
Section 2 Evaluation of the EU – Norway, North Sea, west of Scotland and the Skagerrak saithe management plan

In 2007 ICES was requested to: 

DRAFT REQUEST TO ICES BY NORWAY AND THE EUROPEAN COMMUNITY CONCERNING SAITHE IN THE NORTH SEA AND WEST OF SCOTLAND

1. Background

The Community and Norway have implemented long-term management plans concerning saithe in the North Sea, west of Scotland and the Skagerrak. These arrangements are to be reviewed in 2007.

2. Request concerning saithe in the North Sea and West of Scotland.

ICES is requested to evaluate the management plans agreed between Norway and the European Community (Annex A) concerning saithe of North Sea origin with particular respect to:

(a) achieving the highest yields long-term from these stocks;

(b) ensuring conformity with the precautionary approach;

(c) achieving yields as stable as possible, consistent with achieving a high yield from the stocks and achieving conformity with precautionary principles.

ICES is invited to provide recommendations on any appropriate alterations to the target fishing mortality rate(s) (para. 2), the rule concerning stability of TACs (para 5), or the degressive rate of fishing mortality at lower stock sizes (para. 3). 

ICES is further invited comment on any other pertinent aspect of the management plan.

2.1 Background
Management of saithe in ICES Sub-areas IV and VI and Division IIIa is by TAC and technical measures. The fishery is not regulated by days at sea for vessels that have less bycatch than 5% of each cod, plaice and sole. 

In 2004 EU and Norway “agreed to implement a long-term plan for the saithe stock in the Skagerrak, the North Sea and west of Scotland, which is consistent with a precautionary approach and designed to provide for sustainable fisheries and high yields. The plan shall consist of the following elements:

1. Every effort shall be made to maintain a minimum level of Spawning biomass (SSB) greater than 106 000 tonnes (Blim).

2. Where the SSB is estimated to be above 200 000 tonnes the Parties agreed to restrict their fishing on the basis of a TAC consistent with a fishing mortality rate of no more than 0.30 for appropriate age groups.

3. Where the SSB is estimated to be below 200 000 tonnes but above 106 000 tonnes The TAC shall not exceed a level which, on the basis of a scientific evaluation by ICES, will result in a fishing mortality rate equal to 0.30-0.20*(200 000-SSB)/94 000.

4. Where the SSB is estimated by the ICES to be below the minimum level of SSB of 106 000 tonnes the TAC shall be set at a level corresponding to a fishing mortality rate of no more than 0.1.

5. Where the rules in paragraphs 2 and 3 would lead to a TAC which deviates by more than 15% from the TAC the preceding year the Parties shall fix a TAC that is no more than 15% greater or 15% less than the TAC of the preceding year.

6. Notwithstanding paragraph 5 the Parties may where considered appropriate reduce the TAC by more than 15% compared to the TAC of the preceding year.

7. A review of this arrangement shall take place no later than 31 December 2007.

This arrangement enters into force on 1 January 2005.” 

The agreement is due for revision in 2007. This report attempts to investigate the likely effects of the management plan using computer simulations based on the recent dynamics of the stock and the fishery. ICES has been requested to “evaluate the management plans agreed between Norway and the European Community (Annex A) concerning saithe of North Sea origin with particular respect to:

(d) achieving the highest yields long-term from these stocks;

(e) ensuring conformity with the precautionary approach;

(f) achieving yields as stable as possible, consistent with achieving a high yield from the stocks and achieving conformity with precautionary principles.

ICES is invited to provide recommendations on any appropriate alterations to the target fishing mortality rate(s) (para. 2), the rule concerning stability of TACs (para 5), or the degressive rate of fishing mortality at lower stock sizes (para. 3). 

ICES is further invited comment on any other pertinent aspect of the management plan.

2.2 The EU-Norway  saithe management plan agreement


The 2004 management plan is the starting point for these evaluations; the interpretation of the management plan in terms of an algorithm is given below.

For the algorithm, assessment year = y-1, and TAC year = y, the year in which the level of SSB is evaluated against reference levels;  is the permitted maximum annual increase or decrease in the annual catch (i.e = 0.15 => +/-15%)

For this agreement in order allow simulation testing of modifications to this algorithm it is assumed that the current management plan constants are equivalent to:




Fmax= 0.3, Flow = 0.1, Fmax – Flow = 0.2

  


Bpa = 200000, Blim = 106000, Bpa – Blim = 94000

A graphical representation of the harvest control rule is presented in Figure 2.2.1, the EU - Norway agreement can be transcribed as 

(a) Where the SSB is estimated to be above 200 000 tonnes the Parties agreed to restrict their fishing on the basis of a TAC consistent with a fishing mortality rate of no more than 0.30 for appropriate age groups.
            If SSBy ( Bpa, then:

(Case 5)      Set Ftarget = Fmax
(Case 4)      Meet constraint MAX(1-)(TACy-1 ( TACy ( (1+)(TACy-1
(b) Where the SSB is estimated to be below 200 000 tonnes but above 106 000 tonnes the TAC shall not exceed a level which, on the basis of a scientific evaluation by ICES, will result in a fishing mortality rate equal to 0.30-0.20*(200 000-SSB)/94 000.

