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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. This is a draft, as
some parts of this framework may need modifying under alternative hypotheses or under alternative harvest

control rules as the development of OMP-18 proceeds.

There are two main hypotheses for sardine: a single stock hypothesis or a two-mixing component hypothesis
(with “west” and “south” sub-stocks). Two different types of candidate MPs have been proposed:
a) Candidate MPs which recommend a single directed >14cm sardine TAC and associated <14cm sardine
bycatch.
b) 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 sub-stock only.
There are therefore four alternative possible combinations of sardine TAC/B by area / stock:
i) A single area sardine TAC/B and a single sardine stock.
i) A two-area sardine TAC/B and a single sardine stock.
iii) A single area sardine TAC/B and two sardine sub-stocks.
iv) A two-area sardine TAC/B and two sardine sub-stocks.
The following assumptions are made in the implementation simulation of Candidate MPs:
i) All sardine catch/bycatch is from the single stock
i) The TAC/Bs are added and all catch/bycatch is from the single stock
iii) The TAC/Bs are split by sub-stock in a pre-defined year-specific proportion
iv) The TAC/B for west of Cape Agulhas is assumed taken from the west sardine sub-stock and the
TAC/B for east of Cape Agulhas is assumed taken from the south sardine sub-stock.

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.

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

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

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.

In the underlying operating model which assumes two sardine sub-stocks, the movement of west sub-
stock sardine to the south sub-stock in November is assumed either to be i) dependent on a relationship
with the ratio of the south to west sub-stock 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;) ,;, ., = 7000t

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

Half of the <14cm sardine bycatch with round herring, TABjsma”,rh = 1000¢t, 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) 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

normal season.

13) The initial anchovy TAC, TAC4, 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 + %TAB ~) are juveniles caught by

mid-May.
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15) The annual adult anchovy catch is 38% of the anchovy catch landed by the end of June (
TAC# +%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) 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 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 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.

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 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 have been used instead of model
simulated observations. The undercatch of the final anchovy TAC has been taken into account. The
recruitment in November 2015, and the corresponding recruitment residual are obtained by combining

information from both the stock recruitment relationship and the known June 2016 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
[

iyar 1=S, A (see below), the population dynamics model

catches output from the implementation model, C

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 1%t November and 31% 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).

N

Sardine: 1\/}.?3’/"’1”‘1 = (I\Gfﬂrle’z e~ Mju/2 _ Cj.?‘),/;’?ged) o~ Mu/2
NPTt = (NPT e~Maal? — PPl ) e Maa/2, 2 < a < 4
NS = (N5 St~ Gt (5 W ) i
B =S
SSBSY™ = S8t SN, ~
Anchovy: Njf‘y'f’lred - (I\Gf*y"’_ﬁeﬁ o—8MA/12 _ ijjl),/z’JOred) oM /12

Apred _ (rApred ,—smMA /12 _ ~Apred) —7MA, /12
Nj,y.Z - (Nj.y—l.le ad Cj,y,l e ad

Apred _ p Apred _Mgd
Nj,y.3 - Nj.y—l,ze
A A
NA,pred _ NA,pred -M4, + NA,pred -M4,

jyat = Njy-13€ jy—-1,4+€

Apred Apred —
pApre =2320N- pred A

iy jy.a ja
Apred _ 4+ (A nApred—4a
SSB; " = Xaz1fialNjya Wia (A.2)

! 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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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:
MoveR: Age-1 movement, move,, 1, for y; < y <y, is drawn randomly from move,, ; for
2006 < y < 2015.
MoveB: Age-1 movement is a function of the ratio of south to west component November biomass

in the previous year (de Moor et al. 2016), i.e.

BS,pred
movey; = 0.4992 (1 —exp {—1.3128 Bg{,;;d}) (A.3a)
1,y-1
In order to allow error about this relationship and satisfy 0 < move,,; < 1, the logit scale is
used. Thus:
el 2055
move,,; = 3 , where &,~N(0,1.208%), (A.3b)
1+exp{ln<1_ y;l >+Sy}
movey’1

with the standard deviation obtained from the model of de Moor and Butterworth (2016),
corrected for bias.

Then the proportion of age 2+ sardine moving is given by move,, , = ¢ X move,, 1, and

S,pred *
Nl';ze = (1 —move, 4N} 4

S' d * *
Nz,;),ze = N3yq + movey 4Ny g VISYSW (A4)
where I\ij;,a is simply the numbers-at-age a given by equation (A.1) prior to movement.

