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Further Update: Proposalsfor Issuesto be Addressed in the

Revision of the Pelagic OMP
C.L. Cunningham and D.S. Butterworth

This document serves to update Cunningham andriuattéh (2006). For the reader’s convenience, text

that has been modified from Cunningham and Buttetw@006) is highlighted. The following

annotations are added to reflect the outcome efidsons of that document at the October meeting of

the PWG:

[AGREED] - Where the proposal has been agrgatid PWG.

[DISCUSS] - Where further information has beestill needs to be provided, so that discusson
needed before agreement can be reached.

Underlying (i.e. Operating) Modelsfor Sardine and Anchovy
Broad Conceptual Issues
e The present models all assume a single southergugéasar dine population. Is there sufficient

evidence to consider as plausible an alternatiaethiere could be two populations, with one
distributed more towards the east and of a sizeigheot trivially small compared to the
“conventional” population fished off the west céabor a two-population scenario, would the
May recruit survey be regarded as indexing recretinfior the “west” population only; further,
need the model attempt to incorporate spatialidigion shifts over time for the two populations
(see Figure 1)?

Proposal: Two basic scenarios $ardine population structure are to be considered: a sipgpulation,

and two partially overlapping populations (see Fég). When two populations are discussed, thely wil

for the purposes of this document, be referredstwest” and “east” populations. In the two popaa

model, the "east" population will not contributestither recruits or older fish found on the wesisto

The distributions of the two populations will betdut trend over time, so that the current apparent

"eastward shift" ofardine will be taken to be the consequence of a recent@se in the "east"

population (unless the survey data prove to benisistent with such an assumption). [AGREED]

For subsequent linkage to models for groups of pengplonies, three areas along the coast have been

identified through discussions amongst PWG membedsthe model would output time series of

abundances for both populations in each of thesasar

“Western” area: corresponding to the coastlinemoftCape Agulhus. The penguin colonies modelled

would correspond to the area between Cape ColunalmdeCape Agulhus, while tlsar dine model

would correspond to the area as far north as thersgr biomass survey extends in each year (eg

Hondeklip since 1987). As the proportionsaf dine north/south of Cape Columbine at the time of the

survey varies throughout the year, it is proposed the state of the penguin colonies in this Geea
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matched to that of the combinsat dine biomass for both north and south of Cape Columtznd not
just the proportion of biomass observed betweere@xgumbine and Cape Agulhus at the time of the
survey.

“Southern” area: corresponding to the coastlineveen Cape Agulhus and Cape St Francis. This area
will form part of the sardine spatially-disaggregghimodel, but no penguin colonies will be modeited
this area (as none occur there).

“Eastern” area: corresponding to the coastline betwCape St. Francis and Port Alfred. In the ykars
which the spawner biomass survey has extendede&srt Alfred, only the biomass up to Port Alfred
will be included in analyses (see third bullet pdialow).

Thus the proposal envisages two penguin modelge$tern” and “eastern” colonies (Plaganyi 2006).

[AGREED]

For this two population hypothesis, past catcheslgratches will need to be split between the two
populations and this will require information orspaatches disaggregated by the three areas;
furthermore, assumptions about the future distidimat pattern of fishing will need to be developéd.
addition,sar dine ALKs for the spawner biomass surveys and possialghes too will be split by these
areas [see sub-section below re data available].

Note that the MP developed will not, indeed carbropopulation-specific, because it must be appicab
whether there are either one or two populationsegme Thus the MP will output TACs for the full SA
coastline; it may, however, have a spatial all@catomponent.

Initial computations will need to be carried ouibpto any decision being taken as to whether tiie M
developed and/or underlying models used to testfRevill need to treasar dine bycatch on the west
coast (reflecting harvesting of the “west” popudatonly) differently from that on the south andteas
coasts. [AGREED]

* The present models also assume onlyaohiovy population. Need alternatives also be
considered, as perhaps fardine?

