CCSBT-MPTM/0502/06

APPLICATION OF THE D&M MANAGEMENT PROCEDURE TO THE CORE AND
SENSITIVITY TRIALSTO ASSIST IDENTIFY FACTORSTO WHICH MPPERFORMANCE IS
LIKELY TO BE THE MOST SENSITIVE

BHG(MP) ORT p—~ AT b B A% 5 2 52BN EZH ST 57200 D&M EH 50 Core
& Sensitivity b7 A 7 /L ~O i

Doug S Butterworth and Mitsuyo Mori

m MARAM (Marine Resource Assessment and Managemewou@r
Department of Mathematics and Applied Mathematics
University of Cape Town, Rondebosch 7701, SouthicAfr
February 2005
SUMMARY

The D&M MP is tuned to the Core set OM and thenliadpo constituent scenarios of the Core set Apd3ensitivity
trials. The presence or absence of appreciablegesain anticipated performance as factors aredan these trials
suggests that Indonesian selectivity might be ohetlin the final Reference set, but the MO fackataded.
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INTRODUCTION

An important objective for the February 2005 CCSEdrkshop in Seattle is to finalise a Referenceaget Robustness
trials (or Operating Models, OMs) for final Managemh Procedure (MP) testing. These are to be dpedlrom the
Core set and Sensitivity trials defined at present.

It is likely that a Sensitivity trial (factor) forwhich MP performance changes substantially fromt toa the
corresponding baseline would be a candidate fousimn in the Reference set. Similarly, if perfamee showed little

difference for alternative levels of a factor i tBore set, this might be omitted from the Refezesat.

This paper thus provides results for the applicatiban MP to the Core set and Sensitivity trialsigsist the process of

finalizing the Reference set and Robustness trials.

METHODS

The D&M management procedure (Butterworth and N003, 2004) has been used to assess comparatieenpemnce
of an MP across different OMs in this paper. Th&MD management procedure is based on fitting a discr
age-aggregated Fox dynamic production model toqash and CPUE data. The details of how the migdélare set

out in Butterworth and Mori (2004), and will not bepeated here. Estimates of the parameter viliesthis model
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fit are used to compute future TACs as follows:

A

B 14
TAC,,, =| w,TAC, +afl-w, ) MSYR, (B, [ﬁB—yJ (F, ) | OF (LL) (1)

MSY

where éw is the estimated maximum sustainable yield IEMSYL),
Y

is a control parameter (here fixed to be,0.6)
Wy is a control parameter (which can change fyear to year, though is kept year-invariant andakt

0.7 in all the applications considered here),

MSYR, is the estimated maximum sustainable yield rat&utzted as MéYy/MSYL (f,/In Kyfor the Fox
model — note that these estimated values changeyeglry as more data become available),

B is the estimated biomass for yearwhich (together withi, and Ky) is re-estimated for each

projection year,

g(fy) is a function which reduces the TAC furtherfjf is low,
f(LL) is a function which adjusts the TAC dependingteproportion of lower ages in longline catch, and
a is a control parameter which is varied btat the desired mediand/B2oos tuning level.

The TAC reduction factorg(fy) is set to:

0 for 0<f, <1,
A 1 4. A
g(ry) = : _rl(ry —rl) forr, <f, <r,. (2)
1 forr, <T,

with parameter values fixed at=0.4,r,=1.0 as is in Butterworth and Mori (2003).

Here we assumeffLL)=1 for simplicity and since the aim at this stégéo compare performance across different OMs
rather than to optimize the MP. Parameter valeesaf(LL) function will be better chosen once a Referereteis
finalised.

Sample sizes for applications to the core and 8ehsiOMs were 500 and 200 respectively; this virathe interests of
speed of computation, given that the purpose &f éxiercise was to make qualitative rather than tegqaantitative
comparisons.

RESULTS

Both the Core set (Cfullnotag) and the sensititést which incorporates tagging data in conditigrtime OM (Cfulltag)

have been used to tune the D&M procedure to achieedian recovery levels of 0.9 and 1.1 (see Table 1



Corresponding catch and spawning biomass trajestarie shown in Figs 1 and 2 for Cfullnotag anHigs 3 and 4 for
Cfulltag.