Letting f (SSBj‘;fred) denote the stock recruitment curve of the chosen model, with parameters a; and bf, then

future recruitment 1\/;559" is assumed to be log-normally distributed about a stock recruitment relationship as
follows:

i,pred pred i ol ~0.5(} )2

Lpreda __ Lpre S-' 0'-’7.— . 0'-’7.
Ny = f(ssByret)ein im0l (A5)
where
&y = Sjcor&iy-1t Wiy |1— (S}’Cor) , where w; ,~N(0,1) (A.6)

In the two component OM of sardine, a proportion p of the south component spawner biomass is added to the
west component spawner biomass to form “effective” west component spawner biomass used in equation (A.5)
above. The “effective” south component spawner biomass used in equation (A.5) is thus 1 — p of the original

south component spawner biomass.

Implementation model
The candidate MPs outputs the following TAC/Bs:



1)

2)
3)
4)

5)

6)

7)
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An annual directed >14cm sardine TAC, TAC§, which may be split by area (TACJf'W and TACyS'S) ina
candidate MP which allocates sardine TAC west and south of Cape Agulhas. In years of low biomass,
a precautionary initial TAC may be given followed by a final TAC after the recruit survey.

An initial and final anchovy TAC (TAC, and TACS*).

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,
TABj,.

An annual time-invariant <l4cm sardine bycatch with round herring, and to a lesser extent with
anchovy, TABS i rh-

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

sardine, TABj g, Which may be split by area (TAB, s, ., and TAB,s

,small ,small

) 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

y,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).

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 TAny to be the directed >14cm sardine TAC assumed taken from component j, the following

separation of TAC by component is effected:

i) TAC?), = TAC; and TAB; ), sman = TAB; gnan, With only a single sardine stock

ii = 4 > an = ’ + ’ with only a single
TACS), = TAC;™ + TACy” and TABS ) cau = TAB, wmqu + TAB; th onl |

y,small
sardine stock
iiiy  TACS, =1TAC; and TAC;, = (1—1)TACy, and TAB;, gnay = TTABy qpay  @nd
TABg,y,small =(1- T)TABg,small

iv) TACS, = TAC;" and TACS,, = TACy*, and TAB; , o = TAByS'“:na” and TABS ,, cnan =

,S

TAB>*S

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
(de Moor et al. 2016). Thus we have
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T =0.9376(1 — exp{—0.4647 TAC; /B ,_1}). (A.8a)
In order to allow error about this relationship and satisfy 0 < t < 1, the logit scale is used. Thus:
in(-
r= x| "(1—f*)+§Y} , where &,~N(0,0.9762), (A.8b)
1+exp{ln(1;*)+fy}

with the standard deviation obtained from the model of de Moor et al. (2016), corrected for bias.

Sardine adult catch

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

Spred _ \Spred ,—M3,/2cS +
Cya =Ny_1a8 "9 Sjakjy, 1=sa=<5 (A.9)
S |7 S,draw
where £, = Spred —M3, /2 TACJ"J""T/T;ABI’QH d —mS,/ ! (A.10)
g pred ,—M7 S =S 5 pred —My /2SS =S
j,y—1,oe s Sj,owj,0c+za:1 Nj,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%? of the
anchovy catch biomass between January and June (the period to which TACyl'A and half of TAB“ 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:

1,A A
cipred — 038 x 2y 0T (A.11)

1c

Anchovy 0-year-old catch

Between 2006 and 2015 the anchovy juvenile catch in tons from 1%t January to 30" April, together with half
the May juvenile catch in tons was 29%?2 of the total anchovy catch biomass from January to June. Using the
above assumption that TACyl'A and half of TAB4 is caught by the end of June, the anchovy 0-year-old catch

taken prior to the recruit survey is:

1,A A
Crred = 0.29 x 222 (A.12)
oc
and for the whole year:
CiPe? = % (TAC}* + TABA — 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 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. It is

237% for 1984 to 2015
3 27% for 1984 to 2015
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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:

. S wdraw S,pred
S,pred T,TAB 1 TAC1 1, TAC
cSpred — o5 Dl mann 4 0 6 Ay Ty 4 g RO o Ojanmay Ty janmay X .26 -, ¢
" Wi0c Wioc NiY 10 W1 oc
S,pred 5 t,TABS mairn w§IVTACS, h
C3 005 = 0- w50 +0.6 o where 1, ianmay~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

