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Introduction

Initial results of the updated assessment of thelSAafrican anchovy resource, using data from 1882010,
were presented by de Moor and Butterworth (20This work included the use of a random effects rhéate
adult natural mortality with a fixed standard déxaa of 0.2 and 0.5. This approach has now beetdu
extended such that annual autocorrelation can tladed and the associated parameters can be exdimat
rather than fixed. Similar testing on the useafdom effects models for juvenile natural mortaktigs also

been undertaken.

Population Dynamics Model
The population dynamics model used for the SoutficAfi anchovy resource is detailed in AppendixFhe
data used in this assessment are listed in de Babr(2011), with a subsequent update to the weightsyat-

The prior distributions for the estimated parangteere chosen to be relatively uninformative.

Results

Random effects on adult natural mortal(t\ﬂ Qy) were modelled first with no autocorrelation betwegmual

adult natural mortality p=0 in equation (A.8)) and then with autocorrelatiocluded. Table 1 shows the

contributions to the joint posterior of the likaditds for the different sets of data and the pristridutions.

The best overall posterior value (i.e. the postariode) is obtained when both,, and p are estimated, with

values of 0.26 and 0.43 at this joint posterior mod

The population model fits to the time series ofradance estimates of November 1+ biomass, DEPM att#n

of spawner biomass, May recruitment and proporéibage 1 in November are shown in Figures 1 to 4

respectively for four cases: i) no random effectsM);}j,y (£§‘d =0, p=0), ii) random effects orM Qy with

no autocorrelationd,, = 034, p=0), iii) random effects orM Qy with autocorrelation (fixedr, = 015,

p=062), and iv) random effects ol aA}j'y with autocorrelation (estimatesdl,, = 026, p= 043).

Although the model projected posterior mode es@siaif 1+ biomass and May recruitment in 2010 lll

near the extremes of the 95% PI due to the modejgiing to match a sharp decrease in the 1+ bisratisr a

“ MARAM (Marine Resource Assessment and Managemertui, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.
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relatively good recruitment, the fits are an impgrment over previous results. The fit to the Mayrui data is

substantially improved with the inclusion of randeffects (Table 1, Figure 3).

The fit to proportion-at-age 1 is also substantiéthproved with the inclusion of random effects Ifleal,
Figure 4). Higho,, values result in excellent fits to the proportatrage 1 data, but with unrealistically high

deviations from the median adult natural mortalifyne more realistic ranges Maﬁj,y shown in Figure 5 still

correspond to good fits to the proportion-at-agedata (Table 1, Figure 4). When both, and p are

estimated, the range d‘ﬂ;}j,y is [0.62, 1.89]. Whero,, is fixed at a low value (0.15), autocorrelation is

estimated to be higher but the range of valuesdsced to [0.83,1.39] (Table 1, Figure 5).

The estimated Beverton-Holt stock recruitment cusvelotted in Figure 6. The parameter valuesredid at

the posterior mode are given in Table 2.

The model was similarly extended to also includaradom effects model on juvenile natural mortalifyhis
showed that there was no statistical justification including such temporal variability in juvenileatural

mortality.

Summary and Future Work

The use of a random effects model for adult natomattality has resolved the former problem of paes
trends in the residuals from the model fit to Magruitment and the November proportion-at-age & (e
Moor and Butterworth 2011). The results preseimdtiis document show that autocorrelation can sivalild
be included in these random effects. The authmpgse that the option where both the standardatiei

0,4, and the autocorrelation coefficienp, are estimated be taken forward in the base casielm The

posterior distributions estimated for these twaapaaters will then provide the information necessargnodel
future changes in adult natural mortality when datian testing OMP-12. Robustness tests to the lbase
anchovy model will then include the case of no eaitelation (ii above) and the case of a fixed $istahdard

deviation with strong autocorrelation (iii above).

Juvenile natural mortality will be treated as timeariant, with model sensitivity to alternativelwes to be

tested using robustness tests.

Having now finalised how adult and juvenile natumadrtality will be modelled in the anchovy assesstne
alternative stock recruitment relationships (inahgdones that admit change over time) will needdaetested.
Alternative median juvenile and adult natural miitstavalues will also need to be tested before aebease
model can be chosen. Markov Chain Monte Carlo lvéllused to simulate posterior distributions of keydel

parameters for use in simulation testing OMP-12.
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Table 1. The individual contributions to the negative logsferior at the mode for alternative valuesaf
and p. Bold values represent those that are fixed rather #stimated using the prior distributions

O, ~U (0105) and p~U (01) . The row initalics represents the best overall fit of the model.

