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Introduction

The assessment of the South African sardine resadsiiio the process of being updated. This doctimen
outlines the base case assessment which has bdatedidrom the last assessment (Cunningham and
Butterworth 2004) to take account of new data:

i) an update in the time series of November spawr@ndss and May recruitment estimates
from acoustic surveys, such that the new time segélects uncapped estimates of biomass
based on new target strength calculations,

i) new data for 2004 to 2006,

iii) proportion-at-age data from the November spawnembss surveys for years for which
revised ALKs are available (see Durholtz and Cuginém 2007) (previously proportions-at-
age in the November surveys estimated using ALEs fMichael Kerstan for 1988 to 1999
were used),

iv) proportion-at-length data from the November spawsmemass surveys for years for which
ALKs are not available (see Durholtz and Cunningl20®7)

V) quarterly proportion-at-length data from the comeradrcatches (previously annual catch-at-
age data, derived using ALKs from Michael Kerstaiompto 1999 and an ‘average’ ALK
from 2000 to 2003, was assumed observed withoat)err

In addition, this assessment has been updateddrewious assessments to include:

Vi) a plus group of age 5 (previously sardine wererassito spawn at age 5 and then die),

vii) catch now assumed to be taken in a pulse mid-wayeesm each quarter November-January,
February-April, May-July, August-October (previogsissumed to be taken on 1 May).

viii)  an estimate of length-at-age using a von-Bertagagfbwth curve, estimated at 5 stages
during the year: 1 November for calculating preslicbroportions-at-length in the November
survey, and mid-point of each quarter for calcaatpredicted proportions-at-length in the
commercial catch,

iX) an allowance for a difference in the growth ratéween 2000 and 2004 (years of peak
sardine abundance) in the von-Bertalanffy growttvesi and in the mean weights-at-age in

the November survey.

U MARAM (Marine Resource Assessment and Managemeou®, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebosdt17 South Africa. Email:_c.l.cunningham@telkomsé.
doug.butterworth@uct.ac.za.
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Bayesian Assessment Model

The population dynamics model used for the SoutticAfi sardine resource is detailed in Appendix A
and the data and biological parameters used isdhdine assessment model are listed in Appendix B.
The objective function consisting of the negatieg likelihood equations (A.14), (A.15) and (A.16)
added to the negative of the 39 prior distributiovess minimised using AD Model Builder (Otter
Research Ltd. 2000) to fit the model and estimiateparameters at the posterior mode. The resalts f

the fit of this model at the posterior mode areegiin Cunningham and Butterworth (2007b)

Ongoing Work
This document has detailed the model being usedssess the South African sardine resource and

provided results of the current base case hypatlashe posterior mode. Further work is stilluieed,
including:

i) beginning the model in 1984, thereby removing alladprior to 1983 which is considered
less reliable. The estimation of numbers at agd 984 will replace the estimation of
recruitment residuals from 1979 to 1983;

i) testing alternative fixed values for juvenile ardula natural mortality, especially given the
addition of a plus-group (alternative sets of fixedues will also be retained as robustness
tests);

iii) testing robustness to alternative stock-recruitnmantiels including Ricker and Beverton-
Holt models as well as a mixture model in which theent years of good recruitment are
treated as part of a different “regime” (see Cugham and Butterworth 2007a);

iv) assuming a maturity ogive rather than maturityget &. A robustness test may also include
alternative maturity ogives for peak and non-peskry;

V) modelling an alternative hypothesis assuming twdisa stocks distributed over three areas
(western, southern and eastern) areas (see Cuaninghd Butterworth 2007a);

The posterior distributions resulting from the fisad base case hypothesis and alternative hypstoks
stock structure and some key robustness testsbwillsed as input into the testing framework for the

combined management procedure for sardine and ayp¢bde finalised by the end of this year.
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Appendix A: Bayesian Assessment Model for the South African Sardine Resource

Model Assumptions

1) Allfish have a theoretical birthdate of 1 November

2) Sardine spawn for the first time (and are calledtaghrdine) when they turn one year old.

3) A plus group of age five is chosen.

4) 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).

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

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

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

8) Pulse fishing occurs 4 times a year, in the middleach quarter after the birthdate.

9) Natural mortality is year-invariant for juvenilechadult fish, and age-invariant for adult fish.