Cf}’l’ged ; ((A TACy* + 1, (TACH — TAClA)) + £ TABmau i + 0I5 TACT y)

1

NpPTeGe” Ju/ZSiS:OFl_y
Cybeed = TABS + WITWTACS,)) + NSPTed o ~Miu/255 A.15
25,0 — (Tz smallrh T @ Zy) 2,y-1,08 2,0f2,y (A.15)
where
Ay = max{yy, ry}, (A.16)
1
ry =3 (ry’sur + ry‘com), and (A.17)
S,obs
1,y,r
Tysur = NA,J:)bs' (A.18)
1,y,r

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

NS ,pred
— Lyr o &
ry,com - kmay Apred e maytymay, (A.l9)

leT

2
where €ymay = Pmayly,janmay T ,/ 1- (pmay) My,may: (A.20)

With 17, 114y ~N(0,1) and 77y jan:may IS given by equation (A.14). As 1y, .o, is based on simulated commercial

Nl ,pred

catches, the model predicted numbers-at-age, Ny’), .

, are used rather than those simulated to be survey

observations.

Equation (A.15) assumes that the ratio of juvenile sardine to anchovy “in the sea” during May, 7, 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.

S,pred
. . N .
* With the restriction that k;4,may N;ypred gjanmayTy janmay < (),5, See footnote 7.
1,y-1,0
® During OMP implementation, 7;, .., Will be an observed ratio.
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Over the past 10 years (2006-2015), the sardine bycatch with anchovy from January to 31 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:

Sxpred _ 1 , S draw S Spred —-M3, /2 ¢S S,pred
Ciyo =55 (t1TABSmaurn + 0T TACT, ) + Ny 30e ™ w2830 Fy y + 1.327 X (€1 ns —
,0C
5 T TAB mairn wff™vrACs) 1 Apred Apred Apred Ajpred
0.5 = gmetirt — 0.6 e ) o (1 jun e 7 jua Co ™ + g Gyt + Tysen ot - +

CA,pred

Ty,octdec y,octdec) (A.21)

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

NS,pred

Tym = km —rege’mm, 7 where m = jun, jul, aug, sep, octdec (A.22)
1yr

And correlation between adjacent months is simulated as follows:
2

Ey,jun = pjungy,may + [1- (pjun) 773/,jun

_ 2
Sy,jul - pjulsy,jun + [1- (pjul) ny,jul

2
€y,aug = Paug€y,jul + «’ 1- (paug) Ny,aug

2
gy,sep = psepsy,aug + 1 - (psep) ny,sep

gy,octdec = poctdecgy,sep + Y 1- (poctdec)zny,octdec- (A-23)

where €, 4, Is from equation (A.20), and 1, ,,~N(0,1), m = jun, jul, aug, sep, octdec.

Between 2006 and 2015 the average total anchovy catch from January to May was 768% of that from January

to June. Assuming 76% of TACS}'A is caught by the end of May, and given the assumption that TACyl'A is
A, d

Cy rerlre

caught by the end of June, the anchovy catches in equation (A.21), (m = jun, jul,aug, sep, octdec),

are derived as follows (in thousands of tons):

Cphie® = 0.24 x TAC," (A.24)
Cyrl® = pju(TACT = TACY*) (A.25)

6 Bycatch from 1% to 15" May approximated by half the bycatch from the full month of May.
7 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 Sea Management Council
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 7;, ,,, < 0.5 and r,, < 0.5 in all simulations.
8 Average from 1984 to 2015 is 72%.

10
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e — b (TACEA — TACEY) (A.26)

Coten” = Psep(TACS* = TACH) (A.27)
A, pred 2,A LA

Cy,oggec = (1_ Piu = Paug — Psep XTACy _TACy ) (A.28)

where pjy,; = 0.42° , payg = 0.26'° and pge, = 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

The anchovy catch, Cf%ed, is adjusted if the predicted proportion of Cf_ ;'f)red which accounts for small sardine

bycatch with anchovy exceeds TAByZ"fmch, in order to reflect the closure of the anchovy fishery once the sardine

bycatch allowance with anchovy directed fishing is reached. If

—S Spred s _ draw s Apred Apred Apred Apred Apred
1.327 X (W7 0cCy 3 oms—0-5T1 TABS = 06T TACE,) + (13 junCotum + Ty jutCotat -+ TyaugCriag + .sepComen .+ TyoctaecCyantdec

