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Abstract 

Results for five different Candidate Management Procedures (CMPs) for 
pollock which contrast achievable performance (catch vs resource recovery 
and catch vs time) trade-offs in relation to greater/lesser conservatism and 
earlier/later pain in terms of catch allocation reductions if needed. The 
results incorporate recent decisions concerning the reporting of 
performance statistics and the addition of further operating models (OMs) 
which reflect better future recruitment.  

 

Introduction 

 
This document has been prepared for discussion at the meeting in St Andrews on 9-10 May. It 
presents results for five alternative Candidate Management Procedures (CMPs) in forms that 
incorporate discussions at and following recent conference calls. Specifically: 
 

i)   Exploitable biomass B4-8 projections are now reported also relative to their 1982-2010 
average (in plots though not (yet) in Tables), and plots now also show lower 25%-iles.  

ii) Two new Operating Models (OMs) have been added, each reflecting better average 
future recruitment than observed over the last 10 years for which reliable estimates are 
available. 

iii) Two further CMP tunings have been added reflecting more (CMP_high) and less 
(CMP_low) conservative approaches than does CMPR.  

 
 
Background 
 
Three Appendices are provided as background. 
 
Appendix A lists the OMs (this text will later be expanded to provide full details on each of these 
OMs). It also lists alongside each OM a measure of the future variability (see the Appendix for 
more details) in recruitment and the survey index of abundance about its expected level that has 
been used for projections. 
 
Appendix B details the projection methodology used, and provides details of previously agreed 
performance statistics (the latter may need updating following further discussions). 
 
Appendix C gives full specifications of the five CMPs considered in this paper, and includes a 
plot of the relationships between the TAC (pre- the application of interannual constraints on 
catch allocation changes) and the three-year average survey index. Note that in a change from 
earlier practice, these CMPs are now all based on geometric rather than arithmetic averages of 
survey abundances indices, as this was found to reduce the risk of unintended resource 
reduction slightly without compromising catches. 
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Results 
 
Detailed results are reported in Appendix D. 
 
Of the Tables which list performance statistics: 
   D1 covers the five CMPs plus C=0 applied to the Reference Set (RS) of OMs 
   D2 contrasts results for each of the OMs in the RS separately under CMPR 
   D3 shows results for CMPR applied to all the other robustness tests 
   D4 shows results for the five CMPs plus the C=0 scenario for a particularly pessimistic 
(OM15) and similarly optimistic (OM18) scenario. 
 
Figures relate to the following: 
   D1a-e: “Shade” projection outcome plots showing probability envelopes for various statistics 
for each of the five CMPs under the RS. 
   D2: For CMPR, median and lower 25%- and 2.5%-iles for catch and exploitable biomass, 
contrasting the range of earlier/later “pain” in the CMPs (CMPR-, CMPR and CMPR+) and 
conservation (CMPR_high, CMPR and CMPR_low) under the RS. 
   D3: Format as for D2, but here for CMPR under the RS contrasting projections under each of 
the six OMs constituting the RS. 
   D4: “Bar” plots contrasting performance statistics for the five CMPs under the RS. 
   D5: “Bar” plots as in D4, but here for application of CMPR to every OM (both those in the RS 
and other robustness tests). 
   D6: A comparison of median, lower 25%- and lower 2.5%-ile projections of catch and 
exploitable biomass across application of CMPR to every OM. 
   D7: “Shade” probability interval plots for projected survey abundance indices and average 
ages in the catch and the surveys under application of CMPR to the RS, where the statistics are 
shown individually, and as geometric means over the last two and last three years (this is for 
contrast to aid consideration for possible use for defining Exceptional Circumstances 
provisions). 
 
 
Discussion 
 
A key area of discussion at the May 9-10 meeting will be seeking to achieve consensus on an 
appropriate choice amongst CMPs to provide a preferred trade-off between competing 
objectives. The five CMPs for which results are projected in this document have been chosen to 
illustrate two major trade-off axes. 
 
