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Abstract

The results from robustness tests of the OMP adolatet year for the hake
resource are used to assign priorities for reseanth the outcome compared to
that from the Environmental Risk Analysis (ERA) mige. Broad similarities
are evident, with both approaches indicating thatroved information on the
extent of recruitment variability and on the spsd@so sex) composition of the
commercial catches is a high priority. However @MP approach suggests low
priority for M. capensis size structure issues, in contrast to the ERA. Key
research needs, roughly in order of priority, arensto be: ageing, sampling the
commercial catches for species and sex, improvetipon of abundance
indices, improved information on discards, andn(arily in a trans-boundary
context) genetic analyses to detect possible strakture.

Introduction

An Operational Management Procedure (OMP), whicviges a basis to make management
recommendations such as TACs for a resource,essence simply a formula. This formula
is selected following a simulation testing processch indicates the expected performances
of different formulae in terms of management oliyes related to high catches, low risks to
the resource, and industrial stability.

Candidate OMPs are tested against “Operating Mbd€@#s) which reflect alternative
possibilities for the dynamics of the fishery aighfpopulation under harvest. It is important
to check (through the simulation testing procelsa) the performance of the OMP advocated
is reasonably robust across a range of operatimdelsoi.e. the formula must, through the
mechanism of feedback control, be able to comesdosachieving management objectives
even if the underlying reality differs from the midé@voured assessment model.

A key consideration in selecting OMPs is to enghet risk criteria are met over the range of
(at least the more plausible) robustness tests,tl@mdcenarios which result in the largest
resource depletion can turn out to be importanerdd@hants of the OMP selected. If,
however, subsequent research can show these sxeraribe inconsistent with new
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information, less conservative OMPs allowing greatdches for the same perceived risk can
be adopted in future.

A primary aim of research focussed on resource gemant is thus to see whether scenarios
reflecting poor resource productivity can be eliatgd. Thus an important secondary utility
of the results from an OMP testing process is tedshight on priority areas (in this
management context) for future research: for thePOdhosen, the core question then
becomes which robustness tests reflect poor pediocsy particularly in terms of excessive
depletion of the resource?

This paper seeks to pursue this exercise usindtisdsom the robustness testing of the OMP
adopted in 2006 (OMP-2007) as a revised basisdfiting future TACs for the South African
hake resource (Rademeyer and Glazer, 2006). Itdbetinues by comparing the inferences
drawn from this process with the priorities suggdsby an ecological risk assessment
exercise for hake conducted in 2006 (Btedl., 2007).

Methods and Results

Table 1 lists the full set of robustness tests iclemed at some stage in the process leading to
selection of OMP-2007. A detailed description of 8tenario which each test represents is
given in Appendix A.

Appendix A commences by detailing the factors whiekre varied in the scenarios that
constituted the Reference Set (RS) of OMs usethéocore testing and tuning of OMP-2007.
These factors were selected from amongst initisdesting tests as those covering the ranges
of key assessment uncertainties which had the impstrtant effects on resource projections
under alternative harvesting formulae (see also EigFor convenience, the C4 robustness
test (reflecting uncertainty about the species asitipn of recent commercial catches) is
listed here, though it was not part of the RS.

Because of the length of time taken to complete tdsting and selection process, and
updating of assessments while it progressed (calmig eventually in a final testing process
which had to be truncated to meet the OMP adoptiedline), the procedures followed to
reduce the initially very large set of robustnestd changed somewhat over time. Thus Fig. 2
(see Appendix B for assistance in interpreting spicits) reflects results for tests that were
eliminated at any early stage through simple tgstinder constant catch scenarios. Note that
this elimination was not always on the basis ofsnbstantial difference from performance
statistics for the RS, but sometimes because ggrbtests had all shown similar deviations
in their results compared to those for the RShabiot all such tests were retained for further
analyses to ease the computational burden.