O p InPosterior| Inlyoy INLeggq INLrecruit INLprop1 INPriotrecruit | INPriohadut
0.00| 0.00 66.59 -3.95 7.72 10.97 29.03 22.82 -
0.20| 0.00 32.90 -3.75 7.81 5.14 4.70 20.17 -1.17
0.30| 0.00 30.58 -8.00 6.84 4.84 -0.57 20.48 6.99
0.34| 0.00 30.44 -8.86 6.62 4.77 -1.52 20.57 8.86
0.40| 0.00 30.77 -10.00 6.33 4.66 -2.62 20.72 11.68
0.50| 0.00 32.14 -11.17 6.03 452 -3.55 20.90 15.39
0.15| 0.25 30.33 -3.62 7.93 5.22 15.97 20.71 -15.88
0.15 0.5 29.07 -3.19 8.09 4.70 13.75 20.63 -14.90
0.20| 0.25 29.29 -4.08 7.74 4.95 2.70 20.14 -2.16
0.20 0.5 28.11 -4.18 7.77 4.84 2.56 20.38 -3.25
0.15| 0.62 28.96 -3.94 7.98 4.75 15.06 20.96 -15.84
0.20| 0.47 28.09 -4.17 7.77 4.85 2.45 20.33 -3.15
0.26 | 043 27.51 -6.69 7.10 4.89 -0.54 20.52 2.22
0.30| 0.40 27.66 -7.71 6.81 4.88 -1.57 20.60 4.64
0.40| 0.34 29.05 -9.62 6.29 4,76 -3.08 20.78 9.93
0.50| 0.29 31.08 -10.87 5.99 4.60 -3.77 20.94 14.19
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Table 2. Key parameter values estimated at the joint pestenode together with key model outputs. All

parameters are defined in the Appendix. Fixedesre given imold. Numbers are reported in billions and

biomass in thousands of tons.

Option
i) i) ii) iv)
O NA| 034 015/ 0.26
p NA| 000/ 062] 043
N o520 155.6| 160.1| 162.8| 161.4
N 1652 141.3| 152.9| 142.1| 141.9
N 15622 0.005| 0.005| 0.005| 0.005
N 15633 0.005| 0.005| 0.005| 0.005
59 1.193| 1.115| 1.140| 1.129
k’ 1.072| 0.896| 0.914| 0.890
kA /K& 0.899| 0.803| 0.802| 0.788
Ko 0.968| 0.962| 0.942| 0.946
o2 0.503| 0.090| 0.179| 0.090
) 0.000| 0.000| 0.000| 0.000
ey 0.102| 0.051| 0.050| 0.052
Biwan | 2343.7| 2197.7| 2712.6| 2197.0
Buo | 1100.5| 1190.9| 1150.7| 1179.3
KA 3519.3| 9897.1| 8333.7| 9897.1
h* 0.351| 0.294| 0.319| 0.315
a 0.582| 0.534| 0.542| 0.533
N300 -0.491| -0.622| -0.591| -0.571
Seor 0.215| 0.167| 0.177| 0.189

! OMP-04 and OMP-08 were developed using Risk défiag “the probability that adult anchovy biomasis faelow
10% of the average adult anchovy biomass betweevember 1984 and November 1999 at least once duhiag
projection period of 20 years”.
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Figure 1. Acoustic survey results and model estimates fovexhber anchovy spawner biomass from 1984 to
2010 using i) no random effects oI\YIady (5‘"‘d =0, p=0), ii) random effects onMady with no

autocorrelation ¢,, = 034, p=0), iii) random effects onM /4, y with autocorrelation (fixedo,, = 0.15,

p=062), and iv) random effects o a’?,,y with autocorrelation (estimated,, = 026, p= 043). The

survey indices are shown with 95% confidence irgksivThe standardised residuals from the fit tane) given
in the right hand plot.
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Figure 2. Egg survey results and model estimates for Noegrahchovy spawner biomass from 1984 to 1991

for random effects orM / y With autocorrelation (estimated,; = 026, p= 043). The survey indices are

shown with 95% confidence intervals. The standadligsiduals from the fit are given in the righndhglot.
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Figure 3. Acoustic survey results and model estimates fahawy recruitment numbers from May 1985 to
May 2010 using i) no random effects (Mady (ead =0, p=0), ii) random effects onM ad,y With no
autocorrelation ¢,, = 034, p=0), iii) random effects onM /4, y Wwith autocorrelation (fixedo,, = 0.15,

p=062), and iv) random effects oM % ad,y With autocorrelation (estimated,, = 026, p= 043). The

survey indices are shown with 95% confidence ireksivThe standardised residuals from the fit tane) given