The first of these is the degree of conservatism, which trades off the level of catch in the 
medium term against the extent of resource recovery. This is reflected across CMPR_low, 
CMPR, CMPR_high, with the relationship between mean catch over and exploitable biomass 
after the first 10 years of operation of an MP illustrated in the upper panel of Fig. 1 for 
application of these CMPs to the RS. 
 
Furthermore, on application of CMPR to the RS, in median terms the predicted catch allocated 
shows a decline. The extent of this decline in reflected across CMPR-, CMPR and CMPR+ in 
the lower panel of Fig. 1 which shows the relationship between the average catch over the first 
five years (2011-2015) and that in year eleven (2021) of operation of the MP. This shows the 
earlier pain vs later pain trade-off axis, whereby (IF the RS is an good reflection of the 
underlying resource dynamics) an immediate fairly large cut-back in catches can be avoided, 
but this would need to be followed by larger drop in catches later (see also Fig. D2a).     
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The MP finally chosen does not need to be one of the five CMPs for which results are presented 
here. Rather, if consensus can be reached about desired trade-offs across these two axes, the 
control parameters of the CMPs of Appendix C can be adjusted to seek to achieve those 
preferred trade-offs in performance. Thus for example, if on the first day the meeting can make 
an initial attempt to develop such agreement, it might be possible to “tune” the CMP control 
parameters in time to be able to show results at the start of the second day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Plots showing the trade-off between "aggressive" vs "conservative" CMPs (upper panel) and 
"earlier pain" vs "later pain" CMPs (lower panel). The crosses reflect medians and 50%iles for the RS. 
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APPENDIX A: List of Operating Models 
 
Table A1 summarises the different OMs and Rob3. [Complete details will be added in a later 
version of this Appendix.] 

The Table lists values of σR and σsurvey for each OM. These indicate the extents to which future 
recruitment varies about its expected value and survey results vary about the underlying 
(survey-selectivity weighted) biomass when projecting, and are inferred from these variabilities 
as evident from past trends in recruitment and surveys about expected values in the 
assessment corresponding to the OM concerned. Technically they reflect the standard 
deviations of the logs of the quantities concerned about their expected values. Roughly 
speaking a σ value of 0.4 corresponds to a 95% probability interval between half to double of 
the expected value, and 0.8 from a quarter to four times this amount.  

 

Table A1: Summary of the different OMs and Rob3. 
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APPENDIX B: Candidate Management Procedures Testing Methodology for Canadian 
Pollock in the Western Component (4Xopqrs+5Zc) 
 

Projection methodology 

Projections into the future under a specific Candidate Management Procedure (CMP) are to be 
evaluated using the following steps. 

 

Step 1: Begin-year numbers at age 

The components of the numbers-at-age vector at the start of 2010 ( aN ,2010 : a = 2,…, m)  are 

obtained from the MLE of an assessment of the resource using VPA. The 2010 recruitment 
( 2,2010N ) is generated deterministically from the estimated stock-recruitment relationship (see 

below). Error is included for ages  2 to 7 because these are poorly estimated in the assessment 
given limited information on these year-classes, i.e.: 

aeNN aa
ε

,2010,2010 →    ( )( )2
,0 from Ra N σε     (B1) 

where σR is estimated in the process of fitting a stock-recruitment relationship to the outputs 
from that assessment as described below. Equation B1 is approximate in that it omits to adjust 
for past catches from the year-class concerned, but these are so small that the differential effect 
is negligible. 

 

Step 2: Catch 

These numbers-at-age are projected one year forward at a time given a catch for the year 
concerned. 

For 2010: 

A catch of 4200t is assumed. 

For 2011: 

A catch of 6000t is assumed. 

From 2012 onwards: 

yC  is as specified by the CMP. 

This requires specification of how the catch is disaggregated by age to obtain ayC , , and how 

future recruitments are specified. 

 

Step 3: Catch-at-age 

The selectivity each year is selected randomly from the selectivity vectors for the last 10 years 
(2000 to 2009) estimated in the assessment. The selectivity vectors for 2000 to 2009 are 
computed as follows: 

( )ayayay FFS ,,, max=         (B2) 

where the maximum is taken across the ages for that year. 



