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INTRODUCTION

Geromontet al. (1995) estimated a female proportion in the saghst longline catches of 83%.
Furthermore, there are very clear sex-specifiediffices in somatic growth for bdth paradoxus and

M. capensis, in fact more so than between species (see Fidrditine application of age-length keys
to obtain catch-at-age proportions is conductediauit attention to sex-specific differences, but-sex
differential growth means that larger sized of rmadee not well represented in the catch. This could
confound estimates based on catch-at-age dataogeekfrom a sex-aggregated age-length key, which
might consequently underrepresent the number @&irdldke present (and therefore affect the estimates
of natural mortality).

This document presents a first attempt at modetlegsexes separately, which requires fitting dlyec
to age-length keys (ALKs) and length frequencieg. (Buntet al. 2006).

THE MODEL

The model is sex-specific; however, apart from sgeeific age-length keys, all the data availabke ar
sex-aggregated. Some assumptions have therefbeert@mde.

As it is not possible to estimate a sex-specifiedt@ity-at-age, it is rather assumed that thec@lity-
at-length is the same for both males and femalés. Model therefore needs to keep track of the
numbers in each length class. Rather than movdengih-based model, the option being pursued is to
keep the model age-structured and convert numheageainto numbers-at-length using a length-at-age
distribution (assumed to remain constant over time)

The catches cannot be disaggregated by sex, arel hems no reason to suppose that there is any
preferential targeting by sex; thus, we assumettietinnual fishing mortality generated by eachtfle
is the same on both males and females.

Note: for ease of reading, the ‘species’ supersbiag been omitted below.

The numbers-at-age are converted to numbers-atHersgfollows:

NJ., =NJ.PJ 1)
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where Pg, is the proportion of fish of age and sexg that fall in the length group(i.e., Z Pg =

for all agesa). The matrix A is calculated under the assumption that lengthgat-is normally
distributed about a mean given by the von Bert&agrjuation, i.e.:

L, ~ N|L.[l-e*@). 2| (2)

whered, is the standard deviation of length-at-@gevhich is modelled as a function of the expected
length at age, i.e.:

6,=plL.-er=v) Q

Population dynamics:

N;alyaﬂ,l:( g ZC j Mal2 for0<sasm-2 (4)

N3+1,m,l = (N;?,m—u g Mm2 _Zcﬁ,ifj e_Mm_llz*{ mle ZC ] ()
f

where
N?,a,l is the number of fish of sax agea and lengtH at the start of yeay,
M denotes the natural mortality rate on fish of agassumed — for the moment - to be the same

a
for males and females),

C?V’lf is the estimated number of hake of geand length caught in yeay by fleetf, and

m is the maximum age considered (taken to be a plugp).

A Beverton-Holt stock-recruitment relationship ssamed, with the recruitmenF{f) dependent on
the female component of the spawning biomass asuha@ag a 50:50 sex-split at recruitment.

aBsp,females 02 /2
RI=05—2___ """ ®)
y sp, females
B+By
where
a and [ are spawning biomass-recruitment relationshipmpataers,

Sy reflects fluctuation about the expected recruitirfen yeary, which is assumed to be normally

distributed with standard deviatiofiy ;

B;p’g is the spawning biomass of sgat the start of year, computed as:

B = ZIZ f,WeNZ,, (7)

where

V\I,g is the mass of fish of sexand lengti and fa is the proportion of fish of agethat are mature.



MARAM IWS/DECO08/H/9

Catch
— -M, /2 of [ f
C)gal Ngal € Sy,I I:y (8)
where
S;’l is the commercial selectivity,
Fyf is the fished proportion of a fully selected léngtass, for fleet, assumed to be the same for

males and females.
Note: SandF are assumed to be independerg.of

The estimated sex-aggregated catches-at-length ¢cofnpared with observations of length frequencies
are:

= ZZCS’J. )
9
The (known) annual catch-by-mass of fleet given by:

Zzzwlgcyal (10)

So that:

=C| / (%: Za: Z Ng,,e™/?s], J (11)

The likelihood function

The model is fitted to CPUE and survey abundandicés, commercial and survey catch-at-length
data, as well as to the stock-recruitment curveedtimate model parameters, as in the baseline
assessment. The contributions by each of thedeetndgative log-likelihood are not repeated here.

For years for which ALKs are available, the baselassessment is also fitted to commercial and
survey catch-at-age data. Here however, the medittdéd to the data underlying the ALKs directiyg,
that catch-at-length are used throughout. The Alafs the only data that are available in sex-
disaggregated form. The contribution of the ALKdhe negative log-likelihood is as follows.

Under the assumption that fish are sampled randavitly respect to age within each length-class, the
contribution to the negative log-likelihood for tA& K data (ignoring constants) is:

nLAK = ZZZ[AObS |n(pi’|‘a) Aobs In(Aobs )J (12)

were

obs
al

is the observed number of fish of agthat fall in the length cladsfor ALK i (a specific
combination of survey (or commercial fleet), yegrecies and gender)

P 4, is the model estimate a, , computed as:

ClIAaI
Lar =W
pl‘a ZCHA&I

where W, , is the number of fish in length clasthat were aged for ALK

(13)
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DISCUSSION

With the addition of the length dimension, the mad®wv runs extremely slowly and results have not
yet been obtained.
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Fig. 1: Estimated mean length-at-age from the vemtdanffi equation for males and femalds
capensis andM. paradoxus



