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This document details the framework used to simandatest candidate MPs during the development of

OMP-13. A summary of assumptions made in this Eitan testing framework are listed below, with

yellow highlights indicating updates since de Maod Butterworth (2012f). Appendix A provides tha f

details, with data used listed in the tables atti of the Appendix.

Summary ligt of assumptions madein the framework to be used to smulation test OMP-13

1)
2)

3)

4)

5)
6)

7

8)
9)

Half the sardine is caught between 1 November &W®il and half from 1 May to 31 October.

Half the juvenile anchovy is caught between 1 Naverrand 15 July and half from mid-July to 31
October.

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

The assumptions made during the development ofitloierlying operating models (de Moor and
Butterworth 2012d,e), such as age at maturity amcksrecruitment relationships and differences in
these assumptions between alternative operatingelsiddobustness tests), are carried forward
during projections.

The recruit survey is simulated to commence mid-Magh year.

During implementation, all of the directed (>14cs®rdineTACf and TAng =700 (bycatch

>14cm) are 1+ year old sardine.
All 1+ sardine catch is split into age groups adewy to the selectivity-at-age estimated by the
underlying operating model.

During implementation, all TABs for <14cm sardimarislate into 0-year-old sardine bycatch.
During implementation, all <14cm sardine bycatctthwiound herring,TABim”h =100Q, is

caught between the time of the recruit survey (Maf) and the end of the normal season.

10) During implementation, half of the juvenile (<14cegrdine bycatch with directed sardine is caught

by the time of the recruit survey (mid-May), anarh is an implicit assumption that all of this
bycatch is caught by the end of the normal seatim latter extends to different cut-off dates

depending on the assumption made by each MP vavittntegards to an additional sub-season).

“ MARAM (Marine Resource Assessment and Managememuy®, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.
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11) During implementation, the maximum amount<dfdcm sardine bycatch in the directed (>14cm)
sardine catch used to set the sardine T&B,is not always assumed taken; a proportion is draw

from a distribution based on the historic propersiovith a maximum ofo .

12) During implementation, half oTAB” =500 is taken by the end of June, with the remaining ha
taken by the end of the normal season.

13) During implementation, the initial normal seasomtavy TAC, TAC:”, is caught by the end of

June, and 65% of this is caught by the end of Maly the remaining 35% caught during June.
14) During implementation, 26% of the anchovy catcldkhby the end of Jun&@4AC* +%TABA) are

juveniles caught by mid-May.

15) During implementation, 33% of the anchovy catcldithby the end of JunéACi'A +%TABA) are

adult anchovy; 69% of the adult anchovy catch iéal by the time of the recruit survey (mid-
May).

16) During implementation, the juvenile (<14cm) sardoyeatch with anchovy from January to 31 May
is 1.436 times that from January to mid-May.

17) During implementation, juvenile (<14cm) sardine dph with anchovy over the months of June to
December is taken to be a proportion of the ancleatgh during these months, with the monthly
proportions and variances being estimated fromntioathly juvenile sardine to anchovy ratios,
based upon historic catch monthly observationsdaad's from model predicted recruitment.

18) In the implementation of sardine bycatch with anghocorrelations in the juvenile sardine to
anchovy ratios apply between successive months only

19) In the implementation of sardine bycatch with anghaf the additional sub-season begins 1
September, 60% of the July and August anchovy dattadken in July.

20)In the implementation of sardine bycatch with anghaf the additional sub-season begins 1
October, 45% of the July to September anchovy aattdken in July and 30% in August.

21) In the implementation of sardine bycatch with anghadf there is no additional sub-season, 42% of
the July to December anchovy catch is taken in, 2896 in August and 22% in September.

22) For all catches simulated, an upper limit is plaoadhe industry’s efficiency by assuming that no
more than 95% of the selectivity-weighted stockratance may be caught.

23) The ratio of juvenile sardine to anchovy in May damsed in the Harvest Control Rule),, is

restricted to a maximum of 1.

24) The ratios of juvenile sardine to anchovy in thenths of June, July, August, September and
October to December, used in simulating how mughkrjile sardine is actually caught, are restricted
to a maximum of 2.
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25) Sardine bycatch with anchovy in the additional sebson is at mosj,, the ratio of juvenile sardine

to anchovy “in the sea” during May, of that portiointhe anchovy final TAC taken in the additional
sub-season.

26) Implementation simulation accounts for the closofg¢he anchovy fishery if the sardine bycatch
with anchovy allowance is reached, by proportigndicreasing the amount of juvenile anchovy
catch simulated to be taken within a year.

27) Future survey observations are generated takinghifteric correlation between the species into
account, and the variance is based on a regrelsiareen historic survey CV and model predicted
abundance.

28) Survey and catch-related observations already knfmwr2012 have been used instead of model
simulated observations. The undercatch of theseeianchovy normal season TAC has been taken
into account. The recruitment in November 2014 Hre corresponding recruitment residual are
obtained by combining information from both thecktoecruitment relationship and the now known

June 2012 survey results.
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Appendix A: The framework used to smulation test a joint MP for South African sardine and
anchovy: OMP-13

In this appendix, the framework used to simulatest OMP-13 is detailed. The framework consista of
population dynamics model for future simulation tbe effects of alternative MPs on the sardine and
anchovy populations, an implementation model wigeherates future catches-at-age given annual TAC/Bs
[calculated using the harvest control rules dafaifede Moor and Butterworth 2012a], and an obsama
model which generates the necessary data (in #ss, catch and survey data) to be input into the MP
Catches-at-age are given in numbers of fish (lnidjpwhereas the TACs and TABs are given in bior{iass
thousands of tons). All parameters which are dréram the Bayesian posterior distributions of dedvio
and Butterworth (2012b,c) are listed in Table Al.

