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Executive Summary

The Management Strategy Evaluation (MSE) analysegdstern jack mackerel and eastern
blue mackerel are updated by refining the scenamoshich the MSE is based to account for
the recommendations of the Small Pelagic FishemgnBtic Panel, as well as the results of the
assessments of these two stocks. The projectiansha@ased on the harvest control rule
developed for the Small Pelagic Fishery (SPF), Wwhias designed to be robust to the
frequency with which data are collected, as well sg®ecies biology and associated
uncertainties. Results are shown for six setsfefeace point choices given that final decisions
have yet to be made regarding the target and feférence points for the SPF. In addition,
results are shown for three definitions of “prolipiof dropping below the limit reference
point” (last 20 years of the projection period,\ahrs, in 20-year blocks). Allowing for auto-
correlation p=0.707 for blue mackereh=0.9 for jack mackerel) leads to the conclusior tha
it is not possible to maintain stocks above theregice points considered with the pre-specified
probability (10%) even without fishing, but thisnst the case if deviations in recruitment
about the stock-recruitment relationship are temibppouncorrelated (i.ep=0). Thus, results
are only shown for the cape0. The Tier 1 exploitation rate is selected toi@oh the target
reference point on average (for the base-casesspind to achieve a probability of dropping
below the limit reference point of no more than 1Q&6ross all scenarios). The Tier 1
exploitation rate for eastern jack mackerel rarigggareen 0.051 (when a target reference point
of 0.7Bo is chosen) to 0.090 (for a limit reference poiind @By evaluated over the last 20 years
of the projection period). The Tier 1 exploitatiate for blue mackerel ranges from 0.061 to
0.119, depending on the definition of the proba&pitif dropping below the limit reference
point and is determined primarily by the scenamiavhich recruitment variation is assumed to
be high.

1. Introduction

The use of harvest control rules (mathematicaltions that determine scientific management
advice as a function of monitoring data) is consdestate-of-the-art in terms of achieving
management goals, and their use has been wideyogeg by national and international
management bodies. Most harvest control rules aretibns that determine how the
management actions depend on the results of mowtoFigure 1 contrasts three harvest
control rules, all of which set a target exploatrate, have a minimum stock size below which
the exploitation rate is set to zero, and have girmam permissible exploitation rate. These
three harvest control rules will achieve differeatie-offs between the probability of the stock
being driven to low levels, the average catch &edinter-annual variation in cafcht is not
straightforward to assess these trade-offs badety sm the form of the harvest control rule
and the choice of values for its parameters. Methmsed on Monte Carlo simulation (often
referred to as Management Strategy Evaluation, M%iafet al. [2016a]) have therefore been
developed to assess these trade-offs.

! These are the three key dimensions of performéocsingle-stock management systems, but therenargy
ways to define mathematical summaries relativénéort



The performance of a management system dependsnhobn the form of the harvest
control rule and the values for its parameters dtad on how well the inputs needed to apply
the harvest control rulecan be estimated using monitoring data, and holvmanagement
actions are implemented. Thus, MSE involves evalgdtnanagement strategies”, which are
combinations of specifications for monitoring systg methods for analysing monitoring data,
and harvest control rules (Pettal., 2016a).

The Commonwealth Small Pelagic Fishery (SPF), meddyy the Australian Fisheries
Management Authority (AFMA), is a purse-seine arid-mater trawl fishery extending from
southern Queensland to southern Western Austisgia (Varcet al. [2012] for details). The
target species are jack macker&achurus declivis, redbait Emmelichthys nitidus, blue
mackerelScomber australasicus and Australian sardin®ardinops sagax (off parts of the east
coast only) Yellowtail Scad,Trachurus novaezelandiae, is taken as by-product. The SPF is
managed using a combination of input and outputrotmthat include limited entry, zoning,
mesh size restrictions and total allowable catcAesew Management Plan was implemented
in 2009 that established Eastern and Western maragesub-areas (zones, hereafter east and
west) rather than the previous four (AFMA, 200:Mdantroduced new controls such as
Individual Transferable Quotas. There is a tieragvést strategy in place where the tier
depends on the amount of research, and in pantiaolastimate of absolute abundance (Figure
2).

Smith et al. (2015) conducted a management strategy evaluationnderstand the
consequences of alternative ways of applying gredi harvest strategy framework. Analyses
were undertaken for all of the stocks in the SR In a single-species context and also using
the end-to-end ecosystem model Atlantis. The aralygere updated inter alia by Smith and
Punt (2015, 2016), which suggested that the valoeskey parameters depended on
assumptions regarding the current depletion (theeeted value of spawning stock biomass
when the management strategy is first appliedivelao the unfished equilibrium spawning
stock biomass). This led to a request to condwtbek assessment for eastern jack mackerel
(and subsequently eastern blue mackerel) to praaidemation that could reduce the range
of uncertainties considered in Smétal. (2015) and Smith and Punt (2015, 2016). FRuaL.
(2016b) document an assessment for eastern jadkemehaising Stochastic Stock Reduction
Analysis (SSRA) and a state-space assessment methiedPunt et al. (2016¢) document an
assessment for eastern blue mackerel using SSR&eTdssessments provide information on
current (2015) depletion, and (for eastern jack kaeal) selectivity for the purse-seine and
mid-water trawl gears, and the extent of variatiomecruitment about the stock-recruitment
relationship.

This document first provides updated specificatimmshe MSE, as it is applied to eastern
jack mackerel given the results of the assessnfdptiratet al. (2016b) and as it is applied to
eastern blue mackerel given the results of thesagsent of Purdt al. (2016c). It then identifies
a range of harvest strategy parameterizations giagious possible ways to interpret the
performance standard implied by the Commercial eisirGtrategy Policy.

2. Methods

2.1 Operating model

The operating model is age-structured, and recaritris driven by spawning stock biomass.
The basic population dynamics are governed by goateon:

2 In the case on Figure 1, current biomass anantibiomass relative to unfished biomass.
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where Ny,a is the number of fish of ageat the start of yeay, Zy,a is the total mortality on
animals of age during yeay:

Z,,=M+3F, 2

M is the instantaneous rate of natural mortalfy,is the selectivity of the fishery on animals

of agea, Fy is the fully-selected fishing mortality rate dugigeary, s/ Is the spawning stock
biomass at the start of the year:

S=>wfN, (3)

é) is the average unfished spawning stock biom@sss the weight of an animal of ageat
the start of the yearf, is the proportion of animals of ag¢hat are maturéy is the “steepness”
of the stock-recruit relationship (Francis, 1992),is the recruitment deviation for year

g, = pe,, +~1- p*n, 11, ~ N(0;0%) (4)

P is the extent of temporal autocorrelation in régonent,or is the standard deviation of the
recruitment deviations in log-space, ant the maximum age-class (assumed to be a plus-
group).

The catches by age and yeé‘:g,a, are given by the Baranov equation:

—_ Sa Fy ~Zya
C,.= 5 N,.(d-e™*) (5)
y,a
and the catches in weight by:
Cy =2 Wou2Cy (6)

a

The projection period starts with a burn-in peradd’5 years. The burn-in period involves a
projection in which there is a constant level ofhfng mortality, chosen so that
deterministically, the population would be at a-ppecified level of depletion. The burn-in
period is followed by a projection period in whichtches are assumed to equal to the catch
limits computed using the management strategies.sBEtond projection period is 117 years
for eastern jack mackerel and 50 years for eagikr® mackerel. The length of the second
projection period is based on the projections utilemanagement strategies having the same
length in terms of generation time for all SPF ksoSmithet al. (2015) conducted 50-year
projections for all stocks, but this implies di#get numbers of generations given the
differences in longevity and productivity amongcit® Recruitment variation occurs during
the burn-in period so the spawning stock biomaskeastart of the projection period for each



of the 1,000 simulations is distributed about the-gpecified depletion level, with the extent
of variation depending oswr, andp.

