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Introduction

In the most recent assessments (Rademeyer andvdutie, 2006) of the South African hake resource,
Merluccius paradoxus andM. capensis are treated as two separate stocks, but are adsgissultaneously
within a single assessment framework and for th&hs@and west coasts combined. This simultaneous
assessment is necessary because much of the dataileble in species-aggregated form only. Thes th
model is one of two species and two spatial stfsgea Fig. 1) with differences in the distributidns age
within each stratum handled by allowing for stratsipecific commercial (in principle, though not st
particular implementation) and survey selectivitiggher than explicitly modelling movement. Thidldws
the recommendation from the January 2004 BENEFI'FMRLME workshop (BENEFIT, 2004), though
the further recommendation of that workshop to mcktto four spatial strata (two by depth as weltvag
longshore) has yet to be implemented. The only deafiable which are explicitly disaggregated bgadps
are those from research surveys that have takee friam 1986 to the present. However the framewlods
admit implicit disaggregation of data from the coengial fishery as summarised below.

Rather than providing advice based on a single rBeée Case, a Reference Set (RS) has been developed
The Reference Set aims to take account of therfathat account for most of the uncertainty regaydhe

key considerations of resource status and prodtyctiflthough this elaboration is intended primgrtb
serve the needs of OMP (Operational ManagementBuwe) development and testing, it has also beeth us
recently for the purposes of “assessment-basedicadThis RS is constructed by including variations
around four aspects of the assessment:

1) Natural mortality ¥): different (age-dependent) upper bounds are imefged (2 scenarios).

2) Different assumptions about the species split efctches pre-1978 (see Fig. 2) (3 scenarios).

3) Steepness parameté):(Different upper bounds are implemented (4 sdesar

4) Recent stock-recruitment residuals: one scenattio @gnstant variability throughout the period, the
other forcing recent recruitment closer to the lst@cruitment curve (2 scenarios).

Each scenario is given equal weight, so that thedSists of a total of 48 equally weighted compisie

The reasons for this combination of options arfobews:

1) Best fits to the data yield estimates of naturaitality that are unrealistically large (particulafbr
older hake) so that these have been constraingd eateed specified lower values.

2) Plausible assessments do provide some insighte@sgéacies split of the pre-1978 catches. If the
change from a primarilyvl. capensis to primarily M. paradoxus fishery occurred much later than
indicated in Fig. 2, results reflect an unreal@ticlarge currenM. capensis biomass, together with



an unrealistically low multiplicative bias for swegrea biomass estimates from the south coast
survey.

3) The best fits generally yield estimateshdbr both species on the upper bound of 0.95 whatput,
so that alternatives for lowdr are also included to better allow for the possibibf recruitment
overfishing in providing management advice. Therfecenarios are as follows: Hh:values for
both species are estimated in the minimisationgeecH2:h for M. paradoxus is fixed at 0.8 and
estimated foM. capensis, H3: h for M. capensisis fixed at 0.7 and estimated figr. paradoxus, H4:
h is fixed at 0.8 and 0.7 féd. paradoxus andM. capensis respectively. A higher fixed (0.8) forM.
paradoxus thanM. capensis (0.7) has been chosen because of the smaller Qvfés M. paradoxus
compared td. capensisin scenario H1.

4) Given large recent catches of smdl paradoxus, the assessments suggest very high recent
recruitment (based on little data) which impliespida rebuilding. An alternative involving
(effectively) greater shrinkage of recent recruitsetowards the mean suggested by the stock-
recruitment function fitted is considered in casehslarge recruitment estimates are providing
unduly optimistic projection results.

Data

Total catches

The South African hake stocks are fished by foeet: the offshore trawl fleet and the longlinetleperate
on both the south and west coasts, while the imestrawl fleet and the handline fleet operate onsinath
coast only. Species-disaggregated catch seriesxégenal inputs to the model and are shown in &igA

summary of the assumptions made to disaggregatatbkes by species and fleet is given below.

a) Offshore trawl fleet:
1978-2004:

The catches made by the offshore trawl fleet haanlsplit by species by applying the size-basedispe
proportion-by-depth relationships, as estimatechfresearch survey data for the west and southsg;dhst
have been developed by Gaylard and Bergh (2004 [ossibility that the research survey information
provides biased estimates of proportions in thememial catches has been addressed in separaivagns
tests.]

