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The stock assessment model for South African sardine is detailed in the Appendix. The following
assumptions are made:
1) Allinfection occurs at 1 November; after all catch and before movement. Thus at the time of the
recruit survey, all recruits are assumed to be uninfected.
2) All movement occurs at 1 November; after all catch is removed from the population and after
infection by the parasite.
3) Permanent west-to-east movement is allowed for all ages.
4) No east-to-west movement is assumed?.
5) Infection only happens to west stock fish (hypothesised region of parasite host)
6) No difference in growth, maturity, natural or fishing mortality or movement is assumed between
sardine that are uninfected or infected with the parasite.
Initial results from fitting this model to available data are presented in de Moor and Butterworth

(2015b).
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Appendix: Bayesian assessment for the South African sardine resource

The assessment is run from November y, =1984 to November y =2014, with quarters q=1 denoting
November y—1 toJanuary y, q=2 denoting February to April y, q=3 denoting May to July y and q=4

denoting August to October Y. All parameters are defined in Tables A.1 and A.2.

The subscripts j=W or j=S denote the west and south stocks, respectively, where only the ‘west’ stock
equations are used in the single stock hypothesis. The subscripts p=NI or p=1 denote the sardine

uninfected and infected with the digenean ‘tetracotyle-type’ metacercarian endoparasite, respectively.

Population Dynamics

Numbers-at-age at 1 November before movement or infection

S S S S S
S* _ S _My,afl/8 S _My‘afl/‘l S _My,a71/4 S _My,a—ll4 S _My,afl‘
Nioya = [((((N ipy-1a1€ —Coyran)e —Clhyat B —Cloyaas B —Cloyaas B
y,<y<y,,1l<a<4
NS NS -M /8 cs -M 14 cs M3, 14 cs -MJ 4 cs -M7 /8
i.py.ass+ — ( .p.y-1.4€ - J,p,y,1,4)e ~Cioyza B —Cipyaa B —Cipyaa B

S S S S
S —M5S+/8 S -Mys, /4 S -Mys, /4 S -Mys, /4 S -Mys, /8
+ (((((N j,p,y—1,5+e Cj,p,y,l,5+ )e Cj,p,y,2,5+ Cj,p,y,3,5+ Cj,p,y,4,5+

y,<y<y, (A.1)

Infection of west stock sardine in the two stock hypothesis; in the single stock hypothesis 1, =0 as the

parasite data have no influence so that they are not included in the likelihood

N\/?l?\ll,y,a :<1_Iy)NV?ITNI‘y,a ylgysyn' 1Sa£4
NV?ITT,y,a = N\/?ljrl,y,a +IyNV?/TNI,y,a ylgysyn' 1Sa£4
SHx S*
Neoya=Noo,a p=I,Nl,y <y<y, ,6 l<a<4 (A2

Movement of west stock ( j =W ) sardine to the south stock ( j =S ) in the two stock hypothesis; in the

single stock hypothesis move, , =0

NV?/,p,y,a = (1_ movey,a )N\/?[T;’y'a yl S y S yn ’ 1 S a S 5+
Nss,p,y,a = Nés,*p,y,a + mOV(:.‘y‘an?,*ypvyya y, <y<y,, l<a<b (A.3)
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Numbers-at-age mid-way through each quarter (for use in catch equations)

lepyla_NJSpyla e

NJSpyZa_(Nprla Clspyla)ei'\/l;a/4

stpy3a_(NJSpy2a CJSPyZak_M?‘a/4

NS e =(NS o —Co, ™ y,<y<y,, l<a<s' (A.4)

Numbers-at-length at 1 November (after infection and movement)
The model estimated numbers-at-length range from a 2.5cm minus group to a 24cm plus group, denoted

2.5 and 24%, respectively, in the remaining text.

pry,_zAS“r N° yi<y<y,, 25 cm<l<24cm  (AS5)

jal vjpya

The model predicted numbers-at-length of ages 1+ only are given by:

Nf;*yI:ZAf“glepya Yy, <y<y,, 25 cm<l<24'cm  (A.6)
The proportion of sardine of age a instock j that fallin length group | at 1 November, A,“a |, is calculated

under the assumption that length-at-age is normally distributed about a von Bertalanffy growth curve:

N (leoo (1_e—r«j(a-to)) 19,-2,3) 0<a<5', 25 cm<l<24cm (A7)

Natural mortality

Natural mortality is modelled to vary annually in an autocorrelated manner around a median as follows
(although the baseline assumes no such correlation — Table A.1):

Moo= 'stegyj With &b, = kg, and g)=pe) +l=-p'n), y>y, (A.8)
J— ad
Mysa e deegy with 812d84 :771?84 and 5;d =/7 L +y1-p? 77y » Y>Y (A.9)

Spawning biomass and biomass associated with the November survey

SSBJS _Z Z f]yl pyIWJyI ylﬁyﬁyn (AlO)
P 1=25"
Bjs,y:kS Z|-25’Nlpyl j.yl ylsygyn (All)
S VT/J',y _ ¥
where WJyI =W, x y, <y<y,,25 cm<1<24"cm (A.12)

| (ZpllzjzéN]pyl )/[Zpllzzi;aNipwJ



56

57

58

59

60

61
62
63

64

65

66

67

68

69

70
71
72
73
74

75

76

MARAM IWS/DEC15/Sardine/P1

Commercial selectivity

0 | <5.5cm
= \2 = 2
- [ +0.25—1, In{(l +0.25-23.5)/{l, ; —23.5
Sii X EXp ——( 21’1) +exp —[ (( )2(2” ))] 6cm <1 <23cm
(o) (o5*)
Vi <Yy<y, (A.13)

235%

Siyaa = .§ Al Sy y,<y<y,,1<q<4,0<a<5 (A.14)
Acom - N(L (1 ’Kj(aJr(Zq’l)/S’tO))ng ) < < + - +

where Aj 5 jotl—e ia 0<a<b’, 25 cm<I<24"cm (A.15)

and the 23.5cm is one length class above the maximum for which observations can be predicted.

Bycatch in the anchovy directed fishery

NS 12
bycatch _ " lpy.a=la=0 RLF, fleet=3 RLF, fleet=3
Cj,p,y,q:l,a:O - N S X z Z Cj,y—1,m,| + z Cj,y,l,l
z i.p.yL0 m=11 I<lcuty n I<lcuty
p
bycatch N JS p.y,q=la=1 L2 RLF, fleet=3 RLF, fleet=3
Cj,p,y,q:l,a:l = S X Z z Cj,y—l,m,l + Z Cj,y,l,l
Z Nj YLl m=11 I>=lcuty I>=lcuty m
p
bycatch N JS p.y,q=2,a=0 < RLF, fleet=3 bycatch N JS p.y.q=2,a=1 < RLF, fleet=3
Cj,p,y,q:Za:O = N s x Z \ |Z Cj,yym,l Cj,p,y,q:zvazl = SNS % Z | ,lz Cj,y,myl
§.p.y.2,0 m=2 <cutyym ipy.2.l m=2 >7cutyvm
p p
bycatch N isp y.q=3,a=0 U RLF, fleet=3 bycatch N JS p.y.q=3,a=1 ! RLF, fleet=3
Cioyamsaz0 = o X2 | Iz Ciymi Cioyaaan = L X2 | Iz Ciymi
010,Y,3,0 m=>5 <cutylm iphy.3L m=5 I>= cutylm
p p
s 10 s 10
bycatch _ U ipy.g=4,a=0 RLF, fleet=3 bycatch _ " Uhpy,g=4a=1 RLF, fleet=3
Cj,p,y,q:&azo - Z NS X Z | |Z Cj,y,m,l Cj,p,y,q:él,a:l - z N s X z | |Z Cj,y,myl
jpyao MBIty n pya1 M8 l>=leuty
p p
becatch _ 0 +
ipy.ga = y,<y<y,,1<q<4, 2<ac<5h (A.16)
Catch in the directed sardine and round herring bycatch fisheries
dir _ ( S _ bycatch ) +
Cilovaa =N =C e SivaaFiva y,<y<y,,1<q<4,0<a<5 (A.17)
Total catch
S _ bycatch dir +
Clovaa=ClovaatCibyaa y,<y<y,,1<g<4,0<a<5 (A.18)
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Fished proportion of the available biomass from the directed catch and round herring bycatch fisheries

