*—
MARAM
IWS/2025/Sardine/BG5

Scoping MSE for South African sardine

C.L. de Moor*

Correspondence email: carryn.demoor@uct.ac.za

This document details the Operating Model (OM) used for the scoping MSE for South African sardine, based largely on
the updated assessment of the revised two stock hypothesis.

Keywords: management strategy evaluation, operating model, sardine, scoping MSE, South Africa

Introduction

A sardine-only ‘scoping MSE’ was undertaken as a pre-cursor to the next joint sardine-anchovy Management Strategy
Evaluation (MSE) as a means to provide some indication of future levels of harvest which will meet management objectives
given the substantial revision to the South African sardine stock structure hypothesis (e.g. de Moor et al. 2023) which has
occurred since the previous OMP (de Moor 2018). This document provides the details of the Operating Model for the
sardine-only scoping MSE as this is used for some of the projections provided by Primary Documents to the International
Stock Assessment Workshop. One Candidate Management Procedure that is also used by the Primary Documents is also

described.

MSE Operating Model

The Operating Model is detailed in the Appendix, based largely on the recent assessment of sardine (de Moor 20253,
updated by de Moor 2025b). This OM does not simulate future recruitment pulses in WTS; this will be included in the joint
sardine-anchovy MSE. This model currently assumes the future proportion of Warm Temperate Sardine (WTS) 0-year-olds
which move from the west to the south coast, and the proportion of WTS recruitment which recruit to the west coast is
drawn randomly from the estimates for the most recent 10 years (Table Al). Alternative models, such as a dependence of

movement on WTS biomass may be considered in future results.

Unless noted otherwise, future bycatches and catch patterns have been advised based off data from 2006 to 2024. This
start year corresponds to the beginning of the previous fisheries rights allocation period. It is reasonable to assume that
future catch patterns will not necessarily reflect those of the 1980-1990s. In addition, given delayed starts to the fishing
season and interim TAC/Bs since Exceptional Circumstances were first declared in December 2018, future catch patterns

will likely not reflect those of the most recent 10 years.

Candidate Management Procedure
The candidate sardine-only scoping MP used for future catch scenarios in Primary Documents outputs the following TAC/Bs

(in thousand tons):

i) An annual >14cm sardine TAB with directed round herring and anchovy fishing®, TAB;, = 0.0332 x B2S_;.
ii) An annual <14cm sardine TAB with round herring and with sardine?, TAB;sma” = 0.00375 X B,j’v’?}f_l.
iii) An annual <14cm sardine TAB with anchovy?, TAB; 4, = 0.0072 X B,j’v’?}f_l.

* MARAM (Marine Resource Assessment and Management Group), Department of Mathematics and Applied Mathematics, University
of Cape Town, Rondebosch, 7701, South Africa.
1 Based on 2025 TABs.
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iv) An annual directed >14cm sardine TAC, TAC;, which is split by area, TAC;, = 0.1 X BS%S ; and TAC§ ,, =
(0.1 — 0.0332 — 0.00375 — 0.0072) % B‘j’,’_’;_l
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Appendix A: Operating Model for the Scoping MSE for South African sardine (updated from de Moor 2025c)

The MSE is simulated from January y, ., = 2025 to December yy = 2044. The following subscript/superscript notation is
used:

e stockj = CTS orj = WTS denote Cool Temperate Sardine or Warm Temperate Sardine, respectively;

e coastc = w or ¢ = s denote the west and south coasts, respectively;

e quarters g = 1 denoting January to March, g = 2 denoting April to June, g = 3 denoting July to September and

q = 4 denoting October to December;

e agesa = 0toaplusgroupofa =5%; and

e lengths from a minus group of [ = 2.5 c¢m to a plus group of | = 24*cm.
All parameters are defined in Table Al.