2.2 Data generation and management strategies

Estimates of spawning stock biomass are assumzzldgailable with a coefficient of variation
(CV) of 0.5. The estimates are assumed to be uadbites the bulk of the analyses, but three
of sensitivity tests (see Section 2.3) exploreithplications of bias in these estimates. The
management strategy is based on the three-tierestargontrol rule (Figure 2). This
management strategy sets the recommended Bioldgatah (RBCJ by multiplying the most
recent estimate of spawning stock biomdssan exploitation rate that depends on the time
since the last survey was conducted. The premisieechnalysis is that the future monitoring
strategy is unknown, but could be any of: (a) aveyrevery 5 years, (b) a survey every 10
years (eastern blue mackerel) or 15 years (eagteknmackerel), and (c) a survey once and
then never again. Consequently, three sets of seslgre undertaken:

» The Tier 1 exploitation rate applies for 5 yeard #re RBC is constant over the 5 years
(RBC = Tier 1 rate x most recent survey biomassnegef. Surveys are conducted
every 5 years (Fig. 2; upper panels)

» Ifthere is no survey in year 5, the Tier 2 ex@tdn rate (half of the Tier 1 exploitation
rate) is applied for a further 10 years (jack maekes years for blue mackerel) (so the
initial catches are halved). Surveys are conduetatty 15 years (jack mackerel; 10
years for blue mackerel).

» Ifthere is no survey after 15 years (jack mackear@lyears for blue mackerel), the Tier
3 exploitation rate (half of the Tier 2 exploitatioate or a quarter of the Tier 1
exploitation rate) is applied. There is only onevsy in the tests based on this Tier.

2.3 Scenarios (base-case and sensitivity)

Data for eastern jack and blue mackerel were télan Wardet al. (2012) and Gianningt

al., (2010). For jack mackerel, the base-case valustémpness was 0.75 while it was 0.59 for
blue mackerel (Gianningt al., 2010). The base-case value for natural mortality \set at
0.26yr? for jack mackerel and 0.62¥for blue mackerel. The estimates of growth ancunitt

are the same as those used by Smithl. (2015) and Smith and Punt (2015, 2016), but
selectivity for jack mackerel has been updateti¢cesstimates for mid-water gear for the dome-
shaped* model of Puret al. (2016b). Other differences from the specificasiom which the
base-case analysis of this report is based comparth@ base-case specifications of Sreith
al. (2015) are:

* The extent of variation in recruitment for jack rkexel is increased from a CV of 0.6
to a CV based on the results of the state-spaesssent method in Pugital. (2016b).

* The CV for the estimate of spawning stock biomassfthe DEPM is increased from
0.3 to 0.5 following a recommendation from the SrRalagic Fishery Scientific Panel
(AFMA, 2016).

» Initial depletion for jack mackerel is set to 1 édon the results of the state-space
assessment method in Pehal. (2016b).

» Initial depletion for blue mackerel is set to 0@8sed on the results of the Stochastic
Stock Reduction Analysis in Puetal. (2016c)

3 Assumed to be taken exactly.
4 Given the fast dynamics of small pelagic fishes,RBC is based on the most recent estimate only.

5 For computational ease it is assumed that an asiof abundance can be produced essentially inatadgli
after data collections takes place.



Table 2 lists the specifications for the sensiivdhalyses. The sensitivity analyses match

those used by Smitt al. (2015) with the following differences:

* Scenario 1 involves a CV for the DEPM estimate lmiradance of 0.8. Smitét al.
(2015) considered a sensitivity analysis in whiais CV was set to 0.5, but that level
of CV is now part of the base-case analysis; Offeats (approximately) the same
proportional increase in CV that the original Saema considered.

* The sensitivity analysis that explored DEPM biase25% and 50% were dropped and
replaced by a sensitivity analysis based on themecendation of a 20% positive bias
(AFMA, 2016).

* A sensitivity test for eastern jack mackerel basedhe selectivity pattern assumed by
Smithet al. (2015) has been added because this selectivitgrpdbrms the basis for
the Stochastic Stock Reduction Analysis of Rairal. (2016b).

* Sensitivity analyses (Scenarios 10 and 11) have added to explore the implications
of uncertainty regarding the extent of variation rigcruitment about the stock-
recruitment relationship.

* Sensitivity analyses (Scenarios 12 and 13) have @dded to explore the implications
of uncertainty regarding initial depletion. Thewas considered are based on the results
of the Stochastic Stock Reduction Analysis (Raiiral., 2016b,c).

* Sensitivity analyses (Scenarios 14 and 15) have ddded to explore the implications
of uncertainty regarding natural mortality. Theued considered at20% of the base-
case values.

Results are shown the case in which recruitmeternigorally uncorrelated€0) as well as
when there is temporal auto-correlation in recremnin=0.707 for blue mackereh=0.9 for

jack mackerel). Smitht al. (2015) only considered the case0, but the Small Pelagic Fishery
Scientific Panel recommended that analyses withstimated be conducted. The valuepof
selected for jack mackerel is based on the estifnate the state space assessment method of
Puntet al. (2016). The valug@=0.707 for blue mackerel was selected so that dilathe
variation in recruitment is attributed to auto-&bation (Puntt al., 2016c).

2.4 Performance metrics
The risk-related performance metrics are:

» The average spawning stock biomass over the lageafs of the projection period
divided byBo® (denoted “Depletion”).

» The proportion of simulations * years in which ggawning stock biomass is less than
0.5Bo over the last 20 years of the projection periash(ted “PB<Bs).

» The proportion of simulations * years in which ggawning stock biomass is less than
0.7 Bo over the last 20 years of the projection pericgh(ded “PB<B70) (Base-case;
last 20)").

» The proportion of simulations * years in which ggawning stock biomass is less than
0.2 Bo over the last 20 years of the projection periodn@ded “PB<Bzo) (last 20
years)”).

e The maximum over all years of the proportion of wations in which the spawning
stock biomass is less than B2(denoted “PB<B2o) (all years)”).

* The maximum over blocks of 20-year periods of yedthe proportion of simulations
in which the spawning stock biomass is less tham@(denoted “PB<Bzo) (blocks)”).

6 By is the expected spawning stock biomass over gie2layears of a 117/50 year projection period whene
is no exploitation, but recruitment is stochastic.



» The proportion of simulations * years in which ggawning stock biomass is less than
0.3Bo over the last 20 years of the projection perich@ded “PB<Bzo) (last 20)").
* The maximum over all years of the proportion of wations in which the spawning
stock biomass is less than B3(denoted “PB<Bzo) (all years)”).
* The maximum over blocks of 20-year periods of yedthe proportion of simulations
in which the spawning stock biomass is less tham@(denoted “PB<Bzo) (blocks)”).
The first two performance metrics relate to achig\va target reference point of either 50%
or 70% of the expected unfished spawning stock besmvhile the last six performance metrics
pertain to avoiding dropping the stock below timeitireference point.
The catch-related performance metric is:
« The average catch over the last 20 years of thegiion period divided by MS¥for
the base-case scenario (denoted “Catch/MSY (basg-¢a

2.4.1 Tuning and Interpretation of results

The aim is to find a management strategy that miaesyield subject to achieving adequate
conservation performance. Specifically, given aichdor the target reference point and the
limit reference point, simulations are conductedvimch surveys are conducted (a) every 5
years, (b) every 15 years (jack mackerel) / 10 s/éalue mackerel) or (c) only once, and
finding the initial (Tier 1) harvest ragt¢hat achieveboth a probability of no more than 0.5 of

being below the target reference point for the hmse analysis and 0.1 of being below the
limit reference point for all scenarios are selddi each choice survey frequency (every 5
years; every 10/15 years; only once). The fina¢(T) harvest rate is then the minimum of
the three Tier 1 ratés

3. Results

3.1 Impact of auto-correlation in recruitment

Results are only shown for the cas® because there were no values for the Tier logatibn
rate that satisfied the performance standard (bgtitity of no more than 0.5 of being below
the target reference point for the base-case analysl of no more than 0.1 of being below the
limit reference point for all scenarios). This ozbecause the spawning stock biomass will
be driven to low levels even in the absence ofriglgiven high temporal auto-correlation in
recruitment (combined with high variation in re¢nuént). Figure 3 show the outputs of the
SSRA for jack mackerel whey=0 (upper panels) and wher0.9 (lower panels). The impact
of temporal auto-correlation in recruitment is m@gtent in the distribution of current (2015)
depletion, which indicates a substantial probabitielow 0.5, even though in expectation
current depletion is close to 1.

