2016 to 2018, have, however, already been observed. Thus the
following changes are made to the simulation framework above for 2016, 2017 and 2018:
i) The TAC/TABs (in thousands of tons) for 2016, 2017 and 2018 have already been set using OMP-14, thus
TACSy16 = 64.92817, TAB3016 sman = 5.54518, TAC516 = 254483, TAB, g1 anen = 25.866, TAC31¢ =
261.5491%, TABy ¢ anen = 31.463;  TAC501, = 31.3792021,  TAB3 7 cnan = 3.18922, TAC,, =
216.795%, TAByy,; anen, = 25.064, TACS g1, = 216.795%, TABL; anen = 29.969; TAC50,5 = 65.000,
TAB3y15sman = 4550,  TACyiis = 247.500,  TAByyiganen = 25129, TACjis = 295.911,
TABzzéis,anch = 25.129. The small sardine TABs with directed sardine are overwritten in equations (A.15)
and (A.21)?* with the observed bycatch, with all the bycatch assumed taken west of Cape Agulhas:
Corenman = 0.061, Copiat = 0t, Coprso oy = 0.173 and Cypiyeman = 0 thousand t. The small

sardine TABs with anchovy are also overwritten in equation (A.21)* with the observed bycatch:

17 Initial TAC was 64 563t.
18 |nitial TAB was 4 519t.
19 The final TAC was 354 326t, but anchovy was substantially under-caught during 2016. The TAC in the simulations is thus rather set
equal to the total 2016 anchovy catch.
20 The final directed sardine TAC for 2017 was 45 560t, but this was under-caught. The TAC and split is thus based on the 2017 catch
west and east of Cape Agulhas during 2017.
21 |nitial TAC was 23 964t.
22 |nitial TAB was 1 677t.
23 The initial anchovy TAC was 247 000t and the final TAC was 450 000t, but anchovy was substantially under-caught during 2017.
The TACs in the simulations is thus rather set equal to the total 2017 anchovy catch.
24 No modification to equations (A.29) and (A.30) is necessary as the anchovy fishery is now known to have not been closed during
2016 and 2017.

12
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Coor6smatanch = 11.629 C3417 cmai.ancn = 4.048 thousand t. 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 is 0.641:0.359% and 0.825:0.175 for 2016 and 2017, based on the
proportions observed in the catches during 2016 and 2017. The proportion of directed sardine TAC taken
west:east of Cape Agulhas in 2018 is determined as for other years by equation (A.8).

ii) As the May 2016 and 2017 survey observations are available, no error is required, thus equation (A.36) is
replaced by

- I\Ij"zblslfmém = 0.811 billion (CV of 0.425) for either the single stock OM or the west component of the two

component OM, l\ljozbszOIG’T = 0.850 billion (CV of 0.887) for the south component of the two component

OM, and I\Ijo:bf_fom_r = 118.075 billion (CV of 0.221) (Coetzee et al. 2016a and D. Merkle pers comm.).

- I\Ijo:bf_'ZSOU_T = 7.156 billion (CV of 0.536) for either the single stock OM or the west component of the two

component OM, I\Ij"zbzs_'25017_r = 1.621billion (CV of 0.566) for the south component of the two component

OM, and I\Ij"zblslfm” = 830.201 billion (CV of 0.138) (Coetzee et al. 2017a and D. Merkle pers comm.).

iii) The ratio of juvenile sardine to anchovy “in the sea” used in equation (A.17) is
-T5016 = 0.5 % (0.0231 + 0.089) (de Moor 2016a).
- 15017 = 0.5 % (0.009 + 0.039) (de Moor 2017).

iv) The model predicted recruitment in November 2015 and 2016 is an inverse variance weighted average of
the logarithms of two estimates (logarithms are taken as the distributions of the estimates themselves are
assumed to be log-normal). The first estimate comes from the recruitment observed in the y=2016 and

y=2017 recruit surveys (based on equations (A.41) and the best estimate from equation (A.36)):

ipred _ 1 i,obs
Nj,y.r - k;’.TN]'.y,T

FSpred _ (i Spred ,0.5(6+ty)M5,/12 | AS 0.5(6+ty)M3,/12
Niy-10 = (Nj,y,r e W Ciyons ) © !

A A
FApred Apred ty,M7,/12 A A 0.5M7
N; = (N- e Y it 4 (Cf e Jju .