Fig. 3 includes the full set of robustness tesigimally intended for inclusion in the final set

against which OMP-2007 would be trialled. As fogF2, the results for Fig. 3 are under a
constant catch scenario, rather than the finalldaekicontrol OMP-2007. To further ease
computation, for tests which required refitting past data to finalise the OMs, only a
restricted number of scenarios from the RS weresidened, with results from such tests
compared to those for a RS also reduced in thigaran

The final core set of six robustness trials agaiwtith OMP-2007 was tested are included in
Fig. 4. This set was selected either because ttierfaoncerned had been of interest in the
process of choosing the RS, or because earlier est suggested appreciable sensitivity of
results for performance statistics. For the sarasams as detailed above, a number of these
tests were integrated over only a small numbeh@ftenarios comprising the RS.
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Interpretation in terms of Research Priority for Management Needs

Table 2 attempts a comparative summary of the teefam the Ecological Risk Assessment
(ERA) exercise (Ne#t al., 2007) with those from the OMP testing procesdijriking (where
possible) the issues identified in the former veprecific tests carried out under the latter.

The “Impact” column of Table 2 attempts on H/M/lnking of the robustness tests in terms
of differences in performance statistics under tbst compared to under the RS (or restricted
RS) used. An H ranking reflects instances whereldiaer 5%-ile of a projected resource
abundance measure is notably below that for theegponding RS (only for resources below
MSYL — M. paradoxus in this case). An M classification is accordedeitfor a lesser such
reduction, or for a large positive result for cashaken and resource status compared to the
RS. An L ranking reflects a notable but small gffechereas blanks indicate no substantial
sensitivity. (Note that this does not imply thae tBcenario considered does not reflect
importantly different biology; rather only thatig not important in a management context
because the OMP testing predicts essentially umgthmperformance whichever scenario
applies, so that resolution of the different assecl hypotheses is not a management priority
even though it might be of biological interest.)

We consider in turn the robustness tests rankell ldr L in Table 2, and comment on the
associated research requirements.

Priority H

1) B7 —or = 0.4 (the level of interannual variability in ragment is greater than indicated by
the assessment).
Research needs: Improved/additional ageing
Commercial catch sampling for disaggregatiorsgcies and sex
Improved survey and CPUE precision

2) C1 vs C2 vs C3 (uncertainty regarding pre-19@ ttrend in the commercial catch split
from primarily M. capensis to primarily M. paradoxus).
Research needs: More information on spatial patterns of spedis¢ribution and past
spatial patterns of fishing

3) C4 (uncertainty about post-1977 species splibofimercial catches).
Research needs: On board sampling of commercial catches

In terms of the ERA outcome, these relate to:
Issue 5: Uncertainty about variability in recruitmhe
Issue 7: Uncertainty about the proportion of eaakelspecies in total catch

Priority M

1) Alb — with discards and B3c/d — disc 3 (pastatids only from both trawlers and
longliners, and trawler discards in the past withirgcrease in age 3 discards from 1996
continued into the future (B3c), though perhapsiced by 50% (B3d)).

(Note that the record is unclear as to why B3c B8d were not taken forward to the final
stage of robustness testing — possibly this wasusscthe DWG considered that given
observer coverage, such a level of future discgrdias implausible.)

Research needs: Improved monitoring of discards

2) M1 vs M4 (uncertainty about the value of natumalrtality and its variation with age).
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Research needs: Improved/additional ageing
Commercial catch sampling for disaggregatiorsfgcies and sex
Age-dependence of spatial variation and escapefrom trawl nets
to inform on selectivity-at-age
Multi-species analyses of age-specific predatio hake

3) SR1 (uncertainty about most recent recruitments)
Research needs: Improved/additional ageing
Improved survey precision

4) B8 (decreases K — past of future)
Research needs: Predictively reliable ecosystem models (longrker

5) A7b (Ricker stock recruitment function).
Research needs: Long-term monitoring to achieve greater contfasfissessment
(Note: Primary utility would be indication thist. paradoxus is not as depleted as
current assessments suggest.)

In terms of the ERA outcome, these relate to:

Issue 2: Fishing mortality underestimated due seafiding and survival after escapement
[1) above]

Issue 3: Uncertainty about the estimation of natomartality (predation and cannibalism)
[2) and possibly 3) above]

Priority L

1) A10d — mat age=7 (this surrogates the size-Bpdeicundity per unit mass concern by
assuming that hake which spawn from ages 4 to 6enmek effective contribution to
recruitment).

Research needs: Further modelling studies to ascertain whetherd are circumstances
where this effect would be larger, and hence jstihproved
experimental estimation of fecundity vs size relaships.

