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Abstract

This paper reports estimates of management quemnfiir the updated Reference Set for the
hake resource, now fitted to two further yearsakféhabundance indices, as specified at the last
meeting of the Demersal Working Group. Estimatesvi@ major variants of the assumptions
for this Set are also reported. The empirical OMtPoduced earlier is retuned for various
paradoxus recovery levels under differing inter-annual TA@nstraints. Performance statistics
for the resultant OMP candidates are reported éoh the updated Reference Set and the two
major robustness tests. Effort projections indi@ateduction of at least one third in the average
annual effort applied over the past some five ydi&edy to be needed to secure resource
recovery. Suggestions are made for the next stetpeiprocess of finalising a OMP selection.

Introduction

The updated Reference Set (RS) for the joint asss#sof theM. paradoxus andM. capensis resources, as
agreed at the last meeting of the Demersal Wor&raup, includes data up to early 2006 (i.e. itudels the
2006 summer survey results) (see WG/08/06/D:HP8&. Set comprises 24 scenarios which include
variations around natural mortality (M1 vs. M4)ethistoric species split of the catch (C3a vs C3[E8c)
and steepness (H1 vs H2 vs H3 vs H4). As agre®dbirking Group discussions, only the SR2 option for
recent recruitment residuals has been retainetthéoReference Set. In the SR2 scenarios, the adsume
varianceor is set to 0.25 from the beginning of the fisherg@2 and then decreases linearly to 0.1 in
2006, this forces recruitment more towards therdatestic value suggested by the estimated stock-
recruitment relationship for the most recent yefanrswhich the cohorts concerned have been legsifmtly
sampled.

This document first reports estimates of managemeantities for this updated Reference Set, togetith
those for two major variants of the assumptiongtier Set reflecting more optimistic (SR1 option fecent
recruitment) and more pessimistic (20% decreadd. icapensis carrying capacity from 1992) appraisals of
resource status.

The document then continues by tuning variants h&f empirical OMP management procedure of
WG/07/06/D:H:21 to various recovery targets fér paradoxus for different options for inter-annual TAC
change constraints, and reports performance statigtlr the application of these to the updatedeRafce
Set and the two associated major robustness trials.
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Results

Updated Reference Set

The overall average and range of estimates of nesmegt quantities for the updated Reference Set are
shown in Table 1, while Table 2 provides the avesagver the individual factors (M, H, C). The fsdit of
results is given in Tables Al of Appendix A. Figl An the Appendix plots the corresponding biomass
trajectories, focusing on the median, maximum amdmum values for each year, while Fig. A2 shows th
survey and commercial fishing selectivities. Ndte tlecreasing trends in abundance indicated folaste
decade for both species.

Major robustness tests
Results for two major robustness tests are alssepted:

i) “SR1”: The assumed variana® is fixed to 0.25 throughout (i.e. the estimategeaufruitment
strength for more recent cohorts are not shrunthéurtowards the stock-recruitment function
expectation).

i) “Decr inK": In the Reference Set, poorer estimated recruitrfr M. capensis throughout most
of the 1990s and the early 2000s suggest a possjisiematic deviation below the stock-
recruitment model (see Fig. 4 of WG/06/08/D:H:ZB. better reflect this poorévl. capensis
recruitment (and continue this into the futurek ttarrying capacity foM. capensis has been
reduced by 20% from 1992 onwards.

For each of these two robustness tests, only fbtiveocorresponding 24 Reference Set scenarios leee
run, using the central of the three assumptionghertiming of the historic change by the offshtyeavliers
from focussing onM. capensis alone to concentrate more &h. paradoxus (C3a), the two alternative
constraints sets for natural mortality (M1 and Nyl only two of the options for steepness (H1 estess
is estimated for both species — and H¥ —paradoxus steepness fixed to 0.8 akt capensis steepness fixed
to 0.7).

The estimates of management quantities for thesgdlustness tests are compared to the Referende Se
Table 3. The SR1 scenarios have little impact enctirrent management quantity estimates, but dagmp
future projections. The most notable differencetham“Decr inK” scenarios compared to the Reference Set
are the reductions in the estimates of MSY Nbrcapensis. For both sets of robustness tests, the current
M. capensis: M. paradoxus ratios are lower than for the corresponding RefegeSet scenarios.

One scenario in which a decreas&for M. capensis was estimated rather than fixed to 20% has be&n ru
The best estimate for this decrease is of some RBsults for this scenario are not presented apabe
estimate for the decrease is close to the fixed 20@emented here. Note that fixing the decrease in
carrying capacity in this manner gets an AIC-justifimprovement in the model fit compared to the
corresponding Reference Set scenario.