Proposal: Only onanchovy population will be considered as in the past, waittistribution without
trend over time. The model will output time semésbundances for the population in each of theghr
areas identified in the response to the previollstpoint. The proportional distributional ahchovy
by area will be taken to be time independantess the survey data prove to be inconsistehtsuth an
assumption. As thanchovy has an explicit spatial distribution, teechovy recruits, together with
sardinein the finalised “western area”, will be usednptb determine a functional relationship with
penguins from the “western” colonies, whalechovy adults, together witkar dine in the finalised
“eastern area”, will be used to try to determirfarectional relationship with penguins from the “esg”
colonies (cf EAF discussions on pages 3/4). [AGREED

* The present models assume that the proportiorfeesatdine and anchovy spawning stocks to

the west of Port Alfred, as surveyed in the Noverndpaises, have remained unchanged over
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time. Is distributional evidence from more recaummveys sufficient to suggest a systematic trend
that invalidates this assumption? If so, what aliéve “standardisation” boundary should be
considered; and how are estimates from some eadigeys, which may not have been extended
to such a limit, to be extrapolated?
Proposal: The biomass west of Port Alfred willused, retaining the assumption that the propodfon
sardine and anchovy west of Port Alfred has been unchanged over ti@ely once in the past three
years when the November cruises have extendedfe@stt Alfred was a substantisdr dine biomass
found east of Port Alfred (26% of total observednbass in 2003, compared to <3% in 2004 and 2005).
A model of a singlear dine population whose distribution changes over timklva considered. The
model will output time series of abundances forghpulation in each of the three areas identified i
response to the first bullet point. The distribol shifts with time will be determined by fitting
available survey data disaggregated for these Hneses. Hypotheses for alternative possible future
distributional shifts will need to be developedtbg PWG. For this single population hypothesis, no
information on the past or future distribution b&tcatch by area is required, as catches wheraen t
have the same impact on the population. Notedatges in the growth rate should be incorporated
through the ALKs. Changes in natural mortalitylwibt be taken into account in the base case himit t

may be considered for a robustness test. [AGREED]

» The current models do not account for slippageoughthis be incorporated? (If so, in due
course, alternative plausible levels and theirdseover time will need to be specified.)

Proposal: Slippage will be accounted for in a daityi test to the chosen base case hypothesisf(or,
necessary, some alternative hypotheses as watllesfmated fixed percentage of grehovy and
sardine slipped annually will be required in due coursealternatively a fixed (or varying) annual
tonnage slipped is required. A task group has hpeointed to discuss this slippage and repottdo t
PWG; the PWG will in due course be required to fevnput into the proposed scenarios for possible
slippage in the future. The size distribution lgfged catch may be different from the distributimfrthe
catch which is landed. Information regarding thisly difference will be required for the sensitjvtest.

[AGREED (in principle — figures to come after dission)]

« Explicit inclusion of predator-interaction effedétsthe models in an EAF context:

- Impacts of changes in the abundance of peldtyta biomass or individual species?) on
predators, such as penguins and gannets (and lzeng@t- seals?). Which specific colonies are
going to be considered, and what associated datavailable, and will be collected in future?

Proposal: A dynamic model of the SA penguin pojpories (with colonies divided into two or perhaps
three areas, see Plaganyi 2006) is to be develdpeskible functional relationships between theehod
predicted estimates sérdine and anchovy abundance and the penguin demographic parameters

(fledging rates, survival rates, etc.) will be exqgeld. The penguin models will be incorporated thio
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testing of the OMP so that the risk of depletionihafse penguin populations to undesirably low keah
be examined. [AGREED]

- There are currently no major areas modelled agdlasthe pelagic fishery for predator
conservation purposes. Should such possibiligesdnsidered? Note that this would require
spatial disaggregation of the model at a much facate.

Proposal: Areas that some have proposed to bedctodie fishery include parts of Algoa Bay arostd
Croix island (for the entire year) and the CapenPim Cape Columbine region (during summer only).
These proposed areas are at a much finer scaléhito be considered in the assessment moddts. |
proposed that any analyses to evaluate the eféetss of proposed closed areas of this naturerbecca
out on a separate basis to this OMP testing exeraiw include experimental design consideratidite
August PWG meeting noted that east of Cape Aguihdseffectively been “closed” to the fishery in the
past. [AGREED — Indeed a separate task group chbiyé&seorge Branch has now been appointed to

address this.]

* Need consideration be given to possible appreciidages in the extent of fishing on red-eye in
the near future, and consequently on the assodtEaich of adulsar dine?