3.2 Jack mackerel

As expected, the Tier 1 exploitation rates (andckeahe Tier 2 and Tier 3 exploitation rates)
that satisfy the performance standard depend onhbiee of reference points (Table 3). The
Tier 1 exploitation rate for jack mackerel rangesa®en 0.051 (when a target reference point
of 0.7Bo is chosen) and 0.090 (for a limit reference poin®.2Bo evaluated over the last 20
years of the projection period). As expected, eatahg the risk of dropping below the limit
reference point by year leads to a lower Tier la@igtion rate (rows “all years” vs “last 20
years” and “20-year blocks”). The sensitivity testat determine the Tier 1 rates depend on

”Maximum expected catch under a harvest strateghioh a constant exploitation rate is appliedte tbiomass
when recruitment is stochastic.

8 The harvest rate that would be applied in the fiear after a survey estimate becomes available.

9 The minimum is taken because when a survey isunedértaken is unknown (or even whether anothemresur
will be conducted).



survey frequency and the basis for calculatingrisle of dropping below the limit reference
point (1: high survey CV; 2: positively biased esdtes of abundance; 6: low steepness 9:
“original” selectivity; 11: high recruitment varian).

Table 4 shows the values for all of the performastegistics for each choice of survey
interval and for the base-case analysis and eattitisty test. The factor determining the
choice of Tier 1 exploitation rate is highlightedried shade. For example, for Table 4b, the
Tier 1 exploitation rate is determined by keeping probability of dropping below (B3 less
than 0.1 when surveys are conducted every 15 wearselectivity equals the ‘original’ form.
The final depletions increase with decreasing sufnaxjuency, but are always above the target
reference point (OBp for Tables 4a-c and (Bg for Tables 4d-f). Expected catch as a
proportion of MSY? declines with decreasing survey frequency. lesslthan 70% for 5-year
surveys and declines to less than 30% for a ssweey.

3.3 Blue mackerel

The results for blue mackerel are qualitatively $hene as for jack mackerel (Tables 3 and 5).
However, unlike the case for jack mackerel, riskd(@ence the Tier 1 exploitation rate) is
driven entirely by the sensitivity test in whicletbxtent of recruitment variation is highr€1).
This is not unexpected because, with a high rateatifral mortality, much of the population
biomass consists of new recruits. In several c@s@dse 5), the risk associated with sensitivity
test 11 is several times larger than that assatiaih the other sensitivity tests.

4. Discussion

The MSE conducted here calculates Tier 1 explomatates that are robust to survey frequency
and uncertainties related to survey bias, stockiigwent steepness, selectivity, natural
mortality, and current depletion. These rates ateutated separately for each choice of target
and limit reference point, and for the definitiar the probability of dropping below the limit
reference point. The scenarios considered in thauhent expand on those considered by
Smithet al. (2015) and reflect, to the extent possible, thiie@mes from assessments.

The most important drivers of the Tier 1 exploiatrates are the extent of temporal auto-
correlation in recruitment, combined with the extehrecruitment variation and the value for
natural mortality. Specifically, the stocks willajfr below the limit reference point with a
greater than 10% probability even in the absen@xploitation if recruitment auto-correlation
is 0.707 (blue mackerel) or 0.9 (jack mackerel)egivthe values for the other biological
parameters.

The increase to the range of values tested for hettruitment variability and
autocorrelation in this work were driven by the cahes of the initial suite of integrated
assessment models for Eastern Jack Mackerel. Thedels, by assuming constant fishery
selectivity over time, interpret the catch age-cosifjon data as strongly informative about
the age structure of the population, which drove tecruitment trend and associated
distributional parameters estimated. If the catchee data are representative of the fish
caught, but not necessarily of the wider populati@lue to time-varying selectivity (driven by
operational shifts such as timing, location andtey fishing) — one would expect different
results. It seems likely that a less variable rigierent trend would arise if allowance was made
for a temporally changing selectivity pattern. Hoee estimating time-varying selectivity
would lose the ability to estimate the key disttibnal parameters of recruitment, so one form

0 MSY depends on scenario and is consequently edémliseparately for each scenario.



is not immediately preferable to another. Idealbthbshould be developed as alternative
hypotheses.

The high variation of small pelagic fishes is wiallewn and this leads to the question of
whether a single performance standard is appreptiat all species. For example, the
performance standard for small pelagic fishes offitB Africa is whether the probability of
dropping below the limit reference point is increddy x% compared to the corresponding
probability under zero exploitation rate. This défon would be equivalent to “the probability
of dropping below the limit reference point shobllno more than x%” for long-lived species
such as pink ling because the probability of drogdielow the limit reference point in the
absence of exploitation would be close to zero tduelatively small effects of recruitment
variation and autocorrelation on the age structGansequently “the probability of dropping
below the limit reference point should be no mdwantx%” is the same as “the probability of
dropping below the limit reference point should betincreased by more than 10% compared
to the no-fishing scenario” for long-lived speciémplementing a similar approach to risk
management for short-lived species in the contéduto-correlated recruitment is possible,
but is the beyond the scope of the current analysisould require that the probability of
dropping the limit reference point to be computed éach scenario (see Table 6 for an
example) and a value of x% selected.

Acknowledgements
The work was funded by CSIRO and the Australiam&iges Management Authority.

References

AFMA 2009. Small pelagic fishery harvest stratefyystralian Fisheries Management Authority, Canhetrtzap.

AFMA 2016. Small Pelagic Fishery Scientific Paneddfing No. 3. Australian Fisheries Management Auitjro
14pp.

Francis, R.I.C.C. 1992. Use of risk analysis teeasdishery management strategies: A case studyg osange
roughy Hoplostethus atlanticus) on the Chatham Rise, New Zeala@nadian Journal of Fisheries and
Aquatic Sciences 49: 922-930.

Giannini, F., Hobsbawn, P.I., Begg, G.A. and M. @bar. 2010. Management strategy evaluation (MSE)@f
harvest strategy for the Small Pelagic FisheryeBurof Rural Sciences, Canberra.

Punt, A.E., Butterworth, D.S., de Moor, C.L., Dév@lra, J.A.A. and M. Haddon. 2016a. Managemerat8gy
Evaluation: Best PracticeBish and Fisheries 17: 303-334.

Punt, A.E., Little, L.R. and R. Hillary. 2016b. Assment for eastern jack mackerel. Document sutunit
AFMA. 16pp.

Punt, A.E., Little, L.R. and R. Hillary. 2016c. Assment for eastern blue mackerel. Document sudzinict
AFMA. 6pp.

Smith. T. and A. Punt. 2015. SPF harvest stratgghate. Document submitted to AFMA. 11pp.

Smith, T. and A. Punt. 2016. Further simulationtdesf the SPF harvest strategy, March 2016. Doctimen
submitted to AFMA. 6pp.

Smith, A.D.M., Ward, T., Hurtado, F., Klaer, N.,lfn, E. and A.E. Punt. 2015. Review and updatedsr
strategy settings for the Commonwealth small peléighery. FRDC Report 2013/028. 74pp.