The estimated stock-recruitment residuals for orenario (M4-H1-C3a-SR1) of the Reference Set are
compared to the corresponding “SR1” scenario in Ejgand to the corresponding “DecrKii scenario in
Fig. 2. The latter are notably less suggestive ad@hmis-specification fa¥l. capensis.

Trajectories for spawning biomas®3™) for both hake species for one “Decrkh scenario are compared to
the corresponding Reference Set scenario in Figh8.fits to CPUE and survey abundance estimates ar
shown in Figs 4 and 5. Note the lower reddntapensis spawning biomass in absolute terms for the “Decr
in K” scenario shown compared to that for the corredjpgnReference Set scenario.

Replacement yields have been estimated for oneadoefM4-H1-C3a-SR2) for the Reference Set and the
corresponding two robustness tests by projectiagotbmass forward under the catch which would keep
combined species exploitable biomass more or lesstant over the next ten years. The estimated
replacement yields for this scenario are:
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Reference Set: RY =137 000t
SR1: RY =149 000t
Decr inK: RY =135 500 t.

OMP projections
Reference Set

Recall that the basic algorithm for TAC calculationthe empirical OMP formulation under considerati
(see also WG/07/06/D:H:21) is:

TAC, =C/** +C¥ (1)
with
CP® =C%|1+ A (s - target™ | if y< 2006+Y and
C¥ =C¥|L+ A (s if y > 2006+Y )
where

TAC, is the total TAC recommended for ygar

Cj”” is the intended species-disaggregated TAC for year
C;i‘f’ is the achieved cattbf speciespp in yeary-1,

/1y is a year-dependent tuning parameter,

Y is a tuning parameter,
target™ is the target rate of increase for spes@s and

sjpp iIs @ measure of the immediate past trend in bli@@ance indices for specig® as available to use
for calculations for yeay.

This trend measure is computed as follows fromspecies-disaggregated GLM-CPUE{"*%"), west

coast summer surveyl frvmp) and south coast autumn survdj”(vz's“’p) indices:

linearly regresdn | ™= vs_ yeany’ for y'=y-p-1to y'=y-2, to yield a regression slope value

CPUE,spp

S, ,

linearly regressin|3™*" and Inl1;"*% vs. yeary for y'=y-p to y'=y-1, to yield two

regression slope valu@“”lvSpp and Siurvz,spp’

wherep is the length of the periods considered for theggessions. Note that the reason the trend for
surveys is calculated for a period moved one yat@r than for CPUE is that by the time of year that
TAC recommendation would be computed for the foltaywear, survey results for the current year would
be known, but not CPUE as fishing for the year wadt yet have been completed.

Then

y e '
2 4 4

®3)

SCPU E,spp Ssurv], spp Ssurvz, spp
SP =
y

L Implemented by applying the species ratio of theltin yeay-2 to the TAC for yeay-1, as the species ratio for year
y-1 would not yet be known by the time at which e@aramendation for the TAC for yegmwould be required.
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The function for the year-dependent tuning parame,ﬁg, which is a measure of how responsive the
candidate OMP is to change in trend, is shown below

for sy<0

51 i for s,>0

2007 2007yr_join

Results are presented for three candidate empid&éiPs integrated over 10 replicates of each of2he
Reference Set scenarios. The three candidate OMRiifeerentiated by the maximum allowable change i
TAC from one year to the next. Initial evaluationdicated that restricting this change to 5% inadbsence

of further limitations led to extinction of thd. paradoxus resource for some scenarios. Thus for OMP1, the
maximum increase and decrease are set to 10%.MBP@nd OMP3, the maximum increase is fixed to 5%

and the maximum decrease for the TAC in y;e(iD;"ax) depends on the recent average CPUE as atyyear

(ly) expressed relative to its 2002-2004 average |¢velidea being that TAC decrease proportionkepe
low unless CPUE falls below some threshold levalpWing which greater drops are allowed to atteopt
reverse adverse resource abundance trends:

D, if 1,>L,
(D, - D,) .
D™ =)D, +—2— (L -1 f ifL=I,=L (4)
y 1 (Ll_L2)2(1 y) 1 y 2
D, if 1, <L,
where

D,, Dy, L; andL; are constants, and

y-1
> CPUE, /2

—i=y-2

y 2004 '
> CPUE, /3

1=2002

This maximum decrease is computed for both speareb the maximum of the two is applied when
computing the TAC.

For OMP2:D; = 5%,D> = 20%,L, = 0.90 and_; = 0.70;
For OMP3:D; = 5%,D> = 35%,L; = 0.60 and_, = 0.35.
The maximum decrease allowed for each OMP in miably is shown in Fig. 6.