Population dynamics model
Given the numbers-at-age at the beginning of tlegeption period [i.e., November 2011, drawn frore th

posterior distributions output from the operatingd®ls (de Moor and Butterworth, 2012b,c)], values f

future catches output from the implementation m,oﬂé! I =S, A (see below), the population dynamics

y,a’
model projects numbers-at-age and spawning biomiadse beginning of November for=2012...2032

as follows. The sardine adult catch is assumdmkttaken half way betweerl November and 31October
each year. (The sardine stock assessment wasditarterly commercial proportion at length datd #rs
catch was modelled to be taken quarterly (de Mawt Rutterworth 2012d). The catch tonnage between
1984 and 2011, however, is almost equally splitnfrb November to 30 April and 1 May to 31 October.)
The anchovy juvenile catch is assumed to be takenpalse at 15July and the adult catch is assumed to be
taken as a pulse at' April (de Moor and Butterworth 2012e). Sardine assumed to mature at age 2 (de
Moor and Butterworth 2012e) and anchovy at ageelMdor and Butterworth 2012d). All notation allows

for multiple stocks of both species, though onlgirggle stock for anchovy is considered in all opetp

models.
faA- S,pred _ S.pred .~M3 /2 _ ~ S pred -M5 /2
Sardine: N (N ye10€ Clyo |e
S,pred _ [n;S.pred -M5 /2 _ ~S,pred | -MS /2 —
Nyya _(Nj,y—l,a-le Clyaaje @7, a=2..4
S, pred :( S,pred o-M S /2 _ S,pred) -M3 /2 ( S,pred M3 /2 _ S,pred) -M2 /2
Niyse =\Njy-148 Ciya J® +NJy-is.€ Ciys |€

5+

S, pred :Z S,pred5 S

BiyN Niya Wia
=1

5+

S,pred _ S,pred S

SSBi,y,N _zNi,y,a Wia (A.1)
a=2
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. A, pred _( Apred ~85M 1 112 A,pred) -35M §, /12
Anchovy: N N o€ Cj,y,o e
A pred _( Apred .-5M % /112 A,pred) -TMA n2
Nive =INjynae Cive J€
Apred _ njApred -M4
Nivas =Ny, e
Apred _ njApred -M% Apred -MZA
I\Ij,y,4+ - Nj y-13 € + Nj,y—1,4+e
4+
A pred _ A pred _ A predi A
By =SB = NWS, (A.2)
a=1
where

N']?,’gd is the operating model predicted numbers at agén billions) of specied (i =S, A), stock j, at

the beginning of November in year,

M i]-u is the natural mortality rate (in y€arof juvenile (age 0) fish of speciés(i =S, A) (de Moor and
Butterworth 2012d,e);

M ;d is the natural mortality rate (in y€arof age 1+ fish of specids(i =S, A) (de Moor and
Butterworth 2012d,e);

C'lsrzd is the model predicted future catches at agan year y of speciesi (i =S, A), stock j output

from the implementation model (given below);

Bjs,'y"ered is the operating model predicted November 1+ bgm{an thousands of tons) of speciegi =S, A

),stock j ;

SSBJ-S"yp",ﬁd is the operating model predicted spawning shicknass (in thousands of tons) of species

(i=S,A), stock j;
SSBy‘f*hﬁ"ed is the operating model predicted anchovy spagvistock biomass (in thousands of tons);

and

w! is the average weights-at-age of species i (i =S, A), stock j from the historic November

J.a
spawner biomass surveys (Table A2);

Letting f(SSBij”ngd) denote the stock recruitment curve of the chosedetn with parametersUj and b}

i,pred

ivo (I=S/A) is assumed to be log-normally distributed about a

(Table Al), then future recruitmeriy

stock recruitment relationship as follows:

NiTe' = f(SSBITR) e (A-3)
where

gii,y = Sij,cor‘g;,y—l + Vl_ (Sij,cor )2 a)ij,y’ Wherea}jvy N N(O’l) (A'4)
and



FISHERIES/2012/NOV/SWG-PEL /58
is the standardised recruitment residual for stpotf species (i =S, A) in yeary, see below for
Ehonts
is the standard deviation of the recruitment nesiigi for stock] of specied (i =S, A), drawn from

posterior distributions output from the operatmgdels (de Moor and Butterworth, 2012b,c); and

is the recruitment serial correlation for stogk of speciesi (i =S, A), drawn from posterior

distributions output from the operating models ttwor and Butterworth, 2012b,c).

Implementation model
The MP variants outputs the following TAC/Bs (seeMioor and Butterworth 2012a):

1)

2)

3)
4)
5)

6)

7

An annual directed >14cm sardine TA'DB,\CyS.

An initial and revised normal season anchovy TARAC,” and TACZ"), either applying to i)

January to 31 August, ii) January to 30 Septemtreiij) January to December depending on the
assumptions regarding the additional sub-seastmeiP variant being tested. In cases i) and ii),

where an additional sub-season is included fronte®aper/October to December, a total anchovy

TAC, which includes the additional sub-season Withnormal season, is given W\CS'A.
An annual constant anchovy TABAB” .