Population Dynamics

Numbers-at-age at 1 November

S ~ S ~ S ~ S ~ S
s _ s -M$/8 _ AS -M$/4) _ As -M$/4 _ As -MS/4 _ As -M5 8
Ny+1,a+1 - (((((Ny,ae a Cy+l,1,a)e a j Cy+:|_'2'a}e a Cy+13’aje a Cy+1,4,a ]e a

y=1979, a=0;

y=1980, a=01;

y=1981, a= 012;

y=1982, a= 0123;

and y=1983...,2006 a=0}1,....,3

s s s s s
S _ s MJI8 s -Mp/4) _ As -Mp /4 s -Mp/4 s -Mz/8
NJiiss —H[((Ny,zte Cliiia)e Cliiza [€ Cliiza [€ Cliiaa €

s s s s s
s —M4/8_"S —M4/4 _AS —M4/4_"S —M4/4_"S —M4/8
+ ([(((Ny5+e Cliiase )€ Cliios: [€ Cliiass € Clirass (B

y=1983...,2006 (A.1)
where

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

vaa Isthe estimated number (in billions) of sardifegea caught during quarteg 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 .

a

Biomass associated with the November survey

Byn =Kn D NyaWy. y=1984...,2006 A.2)
a=1
where

B;Q"N is the biomass (in thousand tonnes) of adult sardt the beginning of November in ygar

associated with the November survey;

'S 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

Age composition associated with the November survey

kS ﬁs
Pyan =5 y=1984...,2006 (A.3)
2 KpaPsa
a=1
NS
where By, =——"— and
2 NJe
a=1

ﬁia,N is the re-normalised proportion (by number) ofisze of agea at the beginning of November in

yeary, associated with the November survey; and

kaa is the multiplicative bias for each age group.

Length composition associated with the Novemberegur
The proportions at age are then converted intogstmms at length using the von Bertalanffy growth
equation, assuming that the length-at-age distdbun the November survey differs during the pério

of peak abundance from 2000-2004 from that of raingiyears:

5+
Byin =D PanAal y=1984...,2006 (A.4)
=1

where
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7
A ., s the proportion of sardine of agehat fall in the length group (thusz A,, =1 for all ages)

1=1
inyeary.
The matrix A is calculated under the assumption that lengthgatis normally distributed about a mean

given by the Von Bertalanffy equation (Brandgal 2002):
5N L o) ) (A9
N * is the normal distribution truncated &8 standard deviations, and

J

a

is the standard deviation of length-at-age which is modelled to be proportional to the
expected length-at-age, i.e.: 9, = 3, Lw,y(l— e—xy(a—to,y))

In this analysis, the growth curve and extent ofaladlity about it have been assumed to change datw

‘normal’ years and years of peak abundance. TiterIset of years is pre-determined to be 20000420

Catch
The catch at age by number is calculated using 'Bajpg@roximation (Pope 1984):

2 S
S _ NS oM3/8 _
Cy,la - Ny—l,ae a S:LaFy,11 a=0,...5+

~ S ~
Ciz’a:(NS e Ma/S_CS

y-la yla

je‘“"g"‘SZYaFy'z, a=0,.. 5+

~ S ~ S ~
s _ S -M3?/8 _ A~S -M3 /4 _ AS
nysva —((Ny_lae Cy’laje C

y,2,aje_MaS/4SS,aFy,3 y a= 01--- ,5 +

€S,. = (((N S LM éyslyaje‘“”g 1 _ éysyzvaje‘“”f? . _ éj&aje‘“”'§ S,.F ., a=0,... 5+ (A6)

where

Sqa  Is the commercial selectivity at ageduring quarterq which is assumed to be the same for all
years; whenS, ., = 1he age-class is said to be fully selected; and

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

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

at-age is because the numbers-at-age are calciaiEyember of the previous year.

The commercial fishing selectivity is assumed teetithe form of a logistic curve:

1

{ \ ifa<3
1 —-la—-a,)/o
Sqa = ,TXd a \aq){o( qf/( ) ass (A7)
where
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a, is the age at 50% selectivity;
04 defines the steepness of the ascending limb dfelestivity curve; and
y defines the extent to which selectivity is deceebafter age 3.