Population Dynamics and Fishery Model
Numbers-at-age at 1 January

Jj J /8 _
Ncyla - (Ncy 14ae Cya Ccy 1,4,a

)e—Mé,y,a/B c={w,s},0<a<5% (A1)

Numbers-at-age at 1 April (q = 2) and 1 July (q = 3)

Jj j
Nlyqa = (Nc]yq q€ Meval® — Clya- 1a) ¢ Mexal® c={w,s},0<a<5"(A2)
Numbers-at-age 1+ at 1 October
N\A]/y4a =
( <(1 - moveya 1)wa3a i MWW /8 _ Cd,y3a 1>e_M‘}”ryva-1/8 1<a<4

— J J /8 _ ) ] 4/8 Mj,,5+/8 J _Mj,,5+/8 =5t
((1 movey,4)NW,y,3,4e wy C w,y,3,4 e w,y, (1 movey5+) W_’y35+e ey CW_’y35+ € Y a=>5

TS _ +2
Ngyaa =0 1<a<5
wTS L WTS
(moveWTS NJ35 a-a€ ~Miyia-1/8 + NS e ~Msy.a-1/8 _ C&Ts am 1)6 Msya-1/8 1 <a<4
NWTS  _ (A3)°
s,y4a — _ _ WTS
(N%Tg4e M5 /8 _ Cleyng) oML /8 4 (NSM;T; My /8 _ cwrs, +) e ~Miysh/8 g _ 5+

Recruits at 1 October
NCTS 0 = RJC;TS

w,y .4,
N0 =0
NS0 = pyRYTS
NSy = (1-p,)RYT™ (a)

Recruitment is dependent on spawner biomass, but not necessarily a parametric stock-recruitment relationship. These are
detailed in the Primary Documents:

; P J_J
R} = f(Z.SSB.,)e®r ¢ (A5)
where, for parameteric stock-recruitment relationships,

, , , , .2 ,
&) = Slorey_y + @) |1 = (sl,,)", where w,~N(0,1) (A6)

Spawning biomass at 1 October

i +
SSBc],y = 21232.5‘ w1 2 Aggzta lN]

cy4a ¢ = {w, s} (A7)

where

20-year-old CTS available to the fishery off the south coast at the mid-point of the 37 quarter will be moveCTSNWy";J(']n/ (equation A10).

3 No movement of 3*-year olds is modelled.

o N2
) . i j
% The bias correction R;, = f (ZCSSBJC,y) e®or 05(c7) is not used so that the variability in the past corresponds with that estimated

historically.
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fi = 1/(1 + e ULs0)/67%0) 2.5"cm < 1 < 24%cm (A8) S

Biomass at the time of the November survey
_ 247% 5+ : 1] j —
B.y =X Y225~ W Xa=o0 AC,y,a,4,l(ledc,y,4,a - Cc,y,4,a) ¢ = {w, s} (A9)

Numbers at age mid-way through each quarter, before catch

M
NJ, e Meval® g e{1,2}
Nmid}, . = _qua ; 1 c={w,s},0<a<5*
Nc],y,q,ae_MC'y+1'a/8 q= 4
M
ledwy3a (1—m0ve N, 30 ~Mivy,al® 0<a<5*
Nmid!, , = move) N}, 5 e~ WJ’a/8+N]y3 e Msy.al® 0 <a<5"(A10)

Number of recruits at the time of the recruit survey
N7ee = (Z; 1 e o 05(1+ty)ML 0 /12 _ chj,) o—05(1+ty)MEy /12 (A11)

Since the survey is simulated to occur at 1 June in the future (see Table A1), C25 = C]y2 oand Mg, o= M
Growth

In line with de Moor (2025a), there are coast-specific growth curves, with the mean length-at-age off the south coast being
adjusted to accommodate sardine which move from the west coast to the south coast.

A% ~N(L25,,92,) c={w,s},0<a<5%,25cm<1<24%cm (A12) 687
where
L9884 = Ly (1 — e7*wlatow)) 0<a<5*
(1 = e*s(a=tos) a=0
L2, = { Ly ) /8 .\ (A13)
sy3a 1+(L sy3a 1)(1—6 s ) 1<a<5
Acyaqi~N(IM . 92.4) c={w,s},1<q<40<a<5"25cm<I<24%cm (A14)
where
Lmld _ Lw,oo(l _ e—KW(a+(2q+1)/8—t0_W)) 1< q <3
w.y.q.a me(l _ e—xw(a+1/8—t0,w)) qg=4
fmid _ s,oo(]- _ e—;cs(a+1/8—to,s)) a=0