An annual constant >14cm sardine TA'BS,\BSg .
An annual constaritl4cm sardine bycatch with round herring, and tessdr extent with anchovy,

TABS o -
An annuakl4cm sardine bycatch with directed (>14cm) sardl'r#hBim| :
For each anchovy TAC in 2) there is a correspondibdcm sardine TAB with anchovVAB;‘;ch,

TABZS. and, when applicablABSS ..

,an

Given these TAC / TABs output from the MP (in thands of tons), the implementation model simuldies t

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

Sardine adult catch

The adult sardine catch is simulated using seliggtat-age estimated by the operating model:

Chrt = NPISyF 6%, a=1..5+ (A5)
Z'jTACf + T;TAB;Q
whereF,  =—— : (A.6)
\ oo M3/
S, e
a=1
and
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s?® are the sardine stock fishing selectivities-at-aga ! drawn from posterior distributions estimated

from the operating model (de Moor and Butterwo@i2x);

v_vj"ac are the historic average weights-at-ameén the catches for stock of speciesi, i = A 'S (Table
A2);

T, is the proportion of the directed sardine TAC asst caught west/south of Cape Agulhas; and

T} is the proportion of the big sardine TAB assumaalght west/south of Cape Agulhas.

Anchovy 1-year-old catch
Between 1984 and 2011, the total (annual) 1-yedrealkch in tons constituted, on average, 37% of the

anchovy catch biomass between January and Junpdtioel to WhiChTAC)L,A and half of TAB* is taken to

apply). This percentage drops to 33% if only thetd0 years are considered. As the most recstariis
likely a better reflection of future catch pattertige anchovy 1 year old catch is thus taken t83% of the

initial normal season anchovy TAC:

(TAc;'A + ;TABAJ
Ci* = 033x - . (A7)
1c

Anchovy O-year-old catch
Between 1984 and 2011 the anchovy juvenile catcbria from i January to 30 April, together with half
the May juvenile catch in tons was 26% of the tatathovy catch biomass from January to June. This

percentage remains unchanged if only the past afsyare considered. Using the above assumption that
TACBL,A and half of TAB” is caught by the end of June, the anchovy O-ylhcatch taken prior to the

recruit survey is:

(TAC§A +;TABAJ

Cpyom = 026 — (A.8)
o WOC
and for the normal season as a whole:
clpe = _—1A(TA 24 L TABA - CAP™ x ) (A.9)
W

Oc

Sardine O-year-old catch prior to the recruit survey
The 0O-year-old sardine catch prior to the recruitvay is based on the January to mid-May bycatch
occurring with i) round herring, ii) adult sardiirethe directed fishery, and iii) adult and juvendnchovy.

It is assumed that all juvenile sardine bycatchhwaitund herring occurs after the recruit surveyis further

! Taken to be the average of model predicted comiaieselectivity-at-age in quarters 2 and 3 of deokand
Butterworth (2012e). The selectivities-at-agee 5+ are re-normalised such that the largest $elyas 1.
7



FISHERIES2012/NOV/SWG-PEL /58

assumed that half the juvenile sardine in the teesardine catch is caught by the time of theesunAs an
average of 69%of adult anchovy catch has been landed by mid-betyeen 2002 and 2011, 69% of the
anchovy adult catch together with the juvenile awghcatch prior to the survey is used to calcuth&0-

year-old sardine catch prior to the survey:

1 draw S
—aw, "1, TAC S, pred A, pred 5 A A pred o A
CS,pred — 2 y ! y + k Nl,ylirl,o T janmay7y, janmay (Cyvoli)rs WOC + 0.6%)’:1” W]-C)
1y,0bs ~ —S janmay N A pred —s |
Wl,Oc 1y-10 Wl,Oc
1
“wy™'r,TACS
CS,pred -
2,y,0bs —S ’
W2,0c
Wheres,, anm, ~ N(02) (A.10)
and Ky and 0., are given in equations (A.41) and (A.43) respetyiv wis the estimate of the

maximum amount o£14cm sardine bycatch in the directed (>14cm) sardeich used to set the sardine

TAB. During simulation, this maximum amount is raltvays assumed taken. Instead, the proportion,

wS’aW, of the directed catch assumed taken is drawn fiodistribution based on the historic proportions

(Figure Al).

Sardine O-year-old catch (in billions)
In modelling the total sardine juvenile bycatche ttollowing approach is used. If the full TAB with

anchovy were caught, the total juvenile sardineltay mass would be

WS, C2r = (A TACH +r, (TACZA ~TACH))+ £TABS,,, , + ™7, TAC,

1,0c ~1y,0

—S S ,pred _ _m S draw S
W2,0cC2,y,0 - TZTABsmaII,rh + wy TZTACy ’

where A, = max{yy,ry} (A.11)
Y, is the percentage of the initial anchovy TAC usedset the initial<l4cm sardine TAB with

anchovy. We now need to model how the sardinetblgoaith anchovy fishery develops during the

season; and

n

T is the proportion of the small sardine TAB witllege assumed caught west/south of Cape Agulhas.

The ratio of juvenile sardine to anchovy “in thea'seluring May, r,, is calculated from two sources as

follows:

r,=5(re *r (A.12)

y,sur y,oom) .