1917-1977:

Prior to 1978, there is no depth information reedrdor the landings so that the proportionvbfcapensis
caught cannot be estimated using the method alBresiously, the proportional split over the 191719
period has been assumed to equal the averagedittaingd over the 1978-1982 in dividing the catdioes
these years. More recently, however, the catch fdatthe 1917-1977 period have been split by assgmi
that the proportion oM. capensis caught follows a logistic trend over this periatirting at 1 and then
decreasing to stabilise at the 1978-1982 averalye vindeed, trawling was concentrated in inshoeas
around Cape Town when the fishery began (i.e. fgb@atching M. capensis exclusively) and
progressively moved offshore, so that this seem®@ defensible approach. The proportiofMoicapensis
in the offshore trawl catch in yegoon coast is thus given by:

1-A,

ro off — + A 1
PP " v ed(y-R)R] Y
where
A, is the average proportion bf. capensis in the offshore catch over the 1978-1982 periacctmstc

(24% and 60% on the west and south coasts resplychir scenarios C3a-c), and

P:, P, are parameters of the logistic functid®:is the year in which the proportion bf. capensis in the
catch is half-way between 100% and; while P, defines how rapidly this change in proportion ascu

The following scenarios have been included in teéeFRence Set:



C3a:P1=1950 andP,=1.5;
C3b:P1=1940 andP,=1.5;
C3c:P1=1957 andP>=1.5.

The proportion oM. capensis consequently assumed for the offshore trawl catébescenarios C3a-c is
shown in Fig. 2 for the west and for the south toas

b) Inshore trawl fleet:

The inshore trawl fleet operates on the south cmalgt Catches made by this fleet are assumedrisigtoof
M. capensis only, as it operates in relatively shallow water.

Because fleet-disaggregated catch data are ndabbeaprior to 1974, the assumption has been niaaiete
annual catch of the inshore trawl fleet from 196A 973 increased linearly from 1000t to 5000t, #ad the
balance of the total catch recorded was taken &dyttshore trawl fleet.

c) Longline fleet:

Longline catches on the west coast are assumedntsist of 30%M. capensis for the whole period that
longlining has been in operation (from 1983), whulethe south coast catches by this fleet are ssdum
consist ofM. capensis exclusively.

d) Handline fleet:

The handline fleet operates on the south coast @dyfor the inshore fleet, catches made by ttastflare
assumed to consist bf. capensis only.

The overall catch in 2004 is taken to be the TACthat year, with the same proportion of each ssas
caught by each fleet in 2003 assumed.

Abundance indices

Historic (ICSEAF) (1955-1977 on the west coast 4869-1977 on the south coast ) and GLM-standardised
(post-1978) CPUE data are available for the hakghofe trawl fishery. The historic CPUE series @irive
disaggregated by species, as there are no effaiepth data available for this pre-1978 period, aods
fitted to an appropriate combination if. capensis and M. paradoxus exploitable biomass (see Appendix
A).The GLM-standardized CPUE series are speciesiapendices (and based also on the new Gayladd an
Bergh estimated species-proportiendepth relationships).

Survey biomass estimates for the west (summer antery and south (spring and autumn) coasts are
available forM. paradoxus andM. capensis separately. The winter and spring surveys have beeasional,

but the summer west coast and autumn south coastyswirtually annual since 1988 and 1985 respelsti
(except for four and six missing years respectivetyowever for 2000-2001, the summer surveys were
carried out by theNansen instead of theAfricana, so that appropriate adjustments to allow foredéht
survey selectivity functions for these two vessetsmade in the assessment.

Catches-at-age
Survey catch-at-age data are availableMoparadoxus andM. capensis separately.

Commercial catches-at-age are available for thehofe (1975-1996) (both coasts combined) and the
inshore (1989-2000) and longline (1994-1997, 20@@uth coast only) fleets. They cannot be split by
species on an age-basis, but for this assessnigiig tiot a problem for the south coast inshorelandline
fleets as their catches are assumed to considt ofpensis only in the region in question. For the offshore
trawl catches, the model fits available data taljoted catches-at-age for the two species together.

