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Summary

The revised methodology for hake assessments tiyrnender development requires inputs on the
relative biases amongst different readers of hajes drom otoliths, and the extent of variability of
these readings. This document details the methggoblpplied to determine these ageing error
matrices.

Introduction

The current stock assessment models used for théh S&frican M. paradoxusand M. capensis
resources are age structured models, making usgeifig data, either in the form of catch-at-age dat

or more recently directly as age-length keys. Umtilv the assumption has been made that age classes
are determined without error, when in fact somell@f misclassification is often to be expectedeAg
reading error occurs when estimates of age baseeaoling hard structures such as otoliths diffemfr

the true age of the animal concerned. There aresbwmoces of uncertainty in the relationship between
the ages obtained from reading otoliths and the &wge of the animal: bias and imprecision. Ageing
bias occurs when there is a systematic differeretevden the true age of an animal and the age
assigned to it, whereas ageing imprecision occheswage-reading errors occur at random (Ruat,
2008).

Errors in ageing can be taken into account by sipglan ageing-error matrix (Fournier and
Archibald, 1982; Richardst al, 1992; Punkt al, 2008), which defines the probability of assignan
particular age to a fish with a given true age. Wethod described in Puet al (2008) is used here to
construct such matrices for the two hake speciesge in upcoming assessments.

Data and M ethod
Puntet al (2008) model the probability of readefof | readers) assigning an animal of true age
age ofa', P' (a'|a) , by assuming that both the ageing bias and tlereading error standard

deviation depend on the reader and the true agleeofnimal and that age-reading error is normally
distributed about the expected age (i.e., the égpeage given any bias in age reading):
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where

b; is the expected age when readéetermines the age of an animal of true age

U; is the standard deviation for readlef the age-reading error for animals of true agand
@ is the vector of parameters that determines tkeragding error matrix.

The ageing bias is modelled by:
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where
bL is the expected age of animal of prespecified mimh agel.,
bH is the expected age of animal of prespecified marn ageH, and
A determines the extent of nonlinearity betweenttbe age and the expected age (note that

A =0 reflects the special case of linear dependence).

The age-reading error standard deviation is moddiie
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where
g is the age-reading error standard deviation feregpecified minimum ade
g, is the age-reading error standard deviation forespecified maximum adgé, and
a determines the extent of nonlinearity betweenagkthe age-reading error standard deviation

(note thata =0 reflects the special case of linear dependence)

The values for the parameters that determine tha@ading error matrix for each reader are estithate
by maximizing the following likelihood function:

L(AB.¢)= ﬂZﬂl‘l P(a, a.g) @
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where

a is the age assigned by read#s thejth otolith,
A is the entire data set of otolith readings, and

,Ba are nuisance parameters that can be interpretdibaglative frequency of animals of (true)
agea in the sample (rather than in the population frghich the sample was taken).

In general, not all otoliths are read by all read@herefore, the likelihood function is more gextlgr
the product of egn (4) over sets ofotoliths thatenadl read by the same group of readers and aatepa
set of f's is estimated for each such set of otoliths.

For this hake case the ageing error matrices warguated for each species separately. The data were
aggregated over sex and over all sources of datevels, commercial offshore and commercial
longline). For each species, the data were dividedthree groups of three readers:

a) Alexia Daniels (AD), Luke Bester (LB) and ‘Unknovireader’ (UR),

b) Kevin Gradie (KG), John Prinsloo (JP) and Andy ReBave Japp (AP/DJ) (these two
readers have been aggregated as they read otfithasvhen KG and JP did not agree, i.e.
relatively very few data available), and

c) Phoeby Mullins (PM), Teressa Akkers (TA) and Ka&ibley (KB).
Table 1 give details on the data available for egrcup.
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Results and Discussion

In each group of three readers, one reader at Veastassumed to be unbiased, as the age-reading
errors would be confounded otherwise (Pentl, 2008). For each group of three readers, Akaike’s
information criterion (AIC) was used to select amoaternative models (including which reader
should be assumed to be unbiased).

The final models for age-reading error are sumradria Table 2, while Figs 1 and 2 show plots of the
age-reading error matrices for each reader andespdeig. 3 plots the estimated ageing bias foheac
reader within each set of three readers. The Fattih some instances there is a bias for theagee
zero is connected to the use of a minus group.
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Table 1: Number of aged hake by species for each reader.

M. capensis M. paradoxus
Source Year UR AD LB UR AD LB
324 324
WC summer 1999 314 351 358 263 299 299
WC summer 2006 465 465
WC summer 2007 369 369 554 554
WC summer 2008 451 451 409 409
WC winter 2004 808 808
SC spring 2006 243 243
SC autumn 1999 265 264 139 139
SC autumn 2005 192 192
SC autumn 2007 626 626 358 358
SC autumn 2008 638 638 214 214
M. capensis M. paradoxus
Source Year KG JP AP/DJ KG JP AP/DJ
WC summer 1992 389 389 33 310 310 44
WC summer 1993 351 351 62 311 311 49
WC summer 1994 282 282 6 290 290 4
WC summer 1995 0 368 0 303 0
SC autumn 1992 329 329 91 40 40 5
SC autumn 1993 407 407 40 95 95 23
SC autumn 1994 390 391 83 72 69 27
Comm Offshore 1992 260 260 28 521 521 46
Comm Offshore 1993 115 115 17 645 645 75
Comm Offshore 1994 126 126 5 330 330 38
Comm Longline 1994 314 314 9
M. capensis M. paradoxus
Source Year PM TA KB PM TA KB
WC autumn 1999 408 406 400 140 140 140

Table 2: Selected model for age-reading error for eactlgeand species.

M. paradoxus M. capensis
bias precision bias precision
AD Eqgn 2 Eqn 3 Eqgn 2 Eqgn 3
LB Eqgn 2 Eqn 3 Eqgn 2 Egn 3
UR Unbiased Egn 3 Unbiased Egn 3
KG Eqgn 2 Eqn 3 Eqgn 2 Eqgn 3
JP Eqgn 2 Egn 3 Eqgn 2 Eqgn 3
AP/DJ Unbiased Eqn 3 Unbiased Egn 3
PM Linear Eqn 3 Eqgn 2 Egn 3
TA Unbiased Egn 3* Unbiased Egn 3
KB AsPM As PM As PM Egn 3*

* Egn 3 pertains to the coefficient of variationhar than the standard deviation.
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Fig. 1: Plots of the ageing-error matrices (‘true’ vspested age — the area of the bubble represents the
proportion expected at each age) Kor paradoxusand M. capensisfor the two current readers (AD
and LB) and the ‘unknown reader’.
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Fig. 2: Plots of the ageing-error matrices (‘true’ vspeasted age — the area of the bubble represents the
proportion expected at each age)¥brparadoxusandM. capensis
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M. paradoxus M. capensis
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Fig. 3: Plots of the true vs. mean expected age acrasere foM. paradoxusandM. capensis