Three variants with different recovery tunings (faedfinal depletions foM. paradoxus of approximately
15, 20 and 25% (oK¥®) in 2027) for each candidate OMP are presentatisndocument. For OMP1, one
further recovery tuning (10%) is presented (notg the median current depletion fdr paradoxus for the
Reference Set is 9% (see Table 1).

The control parameter values (see equation 2 aboveach of these candidate OMP1 tunings are given
Table 4.
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A summary of the performance statistics for theeRaice Set for each of these candidate OMPs is give
Table 5 and Fig. 7. Note that the OMP2 and OMP3licktes result in lower average catches compared to
OMP1, this being the trade-off for providing greaté\C stability. For higher recovery targets for dian

M. paradoxus spawning biomass, OMP2 and OMP3 are more risksayevith higher 10%-iles for recovery
after 20 years. The 10% recovery option for OMRiL@hly corresponding to an RY strategy) reflects an
unacceptable level of risk of further depletionénms of this statistic.

Figs. 8, 9 and 10 show trajectories of resourcendéce, CPUE and catch for an application of catesl
OMP 100, OMP 204 and OMP 3o respectively.

Fig. 11 compares the medians for the four recoueming options for OMP1, while Fig. 12 compares the
medians for OMP1, OMP2 and OMP3 for a recoveryrtgraf 20%.

Fig. 13 show trajectories of offshore trawl effgtaken as the total catch over the offshore exgbbét
biomass, species combined). Note that all the pptahown indicate an appreciable reduction (otastl
about one third) in the average annual effort agptiver the past some five years.

Major robustness tests

Projection results for the SR1 and decread¢ inbustness tests are compared to those for thespanding
scenarios of the Reference Set. 25 replicates df e& the associated four scenarios have beenAun.
summary of the performance statistics for OMP1dgvecy tunings of 15, 20 and 25%) is given in Table
and Fig. 14.

The Next Steps

The next steps in this process of finalising theiod of an OMP are suggested to be:

a) A narrowing of the range of recovery targets angriannual TAC variation constraints by the
Demersal Working Group, together with specificatadrpossible further computations required (e.g.
for intermediate selections to those reported here)

b) Review of those further results with a view towaptssenting outputs for a refined set of options to
a meeting of managers and a wider set of stakeei®id the hake industry for their feedback.
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Table 1 Average, with range in parenthesis, of estimafemanagement quantities for the paradoxus
andM. capensis coast-combined resources over 24 cases in theatgp&eference SebfSY and associated
guantities are given in relation to the selectivdythe offshore fleet.

Median Min Max
-InL total -189.6 (-197.3; -174.2)

K® 1509 (893: 2307)

h 0.87 (0.80; 0.95)
MSY 115 (108; 119)

o B 2006/K¥ 0.09 (0.06; 0.13)
< BP00s/MSYL? 0.40 (0.29; 0.56)
'c% MSYL ¥ 0.22 (0.18; 0.24)
8 M 0 0.51 (0.50; 0.80)
e 1| o051 (0.50; 0.80)
= 2| 051 (0.50; 0.80)
3| 0.42 (0.40; 0.64)

4 037 (0.34; 0.54)

5+ 0.33 (0.30; 0.49)

K® 734 (544; 1063)

h 0.82 (0.70; 0.95)

MSY 60 (54; 70)

B¥ 2006/K¥ 0.47 (0.36; 0.54)

B 2006 /MSYL ¥ 1.68 (1.14; 2.45)

B MSYL? 0.28 (0.22; 0.33)
S M o | o075 (0.50; 1.00)
% 1l 0.75 (0.50; 1.00)
= 2| 0.75 (0.50; 1.00)
3 055 (0.40; 0.74)

4 0.43 (0.34; 0.59)

5| 0.34 (0.30; 0.49)

6| 0.34 (0.30; 0.49)

7+ 0.34 (0.30; 0.49)

SC surveyy 0.84 (0.64; 1.09)

2006 species ratio B¥ 2.94 (1.24; 4.14)
B¥| 1.56 (0.93; 2.32)
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Table 2 Averages over individual factors of estimatesnainagement quantities for tive paradoxus andM. capensis coast-combined resources for the Reference
Set.MSY and associated quantities are given in relatidghdéaselectivity for the offshore fleet.