in the right hand plot.
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Figure 4. Acoustic survey results and model estimates fopgutions of 1-year-olds in the November survey

from 1984 to 2010 using i) ho random effectsl‘qllj;,y (gf,‘d =0, p=0), ii) random effects oM Qj'y with no

autocorrelation ¢,, = 034, p=0), iii) random effects onM Eﬁj,y with autocorrelation (fixedo,, = 015,

p=062), and iv) random effects o Eﬁj,y with autocorrelation (estimated,, = 026, p= 043). The

standardised residuals from the fit to iv) are giue the lower plots, against year and against rnesémates
of proportions at age 1.
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Figure 5. Model estimated annual adult natural mortalityijar) iii) and iv). The random effects are pledtin
the right hand panel.
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Figure 6.

Model predicted anchovy recruitment (in Novembpltted against spawner biomass from

November 1984 to November 2010, with the Bevertaft lstock-recruit relationship for random effects o

A
I\/Iad,y

with autocorrelation (estimated,, = 026, p= 043).

The vertical thin dashed line indicates the

average 1984 to 1999 spawner biomass (used ineffigtobn of risk in OMP-04 and OMP-08). The datte

line indicates the replacement line. The standadiresiduals from the fit are given in the lowletg against

year and against spawner biomass.
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APPENDIX: Bayesian Assessment Model for the South A frican Anchovy Resource

Model Assumptions

1)
2)
3)
4)

5)
6)
7

8)

9)

All fish have a theoretical birthdate of 1 November

Anchovy spawn for the first time (and are calledladnchovy) when they turn one year old.

A plus group of age 4 is used, thus assuming thtatral mortality is the same for age 4 and oldesag
Two acoustic surveys are held each year: thetfikes place in November and surveys the adult stock
the second is in May/June (known as the recruitesgrand surveys juvenile anchovy.

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

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

The egg survey observations (derived from dataect#t during the earlier November surveys)
provide absolute indices of abundance.

The survey designs have been such that they resalirvey estimates of abundance whose bias is
invariant over time.

Pulse fishing occurs five months after 1 Novemioerlfyear-old anchovy; for O-year-old anchovy this
occurs 7% months after 1 November prior to 1999 &% months after 1 November from 1999

onwards; these two ages (0 and 1) are the onlytaggsted by the fishery.

10) Catches are measured without error. (Selectiviiigge 0 and age 1 anchovy varies from year to year.

This would prove problematic were model predictattls to be estimated and fitted to observed catch,

but here the observed catches-at-age are diraciyporated into the dynamics.)

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

Population Dynamics

The basic dynamic equations for anchovy are asvisll wherey, = 2010.

Numbers-at-age at 1 November

Npy = (Nj e P2 o pyer Ml 2 y=1984...1998

N2 = (N2 e @M 12 _ cA ye Gy 2 y=1999....y,

N2, = (N, e %0 12 oo p e ™M 12 y=1984....y,

N = Nty e y=1984...,y,

NJa. =NJ e e y=1984

N, = NA e ™Mer +NA,, e e y=1985...,y. (A1)
where

N)’:a is the number (in billions) of anchovy of ageat the beginning of November in yaar

10
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ch is the number (in billions) of anchovy of ageaught from 1 November in year—1 to 31 October in

yeary;

M?# is the annual natural mortality (in y&of juvenile anchovy (i.e. fish of age 0) in yegr and

M Qj,y is the annual natural mortality (in y&of adult anchovy (i.e. fish of age 1+) in year

Biomass associated with the November survey

y,a“vy.a

. ar
By = > N wy y=1984....Y, (A2)
=)

where:

é;‘,N is the biomass (in thousand tons) of adult ancteavihe beginning of November in yaarwhich are

taken to be associated with the November survay; an

W;a is the mean mass (in grams) of anchovy ofaagampled during the November survey of year

Anchovy are assumed to mature at age 1 and thisp#wvening stock biomass is:

4+

S84 = SINAWA, y=1984...,y, (A-3)
=1

Recruitment

Recruitment at the beginning of November is assuteefluctuate lognormally about a stock-recruitment

curve:
A
N2, = f(ssB2, e y=19084....y, , (A.4)
where
A A
a”SB A A Al _RLA
f(SSB)’,*N)=A—y": for the Beverton Holt curve, witho” = 42 LS Jcia :ﬂlA—h) and
' +SBy 5h” -1 X 5h™ -1
3 -MA-(a-)MA -MA-3MA 1
X=>whe ™ “ +W,e '€ = and
a=1 1—e"Mad
h* is the steepness associated with the semkitment curve

K” s the carrying capacity
53’,* is the annual lognormal deviation of anchovy réorant.
Number of recruits at the time of the recruit survey

The following equation project® QO to the start of the recruit survey, taking natanadi fishing mortality into
account, and assuming pulse fishing of juvenilek ldiay (based on historic data).