A= NI, + (Lyeo — L5 ,) (1 —e7%/8) 1<as<5*

y Ly (1 — e ¥s(a+a+1)/8-t05)) a=0
mi — "

sy.q=1,a Lleld ae + (Ls,oo Lde 14a)(1 _ e—Ks/4) 1<a<5?t

. Ly (1 _ e—;cs(a+(2q+1)/8—t0,5)) a=0

mi — ©

$.y.q4=2.a Lrsn}l/dla + (Ls,oo Z‘n}l’dl a)(l —-e KS/4) 1 sas 5+

Tmid Z]' p Zwi)l'g amove}]".aN\L.p.y 3,a€ wy a/® +L5y 3 aNsP y.3.a€ Mé'y'a/g +
[mid . = ' /8 7 0 <a < 5% (A15)

move}], aN|{1/py3 a wya +N£py3 a® s,y,a
where
_ (Al6)
sy.4=3.a LT)lIdZ a + (Ls,oo T)lzdz a)(l - e_KS/4) I=<as 5+

5> Where length is used in an equation, the mid-point of the length class is used.

6 There may be some proportion of this distribution below a length of zero (recruitment after 15t October). In these cases, this proportion
is removed from the proportion-at-length of the minus length class.

7The proportion is calculated as the area under the curve between the lower limit and upper limit of length class [. The lower and upper
tails are included in the proportions calculated for the minus and plus groups, respectively.
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Commercial selectivity for >14cm directed and bycatch with round herring and anchovy

0 [ <55cm
1
<l < =
Seaql = 1+exp{_(l_l-aq)/(gsel)2} 6em < < lnax = 23cm c={w,s},1<q<4(A17)
Sc,q,lmax l > lmax
Total catch
Clyga=COL o+, c={w,s},1<q<40<a<5"(A18)
Coyt o =Nmidl, . Flo, c={w,s},1<q<4,0<a<1(A19)
4 o ) ) .

Cg;:;{,a = (ledz,y,q,a - CCIT)J;:{z,a)Fc],y,q 21232.5‘ Ac,y,a,q,lsc,q,l c= {W' S}: 1<qg=<40<a< 5* (A20)

Fished proportion of the available age 0 and 1 biomass from the small sardine bycatch

_ . . j,ex + i
Defining exploitable biomass of ages 0 and 1 by stock and coast as B,f,y,q?a =y - WlAc,y,a,q,leldé,y,q,al
Jj.By _ By _ _ BYGyaq jBY _ pBy _ _ BYGyaq
FSJ"‘I"FO - FS'%qra=0 - 5. BJE*P Fs,y.q.l - FS.y.q,a=1 - 5. . pIEXP (A21a)
J Zc=s,y,q,a=0 J Zc=sy,q,a=1
CTS,By __ 1 @,
Fw,y,q,O - ByCSW,y,q |:¢. BWTS,exp BCTS,exp] + BndW,y,q |:¢. BCTS,exp N .dWTS,exp
1%w,y,q,0 + w,y,q,0 2Pw,y,q,0 +Nmi w,y,q,0
CTS,By __ 1 P,
Fw,y,q_1 - ByCSW,y,q |:¢. BWTS,exp BCTS,exp] + BndW,y,q |:¢. BCTS,exp BWTS,exp
1%w,y,q,1 + w,y,q,1 2Pw,y,q,1 + w,y,q,1
WTS,By _ D, 1
Fw,y,q_o - ByCSW,y,q [¢ BWTS,exp BCTS,exp] + BndW,y,q |:¢. BCTS,exp BWTS,exp
1%w,y,q,0 + w,y,q,0 2Pw,y,q,0 + w,y,q,0
WTS,By __ P4 1
Fw,y,l,l - ByCSW,y,q [¢ BWTS,exp BCTS,exp] + ByC‘nW,y,q [¢ BCTS,exp BWTS,exp (A21b)
1Pw,y,q.1 + w,y,q,1 2Pw,y,q.1 + w,y,q,1

A penalty is imposed to ensure that ch;fga < 0.95.

