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I ntroduction

Round herring Etrumeus whiteheadi), commonly referred to as Red Eye, is exploitedth®sy South African
pelagic fishery. The fishery has been managed avRnecautionary Upper Catch Limit of 100 000tdbteast
the past eight years. An assessment of this resasirequired in order to inform on any futureidiens to the

management of the round herring.

The assessment of round herring is complicatedhieyfact that the time series of hydroacoustic surve
estimates of abundance have been obtained froneygiwhich were designed first for anchovy and seigon
for sardine. However, Coetzee and Merkle (2008¢m#y proposed that the time series of surveyredés of
abundance are comparable, paving the way for asss®nt of this resource to be undertaken. de Msiodr
Butterworth (2010) presented some initial results fitting a model to November survey estimatesovél

biomass, May survey estimates of recruitment numbed commercial length frequency data.

This document presents further advancements iaghessment of the round herring resource and sesubtsr

for discussion.

Population Dynamics M odel
The population dynamics model used for the Soutficah round herring resource is detailed in Apperdi

The data used in this assessment are listed inndip8.

Consideration of the initial assessment model teside Moor and Butterworth 2010) together with the
available round herring ageing and length frequestatha (Durholtz et al. 2010) has resulted in a remuj
structural changes from the initial assessment inode
* The population is modelled as consisting of threeual (summer, winter and late spring) sub-cohorts.
These are modelled to have birthdates 6March, ' June and *1 September each year (equation
Al).
* The total biomass estimated by the May hydroacousirvey is used in preference to the survey
estimate of numbers of recruits only (equation AL&ble B.1). A May survey selectivity at age is

introduced to enable a lower selection of the ofdgr groups to be modelled.

“ MARAM (Marine Resource Assessment and Managemertui, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.
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» A parameter measuring the proportion of the rouediing biomass for the fully selected age (agesl) a

measured by the May survey in comparison to thasmed by the November survey is introduced in

order to estimate the bias associated with the at@gdower coverage achieved by the May survey.

All other forms of bias are included in the muligaltive factorsky” and k™', and in respect of
varianceAY' and A™ .

* The length frequency data available from the Nowemdnd May surveys are now used to assist

estimate model parameters by their inclusion inikedihood (equation A.17).

As before, the base case assumptiodVQ'?H =MaF§,H =13 is based on unpublished data of Y. Geja and D.

Durholtz.

Current Model Results

The model is able to fit the survey estimated Ndvenand May biomasses reasonably well (Figured12an
The multiplicative bias associated with these sygvis considered to be constant over time (Apperdix
This model estimates the survey coverage of rowrdirty biomass in the May survey to be 22% of that

obtained during the November survey (Table 1).

The model fits to the commercial proportions-atgdnare provided in Figure 3, for the minus groapd
Figure 4 for the remaining length classes. Fidunedicates a pattern of underestimation of theprbon-at-

lengths 16-17cm and an overestimation of the highdrlower (excluding minus group) length classes.

The model fits to the November survey proportiorikeagth are provided in Figure 6, for the minusugy, and
Figure 7 for the remaining length classes. Thedsedised residuals are plotted in Figure 8. Thmfthese

data appears better than that for the commerdieth chata.

The model fits to the May survey proportions-atgénare provided in Figure 9, for the minus groapd

Figure 10 for the remaining length classes. Theddrdised residuals are plotted in Figure 11.

The selectivities-at-age estimated by the modetiierNovember and May surveys and commercial cateh
plotted in Figure 12. This shows that the modielves for a small decrease in selectivity with irasieg age in
the November survey indicating the majority of tkeource is covered in the survey. The sharp dserm
selectivity with increasing age in the May survaglicates that the majority of adults are not sathjrethe

May survey.

The model estimated length at age distributionspéotted in Figures 13 to 15. The estimated CVualibe
mean length at agef, , is about 15% for age 0 and age 5+ and 11% fos &dge 4 (Table 1). 15% is on the

upper boundary of that assumadgriori (Appendix A). The reason for this relatively hi@V on the plus
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group will be due large fish. The reason for thlatively high CV on the 0 year olds likely arideause of a

combination of their fast growth during their fisgtar and the multiple sub-cohorts.

This initial run of the model estimates the projmortof recruitment occurring in the March sub-cdhtor be
15% and the proportion occurring in the Septemhbdrcohort to be 85% with no recruitment occurring i
June. This is in contrast to thgriori information of June representing peak recruitnveith the March and

September sub-cohorts resulting from (lower) eanlgt late spawning.

Discussion

This document has presented further work towardsafisessment of South African round herring. Tineent

model results are presented and comments and gligsous these results are welcomed.

Further work will need to test the following:
« Incorporating normal prior distributions dqi" andk™ , instead of fixed values.

» Although initial model runs suggested a zero seliggtin the commercial catch for ages 3+, this
assumption may need to be retested.
* The current model results estimate the recruitrteentcur in two pulses only; 15% in March and 85%

in September. The CVs on the parametpysand p, may be large. Some investigation into the
effects of alternative values fop, and p,, and their inter-annual variation will be condutteln
addition, smaller CVs on the age-to-length matrfoesige O may result ip, >0.

* In some years the model does not predict a peainifar magnitude to that observed in the length
frequency data. This results in an overestimagibproportion-at-length for lower and higher length
classes and an underestimation of proportion-gttearound the observed peak. The possibility of
introducing variability in time in selectivity age to account for this will be considered.

* The model assumes that age O fish are at most Idimgrnin November and 13cm long in March (the
commercial catch). No such assumption is made ay.Minstead the age O fish are proportioned by
length according to the age-to-length matrix (eiquef.15). Such a method did not work well for age
0 fish in the commercial catch in initial model sumwithout November and May survey length
frequencies. Given the three sets of data, it nty be possible to estimate proportions-at-length f

age 0 fish using the age-to-length matrix in Noverrdnd March.

In addition, tests will also be carried out to dhdlee robustness of the model results to assungpbrixed
natural mortality. The robustness of model reswitsalso be tested using data from 1998 to 204ly,owith

the recruit survey data extended to cover thewssa of Port Alfred.

Acknowledgements
Janet Coetzee, Deon Durholtz, Yonela Geja, Dagmarklg and Jan van der Westhuizen are thanked for

providing the data input to this assessment.



MCM/2010/SWG-PEL/46

References

Coetzee, J., and Merkle, D. 2009. The extent tewlvhiécent redeye acoustic survey abundance indiagse
biased by greater survey effort. Unpublished MCMclment MCM/2009/Redeye Fishery Task
Team/03. 5pp.

de Moor, C.L., and Butterworth, D.S. 2010. Initilsessment of the South African round herring (Ebus
whiteheadi) resource using data from 1988 to 20KDM Document MCM/2010/SWG-PEL/40. 16pp.

Durholtz, D., de Moor, C.L., and Geja, Y. 2010. Ewaation of redeye roundherring size and age data —
towards developing a growth curve for the redeyeclst assessment. MCM Document
MCM/2010/SWG-PEL/49. 11pp.

