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A new management procedure (MP) for the South Afripelagic fishery is to be developed next year in
time to be implemented by December 2011 to setritial anchovy and directed sardine TACs (Total
Allowable Catches) and sardine TABotal Allowable Bycatch) for 2012. This documéists some of

the issues which are proposed to be taken intoidenmsion during the development and simulation
testing of the new OMP. The authors invite comment current best practice regarding the

implementation of these considerations.

» Assign relative plausibility to one and two (‘weatid ‘east’) stock hypotheses for sardine
Two separate hypotheses of stock structure willnmdelled (Appendix A). Resource and catch
projections under candidate MPs could differ untter alternative hypotheses. How do we best
determine relative plausibility between hypothes&hould higher weight always be given to the more

pessimistic resource projections, and if so, howhfu

* Modelling future recruitment in the operating madel
There is a possibility that stock-recruitment dyi@nhave changed over time, perhaps in 1999/2Q00, o
possibly due to density dependence (Appendix B)oulll a different model be used for sardine “peak”
periods? How should seemingly enhanced anchowyiteent throughout the 2000’s be interpreted?
How do we best model recruitment and its varigbihitthe future?
One suggestion for sardine would be to estimat®ek gecruitment relationship using years excluding
those of peak biomass (or peak recruitment?). rButecruitment would be based on this stock
recruitment relationship. Alternatively, a separsitock recruitment relationship could be estimatgdg
years of peak biomass (or peak recruitment?) andduecruitment could switch from one ‘regime’ to
another with a probability of eg 5/27 (based on pleeiod covered by the acoustic survey series) of

switching to the ‘peak regime’ which then continf@s5 years.

“MARAM (Marine Resource Assessment and Managemeoa®), Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@017 South Africa.

! As juvenile anchovy shoal together with juvendedine for a large part of the time for which tteg available to
the fishery, most anchovy landings are therefose@ated with a juvenile sardine bycatch. As altekndings of
sardine and anchovy cannot be separately maxinaizéddherefore a joint management procedure is gragltor
both species. In addition, redeye round herriegiira bycatch of adult sardine. A fixed tonnagadhilt sardine
bycatch is incorporated into the management praeetuallow for bycatch with redeye. (Redeye isyaged using
a precautionary upper catch limit.)
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For anchovy, we could base future recruitment @togk recruitment relationship estimated from all
years for the base case hypothesis and a stoakitreent relationship estimated from 2000 onwards fo

the alternative hypothesis which assumes a changgeck recruitment relationship in 2000.

* Implementation uncertainty
The anchovy TAC has been undercaught for a numbgears due to a variety of reasons (weather,
processing capacity, environmental limitations oocpssing plants etc.). In addition, the final TisC
frequently announced only at the end of July, gj\just one official month to catch the remainingmal
season TAC/B How best do we account for implementation umdety in the OMP, taking into
account that the maximum allowable anchovy TAC ddé decreased in the next OMP because current
industry processing capacity cannot handle as nasc®00 thousand tons of fishmeal and is unlikely to

be increased, and thus the extent of undercdtahyj may reduce.

¢ No surveys
Rules should be included to determine the TAC ifsnovey result is available (see Appendix C for a

proposal on this).

* Risk evaluation
The trade-off curve for OMP-08 is shown in FigureofLAppendix D. This curve is constructed by
limiting riskg < 018 andrisk, < 010, where the definitions of risk have been maintdifrem OMP-
04:
riskg - the probability that adult sardine biomass falidow the average adult sardine biomass
over November 1991 and November 1994 at least dmgrg the projection period of 20 years.
risk , - the probability that adult anchovy biomass fékdow 10% of the average adult anchovy
biomass between November 1984 and November 19fastt once during the projection period of 20
years.
Objective methods of defining risk and the assedid@hresholds are desirable. The criterion usethglu

the development of OMP-08 are given in AppendixHw might these need (generalisable) adaptation?

? The joint sardine-anchovy management proceduneatis a annual directed sardine TAC and an imitiahovy
TAC and sardine TAB at the beginning of the yeas.the anchovy fishery is primarily a recruit fisheonce an
estimate of the year’s recruitment is obtained ftbemMay hydroacoustic survey, the anchovy TAC sandline
TAB are finalized for the “normal season” (1 Jaryu@r 31 August). The year is then split into addaional
season” from 1 September to 31 December when jleveardine tend to no longer shoal together witlefuie
anchovy. Thus a separate anchovy TAC is allocfmethe additional season with a small sardine TtéRllow for
the targeting of “clean” anchovy.
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APPENDI X A: Proposed Sardine Stock Structure Hypotheses (extracted from

1)

2)

3)

MCM/2010/SWG-PEL/37)

A single sardine stock will be considered. Thegksrarea modelled will correspond to the area
west of Port Alfred. Given this assumption, change distribution within this area over the
period under consideration will not impact the pdagian model to be used. To the extent that
estimates or projections may be required (for exarfgr models linking penguin dynamics to
fish abundance in a smaller region), this can théesed through proportional allocation by area
by use of historical estimates for these propostiivom past survey results.