2 12 2
RFL, fleet RFL, fleet
z z Cj,yfl,m,l + Z z Cj,y,l,l
F __ fleet=1 m=111>6cm fleet=11>6cm
jya=l T 5+
z z (N S _ becatch b
5 a0 ivpyla ipyla/~iyla
2 < RFL, fleet
2 22 G
F _ fleet=1 m=21>6cm
j.y.9=2 5+
z (N S _ C bycatch b
o jip.y.2,a ihy.2a/7hy.2a
ZZ: 27: C RFL, fleet
j,y.m,l
F _ fleet=1 m=5|>6cm bym
hye=3 T _ 5+
Z (N S _ C bycatch ﬁ
) ipy3a jy3a/7iy3a

ZZ: % z CRFL,eret
j,y.m,|l
fleet=1 m=81>6¢cm

F — (A.19)
J.y.q=4 5+ .
S bycatch
%;}(N ipy4a Ci,y,4,a )SLMa

A penalty is imposed within the model to ensure that S; |F, <0.95. Fish <6cm were caught in less

IBAE
than 10% of the quarters and were thus not used in fitting this model. Commercial selectivity-at-length is

fixed to zero for length classes < 6cm (equation A.13)

Recruitment
S _o5les ]
aje oslo. f if SSBS, >b°
.S = S <y< 2
Mimae 18] geps oehosbif jf ggpe cps SR
b- Ly Ing ]
]
N7 yao =0 (A.20)
Carrying Capacity
S .S -0.5(05.,)2 R V| I G v — M -4mS 1
K;=aje " Yw e C+W e T .
a=1 l1—e "«
KS _AaS 70'5(U§,peak)2 4 —S ’Mjs’(a’l)mgd Yvi 7M?74M§d 1
peak a;e ij,ae + Wj,5+e v (A21)
a=1 1_ e ad
2 GJ-S’r is replaced with of peak 0Uring the peak years of 2000-2004 in the single stock hypothesis (see Table A.1).
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94 Number of recruits associated with the recruit survey

o5 N:, =k ;@(N TGN S e Lo )e n<y<y,  (A22)
96
97  Multiplicative survey bias
98 kjy =ka (A.23)
99 kS =k, xks (A.24)
100 kzsyr =k> s xkS xkZ> (for the two stock hypothesis only) (A.25)
101
102  Survey trawl selectivity
103 sjy,z{ 0 o I=25cm y<y<y (A.26)
M e expl=(1-S,, )/S} 3em<1<247cm ! "
104

105 Proportion-at-length associated with the November survey

2 X Nj,, S
106 p° = P 1o Y, <y<y, (A.27)

jy.6 ZBZSN S Ssurvey
By =gl
p 1=3

o INLSE
107 Pivi = s s survey
%Z N j,p,y,lsiv'

y;<y<y,, 6.5cm<1<20.5cm (A.28)

1=3

25 S survey
zp:|§1N j,p,y,ISj,I

S
108 Piyamms=_ms y,<y<y, (A.29)
Z Izé N Jopayil SJ',I ’
p I=

S surve
109 p 2N Syae” <y< (A.30)
pj,y,244r = Z N S S survey yl = y = yn .

j.p.y, 24" T 24t

P
110

111 Proportion-at-length of fish infected with the parasite in November

112 Py ==gs — y,<y<y,, 5em<I|<225cm (A.31)

113

3 The inclusion of model predicted proportion-at-length 24*cm is deliberate to take into account the zero sampling of
24*cm sardine in the survey.
6
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Catch-at-length from the directed and round herring bycatch fisheries