Pope, J.G. 1972. An investigation of the accuracyiual population analysis using cohort analystes.
Bull. Int. Commn NW Atl. Fisheries 9:65-74.

Table 1. Key model parameters at the joint posterior mode eontributions of different likelihoods to the
posterior mode.

Contributions to the joint posterior mode

Joint posterior mode -11.35

L(November biomass) 4.89

L(May biomass) 14.09

L(Commercial 13-cm) -11.46

L(Commercial length frequency) -1.02

L(November 11-cm) -17.29

L(November length frequency) -14.48

L(May 13-cm) -11.56

L(May length frequency) 25.49
Model parameters

NP 22.6

N1R9|—£157,2 31.0

N g7 0

Nngi‘37,4 0

Nng;;7,5+ 0

o} 0.15

P, 0

1-p-p, 0.85

kcoverage 022

1902 0.15

92 a=1234 0.11

1952+ 0.15
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Figure 1. Acoustic survey observed and model estimated Mbee round herring biomass from 1987 to
2009. The observed indices are shown with Hessi@ed 95% confidence intervals. The standardised

residuals from the fit are given in the right haohok.
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Figure 2. Acoustic survey observed and model estimated réwendng biomass from May/June 1987 to 2010.
The observed indices are shown with Hessian-bas@dc®nfidence intervals. The standardised residuats

the fit are given in the right hand plot.
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Figure 3. Observed (symbols) and model estimated (line) doberring proportion-at-length 13- in the
commercial catch from 1988 (i.e. June 1987 to M@§8) to 2010 (i.e. June 2009 to May 2010).
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Figure 4. Observed and initial model estimated round herpraportion-at-length in the commercial catch frd&88 (i.e. June 1987 to May 1988) to 2010 (i.eeJun
2009 to May 2010). Note that these proportiongatosum to 1 as they exclude the proportions-ajtled3-, plotted in Figure 3.
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Figure 5. Bubble plot of the standardised residuals fromrtizelel fit to observed proportion-at-length in the
round herring commercial catch from 1988 (i.e. Ju&&7 to May 1988) to 2010 (i.e. June 2009 to May®.
Note that 13cm represents the 13- group and 21presents the 21+ group.
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Figure 6. Observed (symbols) and initial model estimatedefliround herring proportion-at-length 11- in the
November survey from 1987 to 2009.
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Figure 7. Observed and model estimated round herring prigpeét-length in the November survey from 1987 @2 Note that these proportions do not sum to 1

as they exclude the proportions-at-length 11-tptbin Figure 6.
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Figure 8. Bubble plot of the standardised residuals fromrttoelel fit to observed proportion-at-length in the
round herring November survey from 1987 to 2009teNthat 11cm represents the 11- group and 19.5cm
represents the 19.5+ group.
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Figure 9. Observed (symbols) and initial model estimatedkefliround herring proportion-at-length 13- in the
May survey from 1988 to 2010.
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Figure 10. Observed and model estimated round herring prigpeat-length in the May survey from 1988 to 201Qote that these proportions do not sum to 1 as
they exclude the proportions-at-length 13-, plotteBigure 9.
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Figure 11. Bubble plot of the standardised residuals fromrtioelel fit to observed proportion-at-length in the
round herring May survey from 1988 to 2010. Ndtattl3cm represents the 13- group and 18cm repsesen
the 18+ group.
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Figure 12. Fixed and model estimated selectivity-at-age endbmmercial catch, the November survey and the

May survey.
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Figure 15. The model estimate age to length matmg;ay, representing the proportion of round herring @é a

a that fall in the length group in mid-May.
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APPENDIX A: Bayesian assessment model for the South African round herring (“red eye”)

resource

Model Assumptions

1)

2)

3)

4)

5)

6)

7

8)
9)

Fish are modelled to be in one of three sub-cohoasesponding to summer recruitment (1 March),
winter recruitment (1 June) and spring recruitm@rbeptember).

A plus group of age 5 is used. No males older thhave been observed, though females up to 8 years
of age have been observed (Y. Geja and D. Durpeitz. comm.).

Two acoustic surveys are held each year: thetfifsts place in November and surveys all fish except
the 0 year olds of the September sub-cohort; thergkis in May/June and targets 0 year old round
herring from the September and June sub-cohdnis also surveys older fish with lower selectjvit

The November acoustic survey provides a relatidexrof abundance of unknown bias.

The May survey provides a relative index of aburdasf unknown bias.

The survey designs have been such that they resalirvey estimates of abundance whose bias is
invariant over time (Coetzee and Merkle 2009).

Pulse fishing occurs on®IMarch for all ages (higher round herring catchasehhistorically been
recorded between January and May, with a peak ircija

Catches are measured without error.

Age 0 fish are at most 11cm long in November anchil®ng in March (the commercial catch).

10) Selectivity is assumed to be year, but not ageriant.

11) Natural mortality is year-invariant for juvenilegadult fish, and age-invariant for adult fish.

Population Dynamics

The basic dynamic equations for round herring, thase Pope’s approximation (Pope, 1972), are asvigl|

where y, =1987 and y, =2010. The numbers-at-age of the sub-cohorts repreasentumbers of round

herring at the time of the sub-cohorts ‘birthdaieg, 1 March, 1 June or 1 September. The plusimie

modelled to age on 1 June each year.

Numbers-at-age

Nsub™, = Nsub{*,_,,e™ Csubsg 1 y, +1<sy<y,,1l<a<4
Nsub/¥!, = (Nsubf¥, _, ,& ™M=+ — Csub/¥l_,)e Vet 2 y, tlsy<y,,1l<a<4
Nsub/¥' ; = (Nsub*,_, ;e™=1"? — Csub!_, ;)e M= /*2 y, tlsy<y,,1l<a<4
N, = (Nsubf* ,.e7™ CSlJbR4l)e Ma 2 4 (Nsubt, , ,e7Me ™2 - CsubR42)e M, 112

-6M, /12 RH \a-3M, /12 oM, /12 _ -aM, 112
(NSUby 1438 - Csub ya3)€ +(Ny 15+€ " ° Cy,5+)e °

y, t1sy<y, (A.1)

! 1t is assumed that the current year's March suisdovould be too small to be picked up in the syrv

14
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is the number (in billions) of the Marcle €1), June €=2) or Septemberd=3) spawning

sub-cohort round herring of ageat 1 March ¢=1), 1 June ¢=2) or 1 Septemberg=3) in

calendar yeay;

is the number (in billions) of round herring @fea5+ at 1 June in yegr

is the number (in billions) of the Marcle €1), June €=2) or Septemberd=3) spawning
sub-cohort round herring of agecaught from 1 June in year—1 to 31 May in calendar year
Yy

is the number (in billions) of round herring @fea5+ caught from 1 June in yegr tdl31

May in yeary; and

is the natural mortality (in ye&r of round herring of aga .