M1 M4 H1 H2 H3 H4 C3a C3b C3c
-InL total -182.0  -193.4  -187.7  -188.1 -187.4  -193.0 -8B35. -189.9  -182.3
K*® 2006 1095 1566 1578 1507 1492 1620 1484 1606
h 0.87 0.87 0.87 0.87 0.87 0.95 0.80 0.95 0.8p
MSY 115 113 115 115 112 116 112 116 111
9 B%® 5006 /K® 0.08 0.10 0.09 0.09 0.10 0.07 0.11 0.07 0.1
5 B¥,0/MSL® 0.37 0.44 0.39 0.38 0.44 0.34 0.47 0.34 0.4p
8 MSYL ¥ 0.21 0.22 0.22 0.22 0.21 0.19 0.24 0.19 0.24
8 M 0 0.50 0.64 0.58 0.57 0.56 0.51 0.61 0.53 0.6¢4
: 1] 0.50 0.64 0.58 0.57 0.56 0.51 0.61 0.53 0.6¢4
= 2l 050 0.64 0.58 0.57 0.56 0.51 0.61 0.53 0.6¢4
3| 0.40 0.53 0.47 0.46 0.47 0.42 0.50 0.43 0.51L
4 0.34 0.47 0.40 0.40 0.41 0.37 0.43 0.37 0.44
5+ 0.30 0.42 0.36 0.36 0.37 0.33 0.39 0.33 0.3p
K*® 901 621 726 728 829 729 725 806 784
h 0.82 0.82 0.82 0.82 0.82 0.95 0.95 0.70 0.7p
MSY 59 63 59 59 65 64 63 59 58
B%® 5006 /K® 0.40 0.52 0.44 0.45 0.49 0.46 0.45 0.47 0.4p
0 B/ MSYL® 1.39 2.02 1.64 1.67 1.80 1.96 1.94 1.48 1.44
% MSYL ¥ 0.29 0.26 0.28 0.28 0.28 0.24 0.24 0.32 0.3p
% M 0 0.50 1.00 0.75 0.75 0.75 0.75 0.75 0.75 0.7p
o 1] 0.50 1.00 0.75 0.75 0.75 0.75 0.75 0.75 0.7p
2' 2l 050 1.00 0.75 0.75 0.75 0.75 0.75 0.75 0.7p
3| 0.40 0.71 0.56 0.56 0.55 0.55 0.55 0.56 0.5)
4 0.34 0.54 0.44 0.44 0.44 0.43 0.43 0.45 0.4p
5 0.30 0.43 0.37 0.37 0.36 0.35 0.35 0.38 0.3p
6| 0.30 0.43 0.37 0.37 0.36 0.35 0.35 0.38 0.3p
7+ 0.27 0.43 0.33 0.37 0.36 0.30 0.35 0.38 0.3p
SC surveyy 0.97 0.74 0.90 0.89 0.78 0.90 0.90 0.79 0.8B
2006 species ratio B¥® 2.50 3.20 2.68 2.74 3.14 3.40 2.02 3.84 2.1p
B%'| 1.48 1.78 1.54 1.57 1.80 1.83 1.26 2.08 1.3p
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Table 3 Estimates of management quantities for Me paradoxus and M. capensis coast-combined
resources for 4 scenarios of i) the updated RefereSet, ii) with the SR1 option and iii) with a 20%
decrease in carrying capacity fdr capensis from 1992 onwards (the estimateskst and associated ratios
are for the present, i.e. including the 20% de@pa4SY and associated quantities are given in relation to
the selectivity for the offshore fleet.