When implementing OMP-13, both, ,, andr, ., Will be observations that will be available to upnto

the Harvest Control Rules, with

278% average from 1984 to 2011.
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NS,obs
—  lyr
lysr = N A (A.13)
Ly,r

During simulation, the sardine bycatch to anchatiorin commercial catches in May, is given by:
N S, pred

- Ly,r Oy €y, ma
r.y,com ~ Nmay NA'pred e . (A14)

Ly,r

where £y,may = pmay’]y,janmay + \[1_ (lomay)2 /7y,may’ (A15)

With 77y ey ~ N(O;l) and7, i.nmay 1S given by equation (A.10). As, ., is based on simulated commercial
catches, the model predicted numbers-at-dﬁg@’:red, are used rather than those simulated to be survey

observations. Here we have

N;‘;bf - the acoustic survey estimate of recruitmenthitions) for fish of stock ] of speciesi (

I =S, A) for year y, which will be an observation available for inpuotto the Harvest Control
Rules; during simulation these observations arivel# using equation (A.31).

i,pred . . . . " - . . . .
NGO - the model-predicted recruitment (in billiony fish of stock | of speciesi (i=S,A) in

November of yeary—1, projected forward to the time of the recruit syvin yeary

(equation A.34).

k - the constant of proportionality from equation44A),

may

o - the residual standard deviation from equatio@¥ and

may

Pmay - the correlation coefficient from equation (A.47)

Equation (A.11) assumes that the ratio of juvesdéedine to anchovy “in the sea” during May, will
remain a constant for the remainder of the norreabsn. However, there is usually a drop-off is tlaitio
as the year progresses (Figure A2). This effesinmilated by adjusting equation (A.11) to reflént actual
level of O-year-old sardine to be expected in ththes, given the historical pattern of sardinealgft to
anchovy ratio changes (usually a drop-off) from MayAugust/September/October-Deceniber

Over the past 10 years (2002-2011), the sardinatblyonith anchovy from January to®3May has been
1.436 times that from January to mid-MayAdjusting the sardine bycatch prior to the syrte take

account of this additional bycatch by the end ofyMeguation (A.11) is modified as follows.
i) If the MP variant assumes the additional sub-seasomfrom 1 September to 31 December:

% The choice of month depends on the end of the aloseason in the MP variant.
* Bycatch from 1'to 15" May approximated by half the bycatch from the fabnth of May.
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1 draw S
f(Uy TlTACy +T£TAB:na”th+(USraWT1TACyS

S pred _ S,pred _
Cl,y,o = 1436x Cl,y,Obs

S =S
W, W,
10c 1,0c (A16a)
+ 1 (r CA,pred +r CA,pred +r CA,pred)
WS Yy, jun ™y, jun Yy, jul =y, jul y.aug ~y,aug
10c
i) If the MP variant assumes the additional sub-seasofrom 1 October to 31 December:
draw S
— 7.TAC " S draw S
CS" e = 1436x| P _ 2 y ‘1 y . I, TABg iy + @, T, TAC,
y,0 - - 1y,0bs —s —s
Wl,Oc W:LOc
(A.16b)
+ 1 (r. CA,pred +r CA,pred +r CA,pred +r CA,pred)
WS y,jun™y, jun Yy, jul =y, jul y,aug ~y,aug y,sep 'y, sep
1,0c
iii) If the MP variant assumes no additional sub-season:
Emdrawr TACS " S draw S
oS e = 1436x| S 2 i [, TABg i + @, T, TAC]
y.0 - 1y,0bs —S =S
Wl,Oc Wl,Oc
+ 1 (r. CA,pred +r CA,pred +r CA,pred +r CA,pred +r CA,pred)
V_\/S y,jun >y, jun y, jul ~y, jul y,aug ~’y,aug y,sep 'y, sep y,octdec ™ y,octdec
10c
(A.16¢)

The sardine bycatch to anchovy ratiog,, are simulated in a similar way Q.m (equation A.14) as
follows:

S, pred
Oy &

Fym = K Ni"’;red e’"“™  wherem= jun, jul, aug, sep, octdec (A.17)
Ly,

wherek;,, and g,, are from equations (A.44) and (A.46), summing oyears for which anchovy directed
catch is non-zero, and:

— 2

gy,jun - lojun‘gy,may +y1- (:Ojun) ,7y,jun
— 2

gy,jul - :Ojul gy,jun +y1- (:Ojul ) ,7y,jul

— / 2
‘gy,aug - paug Ey, jul +y1- (paug ) ,7y,aug
+

2

£ 1=(Psep)” Ny.sep

ysep = Psp€yaug

gy,octdec = poctdecgy,wp +y1- (poctdec)2 I7y,octdec . (A18)

10
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The equations above reflect the correlative retatigps between adjacent months, wheyg, is from

equation (A.15),0,, is from equation (A.47)and7,,, ~ N(02), m= jun, jul, aug, sep,octdec.  (A.19)

Between 2002 and 2011 the average total anchowh dabm January to May was 8% of that from

January to June. Assuming 65% 'EAC§A is caught by the end of May, and given the assiomghat

TAC;" is caught by the end of June, the anchovy caticheguation (A.16)C,">"* (m= jun, jul,aug, sep

), are derived as follows (in thousands of tons):

CoPnd = 035x TAC," (A.20)

C?,'jﬁrled = Pju (TAC?A _TAC;”A) (A.21)
i) For the case where a MP variant assumes the atiitob-season begins 1 September:

cpiet =(1- py, fTACEA ~TACEH) (A.22a)

where p,,; = 060 is taken to be the average 2002 to 2011 propodidatal anchovy catch during July and

August that is taken in July.

