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Assessment of the South African Sardine Resource

C.L.deMoorH

Two population dynamics models were used for trselzase South African sardine resource (Cunningimam
Butterworth 2007, with further undocumented update3he data used in these assessments are listed i
Cunninghamet al. 2007. The first assessment, detailed in Appe’dixises the commercial proportion-at-
length data together with a cohort-dependent twanggit line growth curve to estimate commerciaksevity

at age, where this varied by quarter for ages 12anflelectivity at age 0 is estimated biennialBiven the lack

of age data in this assessment, the model struggledtimate realistic selectivity values and tausonstraint

was included in the model so that selectivitieagas 2, 3 and 4 would not differ drastically (sege10).

Given that:
i) a large number of parameters were required ingtimation of the growth curve and selectivities,
i) the commercial length data were not very inforngtleading to estimation problems, and
iii) only selectivities at ages 1 to 5+ are requiredIbtP testing,

it was decided to use the average (over quartelsgtivities-at-age output from this assessmenteahas fixed
inputs to a more stable assessment which excludeddmmercial length data altogether. This assastsia
detailed in Appendix B and was used to provide diperating models for OMP testing to avoid likely
estimation problems with the former assessmentepha® for MCMC evaluations of posteriors. In tiniedel,

bycatch is assumed to comprise 0 year old fish, @y directed catch 1+ year old fish only.

For both assessments an informative prior was fatie multiplicative bias in the November acocisturvey

with the prior distributions for the remaining eséted parameters chosen to be relatively uninfovmat
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Appendix A: Bayesian Assessment Model for the South African Sardine Resource,

Including Catch at Length Data

Base Case Model Assumptions

1)
2)
3)
4)

5)
6)
7
8)
9)

All fish have a theoretical birthdate of 1 November

Sardine spawn for the first time (and are calledltszhrdine) when they turn two years old.

A plus group of age five is chosen.

Two surveys are held each year: the first takesepla November (known as the November
survey) and surveys the adult stock; the secomdMay/June (known as the recruit survey) and
surveys juvenile sardine (also called recruits-ge8r-old sardine).

The November survey provides a relative index oinalance of known bias.

The recruit survey provides a relative index ofradance of unknown bias.

The survey strategy is such that it results in sys\of invariant bias over time.

Pulse fishing occurs four times a year, in the eidd each quarter after the birthdate.

Natural mortality is year-invariant for juvenilecadult fish, and age-invariant for adult fish.

Population Dynamics

Numbers-at-age at 1 November

s _
Nya =

S -M3,/8 _AS -M3, /4 1S -M3, /4 _AS -MJ,/4 _AS -M3,/8
(((((Ny—la—le ot _Cy,la—l)e at )_Cy,Z,a—lje ot _Cy,S,a—le at _Cy,4,a—1e .

y=1984...,2006, a=1... 4

—_MS ~ —MS ~ —_MS ~ M S ~ M S
NS, =(((((N$_L4e MPIE_ES, e M4/4)_C;2’4)e M4 —Cf’a‘l)e MS /4 _05‘4'4}3 MS /8

S -MS /18 _AS -MJS 14 1S -MS. /14 _AS -MS. /4 _AS -MS, /8
+(((((Ny_l5+e 5 —Cy#-,,r)e 5 )—Cy'2,5+je 5 —Cy,3'5+)e T =Cluse €

y=1984...,2006 (A.1)

is the number (in billions) of sardine of agat the beginning of November in ysar

is the estimated number (in billions) of sardifh@gea caught during quartey of yeary

(g=1 for Novembery — 1to Januaryy, gq= 2 for February to Aprily, q= 3 for May to July
y andg= 4for August to Octobery);

is the rate of natural mortality (in yerof sardine of age .
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Biomass associated with the November survey

Byn =k D Nyawy, y=1984...,2006 A.2)
a=1
where

BjN is the biomass (in thousand tonnes) of adult sardt the beginning of November in ygar

associated with the November survey;

ks is the constant of proportionality (multiplicatitséas) associated with the November survey; and
w is the mean mass (in grams) of sardine ofeag@mpled during the November survey of year

Sardine are assumed to mature at age two andit@spawning stock biomass is:

5+
SByy =) Ny.wy, y=1984...,2006 (A.3)
a=2

Catch

The catch at age by number is calculated using’Pap@roximation (Pope 1984):