        
If Blim ( SSBy < Bpa, then

(Case 3)      Set Ftarget = Fmax – (Fmax-Flow)((Bpa-SSBy)/(Bpa-Blim)

(Case 2)      Meet constraint MAX(1-)(TACy-1 ( TACy ( (1+)(TACy-1
(c) Where the SSB is estimated by the ICES to be below the minimum level of SSB of 106 000 tonnes the TAC shall be set at a level corresponding to a fishing mortality rate of no more than 0.1.
SSBy < Blim, then:

       (Case 1)      Set Ftarget = Flow
  Apply no TAC constraints

(d) Where the rules in paragraphs 2 and 3 would lead to a TAC which deviates by more than 15% from the TAC the preceding year the Parties shall fix a TAC that is no more than 15% greater or 15% less than the TAC of the preceding year.
      Meet constraint MAX(1-)(TACy-1 ( TACy ( (1+)(TACy-1
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Figure 2.2.1 A graphical representation of the suggested EU – Norway harvest control rule for North Sea, west of Scotland and the Skagerrak saithe 

The preceding algorithm assumes that the trigger biomass for the harvest control rule (the x-axis in Figure 2.2.1) is measured at the beginning (Jan 1) of the quota year (denoted above by y).  This is appropriate if the HCR is viewed as a true F-based management plan, in which the current SSB is used to determine the future target F.

However, another interpretation is possible, namely that the trigger biomass should be measured at the start of the year after the quota year (which we can denote by y+1).  This is more in line with historic management practice (at least in some cases), as managers have considered the implications for future SSB of any quota that they specify, and this cannot be done if SSB(y) is used as the trigger metric.  

An MSE implementation of this alternative interpretation is available, although it is very slow to run (because of the additional iterative loop that is required) and has not yet been well tested.  The problem remains that the HCR itself makes no mention of when the trigger SSB is to be measured:  this is an important omission as early results indicate that the performance of the HCR is quite different for different trigger SSBs.”

2.3 Stochastic stock projections

2.3.1 The stochastic projection program 

The current executable program is called CS_HCR.exe, a modification of the original CS4.exe. CS_HCR is a simple simulation approach developed to evaluate the likely effects and consequences of applying the saithe single species harvest control rule (HCR) and for making a comparison of associated risks. In each year, the components of the harvest rules are:

2.3.2 The CS algorithm

Population abundance at age a in the starting year (Na,y) is assumed to be observed with log-normal error with age-specific standard deviation sa and age-specific bias Ba, according to : 
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where h is a random number drawn from the distribution N(0,s2). 

Recruitment N1,y is modelled as a stochastic variable dependent on spawning stock biomass (SSB) according to either a parametric or a simple non-parametric spawning stock and recruitment relationship. All other population dynamic parameters (weights at age, maturity, natural mortality) are assumed known precisely and time-invariant. 

Fishing mortality in the starting year is constrained equal to a user specified target fishing mortality or that required to achieve a user defined catch. 

In years following the starting year, it is assumed that an effort limitation system is in place such that no effort is directed at the fish stocks in excess of that required to take the TACs set according to the harvest rules.

2.3.3 Recruitment

The structure of the North Sea, west of Scotland and the Skagerrak saithe stock and recruitment shows no obvious relationship between the level of recruitment and the spawning stock abundance Figure 2.3.1, therefore a segmented or Ockham stock and recruitment model was fitted for use in the simulations as follows:
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where  (the geometric mean) and  (the lowest observed biomass) are the Ockham stock-recruit parameters, and SSBy are the SSB estimates from the most recent assessment (WGNSSK 2007). 

The North Sea working group (WGNSSK 2007) have also commented that prior to 1988 the recruitment dynamics appear to be quite different to that estimated more recently (a change of level, Figure 2.3.2) and so the model was fitted to the observations from the most recent saithe stock assessment from 1988 – 2004.

The standard error (recruitment variation about the stock-recruit curve, denoted (,i) is calculated as follows:
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where the Ry are recruitment estimates associated with SSBy, the 
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 are from equation 2, Yi denotes the period considered when defining stock-recruit curve i, and pi are the number of parameters estimated from the stock-recruit pairs. When generating recruitment in the simulation runs, the following is used:
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where fi represents stock-recruit curve i (from equation 2) and y,i is drawn from a N[0; (i2] distribution.

2.3.4 Data Input

The programme takes a single ASCII file as input. This file must always be named "initdata.txt". There is no other user interface. An example of the input data file, used for the analysis of the base case of the harvest control run is listed in Table 2.3.1. 

2.3.5 Output

The programme generates files, named case, yield, fref, ssb, recruits and change.  SSB is recorded in tonnes; recruits in thousands of fish, fref is the average F over the defined age-range. Files with extension .mc hold the raw iteration outputs (years across, iterations down). Files with extension .pby hold the percentiles of iteration outputs in a format suitable for plotting by a spreadsheet. Files with extension .t hold the same information as the .pby files in a "data table" format suitable for plotting.

2.3.6 Post-Processing and Results

Results can be summarised by running the R script "EU_CS_HCR.r". Run titles and the directory containing the run output files are entered in the final lines of the script. 