Np = (N e = Cly)e ™™ ™ y=1985....y, (A5)

where
11
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Ny, is the number (in billions) of juvenile anchovytiag time of the recruit survey in year

CQObS is the number (in billions) of juvenile anchovyughat between 1 November and the day before the star
of the recruit survey in year

t2 is the time lapsed (in months) between 1 May dred start of the recruit survey that provided the

estimateN,',. in yeary.

Proportions of 1-year-olds associated with November survey

N A
pA = yl y=1984...,y, (A.6)
2 NS
a=1
where

ﬁ)’,*,l is the proportion of 1-year-old anchovy at theibeiopg of November in yeay, which is taken to be

associated with the November survey.

Fitting the Model to Observed Data (Likelihood)

The observations are assumed to be log-normaltsitlised, and sampling CVs (squared) of the unfransed
survey observations are used to approximate thenglag” component of the total variance of the
corresponding log-distributions. The proportiond gear-olds are first logit-transformed beforengeused in
the likelihood. Thus we have:

~ 2
n [(InBA, ~In(kAB2,))

—InL=1>

y=1984 (O-yA,N)Z +(A0)?

+inf2r(02)7 + (48)2)]

w1 [(InBA_ —In(k*BA)f
( — A )g r ) +|n[2ﬂ(0-?,egg)2]

y=1984 (Uy,egg

. (A7)
n [(InNA —InkANA)f

y=1085 (U ) +(/]A)

+inf2rl(af)? + ()7

+%§ (in(ps, /- pf.) (:El;:pyl/( ) +|n[zn(a |
where

B)’:N is the acoustic survey estimate (in thousand tohaglult anchovy biomass from the November survey

in yeary, with associated C\U)’:N and constant of proportionality (multiplicativeab) k. :

% This transformation proved adequate, resultingdreteroscedasticity in the residuals of the Izgitsformation.
12
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B2 is the egg survey estimate (in thousand tonsdaftanchovy biomass from the November survey in

yeary, with associated CWw__ and constant of proportionality” :

y.€99

N2 is the acoustic survey estimate (in billions) otlaovy recruitment from the recruit survey in ygar
with associated C\U)’,fr and constant of proportionaliﬂy,A;

pﬁl is an estimate of the proportion (by number) gear-old anchovy in the November survey of year
For the base case assessment an average Prodehgigeey is used to derive these proportions;

kA is a multiplicative bias associated with the pmtipo of 1-year-olds in the November survey;
(A%,,)?is the additional variance (over and above theegusampling CVJ;:N,r that reflects survey inter-

transect variance) associated with the Novembeufitezurveys;

ob is the standard deviation associated with the gnt@m of 1-year-olds in the November survey, which

is estimated in the fitting procedure by:

=] Shlogs - ) -k b )/ 3

=1984 =1984

Fixed Parameters
Three parameters are fixed externally in this asseat (see main text for reasons and for variatfons

robustness tests):

M fy = 09for all years,(/]ﬁ)2 =0, and kgf =1, as the egg survey estimates of abundance areedsio be

absolute.
Adult natural mortality varies around 0.9 as follow

2

MA, =09e™ with £ = pei, +,1- p2p (A.8)

Estimable Parameters and Prior Distributions
The recruitments are assumed to fluctuate logndyrahbut the stock-recruitment curve:

£l ~ N(O, (ar’*)z) . y=1984..y,,

The remaining estimable parameters are define@éadnthe near non-informative prior distributions:
In(k£)~U (-100,0.7) (upper bound corresponding kg =

In(krA)~U (-100,0.7) (upper bound corresponding kd' =

In(k§)~U (-1000.7) (upper bound corresponding kg =2)

(1 ~u(ar00)

() ~u(0n0)

13
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N sssa ~U (0500), a=01

Nissaa ~U (0001, a=23
h* ~U (0.215)

In(K A)~ U (469.2) (corresponding to a range of about [100 000t; (L @T0t] for K *)

n* ~N(0,02)
0,4 ~U(0105)
p~U(03)

Further Outputs
Recruitment serial correlation:

yn-2

D 48y

A _ y=1984 ( A 9)

Scor -
yn—-2 yn—-2
2 2
28| &
y=1984 y=1984

and the standardised recruitment residual valug2@6b:

€A
A _ Tyl
Mo =25 (A.10)

r

are also required as input into the OMP.
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