~ _mS

Cyia =Ny e™M’®s | F ., a=0..5+

CS,. = (Ny3_1,61e‘Mas s _ éjlaje"v'g S, 5aFy2, a=0,... 5+

gs _((Ns e—Mgls_és je—Mgm_és je_MgMS = a=0. 5+

y3a ~ y-la yla y.2,a y3al y3: A= Y..oy

65,4,;3 =(((N5—1,ae_M§/8 _ é)?;,aje_M§/4 _ é?,z,aje_MgM _éi,S,Elje_MaS/“SyA,aFyA La=0,..5+ (A4)

where

Syqa Isthe commercial selectivity at ageduring quarterg of yeary, which is assumed to be year-
independent for ages 1+ (age 0 landings are mdsyigatch which vary year-to-year
independent of the fishing mortality on the olfieh in the directed fishery); and

F is the fished proportion in quarter of yeary for a fully selected age class.

y.q
In the above equations the difference in the yabsaript between the catch-at-age and initial nusibe

at-age is because these numbers-at-age pertaiovenitber of the previous year.

The fished proportion is estimated by:
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ObsT
1 _ Cyls on .
y 5+
7 1 -mS
z (8 W?—La + 8 WiaﬂjN i—Lae ha ISSyJ,a
a=0
ObsT
F ~ Cy 23 on
23S s 3 s s _-M3J/8 _AsS -MS /4
z éwy—lya +§Wy,a+l [Ny—Lae 2 _Cy,la)e 2 Sy,Zya
a=0
_ C)Cl)gsTon
(3 s S s s _-M5/8 _AsS -M5/4 _ RS -M3 4
z gwy—la + 8 Wy a+1 (Ny—lae - Cy,laje ~Cy2a B Sy3a
a=0
CogsTon
v =5 - o T T . (A.5)
2(8 W?—l,a + g W?,a+1j(((N)?—lae_Ma - C)?,la )e‘Ma - C)?,z,aje_Ma s Ci&a Je‘Ma /4Sy,4,a
a=0
where
CSZST"” is the observed catch tonnage for quagtesf yeary from the RLFs.
Given the predicted proportion-at-age in the qurommercial catch
. C;
v (A6)
S
Z Cy,q,a
a=0
the predicted proportion-at-length is then estimatsing a two-line growth equation
5+
By =2 Braa e y=1984...,2006 (A.7)
a=0

where

6
A;";“al is the proportion of sardine catch-at-ageat fall in the length group (thusz A qar =1 for
o 1=1

all ages, quarters and years) in quadeof year y (the quarterly catch-at-length distributions
are split into at most 6 length groups).

The matrix A*" is calculated under the assumption that lengtigatis normally distributed about a

mean given by a two-line growth equation, (Branda. 2002):
Lom ~ N(LVen 92) (A.8)

y.q.a y.q.a’

! As no survey weight-at-age is available for 198% assumed thalv13983a = Wls%%1 , and further that/vi0 =0.

2 Initial testing of the model used a von Bertalgndquation, but this did not allow for satisfactditg to the
observed proportions-at-length, particularly fag tider age classes.
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|-Dih‘

(a+ 0125+ (q-1)/4)+ Lyeano.y-a if a<2
My, (a+ 0125+ (q-1)/4-2)+ Lyeunoy-a * Lo if @22

Mean _
where Ly 73 =

The inflection point at age 2 was chosen afterahiesting of the model with independent annualrgh
curves revealed relatively fast growth prior to @gend little growth after age 2. As selectiviayised to
calculate quarterly catch which is assumed to kentan the middle of each quarter, 0.125 is added t
agea. Here

Lyeanoy denotes the mean length at age 0 in year
Loix denotes the difference between the mean lengthea? (inflection point) and age 0;
m,, denotes the slope of the growth curve for ages@d;

92 denotes the variance about the mean length fomage

a

Recruitment

For the base case assessment a Hockey Stick stoektment curve is assumed for all years outsfde o
the “peak” years, during which a constant recruittmé.e. in respect of distribution median and
independent of spawning biomass) is assumed. Reent at the beginning of November is assumed to

fluctuate lognormally about the stock-recruitmemtve. Thus recruitment in November is given by:

s
S &y

a’e ,ifSBS\ =b®
N3, =1 _s y=1984...,199920052006
yo0 - a S s s
b—SSSByYNe ,ifSSBJ <b
NS, =c%e” y =200Q...,2004 (A.9)
where
a® is the maximum recruitment (in billions) (i.e. nied of the distribution in question);
bs is the spawner biomass above which there shoutwlvecruitment failure risk in the hockey
stick model;

c® is the constant recruitment (distribution medidmjing the “peak” years of 2000 to 2004; and

is the annual lognormal deviation of sardine riorent.