Annual age-length keys are used throughout, bubegeages over sex and species.



Key Assumptions

The model used in the South African hake assessimem Age-Structured Production Model (ASPM). It
now includes a new method introduced to model fistotic (pre-1978) ICSEAF CPUE series which are
available in terms of species-aggregated catchigs see Appendix A.

A summary of the specifications for the RefereneegSsessments is given below.
a) Plus-group:

Age 15 is used as the plus-group for both spediesugh recent catches reflect few fish of more thian
years of age, this is necessary to take properuatas the greater weights-at-age of the older halesent
during the initial years of the fishery.

b) Natural mortality:

Ma is taken to be age-dependeMt) — see eqn 2 below. Upper bounds of 0.5 and @&hésio M1) and 1.0
and 0.5 (scenario M4) for ages 2 and 5 respectadymplemented. As there are not enough datafdon
on the natural mortalities at ages above 5 Nbrparadoxus and above 7 foM. capensis, the natural
mortalities estimated for age 5 fiot. paradoxus and age 7 foM. capensis are assumed to apply to older
ages as well.

Mg, for a<1l
M = M 2
B aM +Ps for a=2 @)
a+l

wheres signifies the species, andipdnd M are set equal to Mas there are no data (hake of ages younger
than 2 are rare in catch and survey data) whichHdwallow independent estimation ofspnd M.

¢) Commercial selectivity-at-age:

The commercial selectivities take the form of ltigisurves. Selectivity at low ages in the commarci
catches has changed over time, likely due to ttesipg out of net liners. To take account of thiange,
periods of fixed and changing selectivity have bassumed for the offshore fleet.

The offshore trawl selectivity fokl. paradoxus is assumed to decrease exponentially from ageitB @v
slope parameter estimated in the model fitting pdoice), while forM. capensis the offshore selectivity is
assumed flat for older ages as these are assuniiedftdy available to this fleet. This selectivapplies for
the whole region (i.e. for west and south coastalioned). For the inshore fleet on the south cahst,
selectivity is allowed to decrease exponentialnfrage 5, as this fleet does not fully select offikdr
because the distribution of hake extends deeper itlkaarea of operation. Because the longline fishe
targets principally older fish, the selectivity ftirat fleet on the south coast is also assumedk tfhab for
older ages. There are no catch-at-age data avatlaldstimate a selectivity vector for the handfieet, so
the assumption is made that the selectivity fas fldet (assumed to catdh capensis only) is intermediate
between the inshore trawl and longline selectisitie

In all cases, the exponential decrease (or congtamassumed to continue from age 5Narparadoxus and
age 7 foM. capensisto age 15+.

d) Survey sdlectivity-at-age

Survey selectivities are estimated directly forreage. A separate selectivity is assumed for epehies,
season and coast combination for which data aiéabla

An exponential decrease in selectivity is assunmmeth fage 5 foiM. paradoxus with the slope parameter
fixed at 0.5, and from age 7 ftd. capensis with the slope parameter fixed at 1.0 (these wahgve been
roughly computed from previous assessments) —thaté'slope” in this context means:

Sa+1 = Sae—5|0pe
€) Sock-recruitment residuals

The residuals are estimated from year 1985 to @04 lack of age data before that time precludes
estimation of earlier values in a MLE context). Tvariability level (standard deviation of the logge
residualspy, is fixed at 0.25. This is low compared to othenikr stocks worldwide, but the age data in this

instance do not suggest high levels of variability.



f) Age-at-maturity

For both species, 100% of fish of age 4 and abox@ssumed to be mature and to contribute fultii¢o
spawning biomass and hence recruitment, and ndoe lbieis.

Key Results

The overall average and range of estimates of neamagt quantities for the Reference Set are shown in
Table 1. Fig. 4 plots the corresponding biomasgdtaries, focusing on the median, maximum and
minimum values across the scenarios for each yegr.5 shows the survey and commercial fishing
selectivities. In these Table and Figures, resarksalso shown for one specific case of the RSYECHL"™:
higher natural mortality (M4), C3c historic specgsit option, best estimates (high) of steepnély énd
“unrestricted” estimates of recent recruitment (BRIhis case was chosen for presentation becaulssesi
the highest likelihood.