6 

 

From this it follows that: 

ay
M

ay
a

mid
ayyy SeNwCF a

,
2/

,,/ −∑=       (B3) 

where mid
ayw ,  is each year selected randomly from the weight-at-age vectors for the last 10 years 

(2000 to 2009) used in the assessment (Table B1) , and hence that: 

yay
M

ayay FSeNC a
,

2/
,,

−=        (B4) 

 

If 95.0>yF , i.e. unrealistically large, some modifications are necessary. First, the maximum 

catch for that year is computed assuming all ages are fully selected and a fishing proportion of 
0.95: 

∑ −=
a

Mmid
ayayy

aewNC 2/
,,

max 95.0       (B5) 

If yy CC <max , the TAC for that year cannot be caught giving: 1*
, =ayS  and 95.0* =yF and a 

catch that year of max
yC .  

If yy CC ≥max , then: 

( ) yayyay gSgS +−= ,
*
, 1        (B6) 
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and hence: 

95.0*
,

2/
,, ay

M
ayay SeNC a−=        (B8) 

 

The numbers-at-age can then be computed for the beginning of the following year (y+1): 

12,1 ++ = yy RN          (B9) 

( ) 2/
,

2/
,1,1

aa M
ay

M
ayay eCeNN −−

++ −=              for 2 ≤ a ≤ m – 1   (B10) 

These equations reflect Pope’s approximation.  

The maximum age m is 13 (not a plus-group).  
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Step 4: Recruitment 

Future recruitments (age 2) are provided by a Hockey-stick or a capped Beverton-Holt stock-
recruitment relationship with autocorrelation in the stock-recruitment residuals:  
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for the Hockey-stick, and 
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for the capped Beverton-Holt, 

where  
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ρ  is obtained by minimising the following negative log-likelihood function: 
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where ayw ,  is each year selected randomly from the weight-at-age vectors for the last 10 years 

(2000 to 2009) used in the assessment (Table B2), and 
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af  is the maturity-at-age, taken to be 0 to age 3 and 1 from age 4 and above. 

 

Step5: 

The information obtained in Step 1 is used to generate a value of the abundance indice 2011I  

(summer survey, in terms of biomass). Indices of abundance in future years will not be exactly 
proportional to true abundance, as they are subject to observation error. Log-normal 
observation error is therefore added to the expected value of the abundance index evaluated: 

i
yeBqI i

y
ii

y
ε=           (B17) 

i
yε  from ( )( )2

,0 iN σ         (B18) 

where 

i
yB  is the biomass (or numbers) available to the survey: 

( )21 ,
2/

,,
1

, yay
M

ay
surv

ay

m

a

mid
ay

summer
y FSeNSwB a −= −

=
∑     (B19) 

 

The survey selectivities are taken as the catchabilities ( i
aq ) estimated in that assessment, 

renormalized so that 1)max( =i
aq . The survey selectivity is assumed to be zero for age 2, and 

for ages 9 and above, the selectivity is assumed to remain flat at the age 8 level. 

 

The constant of proportionality iq is as estimated for the assessment in question by: 

( )∑
=
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ˆlnln271ˆ
y

i
y

i
y

i BIqnℓ       (B20) 

( )∑
=

=
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2
271ˆ

y

i
y

i εσ         (B21) 

)n()n( i
y

ii
y

i
y BqI

⌢
ℓℓ −=ε        (B22) 

where the survey index of biomass i
yI  is given in Table B3. 

 

Step 6: 

Given the new survey indices i
yI 1+  compute 1+yTAC  using the CMP. 