Number of recruits at the time of the recruit survey
The number of recruits at the time of the recruitvgy is calculated taking into account the reccaich
during quarters 1 and 2 (November to April) anceatimate of the recruit catch between 1 May and the

start of the survey:
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A ME ~ _05tSxm S ~ S.m S
NS, =k§(((Ny e —Csw)e " —Cys,z,oje oty Mgz CyOst O Mo 2y —1984...,2006(A.10)

where

Nir is the number (in billions) of juvenile sardinetla¢ time of the recruit survey in yegr

kS is the constant of proportionality (multiplicagibias) associated with the recruit survey;

r

53%5 is the observed number (in billions) of juveniégdine caught between 1 May and the day before

the start of the recruit survey, assuming a 15.8etvoff length; and

t> is the time lapsed (in months) between 1 May aedstart of the recruit survey in ysar

<

Fitting the Model to Observed Data (Likelihood)
The survey observations are assumed to be lognlgrmisiributed. The standard errors of the log-
distributions for the survey observations of adhitimass and recruitment numbers are approximated by

the CVs of the untransformed distributions. Thhes ¢ontribution of the survey abundance data to the

negative log-likelihood function is given by:

2006 (IanN |n(ByN))

In Lwrv _E z

y=1984 y Nov) + (AS )

+ In[zﬂ((a;Nov)2 (A )2)]
S o (A.11)
u¥ o T oo )

y=1985 (Jirec)z +(A7)

where

Bi n IS the acoustic survey estimate (in thousandsrofds) of adult sardine biomass from the
November survey in yeay, with associated C\by Nov J

Nir is the acoustic survey estimate (in billions) afdine recruitment numbers from the recruit
survey in yeay, with associated C\by recs @nd

(A3,,)? is the additional variance (over and above teesusampling CVay Nov/rec that reflects

survey inter-transect variance) associated wighNbvember/recruit surveys;

The commercial proportions at length from the mhikangth frequencies are assumed to be lognormally

distributed; their contribution to the negativeddglihood function is given by:
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2006 4 tmax{ya) | p®n \In pg = 1In p°°m s
y=1984g=1 I=1 2(0' S ) pem
com y.a,l

where

p%"‘, is the observed proportion (by number) of the w@mcial catch in length groupof during
quarterg (gq=1 for Nov-Jan,q= 2for Feb-Apr,q= 3for May-Jul,q= 4for Aug-Oct) of year

y;
is the weighting applied to the commercial projporiat length data;

com

o is the standard deviation associated with the gntam-at-length data in the commercial catch,

com

which is estimated in the fitting procedure by:

2006 4 Imax(y,q) 2006 4 Imax(y,q)
S —_ com com '*com
Ocom = z z Py.aql (In Pyaql = qu ) z z zl
y=1984g=1 I=1 y=1984¢=1 =1

No proportion-at-length was fitted for the fourtbagter in 1984, 1985, 1986 and 1989 as the tonnage
landed during this quarter was less than 4% of filvathe year. The raw data are recorded by 0.5cm
length classes from 3.5cm to 23cm. The data waméined to form six length groups: a minus group of

10.49cm, 10.5cm — 13.99cm, 14.0cm — 17.49cm, 17-588.49cm, 18.5cm — 19.49cm and a plus group
of 19.5cm. In some quarters, the proportion-agdlerin these length groups was small (<2%) so that

some length groups were further combined (see @ghaimet al. 2007).

Fixed Parameters

Six parameters were fixed externally in this agvess:
M =landMg = 08
W, = 005 There were four data points per year for commemimpared to one per year for the

survey data. A higher weighting on the commerpiaportion-at-length resulted in an unacceptably

poor fit to the November survey, which is considettee most reliable source of information.