Reference Set SR1 Decrease |rK for
M. capensis
1 4 5 8 1 4 5' 8 1* 4* 5* 8*
M1 M1 M4 M4 M1 M1 M4 M4 M1 M1 M4 M4
C3a C3a C3a C3a C3a C3a C3a C3a C3a C3a C3a C3a
H1 H4 H1 H4 H1 H4 H1 H4 H1 H4 H1 H4
SR2 SR2 SR2 SR2 SR1 SR1 SR1 SR1 SR2 SR2 SR2 bR2
-InL total -189.3 -174.2 -196.9 -189) -199.8 -184.9 -37.-199.8| -193.0 -175.8 -198.4 -191{0
K*® 1747 2279 1271 961 1743 2273 1288 985 1750 2279 1282 D60
h 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0,80
MSY 118 115 117 109 118 115 116 10§ 118 115 117 109
0 B%® 006 /K® 0.06 0.10 0.07 0.12 0.06 0.10 0.07 0.12 0.06 0.10 0.07 0112
S B%® 5006 /MSYL ® 0.31 0.40 0.35 0.51 0.32 0.39 0.36 0.52 0.30 0.40 0.35 0151
S MSYL ¥ 0.19 0.24 0.20 0.24 0.19 0.24 0.20 0.24 0.20 0.25 0.21 0124
g M 0 0.50 0.50 0.53 0.80 0.50 0.50 0.55 0.83 0.50 0.50 0.52 081
= 1 0.50 0.50 0.53 0.80 0.50 0.50 0.55 0.83 0.50 0.50 0.52 081
= 2| 0.50 0.50 0.53 0.80 0.50 0.50 0.55 0.83 0.50 0.50 0.52 081
3] 0.40 0.40 0.45 0.64 0.40 0.40 0.46 0.64 0.40 0.40 0.44 0,64
4] 0.34 0.34 0.40 0.53 0.34 0.34 0.40 0.53 0.34 0.34 0.39 0154
5+ 0.30 0.30 0.36 0.47 0.30 0.30 0.36 0.46 0.30 0.30 0.36 0147
K® 780 929 620 544 779 928 617 541 604 741 521 451
h 0.95 0.70 0.95 0.70 0.95 0.70 0.95 0.70 0.95 0.70 0.95 0170
MSY 57 54 65 57 57 54 65 57 45 43 47 44
B® 5006 /K® 0.36 0.38 0.51 0.49 0.36 0.38 0.52 0.49 0.35 0.42 0.46 0,48
" B® 5006 /MSYL*® 141 1.14 2.33 1.61 1.41 1.15 2.36 1.62 1.37 1.27 1.99 57
‘B MSYLY 0.25 0.33 0.22 0.30 0.25 0.33 0.22 0.30 0.22 0.27 0.22 027
o M 0 0.50 0.50 1.00 1.00 0.50 0.50 1.00 1.00 0.50 0.50 1.00 1400
% 1 0.50 0.50 1.00 1.00 0.50 0.50 1.00 1.00 0.50 0.50 1.00 1400
2‘ 2| 0.50 0.50 1.00 1.00 0.50 0.50 1.00 1.00 0.50 0.50 1.00 1400
3| 0.40 0.40 0.70 0.74 0.40 0.40 0.70 0.74 0.40 0.40 0.68 073
4 0.34 0.34 0.52 0.59 0.34 0.34 0.52 0.599 0.34 0.34 0.48 0156
5| 0.30 0.30 0.40 0.49 0.30 0.30 0.40 0.49 0.30 0.30 0.35 0146
6| 0.30 0.30 0.40 0.49 0.30 0.30 0.40 0.49 0.30 0.30 0.35 0146
7+ 0.30 0.30 0.40 0.49 0.30 0.30 0.40 0.49 0.30 0.30 0.35 0146
SC surveyq 111 0.98 0.78 0.78 1.11 0.98 0.78 0.78 0.96 0.79 0.76 0,68
2006 speciesratio B® | 275 1.60 360 227 265 162 342 218 207 142 271 185
B¥| 1.45 1.16 1.97 1.32 1.27 1.09 1.72 1.14 1.10 1.03 1.46 104
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Table 4 Tuning parameters for each candidate OMPs predent this paperd, & and & are the rate
parameters of the year-dependent tuning paraml;ter,

Target Target

Case 8, ER 5, Yr_join Arast ey ABELImer Ve

para cap

OMP 10z 0.45 2 11 10 0.0000 0 10
OMP 1} 0.40 2 11 10 0.0183 0 10
OMP Lages 0.40 2 11 10 0.0240 0 15
OMP 13, 0.40 2 11 10 0.0303 0 20
OMPZ) 50 0.50 2 11 10 0.0073 0 10
OMP Zgnes 0.50 3 11 10 0.0157 0 10
OMP 255 0.50 3 11 10 0.0355 0 10
OMP 3, 0.50 3 11 10 0.0510 0 10
OMP Zamrs 0.50 3 11 10 0.0523 0 14
OMP 3ess 0.50 3 11 10 0.0572 0 20
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Table 5 Summary of performance statistics for three adaidi OMPs, tuned to different recovery levels for
M. paradoxus, for the RS. For each parameter, the median andPI8%re shown.