The plotted graphs are self-explanatory. In Figure 2.3.3, time trends in yield, SSB and fishing mortality are plotted along with the risk that spawning stock biomass falls below Blim in any year. In Figure 2.3.4 annual percentage changes in yield SSB and fishing mortality are presented along with the proportion of cases are invoked in any year (e.g. SSB > Bpa but increase in catch restricted to 15% - Case 4). The monitoring statistic provides a summary of the clause within the harvest control algorithm that will constrain the management decision in any year. 

2.3.7 Interpretation of the results 

Any inference from using levels of probability less than 10% or greater than 90% would be ill-advised. This is especially true where a high coefficient of variation at age gives spurious projection probabilities. This is consistent with the findings of the EU sponsored Concerted Action (Gavaris et al., 2000) which looked at the estimation of uncertainty. The models should not be used to estimate absolute probabilities but to compare strategies. It would be more appropriate to categorise the risk as high medium and low.

In some cases bias in the expected value results from skewed distributions of projected time series as a result of the imposition of constraints within the HCR, consequently the median of the distributions should be used for comparison between control rules rather than the mean.

2.3.8 Assumptions / limitations of the CS_HCR program

Compliance and assessment feedback bias

The simulations assume that compliance with the regulations is 100%. Variability in harvesting is a result of random errors and is not subject to the bias induced by mis-reporting, discarding etc. Similarly within the CS_HCR simulations it is assumed that the spawning stock abundance is estimated by the assessment working group providing management advice, without bias. 

Changes in management practices

The model assumes that the harvest control rule is adhered to by managers for the duration of the simulation. 
Constancy of the input data

CS_HCR does not represent the true uncertainty or the real range of expected outcomes. A number of events may occur, as the stock abundance increases, that would invalidate the simple assumptions made here, for example:

· Density dependence in growth (examined in section 2.4);

· Changes in natural mortality;

· Changes in discarding or catch reporting practices;

· Environmentally-driven changes in recruitment;

· Changes in maturation.

A thorough exploration of the state of knowledge and beliefs about uncertainties is a much larger task than that attempted here. This approach predicates the forecasts on simple assumptions based on recent experience (e,.g. three year means). Real uncertainties are much larger than those represented here.
Table 2.3.1 Input data to CS_HCR simulation model for North Sea saithe

Starting year,Last year, first age,lastage

2007, 2027, 1, 8 

N, selog(Nhat), Bias(Nhat), M, Mat, Expl, WEST, WECA

124451
0.29
1
0.2
0
0.324439701
0.812
0.812

115594
0.29
1
0.2
0.15
0.934898613
1.029
1.029

98165
0.16
1
0.2
0.7
1.374599787
1.302
1.302

22030
0.12
1
0.2
0.9
1.3660619
1.64
1.64

24791
0.11
1
0.2
1
1.660618997
2.183
2.183

16769
0.11
1
0.2
1
1.686232657
2.896
2.896

12378
0.11
1
0.2
1
1.946638207
3.955
3.955

6145
0.11
1
0.2
1
1.946638207
5.263
5.263

SRR parameters (if the last no. is -1 then use Ockham, otherwise Shepherd/Ricker)

124500 97000  0.0   0.0  0.45  -1   

HCR % change (up, down), target F, base F, SSBincr% (disabled)

15, 15, 0.3, 0.1, -1000

Spawning Time as fraction  of year

0.0

Catch in StartingYear-1 (2007)

127000

Catch in the starting year, or (if negative) F constraint (F SQ = 0.23, TAC = ?, SQ = ?)

-0.23

Ages for calculating reference F

1    4

Reference Biomass to calculate probabilities - Blim, Bpa

106000 200000

SSB  in StartingYear-1 (2007)

325000

COMMENTS 

**********************************************************************************

RUN id         : NS saithe EU Norway Recent S/R model (Occam based on short term GM recruits)

Stock          : North Sea saithe

Starting Point : 2007 WG assessment  

Constraint     : 15% Target 0.3 
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Figure 2.3.1 The time series of North Sea, west of Scotland and the Skagerrak saithe recruitment (age 3) estimates and the geometric mean recruitment 1988 – 2004 used for the stock projections.
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Figure 2.3.2 The North Sea, west of Scotland and the Skagerrak saithe stock and recruitment (age 3) estimates and the geometric mean recruitment model 1988 – 2004 used for the stock projections. Open squares illustrate pre 1988 data, solid squares the most recent estimates used for the geometric mean recruitment.  
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Figure 2.3.3 Example North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%
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Figure 2.3.4 Example North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.4, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    

2.4 Time series variation in saithe weight at age

The weight at age of North Sea, west of Scotland and the Skagerrak saithe has exhibited a strong decrease during the last 10 years (Figure 2.4.1); the decreases are recorded in survey and catch data and its underlying cause uncertain. There are corresponding declines in the weights at age of the Icelandic (Va), Faeroes (Vb , Figure 2.4.2) and the North East Arctic stocks (Sub-areas I and II, Figure 2.4.3), in fact the time series of weights at age show close similarity for three of the stocks for which data were available (Figure 2.4.4). The similarity in the time series trends could result from a common environmental signal affecting all regions simultaneously, given their close geographical location, or could suggest a single stock complex.