Two discrete sardine stocks will be considered. “western” stock will be modelled to be
distributed throughout the “western area”, defirasl the area west of Cape Agulhas. An
“eastern” stock will be modelled to be distributidioughout the “eastern area”, defined as the
area east of Cape Agulhas. The two stocks wildseimed to be independent and the model will
assume no mixing between the stocks. Previous wsuaggested that the existing data could be
reasonably explained by this hypothesis (de Moar Batterworth 2009a), with the observed
“peak” in abundance in the early 2000’s explaingdbarger increase in the “eastern” stock than
the “western” stock.

Two partially overlapping sardine populations wile considered. The two discrete stock
hypothesis will be amended to allow for mixing ihetfollowing manner (de Moor and
Butterworth 2009b):

a) Movement of recruits from the “western” stockth® “eastern” stock in the November in
which they become 1-year-oftsThis movement is proposed to be biomass-depénidenthe
greater the “western” stock biomass, the greaemtigration of recruits to the “eastern” stock.
Alternatively this could be dependent on the radoiomass, i.e. a greater migration of recruits
would occur during years of good recruitment to“thestern” stock.

b) Movement of adults from the “eastern” stockhe twestern” stock in the November in which
they become 2+-year-olds. This movement is praptsée independent of the stock biomass in
a random effects type model framework (the prooégiting the model to the data will indicate
to what extent this movement occurred each year).

¢) Recruitment to the “western” stock depends andpawning biomass of the “western” and
“eastern” stocks.

Previous attempts at fitting a model of two palfiadverlapping sardine populations to the
available data were not successful (de Moor andeBubrth 2009b); however this will be
attempted again with the updated data set, whidlhmaiv include ageing data that have recently

become available.

% If such movement does occur, it is likely to betimuous throughout the year. This assumption idema the
interests of keeping the model simple.
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APPENDI X B: Stock Recruitment Relationships

The anchovy November spawner (1+) biomass timesésishown in Figure 1 and the May recruitment
time series is shown in Figure 2 for the base ¢sisgle stock recruitment curve) hypothesig, A'he
(November) anchovy stock-recruitment relationshepplotted in Figure 3 for Aand an alternative

assuming two stock recruitment relationships olkerduration of the assessment.

The sardine November 1+ biomass time series is showigure 4 and the May recruitment time series
is shown in Figure 5. The (November) sardine steckuitment relationship is plotted in Figure 6ing

a hockey stick curve for all years except 2000-2f@@4vhich constant mean recruitment was assumed.
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Figure 1. Acoustic survey results and, model estimates for November anchovy spawner Berfram
1984 to 2009. The survey indices are shown with @8#fidence intervals. The standardised residuals
from the fit are given in the right hand plot. &ig taken from de Moor and Butterworth (2010a).
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Figure 2. Acoustic survey results and, Aodel estimates for anchovy recruitment numbeysfMay
1985 to May 2009. The survey indices are shown WBRo confidence intervals. The standardised
residuals from the fit are given in the right hapldt. Figure taken from de Moor and Butterworth
(2010a).
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Figure 3. Model predicted anchovy recruitment (in Novembgldtted against spawner biomass from
November 1984 to November 2008, showing the modstimated Beverton Holt stock-recruit
relationship for a) the proposed base case sceof@@ingle stock-recruit relationship in all yeand b)

an alternative scenario where one stock-recrudtticiship is estimated from 1984 to 1999 and amothe
from 2000 to 2008. The dotted line indicates thplagement line. Plots taken from de Moor and
Butterworth (2010b).
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Figure 4. Acoustic survey estimates and model predicted Nz sardine 1+ biomass from 1984 to
2006. The survey indices are shown with 95% cemidg intervals. The standardised residuals fr@m th

fit are given in the right hand plot. Figure takesm Cunningham and Butterworth (2007).
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Figure 5. Acoustic survey estimates and model predictedrsamcruitment numbers from May 1985 to
May 2006. The survey indices are shown with 95%fidence intervals. The standardised residuals

from the fits are given in the right hand plotggufe taken from Cunningham and Butterworth (2007).
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Figure 6. Model predicted sardine recruitment (in Novembadtted against spawner biomass from
November 1984 to November 2005, with the ‘hockegkststock-recruit curve and the constant
recruitment between 2000 and 2004 also shown @btréine with crosses). The open circles denoge th
2000 to 2004 November spawner biomass and recmitme-igure taken from Cunningham and
Butterworth (2007).
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APPENDI X C: Document MCM/2010/SW G-PEL /42 presented to the PWG