Proposal: The typical proportion sdrdine bycatch with red-eye needs to be re-visited, givetated
data. The proposed OMP will be tested under atemm scenarios of the amount of bycatch assumed
caught with red-eye during the projection periddhe currently assumed 10 000t originated from 12.5%
of 80 000t which was predicted a number of yeacstage the average red-eye catch (Steve Malherbe
pers. comm.) The historical bycatch maximum hawsdver, been < 3000t. Note that the red-eye
population will NOT for this OMP be included in theerating models in the same way assreline
and anchovy populations (and the penguin populations are mega®o be). Two options will be
pursued: i) red-eye catch remains at its recermageewith an adult sardine bycatch of 3500t (rodnaie
from 3227t to be conservative) over the projecperiod, and ii) the average red-eye catch douhles o
the next 5 years such that the adult sardine blycatches 7000t and then remains at that levéhéor
remainder of the projection period. [AGREED]

< Future recruitments are at present assumed tonfa@lbockey stick relationship for the base case

model, with levels of variability as estimated frpast data. Does a wider range of plausible
scenarios need to be considered in an expanded lsase case models, e.g. a Beverton-Holt or
Ricker model (given recent low recruitments atéasgawning biomass); also perhaps regime
shifts at decadal+ time scales (but on what basish@se to be specified?).

Proposal: Three hypotheses will be consideredhimarichovy assessment (single population) and each

(single and two-population) of ttgar dine assessments: the Hockey-stick, Beverton-Holt aokieR

stock recruitment models. [AGREED]
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« The present models take no account of data frorpreecruit survey or the SARP monitoring
line? Should this be attempted (and such dataaperalso be used as input to the OMP
formulae)?

Proposal: No, not as yet. [AGREED]

« The present models assume no within-year varidtioime pattern of recruitment for either
species (the 1 Nov birthday assumption). Thus lbevahce is made for early or late recruitment
(either in the model or the OMP). Does this vagiatiheed to be incorporated (for the first year of
life only, in the interests of simplicity), and hdyest is such an effect to be matched to available
data (e.g. perhaps a normal distribution for spagmeach year, with random inter-annual peak
shifts which themselves are drawn from another abdistribution?)
Proposal: We propose that the average birthdasetouits each year changes from being fixed at\L No
to being drawn from a distribution centred on 1 Nd#ean weight of recruits at the time of the récru
survey will be required to fit the associated disttion parameter in the model. Note, this mayehaw
impact on the rules to adjust the mid-seamachovy TAC, in that the mean weight of recruits at this

time may play a more explicit role. [AGREED)]

Detailed Issues
« The models currently assume equal selectivity alleages in the survey for boshr dine and
anchovy. Recent selectivity afar dine in the commercial catch is assumed to remain urgeTh
when projecting into the future in testing candidatanagement procedures. This selectivity has
in the past been estimated for each age from tleeafthe average fishing mortality over the
most recent 5 years for that age to the maximuthefverage fishing mortalities for each age
over all the ages over the same period. But eeent years fasardine, selectivity has
increased for 1-2 year olds compared to older fsthis pattern expected to continue into the
future? What are the plausible alternative scerario
Proposal: The updated models will fit to catctage data. Two commercial selectivity curves wall b
estimated i) for all years prior to November 2004 &) for all years from, and including, November
2001. The OMP will need to be tested under tharaption that future selectivity remains at ii),uets
to i), or is governed by some relationshigdodine abundance. [AGREED]

* The models currently assursar dine mature at age 1. Should alternative hypothesaguity
ogive, density dependence, changes over time)paad/alternative base case be used for testing
the next OMP?
Proposal: An annual maturity ogive derived alorglthes of that in Cunningham and Butterworth
(2005), using for example, annual length at matdrédm Fairweatheet al (in press) and van der Lingen
(in press) will be assumed. Past density-deperederitbe incorporated explicitly (through the extel

specification of these maturity ogives for eachryeaimplicitly within the model; for the futurdé
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implied relationships of the ogive parameters toralance will be assumed to continue. A sensitiaty
to the selected base case hypothesis will assursar dine mature at age 1 (to maintain a comparison
with past work). [AGREED]

* The productivity-related factors are currently assd not to change over time. Should changes
in, e.g. growth and condition factor be taken icwosideration (are adequate data available for
this)?

Proposal: As theardine assessment is an age-structured model, the diseatf, for example, condition
factor or standardized gonad mass is not straightia. However, if density-dependent growth has
occurred, this should reflect in the age-lengthskesed in the updated assessment. In the two-gtogrul
hypotheses, the same ALKs will be used for bothufaijons and thus both populations will be assumed

to be affected by density-dependence in a simikmmar. [AGREED]

e ltis assumed at present that adattdine natural mortality is constant over timeNat= 0.4 yeat
and juvenileM = 1 year (estimates based weakly on maximum likelihood tarations for past
assessments, and also on plausible proportiorecoiits available to the May survey. Is there
reason to suspect temporal changes, and if so healtarnative possibilities to be plausibly
quantified? Do 1 and/or 2 year olds have a natamatality closer to that of juveniles than
adults?