2) B6 — Il sel (longline selectivity on ages 4 dnihcreases over time).
Research needs: Data on longline catch size structure, and aptiereof.

In terms of the ERA outcome, these relate to:
Issue 12:M. capensis. Size structure may have been affected by fiskirtge additional

effect of removing more large hake.

Other comments

It is perhaps a surprise that robustness testsecosd with biases in data (e.g. B4a, B4b
concerning survey gear calibration factors) are inotluded above. However, these were

“eliminated” on the basis of tests involving comitaatches (see Fig. 3a), and their results
may manifest greater differences from the RS utideifeedback control approach of OMP-

2007. There would therefore seem a case to futsfOMP-2007 under some of the Fig. 3

robustness tests as originally planned.

Some of the ERA issues listed in Table 2 have taie@ robustness tests listed, which begs
commentary:



EAFWG/NOV2007/DEM/03

a) Issues 8 and 10 related to possible sharingooks with Namibia (particulariym.
paradoxus). A pre-requisite to this is a joint SA-Namibiaake assessment including
spatial structure, as has been recommended for some However that in turn has
the further pre-requisite of a shared and agreddbdae (BCLME, 2006), whose
preparation has yet to commence. The conclusiahisfBCLME workshop should
also be noted: “there are major uncertainties atwbether there are multiple or shared
stocks for both Cape hake species, particularlyvoparadoxus’ (BCLME, 2006, pg
3). Core candidates for research needs here aj@tpand further genetics studies.

b) Issue 9M. paradoxus: stock status is beloBusy. This is an assessment outcome, and
hence a composite result based on all data ralizer & specific consequence of a
certain subset with related research needs. Mattyeafesearch needs identified above
would lead to an improved estimate of this stateseanthey successfully pursued. It
should be noted that this result is of particulaportance externally, as it is, for
example, a key consideration in the MSC appraib#h® satisfactory nature of hake
management in reconsideration of ecolabelling fieation.

c) Issue 13M. capensis. size structure may have been affected by fiskingpntinued
impact of fishing on small hake. Current (RS) assests do not indicate this to be a
serious concern. To the extent that it might bis, ifinformed by the research needs
identified for Issue 2 (discarding) and Issue 3yral mortality estimation).

d) Issues 6, 4 and 1: Basic knowledge of the liehny strategy is not well understood,
together with migration and distribution changeuéss Existing and planned future
modelling studies can address movement issueset@xttent that the information
content of the data permits, while at a trans-bawnéevel this would seem to restate
the concerns of Issues 8 and 10 addressed in e®.abo

e) Issue 11M. capensis. uncertainty and disagreement as to the stattiseo$tock. See
note on this appended to Table 2 — this issue atedstappears to reflect a
misunderstanding.

f) Issue 14M. capensis: increase in parasites which could affect fecynaitd marketing.
This was given a low risk weighting in the ERA, dratdly relates to OMP robustness
testing.

In summary

There is reasonably good correspondence betweemigkdevels assigned by the ERA
process and the outcomes of the robustness tg#tinggsues which both address). Issues 5
(recruitment variability) and 7 (species compositiof commercial catch) were accorded a
risk level of 18 in the ERA process, and a H ragkiar robustness test results. Issues 2
(discarding) and 3 (natural mortality), also riskvéls of 18, rank M here. Issue ®I.(
paradoxus stock status) is an overarching one, and cleaiyarked as important by both
approaches.

The differences are th&t. capensis size structure concerns (Issue 12, risk levelb?d; Issue
13, risk level 18) are not seen as ones of majoc&m in terms of robustness test results.

From a research needs perspective, the followipgapthe priorities (roughly in order):

) Ageing
1)) Species (and sex) composition of commercitivas
) Improved precision of abundance indices @eping environmental

relationships?)
\)) Improved information on discards
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to which genetic analyses to detect possible ssiaicture might be added primarily in a
trans-boundary concerns context.
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Table 1. Complete list of robustness tests consideredhénhiake OMP testing process. The six tests
that were included in the final stage of OMP tasi{isee text for detail) are shaded. Note that thsts
are not circled involve changes to data or assumsgtihat include the past, and hence requireingfitt
the population model to provide the operating madeld for the OMP test concerned. This refitting is
not needed for tests that are circled which conosdifications to assumptions for the future only.