Ward T.M., Lyle J., Keane J.P., Begg G.A., Hobsbawn Ivey A.R., Sakabe R., and M.A. Steer. 2012.
Commonwealth Small Pelagic Fishery: Fishery AssessrReport 2011. Report to the Australian Fisheries
Management Authority, South Australian Research@exvklopment Institute (Aquatic Sciences), Adelaide
SARDI Publication No. F2012/000270-3. SARDI Reskdreport Series No. 614. 98pp.



Table 1. Values for the biological parameters fastern jack and eastern blue mackerel
(source: Smitlet al., 2015; Punét al. 2016b,c).

Jack mackerd Blue macker el
Proportion Original Proportion Knuckey

Age Weight mature Selectivity:  Selectivity? Weight mature Selectivity selectivity

0 5.3 0 0 0 34.5 0.01 0.01 0.3

1 41.3 0 0 0 142.6 0.17 0.17 1

2 107.0 0.04 0.043 0.680 278.2 0.69 0.69 1

3 187.0 0.22 0.149 0.860 402.6 0.91 0.91 1

4 267.9 0.56 0.512 1.000 501.3 0.97 0.97 1

5 341.9 0.80 0.953 1.000 573.7 0.98 0.98 1

6 405.4 0.90 1.000 1.000 643.9 0.99 0.99 1

7 457.9 0.95 1.000 1.000

8 500.0 1.00 1.000 1.000

9 533.2 1.00 1.000 1.000

10 558.9 1.00 1.000 1.000

11 578.8 1.00 1.000 1.000

12 605.6 1.00 0.994 1.000

1: Based on the results for mid-water trawl andresting the extent of auto-correlation
2: Base-case in Smitt al. (2015)



Table 2. Specifications of the base-case analysldlze sensitivity tests.

(a) Eastern jack mackerep£0; with the values fop=0.9 in parenthesis)

10

Scenario Survey Survey Steepness Natural Selectivity OR Initial
CV bias Mortality depletion
Base-case 0.5 1 0.75 0.26 Table 1 1(1.4) 1.00)1.0
1 0.8
2 1.2
3 0.5
4 0.75
5 0.9
6 0.6
7 One year to the
left
8 One year to the
right
9 Original
10 0.6 (1)
11 1.2
(1.6)
12 0.77
(0.54)
13 0.94
(0.97)
14 0.208
15 0.312
a: Based on SSRA results wpkO; b: Based on SSRA results wjghk0.9
(b) Eastern blue mackergh£0; with the values fop=0.707 in parenthesis)
Scenario Survey Survey Steepness Natural Selectivity OR Initial
CV bias Mortality depletion
Base-case 0.5 1 0.59 0.62 Table 1 0.6 0.93 (0.91)
1 0.8
2 1.2
3 0.5
4 0.75
5 0.71
6 0.47
7 One year to the
left
8 One year to the
right
9 Knuckey
selectivity (Table
1)
10 0.4
11 1.0
12 0.85
(0.74)
13 0.95
(0.94)
14 0.496
15 0.744

a: Based on SSRA results wkO; b: Based on SSRA results wjgk0.707
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Table 3. Summary of the tier 1 rates based on gtiojgs in which (a) the tier 1 control rule is
always applied, (b) the tier 2 control rule is ay@applied, and (c) in which the tier 3 control
rule is applied (columns “Tier 17, “Tier 27, and fie survey only”). The final column indicates
the lower of the three tier 1 rates (that whichsamquently satisfies risk irrespective of future
survey interval). The values in parenthesis ares#hesitivity tests for which risk is highest.
Results are only shown in this table for the case/hiich p=0 because the results fpr0.9
(jack mackerel) and=0.707 (blue mackerel) indicate that even a zepdoitation rate cannot
satisfy the performance standard.

(a) Eastern jack mackerel (no auto-correlation in ridcrent)

Target Limit Risk basis Survey frequency
Reference point Reference point One
survey Lowest
Tier 1 Tier 2 only rate

0.58¢ 0.2Bo Last 20 years 0.111(11) 0.092(6) 0.090
0.58o 0.2Bo Allyears — 0.093(1) 0.086(2)  0.081
0.580 0.280 20-year blocks 0.105(11) 0.092(6) 0.089
0.78o 0.380 Last 20 years 0.070(11) 0.087(6)  0.051

0.7B¢ 0.3Bo All years
0.7Bo 0.3 20-year blocks

0.059(11) 0.067(11)  0.051
0.066(11) 0.080(11)  0.051

(b) Eastern blue mackerel (no auto-correlatioregruitment)

Target Limit Risk basis Survey frequency
Reference point Reference point One
survey Lowest
Tier 1 Tier 2 only rate

0.580 0.2B0 Last 20 years g 122(11) 0.135(11)  0.119
0.58o 0.2Bo Allyears — 0105(11) 0.105(11)  0.100
0.9 0.2Bo 20-year blocks 0.122(11) 0.128(11) 0.118
0.78o 0.380 Last 20 years 0.079(11) 0.111(11) 0.073
0.7Bo 0.3Bo All years 0.064(11) 0.066(11) 0.061
0.7Bo 0.3Bo 20-year block 0.079(11) 0.091(11) 0.073
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Table 4a. Risk summary for jack mackerel when tleg T rate is selected based on a target

reference point of 0By and a maximum risk (over all sensitivity testseothe last 20 years

of the projection period of dropping below Bg2not exceeding 0.1. The case that drives the
selection of the harvest rate is highlighted incklitalic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.650 37.3 65.9 2.6 55 3.1 9.2 12.2 10.3 0.619
1 5 0.648 37.4 64.6 5.7 8.9 6.5 12.4 15.9 13.9 .59
2 5 0.601 44.5 71.4 5.0 8.6 5.8 141 18.2 155 3.68
3 5 0.800 16.8 46.9 0.1 0.4 0.2 1.4 2.8 1.6 0.384
4 5 0.720 26.9 57.5 0.9 1.8 1.0 4.4 7.2 51 0.517
5 5 0.680 32.8 62.3 2.0 5.2 2.5 7.3 10.2 8.3 0.525
6 5 0.601 44.9 71.6 4.5 6.8 5.0 13.6 17.2 15.0 20.73
7 5 0.665 35.3 64.3 2.0 4.8 2.4 8.0 10.9 9.0 0.603
8 5 0.631 40.0 68.0 3.7 5.9 4.2 10.8 14.4 12.1 3.64
9 5 0.613 42.7 70.0 4.6 6.7 5.2 12.6 16.1 13.9 4.66
10 5 0.656 20.0 62.8 0.6 2.1 0.7 2.2 5.4 24 0.607
11 5 0.645 45.2 68.2 6.0 8.6 6.8 16.3 21.0 17.6 28.6
12 5 0.650 37.3 65.9 2.6 5.2 3.1 9.2 12.2 10.3 P.61
13 5 0.650 37.3 65.9 2.6 5.2 3.1 9.2 12.2 10.3 P.61
14 5 0.596 43.7 72.4 3.6 6.3 4.3 11.6 15.7 131 98.6
15 5 0.692 33.1 61.3 2.2 5.1 2.6 7.8 10.5 8.8 0.552
0 15 0.715 29.3 56.7 4.9 7.0 5.4 9.6 14.3 10.5 0.443
1 15 0.710 30.0 55.3 8.3 125 9.3 12.6 19.1 14.6 0.409
2 15 0.666 35.9 61.9 7.9 12.4 8.7 135 22.1 151 0.494
3 15 0.850 13.4 39.8 0.4 0.9 0.5 14 2.2 15 0.263
4 15 0.781 21.3 48.8 1.9 3.0 2.0 4.8 7.1 5.4 0.364
5 15 0.745 25.9 53.1 3.3 5.2 4.0 7.3 11.3 8.3 0.377
6 15 0.666 35.6 62.0 7.8 11.0 8.3 13.6 194 14.6 0.525
7 15 0.734 27.1 54.9 3.3 5.9 3.9 7.8 11.2 8.8 0.434
8 15 0.688 32.3 59.0 7.3 9.8 7.6 12.1 17.4 12.8 0.453
9 15 0.657 35.9 610 [ 115 10.1 15.1 19.3 15.5 0.459
10 15 0.726 13.9 46.3 1.8 4.0 2.2 3.2 5.7 3.9 0.441
11 15 0.705 38.1 61.5 8.5 12.0 8.7 151 22.7 16.4 0.444
12 15 0.715 29.3 56.7 4.9 7.0 5.4 9.6 12.9 10.5 0.443
13 15 0.715 29.3 56.7 4.9 7.0 5.4 9.6 13.4 10.5 0.443
14 15 0.664 33.7 62.0 6.6 10.7 6.9 11.8 19.1 12.8 0.506
15 15 0.754 26.8 52.8 3.6 5.4 4.2 8.0 11.6 8.9 0.391
0 1 only 0.852 15.2 38.4 3.9 6.9 4.7 48 11.8 8.1 218
1 1 only 0.829 17.9 38.7 8.7 10.8 9.1 9.6 14.5 10.5 0.178
2 1 only 0.801 20.2 42.9 8.1 11.7 9.0 9.7 17.3 12.3 0.239
3 1 only 0.937 6.9 28.5 0.3 0.9 0.4 0.6 1.7 1.0 0.119
4 1 only 0.899 10.2 33.2 1.2 2.8 1.5 1.8 4.9 3.4 0.174
5 1 only 0.885 11.2 354 0.6 5.2 35 1.5 10.2 6.6 0.194
6 1 only 0.796 21.5 43.7 9.4 9.6 9.4 11.0 14.5 11.1 0.243
7 1 only 0.877 12.7 36.5 1.0 5.9 3.7 2.2 10.0 7.0 0.227
8 1 only 0.823 17.9 40.7 6.8 8.6 6.9 7.9 13.5 9.3 0.215
9 1 only 0.809 19.4 41.9 7.9 9.8 8.0 9.1 14.7 10.4 0.222
10 1 only 0.868 2.9 20.0 1.4 4.0 2.4 15 5.7 3.9 0.226
11 1 only 0.826 24.6 47.0 8.3 10.2 8.3 11.0 17.8 12.2 0.201
12 1 only 0.897 10.4 33.4 1.4 4.3 2.8 2.0 10.0 5.8 0.176
13 1 only 0.864 13.9 37.1 3.1 6.5 4.1 3.9 10.1 7.4 0.208
14 1 only 0.799 18.4 41.3 7.9 9.4 8.1 9.0 155 10.1 0.243
15 1 only 0.888 13.1 36.6 1.4 4.7 3.4 2.4 9.6 6.5 0.194