Proposal: Alternative combinations of adult angkjuile natural mortality, constant over time, viid
tested. Worldwide, sardirid estimates range from 0.3 to 1 yé@Barangeet al.accepted). Bayesian
posterior mode and plausible proportions of resraitailable to the May survey will be taken into
consideration in determining a suitable choictofJuvenile natural mortality will apply to the raits
only. Another alternative that could be considésagthetheM is a function of population size, with
predator needs saturating when the populationase®above a threshold. [AGREED]

Recently suggestions have been madeNhfatr sardine has increased over time. Written douations
on the basis for this have been requested to alew evaluation and possible incorporation amongst
alternatives to be considered.

« ltis assumed at present that adult and juvemtovy natural mortality is constant over time at

M = 0.9 yeat (estimates again based weakly on past maximurihidad considerations,
‘biologically probable’ cases of juvenild being greater than or equal to adv|tand also on
plausible proportions of recruits available to khay survey). Is there reason to suspect temporal
changes, and if so how are alternative possilsliticbe plausibly quantified?

Proposal: Alternative combinations of adult andejeile natural mortality, constant over time, wid b

tested. Bayesian posterior mode and plausiblegptiops of recruits available to the May surveyl i

taken into consideration in determining a suitaibleice ofM. Juvenile natural mortality will apply to

the recruits only. [AGREED]
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e Somatic growth rate is assumed constant over tirpeegent. What are plausible scenarios for
recent changes over time, and how might theseragninto the future?
Proposal: As mentioned above, if density-depengewth has occurred, this should reflect in the-ag
length-keys used in the updated age-structuredsssmt models. In the two-population hypothes$es, t
same ALKs will be used for both populations andsthath populations will be assumed to be affected b

density-dependent growth in a similar manner. [AER]

« The only age data used in thechovy assessment model are age length keys (ALKs) akhye
Prosch (unpublished data, MCM) for the 1992-199%e¥aber surveys. A combined 1992-1995
Prosch key was applied to raised length frequericeas the November surveys for all other
years to obtain mean masses. The proportionsyeff-olds in the November survey were
obtained using this Prosch key. The alternative isse a cut-off length (10cm, 10.5cm, or
11cm) for the raised length frequencies from theeys. Are there any new data available to
improve on the current assumption?

Proposal: No new data are available. Sensitig$ystto the selected base caisehovy assessment will

consider these alternative cut-off lengths forrtieed length frequencies. [AGREED]

Very detailed issues
« The model currently assumsa dine live to age 5 and then die. Should a plus grap b
modelled? (Note, inclusion of plus group will prbbarequire retesting of assumed fixigk)

Proposal: Yes. [AGREED]

e The model currently assumaschovy live to age 4 and then die. Should a plus graip b
modelled? (Note, inclusion of plus group will prbbarequire retesting of assumed fixigld)

Proposal: Yes. [AGREED]

e Sardinecatch is approximated as taken 6 months aftendate = 1 May. Should catch rather be
modelled to be taken on a quarterly basis?
Proposal: No. Catch will continue to be modelledaarannual basis, as it seems likely that the darth
complexity that this would introduce would be atialgily burdensome without providing commensurate
improvement to the model’s predictive capabilitigdGREED]

* Juvenilesardine catch taken prior to the survey is currently asstito be taken halfway from 1
Jan to the start of survey. Should this rathendigvay from 1 Nov to the start of the survey?
ProposalSardine recruit catch in November and December is genel@ll in comparison to that from
January to May, though recent years (2001-2004¢ saen high recruit landings during November and

December, possibly due to sardine being usedg$bnfeal. We propose that no change be made to this
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assumption, given that the higheatdine recruit landings generally occur in April and May.
[AGREED]

* Itis currently assumed that adatichovy (1 year olds only) caught from 1 Nov — 31 Marcé ar
approximated as taken on 1 Feb. Is this approximaidequate?
Proposal: No. The anchovy catch from Novembeatwadry is generally low in comparison to that in
Febuary to March (Figure 3a). Thus the adult amglaught between 1 Nov and 31 March will be
approximated as taken on 1 March (Figure 3b). Hewnesee below for further discussion. [DISCUSS]