Biomass associated with the November survey

Ciey n RH
NSUB, v a1

% RH
NSUbNov a2

% RH
NSUbNov,y,aB

J RH
N
c=1

where

) RH
NSJbNov,y,a,c

Nov,y 5+ — (N

By = 3o
Nov,y

y.5+ Nov,y 5+

= (NSUb;:le_wa - éwblﬁloHv,y,a;)e_z'SMa " yisysy,-1, 0<as<4

= (Nsubj e« "2 — Caubfy, . .)e 2y, <y<y, -1, 0<as<4

= (Nsubl} ; = Csuby, , o 5)e M= 2 yi<y<y,-1,0<as<4
RH o=3Ms, /12 _ éRH )e—2.5M5+ 112 y<ysy, -1

4 3
ov o waRH W(l)\’lgv)_'_ ZZ(S"TOV x NSUbRH WNov)+ I\Jlrov *x N RH Wé\l)fov

Nov,y,0,c Nov,y,a,c'Va,c Nov,y 5+

a=1 c=1

yiSysy, -1 (A.2)

is the number (in billions) of the Marcle €1), June €=2) or Septemberd=3) spawning
sub-cohort round herring of ageat mid-November in calendar yegr

is the number (in billions) of round herring of dsye at mid-November in yegr

is the number (in billions) of the Marcle €1), June €=2) or Septemberd=3) spawning
sub-cohort round herring of agecaught from 1 June to mid-November in calendar yea

is the number (in billions) of round herring ofea§+ caught from 1 June to mid-November in
yeary;

is the biomass (in thousand tons) of 1+ roundimgrat mid-November in yeay, which is

taken to be associated with the November survegany,

is the mean mass (in grams) of Marcl=(), June € =2) or Septemberdq=3) spawning
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sub-cohort round herring of ageduring the November survey (see Table B.2d); and

Nov

Ws, is the mean mass (in grams) of round herringgef%+ during the November survey (see Table

B.2d).

Biomass associated with the May survey

| RH — /N RH -M -~ RH -25M, /12
NSUbMay,y,a,l - (NSUby—l,a,le t - CSUby,a,l)e 2 A +1l<y< Yoo O<ac<4
Nsubya, a2 = (Nsub¥y, .6+ 2 — Csub™ ,)e M= /42 y, +1<y<y , O0<a<4
Nsubya, s = (Nsub/¥,, ;&M — Csub[% ;)e M= 12 y, +1<y<y. ,l<a<4
J RH — -9My, 12 _ ARH \o-25M,, /12
Npayyse = (Nylis.€ Cys:)e s y, +1lsy<y,
RH May RH May May RH May
BMay,y - zz (Sa X Ng'leay,y,a,cWa,c )+ . X NMay,y,5+W5+
a=0 c=1
y, tlsysy, (A.3)

Nsu ayyac IS the number (in billions) of the Marcte €1), June €=2) or Septemberd=3) spawning

sub-cohort round herring of ageat mid-May in calendar yegr

N{;:y,y& is the number (in billions) of round herring of &gjeat mid-May in yeay;,

é{;:y,y is the biomass (in thousand tons) of 1+ roundifgat mid-May in yeay, which are taken to
be associated with the May survey;

wg?gy is the mean mass (in grams) of the Marck (), June € =2) or Septemberd=3) spawning
sub-cohort round herring of agaduring the May survey (see Table B.2b); and

WS“ﬂay is the mean mass (in grams) of round herringgef® during the May survey (see Table
B.2b).

Catch at age

The annual catch at age by number is given by:

ésub)'fg’l = I\Alsub;‘f'mvle""'a S,F, y, t1<sys<y,, O<as<4

éwb?;,z = wa)?ﬁl,a,Ze_gMa /lZSaFy yl +1< yS yn ’ O<ac<4

(Aisubf";’3 = wafflyavge's'\"a "2s,F, y, +l<y<y ,h O<as<4

Cys. =N, e ™ 25, F, Y +1<y<y, (A4)
where

S, is the commercial selectivity at age which is assumed to be year-independent; and
F, is the fished proportion in year for a fully selected age class.
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In the equations above the difference in the yabs&ipt between the catch-at-age and initial nusibeage

is because these numbers-at-age pertain to MangiSeptember of the previous year, while the cach

assumed to be taken in a pulse dMarch.

The catch at age by number from 1 June to mid-Ndmegnfor use in calculating the round herring bissa

surveyed, is calculated as follows:

CsubR, .1 = Nsubfy, . e™Ma 125 F Nov y,<y<y,-1,0<a<4
Csubfh, 2 = Nsubfl, . &M /25 F N y,<ys<y,-1,0<a<4
Csubl, .5 = Nsubl, .S, F N y,Sy<y, -1, 1<as<4
Clunyse = NJi e 25, N~ Vi y<Y, -1 (A5)

The fished proportion for the full year (from 1 &uof yeary —1 to 31 May of yeary) is estimated by:

4
_ (~ObsTon Mar N RH -M, Mar N RH -9M, /12 Mar N RH —6M, /12
F,=Cy / { E (Wa'l Nsuby”;,,e 7S, +w,, Nsub/’;, .e S, +W, 5 Nsub/”;, . Sa)

a=0
+ WSN+Iar N ;ilil& e—gM 5+ /1235+ ]
yitlsysy, (A.6)

And for the catch prior to the November surveythely to mid-Novembery) is estimated by:
FyNov - C)?bsTon,Nov/leip I\Alsub%le_w" /12SO + Wg? wa%ze—wo /1280

4
X RH L-6M, /12 ) RH -3M, /12 | RH \JRH —3M,, /12
+> (WfiIp Nsub[% &7 2s, +wZF Nsub™ ,e ™M ?S, + WP Nsub{™ .S )+ WEPN R @ Vs fl2g

y.a,3%-a y,5+
a=l
yisysy, -1 (A.7)

where

C;)bSTO” is the observed catch tonnage of ygafJuney — 1to May y, see Table B.3).

CPTmNY s the observed catch tonnage prior to the Noversiberey of yeary (Juney to mid-
Novembery, see Table B.3).

wgf'fr is the mean mass (in grams) of the Marck (), June € =2) or Septemberd=3) spawning
sub-cohort round herring of agen the commercial catch (see Table B.2a).

W5M+ar is the mean mass (in grams) of round herringgef%+ in the commercial catch (see Table
B.2a).

Wasip is the mean mass (in grams) of the Marck (), June € =2) or Septemberd=3) spawning
sub-cohort round herring of agen the commercial catch taken prior to the Novenshevey
(see Table B.2c).

WSSfp is the mean mass (in grams) of round herringgef%+ in the commercial catch taken prior to

the November survey (see Table B.2c).
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Catch at length
Given the predicted proportion-at-age in the quirommercial catch
RH
psubf, = —— Cobyac y, +1<y<y,, 0<a<4,c=1..73
> Caubt +CfY,
a=0 c=1
éRH
Pys =73 R v y, t1l<sy<y, (A.8)
D> Ca, +CJY,
a=0 c=1

and the assumption that all age 0 fish are at d®ah L., the predicted proportion-at-length is then estada

as follows:
3 13 4 3
b =3 paubim + z[zz Bsub™, AT 4 po ?Tj o r1sysy,
c=1 =35\ a=1 c=1
4 3
PSI™ =" psubso AST + P AT y, +1<y<y,, | =135,...,205cm
a=1l c=1
. 23 4 3 . .
SHARE Z[ZZ PsUbST ASTT + P °STJ y, +1<y<y, (A.9)
=21\ a=1 c=1

where the length groups are in 0.5cpahd
oo is the proportion of the MarcltE1), June €=2) or Septemberd=3) spawning round

J.c

| max

herring catch-at-ageethat fall in the length group (thus Z A =1).