> 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 __
1,0 -
. CS*,pred_ inio: TABJZ/:chh 1 , TABS draWTACS NS,pred —Mfu/zss F
ming Gy o 5 ming 0, —2s == + WS (1 smallrh T W1y l,y) + Ny 108 T0f1y

(A.29)

<TABA - w{‘ccf}'y’f{‘fd +

A*,pred __ . Apred, . o1
Cl,y,O = min {61,3/,0 ;min {0, -

2,S
TAB y,anch

d

. Apred Apred Apred A,p
+ry'1ulcy,jul +ry'augcy,aug +ry,S€PCy,sep +Ty,0Ctd€CCy_oc

(A.30)

Spred
1,y,0bs

2,A
TAC? [

_s , s d S . Apre
1.327%(W$,cC 0.5t TABS 411, —0-60F5 W TACS ), )+ 1y, junCi i

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 by the as follows (i = 4, S):

i

B9P* = ki BT e e iyov (A.31)
S — S ~S N
where &y oy = 1My,Nov0)y,Novs where 15, nop~N(0,1) (A.32)

° Average from 1984 to 2015 is 42%.
10 Average from 1984 to 2015 is 28%.
11 Average from 1984 to 2015 is 20%.
11
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and Sfy,Nov = (PNov’?f,y,Nov +1- pl%lovnfy,Nov) 5]",4y,Nov 2, where Ufy,Nov“‘N (0,1) (A.33)
Single stock: &Ly Nov = \/min <1.11812; 0.0486 + %) + (p5)% + (A3)2 8
West component: 61y Nov = \/min <1.12672; 0.1496 + g}}fi) + (p5)% + (A3,)2 4
South component: 55 Nov = \/min <1.22932; 0.3749 + ;§?°Z> + (@)% + (A5)2w (A.34)
and FyNov = \/min <o.4o962; 0.0215 + %) + (A4)215 (A.35)

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 _ i i,pred £t
Niyr =kjpNyy,—evre, (A.36)
S _,S =S s
where &) cc =17y recOjyrec: where 17, e ~N(0,1) (A.37)

and gfy,rec = (precniq,y,rec + vV 1- prgecnﬁy,rec) @%y,recl?” where nﬁy,rec“’N(O;l)- (A-38)

&Sy rec = \/min <1.07852; 0.1056 + S0

Nl,y,r

Single stock + (@3)2 + (23)21

West component:

NI,y,T

0.0334
N.

+ (pac)? + () (A.39)

Spred
2yr

Foyrec = \/min <1.07852; 0.0209 + 2f§fj,> + (@5.)% + (135)212

South component: 83 yrec = Jmin <1.01842 ;0.4690 +

and G rec = \/min <0.34042; 0.0366 + %) + (A4)28 (A.40)

Lyr

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).

12 1n the two sardine component OM, the assumption is made that anchovy biomass and recruitment is only correlated
with the west component.
13 For the sardine single stock OM, from the base case OM with hockey stick stock recruitment curve (de Moor and
Butterworth 2016b)
14 For the sardine two component OM, from the base case OM with hockey stick stock recruitment curves (de Moor and
Butterworth 2016a).
15 From the anchovy base case OM with a Beverton Holt stock recruitment curve (de Moor 2016b).

12
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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:

Spred Spred — S S,pred - S
NSP =(Np 3.25M},/12 _ S/ )e 3.25M3,/12

J.y.r Jj,y—1, Oe 'j,¥,0bs
Apred _ [y Apred —05M%,  ~Apred\ -05M4 /12
Ny (NJ y-10€ M= Ciyops Je T (A.41)

Assumptions made for 2016 and 2017

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 and 2017, have however already been

observed. Thus the following changes are made to the simulation framework above for 2016 and 2017:

i) The TAC/TABs (in thousands of tons) for 2016 and 2017 have already been set using OMP-14,

thus TAC5y16inic = 64563, TAB3g16 smaiinit = 4519, TAC5916 = 64.928, TAB3y16 sman =
5.545, TACyis = 254.483, TAByp, ¢ ancn = 25866, TACS s = 261.54916, TABYy ¢ qnen =
31463 and TAC3y17mie = 23964, TAB3g17 smawinie = 1.677, TAC3y1, = 27.757Y,
TAB5017 smau = 3-189, TAC,ii, = 217.30318, TABy5, 7 aner, = 25.064, TACS,, = 217.303%,
TABZZ(',SN'anch =29.969. 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: Ciqé‘;}g,ssinau = 0.061, Ciq(')sfslfstrfrlmu = 0t, C;(')Mlzsi%all = 0.130 and 6256510773%11 =
0 thousand t. The small sardine TABs with anchovy are also overwritten in equation (A.21)* with
the observed bycatch: €516 smattanch = 11.629 C3017 smairanch = 402620 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 0.641:0.3592! and
0.870:0.1302 for 2016 and 2017, based on the proportions observed in the catches during 2016
and 2017.