* In OMP testing, 30% of normal seasamchovy catch is assumed to be taken between Jan and
March, and to comprise. 1 year olds. Is this aggadte approximation?
Proposal: Probably yes, but the catch data wi#s@mnined to reconfirm this. See below for further
discussion of this. [DISCUSS]

e ltis currently assumed that juvendachovy caught from 1 April — 31 Oct can be approximated
as taken on 1 June (7 months after birthdate).ulhhis rather be split between halfway
through the normal season and halfway through ddéianal season, or should another date, e.g.
1 May, be used?
Proposal: Past data will be examined to check thissee below for further discussion. [DISCUSS]

Examining anchovy data to answer the above threstipuns has raised the question of how the anchovy
catch should be split between adults and juvenilegrevious operating models, the anchovy caught
from 1 November to 31 March were assumed to beasllyear olds) and anchovy caught from 1 April
to 31 October were assumed to be recruits. Ibvs proposed that a cut-off length be applied ta Hpd
catches in each month into recruits and adultslifinary work has involved using a cut-off length
10.5cm in each month, but this may not be adeqsszlults caught between November and March may
be <10.5cm. Further explorations of these daaequired, for example to check whether use of a
month-dependent cut-off could address this issegaately. [DISCUSS]

Important Changes in Data available to Conditiomn®perating Models

* New series of acoustic survey estimates (and agsodcvariances-covariances) of spawner
biomass in November and recruitment in May follogvaapping calibration analyses. Note that
the November estimates will remain estimates gpdpulation, rather than SSB. These
estimates will be spatially disaggregated by tleaareferenced earlier in this document.

* The May recruit numbers will be updated from pregi@assessments to allow for annual revision
of the cut-off length for recruits based on theglbnfrequencies from the surveys (see Coetzee
2006).
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e The CVs for the recruit estimates will be updatexaif previous assessments to reflect the CV of
recruits only, rather than that of adults and risru

e ALKs for sardine from November surveys for 2000 onwards. ALKsad®99 are available,
together with 2001 and 2002. The ALK for 2000 fdisappeared” and the samples in 2005
were inadequate resulting in no ALK for Novembe®2®eing available. Deon Durholtz will
calculate the ALKs for 2003 and 2004 before the @fritie year and for 2006 soon thereafter. It
was suggested that commercial ALKs in 2000 and 2@06&alculated instead. ALKs will be
spatially disaggregated by the three areas refedeearlier in this document. (Note that only
survey ALKs will be spatially disaggregated, noteoercial ALKS.)

* ALKs for sardine commercial catches for selected months from 200@aods. It is highly
unlikely that these will be available in time, givéhe priority to obtain ALKs from the
November surveys. Thus it is suggested that weygaelate between the ALK from November of
one year and the ALK from November of the next yeasbtain an estimated ALK for the
commercial catches. The availability of recruitv@y ALKs for 2001 and 2002 may be useful.
The possible differences between ALKs during theeypand in commercial catches in
November (if sufficient catch was taken in Novemider past years need to be investigated.

* RLFs for the commercial catch will need to be sgbtidisaggregated from 1987. (Note that for
scenarios with twaar dine populations present in an area, the catch by Egs-will be allocated
to population in the same ratio as the numberbeféspective age-classes present in the area.)
At the last PWG meeting it was decided that a taskip needs to meet to discuss progress on
the RLFs, based on both field station and obsetata. Jan van der Westhuizen (subsequent
pers. comm.) suggests this is not necessary ang RIckhe next assessment will be based
ONLY on field station data. [DISCUSS] The sardingMR by area are almost complete. The
finalisation of anchovy catch data / RLFs awaitieaision on the above discussion.

* Biological data may be available in spatially dgaagated form from 1987.

Management Procedure
Broad Conceptual Issues
* Thresholds for invoking Exceptional Circumstancesently depend on the individual biomass
of sardineand anchovy. Should a combined threshold biomass dine + anchovy + redeye)
also be considered (e.g. w.r.t. EAF / predaton?isk
Proposal: Separate thresholds will remainstwdine and anchovy. If possible, the question of providing

an Exceptional Circumstance threshold based onuysemgimbers will be examined. [AGREED]

« Does the current OMP protesetr dine too much at the expensearfchovy catches? Is the
currentsardine-anchovy trade-off to be re-considered (but what are thaications for current
rights allocations)?