i) For the case where a MP variant assumes the adlisob-season begins on 1 October:
Cymo = Paug (TAC§'A —TAC§A) (A.22b)
pred _ 2,
Crdp —(1— Pju ~ Payg )(TACy A —TAC§A) (A.23b)

where p,; = 04% and Pasg = 030 are taken to be the average 2002 to 2011 propoofidotal anchovy

catch during July to September that is taken ig dobl August, respectively.

iii) For the case where a MP variant assumes no adalisab-season:
cape = p, (TACZA -TACH) (A.22¢)
CE* = Py (TAC]* ~TAC}) (A230)
CAPS =(1- D,y = Pag ~ Pap JTACZA ~TACH) (A.24c)

where p,, = 042°, p,,, = 026" and py, = 022 are taken to be the average 2002 to 2011 proportio

of total anchovy catch during July to December thaaken in July, August and September, respdygtive

® Note thate, ., is replaced byey ., in the numerator of equation (A.47) fan= jun, jul, aug, sep.

® Average from 1984 to 2011 is 70%.
" Average from 1984 to 2011 is 0.59

8 Average from 1984 to 2011 is 0.49.
° Average from 1984 to 2011 is 0.30.
10 Average from 1984 to 2011 is 0.44.
1 Average from 1984 to 2011 is 0.28.
12 Average from 1984 to 2011 is 0.18.

11
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Closure of the anchovy fishery
The anchovy catcthy‘O, is adjusted if the adjusteﬁfy,0 exceedsTABjjgf‘nch (equation (OMP.12) of de

Moor and Butterworth 2012a), in order to reflea tthiosure of the anchovy fishery once the sardjmatich

allowance linked to anchovy is reached. Qf, "Wy, >TAB}3., then the anchovy fishery would be

y,anch

closed once the full bycatch allowance was tak€his is simulated by assuming that the anchovy T&\C

taken at the same rate as the sardine bycatch:

- , . TABZS
Co s ™™ =minjCJr e, —L=% (A.24)
Wl,Oc
A*, pred H S+, predi5 S 2,S
Clyo if Clo Wi STAB
ClA**' pred - 1 TABZ,S i (A 25)
y.0 2,A y,anch A _ ~A predigA ; S* prediS 2,s .
—| TAC, " +TAB™ —C 7 W | if  Cl " Wiy, >TAB
WOC 1y,0 Oc

Additional sub-season
A final adjustment is made t@f;;)' Predand Cf;g,pred as given by equations (A.24) and (A.25), onlytfoe

MP variants that assume an additional sub-seasaafléct the catches taken in the additional sdsen, as

follows:

csm =S + L minfraBS, v, (TAC ~TAC2* )} (A.26)
1,0c

and

Chie =cly v (racy" ~Tac}?) (n27)

Oc

which ensures that the bycatch in the additionatseason is at mosj, of that portion of the anchovy final

TAC taken in the sub-season.

General
For all catches simulated in the operating modelupper limit is placed on the industry’s efficignioy
assuming that no more than 95% of the selectivitygited stock abundance may be caught. Furthermore,

appropriate adjustments are made to ensure nortivegalues for catches.

Observation Model
The survey estimates for spawner biomass and tewni are generated by the observation model as
follows (i = A S):

iobs _ i pipred o8] y.Nov
Biyn =KinBiyne” (A.28)
S — S =S S -
where gj,y,Nov _I7j,y,N0va.j,y,Nov' Where/]j,y,Nov - N(O’l)

12



FISHERIES2012/NOV/SWG-PEL /58

and Ly Nov — (/OJ Nov,7] y,Nov \[1 (pj Nov)2 ,7Ly Novkrly Nov ? Where,?] y,Nov - ( )

Here 0 oy = \/min(1.11812 , 0000+ 1;2—%?8] + (¢§'c )2 .,.( 2)2 13 (A.29)
Ly.N

and G, v, = \/ min(0.40962 ,0.0242+ %} NPT (A30)
1y,N

obtained from a regression of the observed CV atjaie base case assessment model predicted biomass
between 1984 and 2011 (Figure A3). Here

B;‘)ybﬁ, is the November acoustic survey estimate of stgclof speciesi (i =S,A) 1+ biomass (in

thousands of tons) in year;
k}’N is the constant of proportionality (multiplicatitaéas) between survey estimated and model predicted

1+ biomass of stocK of speciesi (i =S,A), drawn from posterior distributions output frohet
operating models (de Moor and Butterworth, 2012b,c)

P;nov IS the correlation in the residuals between tidise and anchovy November survey estimates,

given by equations (A.37);

Dac is the CV associated with the factors which cehias in the sardine acoustic survey estimates and

which vary inter-annually rather than remain fixaer time (de Moor and Butterworth 2012e);

(/II-S,N,r)2 is the additional variance (over and above theseps of the survey sampling CV and of the CV

@) associated with the November/recruit surveysatfls j of speciesi (i =S,A); and

|0bs_ i i,pred ijrec

Nie =k NPl (A.31)

where €7 =170 yrec: wherer®, .. ~ N(07)

and &) = (0, 1y AL (Pyr) e T e where7}\, .. ~N(0;1).

Here &S, . = \/ mln(l 0788, 00987+ = Eoidoj wgsf + () = (A.32)
Ly,r

and &), = \/ mm(o 283(7,0.0372+ O?ngfj +(ap) w0 (A.33)
Ly.r

obtained from a regression of the observed CV ag#ie base case assessment model predicted meamtiit
between 1985 and 2011 (Figure A3).
Here

13 From the sardine base case assessment assunmgieastock and hockey stick stock recruitment eurv
4 From the anchovy base case assessment assunengréon holt stock recruitment curve
13
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k},r is the constant of proportionality (multiplicatibéas) between survey estimated and model

predicted 1+ biomass, drawn from posterior distidns estimated by the operating models (de
Moor and Butterworth, 2012b,c); and

P IS the correlation in the residuals betweerstireline and anchovy recruit survey estimates, dyen
equation (A.40).