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

16 The final TAC was 354 326t, but anchovy was substantially undercaught during 2016. The TAC in the simulations is
thus rather set equal to the total 2016 anchovy catch.
17 The final directed sardine TAC for 2017 was 45 560, but indications are this will be undercaught. The TAC and split
is thus based on the allowable catch west of Cape Agulhas during 2017 (24 140t) and the catches taken east of Cape
Agulhas up to October 2017 (3 617t)
18 The initial anchovy TAC was 247 000t and the final TAC was 450 000t, but anchovy was substantially undercaught
during 2017. The TACs in the simulations were thus rather set equal to the 2017 catches up to October + 1%, where 1%
is the average November-December catches as a ratio of January-October catches.
1% 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.
20 The small sardine bycatch with anchovy was 3986t up to the end of October; this is increased by 1% for November and
December.
21 Based on observed catches west:east of Cape Agulhas during 2016.

13
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- I\G"fﬁfom,r = 0.811 billion (CV of 0.425) for either the single stock OM or the west component

of the two component OM, N"bzszsomm = 0.850 billion (CV of 0.887) for the south component of

the two component OM, and N22F5, - = 118.075 billion (CV of 0.221) (Coetzee et al. 2016a
and D. Merkle pers comm.).

N"bf25017 - = 7.156 billion (CV of 0.536) for either the single stock OM or the west component

of the two component OM, N"bzszsonr = 1.621billion (CV of 0.566) for the south component of

the two component OM, and N2, = 830.201 billion (CV of 0.138) (Coetzee et al. 2017

and D. Merkle pers comm.).

iii) The ratio of juvenile sardine to anchovy “in the sea” used in equation (A.17) is
- 72016 = 0.5 %X (0.0231 + 0.089) (de Moor 2016a).
- 13017 = 0.5 X (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:

i,pred 1 l obs
N 14 —

iy = kl N;yr (the best estimate from equation (A.36) for component j of species i)

NSPred _ (NSpred 05(6+ty)M]u/12 + Cs

1y-10 = (Niyr bs) e05(6+ty)Mj,/12 (equations A.41 and A.7)

~Spred S, d056tM 12 , 4 0.5(6+t, M3, /12
Nz,fri,o = (Nz 5?6 (6+ty)Mju/12 CZS,y,Obs) eOS(6+ty)Mju/
(equations A.41 and A.7)

~SApred _ Apred t Mu/12 0.5M;
Njy-10 = (NJ yr €7 + CJJ’ObS) ! (equation (A.41))

- where €316 0ps = 20.777 billion, and €, 5016055 = 0.673,and €L, 5016 055 = 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. t,9,¢ = 1.233 (de Moor 2016a).

- where C3b17,0ps = 17.496 billion, and €, 5017055 = 0.303, and €, 5017,0ps = 0.0022
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,9,7 = 1.367 (de Moor 2017).

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

0152016rec = \/0 4252 + (950)% + (A3)? 0152017 rec = \/0 5362 + (95c)% + (13)?
0-252016 rec — \/0 8872 + ((pac)z + (A )2 0-252017 rec — \/0 5662 + ((pac)z + (A )2
6{2016,rec = \/0-2212 + (A8)? 61017, rec = \/0-1382 + (A1)?