i. Different assumptions about discards and catch series

1 |®Ala—discl” Include past discards for offshore and inshore trawlers. Mo discards in the future,
2 A3 "Ala - discl” but with discards from longliners as well. Mo discards in the future.
3 |“Alc - dize3” Az ATk - with discards' plus discards of age 3 from trawlers from 1996 onwards. Mo discards in the future
4 |“B3a—disc1”? Future discarding is assumed as inthe past in"Ala - discl"
5 |“B3h — dised” Future discarding is assumed as in the past in "A1h - with discards"
& |“B3c — dize3” Future discarding is assumed as inthe past in"Alc - dize3"
7 |“B3d - disc3” As "B3c -disc3" but discarding of 3-yr old (only) 15 reduced by 50% in the future.
g |“AZ — BC unrep catches” Include small unreported offshore trawl catch on the south coast pre-1967
2 |“A11 - line catches” IModified longline and handline catch series for 2003 and 2004
ii bout recruitinent and carrying capacity

Mo dampening of stock recruitment fluctuations inrecent years

Ricker-like stock-recruitment curve

Ricker stock-recruitment curve constrained so max recruitment oceours at 45% of K for each species.

Increased variability in recruitment in the past only

Increased variability in recruitment in the past and in the projections.

Carrying capacity for M. capersis reduced by 20% from 1992 onwards.

Carrying capacity for both species decreased linearly by 30% over 1980-2000 periad,

Carrying capacity for both species decrease by 30% in the projections.

iii. Different asswnptions about biological information

18 [“A5a — M27 Upper bounds of 1.0 and 0.3 for ages 2 and 5+ for natural mortality
19|“A5b — M3" Upper bounds of 0.5 for both ages 2 and 5+ for natural mortality

20 |*49a — dens dep mat” Density dependent maturity-at-age (age 3 varies from 0% to 100% mature)
21|49 —mat=3" Age-at-maturtty taken to be 3+ throughout.

22 |“A10a — size-dep spawmning” | Bire dependent spawning by using egg production rather than spawning biomass as input to R relationship

23 |*A10b — size-dep spawning” |As "A10a - size-dep spawning" but take account that bigger fish make bigger eggs with better survival rate

24 |“A10¢ — s1ze-dep spawning” |As "A10a - size-dep spawning' but take account that bigger fish make bigger eggs with better survival rate

25|%A10d — mat age=7" Age-at-rnaturity taken to be 7+ throughout.

iv. Different asswinptions about cwrent resource status

Recent spawning biomass forced to 40% and 30% of pre-ezploitation level for M. paradorus and 3

26|"A8 - force depletion” .
capensis respectively.

27 |“48b — force para depl 0.3 7 |Recent M. paradoxus spawning biomass forced to 30% of pre-exploitation level.

28 |"48c — force cap depl 0.3 7 |Recent M. capensis spawning biomass forced to 308 of pre-exploitation level

29|“A8d - force cap depl 0.27 |Recent M. capensis spawning biomass forced to 20% of pre-exploitation level

30|“A8e — force depl 0.3 7 Recent M. capensiz and M. paradous spawning blomasses forced to 30% of pre-explodtation level.

31481 — cap depl 0.2, h=0.7 7 | Az "AZc - foree cap depl 0.2" with steepness fized at 0.7 for M. capersis .

v. Others

“412 — diff off sel” Shift in offshore trawl fishing selectivity from 1975 to 1978

“Ba — cal factor=0.¢" Calibration factor tor M., capensis between the old and new gear of the Africany decreased from 0.810 0.8

“Bab — cal factor=0.5" Calibration factor for M. capensis between the old and new gear of the Africans increasedto 0.9

Changes in the future

“B1 —no fut surv”’ F.esearch surveys are assumed not to become available m the future.

“B2 — CPUE trend” Future changes in fishing efficiency (upward trend of 234 per anmurn) are not detected

“BSa —Fratio decr” 30% increase in M. capensis catches in the projections.

“B5b — Fratio iner” 30% decrease in M. capensis catches inthe projections.