Cdlr

Bpy.al j:p.y.g.a

iwy.a.a qu

- Z(N S aa =Gl Jacen o y.<y<y.,l<q<4,25cm<l<24"cm (A32)
a=l

1py.q.a

Proportion-at-length associated with the directed catch and round herring bycatch

dir
coml,S %C] Pyl
pj,y,ql B dir
%I;SCJ p.y.a)l

Initial numbers-at-age

NS — NS e—Finitl—MaS
1,N1,1983,a 1,NI1,1983,a-1
R ~ NS e-Finitz-Mg
2,N1,1983,a — 'Y 2,NI,1983,a-1
~Finit; -M35,
R ~N° ¢
j,N1,1983,a=5+ j,NI,1983,4 _ —Finitj—Mgi
N°® =0
j,1,1983,a

Fitting the Model to Observed Data (Likelihood)

—InL==InL"" —InL"™

where

55

_ In Lsur propl In Lcom propl In Lprev

‘In(éiy )- In(8s, )|

Vo5 )2 + 03]+ (5,)?

5° +

In(85, )~ Ines$,)

Vo5 a2+ 05 )+ 050)?

‘In Jyr) In(NJyr)

V05 m)? +05 ] + (25,02

5

55

In(<2,, )~ n(Ns, )

V05 m)? + 05 ] + (25,02

5

y, <y<y,,1<q<4,3.5cm<1<23cm (A.33)

3<ax<4

1<a<4

0<acxh* (A.34)
(A.35)

2/5

+ In[Zﬂ-((O'jS,y,Nov)2 +( a )2 * (/1?'“ )Zﬂ
(A.36)

+ In[27r((o-}°‘yy’rec)2 +( - )2 + (l?,r)zﬂ

(A.37)
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Iy e proel s (‘V prl \lpjyl) Jsur)

propl ! I . (gj ur) (A38)

. - n 4 21 (¢ps coml ’ Scoml)
it ' :Wpropl y=ylq lI 55 o Jcom qul Jcom) (A39)
it =y 30 LR (s, - N, e, ) (A40)

i y=2010 I=5cm
A “robustified likelihood” is used for the contributions from the hydro-acoustic surveys to ensure no undue
influence from any extreme (outlying) values for residuals. The functional form chosen to robustify makes
negligible difference for standardised residuals of magnitude three or less, but essentially treats large

standardised residuals as if they do not exceed five in magnitude.
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141  Table A.1. Assessment model parameters and variables. As the majority of prior distributions are uninformative, notes are provided only for informative priors

142 and/or bounds.

Parameter / Descriotion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution q
NS Model predicted numbers-at-age a at the beginning of November in year y of " A1-A3,
pya stock j that are uninfected ( p = 0) or infected ( p =1) with the endoparasite Billions A.20
NS Model predicted numbers-at-age a mid-way through quarter ( of year y of "
Ipy.a.a stock j that are uninfected ( p = 0) or infected ( p =1) with the endoparasite Billions A4
| Proportion of uninfected west stock sardine that are infected with the
L . 1, =1~U(0,1)
y endoparasite in year y (two stock hypothesis only) Y
=0, y, <y <1993
move,, ~U(01),
@ move Proportion of west stock sardine of age a which move to the south stock at the B
% v.a beginning of November of year y (two stock hypothesis only) ) MOVE, . = ¢ x move, ,,
= $~U(0,1),
-(% 1994<y<y,
I Model predicted spawning biomass of stock j at the beginning of November in
g SSBS, P P & J ginning Thousand A 10
[= ' year y tons
2 s Model predicted total biomass of stock j at the beginning of November in year Thousand
© B; . . A.11
3 by y , associated with the November survey tons
C
< [L+exp{- (1 -17.2)/1.17}]"
1984 <y <1987 Refit from data used
-1 by van der Lingen et
[1+exp{-(1-18.6)/1.26}] al. (2006) using
. 1988 < y <1995 idpoi
fjs‘y'I Proportion of sardine of stock | that are mature in length class | in year y - y ) mlldpomts of Ien_gth
[+ exp{- (1 -19.4)/1.40}] Classes. Assuming
1996 < v < 2003 maturity post-2003
sys reflects that of 1965-
[L+exp{- (1 -17.4)/0.95}]" 1975

2004 <y<2014

143
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Table A.1 (Continued).