Proposal: As a default the current directaidine-anchovy trade-off will be used. [AGREED]
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* The current risk definitions are:
riskg - the probability that adusiar dine biomass falls below the average adaftdine

biomass over November 1991 and November 1994 sit de@e during the projection

period of 20 years.
risk, - the probability that aduéinchovy biomass falls below 10% of the average adult

anchovy biomass between November 1984 and November 1988sttonce during the
projection period of 20 years.
Need these be redefined?

Proposal: These should be re-checked for apprepeas. [AGREED]

e The present OMP uses essentially only abundaniteagdst from the May and November
surveys. Should further input data also be consitlez.g. age or length information, measures of
early/late recruitment, pre-recruit surveys, etc.

Proposal: The calculation of the TACs in the abseasfeexceptional circumstances will remain depehden
on these survey observations. If Exceptional @istance thresholds are developed based on penguin
numbers, these thresholds and the rules to besMetion the event that Exceptional Circumstances are

invoked will incorporate data relating to the peimgoopulation abundance. [AGREED]

« Provision needs to be made for deviation from tPQvhen the conditions encountered fall
outside that used in the initial design of the OMP.
Proposal: Follow the metarule process as outlindgLitterworth (2006) (as updated). [AGREED]

Detailed Issues:
* Should the constraints on inter-annual changeamhCs be readdressed? (Industry to
comment.)

Proposal: Not at this stage, although input fromittdustry will be required in due course. [AGREED]

« Should the thresholds and rules for Exceptionatuirstances be reconsidered?
Proposal: Threshold levels and rulesdardine and anchovy will remain unchanged unless evaluations
based upon the updated operating models indicated for substantial revision. A threshold lewel f
penguin abundance may be proposed and accompasytreptional circumstance rules developed.
[AGREED]
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Table 1. Proposed Hypotheses and Robustness deste {Update to th&ardine Assessment. (Blank

cells refer to no change from the above cell)addition, two options for each hypothesis will lsed

when testing the OMP; one assuming the red-eyd catw consequently the sardine bycatch associated

with red-eye, remains at its recent average level ¢the projection period and one assuming the ayer

red-eye catch will double over the next 5 years.

Hypotheses Number | Stock-Recruitment| Distributional Shift Maturity Future Selectivity
Robustness of Model Over Time Assumptions Assumptions
Test Population
s
Hla One Hockey Stick Option 1 Annual Maturity | Same as that prior t
Ogives 2001
Hilb Eg. Option 2
Hic E.g. Option 3
H2a-c Beverton Holt Options 1-3
H3a-c Ricker Options 1-3
H4 Two Hockey Stick N/A
H5 Beverton Holt N/A
H6 Ricker N/A
H7a-c One Hockey Stick Options 1-3 Same as theat 2001
H8a-c Beverton Holt Options 1-3
H9a-c Ricker Options 1-3
H10 Two Hockey Stick N/A
H11 Beverton Holt N/A
H12 Ricker N/A
R1 Applied to selected one or two of above hypathes Maturity at Age 1 Depending on above
hypotheses chosen

Table 2. Proposed Hypotheses and Robustness dette lUpdate to th&nchovy Assessment. (Blank

cells indicate no change from the above cell.)

Hypotheses / Robustness  Number of Stock-Recruitment Model Ageing Assumptions
Test Populations

H1 One Hockey Stick Prosch ALK

H2 One Beverton Holt Prosch ALK

H3 One Ricker Prosch ALK

R1 One Applied to one of the above hypotheses  Ifigroff in RLFs

R2 One Applied to one of the above hypotheses  t®dd-off in RLFs

R3 One Applied to one of the above hypotheses  Iddroff in RLFs
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Proportion of Observed November Sardine Biomass West of Cape Agulhus
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Figure 1. Proportion of observed uncapped (neweagirength) Novembeardine biomass west of
Cape Agulhas over time.
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Figure 2. Schematic diagram indicating the singhel &avo-populatiorsardine hypotheses, with the
proposed “western”, “southern” and “eastern” area®r spatial disaggregation. Boundaries between
these areas need to be discussed. Given that &z avill be chosen in relation to penguin distribaog
the “west” population might also overlap into thedstern” area.
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a) The Proportion of Anchovy Catch Taken Between 1 November and
31 March, Split at 1 February
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b) The Proportion of Anchovy Catch taken Between 1 November and
31 March, Split at 1 March
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Figure 3. The proportion of anchovy catch takemfrl November to 31 March each year split a) aetirBary and b) at 1 March.
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