Figs 5 and 6 compare a Cfullnotag tuning to recplerel 1.1 across the Cfullnotag and Cfulltag OMikjle Figs 7 and

8 do the same for the corresponding Cfulltag tuning

Figs 9 and 10 respectively compare recovBeyt/Boos and catch@ozy) statistics for the Core set (or a factor thereof)
and corresponding Sensitivity trials. Figs 11 42ddo likewise for constituent factors within ther€ set, where the
value of the factor itself is fixed and the trintegrated over the other factors. Generation efagsociated OMs was
achieved by replacing the Core set weights acenasd of the factor of interest by 1 for the vailguestion and 0 for

the other values.

The trial names shown in Figs 9-12 are as in thedsird trials documentation, and the scenarios tbigct are
generally self-evident therefrom. Amongst the 8ty trials of Figs 9-10, note that low R-4 atalv R-6 refer to

scenarios where recent low recruitment occurs famdl6 years, rather than for 2 only as in the Gete

DISCUSSION

From Figs 1-8 it is evident that the addition af t#ata in re-conditioning the Core set OM (Cfulagtto provide the
Cfulltag OM, results in appreciably more optimigpilgnoses for the SBT resource. Much of thisedifice reflects
the different weightings, which arise from diffetdikelihoods for the various levels of Core settéas MO, M10 and
Omega. Table 2 shows these differing likelihoodthe form of differences in —InL, so that highatues reflect lower
weights accorded. (Note that steeprieasd CPUE are included in this Table in the intsresly of completeness, as

these factors are weighted by priors alone in @giey the Core set.)

Table 2 suggests that the key reason for the diffegs in prognoses when tagging data are takeradgumunt is that
these data are appreciably less consistent witlothest MO and M10 levels, which consequently reeeelatively less

weight for the Cfulltag OM compared to the CfullagtCore set.

In the Sensitivity test results of Figs 9 and Mo tfeatures stand out. The first is the notableeritEration in
performance as the period of low recruitment ieeded for the immediate future. The second idalge negative

impact on recovery when the maximum age for whitohessian selectivity is estimated is reduced 80rto 18.

Amongst the Core set factors (Figs 11 and 12)etheelittle variation in performance for differevallues for MO.  Of
interest is that while performance in terms of raadiecovery is worse for the lowest value of M1Germs of the
median, such performance nevertheless reflects rresshvariability for the lowest M10 than for thentral value
(presumably a reflection of higher biomasses imhits terms for low M10 value). Identifying theassn for the

appreciably worse recovery performance for CPUES&PUE_04 merits attention.

In summary, in relation to moving from the curr€dre set to a Reference set, these results suggease for dropping
the MO but including the Indonesian selectivitytéadn the Reference set.
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Table 1. Values of thea tuning parameter of the D&M management procedarehitain particular median recovery

REFERENCES

levels for the Cfullnotag and Cfulltag operatingdats, based on a sample size of 500.

oM Tuning level o B 022/ Bagoa
Cfullnotag 09 0.78 0.90
1.1 0.50 1.10
[Cfulltag=1.1] 0.94 0.79
Cfulltag 0.9 1.23 0.90
1.1 0.94 1.10
[Cfullnotag=1.1] 0.50 1.39

Table2. The values shown are the differences in the aeeflay compared to the lowest -InL in each row.