MARAM IWS/DEC15/Sardine/P1

Parameter / Description Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution q
" Wi, Mean mass of sardine of stock | in length class | Grams 1.1639 1075 x | 303155
(%}
g s Mean mass of sardine of stock ] in length class | at the beginning of November
S Wi . Grams A.12
S inyear y
'g S
2 Bj,y
@ ~ Mean mass of sardine sampled from stock j during the November survey of year 235 5 S
£ iy Grams SNS iy
3 y et byl 7235 s s
= Z Ny W
E -
c —s Mean mass of age a from stock j sampled during each November survey, 2 e s
£ 5 Grams 2 AW
’ averaged over all years =25~
Selected based on
M ys‘a Rate of natural mortality of age a in year Y Year! A.8 and maximized joint
A9 posterior, and
subjectto a
N o . . compelling reason to
M JS Median juvenile rate of natural mortality Year? 1.0 P .g
modify from
> M, Median rate of natural mortality for 1+ sardine Year 0.8 previous assessment
‘©
E ey’ Annual residuals about juvenile natural mortality rate - A.8
=
© &) Annual residuals about natural mortality rate for 1+ sardine - A.9
>
2
Z 7 Normally distributed error in calculating gy’ - N (0, O'JZ)
77;‘“ Normally distributed error in calculating &y - N (0, o—:d )
(ep Standard deviation in the annual residuals about juvenile natural mortality - 0 See robustness tests
Oy Standard deviation in the annual residuals about natural mortality for ages 1+ - 0 See robustness tests
P Annual autocorrelation coefficient - 0 See robustness tests

10
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146  Table A.1 (Continued).

Parameter / Description Units / Fixed Value / Prior Equation Notes
Variable Scale Distribution
s Model predicted numbers-at-length | at the beginning of November in year Y of .
N Ipyl stock j that are uninfected ( p = 0) or infected ( p =1) with the endoparasite Billions A5

s Model predicted proportion-at-length | of stock j associated with the November A-27-A30
Piy survey in year Y _ .

J.S”arl Proportion of age a of stock | that falls in the length group | in November - A7
Ky xL;, assumed
LJ. - Maximum length (in expectation) of stock | Cm ~U (10,30) same for both stocks.
’ Bounds informed by
data
K| Somatic growth rate parameter for stock | Year K;xLj,~U (0,10)
t, Age at which the length (in expectation) is zero Year ~U (— 4,4)

Assumed same for
both stocks. Upper
bound chosen to
9 Standard deviation of the distribution about the mean length for age a of stock j - ~U(0.01,3), a=012+ preclude

Proportions-at-length and growth curve

J,a
unrealistically large
lengths for very
young fish

comls Model predicted proportion-at-length | of stock j in the directed catch and round A33
Piyal herring bycatch during quarter ( of year y i '

com Proportion of age a of stock | that falls in the length group | mid-way through ALS
jgal quarter q :

ps Model predicted proportion-at-length | of stock j that are infected with the A3l
Byl endoparasite, at the time of the November survey in year y '

147

11
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148  Table A.1 (Continued).

Parameter / Descriotion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution q
_ Some smaller fish
S J?uln’ey Survey selectivity-at-length | in the November survey for stock | - A.26 escape through the
trawl net
S5 Length at which survey selectivity is 50% Cm ~U(257)
0 Slope of survey selectivity-at-length ogive when selectivity is 50% - ~U(0.11)
Sj,y,l Commercial selectivity-at-length | during year y of stock ] - A.13
= Sj]y’q’a Commercial selectivity-at-age @ during quarter (| of year ¥ of stock j - A.14
2 .
g 7 Height of the near-normal curve component for stock | relative to the height of ~U (0 l)
E J the near-lognormal component ’
I, Mean of the near-normal distribution for stock | Cm ~U(515) Bounds reflect a
_’] _ _ trade-off between
|2 j Median of the near-lognormal distribution for stock | Cm |2'j - |1’j ~U (0,15) not wanting to
’ ) influence the data
(0-159') Variance parameter of the near-normal distribution Cm ~U (2,7) and ensuring that
9 results remained
(O-;e') Variance parameter of the near-lognormal distribution Cm ~U (0,2) realistic

149

12
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Table A.1 (Continued).