13

Table 4b. Risk summary for jack mackerel when thex T rate is selected based on a target
reference point of OB and a maximum risk (over all sensitivity testsg¢othe all years of the
projection period of dropping below ®@2not exceeding 0.1. The case that drives the setect
of the harvest rate is highlighted in block-italinderline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.677 33.3 62.7 1.8 3.7 2.2 7.1 9.8 8.1 0.581
1 5 0.675 33.7 61.4 4.5 7.8 5.1 10.2 14.0 11.6 8.55
2 5 0.630 40.3 68.3 3.5 6.4 4.1 11.0 14.7 12.3 @.64
3 5 0.817 14.9 44.6 0.0 0.3 0.1 1.1 2.0 1.2 0.353
4 5 0.743 23.8 54.5 0.6 1.4 0.6 3.2 5.6 3.8 0.480
5 5 0.704 29.2 59.5 1.4 3.3 1.7 5.6 8.6 6.5 0.490
6 5 0.632 40.4 68.2 3.1 5.4 35 10.5 13.3 11.7 .69
7 5 0.691 31.3 61.2 1.4 3.2 1.7 6.2 8.9 7.1 0.565
8 5 0.660 35.7 64.9 24 4.6 2.8 8.4 11.3 9.4 0.606
9 5 0.643 38.0 66.7 3.3 5.2 3.7 9.7 12.6 10.8 0.627
10 5 0.683 15.8 57.3 0.4 1.2 0.4 1.4 3.3 1.4 0.568
11 5 0.672 41.8 65.8 4.5 7.2 5.2 13.4 17.8 14.8 910.5
12 5 0.677 33.3 62.7 1.8 3.7 2.2 7.1 9.8 8.1 0.581
13 5 0.677 33.3 62.7 1.8 3.7 2.2 7.1 9.8 8.1 0.581
14 5 0.626 39.0 69.1 24 4.6 2.8 8.9 11.9 10.0 .66
15 5 0.717 29.6 58.3 1.5 3.2 1.8 6.1 8.9 7.0 0.515
0 15 0.741 26.1 53.8 3.6 5.2 3.8 7.6 10.7 8.4 0.414
1 15 0.735 27.1 52.6 cc I s 10.7 15.6 12.3 0.384
2 15 0.695 31.9 58.8 6.0 8.9 6.6 11.0 17.3 12.2 0.464
3 15 0.865 12.0 37.9 0.3 0.6 0.4 11 1.7 1.2 0.240
4 15 0.802 18.9 46.3 1.2 2.0 1.3 3.6 5.2 4.1 0.336
5 15 0.767 23.1 50.5 2.4 3.8 2.7 5.6 8.8 6.6 0.349
6 15 0.698 31.6 58.6 5.8 7.4 5.9 10.9 14.8 11.5 0.496
7 15 0.757 24.2 52.1 2.3 3.9 2.7 6.1 9.2 6.9 0.403
8 15 0.717 28.6 55.9 5.4 6.8 5.6 9.6 12.6 10.3 0.427
9 15 0.691 31.6 58.3 7.4 8.9 7.4 12.2 14.5 12.4 0.436
10 15 0.751 10.6 41.7 1.2 1.8 1.2 2.2 3.7 25 0.410
11 15 0.732 34.9 59.1 6.7 8.7 7.1 12.9 18.2 13.7 0.416
12 15 0.741 26.1 53.8 3.6 5.2 3.8 7.6 10.7 8.4 0.414
13 15 0.741 26.1 53.8 3.6 5.2 3.8 7.6 10.7 8.4 0.414
14 15 0.693 295 58.7 4.8 7.6 5.1 9.4 13.6 10.1 0.477
15 15 0.777 24.0 50.2 2.6 4.2 2.9 6.3 9.6 7.2 0.363
0 1 only 0.874 12.8 36.1 2.3 5.0 3.2 3.0 8.2 5.9 208.
1 1 only 0.851 15.9 36.7 6.7 8.7 7.5 7.5 12.4 8.9 0.169
2 1 only 0.830 17.3 40.3 5.7 8.9 6.5 7.0 13.8 9.8 0.226
3 1 only 0.944 6.4 27.6 0.1 0.5 0.2 0.3 1.4 0.7 0.108
4 1 only 0.911 9.0 31.8 0.9 2.0 1.1 1.3 3.6 2.4 0.158
5 1 only 0.897 9.9 33.6 0.4 3.8 2.4 1.1 7.8 4.8 0.175
6 1 only 0.831 18.2 40.7 6.1 7.2 6.1 7.6 12.1 8.4 0.235
7 1 only 0.891 11.1 34.8 0.7 3.9 2.5 1.5 7.9 5.2 0.205
8 1 only 0.853 14.9 38.0 4.2 6.3 4.3 5.0 10.2 6.9 0.205
9 1 only 0.840 16.3 39.3 5.2 7.3 5.4 6.1 11.8 7.9 0.212
10 1 only 0.884 2.0 17.7 0.9 1.8 1.1 1.0 3.7 2.4 0.206
11 1 only 0.855 21.8 449 5.7 8.0 5.7 8.1 14.8 10.2 0.191
12 1 only 0.910 9.2 32.0 0.9 2.8 1.8 1.4 8.7 4.4 0.160
13 1 only 0.883 11.9 35.0 2.0 4.2 2.8 2.7 8.4 55 0.192
14 1 only 0.832 15.2 38.5 4.9 7.6 55 5.8 11.8 7.7 0.235