22 The assumption is made that all juvenile catch was taken west of Cape Agulhas.
14
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V) 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®:

NiPeed = f(SSBIET* )eSieorin®ir for y = 2015 and y = 2016

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

a,-]LJ/ = \' 1- (Sji,cor)zo-ji,r

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

~i,pred ~i,pred )
ln(Nj,y—l,O) . ln(Nj,y—l,o

=i 2 ﬁi_ 2
ln(]\/j"';’fi%) _d "WfC) . ( ]'f‘l) for y = 2016 and y = 2017
. 2" . 2
(aj',y,rec) (‘VT;',y—l)

This process is essentially shrinking the estimate provided by the survey towards the mean

provided by the stock recruitment relationship (adjusted for serial correlation).

vii) 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:

i NG i
&y = In <W>/q’r fory =2015andy = 2016
viii)  As the November 2016 survey observations are available, no error is required, thus equation

(A.31) is replaced by B/23% . = 1733.040 thousand tons, B;2%’5,, s = 258.5746 thousand tons

for single area HCRs, and B;2%’5, ¢ = 183.3558 and B;-’5,; 4 = 75.2188 thousand tons for two

area HCRs (Coetzee et al. 2016b).

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 2017c,d). 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 section.

Correlation in survey residuals
The single stock or west component sardine and anchovy November survey residuals are given by (i = S, A):
&l nov = IN(Br9”*) — In(ki yBY ), 1984 < y < 2015 (A42)

The standard deviations of the residuals are given by:

23 Equation (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.

15
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. 2
) 312015 | vow
ONov = % (A.43)
Yy=198a1
and
Zy 1984£yNov yNov (A 44)

PNov = (22015

i
y=1984 1)080vTNov

Similarly, the single stock or west component sardine and anchovy May recruit survey residuals are given by
(i=SA4):
&b rec = In(Ny9o%) — In(ki . Ni, ), 1985 < y < 2015 (A.45)

The standard deviations of the residuals are given by:

. 2
22015 (S )
— y=1985\“y,rec 24
Orec = |~ ya015 1 : (A.46)
Zy 1985 1

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

estimates is:

Z§1011985 €y, recfy rec 15
preC - (22015 . (A'47)

S A
y=1985 )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.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 simulate 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:

325006 11(Cy anmay) (VS y_10/Nfly
kjanmay — exp 222006 n( y]anmay/ y2]015 y) n(N3y—1,0/Nfy-1,0) (A.48)
Zy 2006 1
and
I S b 5 5
&y janmay = ( y)grfmay/ y}anmay) - ln(kjanmales,y—1,0/N1“,1y-1,o) 2006 <y < 2015 (A.49)
The standard deviation of the residuals is given by:
' 2
U]anmay \/ 50125()06(‘€y.janmay) / 32/g1250061' (A-SO)

24 The sum is taken over all years for which a survey estimate of recruitment exists.
16
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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:

22015 n Sbyc chn)-1 NS . NA .

o = exp{ Herls 2/) T (A51)
and
eym = (Comd [Chim) — (kNS /NE, ), 2006 <y < 2015 (A.52)
The associated residual standard deviation is:

O = T2 0s(Ehm) /S0 (A5
A correlation coefficient between the residuals in successive months, is then calculated by:
oy = 2585006 Eym-18y,m 16 26 (A.54)

Um—lam(zy—zoos 1)

25 Summing over years for which anchovy directed catch in month m is non-zero.
% FOr ppqy, monthm — 1 = janmay.
17
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Table Al. Parameter definitions.
Operating Model parameters Units Used in Equation Notes
1\/},1:';’;6‘1 OM predicted numbers at age a of species i, component j, at the billions Al, A2, (A9,A10) Mlzlf’gfga sampled from Bayesian posterior
beginning of November in year y distributions of de Moor (2017c,d)
M]?u Natural mortality rate of juvenile (age 0) fish of species i year?! Al A2 sampled from Bayesian posterior distributions
of de Moor (2017c,d)
La Natural mortality rate of adult (age 1*) fish of species i year? Al A2 sampled from Bayesian posterior distributions
of de Moor (2017c¢,d)
Cjil';;e‘i OM predicted future catches at age a in year y of component j of species billions A9, (A1, A2)
l
Cji’f’gzi OM predicted future catches at age 0 prior to the May recruit survey in billions A12,A.14,(A.41)
year y of component j of species i
Bjilr;”e‘i OM predicted November total biomass in year y of component j of Thousands Al A2
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 (2017c,d)
5531}";”9‘1 OM predicted November spawner biomass in year y of component j of ~ Thousands Al A2
species i of tons
W]-i_a Historical average November weights-at-age a of component j of species Grams Weight is given by length in the OM, and thus:

i

sur

W&q = Zl WlA al = Zl 0.0079 x 13'097914;1"{

2015

1
S = E E S ASur 27
Wia 5 Wiyi4jy,al

y=2011 [

27 This differs for each sample from the posterior distribution and thus a table of weights is not provided in this document.