The fished proportion is estimated by:

COJt-)sTon
Fyvl = 5+ 7 1 > s !
S S S -M3 /8
zo (8 Wy—],a + é Wy,a+ljN y—Lae a Sl,a
a=l
COI;STon
Fyvz - 5+ 5 3 a s N s
z (8 W?—l,a + g W>S/,a+1j[ N ?—Lae_Ma 8- C?,],a )e‘Ma MSZ,a
a=0
CogsTon
y.3 = 5+ 3 5 : ~ S ~ S
2(8 W>S/—],a + g W>S/,a+1j((N ?—Lae_Ma - C?,Laje_Ma s C?,Z,a je‘Ma /483,3
a=0
CogsTon
= s 7 S;g A 5 S, - S, - s (A-8)
2(8 W)?—l,a + g W)S/,a+1j(((N i—Lae_Ma - C?,:La )e‘Ma - Ciz,aje_Ma s C?S,a Je‘Ma /454,a
a=0
where
CS';ST"“is the observed catch tonnage for quagesf yeary from the RLFs.
Given the predicted proportion-at-age in the quirtommercial catch
. C,
v (#9)
CS
; y.q.a
the predicted proportion-at-length is then estimidage
5+
Byal =2 PlaaAans (A.10)
a-0

where

.
Af/"(;“al is the proportion of sardine catch-at-aghat fall in the length group (thusz A,, =1 for all
1=1

ages) in quarteq of yeary.

The matrix A®°™ is calculated under the assumption that lengtgatis normally distributed about a
mean given by the Von Bertalanffy equation, (Brameifal 2002):
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h_ oyl 1B @-1r025-10 )} (A.11)

2
Lyga ~ N* (L ’9a+1/8+(q—1)*025 )

y.q.a ©,y

Recruitment
For the base case assessment a Hockey-Stock @e-Sloped) stock-recruitment curve is assumed.

Recruitment at the beginning of November is assuntediuctuate lognormally about the stock-

recruitment curve. Thus recruitment in Novembagiin by:

S

a%e” , if By 2b®
S _ —
Nyo = aS . e o . y=1979...,2006 (A.12)
b_S By’Ne , if By,N <b
where
a® is the maximum recruitment (in billions);
bs is the spawner biomass above which there shoutwlvecruitment failure risk in the hockey

stick model; and

<wn

is the annual lognormal deviation of sardine ritorent.

Number of recruits at the time of the recruit syrve
The number of recruits at the time of the recruitvgy is calculated taking into account the reccaitch

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

start of the survey:

- mS -~ mS - _05Sxm S ~ _05Sxm S
NS, = kf(((Nf_me Mot _Cs e —cjzoJe 0sty>Mg /12 —chste 09y*Mo 12\ ~1984 ... 2006(A.13)

where

Nir is the number (in billions) of juvenile sardinetia¢ time of the recruit survey in year

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

éiom 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

ts is the time lapsed (in months) between 1 May aedstart of the recruit survey in year

<

Fitting the Model to Observed Data (Likelihood)
The survey observations are assumed to be logngrmistributed. The standard errors of the log-

distributions for the survey observations of adhidimass and recruitment numbers are approximated by

! As no survey weight-at-age is available for 198%, assumed thalvfg,saa = W18984a and Wjo =0.
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the CVs of the untransformed distributions. Thuss ¢ontribution of the survey abundance data to the

negative log-likelihood function is given by:

s 55 32
—InLsuv =1 %ie (In By,N B In(ByvN ))
2 S 2 4 (15)2

y1osa| (O ynow)” +(AR)

nfr(0 o)? + (45)7)

o (A.14)
208 [(inNS, -In(R$)))

y=1985 (0-§,rec)2 + (Ars)2

+ |n[2”((0-§,rec)2 + (Ars)z)]

::
B;?N is the uncapped acoustic survey estimate (in Hraisof tonnes) of adult sardine biomass from
the November survey in year, with associated C\biNov;
NS is the uncapped acoustic survey estimate (irobglj of sardine recruitment numbers from the
recruit survey in yeay, with associated C\birec; and

(A3,,)? is the additional variance (over and above tmeesusampling CVa)S,M\,,rec that reflects

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

The survey proportions at age for years in whialvesyt ALKs are available and the survey proportions
at length for years in which survey ALKs are notitable are assumed to be lognormally distributed.