EEEEEFRREE

“B& - 11 zel” Future longline selectivity assumed to increase on ages 4 and 5 inthe projections.
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Table 2 List of issues and associated risk as identifigdhe initial EAF meeting (Nedt al., 2007, pg.
32), linked to the robustness tests that addregsest and the impact (H/M/L) on OMP performance
statistics relative to the Reference Set (RS).

jin} Risk |Adressed byrobustnesstest | Impact

“A93 — dens dep mat”
“49b — mat=3"
“410a — size-dep spawning”

M. capensis : Bize structure may have been affected by fishing - the

12 additional effect of removing more large hake 24 [alth- s?ze—dep spawmng’
“410¢ — size-dep spawning”
“A10d —mat age =7" L
“Bé — 1l sel” L
“Ala—disel”
“41b —with discards” M
Both hake sp: Fishing mortality i3 underestimated due to discarding and Alc— discs
A . 18 |“B3a—discl”
survival after escaperment ;
“B3b —disc2”
“B3c —disc3” M
“B3d — disc3” M
Both hake sp: Uncertainty about the estimation of natural mortality RS (M1 vs M4) M
3 . . . 18 |9pa5g — W2®
(predation & cannibalism)
((Ajb — MS”
“ER1” M
“A3 — gp=04~
“B7 - az=04~ H
5 |Both hake sp: Uncertainty about variability in recruitment 18 |"&7b - Ricker forced" M
“Decr in past capensis K" M
“BE — decr future K7 jXs
RE (H1 vs H2 vs H3 vz H4) /A
R (21 vs C2 vz C3) H
- Both hake sp: Uncertainty about the proportion of each hake species in 13 4 H
total catch “B5a—Fratio decr”
“B5b —Fratio incr”
8 |M. paradoxus  Btocks are shared between Namibia and South Africa 18
9 |M. paradoxus  Btock status is below BMBY 18
M. capensis . Size structure may have been affected by fishing - Continued
13 . . 15
impact of fishing on small hake
6 Both hake sp: Basic knowledge of the life-history strategy 15 not well 15

understood

"A8 - force depletion"
“A8b — force para depl 0.3 7
“Afc —force cap depl 0.3
“A8d —force cap depl 0.2
“ABe — force depl 0.3~
“A8f—cap depl 0.2, h=0.7 "

M. capensis - Uncertainty & disagreement as to the status of the stock -
11 |model projections do not match cormmercial and research 12
survey findings *

10 | M. capensis : Stocks are shared with Namibia 9

1 |Both hake sp: changes in distribution g

4 Both hake sp: Uncertainty about longshore, offshore and vertical 5
migration in the water column

14 M. capensis : Increase in parasites which could affect fecundity & ¢

marketing

“A2 — BC unrep catches”

“A11 — line catches”

Issues unlisted in Mel ef ol . (2007) “Bda - cal factor=0.6”

" |Errors in past or future data/related assumptions - [Bdbe C?I factor=0.9”
“412 — diff off sel”

“B1 —no fut surv”

“B2 — CFUE trend”

* This commentary may reflect a misunderstandihg; parameter values for the model are estimated
by seeking the best match between such findingsmaodel predictions for the past (and not for
“projections”).
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Fig. 1: Graphical summary of performance statistics for@éP for the different factors (M- natural mortg)iH -steepness of the stock recruitment curve@ndspecies
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Two R3S scenarios only:

1ES

2 Ala- discl*
3 Alc - disc3*
4 A2 -

6 ASa - M2 11 A3 - gp=04

7 A5h - M3 12 A8 - force depletion

8 A7 - Riclker-like 13 412 - diff off zel
3C catches 9 A% - mat=3
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Full RS: * A3 Alb retained - Fig 3
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Fig. 2: Graphical summary of performance statistics foloastant catch of 140 000t for an earlier versionthef RS and a series of robustness tests. Each gfam&s
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from 2006 to

2007.
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Fig. 3b: Graphical summary of catch performance statigtiesdian and 95% CI) under a future constant catd®2 000 t, for a series of robustness testsagesl over all
of the RS scenarios (which at the stage thesewestsrun included both SR1 and SR2). Note: AAYids zero because of the change in TAC from 20QDG6.
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Appendix A — Detailed List of Reference Set Factorand
Robustness Tests

1. Reference Set factors

M. Natural mortality:
ML1: upper bounds of 0.5 and 0.3 on ages 2 and r&/§pectively are implemented;
M4: upper bounds of 1.0 and 0.5 on ages 2 and r&/§pectively are implemented.