Within each stock the patterns in the weight at age time series suggest a cohort effect moving diagonally across the age data. This would suggest that it is growth at an early age, possibly during recruitment to the offshore stock (juvenile saithe are coastal in their distribution) that may have been influenced by any common factor.

One process that may influence the growth rate of young saithe is density dependent effects on growth. Figures 2.4.5 – 2.4.7 illustrate the time series total biomass indices and weight at age 6 for each stock for which data is available. For North East Arctic and Faeroes saithe there are strong indications of a negative relationship between catch weight and stock biomass. For North Sea, west of Scotland and the Skagerrak saithe the correlation is less clear, the stock biomass has increased in recent years and weight decreased, however historically stock biomass high coincident with high weights.

Although substantial reduction in weight at age has been recorded for the saithe stock in the North Sea, in common with adjacent saithe stocks from other areas, modelling such changes and predicting future dynamics cannot be achieved without further information and analysis. Therefore the forecast yield from the CS_HCR simulations was based on an average of the weight at age over recent years, representing an analysis of the potential yield from stock under the harvest control rule within the current, relatively, low productivity biological state. 
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Figure 2.4.1 The time series of North Sea, west of Scotland and the Skagerrak saithe catch weight at age for ages 3 – 9 illustrating the decrease in weight in recent years. 
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Figure 2.4.2 The time series of Faeroes saithe catch weight at age for ages 3 – 9

[image: image13.emf]0

1

2

3

4

5

6

7

1975 1980 1985 1990 1995 2000 2005 2010

Year

Catch weighta at age (kg) ages 3 - 9


Figure 2.4.3 The time series of North East Arctic saithe catch weight for ages 3–9. 
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Figure 2.4.4 The time series of North Sea, North East Arctic and Faeroes saithe catch weights at age 6, illustrating the similarity in the dynamics of the series. 
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Figure 2.4.5 The time series of Faeroes saithe catch weights at age 6 and total biomass taken from the ICES 2006 assessment of the stock illustrating potential density dependence in growth to age 6. 
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Figure 2.4.6 The time series of North East Arctic stocks (Sub-areas I and II),   saithe catch weights at age 6 and total biomass taken from the ICES 2006 assessment of the stock illustrating potential density dependence in growth to age 6. 
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Figure 2.4.7 The time series of North East Arctic stocks (Sub-areas I and II), saithe catch weights at age 6 and total biomass.

2.5 Stock Evaluations 







Scenarios evaluated

For North Sea, west of Scotland and the Skagerrak saithe four sets of four different scenarios were evaluated using the CS_HCR software. Simulations were continued for 20 years with 1000 iterations. Each set of four scenarios assumed a different level of between year catch constraints, each scenario assumed a different target fishing mortality. The models were:

a) A between year catch constraint of 0, 10%, 15% and 20%
b) When SSB was estimated to be above Bpa a target fishing mortality of 0.1, 0.2, 0.3, 0.4
All scenarios assume that the catch taken in 2007 will be at status quo fishing mortality (0.23) for 2006 as estimated by the WGNSSK (2007).
2.5.1 Current North Sea, west of Scotland and the Skagerrak saithe HCR 





Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15% 

Figures 2.5.1 and 2.5.2 summarise the results of the simulations for the current management plan.

Yield, spawning biomass, fishing mortality

Catch initially increases from current levels as F is increased from the recent average of 0.23 to the target value of 0.3 and then stabilizes at a lower level as relatively higher recent recruitments are replaced by a slightly lower geometric mean in the simulations. Median catch is around 100,000t and median fishing mortality just below the target of 0.3. The target of 0.3 is not achieved in all simulations because SSB stabilizes at around Bpa and a significant proportion of the simulations use a lower F from the sliding scale activated when SSB lies between Bpa and Blim.  

Risk

The scenario indicates that there is a negligible risk of SSB falling below Blim within 20 years if the agreed management plan is followed and recruitment, selection, growth and maturity patterns are unchanged.  

Changes in yield, spawning biomass, fishing mortality

Annual variation in yield falls within the required +/- 15% because the stock does not fall below Blim and invoke stronger management action. Variation in F and SSB are similarly reduced to between similar levels.  

Invoked HCR constraints

The proportion of cases in which the HCR clauses are invoked is split 65:35 between the clause for which SSB is above Bpa with that for SSB between Bpa and Blim. In each case about 50% of the decisions will be restricted by the +/- 15% constraint on the TAC.    

2.5.2 North Sea, west of Scotland and the Skagerrak saithe HCR – variation in Fmax 






Fmax = 0.1, 0.2, 0.3, 0.4, 

Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15% 

Figures 2.5.3 – 2.5.8 summarise the results of the simulations used for investigating changes to the current management plan value of Fmax. Figures 2.5.1 and 2.5.2, presented above illustrate the case for Fmax = 0.3 the current value.

Yield, spawning biomass, fishing mortality

With reductions in target fishing mortality by 1/3 and 2/3 below the current level of effort yield decreases from the current level to eventually stabilize at around 100,000t. There is little gain in overall yield. Spawning stock biomass increases, stabilizing at levels well above Bpa with a negligible risk of falling below Blim. The dominant clause in the harvest control rule is the F = Fmax and there is a decreased incidence of the 15% constraint as variation is catch is generally below the threshold.