Assuming that the recruit survey begins mid-Mayhegear, and that juvenile sardine are caught haif-w

between 1 November and the start of the surveyevilwenile anchovy caught prior to the surveytafen

in a pulse at 1 May (in line with the assumptiorede in de Moor and Butterworth 2012d,e), we sitaula

Nspred _(Nspred -325M 7§, 112 CSpred) -325M 3, /12

IBAs jy- CLO ,y ,0bs
Apred _ A, pred 05M 4, A pred \ o —05M A, /12
N =(Ne —C/yons)€ (A.34)

Assumptions made for 2011 and 2012

As the stock assessments (de Moor and Butterw@BI®c) covered the period to November 2011, the MP
testing framework begins from November 2011 andegts to November 2032. A number of parameters
that would be simulated in the testing framewonkZ012, have however already been observed. Taus t
following changes are made to the simulation fraorévabove for 2011/2012:

i) The TAC/TABs (in thousands of tons) for 2012 haleady been set using OMP-08, thus
TAC3y1, =100595, TACSs;, = 202718, TABZ3 5 anc = 25:4466— 35= 219466,

TAC 3, =352718, TABZy) aa = 35.8791- 35=323791,
TAC;O?Z = TACZZOQZ + 1207 TABSbSlZanch = TA8226512anch + 2

i) The anchovy catch fron™Uanuary to 30 June 2012 closely resembl€8C32,. However, the
anchovy catch from®1July to 3f' August 2012 of about 66 thousand tons (van dertNdeen

pers. comm.) is much less thaPACZ:, ~TACss,= 150Thus during implementation

(equations (A.9), (A.21)-(A.27))TAC,, is replaced with 268.5 thousand tons &L, is

replaced with 388.5 thousand tons.

iii) As the May 2012 survey observations are availalmegrror is required, thus equation (A.31) is

replaced byN %3, = 8103 billion and N s, = 210563 billion. The survey CVs were
0.321 for sardine and 0.138 for anchovy (Mhloegal. 2012).

iv) The ratio of juvenile sardine to anchovy “in theaseused in equation (A.26)

2012 = 05 (0.0933+ 0.0458).

V) The model predicted recruitment in November 2014dnisnverse variance weighted average of
the logarithms of two estimates (logarithms areetalas the distributions of the estimates
themselves are assumed to be log-normal). The dstitnate comes from the recruitment

observed in the 2012 recruit survey:
14
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1 . . :

N>R = pe N %, (being the best estimate from equation (A.31))
jur
1 . . :

N o = — N5, (being the best estimate from equation (A.31))

jr

N'Spred — (N_s,pred 05(6+15)M§ /12 05(6+15)M { /12

i o110 = (N0, + C}320120bs) (from equation (A.34))

1A pred _ Apred 15M /12 ‘A 05M !
NiZot10 = (Njzoro, € * G} 20120m)€ (from equation (A.34))

where C 11,0, = 32050 billion, and C 3,0, = 0013 billion being the juvenile anchovy and

sardine catch, respectively from 1 November 2@1thé day before the recruit survey in June 2012.

The standard errors associated with the logarithinisese estimates are:
~s _ 2 s )2 s)? 15
JlZOerec - \/ 0321 + (¢ac) + (/]r )

T iz = 0138 + (12 ) 2

Vi) The second estimate comes from the stock recruitcw@ne, but needs to take account of the

serial correlation in residuals about this curvel 8o depends on the residual estimated about

this curve for November 2010. Thus:

*i,pred _ cpi S; oorfij 201(571j.r
N; 5010 = f(SBj joun )€

with a standard error of the logarithm of this mstie being given by

5; 2011 — \/1_ (Sij,cor )zaij,r
vii) The inverse variance weighted average of the ltdgas of these two estimates is then given by;
In(Ni'%) | In(N] )
i pred )= (&; e )2 (5} 2011)2

j 20110 1 1
+

(~i )2 (:i )2
O-j 2012rec Jj 2011,

Note that this process is essentially shrinkingebkmate provided by the survey towards the

In(N

mean provided by the stock recruitment relationgadpusted for serial correlation)
viii)  The recruitment residual in November 2011, requimedhe calculation of the recruitment

residual in November 2012 (equation A.4), is olgdifrom equation (A.3) as follows:

N i,pred
Eppp=In| — 2 gl
F(SSBj 201n)

J

External inputsinto the M P testing framework
Some of the parameters required in the observatiotel were sampled from the posterior distributiohs

the underlying operating models (de Moor and Buiteth, 2012d,e). In addition, historic catches aver

15
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used in the calculation of sardine bycatch to amgh@tios used in the implementation model. These

parameters are detailed in this section.

Correlationin survey residuals

The sardine and anchovy November survey residualgieen by (=S, A):

£ ynov = INBYYY = In(k; B 1) y=1984...2011 (A.35)
where
B; yn Is the operating model estimate of historic Novemb+ biomass (in thousands of tons) of stgck

of speciesi (i =S,A) in year y, drawn from posterior distributions estimated hg bperating

models (de Moor and Butterworth, 2012b,c).