1=l min

oo is the proportion of round herring catch-at-agettat fall in the length group (thus

+,1

| max

com :1)

+,1
1=l min

A plus group of 21cm was chosen to ensure thattelérvations were non-zero. The mattiX™ is calculated

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

L2~ N(L, fL-eler) 52) 1<as<4
L7 ~ N(L, - e eon2ul) 92) 1<as<4
L2 ~ N(L, L - erlerenzn)) 92) 1<as<4
L2~ N(L,, [L-e*E)) 92), (A.10)
where
L, denotes the maximum length of the individual;
K denotes the annual growth rate;
Lo denotes the age at which the growth rate is za710;
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92 denotes the variance about the mean length oaag

Proportion at length in November

Given the predicted proportion-at-age in mid-Novemd:

S x Nisubf;

a Nov _ Nov,y,a,c
pSUby,a,c - ~ R 4 3 R -
S0 x (NS, 1 + RsUbE, )+ D73 (81 % NstbfF )+ S x NI o,
a=l c=1
y,fy<y,-1,a=0,c=12
~ Nov _— S;\lov X NSUbI\IToHv,y,a,c
psuby % = - - i3 - -
S(;\lov X (walf{loHv y.01 + walf{loHv y ,0,2)+ ZZ(S;\IOV x NSUbI\IToHv,y,a,c)'l- l\iov X Nlf{lol-|v,y,5+
a=1 c=1
y,fy<y,-1,1<a<4,c=1...3
~Nov _ l\iov x NNR0|-|v,y,5+
py,5+ - R R 4 3 R ~
N RH RH N RH N RH
SO . X (NSUbNov y,01 + NSlJbNov y ,0,2)+ ZZ(Sa . X NS'IbNov,y,a,c)'l- +0V x NNov,y,5+
a=1 c=1
yisysy,-1 (A.11)
and the assumption that all age 0 fish are at tiba L, the predicted proportion-at-length is then estiada
as follows:
N 2 N ot : 3 N N N N
py%s = psuby + Z{Z psuby’, ,.",VCJ + pyo ANy y<ys<y, -1
c=1 1=15\ a=1\ c=1
AN LS a N N AN N
pyY =D Psubya AN + ploL ALY y,<y<y,-1,1=115..19cm
a=1 c=1
N & L N N N N
Py s+ = z [zz psuby 2l Agrc + Py +0\|/J Yisysy, -1 (A.12)
1=195\ a=1 c=1

where the length groups are in 0.5cpahd

Nov

e is the proportion of the MarcltE1), June €=2) or Septemberd=3) spawning round

25
herring catch-at-agethat fall in the length group (thus Z N,"VC =1) in mid-November.
1=15

Nov

) is the proportion of round herring catch-at-ageftat fall in the length group (thus

25
> A =1) in mid-November.
1=15

A plus group of 19.5cm was chosen to ensure tHabkHervations were non-zero. The mati'” is

calculated under the assumption that length-atiageormally distributed about the same von Bertfyan

growth curve mentioned above:

2 Age 6 is used here to account for the greatemaesage of the plus group.
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Lo N(Lw (1_ o rlar 8-5/12_%))’ Z95) l<a<4
Lo N(Lw (1_ owlar 5-5/12_%)), 19a2) l<a<4
Lho N(Loo (1_ orlar 2-5/12‘%)), Z95) l<ac<4
L~ N[ - e ) 52): A1)

Proportion at length in May
Given the predicted proportion-at-age in mid-May of

May ., N RH
Sa X NSUbMay,y,a,c

4 3
May ., K] RH May ., N} RH
S35 x Rsubf o)+ SY < NE

y, +l<y<y,,0<a<4,c=1...3
NRH

fMay _ May,y 5+

4 3
May o N| RH May , N} RH
Z z (Sa X NSUbMay,y,a,c ) + S5+ xN May,y,5+

y, t1sy<y, (A.14)

the predicted proportion-at-length is then estimaie follows:

13 4 3
iy =z[z{z — Mfz} iy “”f,‘.yJ ISy Sy,

|=2\ a=0\_c=1
4 3
Y =2 2, Pl ALY + P ASTY % +1=y<yn, 1=13...180m
a=1 c=1
M 3 2 3 M M M M
pyf§+=2[22 PSUbY, AN 4 pMay j y, +1<y<y, (A.15)
=18\ a=1 c=1

where the length groups are in 0.5cpahd
May is the proportion of the MarcltE1), June €=2) or Septemberd=3) spawning round

J.c

23
herring catch-at-agethat fall in the length group (thusz N"ﬁ‘é =1) in mid-May.

1=2

May is the proportion of round herring catch-at-agefttat fall in the length group (thus

+,|
25
D" AYY =1) in mid-May.
1=15
A plus group of 18cm was chosen to ensure thatbsérvations were non-zero. The mathi¥? is calculated
under the assumption that length-at-age is norndifiiributed about the same von Bertalanffy groahve

mentioned above:

L'\aﬂ,iy - N(Loo (1_ e—K(a+14.5/12—t0))’ Z9&2) 0<a<a

% Age 6 is used here to account for the greatermaesage of the plus group.
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LM~ N(L, (- e ler115n20)) 92) O<a<4
LM~ N(L, (- e esn20)) 52) O<as<4
Lv ~ N, - e ) 92), (A.16)

Fitting the Model to Observed Data (Likelihood)

The survey observations are assumed to be log-tigrmistributed, and sampling CVs (squared) of the
untransformed survey observations are used to ajpppate the “sampling” component of the total vadarof
the corresponding log-distributions. The comméngraportions at length from the raised length trexcies

are assumed to be lognormally distributed. Thufaves:

w1 (B | — Ik B )f
—InL=i Nov,y N Nov,y +|n[277((0'R|:‘)2 +(/]§H)2)]
i yzy CHORICIN g
yn (In BRH _ In(kcoveragekRH éRH ))2
+1 May,y r May,y +|n[27T((URH)2 +(/]RH)2)]
2y§+l (O.EI:)Z_i_(/]FH)Z y.r r
+w _ i p;ijlnrqnin (In p;ﬁnr]nin —1In ﬁ;?l%in ) +1In T commin
com,min 2
y=yl+ 2(0 oom,min) \ Py min
w1 max pcom (In pcom ~In F’jcom )2
W z vyl yl yl +In O com
com
y=yL¥ll =l min+1 z(amm )2 \ psﬂm

-1 Nov Nov _ ~ Nov
< py,l min N (In py,l min N In py,l min N ) UNov,min
+ Wnov min Z +In
! ( )2 Non
y=y1 2 I Nov,min py,l min N

