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SUMMARY

This paper reports some initial results for the application of candidate management procedures (MPs) for SBT based upon age-aggregated production models to the trials developed thus far testing such MPs. The specific options tested are based upon models of this type, which incorporate the Schaefer and Fox forms of the surplus production function, as applied in Butterworth and Plagányi (2000) and Butterworth and Johnston (2001) to assess the SBT resource.  A particular advantage of these age-aggregated models is their simplicity.  The details of these models are set out, together with the associated control rule used to provide a TAC on the basis of the estimates of the parameters of the surplus production function.  This rule is a variant of the fMSY  strategy which puts emphasis on low interannual TAC variability, and seeks in particular to avoid inappropriate trends in short-term changes to the TAC from its current level.  Results are summarized for the various test scenarios coded thus far.  Performance for medium to high productivity scenarios seems satisfactory, showing increases in both the TAC and resource abundance.  However the TAC is not reduced sufficiently rapidly for the low productivity scenarios to avoid undue resource depletion. A modification to improve performance in such situations, without adversely affecting performance for others, is put forward. 

要約

本論文では，ミナミマグロのmanagement procedureとしてage-aggregated（齢構成をまとめた）プロダクションモデルを適用した初歩的な結果を報告する．検討したプロダクションモデルは，以前ミナミマグロの資源評価を行うためにButterworth and Plagányi (2000)やButterworth and Johnston (2001)が用いたのと同じSchaefer型とFox型の余剰生産モデルである．このような齢構成をまとめたプロダクションモデルの最大の利点は，モデルが単純なことにある．モデルの詳細および，モデルから推定されたパラメータに基づくTACの調整法については本文で詳しく説明する．このTAC調整法は，fMSY による調整法の変形版であり，TACの年変動が小さいことに主眼を置いており，その中でも特に，現在からその後数年のTACにおける不適切なトレンドを防ぐことに注目している．現段階で与えられている様々な試験シナリオに対して本モデルを適用した結果を紹介する．試験シナリオのうち，資源の生産性が中位～高いと仮定したシナリオについては満足の行く結果が得られ，TACも資源量も共に上昇した．しかし，資源の生産性が低いと仮定したシナリオについては，不適切な資源の減少を防ぐほど急激にはTACの減少が行われていない．そのような場合において，生産性の中位～高いシナリオのふるまいは変えず，生産性の低いシナリオのふるまいのみを向上させるようなモデルの修正を提唱する．

DATA

The production models applied here require input data in the form of historic (as well as, for future years, simulation generated) values for annual catch (by mass) and CPUE.  This is not entirely straightforward in the context of the MP trials developed for SBT, as for some fisheries (LL1, LL3) the historic catch is specified in terms of numbers of fish caught, and the associated estimated mass varies between scenarios because of the effects of different selectivity functions.  Clearly a management procedure cannot know with which scenario it is dealing, so that it must be provided with a unique set of annual historic catches by mass for the scenarios to be considered here.  The historical catch data used in these evaluations are shown in Table 1. They are the mean catches across eight scenarios (h3M10, h6M10, h9M10, h6M05, h3M15, h6M15, h9M15, and h6M15d1).  The differences in annual catch masses between these scenarios are very slight, so that the somewhat arbitrary nature of this specification is not an issue of consequence in practice.
The CPUE abundance index values used for these evaluations are also shown in Table1, and are the median of the five CPUE series provided (B-ratio proxy, Geostat proxy, Stwindow, Laslett Core Area, Nominal).
METHODS

The assessment component of the management procedures considered here use simple age- aggregated production models to describe the population dynamics of SBT.  Annual catch data since the start of the fishery are input and the models are fitted to the observed CPUE trend for the stock.  For each projection year, the stock level is reassessed using the production model, now taking account of catch and CPUE information for a further year, and the total allowable catch (TAC) for the following year is set depending on this assessment of the stock.  The performance when setting the TAC based on such an assessment method is investigated for two production models (Schaefer and Fox models).  Details of these production models and the TAC calculation methods are described below. 

SCHAEFER MODEL

The dynamics of the SBT population are assumed to be represented by the discrete logistic equation:
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                               (1)                        where 
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B

 is the biomass of SBT present at the start of year y, 
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C

 is the catch by mass (all fisheries combined) for year y, 

      K  is the pre-exploitation biomass, with the associated assumption of a population at 

pre-exploitation equilibrium when harvests commenced, i.e. B1952 =K, and 

      r   is the intrinsic growth rate parameter for the population. 

For this model BMSY = K/2 and MSY = 1/4 rK. 

To estimate the parameters r and K, the model is fit to the available index of abundance 

(CPUE) by assuming:
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where  Iy   is the CPUE index for year y, 

       q  is the constant proportionality (the catchability coefficient), and 
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Catches and CPUE are input for past years as described above, and the operating model generates values for future years for each projection in a trial. (Note that when fitting the model at the end of year y, catch data are available up to that year, but CPUE data to year y-1 only.)