The current status of the. paradoxus resource in terms of spawning biomass is estimtidae low, at
around 10% of the pristine level, whild. capensis is estimated to be in a relatively good state valihe
estimated MSYL.

Figs 6 and 7 show the fits of Case 21 to the CPhtEsarrvey indices respectively, while Figs 8 arghéw
the fit of this model to the commercial and suresych-at-age data. Fig. 10 shows the stock-recemtm
residuals and stock-recruitment curve estimate@doh species.

Key Concerns

The aspects of greatest concern in these assessanent

i) the high natural mortality, particularly at larggea which unconstrained fits to the model
suggest;
ii) the low levels of recruitment variability estimat@m-output of 0.26 and 0.15 fdd. paradoxus

andM. capensis respectively for case 21).

Both of these results are biologically questionaplerticularly in the light of comparisons with cks of
similar species elsewhere in the world. They aressequences of the catch-at-age data input, andefiagt
systematic bias in ageing, or biases introduceddayegating over species and sex in developindeamyth
keys to apply to catch-at-length distributions.
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Table 1 Average and range (in parenthesis) of estimatezanagement quantities of thk paradoxus and

M. capensis coast-combined resources over the 48 scenarithe dReference Set. Results are also shown for
case 21 of the Reference Set (see text for detslSy and associated quantities are given in relaticinéo
selectivity for the offshore fleet. The multipliozg bias estimateqgj is shown foM. capenss for the swept-
area estimates from south coast autumn survey aslythis has proved important in excluding certain
historic catch species split scenarios which haenlviewed as unrealistic because they lead tcausjily

low estimates for thig.

Case 21| median min max
-InL total -185.9 | -172.7 (-185.9; -153.9)

K 1221 1879 (980; 3327)

h 0.95 0.87 (0.80; 0.95)
MSY 125 141 (124; 171)

* B¥® ,00a/K¥ 0.10 0.11 (0.07; 0.17)
2 B¥,004/MSLY 0.62 0.50 (0.33; 0.74)
'c% MSYL ¥ 0.16 0.22 (0.16; 0.26)
g M 0 0.97 0.73 (0.50; 1.00)
: 1| 0.97 0.73 (0.50; 1.00)
= 2| 0.97 0.73 (0.50; 1.00)
3| 0.67 0.53 (0.40; 0.74)

4| 0.49 0.41 (0.34; 0.59)

5+ 0.37 0.32 (0.30; 0.49)

K*® 683 778 (588; 1117)

h 0.74 0.72 (0.70; 0.95)

MSY 78 67 (57; 78)

B¥® ,00a/K¥ 0.56 0.47 (0.32; 0.57)

B%® 2004/ MSYL ¥ 2.03 1.60 (1.12; 2.58)

2 MSYL® 027 | 028  (0.19;0.31)
S M 0 1.00 0.75  (0.50; 1.00)
§ 1| 1.00 0.75 (0.50; 1.00)
s 2| 1.00 0.75 (0.50; 1.00)
3| 0.75 0.56 (0.40; 0.75)

4| 0.60 0.45 (0.34; 0.60)

5/ 0.50 0.37 (0.30; 0.50)

6| 0.50 0.37 (0.30; 0.50)

7+ 0.50 0.37 (0.30; 0.50)

SC surveyy 0.61 0.76 (0.61; 1.09)

2004 species ratio B¥ 3.30 2.10 (0.72; 3.36)
B%' 1.60 1.20 (0.57; 1.79)
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Fig 1. Demarcation of the “old” and “new” boundariepagating the west and south coasts in the hake
fishery assessments (from Glazer, 2005). The nemndsry applies to the analyses summarised in this

paper.
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Fig. 8 Case 21 model fits to commercial catch-at-aga @¢aeraged over all the years for which data are
available).
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Fig. 9. Case 21 model fits to survey catch-at-age dataréged over all the years for which data are
available).
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Fig. 10 Stock-recruit residuals (in relation im recruitment) and estimated stock-recruitment cairve
(together with recruitments as estimated from 1%@%ore which values from the curves are takerpfuya
for M. paradoxus andM. capensis for Case 21 of the Reference Set.
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Appendix A — Fitting to species combined CPUE

In cases where the CPUE series are based uporesfaggregated catches (as available pre-1978), the
corresponding model estimate is derived by assutwogtypes of fishing zones: z1) aM: capensis only
zone”, corresponding to the shallow water and Z2)iged zone” (see Fig. A1 below).