1 : - :
Lviean 02005 = 932 and Lyyean 02006 = ZLMGanO’y, as there were insufficient data to estimate these
y=1984

parameters precisely. The value fiof.,, 0,005 Was obtained from initial fits to the model for i

overall convergence could not be confirmed,

To remove the confounding with fishing proportiénin equation (A.4), analyses s&, = , With

S;a =S, fora=3,4and 5+ and=1... o stabilize the estimation of selectivity.

3 Although strictly there may be bias in the projmvs of commercial length-at-age (as for the suremgth-at-
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Estimable Parameters and Prior Distributions

The recruitments are assumed to fluctuate logndyrahbut the stock-recruitment curve. The priofspd

for the recruitment residuals are given by:
£$ ~ N(O, (a,s)zj . y=1984...2005

A probability density function (pdf) for the ovekdlias in the November survey was calculated by
drawing ten thousand samples from the individudk @dr each source of error (I. Hampton pers.
comm.), see Table A.1 and Figure A.1 below. Inldst assessment, target strength was included as a
source of error. Given that the new target stiemgpression has been used in the survey datattarg
strength was removed as a source of error fromhtlis, substantially narrowing the pdf (Figure A.1)

There may, however, still be systematic errorstiredao the target strength that are unaccountednfo
this pdf. These are taken into account througlsiteity tests using alternativiy values. A normal
distribution, using the mean and standard deviatérthe pdf was used as a prior fd, i.e.
kS ~ N(0722,0078).

Table A.1. Individual error factors for hydroacoustic surveys of sardine spawner biomass, where the

values define trapezium form pdfs. Note that these error factors apply to the observed biomass, i.e. they
reflect the inver se of the multiplicative bias (applied to predicted biomass) in this document.

Error Minimum Likely Likely Likely Maximum Nature
(lower) (midpoint) (upper)

Calibration
(On-axis sensitivity) 0.90 0.95 1.00 1.05 1.10 Random
(Beam factor) 0.75 0.90 1.00 1.10 1.25 Constant
Surface Schooling 1.00 1.05 1.075 1.10 1.15 Vagiapl
Target Identification 0.50 0.90 1.00 1.10 1.50 Rand
Weather Effects 1.01 1.05 1.15 1.25 2.00 Variatrle

age), no bias is assumed in this assessment. ffEioe @& such a bias is assumed to be small.
4 Note that for the purposes of this simulationpttam’ and ‘variable’ factors are treated in the eamanner.
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Multiplicative Bias in Sardine Spaw ner Biomass Survey

2003 pdf incl TS
2007 pdf
Normal Dist

Bias

Figure A.1l. The probability density function for the overall bias in the sardine November survey,
calculated by drawing 10 000 samples from the individual probability distribution functions for each
source of error. The normal distribution used as a prior for the bias is also shown. The pdf calculated
in 2003 including target strength as a source of error is shown for comparison.

The remaining estimable parameters are definedaamd the following near non-informative prior
distributions:

Iog(kf‘)~U (-100,04) (upper bound corresponding kg = L5

Ui ~u(o10)

b ~u (s

Iog(as)~U (0,8) (given the lack of priori information on the magnitude @f°, a log-scale was used)
log(c®)~u (08)

bS/KS ~U(01)

(o*f' ~u(0a10)

N3g2a = Niggs X Nprop,, where N,gg;~U (050)billion and Nprop, ~U(01) for a=0,...2 and

2
Nprop, = Nprop, :%(1— > NpropaJ .
a=0

S, 10 ~U(01), with S, 5, =S, 15, ¥ =1984...,2006
S, 50 ~U(02), with S, ;0 =S, 30, ¥ =1984...,2006
S,1~U(01), q=1,... 4

Sy2~U(01),q=1... 4

S, ~U(01), with S,; =S, for g=1... 4

S, ~U(01), with S, , =S, for q=1,... 4

S, ~U(01), with S5, =S, for g=1... 4
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Initial testing of the model revealed almost ndadince in selectivity by quarter for ages 3+ sat ti
single selectivity for each age over all quartees wstimated.

Lueenoy ~U (312) cm , y=1984..., 2004

Lo ~U(015) cm

m,, ~U(01) cm.agé

92 ~U(010) cm, fora=01

92 ~U(04) cm, fora=2,... 5+

One further penalty function was required to stabilthe estimates of selectivity at ages 2 and 3 by

smoothing the age dependence towards a quadratic fo

01*(S,, = 2,5 + Sya ). G=1... 4

Further Outputs
Recruitment serial correlation:

2004

2 EyEya

e (A.13)

SCOI'
2004 2004
2 2
26| e
y=1984 y=1984

and the standardised recruitment residual valug@6b:

S

£
’728005 = 2035 (A.14)
Ur

are also required as input into the OM.