Proposed rulesto determine inputsto the OMP should there be no hydro-

acoustic survey result in November 2010 or May 2011

deMoor, C.L."Butterworth, D.S." and Coetzee J.C.&

Correspondence email: carryn.demoor @uct.ac.za

Estimates of sardine and anchovy resource abundlooe hydro-acoustic surveys carried out in
November and May each year form the key inputs tioOMP-08 formulae (de Moor and Butterworth
2008). OMP-08 is used to calculate the recommeraaheaial directed sardine and anchovy TACs and
sardine TAB. The Pelagic Scientific Working Groli@s recognised the need to agree on a “back-up
plan” to implement in the unfortunate event thalhei the survey does not take place, or the sulveg

not achieve sufficient coverage to allow for aaele estimate to be computed (DEAT 2009). Follgwin
discussions at the Pelagic Scientific Working Graup 11" August 2010, the following rules are
proposed for adoption by the Pelagic Scientific Wifeg Group to be implemented in the event of no
hydro-acoustic survey result being available fov&hber 2010 or May 2011.

November 2010

In the event of no survey taking place, sufficieithne would be available before the TAC
recommendations are required to enable updatdedéatest sardine and anchovy assessments (rasults
the posterior mode only). Retrospective runs wdndctarried out for the past +6-8 years to comfizee
difference between the model predicted Novembebidass (including estimated bias) and the survey
observation in each final year. The model predi¢t®vember 2010 1+ biomass (with estimated bias)
will then be reduced by either the maximum diffe®rbetween these historic model predictions and
survey estimates, or one standard error of theegiion estimate, whichever is greater. This reduce
estimate of 1+ biomass will be used to input ifte ©OMP-08 formulae to calculate the directed sardin
and initial anchovy TACs and initial sardine TAB 2011.

May 2011
The normal season anchovy TAC and sardine TABreithain unchanged from that recommended at the

start of the year. By default there will be no iiddal season. However, if there is a survey in

November 2010, updates to the assessment modets) tie lines of those mentioned above, will be

“MARAM (Marine Resource Assessment and Managemeni®, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebos@l017 South Africa.

& Department of Agriculture, Forestry and FisheriBranch Fisheries, Private Bag X2, Rogge Bay, 8@b2ith
Africa.
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attempted. Projections under OMP-08 with the adloge for some additional season TAC/B will be
simulated. [Note that preliminary projections unttee assumption of half the maximum additional TAC

Is taken every year increased the risk to the sarand anchovy resources substantially.]

OMP-12

Rules on how to determine the inputs to the OMRikshtinere be no hydro-acoustic survey result vall b
incorporated into the development and testing offaM2. The rule for no November survey result will
likely be similar to that proposed for November Q0JA separate rule will be developed for May
surveys, likely also dependent on updated assessnueel results with retrospective comparisons
between model predicted and survey estimated Mayiteent. A ‘penalty’ will be needed for eithefr o
these cases in the event of two or more consecstimey results not being available. Further comtsie

on possible rules to incorporate into OMP-12 aricoreed.
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APPENDI X D: Risk definitions and thresholds

With each new OMP we are faced with the need tcsiden redefinition of the risk criteria. This is
because the more or less the abundance of an vitedptesource fluctuates naturally, the more ss le
resilient it is to reduction to a specified levhetdugh exploitation, and hence the greater or teidme

acceptable probability that fishing reduce the wese to below that level (the basis we use forsk ri

criterion).

Updated assessments often result in revised esSnoétthe extent of recruitment fluctuation ancurit
mortality, both of which impact the extent to whiciomass fluctuates from year to year with or witho

fishing.

In an attempt to redefine the level of risk in drjeotive manner as possible, two criteria were used
during the development of OMP-08. The primaryesi@dn was a multiplicative adjustment of the

probability threshold defining risk level for a bmass threshold defined as for OMP-04, by comparing
ratios of probabilities in the absence of fishinghe OMP-04 case (Tables D.2 and D.4). The secygnd

criterion was to compare the extent to which thamaiss distribution is moved to the left under OMP-
regulated fishing compared to the no-fishing sitrat(Figures D.2 and D.3). The percentiles of the
biomass distribution curve after 20 years futurejgmtion under OMP-08 compared to a no-catch

scenario were compared to those under OMP-04 (F&hke and D.6).