The standard deviations of the residuals are dyefi =S, A):

2011

) 2011 ,
JILNOV = \/yz ( iy, NOV) Zl (A-36)

=1984 y=1984

The correlation in the residuals between the sardimd anchovy November survey estimates is:

2011
S

‘Ej ,y,Novgl,y,Nov
_ y=1984

pj,Nov - 2011 . (A37)
( z]‘] j,Nov :LNov
=1984
Similarly, the sardine and anchovy May recruit syrvesiduals are given by£ S, A):
_ . _
£ yree =INNY: = In(k; | ]yr) y=1985...,2011 (A.38)
where
N is the operating model estimate of historic Magruément (in billions) of stock] of specie$ (

1Lyr
i =S, A), at the time of the recruit survey in yegr drawn from posterior distributions estimated

by the operating models (de Moor and Butterwor€i,2b,c).

The standard deviations of the residuals are dgiyen

' 2011 2011
0 :\/ S (e, /) Yan (A.39)
y

=1985 y=1985

The correlation in the residuals between the sardimd anchovy recruit survey estimates is:

5 The sum is taken over all years for which a sumstjmate of recruitment exists.
16
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2011

Z gl yr Lyr

y=1985 15

Pire = 2011
zl 0-] rchLrec
y

=1985

(A.40)

Ratio of sardine bycatch to anchovy between January and May

The ratio of sardine bycatch to anchovy in the cemal catches from January to May is needed to
simulate the 0-year-old sardine caught prior to theruit survey (equation (A.10)). The relatiomshi
between the historical sardine bycatch to anchatip in the catches from January to May, togethdr the
stock assessment model prediction for the ratisawtline to anchovy November recruitment, is used to
provide this ratio (the predicted recruitment rasiaised because the catch of 0-year-old anchoryrddes
that of older anchovy, so applying the ratio alsdhe early season adult anchovy catch will nabthice
substantial error). Only the most recent 10 yeats is used in the below equations as futureneatare
assumed to more closely simulate those over the gesade, rather than earlier periods when fishing
patterns may have differed, particularly since #delitional anchovy sub-season was only introduced i

1999. The constant of proportionality estimated én@dassociated time series of residuals are svisl

201 2011
Jan may Zl[ln(cfjbgr?my /CyAJan may) ln(le 10 / ny 10)]/ } (A41)
y=2002 y=2002
and
£\ iamay = |n(Cj'$g;my IC, anmay) ~ |n(kjan:may 10! N 10 y =2002...2011(A.42)

where

ch is the anchovy catch (in thousands of tons) flamdings that have targeted anchovy during
month(s)m(m= janmay, may, jun, jul, aug, sep,octdec) in yeary (Table A3);

C>™ s the associated sardine bycatch (in thousandsns)), assumed in the two stock hypothesis to be

only from the “west” stock (Table A3); and

is the model estimated number of recruits of lstpoof species (i =S, A) in November of yeay

(from which catches of 0-year-old sardine and awglawe made in yeay + )1 drawn from

posterior distributions estimated by the operatiglels (de Moor and Butterworth, 2012b,c).

The subset of years used is that for which thehcdéda and assessed recruitment estimates forspetiies

are available. The standard deviation of the tegis given by:

2011 2011
ajan:may =\/ Z( y Janrmy) zl (A43)

y=2002 y=2002

17



FISHERIES2012/NOV/SWG-PEL /58

Ratio of sardine bycatch to anchovy in the commercial fishery during May
For equation (A.17), the estimated constant of prixgnality and the associated time series of redgifor

the juvenile sardine to anchovy ratio from the careral catches during May are as follows:

201 R R 2011
k., =ex ZTIn(CjﬁW ICh)-In(NS,, /N2, )] / 21} (A.44)
y=2002 y=2002
and
e =InCS2 /Ch ) -In(k, N2, /N2 ), y=2002...2011andm=may. (A.45)

The associated residual standard deviation is:

O = \/ %1(£;’m)2 / Zill, m=may. (A.46)

y=2002 y=2002

A correlation coefficient between the January toyMad May residuals, for use in equation (A.18)\ahds

then calculated by:

2011

I n
Z Eym1€y,m

_ y=2002

Prm = 2011
2:1 Om19m

y=2002

, for m=may andm-1= janmay . (A.47)

18
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Table Al. Parameters sampled from the Bayesian postergiritiitions of de Moor and Butterworth

(2012b,c)

Operating model parameters

NS/Aped a=1..4
j 2011a

SIA
€ 2010

S/A

SS a=1...4

j.a?
SIA
Ky

BYA . y=1984...,2011

NS/~ y=1985...,2011

IDAN

NP4, y=1984...,2010

(/‘Q/r)2

Operating model predicted numbers at age of sdatinbovy in November
2011 (in billions)
Operating model estimated sardine/anchovy recruitmesidual in
November 2010

Maximum deterministic sardine/anchovy recruitmeémtbillions)

Sardine/anchovy spawner biomass below which medieeruitment
declines linearly with this biomass (in thousanti®ns)

Sardine/anchovy average pristine level (“carryiapacity”)
Standard deviation in the sardine/anchovy recruitmesiduals
Sardine/anchovy recruitment serial correlation

Sardine commercial selectivity at age

Multiplicative bias associated with the hydroacausturvey estimate of
sardine/anchovy recruitment

Operating model estimated sardine/anchovy NovenibBerbiomass (in
thousands of tons)

Operating model estimated sardine/anchovy May rewent (in billions)

Operating model estimated sardine/anchovy recruitnive November (in
billions)
Additional variance (over and above the survey demgpCV) associated

with the November/recruit anchovy surveys

19
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Table A2. Average 1984 to 2011 weights-at-age (in gramahftbe historic catche i i=S/A) and

j,ac?

from the historic November spawner biomass sur(/aTx{fga J=5A).