Zone 1 (z1): Zone 2 (z2):
M. capensis only Mixed zone
M. capensis: M. capensis:

biomassB,1), catch C,;) | biomassB,,), catch Cc,,)

M. paradoxus:
biomassBp), catch Cp)

Effort in zone 1E,,) Effort in zone 1 E,»)

Fig. Al: Diagrammatic representation of the two theoréfishing zones.

The total catch of hake of both speciBS)(by fleetf in yeary (Cgg , ) can be written as

Cas.ty =Ccaty + Certy T Cp gy, Where

CCZLfy is theM. capensis catch by fleef in yeary in theM. capensis only zone,
CCZZ’fy is theM. capensis catch by fleet in yeary in the mixed zone, and
CF,’fy is theM. paradoxus catch by fleef in yeary in the mixedzone.

Catch rate is assumed to be proportional to exgitdtbiomass. Furthermore, lebe the proportion of the
M. capensis exploitable biomass in the mixed zor;e=(B§§2fy/B§’ffy) (assumed to be constant throughout

the period) ands, be the proportion of the effort of fletn the mixed zone in year(sy, = E?f/Efy ), so
that:

CCzl,fy = qz:leg;],ny?; = qé:zl(l_ y)ngfy (1_ Sfy )Efy (Al)
Csz,fy = qu22 Bg;z,nyfzyz = qg:zzyBc@,( fySnyfy and (A2)
Co.y =UpBry EY =GBy Sy Ey (A3)
where

g Iisthe constant of proportionality for abuncieuseries and species,

Ey = Ef; + Efyz is the total effort of fleeft, corresponding to combined-species CPUE serdsch

consists of the effort in thd. capensis only zone (E%yl) and the effort in the mixed zonE@Z).

It follows that:
CC,fy = ng,nyfy[QQ:u(l‘V)(l‘ Sfy)+q(i:z2ysny (A4)
Cor, = Bo'y EUbSy, (AS)

By solving equations A4 and A5, it becomes evidbat:
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q(i:zl (1_ y)

q i i
{CZXPWP “OcoV + qcu(l_ V)}
BZ Cpy
so that:
. C, C.B%d.s
|'y:Efy: fyqupfy (A7)
fy Pfy

To correct for possible negative bias in estimaiéstandard deviatior(aiy) and to avoid according

unrealistically high precision (and so giving inaggriately high weight) to the CPUE data, lower hdsi
(JL) on the standard deviations of the residualstferogarithm of the CPUE series have been enfdared
all such series considered in the population métefor the historic ICSEAF CPUE series (separagst
coast and south coast serieg) is set to 0, as already'“**" > 025.

The contribution of the CPUE data to the negativéhe log-likelihood function (after removal of cstants)
is then given by:

- Lo = Z;{m\/(a;)z AARITECAE (ak)zﬂ} (A8)

where

aiy is the (minimum, whero', =0) standard deviation of the residuals for the ligars of indexi in
yeary,

ol is the square root of the additional variance dbundance series which is an input value;

alternatively, this can be used to as a meansedfifying an effective lower bound fm‘iy.

Homoscedasticity of residuals is usually assumedhat aiy =o' is estimated in the fitting procedure by its
maximum likelihood value:

o' =\/]/ni Z(én(l ) —én(IAiy))2 - (aiA)z (A9)

y

wheren, is the number of data points for abundance index

In the case of the species-combined CPYE,, q-,,, g~ andy are directly estimated in the fitting
procedure.

Two species-aggregated CPUE indices are availt#idelCSEAF west coast and the ICSEAF south coast
series. For consistenays for each species (and zone) are forced to lteeiisame proportion:

g€ =rqe* (A10)
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