Thus the contribution of the survey proportionsagé/length to the negative log-likelihood functisn

given by:
s s  _infas 2
_ In LpI’Op =l zi nypy,a,N (In py,a,SN _ In(py,a,N )) + In[zﬂ(UFS])Z /(nypiayN)]
2 y=yi a=1 (Up)
) , (A.15)
rwy Zi ij,N (In p)?I,N —1In pil,N) tin Tien
y=yj =1 2( |§n)2 ijN

Y'' " are the 8 years for which November survey ALKsagilable (1993, 1994, 1996, 2001, 2002,
2003, 2004, 2006);

Yl are the 15 years for which November survey ALKsraot available;

pjayN is the re-normalised estimate of the proportlmnr{umber) of sardine of agein the November

survey of yeary;

Ny is the number of fish from the November survewtsan yeary used to compile the age-length
key for calculatingpiaNov;

(03)? is the overall variance-related parameter fordgetransformed proportion-at-age observations,
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piaNOV [note variance =(a“;')2 /(n yp“Qy"aWO\,) l.
piw is the observed proportion (by number) in lergitbup | in the November survey of yegr;

0., s the standard deviation associated with thetteatrage data in the November survey, which is

estimated in the fitting procedure by:

7 7
Tien :\/zz pil,N (In pil,N =In f’y,l,N)2 ZZI

y=yj I=1 y=yj I=1

The raw data is recorded by 0.5cm length classes 8.0cm to 23cm. The data were combined to form
seven length groups: a minus group of 11.499cnjchi.- 12.999cm, 13.0cm — 14.499cm, 14.5cm —
15.499cm, 15.5cm — 17.499cm, 17.5cm — 18.999cmaapids group of 19.0cm. The data are given in
Table B.5.

The associated variance in equation (A.15) s takerbe inversely proportional to the observed
proportion-at-age/length to downweight contributofrom observed small proportions which will

correspond to small predicted sample sizes. Wpe weighting factor may be set at a value less than 1
to downweight the contribution of the survey prdjmor-at-length data to the overall negative log-

likelihood compared to that of the spawner bionaubsrecruit survey data.

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

distributed; the contribution to the negative ldglihood function is given by:

2006 4 |max| yq) com (In com _ In A com ) s
SINLPP = o D D Pras TPyl “APval] |y eom_ |l 2 (A.16)
o —=. =1 S 2 com
y=1984¢=1  I=1 2los pem

approach to ignore the difference py% is the normalised observed proportion (by numlmdrihe

commercial catch in length group
| of during quarterg (q=1 for Nov-Jan,q= 2for Feb-Apr,q= 3for May-Jul, q= 4for Aug-

Oct) of yeary;

o> s the standard deviation associated with the gntgqm-at-length data in the commercial catch,

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 Pyal (In Pyar =INP ) Z Z 21
y=1984¢g=1 I=1 y=1984g=1 I=1

No proportion-at-length was fitted for the fourtbagter in 1984, 1985, 1986 and 1989 as the tonnage
landed during this quarter is less than 4% of tbathe year. The raw data is recorded by 0.5amgtle

10
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classes from 3.5cm to 23cm. The data were combimddrm seven length groups: a minus group of
8.499cm, 8.5cm - 10.499cm, 10.5cm — 13.999cm, 14.8cl7.499cm, 17.5cm — 18.499cm, 18.5cm —
19.499cm and a plus group of 19.5cm. In some qrsrthe proportion-at-length in these length gsoup

was small (<2%) and so some length groups werbdudombined. The data are given in Table B.3.

Fixed Parameters

Fourteen parameters are fixed externally in thsessment:
M3 =1 andM}, =04 (De Oliveira 2003)
Vvlen = com = 05

kS, =kps=kp, =k3s, =1

kg =1
The parameters for the Von Bertalanffy growth cerweere estimated separately for peak (2000 — 2004)

and non-peak years using the combined ALKs fron319994, 1996 and 2006 for ‘normal’ years and
2001 to 2004 for ‘peak’ years, giving:

L =1912 L =1895

0,normal o, peak —

K =073 K =078

normal normal

tonormar = Lo, peak = —1/6 (fixed, giving recruits between 2-3cm in November)

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=1979...2005

where (0,3)2 =04° + (/1§)2
(A3)? is the additional variance (over and above thediwariance of 0% associated with the

recruitment residuals, where the fixed variance Ib@sn introduced to avoid the overall variance

being estimated to be unrealistically small.