The associated negative log likelihood minimized in the fitting process is:
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for which setting partial derivatives to zero (
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 where n is the number of years for which there are CPUE data.

FOX MODEL

This model is implemented identically to the Schaefer model above, except for the single change of a different functional form for the surplus production function in equation (1), which now becomes: 
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For this model BMSY= Ke-1 and MSY=rK/elnK. Note that unlike the Schaefer model for which r is dimensionless, the r in the Fox model has units which depend on the units chosen for catches and hence for biomass and K; the biomass units used for the computations which follow are tons.
TAC SPECIFICATION

The TAC for SBT for each future year is calculated from the following equation:
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MSY
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  is the estimated maximum sustainable yield level (MSYL), 
       (     is a control parameter, 

       w     is a control parameter (here fixed to be 0.7), 
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　is the estimated maximum sustainable yield rate, calculated as
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for Fox model – note that these estimated values change with year y as more data become available), and 
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   is the estimated biomass for year y, which (together with 
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) is re-estimated for each projection year. 

For the case w=0, (=1, equation (7) corresponds to an　fMSY  policy (
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) which (in terms of the population dynamics model assumed) will see biomass stabilize at MSYL in due course.  The w parameter is introduced to moderate the extent to which the TAC is adjusted from year to year in the interests of industrial stability.  The ( parameter’s role is to stabilize the TAC trend in the short term: a particular objective in selecting a value for ( is to avoid instances where the TAC outputs show a decrease for the first few years only, followed by a subsequent increase.  Setting ( to a value <1 tends to smooth out this undesirable behaviour. 

RESULTS
Initially the following seven candidate management procedures (MPs) were tested:

1. Schaefer model, γ=1 (“schae1”)

2. Schaefer model, γ=0.8 (“schae08”)

3. Schaefer model, γ=0.6 (“schae06”)

4. Fox model, γ=1 (“fox1”)

5. Fox model, γ=0.8 (“fox08”)

6. Fox model, γ=0.6 (“fox06”)

7. Fox model, γ=0.4 (“fox04”)

Performance statistics for the above seven MPs are compared for each of the eight scenarios (h3M10, h3M15, etc.) as shown in Figure 1.1 to 1.4 for hierarchy level 3, and in Figure 1.5 for hierarchy level 4 (hestmcmc).  All these results reflect distributions over 100 stochastic replicates for the scenario in question.  Figure 1.1 provides a summary over the eight scenarios using the summary plot developed by CSIRO scientists.  In the results shown for individual scenarios, only the cases h3M10, h6M10 and h9M10 have been shown (Figures 1.2 to 1.4) as the pattern of results for scenarios with the same value of h are fairly similar.  Median TAC and spawning biomass trajectories are shown in Figures 2.1 and 2.2.

Among the seven MP candidates considered, the candidate MPs corresponding to the Schaefer model with (=0.8 and the Fox model with(=0.6 behave best for h=0.6 scenarios in terms of smoothing the anticipated TAC trajectory in the short term (see Fig. 2.1).  Of these two the Fox model option is much the better in terms of lesser interannual catch variability. 
Detailed performances (comparison between the eight scenarios) for the Fox model, (=0.6, MP for hierarchy=3 and hierarchy=4 are shown in Figure 3.1 and 3.2, and the change in spawning biomass compared to BMSY is shown in Fig. 4. These performance statistics are also tabulated in Table2, together with values for B2022/BMSY and C2021/MSY.  Individual trajectories for catch and spawning biomass, and median with 90% probability envelopes are shown in Figure 4.1 and Figure 4.2 respectively. 

DISCUSSION AND FURTHER DEVELOPMENTS

In most respects the performance of the Fox model, (=0.6 management procedure candidate appears reasonable for these initial trials.  For most scenarios the average interannual TAC variability is less than 3%.  TACs do not change greatly for the next five years, but do show increases over the following 15 years for those scenarios that reflect a more productive resource, as well as securing an increase in abundance over this period (often to the 1980 level by 2020).  The plots in Figure 3.1 are misleading for scenario h6M05 for which the combination of no increase in abundance and an increased TAC might seem unsatisfactory; reference to Table 2c shows, however, that for this scenario resource biomass remains above BMSY, so that the MP is not setting inappropriately high TACs. 

Figure 4 shows that this Fox, (=0.6 candidate MP could be criticised for moving spawning biomass in some higher h scenarios further above BMSY than might seem desirable, as potential for higher catches is sacrificed.  However, what might be seen as the greater problem area are the two scenarios reflecting a low productivity resource with h=0.3.  Although feedback control is coming into play to arrest spawning biomass decline (see Figures 2.1 and 2.2), the reduction in TAC is not sufficiently rapid to reverse this decline over the 20 year simulation period, or to stop the resource being reduced below its BMSY level (see Table 2). 