OMP1 OMP2 OMP3
10% 15% 20% 25% 15% 20% 25% 15% 20% 25%
avTAC 124.47 123.35 119.23 115.0B 121.40 118.40 11439 0218. 112.97 109.51
S AAV 9.56 9.62 9.56 9.45 8.70 9.02 9.12 8.35 8.42 8.3p
Q
g 135.00 135.00 135.00 135.0 135.86 135.86 135|86 142.50 .5042 142.50
e C 2007 - - - - - - - - - -
o
o - - - - - - - - - -
n
% 123.91 121.50 121.50 121.5 126.85 125.67 125)23 135.37 .3135 135.37
8_ C 008 121.50 121.50 121.50 121.5 115.45 112.08 111)32 135.37 .3135 135.37
n 133.81 130.86 129.99 128.8p 133.73 130.02 129]05 135.38 .3835 135.38
116.03 112.31 111.02 109.8B 117.23 114.20 112}55 128.61 .6128 128.61
C 2000 109.35 109.35 109.35 109.3p 102.97 95.70 94.91 128.60 028.6128.60
133.64 128.66 127.86 126.98 131.87 128.22 124)34 138.36 .27138 137.91
0.100 0.150 0.200 0.250 0.150 0.200 0.240 0.150 0.200 0.250
B ,0,7/K 0.021 0.069 0.121 0.167 0.063 0.085 0.145 0.061 0.106 0.134
0.201 0.259 0.313 0.372 0.315 0.406 0.445 0.334 0.355 0.401
" 1.45 2.13 2.88 3.79 2.19 2.85 3.78 2.59 341 4.36
g B 2027B 2007 0.37 1.21 1.96 2.54 1.00 1.53 1.94 0.90 1.38 1.75
% 2.88 3.82 4.86 5.98 5.60 7.65 8.87 6.09 6.87 7.99
@ 0.96 0.99 1.00 1.01 0.95 0.99 1.00 0.83 0.83 0.93
Q CPUE ,4,d
: 0.54 0.57 0.58 0.59 0.55 0.58 0.59 0.44 0.44 0.44
E CPUE 2003-2005
1.30 1.33 1.34 1.35 1.34 1.41 1.43 1.17 1.17 1.18
1.06 1.23 1.28 1.33 1.10 1.31 1.45 0.91 0.91 0.4
CPUE 54,4
0.61 0.77 0.82 0.88 0.65 0.77 0.89 0.45 0.45 0.47
CPUE 2003-2005
1.64 1.85 1.92 1.99 1.80 2.12 2.33 1.64 1.64 1.5
0.64 0.67 0.70 0.72 0.68 0.71 0.73 0.67 0.71 0.712
B ,0,7/K 0.53 0.56 0.59 0.61 0.56 0.57 0.60 0.54 0.58 0.40
0.80 0.82 0.85 0.87 0.83 0.87 0.89 0.84 0.86 0.7
1.38 1.42 1.49 1.54 1.45 1.50 1.55 1.52 1.60 1.64
g B 2027B 2007 1.13 1.17 1.22 1.26 1.18 1.23 1.27 1.25 1.31 1.33
o 1.63 1.70 1.78 1.84 1.74 1.79 1.84 1.87 1.97 2.1
% 1.31 1.32 1.32 1.32 1.32 1.33 1.33 1.30 1.30 1.30
. CPUE ,4,d
> 1.13 1.14 1.14 1.14 1.14 1.14 1.15 1.12 1.12 1.2
CPUE 2003-2005
1.50 1.51 1.51 1.51 1.50 1.50 1.51 1.48 1.48 1.48
1.49 1.53 1.54 1.56 1.51 1.55 1.59 1.47 1.47 1.48
CPUE 54,4
1.25 1.30 1.31 1.32 1.26 1.29 1.32 1.19 1.19 1.20
CPUE 2003-2005
1.73 1.77 1.77 1.79 1.76 1.81 1.84 1.75 1.76 1.76

10
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Table 6 Summary of performance statistics for candidatéPQx0, for four scenarios of the Reference Set
and the corresponding SR1 and decread¢ inbustness tests. For each performance statiisécmedian
and 90% PlIs are shown.

OMP1,0,

RS SR1 K2
avTAC 11866  130.38  116.83
AAV 9.43 9.55 0.48
135.00  135.00  135.00
C 2007 - - -
12150 12750  121.50
C 008 12150 12150  121.50
128.77  135.10  128.02
111.64 12674 11054
C 2009 109.35 111.56 109.35
12468  139.86  123.75
0.197 0.217 0.207
B ,0o/K 0.109 0.125 0.117
0.319 0.306 0.336
" 3.04 2.87 3.16
g B 5027B 2007 2.10 2.09 2.19
g 4.89 4.52 5.01
E (o o8 1
= CPUE ' ' '
20032005 | 4 34 2.26 1.34
CPUE 0.4 1.29 1.39 1.31
CPUE 0.85 0.93 0.86
2003-2005 | 4 gg 1.99 1.96
0.67 0.67 0.48
B ,0o/K 0.56 0.56 0.40
0.84 0.82 0.60
1.52 1.49 1.38
o B 5027B 2007 1.24 1.24 1.17
é 1.77 1.78 1.64
1.36 1.48 1.15