Weights-at-age in the catch Weights-at-age in tineey
Sardine Anchovy Sardine Anchovy

Wooe 22.40 Woe 4.85 Wy, 44.81 W' 10.69
Wie 53.49 Wi 10.98 W, 62.89 w,' 13.67
Wy, 68.83 W, 75.79 W' 18.76
Wi 79.44 W, 84.32 w,: 21.42
Wy 86.35 Wi, 89.74

Wisro 89.01

20
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Table A3. Anchovy catch (in thousands of tons) from landitiust have targetédnchovy Cﬁm), for five-month (“janmay”), five single month (“ay”, “jun”,

“‘jul”, *aug”, “sep”), and a three-month (“octdecpleriods, with the associated recorded landingsuafise bycatch ((:j',?f’, also in thousands of tons).

A
Ve Cliamay Cymy Cyin Cyiu Cyag  Cywp  Cyoce Cyjmy Cymy  Cyim Cymi Comg Gy Crome
1987 3775 14.9 50.6 78.5 67.9 244 7 1.1 0.3 1.0 1.2 1.0 0.2 #
1988 2525 50.1 74.3 60.7 70.4 38.7 73.9 1.0 08 9 1. 04 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 oo * 3.2 1.9 3.5 0.0 0.0 0.0 #
1991  90.7 22.7 51.4 6.1 1.0 00 * 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 2321 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 110.9 13.0 0.8 10.8 67.0 384 * 5.2 3.1 1.6 0.0 2.2 0.0 #
1.7

1995 211 16.1 19.6 18.2 38.8 17.1 29.4 2.5 1.3 4.1 5.1 5.9 0.1
1996  45.7 22.3 13.1 351 7 # 68.9 3.2 1.3 1.5 0.0 # #

1997  11.7 10.1 1.2 3.0 3.8 2.1 2.8 0.1 0.1 0.3 1.4 0.7 2.9
1998  22.8 0.0 0.0 0.0 0.5 0.7 20.0 4.8 3.4 4.2 0.9 0.2 0.5
1999  34.6 3.3 0.2 1.0 16.2 22.4 53.9 1.7 1.3 21 5 0. 07 0.7
2000 9.1 1.2 3.1 8.4 18.9 28.2 53.2 3.1 1.0 0.8 0.3 0.2 0.0
2001 1272 298 41.2 15.7 50.8 55.0 39.9 3.4 22 6 2. 11 3.3 1.0
2002 514 34.3 32.7 44.9 10.1 30.0 110.7 0.9 03 8 1. 1.3 55 2.3
2003  30.8 21.8 6.6 48.6 48.1 33.8 43.8 3.9 2.0 3911 0.1 0.2
2004 411 23.2 77.5 47.9 16.7 39.8 28.6 35 2.9 0.5 0.7 0.6 0.2
2005  20.0 18.3 38.6 20.2 65.4 22.4 16.0 2.7 1.3 0.4 0.4 0.3 0.5
2006 133.8 558 21.2 42.0 27.0 42.9 10.8 0.9 06 7 1. 18 0.9 1.6
2007 5.8 2.9 6.2 7.0 31.1 35.5 44.9 2.3 1.5 0.4 0.2 0.1 0.1
2008  77.1 57.6 31.0 34.4 37.3 43.5 27.2 1.6 1.5 0.6 0.3 0.5 0.1
2009  69.9 34.9 21.1 26.3 59.1 28.8 57.9 1.0 0.3 0.3 0.4 0.6 0.1
2010 63.3 14.8 39.2 65.6 39.4 4.9 0.1 6.3 2.5 54 9 3 13 0.0
2011 429 22.0 16.5 39.3 138 * # 4.3 3.1 1.2 2.8 1.2 #

o
*O00Q00000020LOg
PRRrNVNpVOUIomONMNRE®

* A landing is assumed to have targeted anchovynihe ratio anchovy : (anchovy + directed sardiri®rse mackerel + round herring) exceeds 0.5 (ingef mass).
*# As no anchovy were landed during these monthdjreabycatch with anchovy is not applicable.
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Year

Figure A1l. The historic ratio okl4cm sardine to >14cm sardine in the directed sarfishery. The two
ratios above 7%, shown as open diamonds, are &k&@6 in the distribution from which future sampéee
made (equations (A.11) and (A.16)).
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Figure A2. The regressions of the ratio of small sardine tycaanchovy in the monthly commercial catch

201
against that observed in the recruit survey, i.mimising Zl[(C

k

m:-*

The outliers of commercial ratio of 0.69 in Cmo to December 2010 (shown as an open diamond) is

y=2002

S5e1C )=k (NE NS

Ly,r Lyr

removed, as this could have been biased by thewaidr trawl experiments which occurred during tinge.

The regression including this outlier is given bg tlotted line.

'8 For cases where anchovy is the most common spegiemss in the landing
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Figure A3. The regressions between observed survey CV anélmoedicted abundance for a) sardine single
stock November, b) anchovy November, ¢) sardinglsiatock May and d) anchovy May surveys, for use i
equations (A.29), (A.30), (A.32) and (A.33). Inthg outlier (333,0.17) was excluded from the regjan.
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