18
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Operating Model parameters Units Used in Equation Notes
f]‘a Proportion of component j of species i that is mature at age a - (A1, A2) Maturity is given by length in the OM, and thus:
fi =LA AT =
ZlAZulr/(l + e—(l—10.61)/0.66)
2015
S 1 S psur
fj,a = g z Zfl Aj,y,a,l
y=2011 1
1 2015
— g Z ZAJS;T&,I/(]' + e—(l—17.4-)/0.95)
y=2011 1
move, 4, Proportion of sardine at age a moving from the west to the south - A3 A4 move, 4, 2006 < y < 2015, sampled from
component in year y (2 component OM only) Bayesian posterior distributions of de Moor
(2017d)
¢ The proportion of 2*-year-olds which move from the west to the south - Al
component in year y is this time-invariant proportion ¢ of the 1-year-
olds moving in year y
a]lf 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 (2017c¢,d)
relationship)
b].i Stock-recruitment parameter for component j of species i (e.g. spawner e.g. (A.5) Sampled from Bayesian posterior distributions
biomass below which median recruitment declines) thousands of de Moor (2017c¢,d)
of tons
g]?,y Standardised November recruitment residual for component j of species A6 g]?_2014 sampled from Bayesian posterior
i inyeary distributions of de Moor (2017c,d)
Uji,r Standard deviation of the recruitment residuals for component j of (A5) Sampled from Bayesian posterior distributions

species i

of de Moor (2017c,d)
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Operating Model parameters Units Used in Equation Notes
Sji,cor Recruitment serial correlation for component j of species i (A.6)
W, Random variable - A6 w}i’yNN(o’l)
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.
ija Commercial selectivity-at-age a of sardine component j - (A.9,A.10) Sampled from Bayesian posterior distributions
of de Moor (2017d). Selectivity is estimated by
length in the OM, and thus:
Sa = 5 2525011 21 05(55y 2045 01 +
S5 a1 A5 ) B 0<a<5t
Fi,y Commercial fishing mortality of sardine component j in year y - A.10 (A.9)
W]?_ac Historical average weights-at-age a in the catches from component j of grams (A.10) Table A2
species i
% Proportion of the <14cm and >14cm sardine TAB with round herring® - (A.10,A.14,A.15) tp=1land?, =1
assumed caught west of Cape Agulhas
TABSEZ,T;W >14cm sardine bycatch with round herring and anchovy in year y Randomly sampled from historical bycatches
(Figure Al)
5] Proportion of the directed >14cm sardine TAC used to set the <l4cm - w = 0.07; in the case of a two-area MP,

sardine TAB with directed sardine fishing

Wyest = 0.07 and Wsouth — 0.02

28 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.
2 The >14cm TAB also allows for some bycatch with anchovy.
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Table Al. Parameter definitions.
Operating Model parameters Units Used in Equation Notes
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 <l4cm - (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 Rule
survey
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
1\/]?";’";5 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\/},1:'31;';6‘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
Nji_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 (2017c,d)
Kjanmay 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
Ko Estimated bias in residuals for juvenile sardine: anchovy from - A51 (A.19,A.22)

commercial catches during month m
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Operating Model parameters Units Used in Equation Notes
Eym Residuals for juvenile sardine: anchovy from commercial catches during - A.20,
month m (A.18,A.22)
Om Standard deviation from the residuals for juvenile sardine: anchovy from - A53 (A.19,A.22)
commercial catches during month m
DPm Correlation coefficient between the residuals for juvenile sardine: - A.54 (A.20,A.23)
anchovy from commercial catches during months
m—1andm
Cyf;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
Pm Average proportion of total anchovy catch during July to December that - (A.25-A.28)
is taken in month m
ij;’bs November acoustic survey estimate of total biomass of component j of Thousands  A.31 Observed data input to the Harvest Control
species i in year y of tons Rule; simulated during OMP testing by equation
A3l
k},zv Multiplicative bias associated with the acoustic survey estimate of - (A.31) Sampled from Bayesian posterior distributions
November total biomass of component j of species i of de Moor (2017c,d)
g].i’y’Nov Residuals in the simulated observation of November survey estimate of - A.32,A.33(A.31)
total biomass from OM predicted November biomass in year y of
component j of species i
&', noy  Standard deviation of the residuals &}, ,,, being the November survey - A.34,A.35,(A.32,A.33)
sampling CV
ONow Correlation in the residuals between sardine and anchovy November - A.44 (A.33)