 

Step 7: 

Steps 1-6 are repeated for each future year in turn for as long a period as desired, and at the 
end of that period the performance of the candidate MP under review is assessed by 
considering statistics such as the average catch taken over the period and the final spawning 
biomass of the resource. 
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Performance Targets and Statistics  

[Note that these will be updated after choices are made amongst some of the variants for which 
results are currently being shown] 

During the September 2010 Halifax meeting it was suggested that four properties should be 
evaluated in a risk management context: 

I) the risk of decline of the exploitable biomass (ages 4 to 8) below the 1974-1994 average 
be kept moderately low; 

II) the risk of annual average catch variation of greater than 25% be kept moderately low; 

III) the magnitude of the average catch in the short, medium term and long term be 
maximized;  

 

A number of mathematical expressions (Performance Statistics) were then proposed to capture 
these four properties: 

(a) 
2010

2031

P

P
, where yP  is the population size in year y; 

(b) 
2010

2016

P

P
; 

(c) 
2010P

Plow , where lowP  is the lowest population size during evaluation period (2010-2031); 

(d) 
target

2031

P

P
, where targetP  is pre-defined recovery target population size, for which 1984-

1994 will be used; 

In each of them, population can be measured as the exploitable biomass ( 84−
yB ), spawning 

biomass ( sp
yB ) or survey biomass ( surv

yB ), where: 

∑
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The primary PS above can be captured by: 

(e) (Average) annual catch over short, medium and long terms: 

2011C , 2012C , 5
2015

2011
∑
=y

yC , 5
2020

2016
∑
=y

yC , 5
2020

2011
∑
=y

yC  and 20
2030

2011
∑
=y

yC  
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(f) Average annual variation in catch over short and long terms: 

11

2015

2011
20152011 /

5

1
−−

=
− −= ∑ yy

y
y CCCAAV  and  
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2030
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20302011 /
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=
− −= ∑ yy

y
y CCCAAV  
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Table B1: Mid-year weights-at-age (kg) matrix for Canadian Pollock in the Western Component 
(4Xopqrs+5Zc). Note: a missing value for age 12 in 2008 has been replaced by the average of the five 
previous years, while missing values for age 13 have been replaced by 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table B2: Begin-year weights-at-age (kg) matrix for Canadian Pollock in the Western Component 
(4Xopqrs+5Zc).  
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Table B3: Stratified mean catch per tow (kg) of pollock from the DFO summer research vessel survey in 
4X strata corresponding to the western component. 
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APPENDIX C: Technical Specifications of Candidate Management Procedures 

The target-based Candidate Management Procedures (CMPs) formulae for computing the TAC 
each year are as follows: 

 
( )[ ] penJJbaC yy −−+=+ 01        (C1) 

with 

 ( )
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 if0
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y

      (C2)
 

where 

yC is the total TAC recommended for year y, 

a , b  and c  are tuning parameters,  

0J  is a tuning parameter, and 

yJ  is a measure of the immediate past level in the survey abundance index relative to a target 

level as available to use for calculations for year y: 

( )
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where yI
 
is the survey abundance index in year y. 

Note: 2009I
 
is set to 15 in all the CMPs presented here for enhanced stability of the TAC in the 

short term and 2010I
 
is also set to 15 in CMPR+.

 
 

 

Maximum allowable interannual change in TAC 

The maximum allowable annual increase in TAC is set to 20% or 500t, whichever is the greatest 
- this is so that the TAC can recover (reasonable quickly given appropriate survey results) after 
going down to very low values. Furthermore, a cap (upper bound) on the TAC of 20,000t has 
been imposed. 
 
The maximum allowable decrease in TAC from one year to the next is: 
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  (C4)

 

where 

minQ  is a tuning parameter. 
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The tuning parameters for each CMP presented in this paper are given in Table C1 
 
In the event of the TAC reaching zero, the annual contribution that year to the Average Annual 
Variation, AAV, cannot be calculated because of dividing by zero. If the TAC the following year 
is also zero, then the Annual Variation for that year is obviously set to zero, if not the Annual 
Variation is set to 25%. 
 

Table C1: Tuning parameter values for each CMP 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C1: TAC as a function of Jy for each of the five CMPs presented. 