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

kS ~logN(10.72)

kps ~logN (12)

2 Although strictly there may be bias in the projmvs of commercial length-at-age (as for the suremgth-at-

11
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~u(o1)
() ~u (020009
(1) ~u (020009
o} ~log N(3072)
a® ~ N(1002?)
bS /K ~u(01)
aj=a,=a,=a,=a,a ~ N(122)
0,=0,=0,=9,=3d, 5~ Exp-59)
y~u(010)
Bpear ~U(0100)
Bromai ~U(0100)

Further QOutputs
Recruitment serial correlation:

2004
D EyEyn
s _ y=1984 ( A8)

SCOr
2004 2004
26| 2
y=1984 )\ y=1984

and the standardised recruitment residual valug2@6b6:

52005 (A.9)

’7 2005 —
o’

are also required as input into the OMP.

A separate carrying capacity,’ (essentially theBy value where the replacement line and the function

describing expected recruitment intersect) is dated representing the period of peak abundandg0(20

— 2004) to that for the remaining years:

_ oM S_(@-)MF
KnSormaI a 82 |:z normala 0 a} (A17)
oM S_@-1n)M3
peak =a 62 o |:Z peaka 07 : :| (A.18)
where:

age), no hias is assumed in this assessment. ffEioe @& such a bias is assumed to be small.

12
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w> is the mean mass (in grams) of sardine ofeag@mpled during each November survey,

normal,a
averaged over all November surveys for which amasé of mean mass-at-age is
available outside of the peak years (i.e. 1993419996 and 2006).

wS is the mean mass (in grams) of sardine ofeaggmpled during each November survey,

peaka
averaged over all November surveys for whichstimate of mean mass-at-age is
available during the peak period (i.e. 2001 —400

S
r

2
1
The eZ(U ) factor in the above equation is a bias correctamtor, needed given the assumption that

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

13
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Appendix B: Tables of Data Used in the Sardine Assessment

Table B.1. Catch-at-age data (in millions)

Cyo Cyy Cy> Cys Cyy
1980 625.634| 172.414 201.631  65.04 4.3Qo
1981 908.200 206.432 144.387 66.17 7.648
1982 236.902 144.131 167.696 48.00 17.2p4
1983 1803.579| 151.879 246.975  72.06 5.0$0

Table B.2. Quarterly catch tonnage (in thousand®ohes)

Nov-Jan| Feb-Apr] May-Jul Aug-Oqgt
1984 1.980 18.297 6.485 0.26]
1985 3.641 16.168 10.879 0.024
1986 1.310 19.496 9.611 0.222
1987 3.693 20.853 7.083 1.895
1988 1.855 14.405 14.817 3.45(
1989 3.311 19.412 12.517 0.984
1990 3.341 22.182 23.761 7.57(
1991 3.389 21.122 21.765 6.91]
1992 1.569 17.577 18.961] 16.06B
1993 6.288 21.683 15.396 5.764
1994 5.411 31.747 37.418 21.67B
1995 5.126 26.617 38.335 45.86pP
1996 11.176 30.847 29.914 28.37p
1997 16.112 32.986 38.717 42.740
1998 5.955 33.096 46.689 45.75k
1999 8.285 12.713 41.157 40.16p
2000 34.950 25.830 47.35( 43.731
2001 20.689 44.025 38.664 50.21p
2002 56.332 56.611 41.704 81.099
2003 85.797 84.535 63.89¢ 51.898
2004 94.181 99.331 97.134 82.74B
2005 86.266 90.401 74.364 51.286
2006 32.324 55.581 79.781 49.920

14



ASWS/JULO7/PEL/ASS/4a

Table B.3. Proportion-at-length in the quarterlynemercial catch. A blank cell indicates that theg#h group is combined with the length group disect
smaller than it. The fourth quarter in 1984, 198986 and 1989 is ignored in the model fit as trnage landed during this quarter is less than 4%hmat
landed for the year. Quarter 1 refers to Novemb@daruary, Quarter 2 to February to April, Quartet@May to July, and Quarter 4 to August to October