survey estimates of total biomass
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Operating Model parameters Units Used in Equation Notes
Pac CV associated with the factors which cause bias in the sardine acoustic (¢ac)? = 0.227 from de Moor and Butterworth
survey estimates and which vary inter-annually rather than remain fixed 2016a
over time
( A )2 Additional variance (over and above the survey sampling CV and (¢,.)?)
associated with the November survey of species i
kji’r Multiplicative bias associated with the acoustic survey estimate of May - (A.36) Sampled from Bayesian posterior distributions
recruitment of component j of species i of de Moor (2017c,d)
g]?_y_rec Residuals in the simulated observation of May survey estimate of - A.37,A.38,(A.36)
recruitment from OM predicted recruitment in year y of component j of
species i
6y rec Standard deviation of the residuals ¢, ., being the May recruit survey - A.39,A.40,(A.37,A.38)
sampling CV
Prec Correlation in the residuals between sardine and anchovy survey - A.47 (A.38)
estimates of recruitment
(Ah)? Additional variance (over and above the survey sampling CV) associated
with the May recruit survey of species i
Cﬁm Observed anchovy catch from landings that have targeted anchovy during  Thousands (A.48,A.49) Observed data
month m,( m = janmay, may, jun, jul, aug, sep, octdec) in year y of tons
C}i,rl;lyc Observed <14cm sardine bycatch during from landings that have targeted  Thousands (A.48,A.49) Observed data
anchovy during month m,( m = oftons
janmay, may, jun, jul, aug, sep, octdec) in year y
IVj{y,O 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 (2017c,d)
Kji Average pristine level (“carrying capacity”) for component j of species i Thousands Sampled from Bayesian posterior distributions
of tons of de Moor (2017c¢,d)
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Table A2. Average 1984 to 2015 weights-at-age (in grams) from the historical catches (V_Vji’ac, i=S,A). As

sardine 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 a+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
—S 79
Wi 60.57 49.58 Wi 58.56 58.81
—3 =S
Wi, 88.62 82.95 Wi, 87.48 87.62
Wy, 97.35 95.77 Wy, 95.04 95.07
—9 e
Wiy 99.53 99.14 Wiy 96.60 96.60
—S 7S
Wis, e 99.95 99.80 Wis, e 96.85 96.85

Sardine south component Ancho

‘Normal’ years  ‘Peak’ years vy

=S A
W o 16.01 16.04 W, 5.48
—3 7 A
Wy 53.11 53.31 Wy, 12.70
oS
Wy o 81.37 81.50
=S
W 5, 90.14 90.17
—_
Wy 4 92.28 92.29
=S
Wys,. 92.69 92.69

30 At the joint posterior mode for each baseline OM.
24



Table A3. Anchovy catch (in thousands of tons) from landings that have targeted” anchovy (C;',,), for five-month (“janmay”), five single month (“may

MARAM/IWS/2017/Sardine/BG7

, Jjunt,

“aug”, “sep”), and a three-month (“octdec™) periods, with the associated recorded landings of <14cm sardine bycatch (Cj_',’jly"‘, also in thousands of tons).
Year C;J' anmay C;l,may CJI;‘J un C)é:]' ul C;"aug C}?S ep C)‘?’O ctdec C;’;)grfmay C}frlzljt/ziz C)fjbzfﬁ C)f]bli]lc C;(l;‘l):; C;,fej;c C)f,lf gtcde c
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 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 34.6 443 56.3 26.2 4.8 3.2 15 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 13.1 35.1 31.7 37.2 1.7 11.3 2.5 1.3 41 5.1 5.9 0.1 1.7
1996 20.9 9.2 13.4 0.2 # # 0.0 3.2 1.3 15 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 29 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 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 32.7 449 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 1.3 55 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 35 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 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 15 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 15 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 429 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 3.4 35 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 46 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.

uln,
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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 <l4cm 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

w?W are made (equations A.14, A.15 and

south-area TAC) in the distribution from which future samples, w;7,

A21).

31 Used for the single-area sardine TAC with single-component scenario only.
32 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 observed in the recruit survey, i.e. minimising $225%6[(Com* /Ciim) — km(Nf,'y"”r’s/Nf;fs)]z
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.

33 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 CV? 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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