8. CPUE 501
s CPUE 1.17 1.26 0.98
20032005 | 4 5g 1.71 1.33
CPUE 0.4 1.60 1.59 1.30
CPUE 1.33 1.35 1.10
20032005 1 4 gg 1.82 1.50
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Fig. 1: Time series of recruitment residuals for one sgend4-H1-C3a-SR2) of the updated RS (*“RS”)
and the corresponding SR1 scenario (M4-H1-C3a-$H1").
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Fig. 2: Time series of recruitment residuals for one sgend4-H1-C3a-SR2) of the updated RS (*“RS”)
and the corresponding scenario with a 20% declieabeM. capensis K from 1992 onwards (“decr K”).
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Fig. 3. Trajectories of resource abundance for one ste(dd-H1-C3a-SR2) of the updated RS (“RS”) and
the same scenario with a 20% decrease inMheapensis K from 1992 onwards (“decr K"). Resource
abundance is expressed in terms of spawning bigraagsof spawning biomass as a proportion of i&s pr
exploitation level (i.eK at the beginning of the 2@entury).
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Fig. 4 Fits to the CPUE series of one scenario (M4-H&EGSR?2) of the updated RS (“RS”) and the
comparable scenario with a 20% decrease iMtheapensis K from 1992 onwards (“decr K”).
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Fig. 5 Fits to the survey series of one scenario (M4G8a-SR2) of the updated RS (“RS”) and the
comparable scenario with a 20% decrease inMheapensis K from 1992 onwards (“decr K”). Biomass
estimates from surveys conducted with the mégmcana gear have been rescaled by the ratio ofgke
estimated and are marked by
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Fig. 6: Maximum allowable decrease in TAC from one yeathe next as a function of the “current” CPUE
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Fig. 7. Graphical summary of performance statistics fioe¢ candidate OMPs, tuned to different recovergléeforM. paradoxus (10% open triangles, 15% black
circles20% open squares and 25% crosses) for the RS.daaeh shows medians together with 90% Pls.
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Fig. 8 Trajectories of resource abundance and catchaforapplication ofOMP12y to the updated
Reference Set. Ten individual trajectories are shomith the median a dark dotted line; the shadedsa
show 90% PlIs. Note units for species-combined CRltEEthose of the exploitable biomass to which it
corresponds. Pre-2007, the average spawning bioaradsspecies combined CPUE trajectories of the
Reference Set and the actual species disaggregRide and total catch are also shown.
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Fig. 9 Trajectories of resource abundance and catchaforapplication ofOMP220y to the updated
Reference Set. Ten individual trajectories are shomith the median a dark dotted line; the shadeds
show 90% PIs. Note units for species combined CRu#Ethose of the exploitable biomass to which it
corresponds. Pre-2007, the average spawning bioaradsspecies combined CPUE trajectories of the
Reference Set and the actual species disaggregRlg& and total catch are also shown.
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Appendix A — Further Results for the updated Referace Set

Table Al: Estimates of management quantities of theparadoxus andM. capensis coast-combined resources for the updated Refer8at®ISY and associated quantities are
given in relation to the selectivity for the offskdleet.

1 2 3 4 5 6 7 F P w11 1z 13 14 15 16 | 17 18 19 2 2z 23 24
MI M1 MI MI M4 M4 M4 M4 | MI MI MI MI M4 M4 M4 M4 | MI ML Ml ML M4 M4 M4 M4

C3a C3a C3a C3a C3a C3a C3ia C3a | C3h C3h C3b C3h C3b C3h CIh C3h | Cle C3h Clc Cle Cie Ci Ci Clh

HI Hz H3 H4 HI Hz H3 H4 | HI Hz H3 H4 HI Hz HI H4 | HI Hz HI H4 HI HZ H3I H4

SR2 SR2 SRZ SR2 SRZ SR2Z SRZ SRZ | SR2 SRZ SRZ SRZ SRZ SRZ SRZ SRZ | SRZ SRZ SRZ SRZ SRZ SRZ SRZ SRZ
InL total 1893 <1807 <1841 -174.2 -196.9 -191.8 -194.5 -139.7|-189.5 -181.8 -183.9 -175.5 -196.8 -192.1 -194.6 -190.0|-188.3 -176.6 -186.0 -174.2 -197.3 -190.6 -196.3 -189.7