Jy=1,0 Jyr J.y,0bs (equation (A.41))

- where €16 0ps = 20.777 billion, and €24 5916 0ps = 0.673, and €5 5016,0ps = 0.00 billion
being the juvenile anchovy and sardine catch, respectively from 1 November 2015 to the day
before the recruit survey in June 2016, which was 7™ June, i.e. ty91¢ = 1.233 (de Moor 2016a).
- where €517 0ps = 17.496 billion, and €%, 917,0ps = 0.303, and € 5047,0ps = 0.0026 billion
being the juvenile anchovy and sardine catch, respectively from 1 November 2016 to the day
before the recruit survey in June 2017, which was 11% June, i.e. t,0,7; = 1.367 (de Moor 2017).

The standard errors associated with the logarithms of these estimates are:

6—15:2016186 = \/0-4252 + (@3c)* + (A5)? 5—15:2017,rec = \/0-5362 + (952 + (A5)?
525,2016,rec = \/0-8872 + (@ac)* + (A5)? 525,2017,rec = \/0-5662 + (@5)? + (A5)?

615016 rec =+/0.2212 4+ (A)? 61017 rec = +/0.138% 4+ (A4)?

25 Based on observed catches west:east of Cape Agulhas during 2016.
26 The assumption is made that all juvenile catch was taken west of Cape Agulhas.
13
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The second estimate comes from the stock recruitment curve, but needs to take account of the serial
correlation in residuals about this curve, and so depends on the residual estimated about this curve for
Novembers 2014 and 2015. Thus?’:

i i

NiPred = f£(SSBITTeh)e ieorsir fory = 2015 and y = 2016

with a standard error of the logarithm of this estimate being given by:

oi N

ajlly =J1- (S]?,Cor) O'jl,r

When two sardine components are modelled, the function f is a “2-step function” (de Moor 2018c),
independent of spawner biomass, and no serial correlation is considered, i.e. Sé,cor =0.

The inverse variance weighted average of the logarithms of these two estimates is then given by:

ln(ﬁz,pred ) ln(NL,pred )

j,y—1,0 j,y—1,0
- (yred) (hy-a)
In(N/PTE0) =~ " jy=1 fory = 2016 and y = 2017

(@red) (Zhy-a)
This process is essentially shrinking the estimate provided by the survey towards the mean provided by
the stock recruitment relationship (adjusted for serial correlation).
The recruitment residual in November 2015 and 2016, required in the calculation of the recruitment
residual in November 2016 (part v) above) and November 2017 (equation A.6), is obtained from equation

(A.5) as follows:

Ni',pred
el = ln(%)/a-" fory =2015andy = 2016
Y r(sseyy )0
As the November 2016 and 2017 survey observations are available, no error is required, thus equation
(A.31) is replaced by B3 s = 1733.040 thousand tons, B2$’5,,s = 258.5746 thousand tons for single
area HCRs, and Bjsz"fzsom = 183.3558 and B]-S;OZI”ZSOM = 75.2188 thousand tons for two area HCRs (Coetzee

et al. 2016b) in 2016 and B35, = 1568.3983 thousand tons, B, = 334.8038 thousand tons for

single area HCRs, and B}, = 107.1731 and B}X3’;,,, = 227.6307 thousand tons for two area HCRs

(Coetzee et al. 2017b) in 2017.

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 2018a,b). In addition, historical catches were used in the calculation of single stock or west

component sardine bycatch to anchovy ratios used in the implementation model. These parameters are detailed in this

Correlation in survey residuals

The single stock or west component sardine and anchovy November survey residuals are given by (i = S, A):

&l now = In(By3™) — In(ki yBL,), 1984 <y < 2015 (A.42)

27 gquation (A.6) defines the distribution of recruitment predicted by the stock-recruitment relationship. For this calculation, the
best estimate (centre of the distribution) is used to average with the survey-based estimate of November 2015 recruitment.

14
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The standard deviations of the residuals are given by:

(B8 (Ee)
ONov = 2015 . , (A.43)

y=1984 1

and

2015 A
Zy 1984 Sy Nov€y,Nov

PNov = (22015

S A
y=1984 )O-Nov‘TNov

(A.44)

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

ehrec = I(NOY) — In(ki,Ni ), 1985 < y < 2015 (A.45)

The standard deviations of the residuals are given by:

: 2
[ Z§10115985(g§7 TEC)
O-rlec - 22015 %, (A.46)

y=1985 1

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

estimates is:

z:y 19853§rec5yrec
Prec = (22015— B, (A47)

S A
y=1985 )Grecarec

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.11)). 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. Only the most recent 10 years data 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:

22 %506 10(C fomemay/ Covjanmay )~ (B y—1.0/ Ny _1,0)
Kjanmay = exp{ 22005 06 1 (A.48)
and

S,b = =
&y, janmay = (Cy) jommay/ Cyrjanmay) = (Kjanmay Niy-1,0/ Ni'y-1,0) 2006 < y < 2015 (A.49)
The standard deviation of the residuals is given by:

5 5
Ojanmay = \/ 2012006(83/ ]anmay) / 32/012006 (A.50)

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:

28 The sum is taken over all years for which a survey estimate of recruitment exists.
15
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220:15 I Sbyc c (NS NA
km _ exp{ Y=2006 n( 2/013/5m) n( Tyr/ 1,y,r) 29 (A.51)
Xy=7006 1
and
eym =(Cor¢ [Cm) — m(kmNS, . /NA, ), 2006 < y < 2015 (A.52)
The associated residual standard deviation is:
Om = \/ 20125006( ym) / 32/0125006 (A.53)
A correlation coefficient between the residuals in successive months, is then calculated by:
pm Zy 12006 Sym 15ym 16 30 (A54)

Om- lgm(2y=2006 1)

29 Summing over years for which anchovy directed catch in month m is non-zero.
30 For piqy, monthm — 1 = janmay.
16



Table Al. Parameter definitions.
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Operating Model parameters Units Used in Equation Notes
N pred OM predicted numbers at age a of species i, component j, at the A.1,A.2, (A.9A.10) N Lpred sampled from Bayesian posterior
e beginni fN beri Billions j,2015,a
eginning or November in year y distributions of de Moor (2018a,b)
Mt Natural mortality rate of juvenile (age 0) fish of species i 1 A1, A2 sampled from Bayesian posterior distributions
Ju Year
of de Moor (2018a,b)
fld Natural mortality rate of adult (age 1*) fish of species i 1 A1, A2 sampled from Bayesian posterior distributions
Year
of de Moor (2018a,b)
C],i'}?/’tfd OM predicted future catches at age a in year y of component j of Billions A9,(A.1,A2)
w species i
C],i';’gi‘i OM predicted future catches at age 0 prior to the May recruit survey in Billions A.12,A.14,(A.41)
w year y of component j of species i
Bjii’”d OM predicted November total biomass in year y of component j of Thousands A.1,A.2
' species i of tons
]?'_y OM predicted November total biomass in year y of component j of Thousands (A.42) Sampled from Bayesian posterior distributions
species i of tons of de Moor (2018a,b)
5531?'}1/””‘1 OM predicted November spawner biomass in year y of component j of  Thousands A.1, A.2
' species i of tons
W]-i_a Historical average November weights-at-age a of component j of Weight is given by length in the OM, and thus:
species i wi =Y, wi fl“lr =Y,0.0079 x [309794%"
Grams 2015
S‘M.T
A DIPRCAL
) y=2011
fjfa Proportion of component j of species i that is mature at age a - (A.1,A.2) Maturity is given by Iength in the OM, and thus:
fi =X AL =
ZlAsu‘r/(l + e—(l—10.61)/0.66)
2015
fams 2 DS
=2011
2015
13 S
y=2011
move, q, Proportion of sardine at age a moving from the west to the south - A3, A4 move, ,, 2006 <y < 2015, sampled from

component in year y (2 component OM only)

Bayesian posterior distributions of de Moor
(2018b)

31 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-olds which move from the west to the south - A4

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 (2018a,b)
relationship)
b]-i 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 (2018a,b)
of tons
sj",y Standardised November recruitment residual for component j of A.6 5;,2014 sampled from Bayesian posterior
species i in year y distributions of de Moor (2018a,b)
a].if Standard deviation of the recruitment residuals for component j of (A.5) aj’;W,T = 0.9 Bergh (2018)
species i
Sji,cor Recruitment serial correlation for component j of species i (A.6)
a)]l:,y Random variable - A6 a)]l:,y~N(0,1)
T The proportion of the directed >14cm sardine TAC assumed caught - A8
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.