A separate carrying capacitl{, (essentially theB; value where the replacement line and the stock

recruit function intersect) is calculated representhe period of peak abundance (2000 — 2004hab t

for the remaining years:

a=l 4
s s l(gfs)z s “Lma P 1
— 2 by = fvyi =
Knorn‘al -ae€ zwnom‘al,ae a0 + Wiormal 5+€ ° ° _MA (A15)
a=1 1-e 5t
& S i S
4 - ->'m
s _ s Yo =S 2" LS F— 1
Ko =€%€27 | > WS, 0 +Woy g8 = — (A.16)
a=l 1-e ™
(calculated assuming maximum recruitment in theeabs of fishing) where
v_v,f)rmaLa is the mean mass (in grams) of sardine ofaag@mpled during each November survey,

10
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averaged over all November surveys for which amasé of mean mass-at-age is
available outside of the peak years (i.e. 1993412996 and 2006).

W‘;Q'eakva is the mean mass (in grams) of sardine ofaaggmpled during each November survey,
averaged over all November surveys for which amasé of mean mass-at-age is
available during the peak period (i.e. 2001 - 2004)
1(o8) | o . | .
The e? factor in the above equation is a bias correctémtor, needed given the assumption that

recruitment is log-normally distributed about arerlying stock-recruit curve.

11
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Appendix B: Bayesian Assessment Model for the South African Sardine Resource,
Excluding Catch At Length Data

Base Case Model Assumptions

These are identical to the assumptions listed ipefydix A.

Population Dynamics

Numbers-at-age at 1 November
NS, = NS —Mf_l/s_és -M3, /4 _és —M§_1/4_és —M§_1/4_és -M2,/8

ya — (Ny_1a1® yia-1)€ y2a-1 |€ y3a-1 € y4a-1 €

y=1984...,2006, a=1,... 4

NS —(((((NS e MiB _As )e—MfM)_és )e—MfM_és )e—MfM_éS je—Mf/s

yS5+t T y-14 y 14 y.24 y.34 y 44

NS —MSS,,/B_éS -M$, 14 -¢s —M§+/4_és —M§+/4_és -MS, /8
+ (Ny_is:€ yi5+)€ y.25+ |€ y3s+ |€ v45+ €

y=1984...,2006 (B.1)

NS is the number (in billions) of sardine of agat the beginning of November in ysar

C3 is the estimated number (in billions) of sardifiegea caught during quartey of yeary

(q=1 for Novembery — 1o Januaryy, q= 2 for February to Aprily, q=3 for May to July
y andg= 4for August to Octobery);

MZ s the rate of natural mortality (in ye4wof sardine of age .

Biomass associated with the November survey

N 5+
Byn =Ky D Np.wy, y=1984...,2006 (B.2)
a=1
where

BjN is the biomass (in thousand tonnes) of adult sardt the beginning of November in ygar

associated with the November survey;

Ky is the constant of proportionality (multiplicatibéas) associated with the November survey; and

w is the mean mass (in grams) of sardine ofaag@mpled during the November survey of year

Sardine are assumed to mature at age two andhspawning stock biomass is:

12
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5+

Ssng :Z Njawia y=1984...,2006 (B.3)
a=2

Catch

The catch at age by number is calculated using 'Bageproximation for ages 1+ (Pope 1984) and

directly from the catch tonnage for age 0:

ObsTon0
PP
y,lo—7 1
TwWs .+ wS
8 y-10 8 yl
1S _ S -M3/8 —
Cy,l,a - Ny_lae SaFy,ll a—l,...,5+
ObsTon0O
G, p0 =22
y,20 ©