MARAM IWS/DEC15/Sardine/P1

Parameter / Descriotion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution 9
s Model predicted number of age a fish of stock | caught during quarter  of Bill A18
jpyga year Y that are uninfected ( p = 0) or infected ( p =1) with the endoparasite tons ’
Differ by month and
Icuty’m Cut off length for recruits in month m of year y Cm de Moor et al. 2015a year as informed by
the recruit surveys
Number of age a fish of stock j bycaught in the anchovy-directed fishery in
C:jy;atycza quarter ( of year Y that are uninfected ( p =0) or infected ( p=1) with the Billions A.16
s endoparasite
© Number of age a fish of stock | caught in the sardine-directed and round
o
C;j,l:),y,q,a herring bycatch fisheries in quarter ( of year Y that are uninfected (p =0) or Billions A.17
infected ( p=1) with the endoparasite
dir Number of length | fish of stock j caught in the sardine-directed and round
C .
1py.al herring bycatch fisheries in quarter ( of year Y Billions A-32
= Fished proportion in quarter ( of year Y for a fully selected age class a of stock A19
N ) :

|, by the directed and round herring bycatch fisheries

13
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Table A.1 (Continued).

MARAM IWS/DEC15/Sardine/P1

in year Y

Parameter/ Descriotion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution 9
Uninformative on
log-scale as scale is
not known a priori,
a’ Maximum recruitment of stock j in the hockey stick model Billions In(ajS )~ U(0,5.6) with the maximum
J corresponding to
about 10 million tons
for KJ-S
S Spawner biomass below which the expectation for recruitment is reduced below  Thousand S S
b . . b /K ~U(01)
j the maximum for stock j tons J !
KS Carrying capacity for stock | Thousand A21
! tons
s . . s ” . . Thousand
- K peak Carrying capacity during “peak” years (single stock hypothesis only) tons A21
c
()
e 2
E gjsyy - N(O’(O'J'S,r) j
G Reflects the
[J) .
2 Except for assumption of a
es Lognormal deviation of recruitment of stock j inyear Y - s ( S )2 different distribution
Y &1y = N[ 0107 pea ’ applying over the
2000 <y <2004 for peak period
single stock hypothesis
Y Variance in the residuals (lognormal deviation) about the stock recruitment Lower bound chosen
(0' ) i - ~U(0.16,10) ,
ir curve of stock | to restrict the
influence of the
( s )2 Variance in the residuals (lognormal deviation) about the stock recruitment ) ~U(0.16,10) stock recruitment
O, peak curve during “peak” years (single stock hypothesis only) " curve on the
assessment results
S Model predicted number of juveniles of stock j at the time of the recruit survey
Ny, Billions A22

14
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Table A.1 (Continued).

MARAM IWS/DEC15/Sardine/P1

Parameter/ Descriotion Units / Fixed Value / Prior Equation Notes
Variable P Scale Distribution 9
kS Multiplicative bias associated with the November survey of stock j A.23
iN - _
S S . . . . . A.24 -

kj r Multiplicative bias associated with the recruit survey of stock | - e
© kS Multiplicative bias associated with the hydro-acoustic survey - ~N (O 714,0 0772) de Moor and
o ac ' T Butterworth (2015a)
g Lower bound
3 selected in
o ks Multiplicative bias associated with the coverage of the recruits by the recruit i —~U (0 3 1) discussions with
S oov survey in comparison to the 1+ biomass by the November survey o scientists on these
2 surveys and their

field experience
Multiplicative bias associated with the coverage of the south stock recruits by
kcsovs the recruit survey in comparison to the west stock recruits during the same - ~U (0,1)
survey

0 N> o532 ~U(0,50) for
g j,1983,a '
S N ?'198361 Initial numbers-at-age a in stock j Billion j=1,0<a<2 and A.34
= j=2,2=0
= Finit; Rate of fishing mortality assumed in the initial year for stock j ~U (0,1)
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MARAM IWS/DEC15/Sardine/P1

Table A.1 (Continued).