Fished proportion of the available biomass from the directed sardine catch and sardine bycatch with round herring fishery

- . . j + 1 by,j
Defining exploitable biomass by stock and coast as BL5w = Y72 s~ WiScq1 Yato Acyaqi(NMidly, 00 — Coyh o),

cy.q cy.q,a
i C
Joo= — _Csya
Fs,y,q - FS.y.q T 5. plexp (A22a)
Jl c=s,Y,q
FShs, = ¢ : +C =
wy,q — “SW,y,q ® BWTS,exp BCTS,exp NW,y,q & BCTS,exp BWTS,exp
1Bwyq  tBwyg 2Bwyq  tBwyq
WTS _ g 1
Fw,y,q - CSW,y,q ® WTS,exp , ,CTS,exp + CNW,y,q ® CTS,exp , ,WTS,exp (A22b)
1Bwyq  TBwyg 2Bwyq  tBwyg
A penalty is imposed to ensure that FC{y,q < 0.95.

Observation Model

Survey estimates for total biomass and recruitment are generated as follows:

Bco.?/s = kach,yeSIC\'I}?v ¢ = {w, s} (A23a)

where X7V = nYovGloY, (A23b)

and Gl = \/min (CV,,%ax; A+ Bi> + @2, + 1% (A23c¢)
oy

NGy = kc,rNcr,fzcesg'eyc c = {w, s} (A24a)

where el = 75 675, (A24b)

and Gy = Jmin (CV,,%ax; A+ %%VC) + 2, + A2 (A24c)

where CV,,,, is the historical observed maximum survey CV, and the parameters A and B are obtained from a regression
of the observed CV against the OM predicted biomass between 1984 and 2024 at the joint posterior mode (Figures
A1,A2).
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Implementation Model
All the >14cm sardine TAB is expected to be taken off the west coast only. The adult catch tonnages are calculated using
quarterly proportions of the directed sardine catch® based off historical tonnages landed between 2006-2024:

Cowy1 = Crwya = 0.5 % (0.30 X TAC; , + 0.42 X #; X TABy,,) Csy1 = 0.15 % TACS,
Cowy1 = Cawy,1 = 0.5 % (031 X TAC; ,, + 0.41 X #; X TABS; ) Csy2 = 0.43 x TACS,
Cowy1 = Crwya = 0.5 % (0.11 X TAC; , + 0.12 X #; X TABy,,) Csys = 0.22 % TACS,
Cowy1 = Crwya = 0.5 % (0.28 X TAC; ,, + 0.05 X #; X TABy,,) Csya = 0.20 x TACS,

An alternative based off historical tonnages landed between 2009-2018 is also tested, being the 10 years prior to the
declaration of Exceptional Circumstances and considered reasonable by industry for future patterns:

Cswy1 = Cawy,1 = 0.5 % (0.43 X TAC} ,, + 0.44 X ; X TABS; ) Csy1 = 0.15 % TACS,
Cowy1 = Crwya = 0.5 % (0.25 X TAC; , + 0.41 X #; X TABy,,) Csy2 = 0.49 x TACS,
Cowy1 = Crwya = 0.5 % (0.09 X TAC; , + 0.12 X #; X TABy,,) Csys = 0.24 x TACS,
Cowy1 = Cawy,1 = 0.5 % (0.23 X TAC; ,, + 0.03 X ; X TAB; ;) Csya = 0.11 % TACS,

The <14cm sardine bycatches are assumed to be 0-year olds in quarters 1 to 3 and 1-year-olds in quarter 4.

The <14cm sardine bycatches are assumed to be taken off the west coast only. In recent years 1% of the <14cm sardine
bycatch has been landed east of Cape Agulhas. The small sardine bycatch tonnages are calculated using quarterly
proportions based off historical <14cm bycatch tonnages® landed between 2006-2024.

BYCsyy1 = BYCpyy1 = 0.5 X (0.22 X TAB} smay + 0.09 X TAB 1)

ByCsyy1 = BYCpwy1 = 0.5 % (0.53 X TAB; cnay + 0.72 X TABS 4

ByCsyy1 = BYCpwy1 = 0.5 % (0.16 X TAB; ¢y + 0.18 X TAB; 1)

BYCsyy1 = BYCpyy1 = 0.5 X (0.09 X TAB} snay + 0.01 X TABy 1)

Future work may include modelling a proportion of TAB;,small to be removed from the population based off historical
data.

8 These data included any <14cm sardine landed with directed sardine fishing. However, a separate check on data of a lesser quality
having not undergone rigorous checking, but consisting of only >14cm sardine landed with directed sardine fishing, resulted in similar
proportions.