1 only 0.901 11.8 35.1 1.0 3.8 2.3 1.9 7.7 4.8 0.176

=
(&)]
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Table 4c. Risk summary for jack mackerel when thex T rate is selected based on a target
reference point of 0By and a maximum risk (over all sensitivity testsgo20-year blocks of
years over the projection period of dropping bel@2By not exceeding 0.1. The case that
drives the selection of the harvest rate is hidtiég in block-italic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.651 37.2 65.9 2.6 5.3 3.0 9.2 12.1 10.2 0.618
1 5 0.649 37.3 64.5 5.7 8.9 6.5 12.3 15.9 13.8 10.59
2 5 0.602 44.4 71.3 5.0 8.5 5.8 14.0 18.0 154 .68
3 5 0.800 16.8 46.8 0.1 0.4 0.2 1.4 2.8 15 0.383
4 5 0.721 26.9 57.4 0.9 1.8 1.0 4.4 7.2 51 0.516
5 5 0.680 32.8 62.3 2.0 5.2 2.5 7.2 10.2 8.2 0.525
6 5 0.602 44.8 71.5 4.4 6.8 5.0 13.5 17.1 14.9 10.73
7 5 0.666 35.2 64.3 2.0 4.8 2.4 8.0 10.6 8.9 0.602
8 5 0.632 39.8 68.0 3.7 5.9 4.1 10.8 14.4 12.1 2.64
9 5 0.614 42.5 69.9 4.5 6.7 5.2 12.5 16.1 13.9 3.66
10 5 0.657 19.9 62.7 0.6 1.9 0.7 2.2 5.2 24 0.606
11 5 0.645 45.2 68.2 59 8.5 6.7 16.2 20.9 17.6 20.6
12 5 0.651 37.2 65.9 2.6 5.0 3.0 9.2 12.1 10.2 8.61
13 5 0.651 37.2 65.9 2.6 5.2 3.0 9.2 12.1 10.2 8.61
14 5 0.597 43.6 72.3 3.6 6.2 4.3 11.6 15.7 13.0 9.6
15 5 0.693 33.1 61.2 2.2 4.9 2.6 7.7 10.5 8.8 0.551
0 15 0.715 29.2 56.7 4.8 7.0 5.4 9.6 14.0 10.5 0.443
1 15 0.711 30.0 55.3 8.2 125 9.3 125 18.9 14.6 0.408
2 15 0.667 35.8 61.8 7.8 12.3 8.6 135 22.1 15.0 0.493
3 15 0.851 13.3 39.7 0.4 0.9 0.5 14 21 15 0.262
4 15 0.781 21.3 48.7 1.8 3.0 1.9 4.8 6.9 5.3 0.364
5 15 0.745 25.8 53.0 3.3 5.2 3.9 7.3 11.2 8.3 0.376
6 15 0.667 35.5 61.9 7.7 10.9 8.2 13.5 19.3 14.5 0.524
7 15 0.734 27.1 54.8 3.2 5.8 3.8 7.7 11.2 8.8 0.433
8 15 0.688 32.2 58.9 7.3 9.7 7.6 12.0 17.3 12.8 0.452
9 15 0.658 35.8 61.8 9.9 116 [ 50 19.3 15.4 0.458
10 15 0.727 13.9 46.2 1.8 3.9 2.2 3.1 5.7 3.9 0.441
11 15 0.706 38.0 61.4 8.4 12.0 8.7 151 22.6 16.3 0.443
12 15 0.715 29.2 56.7 4.8 7.0 5.4 9.6 12.9 10.5 0.443
13 15 0.715 29.2 56.7 4.8 7.0 5.4 9.6 13.3 10.5 0.443
14 15 0.664 33.6 61.9 6.5 10.4 6.9 11.7 19.1 12.7 0.506
15 15 0.755 26.7 52.7 3.5 5.4 4.2 7.9 11.6 8.8 0.390
0 1 only 0.853 15.1 38.3 3.8 6.9 4.7 4.7 11.8 8.1 21D
1 1 only 0.831 17.8 38.6 8.5 10.8 9.1 9.4 14.5 10.4 0.178
2 1 only 0.801 20.1 42.8 8.1 115 8.9 9.6 17.3 12.2 0.239
3 1 only 0.937 6.9 28.4 0.3 0.9 0.4 0.5 1.7 1.0 0.118
4 1 only 0.900 10.2 33.2 1.2 2.8 1.5 1.8 4.9 3.4 0.174
5 1 only 0.885 11.2 35.3 0.6 5.2 35 1.5 10.2 6.6 0.194
6 1 only 0.798 21.3 43.6 9.2 9.4 9.2 10.8 14.5 11.0 0.244
7 1 only 0.877 12.7 36.4 1.0 5.8 3.7 2.1 10.0 6.9 0.227
8 1 only 0.825 17.7 40.6 6.6 8.5 6.8 7.7 13.4 9.2 0.215
9 1 only 0.810 19.3 41.8 7.7 9.7 8.0 9.0 14.6 10.3 0.222
10 1 only 0.869 2.9 19.9 1.4 3.9 2.3 15 5.7 3.9 0.226
11 1 only 0.826 24.6 47.0 8.3 10.2 8.3 10.9 17.7 12.2 0.201
12 1 only 0.898 10.4 33.3 1.4 4.3 2.7 2.0 10.0 5.8 0.175
13 1 only 0.864 13.8 37.0 3.1 6.5 4.1 3.9 10.1 7.3 0.208
14 1 only 0.800 18.4 41.3 7.9 9.3 8.1 9.0 155 10.0 0.243

1 only 0.888 13.1 36.6 1.4 4.7 3.4 2.4 9.6 6.5 0.194

=
(&)]
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Table 4d. Risk summary for jack mackerel when thex T rate is selected based on a target
reference point of 0Bp and a maximum risk (over all sensitivity testseothe last 20 years
of the projection period of dropping below Bg3hot exceeding 0.1. The case that drives the
selection of the harvest rate is highlighted incklitalic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.776 19.6 _ 0.3 0.9 0.3 2.0 35 25 0.425