Year | Quarter] 35cm<|<85cn 85cm<| <105cm | 105cm<| <14cm | 14cm<I<175cm | 175cm<| <185cm | 185cm<1<195cm | 1=195cm
1984 1 0.373 -1 -1 0.522 0.062 0.024 0.019
2 0.068 -1 0.206 0.482 0.134 0.063 0.047
3 0.056 0.142 0.072 0.724 -1 -1 0.006
4 -1 -1 -1 -1 -1 -1 -1
1985 1 0.534 -1 -1 0.198 0.18 0.08 0.007
2 0.599 -1 0.133 0.055 0.097 0.079 0.036
3 0.576 0.268 0.139 0.011 -1 -1 0.005
4 -1 -1 -1 -1 -1 -1 -1
1986 1 0.061 -1 -1 0.155 0.193 0.288 0.304
2 0.469 -1 0.231 0.069 0.066 0.089 0.077
3 0.297 0.355 0.252 0.088 -1 -1 0.008
4 -1 -1 -1 -1 -1 -1 -1
1987 1 0.002 -1 -1 0.253 0.291 0.313 0.142
2 0.062 -1 0.243 0.124 0.155 0.225 0.191
3 0.377 0.389 0.116 0.071 -1 -1 0.049
4 0.323 0.471 0.187 0.014 -1 -1 0.006
1988 1 0.05 -1 -1 0.392 0.135 0.155 0.267
2 0.087 -1 0.055 0.244 0.105 0.174 0.333
3 0.368 0.361 0.078 0.078 -1 -1 0.115
4 0.173 0.324 0.316 0.09 -1 -1 0.096
1989 1 0.381 -1 -1 0.258 0.067 0.1 0.195
2 0.202 -1 0.415 0.071 0.023 0.033 0.258
3 0.47 0.29 0.135 0.022 -1 -1 0.082
4 -1 -1 -1 -1 -1 -1 -1
1990 1 0.317 -1 -1 0.108 0.042 0.04 0.494
2 0.565 -1 0.099 0.051 0.036 0.029 0.22
3 0.515 0.287 0.015 0.067 -1 -1 0.116
4 0.008 -1 -1 -1 0.047 0.144 0.802
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1991 1 0.122 -1 -1 0.149 0.17 0.195 0.365
2 0.688 -1 0.063 0.032 0.033 0.063 0.122
3 0.127 0.304 0.16 0.236 -1 -1 0.174
4 0.024 -1 -1 -1 0.089 0.413 0.474
1992 1 0.135 -1 -1 0.259 0.051 0.176 0.379
2 0.506 -1 0.139 0.099 0.03 0.079 0.148
3 0.397 0.416 0.094 0.034 -1 -1 0.06
4 0.17 0.405 0.186 0.04 0.018 0.056 0.124
1993 1 0.086 -1 -1 0.277 0.152 0.19 0.295
2 0.216 -1 0.125 0.198 0.114 0.133 0.213
3 0.343 0.285 0.152 0.051 0.042 0.049 0.078
4 0.621 0.269 0.036 0.019 0.017 0.014 0.023
1994 1 0.331 -1 -1 0.236 0.221 0.145 0.067
2 0.254 -1 0.283 0.214 0.078 0.086 0.085
3 0.323 0.291 0.115 0.115 0.047 0.051 0.057
4 0.063 0.357 0.117 0.091 0.096 0.151 0.125
1995 1 0.238 -1 -1 0.127 0.157 0.282 0.196
2 0.455 -1 -1 0.047 0.098 0.204 0.195
3 0.493 0.375 -1 0.031 0.041 0.041 0.019
4 0.236 0.566 -1 0.032 0.031 0.064 0.071
1996 1 0.766 -1 -1 0.056 0.029 0.052 0.098
2 0.547 -1 -1 0.14 0.035 0.056 0.222
3 0.362 0.296 -1 0.09 0.066 0.076 0.109
4 0.001 0.004 -1 0.254 0.199 0.231 0.313
1997 1 0.098 -1 -1 0.231 0.183 0.219 0.27
2 0.016 -1 -1 0.214 0.188 0.304 0.278
3 0.369 0.085 -1 0.097 0.114 0.197 0.138
4 0.365 0.242 -1 0.104 0.114 0.112 0.063
1998 1 0.09 -1 -1 0.295 0.205 0.238 0.172
2 0.513 -1 -1 0.143 0.099 0.126 0.119
3 0.455 0.313 -1 0.039 0.057 0.079 0.056)
4 0.218 0.052 -1 0.063 0.161 0.277 0.228
1999 1 0.002 -1 -1 0.143 0.122 0.297 0.435
2 0.361 -1 -1 0.17 0.166 0.15 0.152
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3 0.063 0.395 -1 0.135 0.131 0.156 0.119
4 0.208 0.132 -1 0.211 0.178 0.174 0.097
2000 1 0.017 -1 -1 0.148 0.207 0.36 0.268
2 0.548 -1 -1 0.077 0.119 0.147 0.109
3 0.049 0.32 -1 0.148 0.208 0.19 0.084
4 0.038 0.035 -1 0.157 0.27 0.325 0.175
2001 1 0.005 -1 -1 0.239 0.289 0.307 0.159
2 0.207 -1 -1 0.159 0.237 0.281 0.115
3 0.297 0.344 -1 0.095 0.12 0.11 0.034
4 0.156 0.401 -1 0.063 0.097 0.163 0.12
2002 1 0.04 -1 -1 0.22 0.252 0.301 0.187
2 0.147 -1 -1 0.403 0.163 0.191 0.097
3 0.28 0.256 -1 0.262 0.075 0.089 0.038
4 0.07 0.413 -1 0.238 0.102 0.11 0.066
2003 1 0.083 -1 -1 0.428 0.219 0.177 0.093
2 0.26 -1 -1 0.378 0.163 0.133 0.067
3 0.228 0.302 -1 0.293 0.066 0.07 0.04
4 0.102 0.116 -1 0.414 0.152 0.137 0.079
2004 1 0.045 -1 -1 0.596 0.216 0.099 0.044
2 0.083 -1 -1 0.605 0.168 0.099 0.046
3 0.11 0.189 -1 0.508 0.057 0.069 0.066
4 0.092 0.036 -1 0.332 0.246 0.19 0.105
2005 1 0.079 -1 -1 0.422 0.33 0.134 0.036
2 0.114 -1 -1 0.391 0.294 0.144 0.058
3 0.06 0.164 -1 0.146 0.176 0.254 0.2
4 0.036 0.118 -1 0.057 0.142 0.351 0.296
2006 1 0.101 -1 -1 0.16 0.267 0.355 0.117
2 0.093 -1 -1 0.303 0.211 0.256 0.137
3 0.252 0.23 -1 0.014 0.045 0.202 0.256
4 0.244 0.14 -1 0.269 0.128 0.125 0.093
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Table B.4. Summary of annual uncapped estimatdbdosardine spawner biomass surveys (in thousahtisnnes), using new target strength expressions
and including corrections for attenuation. Valugsve been estimated from 1984 to 1997 and are asrebd since 1998. Mean masses-at-ag%a,