% The <14cm sardine quarterly catch by directed species were calculated from raw data which have not undergone rigorous checking,
but are the only data available which separate the small sardine bycatch by species.

6
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Table Al. Parameter definitions. Where ‘Sampled’ is given in the right column, the parameter value is sampled from Bayesian posterior distributions.

Parameter Description Units Input Value or Equation
N(:’:qula Numbers-at-age a of stock j on coast ¢ at the beginning of quarter g in year y Billions Al - A4, ch,yn,l,a sampled
WTS _ pCTS diff, pqWTS _ pqWTS aiff
] Ms.y,O - Mw.y.O + Mjuv ’ Ms,y,1+ — Msy0 T Mgq
M, . Rate of natural mortality at age a of stock j on coast ¢ in year y Year! METS, = M5, + MEES; MyTs, = MYTS + My TS
CTS CcTS j diff 5 ,diff
Mw,y,OI Mw,y,1+' Mg ., Mjuv , M, " sampled
movey s’ sampled
j Proportion of stock j sardine of age a which move to the south coast at the middle of the move)%” randomly sampled from last 10 years
movey 4 rd ; - L WTS wTS
Y, 3" quarter in year y movey 1~ = ¢ X movey,~; ¢ sampled
movets = 0; move)7S = 1; move)/77 — NA
R3], Number of recruits of stock j spawned in year y Billions A5
Proportion of WTS recruitment which recruit to the area west of Cape Agulhas in year y
Py (incorporating both west coast spawning and passive movement of spawning products - Randomly sampled from last 10 years
from the south coast)
g}J/’ Standardised recruitment residual for stock j in year y - A6, g}{n sampled
grf Standard deviation of the recruitment residuals for stock j - Sampled
Scjor Recruitment serial correlation for stock j - Sampled
SSBery Spawning biomass of stock j on coast ¢ at the beginning of October in year y Thousand tons A7
wy Mean mass of sardine in length class [ (in cm) Grams 0.0071118 x (3181 10
fi Proportion of sardine of length [ (in cm) that are mature - A8
Leo Length at 50% maturity Cm 11.8841
gmat Rate of increase in maturity at length - 1.931
By Total biomass on coast ¢ at the middle of November in year y Thousand tons A9
Nmidé,y,q_a Numbers-at-age a of stock j on coast ¢ mid-way through quarter g in year y Billions Al10
L‘C),Cyt,a Mean length of age a sardine on coast ¢ at 1 October in year y Cm Al3
Z’}?};‘?q,a Mean length of age a sardine on coast ¢ mid-way through quarter q of year y Cm Al5
p Mean length of age a sardine on the south coast before movement mid-way through
Lsyq=3a Cm Al6
VA= quarter 3 of year y
oct Proportion of age a sardine on coast ¢ that falls in the length group [ at 1 October in year i A12
cy.al

y

10 A coast-wide length-weight relationship was calculated from samples collected from November surveys and taken to apply both to the time of spawning and November survey (OLSPS 2023). This
relationship is currently assumed to additionally apply to commercial catches. A robustness test will investigate the impact of using different relationships for the commercial catches for the west and south
coasts; the latter estimated from commercial samples from the south coast is substantially different from the November survey relationship.