H. Steepness parameter:

H1: the steepness parametdisfor bothM. capensis andM. paradoxus are estimated in the
minimisation process;

H2: for M. paradoxus, h is fixed at 0.8 (lower than the 0.95 typicallyigsted), while this
parameter is estimated fiot. capensis;

H3: for M. capensis, h is fixed at 0.7 (lower than the 0.8-0.9 typicadistimated), while this
parameter is estimated fivt. paradoxus;

H4: for M. paradoxus, h is fixed at 0.8, and fdvl. capensis, h is fixed at 0.7.

C. Species split of the catch:

C1: the logistic function used to split the pre-2®ffshore commercial catches by species has
the parameterB;=1950 and?,=1.5;

C2: the logistic function used to split the pre-&@®ffshore commercial catches by species has
the parameter®;=1940 and,=1.5;

C3: the logistic function used to split the pre-&@®ffshore commercial catches by species has
the parameter®;=1957 and®,=1.5.

C4*: as C1l but the post-1977 offshore trawl catcloésM. capensis in the offshore
commercial catches have been decreased by appteiyn29% on the west coast and
10% on the south coast by introducing an upward isigheM. capensis proportion by
depth.

Note: C4* is not included in the final RS but i8m here to assist comparison.

2. Full set of robustness tests
Note: The six robustness tests that have beeningbd final OMP testing are underlined here.

2.i. Different assumptions about discards and catckeries

1) “Ala —disc?

Discarding is considered to occur for the offshamne inshore trawlers only. Discarding for both fiee
is modelled as an increase in commercial selegtnit0.2 for ages 1 and 2 for catches of bith
capensis andM. paradoxus. Thus the amount of catch discarded is not antjrijput computed within
the assessment from the fishing mortality estimédedhe offshore and inshore trawlers to takerthei
recorded landings. This discarding is assumed ¢ardtom the beginning of the fishery to the prasen
This discarding is assumed to occur from the beg@qof the fishery to the present butnist carried
through to the projections.

2) “Alb — with discards’
Discarding is considered to occur for the offshamnd inshore trawlers as in “Ala — discl”. The loks
fish from longlines is also included by doubling tfishing mortality from this fleet.

3) “Alc — disc3

As Ala above, but from 1996 onwards, the offshaiashore trawl fleets are assumed to discard age
3 as well. As in Ala above, this is modelled byréasing the commercial selectivity by 0.2 for age 3
for catches of botM. capensis andM. paradoxus.

4) “B3a —discl
Future discarding is assumed to occur in the offsland inshore fleets only, as in Ala.
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5) “B3b — discZ
Future discarding is assumed to occur in the offslamd inshore fleets, as well as the longlinet fleg
in Alb.

6) “B3c — disc3
Discarding is assumed to occur in the offshoreiagkore fleets as in Alc.
7) “B3d — disc3

As B3c above, but the discarding of 3-yr-olds (dt¢yreduced by 50% in the future.

8) “A2 — SC unrep catches

This robustness test includes unreported catcloes the south coast offshore fleet; indeed, in tBe R
offshore catches on the south coast are assume/éostarted in 1967 only, but it is known that som
vessels operated in the region right from the bdgmof the 28 century; these unreported catches are
included here and are assumed to have increasstlijirfrom 100t in 1917 to 5000t in 1967 (with the
species-split based on the appropriate logistiatoj).

9) “Al1 — line catche$
The catch series for the longline and handlineefig@s are modified for recent years. Estimates of
handline catches are brought down from 5941t t@2B02003 and from 6888t to 1600t in 2004.

2.ii. Different assumptions about recruitment and arrying capacity

10) “SR1”

The assumed varian@g is fixed to 0.25 throughout (i.e. the estimatesezfuitment strength for more
recent cohorts are not shrunk further towards tteeksrecruitment function expectation) in the
assessment scenarios considered for the Reference S

11) “A7 — Ricker-like”

aB
The stock-recruit relationship for the RS has twenf R=—(i)—, with yfixed to 1.0 (Beverton-
B+By)

Holt) for both species. Here insteads fixed to 1.5 foM. paradoxus, y = 1.0 for M. capensis.