observed during the November spawner biomass sula@sther with proportions-at-age estimates fréva November surve;pjayN , and the sample size,
ny, (number of fish) used to compile age-length keyterlying these estimates.

vear Accéli'ls:g;i; cv Wil Wiz Wis W§,4 W? 5+ p;S/,:L,N p? 2N p?,S,N p? AN p? 5N ny

1984 48.378 1.118 32.3%8| 58.563 83.612 92.696 108.815

1985 45.013 0.509 32.378 58.568 83.612 92.6P6 16818

1986 299.797 0.848 32.378 58.568 83.612 92.696 8168

1987 111.285 0.630 32.378 58.568 83.612 92.696 8168

1988 134.362 0.957 32.378 58.568 83.612 92.696 8168

1989 256.655 0.274 32.378 58.568 83.612 92.696 8168

1990 289.931 0.352 32.378 58.563 83.61P 92.696 108.815

1991 597.858 0.395 32.378 58.563 83.61p 92.696 108.815

1992 494.157 0.658 32.378 58.563 83.61p 92.696 108.815

1993 560.019 0.427 25.483 39.937 74.30¢4 77.632 110.B29 .0976 0.473 0.2157 0.1535 0.0604 Hq87
1994 518.354 0.370 42.28] 61.340 81.786 89.778 886.2 0.0226 0.3606 0.2687 0.1989 0.1498 520
1995 843.944 0.713 32.378 58.563 83.612 92.606 38168

1996 529.456 0.471 29.412 72.304 96.520 111.277 .6926 0.1295 0.3464 0.2945 0.1453 0.084p B35
1997 1224.632 0.329 32.378 58.563 83.612 92.696 .8168