These percentiles informed the threshold of 18%stmdine to maintain a biomass distribution under
OMP-08 relative to that under a no-catch scendtir 0 years of simulation being very close ta tha
under OMP-04 (though the lower 10% of the distiifiuis somewhat lower). The threshold of 10% for

anchovy was primarily informed by the former ciibex.

Table D.1. The probability that sardine biomass drops belByy at least once during the projection
period of 20 years, using the OMP-04 simulatiomia/ork with the associated 2004 assessment (this
defines “Risk” for OMP-04).B,, is the average 1991 to 1994 sardine November lsisroalculated

using the 2004 sardine assessment.

Bos 125x By,
C=0 0.01 0.030
C=0OMP-04 0.098 0.188

10
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Table D.2. The probability that sardine biomass drops belByy at least once during the projection

period of 20 years, using the OMP-08 simulatiomfesork with the associated updated assessnEgpt.

is the average 1991 to 1994 sardine November bmrasulated using the 2007 sardine assessment.

By 125x By,
C=0 0.028 0.088
(C=0OMP-04§"/(C=0)"*x(C=0)" 0.274 0.551
(C=0OMP-04§"-(C=0)*+(C=0Y" 0.116 0.246

Table D.3. The probability that anchovy biomass drops bel®ix B,, at least once during the

projection period of 20 years, using the OMP-04 utation framework with the associated 2004

assessment (this defines “Risk” for anchovy for GMP. By, is the average 1984 to 1999 anchovy

November biomass calculated using the 2004 anchssgssment.

0.1x By, 015x% By,
C=0 0.028 0.042
C=0OMP-04 0.28 0.376

Table D.4. The probability that anchovy biomass drops bel®ix By, at least once during the

projection period of 20 years, using the OMP-08utattion framework with the associated updated

assessmentB,, is the average 1984 to 1999 anchovy November lEsnealculated using the 2007

anchovy assessment.

C=0

(C=0OMP-04§"/(C=0)"'x(C=0)"

(C=0OMP-04§"-(C=0\"*+(C=0Y"

0.1x By, 015x By,
0.001 0.007
0.010 0.063
0.253 0.341

Table D.5. The ratio of the percentiles of the distributidnsardine biomass in 2027 under OMP-08 for

the chosen sardine risk threshotilsk <0.18) to a no-catch scenario. The anchovy risgsttold is the

same for both casesigk , <0.10). A comparison is made to the ratio of theegetiles of the distribution

of sardine biomass in 2023 under OMP-04 to a nokcatenario using the previous assessment. Shaded

cells represent cases for which the predicted (dgpletion) is more pessimistic than that usedXviP-

04.

OMP-04/No-catch| OMP-08/No-catc

riskg <0.18

10%ile 0.59 0.49
20%ile 0.68 0.68
30%ile 0.69 0.72
40%ile 0.71 0.73
Median 0.72 0.72

>
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Table D.6. The ratio of the percentiles of the distributidraachovy biomass in 2027 under OMP-08 for
the chosen anchovy risk thresholdsk , <0.10) to a no-catch scenario. The sardine riskstiold is the
same for all casesickg <0.18). A comparison is made to the ratio of theegetiles of the distribution of

anchovy biomass in 2023 under OMP-04 to a no-catetmario using the previous assessment. Shaded
cells represent cases for which the predicted (d@pletion) is more pessimistic than that usedbiP-
04.

OMP-04/No-Catch| OMP-08/No-catch
risk,<0.10
10%ile 0.25 0.31
20%ile 0.37 0.38
30%ile 0.45 0.42
40%ile 0.56 0.44
Median 0.58 0.51

OMP-02, OMP-04 and OMP-08 Trade-off Curves
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Figure D.1. Trade-off curves for OMP-02, OMP-04 and OMP-08heTrade-off curve for OMP-08 is

determined by points satisfyingskg <0.18 andrisk , <0.10.
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Figure D.2. Comparison of anchovy biomass distributions infthal projection year under a no catch
scenario and the pertinent OMP for the 2004 asssss(ieft plot) and the 2007 assessment (right)plot
In the right hand plot the risk threshold for anghcs 0.10 and for sardine is 0.18.
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Figure D.3. Comparison of sardine biomass distributions infthal projection year under a no catch
scenario and the pertinent OMP for the 2004 asssss(ieft plot) and the 2007 assessment (right)plot
In the right hand plot the risk threshold for anghcs 0.10 and for sardine is 0.18.
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