Factor oM
0.385 0.55 0.73
Steepness notag 0.0 1.0 3.6
tag 0.0 1.7 4.2
0.3 0.4 0.5
MO notag 0.0 0.1 0.7
tag 3.8 0.9 0.0
0.07 0.1 0.14
M10 notag 1.5 0.0 1.4
tag 5.2 0.8 0.0
0.75 1
Omega notag 0.0 0.9
tag 1.5 0.0
1 2 3 4 5
CPUE notag 8.65 12.76 17.05 0.00 3.01
tag 7.36 9.77 13.35 0.00 0.73




Cfullnotag median spawning biomass Cfullnotag median catch
180000 16000
160000 /‘ 14000 \ *
» 140000 12000 |
8 /
& 120000 / / 10000
i:% 100000 J-“ =\ =
0 % 8000 |
£ 80000 |- o
& 60000 [ 6000 T ~——
? 40000 ‘—1-1— 4000
20000 —09] | 2000 F
0 0
3 o S U o Q> ™ Q v > o ) S N2 » o S N v ™ o > O
Y & S NN N M PV E VY S N N N N N N N A W W% Q Q) 9 )
S S S S S S S S S S S K S S S S S S S S S S
Year Year

Figure 1. Median spawning biomass and catch trajectoriethioD&M MP ((LL)=1) for B2022/B2004 tuning levels of
a) 0.9 and b) 1.1 for th@fullnotag OM.
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Figure 2. Wormplots for the D&M MPf(LL)=1) for B2022/B2004 tuning levels of a) 0.9 andlk) for theCfullnotag
OM. The dashed lines show the 90% probability &ypes and the black dark lines show the mediaredtajies.



Spawning Biomass

Cfulltag median spawning biomass

160000

140000 -

120000 //

100000 _/—A

80000 | W

60000

40000 ?11‘*

20000 ‘—0.97
0
TSP T S PSS

Catch

18000
16000
14000
12000
10000
8000
6000
4000

Cfulltag median catch

—

H_
D

Figure 3. Median spawning biomass and catch trajectoriethioD&M MP ((LL)=1) for B2022/B2004 tuning levels of

a) 0.9 and b) 1.1 for thefulltag OM.
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Figure 4. Wormplots for the D&M MPf(LL)=1) for B2022/B2004 tuning levels of a) 0.9 andlh) for theCfulltag

OM. The dashed lines show the 90% probability &ypes and the black dark lines show the mediaredtajies.




D&M MP (f(LL)=1) tuned to 1.1 recovery level for Cfullnotag OM (M P tuning parameter a=0.50)
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Figure 5. Median spawning biomass and catch trajectoriesh@D&M MP f(LL)=1) for a B2022/B2004 tuning level
of 1.1 for theCfullnotag OM (MP tuning parameter=0.50) for the Cfulltag and Cfullnotag OMs.
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Figure 6. Wormplots for the D&M MP f(LL)=1) for B2022/B2004 tuning level of 1.1 for tigfullnotag OM (MP
tuning parametes=0.50) for the Cfulltag and Cfullnotag OMs.
and the black dark lines show the median trajessgori

Theslded lines show the 90% probability envelopes



D&M MP (f(LL)=1) tuned to 1.1 recovery level for Cfulltag OM (M P tuning parameter 0=0.94)
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Figure 7. Median spawning biomass and catch trajectoriesh®@D&M MP f(LL)=1) for a B2022/B2004 tuning level
of 1.1 for theCfulltag OM (MP tuning parameter=0.94) for the Cfulltag and Cfullnotag OMs.
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Figure 8. Wormplots for the D&M MP f(LL)=1) for B2022/B2004 tuning level of 1.1 for ti@&fulltag OM (MP
tuning parameten=0.94) for the Cfulltag and Cfulinotag OMs.

and the black dark lines show the median trajessgori

Thesded lines show the 90% probability envelopes
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Figure 9. Comparison of performance for the Core set agaiesiSensitivity trials in terms of recovem$(24B2009. The result for the Core set or its constituscenario is
shown as the leftmost entry in each box. For trestituent scenarios, Omega=1, MO0 is central andECB the median; hl and h2 are the low and cewnalaks of steepnebs
and M2 and M3 the central and high values of natagatality M10. The central square reflects thediaa, and the error bars the 90% probability iraérv
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Figure 11. Comparison of performance for specific values ef@ore set factors integrated over the other facbthe Core set in terms of recoveBgobdB20os). Notation is as

for Figure 9.
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Figure 12. Comparison of performance for specific values ef @ore set factors integrated over the other faabthe Core set in terms of catch in the yeall28btation is as

for Figure 11.
12