1 5 0.772 20.8 49.8 14 2.7 15 4.1 5.9 4.7 0.416
2 5 0.740 24.2 54.9 0.6 15 0.7 3.3 5.8 4.0 0.485
3 5 0.878 9.6 35.7 0.0 0.1 0.0 0.3 0.6 0.3 0.241
4 5 0.825 14.2 43.4 0.0 0.3 0.1 0.9 1.8 1.0 0.339
5 5 0.794 17.4 47.5 0.2 0.7 0.2 1.5 3.0 1.8 0.352
6 5 0.746 23.8 54.2 0.4 1.1 0.6 3.2 5.2 3.6 0.522
7 5 0.786 18.5 48.7 0.2 0.8 0.2 1.7 3.1 2.0 0.410
8 5 0.764 21.0 51.6 0.4 1.0 0.4 2.4 4.0 2.9 0.447
9 5 0.752 22.5 53.3 0.5 1.2 0.5 2.9 4.9 3.3 0.467
10 5 0.779 4.7 36.5 0.0 0.3 0.1 0.1 0.7 0.2 0.413
11 5 0.774 28.7 55.6 11 2.3 1.3 5.6 7.9 6.3 0.434
12 5 0.776 19.6 50.0 0.3 0.9 0.3 2.0 35 25 0.425
13 5 0.776 19.6 50.0 0.3 0.9 0.3 2.0 35 25 0.425
14 5 0.736 21.8 54.6 0.3 0.9 0.3 2.3 3.7 2.6 0.496
15 5 0.806 18.7 47.0 0.2 0.8 0.3 1.9 3.3 2.3 0.369
0 15 0.831 15.6 42.5 0.6 11 0.7 2.1 3.3 2.4 0.294
1 15 0.824 17.2 42.3 25 3.4 25 45 6.5 5.0 0.282
2 15 0.799 19.2 46.6 1.3 2.0 14 3.8 55 4.3 0.340
3 15 0.912 7.8 31.4 0.0 0.2 0.1 0.4 0.7 0.4 0.159
4 15 0.871 11.4 37.1 0.3 0.5 0.3 1.0 1.4 1.1 0.230
5 15 0.845 13.7 40.3 0.4 1.0 0.5 1.7 2.5 1.8 0.243
6 15 0.806 18.7 46.4 1.0 1.7 1.2 3.2 4.6 3.8 0.364
7 15 0.839 14.7 41.2 0.5 1.0 0.5 1.8 2.8 2.0 0.283
8 15 0.819 16.8 44.0 1.0 1.4 1.0 2.7 3.9 2.9 0.310
9 15 0.807 18.1 45.4 1.3 1.9 1.3 3.3 4.4 35 0.324
10 15 0.835 3.4 25.7 0.1 0.4 0.2 0.4 0.7 0.4 0.286
11 15 0.827 24.2 50.0 1.7 3.0 2.0 5.4 75 6.2 0.299
12 15 0.831 15.6 42.5 0.6 11 0.7 21 3.3 2.4 0.294
13 15 0.831 15.6 42.5 0.6 11 0.7 21 3.3 2.4 0.294
14 15 0.797 16.6 45.5 0.8 15 0.8 25 35 2.7 0.348
15 15 0.855 15.2 40.7 0.5 1.0 0.7 2.0 2.9 2.3 0.252
0 1 only 0.927 7.7 29.7 0.5 11 0.7 0.8 2.2 14 36.1

1 1 only 0.920 8.7 30.2 16 3.2 1.9 19 4.9 35 0.128
2 1 only 0.910 9.2 31.9 0.9 2.0 11 1.3 3.8 2.6 0.160
3 1 only 0.965 4.8 24.6 0.0 0.1 0.0 0.1 0.4 0.1 0.069
4 1 only 0.948 6.1 27.2 0.0 0.4 0.1 0.2 1.3 0.6 0.103
5 1 only 0.936 6.3 28.2 0.0 1.0 0.5 0.2 1.9 1.2 0.111
6 1 only 0.911 10.3 32.2 1.1 15 1.2 1.7 3.0 2.1 0.169
7 1 only 0.933 7.3 29.1 0.1 1.0 0.6 0.4 2.1 1.3 0.131
8 1 only 0.921 8.3 30.5 0.7 1.3 0.8 1.0 2.7 1.7 0.143
9 1 only 0.914 8.8 31.2 1.0 1.6 1.0 1.3 3.0 1.9 0.151
10 1 only 0.931 0.3 10.7 0.0 0.3 0.1 0.0 0.7 0.3 0.134
11 1 only 0.921 15.3 38.9 1.3 25 1.6 2.9 5.4 3.7 0.134
12 1 only 0.946 6.2 27.3 0.1 0.8 0.4 0.3 18 1.2 0.104
13 1 only 0.932 7.3 29.1 0.5 1.0 0.6 0.7 21 1.3 0.127

14 1 only 0.908 7.5 29.7 0.8 15 0.9 11 2.8 1.6 0.166
15 1 only 0.941 8.1 30.1 0.0 1.0 0.5 0.4 2.1 1.4 0.114
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Table 4e. Risk summary for jack mackerel when tleg T rate is selected based on a target
reference point of 0Bp and a maximum risk (over all sensitivity testsg¢othe all years of the
projection period of dropping below @3not exceeding 0.1. The case that drives the setect

of the harvest rate is highlighted in block-italinderline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.776 19.6 _ 0.3 0.9 0.3 2.0 35 25 0.425

1 5 0.772 20.8 49.8 14 2.7 15 4.1 5.9 4.7 0.416
2 5 0.740 24.2 54.9 0.6 15 0.7 3.3 5.8 4.0 0.485
3 5 0.878 9.6 35.7 0.0 0.1 0.0 0.3 0.6 0.3 0.241
4 5 0.825 14.2 43.4 0.0 0.3 0.1 0.9 1.8 1.0 0.339
5 5 0.794 17.4 47.5 0.2 0.7 0.2 1.5 3.0 1.8 0.352
6 5 0.746 23.8 54.2 0.4 1.1 0.6 3.2 5.2 3.6 0.522
7 5 0.786 18.5 48.7 0.2 0.8 0.2 1.7 3.1 2.0 0.410
8 5 0.764 21.0 51.6 0.4 1.0 0.4 2.4 4.0 2.9 0.447
9 5 0.752 22.5 53.3 0.5 1.2 0.5 2.9 4.9 3.3 0.467
10 5 0.779 4.7 36.5 0.0 0.3 0.1 0.1 0.7 0.2 0.413
11 5 0.774 28.7 55.6 11 2.3 1.3 5.6 7.9 6.3 0.434
12 5 0.776 19.6 50.0 0.3 0.9 0.3 2.0 35 25 0.425
13 5 0.776 19.6 50.0 0.3 0.9 0.3 2.0 35 25 0.425
14 5 0.736 21.8 54.6 0.3 0.9 0.3 2.3 3.7 2.6 0.496
15 5 0.806 18.7 47.0 0.2 0.8 0.3 1.9 3.3 2.3 0.369
0 15 0.831 15.6 42.5 0.6 11 0.7 2.1 3.3 2.4 0.294
1 15 0.824 17.2 42.3 25 3.4 25 45 6.5 5.0 0.282
2 15 0.799 19.2 46.6 1.3 2.0 14 3.8 55 4.3 0.340
3 15 0.912 7.8 31.4 0.0 0.2 0.1 0.4 0.7 0.4 0.159
4 15 0.871 11.4 37.1 0.3 0.5 0.3 1.0 1.4 1.1 0.230
5 15 0.845 13.7 40.3 0.4 1.0 0.5 1.7 2.5 1.8 0.243
6 15 0.806 18.7 46.4 1.0 1.7 1.2 3.2 4.6 3.8 0.364
7 15 0.839 14.7 41.2 0.5 1.0 0.5 1.8 2.8 2.0 0.283
8 15 0.819 16.8 44.0 1.0 1.4 1.0 2.7 3.9 2.9 0.310
9 15 0.807 18.1 45.4 1.3 1.9 1.3 3.3 4.4 35 0.324
10 15 0.835 3.4 25.7 0.1 0.4 0.2 0.4 0.7 0.4 0.286
11 15 0.827 24.2 50.0 1.7 3.0 2.0 5.4 75 6.2 0.299
12 15 0.831 15.6 42.5 0.6 11 0.7 21 3.3 2.4 0.294
13 15 0.831 15.6 42.5 0.6 11 0.7 21 3.3 2.4 0.294
14 15 0.797 16.6 45.5 0.8 15 0.8 25 35 2.7 0.348
15 15 0.855 15.2 40.7 0.5 1.0 0.7 2.0 2.9 2.3 0.252
0 1 only 0.927 7.7 29.7 0.5 11 0.7 0.8 2.2 14 36.1

1 1 only 0.920 8.7 30.2 16 3.2 1.9 19 4.9 35 0.128
2 1 only 0.910 9.2 31.9 0.9 2.0 11 1.3 3.8 2.6 0.160
3 1 only 0.965 4.8 24.6 0.0 0.1 0.0 0.1 0.4 0.1 0.069
4 1 only 0.948 6.1 27.2 0.0 0.4 0.1 0.2 1.3 0.6 0.103
5 1 only 0.936 6.3 28.2 0.0 1.0 0.5 0.2 1.9 1.2 0.111
6 1 only 0.911 10.3 32.2 1.1 15 1.2 1.7 3.0 2.1 0.169
7 1 only 0.933 7.3 29.1 0.1 1.0 0.6 0.4 2.1 1.3 0.131
8 1 only 0.921 8.3 30.5 0.7 1.3 0.8 1.0 2.7 1.7 0.143
9 1 only 0.914 8.8 31.2 1.0 1.6 1.0 1.3 3.0 1.9 0.151
10 1 only 0.931 0.3 10.7 0.0 0.3 0.1 0.0 0.7 0.3 0.134
11 1 only 0.921 15.3 38.9 1.3 25 1.6 2.9 5.4 3.7 0.134
12 1 only 0.946 6.2 27.3 0.1 0.8 0.4 0.3 18 1.2 0.104
13 1 only 0.932 7.3 29.1 0.5 1.0 0.6 0.7 21 1.3 0.127