11 Median ogive of most recent 10 years maturity ogives excluding years for which data were not available, i.e. 2021, 2023, 2024 (cf Table A.3 of de Moor 2025a).
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Parameter Description Units Input Value or Equation
A Proportion of age a sardine on coast ¢ that falls in the length group [ mid-way through i Al4
cy.aql quarter q of year y
K Somatic growth rate parameter for sardine on coast ¢ Year? Sampled from median of most recent 10 years
Lo Maximum length (in expectation) of sardine on coast ¢ Cm Sampled
to,c Age at which the length (in expectation) is zero on coast ¢ Year Sampled
Standard deviation of the distribution about the mean length-at-age a on coast c at 1
Yea - Sampled
’ October
Standard deviation of the distribution about the mean length-at-age a on coast ¢ midway
Yeaq - Sampled
through quarter q
Scal Commercial selectivity-at-length [ during quarter g on coast ¢ - Al7
l_c,q Length at 50% selectivity in the commercial selectivity logistic distribution for coast c in m Sampled from median of most recent 10 years
quarter q
(o%¢H)? Variance of the commercial selectivity logistic distribution cm Sampled
Cg,y,q_a Total number of age a fish of stock j caught on coast ¢ during quarter q of year y Billions A18
CCb,%_a Number of age a < 14cm sardine bycatch of stock j on coast c in quarter g of year y Billions Al19
cdir Number of age a fish of stock j caught in the sardine-directed and round herring bycatch Billions A20
cy.q.a fisheries on coast c in quarter g of yeary
By Fished proportion of stock j, age a < 14cm sardine bycatch in quarter g of year y on coast
FL7. c - A21
i Fished proportion of stock j in the directed and round herring bycatch fisheries in quarter i A22
cy.a q of year y for a fully selected length class on coast ¢
b1 Relative weighting towards WTS in catches off the south west coast - Different fixed values for alternative models
b, Relative weighting towards CTS in catches off the north west coast - Different fixed values for alternative models
N[j,“ Number of recruits on coast c at the time of the recruit survey in year y Billions All
ty Time lapsed between 1 May and the start of the recruit survey in year y Months t, =11
ng’,s Simulated November survey estimate of total biomass on coast ¢ in year y Thousand tons A23a
NC"JZZS Simulated survey estimate of recruitment on coast c in year y Billions A24a
kac Multiplicative bias associated with the hydro-acoustic survey - Sampled
ke, Multiplicative bias associated with the recruit survey on coast ¢ - Sampled
gNov Residuals in the simulated observation of November survey estimate of total biomass from i A23b
oy OM predicted biomass in year y of coast ¢
501‘_’3?” Standard deviation of the residuals sé‘_’;}", being the November survey sampling CV - A23c
eree Residuals in the simulated observation of survey estimate of recruitment from OM i A24b

predicted recruitment in year y of coast ¢

12 Average 1985-2024 and 2014-2024 (excluding 2018 when there was no survey) start date of the recruit surveys has been 27th May and 4t June, respectively.
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Parameter Description Units Input Value or Equation
Gesf Standard deviation of the residuals ¢5, being the recruit survey sampling CV - A24c
0 CV associated with factors which cause bias in the acoustic survey estimates and which i 0,198 13
ac vary inter-annually rather than remain fixed over time
., . ~Nov/recy?2 2 . .
(AN/r)Z Additional varla.nce (over and above (O’C’y ) and ¢Z.) associated with the ) 0
November/recruit surveys
CVJ;;/”C Historical observed maximum survey CV for the November/recruit surveys - Figure A1,A2
T; The proportion of TABlfl-g simulated to be removed from the population in future years

J

Sampled from historical proportions, see Figure A4

13 de Moor et al. (2024a).
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Figure Al. The regressions between observed survey CV? and Ssw model predicted abundance for a) sardine November
biomass west of Cape Agulhas (with CV2,, = 1.140, A = 0.213, B = 5.483), b) sardine November biomass east of Cape
Agulhas (with CV,2,,, = 1.507, A = 0.375, B = —0.162), c) sardine June recruitment west of Cape Agulhas (with CV,2,, =

0.592, A = 0.234, B = 0.013), and d) sardine June recruitment east of Cape Agulhas (with CV,2,, = 0.991, A = 0.410,
B = 0.001).
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Figure A2. The regressions between observed survey CV2 and So model predicted abundance for a) sardine November

biomass west of Cape Agulhas (with CV;2,, = 1.140, A = 0.206, B = 8.828), b) sardine November biomass east of Cape

Agulhas (with CV2,, = 1.507, A = 0.375, B = —0.233), c) sardine June recruitment west of Cape Agulhas (with CV}2,,

0.592, A = 0.235, B = 0.035), and d) sardine June recruitment east of Cape Agulhas (with CV2,, = 0.996, A = 0.410,
B = 0.002).
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Figure A3. The proportion of <14cm sardine in directed sardine catch landed a) west of Cape Agulhas and b) in total.

Excluding the outlier of 2019 which had only <14cm sardine landed in one month, the maximum proportion since 2000 has

been a) 0.104 and b) 0.054.
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Figure A4. The >14cm sardine bycatch landed with round herring or anchovy directed fishing. 1985-1999 data were

previously provided by J. van der Westhuisen. 2000-2024 data are calculated from raw data which have not undergone

rigorous checking, but are the only data available which separate the large sardine bycatch by species.
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