1998 1607.328 0.251 32.378 58.563 83.612 92.696 .8168

1999 1635.410 0.212 32.378 58.563 83.612 92.696 .8168

2000 2292.380 0.500 25.464| 43.466 75.1653 84.813 96.486

2001 2309.600 0.142 19.896 29.99p 72.327 82.142 3695. 0.5254 0.3422 0.0386 0.0584 0.035p 526
2002 4206.250 0.227 22.750 33.18) 66.104 77.252 5088. 0.1287 0.2717 0.2316 0.1931 0.174p 570
2003 3564.171 0.197 38.804 53.25p 81.420 93.045 .9%05 0.5049 0.1974 0.1481 0.0994 0.050 145
2004 2615.715 0.334 20.408 57.433 80.811 86.814 1196. 0.3249 0.1436 0.2294 0.1626 0.1396 B22
2005 1048.991 0.300 32.378 58.568 83.612 92.696 .8168

2006 712.553 0.346 30.232 65.05p 85.564 94.835 8183 0.8687 0.0584 0.0356 0.024 0.013p 142

3 Average over 1993, 1994, 1996 and 2006.
4 Average over 2001 to 2004.
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Table B.5. Proportion-at-length in the survey (Jears for which ALKs are not available).

ASWS/JULO7/PEL/ASS/4a

Year| 3cm<|<1l15cm | 115cm<I<13m | 13cm<I|<145cm | 145cm<| <155cm | 155cm<|<175cm | 175cm<|<19%m 1>19%m

1984 0.095 0.034 0.084 0.095 0.565 0.102 0.024
1985 0.020 0.116 0.333 0.233 0.138 0.069 0.091
1986 0.002 0.176 0.631 0.065 0.037 0.071 0.017
1987 0.090 0.158 0.216 0.040 0.104 0.076 0.316
1988 0.017 0.045 0.220 0.219 0.287 0.116 0.094
1989 0.078 0.019 0.154 0.201 0.164 0.150 0.235
1990 0.017 0.064 0.133 0.060 0.215 0.149 0.363
1991 0.083 0.199 0.259 0.165 0.070 0.069 0.155
1992 0.025 0.106 0.263 0.360 0.178 0.034 0.035§
1995 0.133 0.246 0.114 0.012 0.070 0.091 0.334
1997 0.035 0.127 0.097 0.034 0.175 0.386 0.145
1998 0.164 0.149 0.266 0.081 0.067 0.084 0.1889
1999 0.002 0.060 0.159 0.150 0.276 0.177 0.175
2000 0.032 0.063 0.239 0.164 0.171 0.058 0.273
2005 0.111 0.053 0.103 0.111 0.116 0.141 0.365
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Table B.6. Summary of annual uncapped estimatsardine recruitment (in billions), using the new
target strength expression and including correctidéor attenuation. Recruitment and CVs from 1985 t
1997 have been calibrated on a regression of data f1998 to 2006. The mean weight of the recruits

during the survey is given (in grams) together i time of the recruit survey after 1 Ma§,, and the

recruit catch taken between 1 May and the commeeigeai the recruit survey (in biIIionsy;)S,,Obs.

Year | Recruitment cv (¥ C obs

1985 3.60 0.595 0.613 0.050
1986 3.71 0.586 1.300 0.050
1987 8.06 0.598 2.613 0.063
1988 0.44 0.402 1.867 0.195
1989 2.26 0.616 1.233 0.045
1990 2.50 0.906 1.700 0.010
1991 1.90 0.276 0.194 0.009
1992 5.59 0.325 0.387 0.029
1993 15.43 0.358 0.645 0.045
1994 2.70 0.311 0.129 0.071
1995 26.04 0.345 1.300 0.161
1996 3.49 0.372 1.133 0.081
1997 40.72 0.42 0.516 0.036
1998 10.72 0.354 0.613 0.428
1999 10.38 0.378 0.290 0.021
2000 60.07 0.359 0.452 0.076
2001 49.15 0.285 0.129 0.002
2002 36.45 0.183 0.129 0.031
2003 4.09 0.217 0.419 0.073
2004 1.69 0.324 0.226 0.078
2005 9.56 0.303 0.387 0.105
2006 3.60 0.379 0.581 0.037

5 To be finalised.
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