E¥ 1747 2298 1732 2279 1271 979 1265 961 | 1746 2307 172% 2290 1291 996 1234 580 | 1744 2241 1735 2230 1157 899 1158 893

h 0.95 030 095 030 095 030 095 030|095 030 095 030 095 030 095 030 | 0.95 030 095 030 035 030 0.5 0.80
MEY 118 115 117 115 117 i1 115 109 | 119 116 118 116 117 112 116 110 | 114 111 114 111 114 109 114 108

o B 0e/KT 0.06 010 006 010 007 012 007 012|006 010 006 010 007 012 007 012 | 0.07 011 007 011 008 013 008 013
B BPueMSYET | 031 040 031 040 035 050 034 050 | 030 040 029 039 034 049 033 050 | 037 045 036 044 041 056 040 055
'é; MEVLF 019 024 019 024 020 024 020 024|019 024 020 024 020 024 020 0324 | 015 024 015 024 019 024 019 0.24
§ M 0| 050 050 050 050 053 072 056 080 | 050 050 050 050 053 071 056 079 | 0500 050 050 050 052 071 054 0.7
- | 050 050 050 050 053 072 056 030 | 050 050 050 050 053 070 056 079 | 050 050 050 050 052 071 054 074
= 2l 050 050 050 050 053 072 056 080 | 050 050 050 050 053 071 056 079 | 050 050 050 050 052 071 054 0.4
3| 040 040 040 040 045 060 046 064 | 040 040 040 040 D044 059 046 063 | 040 040 040 040 045 060 046 0.62

4/ 034 034 034 034 040 052 040 053 | 034 034 034 034 039 052 040 053] 03 034 034 034 041 054 041 0.54

s¢| 030 030 030 030 036 047 036 047 | 030 030 030 030 036 047 036 047 | 030 030 030 030 035 049 038 0.49

E¥ 750 782 956 929 630 588 6l4  s44 | 781 793 932 %40 617 589 607 554 | 905 912 1041 1063 675 675 688 676

k 0.95 095 070 070 095 095 070 070|095 095 070 070 095 095 070 070 | 095 095 070 070 085 095 070 070
MEY 57 58 55 54 65 63 60 57 | 57 58 54 54 65 64 a0 S5 | &6 67 60 62 70 7D 64 64
R 0,36 036 041 033 051 049 053 049 | 037 038 040 040 051 049 053 050 | 045 046 040 043 054 054 053 0.53
BT /MEYET | 141 141 124 114 233 224 172 L6l | 145 149 121 122 233 225 L7 L64 | 179 180 123 129 242 245 173 LT3
B s 0.25 025 033 033 022 022 031 030|025 025 033 033 022 022 031 030 | 025 025 033 033 022 022 031 031
g_‘ M 0| 050 050 050 050 1.00 1.00 1.00 100 | 0.50 050 050 050 100 100 10D 100 | 050 050 050 050 100 100 1.00  1.00
z | 050 050 050 050 100 100 100 100 | 050 050 050 050 1.00 100 100 100 | 050 050 050 050 100 100 100 1.00
S 2l 050 050 050 050 1.00 100 100 100 | 050 050 050 050 100 100 100 100 | 050 050 050 050 100 1.00 100 100
3| 040 040 040 040 070 070 073 074 | 040 040 040 040 070 070 073 074 | 040 040 040 040 069 070 072 0.7

4/ 034 034 034 034 052 052 057 059 | 034 034 034 034 052 052 057 059 | 034 034 034 034 051 050 055 0.56

s| 030 030 030 030 040 040 046 049 | 030 030 030 030 040 040 046 048 | 030 030 030 030 039 039 044 045

6 0,30 030 030 030 040 040 046 049 | 030 030 030 030 040 040 046 048 | 030 030 030 030 039 039 044 045

7+l 000 030 030 030 040 040 D046 049 | 030 030 030 030 040 040 046 043 | 030 030 030 030 039 039 044 045

SC survey ¢ 111 111 092 098 075 084 068 078 | 108 107 085 084 078 0382 068 076 | 090 039 088 034 072 071 064 064

2006 species ratio B¥ | 275 124 382 160 360 238 380 237 | 287 135 374 174 359 245 380 235 | 358 172 373 191 400 301 414 304
E*| 145 093 196 116 197 133 214 132 | 1.50 100 190 125 1.9 133 215 137 | 1.94 128 201 140 216 L6l 232 1.6%
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Fig. Al: Trajectories of resource abundance for the updaeference Set. Resource abundance is expressed
in terms of a) spawning biomass, b) spawning bienas a proportion of its pre-exploitation level, c)
exploitable biomass and d) biomass of fish of aga@®above. The median is indicated by a thick Jhéde

the shaded area represents the full uncertaintheotupdated Reference Set (minimum and maximum for
each year).
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Fig. A2: Estimated survey and commercial fishing selettisi for the updated Reference Set. The mediandigated by a thick line while the shaded area
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represents the full uncertainty of the updated Reiee Set (minimum and maximum for each age).
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