-1 Nov Nov __ ~ Nov |2
yn-1 | maxN Py (In Py.i In Py, ) “in O Nov

+ WNov Z 2 Nov
y=yll =l min N+1 2 T Nov py’|

n May May _ ~ May )
+ J py,l min M (In py,l min M In py,l min M + | JMay,min
WMay,min Z n

2
£ o [ May
y=yl+l 2( May ,min ) py,l min M

yn I maxM p%ay (In p;/jlay —In @ylay )2 Oriay
+ Winay ( 2 *+In May
y=yl+11=l min M +1 2 O May A/ Py
(A.17)
where
BEOH\,‘y is the acoustic survey estimate (in thousand tohg)und herring biomass from the

November survey in yeay, with associated CVUETu and constant of proportionality

(multiplicative biad) ki ;

“ Age 6 is used here to account for the greaters@esage of the plus group.
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is the acoustic survey estimate (in thousandsrt) of round herring biomass from the May

RH 6.

survey in yeay, with associated CVTy' and constant of proportionality,™ >;

is the additional variance (over and above theesusampling CVUYRFL ,r that reflects survey
inter-transect variance) associated with the Nowemécruit surveys (see Appendix C);

is the multiplicative bias associated with the Mayvey denoting the proportion of the

biomass for the fully selected age (age = 1)ithabvered by the survey, in comparison to the

proportion of the biomass surveyed in Novembeote that this is not incorporated k" ;

is the observed proportion (by number) of thenemrcial catch in length groupduring year
y (Juney - 1to May y);

is the observed proportion (by number) of lergyibup | fish during the November/May
survey in yeary;

is the weighting applied to the commercial promortat length 13cm (the minus group);

is the weighting applied to the remainder of¢tbenmercial proportion at length data;

is the weighting applied to the November/May prdiporat length 11/13cm (the minus

group);
is the weighting applied to the remainder of levember/May proportion at length data;

is the standard deviation associated with thegtagn-at-length 13cm (minus group) data in

the commercial catch, which is estimated in thenfitprocedure by:

O com,min _\/ Z p;:/olnrlﬂin (In p;:’an:nln =In pylmln) Zl

=yl+l y=yl+l

is the standard deviation associated with theaneimg proportion-at-length data in the

commercial catch, which is estimated in the fittprgcedure by:

yn | max
\/ z z pcom(ln p)(‘;olm

y=y1+1|=I min+1

| max

> 3.

y=yl+1l=I min+1

~in penf

is the standard deviation associated with thegtagn-at-length 11cm (minus group) data in

the November survey data, which is estimated itittieg procedure by:

yn-1 yn-1
— Nov Nov Nov
UNov,min - z py,l min N (In py,l min N =In py | min N ) zl
y=yl y=yl

is the standard deviation associated with theaheimg proportion-at-length data in the

November survey data, which is estimated in thimjtprocedure by:

® This includes an estimate of all bias associatitd the survey, including the bias introduced dmehie use of a target
strength for a species other than round herring Aggendix C).
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) yn-1 | maxN

yn-1 ImaxN
= |3 S e oy [ $

y=yll=l min N+1 y=yll =l min N+1

O May min is the standard deviation associated with thegntagn-at-length 13cm (minus group) data in

the May survey data, which is estimated in thenfitprocedure by:

yn yn
— May May May 2
UMay,min _\/ Z py,l min M (In py,l min M =In pylmlnM ) Zl

y=yl+l y=yl+l

Onov is the standard deviation associated with theaheimg proportion-at-length data in the

November survey data, which is estimated in thimdjtprocedure by:

yn | maxM yn | maxM
— May May _ ~ May
= 2 2> pnel-mplf [y Ha
y=y1+1l=I min M +1 y=y1+1ll =l min M +1

The raw commercial catch data are in 0.5cm lenigisses of caudal length,.L

Fixed Parameters

The following parameters are fixed externally iisthssessment:
Natural mortality:M ' =13, 0<a<5+.

There are 16 length classes in the commercial addth, 18 in the November survey data and 11 irMiag
survey data. However, these length classes aralhatdependent as there are only about 5 agepgrou

Therefore dividing the length data contributiontie likelihood by 3 gives it a weighting close tet5 age
groups. ThusNg,, =Wpye, =Wy = 033

The assumption is made that,, .. =Wyo min = Wyvaymin =1 @S it represents a single age group.

It is assumed that age 1 fish are fully selectettiencommercial catch, i.&5, =1.

Initial model fits with additional parameters indied a negligible selectivity for ages 2+ and tthese are
fixed at0,i.e.S;=S, =S, =0.

It is assumed that age 0 (March and June sub-&)hamt age 1 fish are fully selected in the Noversbevey,
ie SONov — SlNov =1

It is assumed that age 0 (all sub-cohorts) fisifahg selected in the May survey, i.éOMay = 1

The multiplicative bias on the November surveyreate of abundance and on the May recruitment estima
were fixed atk[' = 0340and k™' = 0427 respectively, corresponding to the means of nbdisaributions

fitted to pdfs of all individual constant bias faxt (Appendix C). Additional (inter-transect) \aice on the

November and May surveys were fixed(,fl'ﬁH )2 = 0076 and (/LRH )2 = 0052, respectively, corresponding to

the means of normal distributions fitted to pdfabfindividual variable and random bias factorpf&ndix C).
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Estimable Parametersand Prior Distributions

Annual recruitmentN % ~U (05000 billion, y, <y <y, -1
Initial numbers at ageN.t.,, ~U (0500 and N2, ~U (050), 2<a<5+
Split of recruitment by sub-cohorp, =q,q9,, p, =9, — p;, with g;,q, ~U (0)
with  Nsub¥,. = p xNR., 1<a<4

Nsub®! ., =p, xNR¥.. 1<a<4

Nsu o873 =(1_ P~ pz)x Nllg—é?,a- l<as<4
And  Nsubl®, = p, x N

waﬁg,z =p, % IQI?S

NSUb&/Rg,a =1~ p, -~ p,)x N;g
Selectivity at ageS,, S, ~U (0})
November survey selectivity at agel®™ =e™@™% , 2<a<5+, with x~U(05) estimated
May survey selectivity at ages'® =e2@™®  1<a<5+ with z~U (010)estimated
May Survey coverage compared to November survegrage:k % ~U (0,2)
Variance about the mean length at ag€=U (0015
Variance about the mean length at agé~U (00¥5r1,... 4

Variance about the mean length at age &%:~U (0015
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APPENDI X B: Data and standard inputs used in the South African Round Herring Assessment

November acoustic survey

A time series of estimates of annual biomass framme¥hber 1984 to November 2009 are available, tegeth
with CVs (Table B.1). The assumption is made thase estimates of abundance are comparable. gecmtzl
Merkle (2009) compared visually survey effort anidntass, noting too the general correlation between
increased survey estimated recruitment (which shdwa less influenced by offshore extensions of eurv
effort) and subsequent increased survey Novemioendss, and concluded that the increase in bioroasbd

duration of the time series was ‘real’ and not elatted to the increase in survey effort.