Increasing Fmax to 0.4 initially increases catch but is followed by a prolonged reduction as SSB is reduced to levels below Bpa at which F is reduced by the sliding scale. Only after about 15 years are catches returned to around ~100,000t. Spawning stock biomass is quickly reduced below Bpa and fishing mortality reduced to the extent that in only a very low proportion of the scenarios is the mortality target ever reached in subsequent years. Uncertainty as to the trajectory of spawning stock is increased substantially and the risk of the spawning stock falling below Blim is like wise increased.  

Invoked HCR constraints

The number of clauses invoked within the HCR reduces with reduced target fishing mortality and increase as it is raised to 0.4. At low levels of fishing mortality the target F is the dominant management advice, at levels of F higher than the current 0.3 spawning stock and catch exhibit greater variation and the management advice is dominated by the change in catch constraint. Since change in catch is restricted by the constraint variation in the level of fishing mortality increases and the more  restrictive     HCR clauses are invoked more frequently.    

2.5.3 North Sea, west of Scotland and the Skagerrak saithe HCR – variation in annual catch constraint 





Fmax = 0.3,Flow = 0.1, Bpa = 200000, Blim = 106000, 

annual catch constraint 10%, 15%, 20%, unlimited (1000%) 

Figures 2.5.9 – 2.5.14 summarise the results of the simulations used for investigating changes to the current management plan annual catch constraint at a fixed Fmax = 0.3. Figures 2.5.1 and 2.5.2, presented above illustrate the case for 15% the current value.

Yield, spawning biomass, fishing mortality

Increasing restrictions on the annual variation in catches reduces the proportion of scenarios in which the target fishing mortality level can be achieved. The variation in the level and interannual change in fishing mortality and spawning stock biomass increase. Control over the level of fishing mortality is relaxed in favour of stable catches therefore the risk that the stock declines below precautionary reference points is increased. If catch constraints are tightened reductions in target fishing mortality are required to balance the increased risk to the stock. Decreasing restrictions on the annual variation in catches reduces the proportion of scenarios in which the catch constraint is applied and allows more control on the level of fishing mortality; allowing greater flexibility in the control of exploitation reduces risk to the stock. The level of catch derived from the stock is fairly insensitive to the catch constraint, obviously its interannual variation is.

Invoked HCR constraints

The number of clauses invoked within the HCR reduces with reduced target fishing mortality and increase as it is raised to 0.4. At low levels of fishing mortality the target F is the dominant management advice, at levels of F higher than the current 0.3 spawning stock and catch exhibit greater variation and the management advice is dominated by the change in catch constraint. Since change in catch is restricted by the constraint variation in the level of fishing mortality increases and the more  restrictive     HCR clauses are invoked more frequently.
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Figure 2.5.1 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%
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Figure 2.5.2 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    
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Figure 2.5.3 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.1, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%
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Figure 2.5.4 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.1, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    
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Figure 2.5.5 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.2, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%
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Figure 2.5.6 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.2, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    
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Figure 2.5.7 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.4, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%
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Figure 2.5.8 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.4, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 15%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    
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Figure 2.5.9 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 10%
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Figure 2.5.10 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 10%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    

[image: image28.emf]2010 2015 2020 2025

0

100000

200000

Catch

Year

Catch [t]

2010 2015 2020 2025

0e+00

3e+05

6e+05

Spawning Biomass

Year

SSB [t]

2010 2015 2020 2025

0.0

0.2

0.4

Fishing mortality rate

Year

F ref [Avg]

2010 2015 2020 2025

0.0

0.4

0.8

SSB Risk

Year

P(SSB)<Blim

North Sea saithe: HCR Fmax 0.3, Flow 0.1, TAC change 20%


Figure 2.5.11 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 20%
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Figure 2.5.12 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, annual catch constraint 20%. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    

[image: image30.emf]2010 2015 2020 2025

0

100000

250000

Catch

Year

Catch [t]

2010 2015 2020 2025

0e+00

3e+05

6e+05

Spawning Biomass

Year

SSB [t]

2010 2015 2020 2025

0.0

0.2

0.4

Fishing mortality rate

Year

F ref [Avg]

2010 2015 2020 2025

0.0

0.4

0.8

SSB Risk

Year

P(SSB)<Blim

North Sea saithe: HCR Fmax 0.3, Flow 0.1, TAC change 1000%


Figure 2.5.13 North Sea, west of Scotland and the Skagerrak saithe projections for yield, fishing mortality and SSB and the risk that SSB < Blim, based on the current management agreement. Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, no annual catch constraint 
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Figure 2.5.14 North Sea, west of Scotland and the Skagerrak saithe projections for Fmax = 0.3, Flow = 0.1, Bpa = 200000, Blim = 106000, no annual catch constraint. Illustrating annual change in yield, fishing mortality and SSB and the proportion of cases in which the HCR clauses are invoked, based on the current management agreement (solid black - SSB < Blim F = Flow, dark grey - Blim < SSB < Bpa and no constraint, hatched dark grey Blim < SSB < Bpa but catch constrained, light grey SSB > Bpa F = Fmax and no constraint, hatched light grey SSB > Bpa but catch constrained)    

2.6 Yield

2.6.1 Target reference points based on biological equilibrium growth models

Changes in the growth rate of saithe have altered the productivity of the resource and the consequent potential yield from the fishery at given harvest rates. Figure 2.6.1 presents the yield per recruit calculated using the within year selection pattern and weight at age from the most recent stock assessment. There has been a marked reduction in the yield per recruit with the change in growth. Fishing at the suggested target level of 0.3 does not result in any loss of yield within either of the productivity periods when compared to the values from 0.1 – 0.4. The results of the yield analysis are obviously conditional on the assumption of a stable selection pattern; which was similar for the two periods and weighted towards selection of older (ages 6 –10) fish.