 

 

 



15 

APPENDIX D: Full set of results 

 

Table D1: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for different CMPs under the RS. [Note that the new 
first row relates to the target used for tuning the different variants.]   
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Table D2: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for CMPR for each OM in the RS.  
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Table D3a: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for CMPR for the robustness tests.  
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Table D3b: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for CMPR for the robustness tests.  
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Table D4a: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for different CMPs for OM15 (higher natural mortality 
and recruitment based on the last 5 reliable years). 
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Table D4b: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for different CMPs for OM18 (future recruitment 
based on recruitments over the 1984-1984 period). 
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Fig. D1a: 95, 75, 50% PI and median for a series of performance statistics for CMPR under the RS. 
See Appendix C, equation (C3) for the definition the normalised average survey index Jy used in the 
formula for the TAC. The horizontal red line in the plot of Jy represents the geometric mean over the 
past decade (0.60). 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. D1b: 95, 75, 50% PI and median for a series of performance statistics for CMPR- under the RS. 
See Appendix C, equation (C3) for the definition the normalised average survey index Jy used in the 
formula for the TAC. The horizontal red line in the plot of Jy represents the geometric mean over the 
past decade (0.60). 
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Fig. D1c: 95, 75, 50% PI and median for a series of performance statistics for CMPR+ under the RS. 
See Appendix C, equation (C3) for the definition the normalised average survey index Jy used in the 
formula for the TAC. The horizontal red line in the plot of Jy represents the geometric mean over the 
past decade (0.60). 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. D1d: 95, 75, 50% PI and median for a series of performance statistics for CMPR_low under the 
RS. See Appendix C, equation (C3) for the definition the normalised average survey index Jy used in 
the formula for the TAC. The horizontal red line in the plot of Jy represents the geometric mean over 
the past decade (0.60). 
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Fig. D1e: 95, 75, 50% PI and median for a series of performance statistics for CMPR_high under the 
RS. See Appendix C, equation (C3) for the definition the normalised average survey index Jy used in 
the formula for the TAC. The horizontal red line in the plot of Jy represents the geometric mean over 
the past decade (0.60). 
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Fig. D2a: Median (full lines) and lower 2.5%iles (top row) or lower 25%iles (bottom row) (dashed lines) 
TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) 
for CMPR-, CMPR and CMPR+ applied to the RS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. D2b: Median (full lines) and lower 2.5%iles (top row) or lower 25%iles (bottom row) (dashed lines) 
TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) 
for CMPR_low, CMPR and CMPR_high applied to the RS. 
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Fig. D3a: Median (full lines) and lower 2.5%iles (top row) or lower 25%iles (bottom row) (dashed lines) 
TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) 
for CMPR for OM1, OM2 and OM3 from the RS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. D3b: Median (full lines) and lower 2.5%iles (top row) or lower 25%iles (bottom row) (dashed lines) 
TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) 
for CMPR for OM8, OM13 and OM14 from the RS. 
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Fig. D4a: Medians and 95% PI (error bars) for a series of performance statistic for different CMPs 
applied to the RS. 
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Fig. D4b: Medians and 50% PI (error bars) for a series of performance statistic for different CMPs 
applied to the RS. 
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Fig. D5a: Medians and 95% PI (error bars) for a series of performance statistic for CMPR  applied to each OM in the RS and the robustness tests. The white 
dots show the OMs that are in the RS. 
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Fig. D5b: Medians and 50% PI (error bars) for a series of performance statistic for CMPR  applied to each OM in the RS and the robustness tests. The white 
dots show the OMs that are in the RS. 
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Fig. D6a: Median TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) for CMPR for OM in the RS and the 
robustness tests. 
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Fig. 6b: Lower 25%-ile TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) for CMPR for OM in the RS and 
the robustness tests. 
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Fig. D6c: Lower 2.5%-ile TAC and exploitable (ages 4 to 8) biomass (relative to 2000 level and the average 1982-2010 level) for CMPR for OM in the RS and 
the robustness tests. 



33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. D7: 95, 75, 50% PI and median for a series of performance statistics for CMPR under the RS. 

 

 