Although the November survey length frequenciescate that some recruits (<12crg) lare sampled by the
survey, the numbers are low (Janet Coetzee parsngo The weight of these recruits and their abatron to
the total biomass would therefore be small. Thgssurvey estimates of abundance are assumed Bureea

the relative 1+ biomass.

May recruit acoustic survey

A time series of estimates of annual recruitmemnioers and biomass is available from May 1987 to May
2010, together with CVs (Table B.1). The assunmptsomade that these estimates of biomass andtraent

are comparable.

Von Bertalanffy Growth Curve

The von Bertalanffy parameters afe; = 2030 L., « = 0937, t, = 0.1. The derivation of this growth curve
is detailed in Durholtz et al. (2010).

Weight at age
A length-weight relationship has been calculatednfthe 5 years of November survey data between a5

2009 (Y. Geja and D. Durholtz pers. comm.):
W =0.0084x | %3

where weight is in grams and caudal length) (b cms. This length-weight relationship was &mplto the

length-at-age calculated by the mean von Bertlardfgtionship assumed for the model to give thegiveat-

i W, Prop,

age values listed in Tables B.2a-d. The weiglaeg®-5+ was calculated as., =a:2—, where

> prop,
a=5

prop, = e @M« denotes the relative proportion at age, assumiog dishing mortality on older ages.
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Commercial catch raised length frequencies ardablaiby month from 1987 onwards. The annual tistiad

in Table B.3 is the sum of the months of June efitevious year to May of the reported year.

Table B.1. Time series of annual estimates of 1+ biomag® fitee November acoustic survey (in tons), with

CVs, and estimates of recruitment from the May atiosurvey (in billions), with CVs.

Year November survey May survey up to Cape Infanfa
Biomass CV Biomass CV

1984 80 544 0.337

1985 253 75( 0.227

1986 349 282 0.305

1987 545 522 0.201 58 214 0.152
1988 380 531 0.323 18711 0.277
1989 881 286 0.264 54 286 0.267
1990 440 1171 0.181 33 095 0.689
1991 642 954 0.250 93 830 0.235
1992 751 462 0.170 126 229 0.334
1993 523 38§ 0.220 100 967 0.225
1994 284 887 0.213 62 609 0.217
1995 586 87( 0.135 152 197 0.548
1996 596 511 0.156 378 938 0.345
1997 624 054 0.295 195 492 0.224
1998 1 247 966 0.149 160 525 0.376
1999 1 398 329 0.171 355 087 0.217
2000 1420 454 0.169 582 579 0.424
2001 1045517 0.131 312 982 0.247
2002 917 853 0.189 406 132 0.296
2003 1761631 0.108 337 754 0.212
2004 1475 464 0.100 415721 0.275
2005 1 616 26( 0.130 436 840 0.169
2006 1228 446 0.106 301 534 0.185
2007 1720 86% 0.153 257 984 0.250
2008 1 260 46( 0.118 562 608 0.212
2009 1990 831 0.108 260 185 0.239
2010 278 731 0.189
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Table B.2a. The weight-at-age (in grams) corresponding toptise of commercial catch at 1 Mar

a=0,...4 andwg,” .

Age March sub-cohort¢=1) June sub-cohorte(=2) September sub-cohort € 3)
0 16.15 8.13 2.53

1 51.88 43.78 34.82

2 74.29 70.09 65.02

3 84.60 82.78 80.52

4 88.89 88.15 87.22

5+ 89.40

TableB.2b. The weight-at-age (in grams) corresponding tavilag survey,w,

May
a.c

Age March sub-cohortg=1) June sub-cohortc(=2) September sub-cohort € 3)
0 23.81 14.70 7.00

1 57.86 50.60 42.34

2 77.20 73.64 69.31

3 85.83 84.32 82.44

4 89.38 88.77 88.01

5+ 89.40

Table B.2c. The weight-at-age (in grams) corresponding topthlse of commercial catch taken prior to the

Vel

November survey at 1 Septemb

a,c !

a=0,...4 andw®.

Age March sub-cohort¢=1) June sub-cohorte(=2) September sub-cohort € 3)
0 2.53 0.17 N/A

1 34.82 25.39 16.15

2 65.02 58.97 51.88

3 80.52 77.73 74.29

4 87.22 86.05 84.60

5+ 89.40

Table B.2d. The weight-at-age (in grams) corresponding to Nleeember survey,wgfgv,

we .

Age March sub-cohort¢=1) June sub-cohorte(=2) September sub-cohort € 3)
0 7.00 1.91 N/A

1 42.34 33.27 23.81

2 69.31 64.08 57.86

3 82.44 80.10 77.20

4 88.01 87.04 85.83

5+ 89.40
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Table B.3. The numbers at length (in thousands) in the corecatch, and the corresponding catch (in

tons). Note that the catch for ygaconsists of the catch froni'Iuney -1 to 3f'May y. The catch (in tons)

from 1 Juney — 1o mid-Novembery — 1s also tabled.

Length 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997998 1 | 1999
Class (L in

cm)