Continued reductions in the growth of the stock will result in further reductions in yield – not as a result of over fishing but through changes in natural productivity. For this reason a harvest control rule that utilises a low fixed exploitation rate would represent a more rational approach to the harvesting of this stock, rather than targeting a fixed yield or an exploitation rate that is based on biological characteristics of the stock such as F0.1 and which varies continuously.
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Figure 2.6.1 Individual year yield per recruit curves for the years 2002 – 2005 (lower curves) and 1967 – 1969 (upper curves).

2.6.2 Stochastic medium-term yield

The stochastic simulations for the saithe stock were run for 20 years in order to examine the potential medium-term yields resulting from setting Fmax at range of levels. For some simulations the forecast yields and spawning stock biomass were still evolving after 20 years with some exhibiting the beginnings of cyclic behaviour. In such cases the runs were still utilised in order to provide an evaluation of the within year variance in yield and SSB to changes in target fishing mortality.

Figure 2.6.2 presents the percentiles of realised fishing mortality, yield and spawning stock biomass from the simulations in which Fmax is varied from 0.05 – 0.6 for the current harvest control rule (Fmax = 0.3, Flow = 0.1 0.15). 

In Figure 2.6.2a it can be seen that the target fishing is achieved in the range 0.05 – 0.25, however at higher levels of fishing mortality than 0.25 the target is achieved in less than 50% of the runs. Figure 2.6.2b illustrates that at fishing mortality levels around 0.3 the spawning stock biomass stabilises at a level around the Bpa threshold and runs in which spawning stock biomass falls below the threshold invoke the sliding scale of fishing mortality reductions and consequently in the majority of simulations the 0.3 target is not achieved. At Fmax fishing mortality levels above 0.3 the target fishing mortality is rarely achieved and the control and prediction of he level of biomass and fishing mortality become increasingly uncertain as the interaction between the sliding level of fishing mortality and the 15% constraint on the annual change in yield make the dynamics of the system less predictable. 

Medium-term yield (Figure 2.6.2c) increases with target fishing mortality up until 0.15 but then remains stable at around 100,000t for all levels of fishing in the range 0.15 – 0.3, at target fishing mortalities above 0.3 yield appears to increase, however, as discussed above the realised fishing mortality at these targets is substantially lower than the target and in most cases is set close to the minimum level in order to allow SSB to rebuild to Bpa after pulses of high mortality. 

As noted in section 2.5.3 restrictions on the annual variation in catches reduces the proportion of scenarios in which a target fishing mortality level can be achieved. The variation in the level and interannual change in fishing mortality and spawning stock biomass increase and control over the level of fishing mortality is relaxed in favour of stable catches. The risk that the stock declines below precautionary reference points is increased and the uncertainty in the stock dynamics is magnified. 

If catch constraints are tightened reductions in target fishing mortality are required to balance the increased risk to the stock and to achieve targeted Fmax fishing mortalities. Decreasing restrictions on the annual variation in catches reduces the proportion of scenarios in which the catch constraint is applied and allows more control on the level of fishing mortality. This is illustrated for medium-term yield in Figure 2.6.3 in which a 20% constraint on the change in catch is simulated, uncertainty in the fishing mortality and SSB levels is decreased in the 0.3 – 0.4 target fishing mortality range as greater annual variation in catch is permitted. The level of catch derived from the stock in year 20 is fairly insensitive to the catch constraint. 
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Figure 2.6.2 North Sea, west of Scotland and the Skagerrak saithe HCR projections for realised (a) fishing mortality, (b) spawning stock biomass and (c) yield in year 20 at a range of target (Fmax) fishing mortalities at Fmax = 0.3, Flow = 0.1 0.15.
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Figure 2.6.3 North Sea, west of Scotland and the Skagerrak saithe HCR projections for realised (a) fishing mortality, (b) spawning stock biomass and (c) yield in year 20 at a range of target (Fmax) fishing mortalities at Fmax = 0.3, Flow = 0.1 g = 0.20.

2.7. 
Evaluation of saithe management plan using full feedback simulation

An evaluation of the North Sea saithe management plan was undertaken using a full feedback approach. The implementation makes many similar assumptions to CS_HCR, however, it differs from CS_HCR in that it includes an assessment and forecasting procedure that replicates current practice and it models the underlying population and the perceived stock separately. 

Due to time constraints it has not been possible to conduct as thorough an analysis as had initially been intended, however, sufficient results have been obtained to allow comparison with the alternative approaches. The management procedure as detailed in section 2.2 has been investigated and compared to an alternative approach that omits the 15% change in TAC restriction.