Parameter / Description Units / Fixed Value / Prior Equation Notes
Variable Scale Distribution
B Nov Contribution to the negative log likelihood from the model fit to the November i A36
InL 1+ survey biomass data '
B rec Contribution to the negative log likelihood from the model fit to the recruit i A 37
InL survey data ’
L prop Contribution to the negative log likelihood from the model fit to the November i A38
nL survey proportion-at-length data ’
— [n LeomPropl - Contribution to the negative log likelihood from the model fit to the quarterly i A39
commercial proportion-at-length data ’
In L Contribution to the negative log likelihood from the model fit to the November i A40
n parasite prevalence-at-length data '
S CV associated with factors which cause bias in the acoustic survey estimates and de Moor and
'§ ¢ac which vary inter-annually rather than remain fixed over time i =0.222 Butterworth (2015a)
§ (/1? " )2 Additional variance (over and above (O'jsynyov,rec )2 and (¢:C )2 ) associated with ) ~U(010)
- ' the November/recruit surveys of stock |
W;l:‘r)pl Weighting applied to the remaining survey proportion-at-length data - =0.167
. . . S n 21 2 [ yn 21
O-js‘sur Sjtandard deviation associated with the survey proportion-at-length data of stock ) \/ Z Z (m B M) z Zl Closed form solution
y=yl =6 y=yl =6
W;?g‘pl Weighting applied to the commercial proportion-at-length data 0.04 auIcC)’c?)l:(r)e\:Allaft(i);n“
o’ Closed form solution

j,com

Standard deviation associated with the commercial proportion-at-length data of I G ( Py Avwml)z nooA &
stock | B z WV Prar =4 Pya Z 1

y=yl q=1 |=5 y=yl q=1 |=5

4 Based upon data being available ~4x6 times more frequently than annual age data which contain maximum information content on this

16
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158 Table A.2. Assessment model data, detailed in de Moor et al. (2015).

. . Units /
tit D t
Quantity escription Scale
tS Time lapsed between 1 May and the start of the recruit survey in year y Months
65 Number of juveniles of stock j caught between 1 May and the day before the start of Bill
- illions

Ly.0bs the recruit survey in year Y

Number of fish in length class | landed by fleet in month m of year y of stock j.
rrLflet  fleet =1 denotes the sardine directed fishery, fleet =2 denotes the sardine

1ymb pycatch with round herring (1984-2011) or >14cm sardine bycatch (2012-14) and Billions
fleet = 3 denotes the juvenile sardine bycatch with anchovy (1984-2011) or <14cm

sardine bycatch (2012-14)

BjS y Acoustic survey estimate of biomass of stock j from the November survey in year y Thcsusand
, ons
o s
1YNoV gyrvey sampling CV associated with Bj’y that reflects survey inter-transect variance -
N jsy r Acoustic survey estimate of recruitment of stock j from the recruit survey in year y Billions
s ~
Oyrc Surveysampling CV associated with N f’y’r that reflects survey inter-transect variance -
~S Observed proportion (by number) of stock j in length group | in the November survey
Piyi of year y
~scoml  Observed proportion (by number) of the directed catch and round herring bycatch of
Pival  fish of stock j and length group | during quarter { of year y i
NA S Number of sardine of stock | in length class | sampled from the November survey in Numb
- umbers
I¥l year y that are infected with the endoparasite
prev Number of sardine of stock J in length class I sampled from the November survey in
n: Numbers

Iyl year Y that were tested for infection with the endoparasite
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