Tonnage to

mid-Nov 293 156 273 22% 245 1383  123p7 5934 D58 1470 6922 2095
Tonnage 64582 44600 46276 33550 47005 46054 604488198 43512 90107 57663 57386
35 0 0 0 0 0 0 a 1210 D 0 0 0
4.0 0 0 188 136 344 938 0 4033 0 0 0 0
4.5 0 20 1590 3802 4p 1396 3 5451 264 0 1p27 J142
5.0 9 436 1560  1810¢ 644 11656 3278 17966 5717 1402918 | 91752
5.5 132 1312 4112 24879 325¥8 72276 31932 13226 1284 2044| 14124 381p
6.0 1228| 20776 12596 37549 98p8 43569 88839 8230894 3703] 35204 3073p
6.5 15795| 21667 10209 63102 25452 29200 119539 6N1B5 55497 6037 54445 21745
7.0 22868| 127774 551583 57340 36893 35p59 88063 BR7F¥2965| 36038 61051 59644
7.5 12226 22966 45484 45462 34606 26987 63975 6573PA077| 1486024 40950 88237
8.0 6729 2988 40204 33918 26483 22613 283301 633BM041| 132460 32035 1564(¢3
8.5 3058 4870 36379 20096 22583 28108  95[22 669831064 83287| 39678 124346
9.0 4708 9780 22763 9712 20849 26834 47427 50800 398)7 132225 43534 768%4
9.5 6509| 12953 13304 85712 18682 28838 420161 47818423 105417] 34327 54895
10.0 7500[ 11244 601D 3083 17083 25657 24B91  3936357&| 101222 19499 49344
10.5 6659 4814 3898 384 18878 24017 12950 28011 49A17 45901 2248( 17650
11.0 5038 2168 1764 219 13731 19798 9684 13505 71y6m™3712| 27557  1842)
11.5 2526 1785 463 148 8272 17082 4497 5061 5926 752 32206 7214
12.0 2346 1833 626 2097 6143 11738 4581 2605 1740444 8 39926 4299
125 1867 165 422 28p 2630 9134 5238 2263 783 5474173 470
13.0 2267 927 1221 49p 2109 116p1 9803 3634 713 5121027825 924
13.5 2235 1435 777 337 922 1513 27055 5p10 938 16162 22024 1889
14.0 968 3114 335 66R 6293 23003 63718 13002 3901289 | 30556 4014
14.5 5979 2354 3910 1905 21313 48125 113p41  2694D4251] 46367) 38148 18667
15.0 34697 8311 6808 5832 542016 110940 196053 825@™8207| 61819 48845 36345
15.5 76580, 34783 7315 16042 103608 188813 1985651841713 43286| 75067 62061 62694
16.0 102302 49349 15379 36821 161932 226R82 1898836054| 108218 134197 95323 115229
16.5 119760 106594 35935 59041 154602 138816 1390EEH859| 167717 190492 151824 142482
17.0 125465 151644 80222 8498 115861 57493 865207875 | 161957 269485 171789 153953
17.5 114880 141090 122301 87714 75105 27162 538p672D| 96829 252920 138899 133902
18.0 99058 87488 126588 74923 54165 15541 29239 000H851393| 178824 83154  871%0
18.5 95477| 5263 90429 51736 33495 10290 17069 HP4R0568| 87594 44962 52539
19.0 69588 26874 57948 33950 20346 8032 9292  3554®703| 35864 2327% 33847
19.5 45410 1418¢4 32785 15663 10240 3657 4045  1938%770| 11312 11404 16563
20.0 26329 8321 1737D 8845 4508 1909 5103 8588 1965176 6800 8894
20.5 11553 4694 8119 2999 1921 383 179 3788 1167 4225 1297 7085
21.0 5192 2560 4315 1246 683 175 179 885 501 1944 4721 3990
21.5 2433 1293 1804 242 172 0 1p3 79 616 234 416 33 %P1
22.0 806 568 884 156 121 0 23 162 132 0 570 195
22.5 358 37 2072 144 3B 0 97 0 186 0 0 0
23.0 124 3 28 C 12 D 670 0 0 0 0 55
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Length 2000 2001 2004 2004 D9 010 2
Class (L in

cm)

Tonnage to

mid-Nov 3216 4461 823 3829 4247
Tonnage 36346 5670 407 3781486505 8915
3.5 0 0 0 g D
4.0 0 275 19¢ D 247
45 1192 688 3 3321 134 3p76
5.0 11450 321 B 1427 6030 378651
5.5 35039 125 D 1839 5678 99617,
6.0 63035 6432 0 2694 8543 102629
6.5 84150] 37144 8 365 23529 84844
7.0 78973 43544 0 403 40999 22406]
75 26290] 41094 8 494 67744 16713p
8.0 29705 6409 5 567 68441 11173p
8.5 38184] 30104 3 472 750416 34107
9.0 24748 7949 0 303 57[736 27874
9.5 8632 26369 9 140 35880 13354
10.0 5364| 27964 9 54 15237 10293
10.5 6427| 23672 1 48 9p70 7691
11.0 16943 9644 9 57 7029 6071
11.5 7215 9781 0 124 6470 10359
12.0 7965] 27724 4 154 4783 6521
12.5 6192] 20581 9 243 5630 1661
13.0 14955 27998 )2 553 8973 501
13.5 10318 61858 14 779 31605 961
14.0 26121  9375] 1009 71706 5213 19121
14.5 22166 11337% 787 1242766787 52565
15.0 36337 11400 750 105847 036 8542f7
15.5 62425 81671 702 89128 5% 11638
16.0 89618 10386% 739 7452978050 170832
16.5 135751 112680 774 7413062 214799
17.0 116358 127691 664 642654877 241234
17.5 56383 112969 551 41053 0% 21132p
18.0 26062 78831 274 25769 17903}
18.5 11273 3767( 222 18671 10892p
19.0 4232| 15544 4 131 11p49 64754
19.5 792 8283 7 58¢ 11102 32209
20.0 1067 2763 5 57 6318 15368
20.5 414 607 B 74 2794 872788 B
21.0 203 93 D 7 12116 $690
215 0 96 9 65 667 162
22.0 174 40 f o 182
225 0 0 0 ( 183
23.0 0 0 0 ( k31
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APPENDI X C: Calculating the biasin estimates of round herring abundance from the November and

Probability density functions (pdfs) for the ovédaiases in the November and May survek§, and k™,

were calculated by drawing ten thousand samples ffee individual pdfs for each source of constanbre

together with the median values of the individudiispof each source of variable and random err@ {&bles

C.1 and C.2 with reasons given by Janet CoetztieiAnnex). Pdfs of the inter-transect varian@' ) and

(A*)?, were then calculated by drawing ten thousand ksripom the individual pdfs for each source of

variable and random error. The resultant pdfshenrhodel predicted biomass (i.e. the inverse ofpitifs

calculated using the errors provided), togetheh wiirmal distributions fitted to these pdfs areegiin Figures

C.1to C.4.

Table C.1. Individual error factors for November hydro-acaasturveys of round herring biomass, where the

values define trapezium form pdfs. Note that thexser factors apply to the observed biomassthey reflect

the inverse of the multiplicative bias (appliectedicted biomass) in this document.

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

Target Strength 0.50 1.10 1.40 1.70 2.00 Constgnt
Depth  dependenck 1.00 1.25 1.50 1.75 2.00 Variable
on target strength
Calibration
(On-axis sensitivity) 0.90 0.95 1.00 1.05 1.10 Randon
(Beam factor) 0.75 0.90 1.00 1.10 1.25 Constant
Attenuation 1.00 1.05 1.075 1.10 1.15 Variablg
Target Identification 0.50 0.80 1.00 1.20 1.50 Rand
Weather Effects 1.00 1.10 1.20 1.30 1.50 Variable

® Note that for the purposes of this simulationpttam’ and ‘variable’ factors are treated in the eamanner.
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Table C.2. Individual error factors for May hydro-acousticreeys of round herring recruitment, where the

values define trapezium form pdfs. Note that thexser factors apply to the observed recruitmest, they

reflect the inverse of the multiplicative bias (heg to predicted recruitment) in this document.

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

Target Strength 0.50 1.10 1.40 1.70 2.00 Constgnt
Depth  dependenck 1.00 1.125 1.25 1.375 1.50 Variable
on target strength
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
Attenuation 1.00 1.025 1.05 1.075 1.10 Variablg
Target Identification 0.60 0.85 1.00 1.15 1.40 Rand
Weather Effects 1.00 1.005 1.10 1.15 1.50 Variable

Multiplicative bias in the estimate of round
herringabundance from the November survey

== Pdf

"Normal Distribution"

0 0.2 0.4 0.6 0.8 1
Multiplicative bias

Figure C.1. The probability density function for the overald® in the estimate of round herring abundance

from the November survey, calculated by drawingd@0 samples from the individual probability distriion

functions for each source of constant error, togrethith the median values of the individual proligbi

distribution functions for each source of variaaltel random error. The normal distribution fittedhis pdf is

K ~N(0.3404,008%).
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Additional standard deviation in the estimate of
round herring abundance from the November
survey

=== Ddf

=== ""Normal Distribution"

0 0.5 1 1.5 2 2.5
Additional variance

Figure C.2. The probability density function for the additibreiandard deviation in the estimate of round
herring abundance from the November survey, caledldy drawing 10 000 samples from the individual

probability distribution functions for each soumfevariable and random error. The normal distiitufitted

to this pdf isA® ~ N(0.2763,0954).