2.7.1. 
The Operating Model

The operating model was constructed on the basis of an age structured population of age range m . . . n. In accordance with the population equations given below. M is the instantaneous rate of natural mortality and is assumed to be independent of age and time. sy,a is the selectivity of the gear on fish of age a in year y and Fy is the fishing mortality on the fully selected age groups.

Ny+1;a =
Ny+1;0 






if a=m

Ny;a¡1:e¡(My;a¡1+sy;a¡1:Fy) 



if m < a < n

Ny;m¡1:e¡(My;n¡1+sy;n¡1:Fy) + Ny;n:e¡(My;n+sy;n:Fy) 
if a = n

Catch numbers at age a in year y (Ca;y) are determined from

Ca;y = (saFy /(saFy +Ma;y )Na;y  e^(-saFy-Ma;y)) 

Survey based indices of abundance were calculated as

Ua;y = N.Ba;y:ssa:qs 
where Na;y is the population number at age in the operating model and ssa is the selection pattern at age of the survey 

The operating model has been conditioned using the ICES stock assessment data and the results of the 2007 XSA analysis. As a result, the characteristics of the operating model are almost identical to that on which the population assessments are based. There are, however, some differences. The fishing mortality applied to the operating model is derived from a fixed selection pattern at age sa scaled by an F multiplier Fy. The selection pattern is calculated as the mean selection over the full time series (1967:2006) from the most recent stock assessment. Because the selection pattern does not change over time a different pattern of fishing mortality is applied to the historic component of the operating model to that determined by the most recent stock assessment. This results in differences in the level of SSB in 2006 between the ICES assessment and this analysis. As a consequence, the simulations start from a higher level of SSB in 2006 than that estimated by the stock assessment. The assessment of North Sea saithe uses four tuning series; two commercial LPUE series, one accoustic survey and an IBTS quarter 3 survey. The present analysis models only one commercial fleet and assumes that the catches of the fleet are sampled without error or bias. A single age structured tuning index Ua;y is modelled and again assumed to be an accurate and unbiased index of abundance at age ie. ssa=1 for all a and qs=1.

Maturity and natural mortality remained fixed throughout the evaluations at the values specified by the working group. Similarly the proportions of fishing mortality and natural mortality prior to spawning were assumed to be zero in all cases.

A Beverton-Holt stock-recruit model was fitted to the estimates of SSB and recruitment derived from the XSA analysis. The stock-recruitment model was used to generate recruitment in both the historic and future components of the analysis. The use of a Beverton Holt stock-recruit model differed from the CS5 analyses in which a hockey stick had been applied. Figure 2.7.2 shows the historic series of SSB and recruitment and both the Beverton Holt and hockey stick models applied.

2.7.1.2. Growth

Length at age was modeled using a von Bertalanffy growth model and converted to weight at age using a fixed length-weight relationship. A fixed weight at age was assumed throughout the time series derived from a standard von Bertalanffy fit (fig 3). The fitted growth model approximates weight at age relatively well between the ages 5 and 9 but underestimates weight at age at the youngest and oldest ages. The simulated population was extended only to age 12 so as to minimise the effect of mis-specified growth through extrapolation of the model to older ages.

Wa = α(L∞.(1- e^(-k.(a-a0))β

2.7.2.  The Management Procedure

The management procedure is the specific combination of the sampling regime, the stock assessment method, the biological reference points and the management strategies, embodied by a harvest control rule. Here the management procedure is based on the assessment protocol used by ICES and the specific harvest control rule agreed by EU and Norway for saithe in Skagerrak, North Sea and West of Scotland in 2004.

The stock was assessed using VPA, tuned using the XSA methodology. The results of the stock assessment were projected forwards using a short-term forecast to enable calculation of the TAC to be implemented in the management year.

The short term forecast used in the analysis was consistent with the approach typically used by ICES. The fishing selection pattern for future years was taken as the mean of the last three years, as were the values of weight at age, maturity, natural mortality and the proportions of fishing mortality and natural mortality before spawning. Recruitment was taken as the long term geometric mean. The F multiplier (used to scale the selection pattern to the level of fishing mortality) was set so as to achieve catches equal to the TAC in the first forecast year and conditions corresponding to the harvest control rules in the second forecast year.

2.7.2.1 The observation error model
The model simulates, as closely as possible, the data collection processes of the real world but may not incorporate all of the error inherent in the true system. The model simulates a single fish population exploited by a single fishing fleet. The catches of the fleet were sampled to generate the information with which to assess the stock. A separate survey index was also generated to tune the assessment. In the real world the collection of these data will be subject to error through a number of different processes. For the purposes of this study, however, no observation error has been included and it has been assumed that the data available to the Management Procedure are an accurate and unbiased representation of the operating model. Similarly, in the real world the catches of the fleet may not correspond exactly with the TAC but for the initial analyses there was assumed to be perfect implementation of the management controls.

2.7.3. Results

In the time available it was only possible to consider two management procedures; MP1 which comprised the existing management procedure described in section XX and MP2 which was identical to MP1 in all aspects except that the upper fishing mortality target had been increased to 0.4. The simulations begin after 2006 and run for a 20 year period. Since the only source of uncertainty introduced into the system is through recruitment variation, confidence intervals are initially small and increase as the number of cohorts subject to variable recruitment increases. Box plots show the 10th, 25th, 50th, 75th and 90th percentiles. Outliers are shown by individual points but are only shown for the change in TAC. 