S s 3. s
gWy—l,O + gWy,l

s _(nS -MJ/8 _AS -M3/4 —
nyzya —(Ny_lae a _Cy’la)e a SaFy,Z' a—l,... ,5+

. CObsTonO
C,a0= v
Y303 s + S s
g Vy-10 T gWya
~ RVE ~ VE ~ VE
Cyaa =((N$—Lae M8 ‘Cf;a)e et _C?z,a)e " MSaFy,s- a=1l..5+
R COt‘)‘sTonO
Cyao= 4
YA g + 7 s
gWy—l,O gwy,l
~ RYE ~ NVE ~ VE ~ BYE
Cyaa =(((N§_lae Ma/8 —cjla)e Ma /4 —cjz,a)e Ma/4 —cj&aje MiltS k., a=1... 5+ (B.4)
where
S, is the commercial selectivity at age which is assumed to be year-independent for ages
when S, =1 the age-clasa is said to be fully selected;
F,q isthe fished proportion of ages 1+ in quaigeof yeary for an age class for whic§, is set

equal to 1; and

C%ST"” is the estimated catch tonnage for age 0 in qugrtef year y; this is calculated using the
predicted proportion of the observed catch tonrthge is O year olds from the assessment in
Appendix A.

In the above equations the difference in the yabsaript between the catch-at-age and initial nusibe

at-age is because these numbers-at-age pertaiovenitber of the previous year.

13
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The fished proportion is estimated by:

CObsTonl
- yl
ey 1 —
2(8 W?—la +§ Wiaﬂ]N?—lae_Ma s,
a=1
CObsTonl
— y.2
Fy,2 > 5 3 s ~ s
2(8 W?—la +8W)§,a+l](N)?—l,ae_Ma /8 _C;],a)e_Ma /4Sa
a=1
bs
_ C)(/)B Tonl
y3 =
(3 s Lo WS NS. eMS/B_AS g MS/4 _&s MSlag
z éwy—la gwy,aﬂ y—J,ae yla € y.2,a € a
a=1
CObsTonl
F = y4 (85)
y.4 5+ 1 7 s n s ~ s ~ s
2(8 W?—La +8W)§,a+l)(((N$—Lae_Ma /8 —lea)e_Ma /4 ‘Ciz,a)e_Ma /4 ‘Cia,a]e_Ma g,
a=1
where
C?ZST"” is the estimated catch tonnage for ages 1+ intgugrof yeary. This is calculated using the
predicted proportion of the observed catch tonrthgeis 1+ year olds from the assessment in
Appendix A.
Recruitment

For the base case assessment a Hockey Stick stoektment curve is assumed for all years outsfde o
the “peak” years, during which a constant recruittmé.e. in respect of distribution median and
independent of spawning biomass) is assumed. Reent at the beginning of November is assumed to
fluctuate lognormally about the stock-recruitmemtve. Thus recruitment in November is given by:

s
S ¢y

a®e ,ifSBS =b®
Nfo =< _.s . y=1984...,199920052006
" |2 smse | ifSBS, <bS
ps ovN© i yN
NS, =ce” y=2000Q...,2004 (B.6)
where
a® is the maximum recruitment (in billions) (i.e. nied of the distribution in question);
b® is the spawner biomass above which there shoutwlvecruitment failure risk in the hockey
stick model;
c® is the constant recruitment (distribution medidmjing the “peak” years of 2000 to 2004; and

® As no survey weight-at-age is available for 198% assumed thawf%aa = Wlsg84a , and further thaw;0 =0.

14
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£ is the annual lognormal deviation of sardine regrent (see section on prior distributions).

Number of recruits at the time of the recruit survey
The number of recruits at the time of the recruivey is calculated taking into account the rectaich

during quarters 1 and 2 (November to April) anceatimate of the recruit catch between 1 May and the

start of the survey:

~ _ mS ~ —05tSxm S S.mS
Nir = krs(((Ny 108 _Cslo) a _Cjz,oje e CyObSJ e y=1984...,2006(B.7)

where

Ni, is the number (in billions) of juvenile sardinetla¢ time of the recruit survey in yegr

k> is the constant of proportionality (multiplicagibias) associated with the recruit survey;

53%5 is the observed number (in billions) of juveniégdine caught between 1 May and the day before

the start of the recruit survey, assuming a 15.8etvoff length; and

t> is the time lapsed (in months) between 1 May aedstart of the recruit survey in ysar

<

Fitting the Model to Observed Data (Likelihood)
The survey observations are assumed to be lognlgrmisiributed. The standard errors of the log-
distributions for the survey observations of adhitimass and recruitment numbers are approximated by

the CVs of the untransformed distributions. Thues ¢ontribution of the survey abundance data to the

negative log-likelihood function is given by:

2006 (IanN |n(ByN))

In Lwrv _E Z

y=1984 y Nov) + (AS )

(3 )7 + (45)7)

. (B.9)
2006 (|anr—|n(er))

S 2 Sv2
y1oss| (Oyree)” + (A7)

+nf27{(05,)7 + (19)2)]

g
where
Bi n IS the acoustic survey estimate (in thousandsrofds) of adult sardine biomass from the

November survey in yeay, with associated C\by Nov J

Nir is the acoustic survey estimate (in billions) afdine recruitment numbers from the recruit

survey in yeay, with associated C\by recs @nd

(A3,,)? is the additional variance (over and above teesusampling CVay Nov/rec that reflects

survey inter-transect variance) associated wighNbvember/recruit surveys;
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Fixed Parameters

Seven parameters were fixed externally in thissssaent:

M} =landM3 =08

S, = 043 (average over all quarters from the output fromaksessment of Appendix A)

S,=S,=S5, =S; =1 (chosen to smooth the output from the assessniefpmendix A, which was an

average of 1 for age 2, 0.99 for age 3, 1 for agadi2.6 for age 5+)

Estimable Parameters and Prior Distributions

The recruitments are assumed to fluctuate logndyrahbut the stock-recruitment curve. The priofspd

for the recruitment residuals are given by:

£ ~N(O,(U,S)2J . y=1984...2005

A probability density function (pdf) for the ovekdlias in the November survey was calculated by
drawing ten thousand samples from the individudls @dr each source of error (I. Hampton pers.
comm.), see Table A.1 and Figure A.1 below. Inldst assessment, target strength was included as a
source of error. Given that the new target stitempression has been used in the survey datattarg

strength was removed as a source of error fromhtais, substantially narrowing the pdf (Figure A.1)

There may, however, still be systematic errorstirglato the target strength that are unaccountednfo

this pdf. These are taken into account througlsiteity tests using alternativiy values. A normal
distribution, using the mean and standard deviatérthe pdf was used as a prior fd, i.e.

kS ~N(0722,0078).

The remaining estimable parameters are definedaamd the following near non-informative prior

distributions:

Iog(k,s)~U (-100,04) (upper bound corresponding kg = L5

b -u(oao)

s ~u (w0

Iog(as)~U (0,8) (given the lack of priori information on the magnitude @, a log-scale was used)
log(c®)~u (08)

bS/KS~u(oL

s ~u(0410)

16
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Nieaa = Nigga X Nprop,, where N,gg,~U (050)billion and Nprop, ~U(01) for a=0,...2 and

2
Nprop, = Nprop, :%[1—2 NpropaJ .
a=0

Further Qutputs
Recruitment serial correlation:
2004

Zgygyﬂ

S5y = —— (B.9)

cor
2004 2004
2 2
2E | 2 e
y=1984 y=1984

and the standardised recruitment residual valug2@ob:

£Ss
N005 = ;°§5 (B.10)

r

are also required as input into the OM.

A separate carrying capacitl{,® (essentially theBy value where the replacement line and the stock

recruit function intersect) is calculated represgnthe period of peak abundance (2000 — 2004hdb t

for the remaining years:

) a=1 s i s
1/ .S 4 -2 M3 -2 M3
s _.s3) =S y —s = 1
Knorma.l =ae zwnormal,ae & +Wnorma| ,5+e @ A (Bll)
a=1 1- e_M5+

a=1 4

Jsp| 4 Smg Swms g
K S =c3ez("r) D Woaa =+ Woyes,€ & — (B.12)
=1 1_e 5
(calculated assuming maximum recruitment in theeabs of fishing) where
v_vnSO,maJ,a is the mean mass (in grams) of sardine ofeag@mpled during each November survey,

averaged over all November surveys for which aimasé of mean mass-at-age is
available outside of the peak years (i.e. 19934192996 and 2006).

v_v‘f‘eak'a is the mean mass (in grams) of sardine ofsaggmpled during each November survey,

averaged over all November surveys for which amasé of mean mass-at-age is
available during the peak period (i.e. 2001 - 2004)

S
r

The e%(a

recruitment is log-normally distributed about arderying stock-recruit curve.

2
) factor in the above equation is a bias correctamtor, needed given the assumption that
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