Multiplicative bias in the estimate of round
herring recruitment from the May survey

=== Pdf

Normal distribution

0 0.5 1 15
Multiplicative bias

Figure C.3. The probability density function for the overaia in the estimate of round herring recruitment
from the May survey, calculated by drawing 10 O@®ngles from the individual probability distribution
functions for each source of constant error, togrethith the median values of the individual proligbi

distribution functions for each source of variatiel random error. The normal distribution fittedhis pdf is

kP ~N(04269,010%).
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Additional standard deviation in the estimate of
round herring recruitment from the May survey

== Pdf

e===""Normal Distribution"

0 0.5 1 1.5 2 2.5
Additional variance

Figure C.4. The probability density function for the additibrsdandard deviation in the estimate of round
herring recruitment from the May survey, calculabgdirawing 10 000 samples from the individual @aaibty

distribution functions for each source of variaalel random error. The normal distribution fittechis pdf is

A ~N(0.2284,09662).
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ANNEX: Estimating the likely ranges of individual error factors of round herring abundance from the

November and May hydro-acoustic surveys
Janet Coetzee

A BENEFIT workshop held in December 2000 summaribedmost likely sources of error relevant to atious
estimates of fish biomass (Anon 2000) and estimtiteid likely ranges based on expert opinion arailalle
data. Although these error factors pertained mamigurveys of anchovy and sardine, they are astingnt to
acoustic surveys of round herring although thectfté the individual errors may differ. Consequgntn
initial attempt has been made to update the pamnsstimates that define the likely, and minimund an
maximum ranges of these errors for round herringel® necessary, new errors factors have been asded
their effects estimated based on available knovdedlgis likely that these may be improved as mdaga
become available. Rationale for the derivationarameters describing each error factor is provimdw and

should be read in conjunction with those publisimeithe Survey errors workshop report.

November surveys

» Target Strength
The TS of round herring is unknown and no publisdath on round herring TS exists. Currently thgdar
strength of round herring is assumed to be the sentbat currently used for similar sized sardBarénge et
al. 1996). A general published TS for clupeoidsoEo1987) would result in a biomass that is 1.888
higher. Preliminary unpublished data suggests tthatTS of round herring should be higher than tfat
anchovy, but lower than that of sardine. Some repeblished TS data for anchovy (Sawada et al. 2009
however, suggests that the TS of anchovy is mughehithan previously thought, and we have therefpted
for a relatively high minimum of 0.5. It is unlikethat the maximum error associated with TS catibber
than 2, given the generally similar size and molpiw of round herring and sardine and similar atous
signature at high density. A study is currentlynigeinitiated to estimate the TS of round herringririn-situ
data and it is likely that the effect of this bias estimate of round herring biomass will be mareuaately

determined in the near future.

* Depth dependence on Target Strength
This error was not considered important for anchangl sardine at the time that the Survey errorksip
was held and is therefore an additional error llaatbeen considered important in the context afiddwerring
biomass estimation. Published findings for herri@ma 2003) suggests a strong depth dependencegat ta
strength, with halving of TS between the surface ardepth of 200m with the steepest decrease im Tig
first few (upper 50) meters of the water columnuRa herring are close to the surface at night anigrating
to deeper water before dawn and staying closeetdattom during the day. At dusk they again migrgidn
the water column. Additionally, our surveys are aucted by day and night, so round herring shouldédsp
for approximately 50 % of the time and the max reffactor of 2) should therefore be applicabletalf of the

acoustic intervals only. But, during migration (apd down in the water column) the tilt angle wi b
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substantially increased and lead to a reductiofSnFor this reason, we have opted to use the max range

and not only applied it for half the time.

o Calibration
Calibration errors are likely to be similar to thasf anchovy and sardine and have therefore nat tleenged

from those agreed on at the Survey errors workshop.

e Attenuation
The effect of attenuation on round herring estimdtas not been determined. This error factor isever,
most likely substantially less than that of densehooling sardine (which averages at around 1.15 fo
November surveys). We have therefore opted to udefbr the maximum error and 1 (cannot be less)He
minimum error and a symmetrical distribution arodhd likely value of 1.075. It is possible to esibm the
effect of attenuation on round herring biomassnegties using a similar method to that used for dfyamy

attenuation effects in dense schools of sardine.

e Target Identification
The same parameters estimated for the minimum amdnmym Target Identification error for anchovy have
been applied, but the likely range has been ineckaBhis is to account for larger overestimatiorraind
herring (when the assumption is made that deept@during the day are most likely to be roundihgrrbut
could possibly include horse mackerel). Conversailing behaviour at dawn may result in (largeatiek to
other pelagic species) under-sampling of rounditngerin some trawls, and consequent underestimaifon

biomass.

* Weather effects
Weather effects are likely to play a larger roleewlish are deeper (vessel pitch and roll effertsaanplified
at depth) and as such we have opted for a slightlgr likely range compared to that for anchovyt bave
suggested that the maximum effect is the same.nAgas likely that the effect of this error may beore

accurately estimated in the future.

May surveys
The rationale for the derivation of parameters dbesx error factors that differ in range from tregiplicable
to November surveys, is provided below; these shaghin be read in conjunction with those publisinetthe

aforementioned Survey errors workshop report:

« Depth dependence on Target Strength
Juvenile round herring tend to be distributed aldeshore during the recruit survey than adultsirduthe
November survey and therefore the maximum errdikedy to be lower. However, given that the largest

reduction in TS occurs within the first 50 m of thater column, it is still considered to be an imipot source
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of negative bias. Further analyses on the mearhdsptound herring recruits during the May survegym

improve estimates of the likely effect.

* Attenuation
As for sardine recruits, attenuation biases arehflito be smaller than those applicable to denskoding
adults. No information on the likely reduction mg effect for round herring recruits is availalitet we have
assumed that the maximum error is 10% and thadigtgbution of the error is symmetrical around tthkely

midpoint of 5%.

* Target Identification
The range of this error should be smaller than filraNovember surveys, given the closer inshorgidigtion
and smaller overlap between round herring recauits adult horse mackerel. Similarly the under-samgpbf
round herring during trawling is likely to be letsgn that for adults because slower swimming jueertiund
herring are less likely to avoid capture than adulthe maximum and minimum ranges have therefoea be

reduced, although the distribution is still centoedl (equal chance of under- or over estimation).

*  Weather effects
The maximum range for this error is assumed toibéas for May and November surveys, although tkely
range has been halved to account for the more riegtistribution of recruits relative to adults, aswhsequent

reduction in mean depth distribution during the.day
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