The number of iterations run for each simulation varied and in some cases had to be reduced due to time constraints. Whilst a large number of iterations is preferable in order to get consistent measures of variability it was found that the general dynamics of the system could be identified from relatively few iterations. As little as 20 iterations were often sufficient to provide a basic impression of the behaviour of the model.

2.7.3.1. The Base Case: MP1

The results of the base case evaluations in terms of trajectories of landings, fishing mortality and SSB, are shown in Figure 2.7.6. It shows SSB and catches reaching relatively stable and high levels and fishing mortality moving progressively towards the target of 0.3. Although the management procedure included a 15% cap on any change in TAC from one year to the next, this was rarely implemented with only relatively small annual adjustments in TAC being made. As a consequence the results of an alternative management procedure in which the 15% bounds were omitted are more or less identical to those in Figure 2.7.6.

Figure 2.7.5 shows the equilibrium yield and SSB curve with points on the curve corresponding to Fmax and F0.1. the points about the curve show the trajectory of yield and SSB for both the historic and future components of the simulation. The results for one iteration are shown. Initially the points are clustered closer to the origin with relatively low yields and SSB. As the simulation progresses the points move further up the curve but do not reach the level of Fmax.

It was found that the simulations were sensitive to the values of in-coming recruitment assumed by the management procedure. If these values were over-estimated then large oscillations could be introduced which, under certain conditions, could lead to the collapse of the stock. The simulations were run using both a long term (all years) geometric mean assumption for recruitment in the forecasts and a short term (5 years). For the base case, where the target fishing mortality was 0.3, this had little effect.

2.7.3.2. Alternative Management Procedure: MP2

An alternative MP was investigated in which the target fishing mortality was increased from 0.3 to 0.4. The results show the system to be less stable with large oscillations apparent in catches and SSB. These results are surprising given the relatively small change in target fishing mortality. It has not been possible to fully explore these results in the time available and it is not yet clear whether they are a consequence of the biological characteristics of the fish population or an artefact of the way that the management procedure has been modelled. It would, however, seem that at target fishing mortalities greater than 0.3 there is less probability of maintaining high levels of yield and SSB.
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Figure 2.7.1. Summary results of XSA analysis of historic data used as the basis for conditioning the model. 
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Figure 2.7.2.
Beverton Holt and hockey stick stock and recruitment models
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Figure 2.7.3. Time invariant von Bertalanffy fit to weight at age.
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Figure 2.7.4. Stock and recruitment points shown about Beverton Holt SRR curve. Solid points show historic recruitment values, open circles show future generated SRR pairs for 10 iterations of base case simulation.
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Figure 2.7.5. Equilibrium SSB and yield curve with points on the curve showing the positions corresponding to Fmax and F0.1. Open circles show the trajectories of yield and SSB for one iteration of the base case simulation.
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Figure 2.7.6. Results of base case simulations (MP1). Box and whisker plots show 10th, 25th, 50th, 75th and 90th percentiles. Outliers are shown by circles for TAC change only.

2.8 Summary










1) The analyses presented address issues pertinent to the current management plan as agreed between the EU Commission and Norway in 2004 for North Sea saithe.

2) This paper examines the likely effects of variation in the structure of the saithe harvest control rule using a stochastic simulation approach as currently applied by a variety of scientific working groups. 

3) Stochastic simulations using the CS_HCR model indicate that under the current recruitment regime and exploitation pattern, the current HCR will result in: 

a) levels of spawning stock biomass that are stable at levels just above Bpa and that remain above the Blim with a very high probability.

b) catches that will stabilise at around 100,000t and that are relatively insensitive to changes in the harvest control rule target fishing mortality in the range 0.1 – 0.3

c) invocation of the 15% constraint in ~ 50% of years in which the rule is applied. 

4) Evaluations using the full feedback model and simulated data result in higher levels of catch but were based on the full time series of weights at age and a more optimistic stock and recruitment model. The ratio of the differences in forecast catch is consistent with the differences in the assumptions about weight at age. 

5) Both sets of simulations indicate that the proposed HCR will maintain SSB above Bpa and fishing mortality below Flim and the HCR is therefore considered appropriate to maintain the stock within precautionary levels.

6) In recent years growth and recruitment to the stock have been at a lower level than recorded in the past, the reasons for this are unknown, they could relate to an environmental or biological change in stock production. Yields and spawning stock biomass calculated are greater for the same level of exploitation using the historic data. If conditions return to the more favourable production state higher yields and levels of spawning stock biomass would be achieved using the same harvest control rule structure. If the productivity deteriorates further a revision of the parameters would be required.

7) For this reason a harvest control rule that utilises a fixed exploitation rate (as the current plan does) would represent a more rational approach to the harvesting of this stock, rather than a fixed yield strategy or one that is based on biological characteristics of the stock, such as targeting F0.1. 

8) Any inference from using levels of probability less than 10% or greater than 90% would be ill-advised. This approach predicates the forecasts on simple assumptions based on recent experience. Real uncertainties are much larger than those represented here. The model should not be used to estimate absolute probabilities but to compare strategies. It would be more appropriate to categorise the risk as high medium and low. 
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