Sfa Commercial selectivity-at-age a of sardine component j - (A.9,A.10) Sampled from Bayesian posterior distributions
of de Moor (2018b). Selectivity is estimated by
length in the OM, and thus:

S]:?a = %Z?/(;lZSOll Zl O'S(ijy,Z,lA;g/‘rg.a,l +
S5, 31450 0) 2, 0<a<5*
E, Commercial fishing mortality of sardine component j in year y - A.10 (A.9)
Wji,ac Historical average weights-at-age a in the catches from component j of grams (A.10) Table A2
species i
t; Proportion of the <14cm and >14cm sardine TAB with round herring3 - (A.10,A.14,A.15) t;=1andt, =1
assumed caught west of Cape Agulhas
TAB;{Z;ZW >14cm sardine bycatch with round herring and anchovy in year y Randomly sampled from historical bycatches

(Figure A1)

32The 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.
33 The >14cm TAB also allows for some bycatch with anchovy.
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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 wgyyep, = 0.02
w]‘-’f;aw Proportion of the directed >14cm sardine TAC simulated to be caughtas - (A.14) 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.16) 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.17 (A.16)
Ty sur Ratio of juvenile sardine to anchovy observed during the May recruit - A.18 (A.17) Observed data input to the Harvest Control
survey Rule
Ty com Ratio of juvenile sardine to anchovy in May commercial catches - A.19 (A.17) Observed data input to the Harvest Control
Rule; simulated during OMP testing as A.19
le;lr’s Acoustic survey estimate of recruitment of component j of species i for  Billions (A.18) Observed data input to the Harvest Control
May/June of year y Rule; simulated during OMP testing by
equation A.36
1\/;:';’;3‘1 OM predicted recruitment of component j of species i in November y —  billions A.41,(A.19)
1, projected forward to the time of the recruit survey in May/June y
1/\7ji_y_r OM predicted recruitment of component j of species i in November y —  Billions (A.45) Sampled from Bayesian posterior distributions
1, projected forward to the time of the recruit survey in May/June y of de Moor (2018a,b)
kianmay Estimated bias in residuals for juvenile sardine: anchovy from - A.48,(A.14)
commercial catches between January and May
Ojanmay Standard deviation from the residuals for juvenile sardine: anchovy from - A.50,(A.14)
commercial catches between January and May
&y janmay  Residuals for juvenile sardine: anchovy from commercial catches - A.49 (A.50)
between January and May
km Estimated bias in residuals for juvenile sardine: anchovy from - A.51 (A.19,A.22)
commercial catches during month m
&y m Residuals for juvenile sardine: anchovy from commercial catches during - A.20,A.23 (A.18,A.22)
month m
Om Standard deviation from the residuals for juvenile sardine: anchovy from - A.53 (A.19,A.22)
commercial catches during month m
Pm Correlation coefficient between the residuals for juvenile sardine: - A.54 (A.20,A.23)
anchovy from commercial catches during months
m—1andm
C}f‘,;ffe‘i OM predicted anchovy catch in month m of year y, for use in calculating Thousands A.24-A.28 (A.21)
the drop-off in small sardine bycatch with anchovy of tons
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Operating Model parameters

Units

Used in Equation

Notes

Pm

i,obs
Bj,y

i
kjn

i
j,y.Nov

~
0jy,Nov

Pnov

Pac

(24’

i
k]' i

&jyrec

Ojy,rec
Prec
()2

A
Cy m

S,byc
Cy m

Average proportion of total anchovy catch during July to December that
is taken in month m

November acoustic survey estimate of total biomass of component j of
species i inyeary

Multiplicative bias associated with the acoustic survey estimate of
November total biomass of component j of species i

Residuals in the simulated observation of November survey estimate of
total biomass from OM predicted November biomass in year y of
component j of species i

Standard deviation of the residuals sj",y,Nov, being the November survey
sampling CV

Correlation in the residuals between sardine and anchovy November
survey estimates of total biomass

CV associated with the factors which cause bias in the sardine acoustic
survey estimates and which vary inter-annually rather than remain fixed
over time

Additional variance (over and above the survey sampling CV and (¢,.)?)
associated with the November survey of species i

Multiplicative bias associated with the acoustic survey estimate of May
recruitment of component j of species i

Residuals in the simulated observation of May survey estimate of
recruitment from OM predicted recruitment in year y of component j
of species i

Standard deviation of the residuals s}_y_rec,
sampling CV

Correlation in the residuals between sardine and anchovy survey
estimates of recruitment

Additional variance (over and above the survey sampling CV) associated
with the May recruit survey of species i

Observed anchovy catch from landings that have targeted anchovy
during month m,( m = janmay, may, jun, jul, aug, sep, octdec) in
yeary

Observed <14cm sardine bycatch from landings that have targeted
anchovy during month m, ( m=
janmay, may, jun, jul, aug, sep, octdec) in year y

being the May recruit survey

Thousands
of tons

Thousands
of tons

Thousands
of tons

(A.25-A.28)