How can performance be improved for these two scenarios, without at the same time sacrificing on performance for the more productive scenarios?  What is needed is to reduce TACs faster than equation (7) achieves once the Fox model’s estimation procedure has identified the resource to have relatively poor productivity.  Figure 5 shows trajectories of estimates of the r parameter of the Fox model for 10 projections for each of the eight scenarios under consideration.  This suggests that the poorer productivity cases separate out after about five years, with r values that drop below 1.0.  To adjust equation (7) to react appropriately in these circumstances by lowering the TAC more quickly, 
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 as estimated at the end of year y) in that equation was replaced by r* where:
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 where p is a control parameter to be chosen >1, to attempt a faster but still smooth TAC reduction in these circumstances. 

The results of this modification compared to these of the original Fox model, (=0.6 MP are shown in Fig. 6 for the choices p=3 and p=4.  For p=3 and more so for p=4, TACs are reduced sufficiently rapidly to arrest and reverse the downward trend in (median) spawning biomass. 

 From this it is evident that a modification of the form of equation (8) can effect better performance for lower productivity scenarios without compromising results for higher productivity scenarios.  However the present scenarios for testing do not provide a completely sufficient basis to test this option, which relies on the h3 vs h6 and h9 scenarios being eventually separated by the 
[image: image27.wmf]ˆ

r

estimates shown in Figure 5, by about 2007.  Further scenarios with h values intermediate between 0.3 and 0.6 would need to be provided in future trials to check that the modification did not cause inappropriate behaviour in those circumstances. 
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Table 1. Estimates of total catch (tons) for 1952-2001 and CPUE values for 1969-2000 input to the management procedure. 
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Table 2a. Tabulated performance statistics for the Fox model candidate MP withγ=0.6 for Hierarchy=1. 

[image: image29.wmf]r (Fox model, gamma=0.6)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

Year

r
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Figure 1.1. Summary performance for the seven initial candidate MPs.

[image: image32.wmf]schae1

schae08

schae06

fox1

fox08

fox06

fox04

0.7

0.8

0.9

1.0

1.1

1.2

1.3

IC

schae1

schae08

schae06

fox1

fox08

fox06

fox04

0.6

0.8

1.0

1.2

1.4

1.6

IB

 

 

 

 

 

 

 

 

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

IC

IB

schae1  

schae08  

schae06  

fox1  

fox08  

fox06  

fox04  

 

 

 

 

 

 

 

 

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

IC

IB

schae1  

schae08  

schae06  

fox1  

fox08  

fox06  

fox04  

h3M10

h6M10

h9M10

h6M05

h3M15

h6M15

h9M15

h6M15d1

Summary over all models


Figure 1.2. Performance statistics for seven candidate MPs for scenario h3M10.
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Figure 1.3. Performance statistics for seven candidate MPs for scenario h6M10.
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Figure. 1.4. Performance statistics for seven candidate MPs for scenario h9M10.
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Figure 1.5. Performance statistics for seven candidate MPs for scenario hestmcmc. 
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Figure 2.1. Median TAC and spawning biomass trajectories for seven candidate MPs for the h3M10, h6M10 and h9M10 scenarios.　 

Figure 2.2. Median spawning biomass trajectories for the Fox, γ=0.6 candidate MP for the eight fixed h scenarios.　 [image: image37.wmf]0.02
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Figure 3.1. Performance statistics for the Fox, γ=0.6 candidate MP for eight fixed h scenarios.
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Figure 3.2. Performance statistics for the Fox, γ=0.6 candidate MP for the hestmcmc scenario.
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Figure 4.  This plot shows how the median spawning biomass changes compared to BMSY over the 20 year projection period considered.
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Figure 4.1.  5 trajectories of TAC and spawning biomass for scenarios h3M10, h6M10, and h9M10 for simulation hierarchy=3. The MP is fox model, γ=0.6.  
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Figure 4.2. Median with 90% probability envelopes of TAC and spawning biomass for scenarios h3M10, h6M10, and h9M10 for simulation hierarchy=3. The MP is fox model, γ=0.6.  
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Figure 5. Trajectories of estimates of r for 10 replicates of each of the eight fixed h scenarios for the Fox, γ=0.6 candidate MP. The lower grouping of trajectories (blue and yellow on electronic versions) correspond to the results for the two scenarios with h=0.3, and exclude the other scenarios.
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Figure 6. The plots show median values for the TAC and spawning biomass for simulation hierarchy=3. The solid lines are those without adjusting the r values, and the other lines are for the r-variant case of equation (8); p=3 (dotted) and p=4 (dashed). 
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