12) “A7b —Ricker forced’
Instead of the Beverton-Holt stock-recruit relasbip used in the RS, the stock-recruit relationship

this robustness test is of the Ricker forlR:= a Bﬂpe_ﬁB
each species is constrained so that maximum rewnitoccurs when the spawning biomass is at 45%
of pristine level.

13) “A3 — or=0.4’

The variability for stock-recruitment fluctuatioms the past is increased froox =0.25 in the RS to
or=0.4. For the projectiong is kept at 0.25.

14) "B7 —or=0.4"
In conjunction with increased variability for theéosk-recruitment fluctuations in the past, future
variability is also increased (tgr=0.4, compared to 0.25 for the Reference Set).

¥ . Furthermore, the stock-recruit curve for

15) “Decr in pastcapensis K"

In the Reference Set, poorer estimated recruitdfr¥l. capensis throughout most of the 1990s and
the early 2000s suggest a possible systematic tomvibelow the stock-recruitment model (see Fig. 4
of WG/06/08/D:H:29). To better reflect this pooir capensis recruitment (and continue this into the
future), the carrying capacity fofl. capensis has been reduced by 20% from 1992 onwards.

16) “A4 —decr K in past
The carrying capacity of both species is assumdtht@ decreased linearly by 30% over the 1980 to
2000 period.

17) “B8 — decr futureK”
The carrying capaciti for both species is assumed to decrease linegrB0bo, starting in 2007, to
reach the reduced level in 2011.

15



EAFWG/NOV2007/DEM/03

2.iii. Different assumptions about biological infomation

18) “Aba — M2’

The RS incorporates some uncertainty in the nataaatality estimates. In cases “M1”, upper bounds
on the natural mortality of 0.5 and 0.3 on ages@ %/5+ respectively are implemented, while in sase

“M4”, upper bounds of 1.0 and 0.5 on ages 2 and 5#Spectively are implemented. In this robustness
test, the following bounds are implemented: 1.0 @u3dfor ages 2 and 5/5+ respectively.

19) “A5b — M3"

In this robustness test, the following bounds anrthatural mortality estimates are implementedf@.5
both ages 2 and 5/5+.

20) “A9a — dens dep mat

In the RS, the maturity-at-age is assumed to bepeddent of stock density for all ages. In this
robustness test, the assumption is made that (#hodf age 3 are mature Bt* = pristine, and 100%
are mature aB*=0, with a linear relationship in between these extremes.

21) “A9b — mat=3'
The age-at-maturity is taken to be 3+ throughadigiad of 4+ in the RS.

22) “Al0a — size-dep spawning

An egg production index is used for input to thecktrecruitment relationship instead of spawning
biomass; this is obtained by multiplying numbersgé by an age-dependent fecundity index obtained
from Osborne (2004):

M. paradoxus: Y, = 802L2%" M. capensis : Y, = 01534

23) “A10b — size-dep spawniny

As Al0a, but to take into account that bigger fistike bigger eggs with a better survival rate, the
fecundity indexYa has been arbitrarily halved for fish of age 4Nbormparadoxus and for fish of age 4
and 5 forM. capensis.

24) “A10c — size-dep spawnirig
As Al0a, buty; is set to zero for age 4 f. paradoxus and for ages 4 and 5 fbt. capensis.

25) “A10d — mat age = 7
The age-at-maturity is taken to be 7+ throughadieiad of 4+ in the RS.

2.iv. Different assumptions about current resourcestatus

26) “A8 — force depletiori

The spawning biomass of M. paradoxus in 2004 isgdupwards to 40% of its pre-exploitation level,
while the spawning biomass for M. capensis is fordewnwards to 30% of its pre-exploitation level,
both through the use of penalty functions.

27) “A8b — force para depl 0.3’
The spawning biomass . paradoxus in 2004 is forced to 30% of its pre-exploitati@vél through
the use of penalty functions.

28) “A8c — force cap depl 0.3
The spawning biomass . capensisin 2004 is forced to 30% of its pre-exploitati@vél through the
use of penalty functions.

29) “A8d — force cap depl 0.2
The spawning biomass M. capensisin 2004 is forced to 20% of its pre-exploitati@vél through the
use of penalty functions.