A3l

(A.31)

A.32,A.33(A.31)

A.34,A.35,(A.32,A.33)

A.44 (A.33)

(A.36)

A.37,A.38,(A.36)

A.39,A.40,(A.37,A.38)

A.47 (A.38)

(A.48,A.49)

(A.48,A.49)

Observed data input to the Harvest Control
Rule; simulated during OMP testing by
equation A.31

Sampled from Bayesian posterior distributions
of de Moor (2018a,b)

(qc)? = 0.227 Moor  and

Butterworth 2016a

from de

Sampled from Bayesian posterior distributions
of de Moor (2018a,b)

Observed data

Observed data
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Table Al (continued). Parameter definitions.
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Operating Model parameters Units Used in Equation Notes
1/\7]-{},,0 OM predicted recruitment of component j of species i in November y Billions (A.48,A.495) Sampled from Bayesian posterior distributions
of de Moor (2018a,b)
Kji Average pristine level (“carrying capacity”) for component j of speciesi Thousands Sampled from Bayesian posterior distributions
of tons of de Moor (2018a,b)

21



FISHERIES/2018/SEP/SWG-PEL/27

jacr 1=S,A). As sardine

Table A2. Average 1984 to 2015 weights-at-age (in grams) from the historical catches (W

catch weight-at-age is not directly available, the average over all years is taken from proxy-annual catch weights-at-age

calculated* as an average of the November survey weight at age a in year y —1 and weight-at-age 8 +1 inyear y .

Sardine single stock Sardine west component

‘Normal’ years ‘Peak’ years ‘Normal’ years ‘Peak’ years
Wy, 20.86 13.18 Wy, 17.99 18.09
AR 60.57 49.58 AR 58.56 58.81
W 88.62 82.95 W 87.48 87.62
Wy, 97.35 95.77 Wy, 95.04 95.07
W 99.53 99.14 W 96.60 96.60
Ws.c 99.95 99.80 S 96.85 96.85

Sardine south component Anchovy

‘Normal’ years ‘Peak’ years
Wy 16.01 16.04 W 5.48
Wyy, 53.11 53.31 W, 12.70
W, 5, 81.37 81.50
W2S,3c 90.14 90.17
W, 4, 92.28 92.29
Wy, 92.69 92.69

34 At the joint posterior mode for each baseline OM.
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J

Table A3. Anchovy catch (in thousands of tons) from landings that have targeted” anchovy (Cﬁm), for five-month (“janmay”), five single month (“may”, “jun”, “j
and a three-month (“octdec”) periods, with the associated recorded landings of <14cm sardine bycatch (C;’,l;lyc, also in thousands of tons).

Year  Clianmay Cymay  Cojun  Chju Chaug  Ciser  Cloctaec Cyromay Commy  Comme  Coi2S  Cyave Comdt Coidie.
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 2334 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 3.5 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 44.3 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 67.0 384 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 13.1 35.1 31.7 37.2 1.7 11.3 2.5 13 4.1 5.1 5.9 0.1 1.7
1996 20.9 9.2 13.4 0.2 # # 0.0 3.2 13 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 3.4 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 13 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 3.4 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 13 5.5 2.3 0.0
2003 41.1 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 42.9 10.9 2.7 13 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 31.0 344 37.3 43.5 27.2 2.3 1.5 0.4 0.2 0.1 0.1 0.2
2008 69.9 349 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 65.6 394 4.9 0.1 6.3 2.5 5.4 3.9 13 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 43.9 17.7 125 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.

” "
ul”,

»n u

aug-,

sep”),
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with round herring and
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1986 1996

2006

2016

Figure Al. The historical >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.10) 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 catch3?, b) catch

west of Cape Agulhas and c) catch south of Cape Agulhas3®. 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

f;aw, are made (equations A.14, A.15 and A.21).

35 Used for the single-area sardine TAC with single-component scenario only.
36 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 $285%6[(Cyn?“ /Citm) — km(Nf,’;,’,lT’S/Nf;_fs)] w.r.t. 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.

37 For cases where anchovy is the most common species by mass in the landing
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Figure A4. The regressions between observed survey CV2 and model predicted abundance for a) anchovy November, b)
sardine single stock November, c) sardine west component November, d) sardine south component November, e) anchovy
May, f) sardine single stock May, g) sardine west component May and h) sardine south component May, for use in

equations (A.29), (A.30), (A.32) and (A.33). In b) the outlier (767,0.17) was excluded from the regression.
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