30) “A8e — force depl 0.3
The spawning biomasses Bf. paradoxus and M. capensis in 2004 are forced to 30% of their pre-
exploitation level (i.e. for both species) througk use of penalty functions.

31) “A8f — cap depl 0.2, h=0.7
The spawning biomass M. capensisin 2004 is forced to 20% of its pre-exploitati@vél through the
use of penalty functions and the steepness parafoetiis species is fixed at 0.7.
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2.v. Others

32) “A12 — diff off sel

The offshore trawlers selectivity favl. paradoxus is modified by estimating a third set of logistic
selectivity parameters and applying the resultiongve from 1917 to 1975. The selectivity curve
estimated for 1984 is assumed to apply from 1978984, with a linear interpolation from 1975 to
1978. This 1975 to 1978 shift affects mainly 1 @ngear old fish and selectivity fovl. capensis at
these ages is very low so that no adjustments adeffor this species.

33) “B4a — cal factor=0.8
The calibration factor between tiddricana with the old gear and th&fricana with the new gear for
M. capensisis decreased from 0.8 to 0.6.

34) “B4b — cal factor=0.9
The calibration factor between tiAdricana with the old gear and th&fricana with the new gear for
M. capensisis increased from 0.8 to 0.9.

2.vi. Changes in the future

35) “B1 - no fut surv’
Biomass and catch-at-age information from reseattkieys are assumed not to become available in
the future.

36) “B2 — CPUE trend’
Future changes in fishing efficiency are not det@ct his is modelled by assuming an undetected
upward trend in catching efficiency of 2% per yesar that for future data generated:

CPUE(y) — CPUE (y )exp[002(y - 2004)]

37) “B5a — Fratio decr’
In the RS, future catches are disaggregated byiespesing a constarfratio (Fraio = Fpara/Feap )

which has been calculated as the average of the-2004 estimates. In this robustness testFthe
for the offshore fleet is decreased by 30% to madehcrease V. capensis catches.

38) “B5b — Fratio incr”
Here theFaio for the offshore fleet is increased by 30% to ni@ddecrease iN. capensis catches.

39) “B6 — Il sef
The selectivity for the longline fleet on ages 4 &ns assumed to increase linearly over a five yea
period commencing in 2005, to reach that on age 6+.
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Appendix B — Basic explanation of the plots

In the development of an Operational Managementdare (OMP) the consequences (for both the
resource and the associated fishery) of a propdsedula for setting TACs based on resource
monitoring data available at the time in questipra$sessed by simulation. For a particular model or
sets of model (Reference Set, robustness testsh sianulation involves projecting the biomass
trajectory forward for a fixed period with the fuducatches determined by the OMP. The historidhcatc
data used in the models remain unchanged from iomélation to the next (unless potential errors in
such catches is under consideration); howeverrdutatches can vary due to stochastic effects k- bot
recruitment variability and noise in future CPUElaurvey abundance indices, as well as imprecision
associated with the estimates of parameters dasgibe stock’s dynamics (this variation is on tifp
trends in such catches that result from the OMAmgno achieve a certain target abundance over a
specified time period). In the figures in the mpaper, a set of performance statistics are ploGede

the stochastic effects are taken into account,reiselt for each of these quantities is a distridouti
arising from alternative realisations of these ktstic effects. The results are reported in thenfof
medians and 90%-iles of these distributions.

Performance statistics fall under three headingsh @ertaining to one of three mutually contradicto
underlying objectives:

a) Catch related (objective: as high as possible)
Average annual TAC (2007-2027)

b) Interannual catch variability related (objectias low as possible)
Average Annual Variation in TAC (AAV) expressed agpercentage of the average annual
catch

¢) Resource risk related (objective: risk as lowassible so resource abundance kept/aimed high, e.
about MSYL — applies to both hake species)
Spawning biomass at the end of a 20-year projegberiod relative toK®, MSYL® and
B%(2005) (i.e. change in abundance over projecticiogde

Plots for each of these performance statisticsshoavn for the application of the hake OMP adopted
(or sometimes first a constant catch) to eachssraes of alternative models for hake/fishery dyieam
in what is know as robustness testing.

The main point of the exercise in the context aé thaper is to check for which of these tests
performance differs appreciably from that for thef@ence Set (RS — “best assessment” of the
resource).
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