14 1 only 0.908 7.5 29.7 0.8 15 0.9 11 2.8 1.6 0.166
15 1 only 0.941 8.1 30.1 0.0 1.0 0.5 0.4 2.1 1.4 0.114
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Table 4f. Risk summary for jack mackerel when ther T rate is selected based on a target
reference point of 0Bp and a maximum risk (over all sensitivity testsgo20-year blocks of
years over the projection period of dropping bel@dBy not exceeding 0.1. The case that

drives the selection of the harvest rate is hidtiég in block-italic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.776 19.6 _ 0.3 0.9 0.3 2.0 35 25 0.425

1 5 0.772 20.8 49.8 14 2.7 15 4.1 5.9 4.7 0.416
2 5 0.740 24.2 54.9 0.6 15 0.7 3.3 5.8 4.0 0.485
3 5 0.878 9.6 35.7 0.0 0.1 0.0 0.3 0.6 0.3 0.241
4 5 0.825 14.2 43.4 0.0 0.3 0.1 0.9 1.8 1.0 0.339
5 5 0.794 17.4 47.5 0.2 0.7 0.2 1.5 3.0 1.8 0.352
6 5 0.746 23.8 54.2 0.4 1.1 0.6 3.2 5.2 3.6 0.522
7 5 0.786 18.5 48.7 0.2 0.8 0.2 1.7 3.1 2.0 0.410
8 5 0.764 21.0 51.6 0.4 1.0 0.4 2.4 4.0 2.9 0.447
9 5 0.752 22.5 53.3 0.5 1.2 0.5 2.9 4.9 3.3 0.467
10 5 0.779 4.7 36.5 0.0 0.3 0.1 0.1 0.7 0.2 0.413
11 5 0.774 28.7 55.6 11 2.3 1.3 5.6 7.9 6.3 0.434
12 5 0.776 19.6 50.0 0.3 0.9 0.3 2.0 35 25 0.425
13 5 0.776 19.6 50.0 0.3 0.9 0.3 2.0 35 25 0.425
14 5 0.736 21.8 54.6 0.3 0.9 0.3 2.3 3.7 2.6 0.496
15 5 0.806 18.7 47.0 0.2 0.8 0.3 1.9 3.3 2.3 0.369
0 15 0.831 15.6 42.5 0.6 11 0.7 2.1 3.3 2.4 0.294
1 15 0.824 17.2 42.3 25 3.4 25 45 6.5 5.0 0.282
2 15 0.799 19.2 46.6 1.3 2.0 14 3.8 55 4.3 0.340
3 15 0.912 7.8 31.4 0.0 0.2 0.1 0.4 0.7 0.4 0.159
4 15 0.871 11.4 37.1 0.3 0.5 0.3 1.0 1.4 1.1 0.230
5 15 0.845 13.7 40.3 0.4 1.0 0.5 1.7 2.5 1.8 0.243
6 15 0.806 18.7 46.4 1.0 1.7 1.2 3.2 4.6 3.8 0.364
7 15 0.839 14.7 41.2 0.5 1.0 0.5 1.8 2.8 2.0 0.283
8 15 0.819 16.8 44.0 1.0 1.4 1.0 2.7 3.9 2.9 0.310
9 15 0.807 18.1 45.4 1.3 1.9 1.3 3.3 4.4 35 0.324
10 15 0.835 3.4 25.7 0.1 0.4 0.2 0.4 0.7 0.4 0.286
11 15 0.827 24.2 50.0 1.7 3.0 2.0 5.4 75 6.2 0.299
12 15 0.831 15.6 42.5 0.6 11 0.7 21 3.3 2.4 0.294
13 15 0.831 15.6 42.5 0.6 11 0.7 21 3.3 2.4 0.294
14 15 0.797 16.6 45.5 0.8 15 0.8 25 35 2.7 0.348
15 15 0.855 15.2 40.7 0.5 1.0 0.7 2.0 2.9 2.3 0.252
0 1 only 0.927 7.7 29.7 0.5 11 0.7 0.8 2.2 14 36.1

1 1 only 0.920 8.7 30.2 16 3.2 1.9 19 4.9 35 0.128
2 1 only 0.910 9.2 31.9 0.9 2.0 11 1.3 3.8 2.6 0.160
3 1 only 0.965 4.8 24.6 0.0 0.1 0.0 0.1 0.4 0.1 0.069
4 1 only 0.948 6.1 27.2 0.0 0.4 0.1 0.2 1.3 0.6 0.103
5 1 only 0.936 6.3 28.2 0.0 1.0 0.5 0.2 1.9 1.2 0.111
6 1 only 0.911 10.3 32.2 1.1 15 1.2 1.7 3.0 2.1 0.169
7 1 only 0.933 7.3 29.1 0.1 1.0 0.6 0.4 2.1 1.3 0.131
8 1 only 0.921 8.3 30.5 0.7 1.3 0.8 1.0 2.7 1.7 0.143
9 1 only 0.914 8.8 31.2 1.0 1.6 1.0 1.3 3.0 1.9 0.151
10 1 only 0.931 0.3 10.7 0.0 0.3 0.1 0.0 0.7 0.3 0.134
11 1 only 0.921 15.3 38.9 1.3 25 1.6 2.9 5.4 3.7 0.134
12 1 only 0.946 6.2 27.3 0.1 0.8 0.4 0.3 18 1.2 0.104
13 1 only 0.932 7.3 29.1 0.5 1.0 0.6 0.7 21 1.3 0.127

14 1 only 0.908 7.5 29.7 0.8 15 0.9 11 2.8 1.6 0.166
15 1 only 0.941 8.1 30.1 0.0 1.0 0.5 0.4 2.1 1.4 0.114
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Table 5a. Risk summary for blue mackerel when tiee T rate is selected based on a target

reference point of 0By and a maximum risk (over all sensitivity testseothe last 20 years

of the projection period of dropping below Bg2not exceeding 0.1. The case that drives the
selection of the harvest rate is highlighted incklitalic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.726 21.7 52.1 14 4.0 14 4.1 8.3 4.1 0.553
1 5 0.723 23.4 51.3 3.5 6.6 35 7.1 10.2 7.1 0.529
2 5 0.681 27.9 58.4 2.6 7.2 2.7 6.8 11.8 6.8 0.618
3 5 0.853 7.6 33.2 0.1 0.4 0.1 0.3 1.0 0.5 0.328
4 5 0.787 13.9 43.4 0.4 2.0 0.6 15 3.6 15 0.453
5 5 0.754 17.4 47.7 0.9 3.4 1.0 2.8 6.8 2.8 0.475
6 5 0.673 30.3 59.8 2.6 5.4 2.6 7.4 10.0 7.4 0.670
7 5 0.756 17.6 48.2 0.3 1.1 0.3 2.1 5.1 2.1 0.514
8 5 0.682 27.4 58.0 3.2 6.6 3.3 6.9 10.3 6.9 0.607
9 5 0.691 26.5 56.9 2.8 6.5 2.9 6.4 10.0 6.4 0.589
10 5 0.732 11.0 46.0 0.5 3.0 0.6 1.4 4.1 15 0.546
11 5 0.698 42.9 62.2 9.5 12.6 9.5 19.1 21.8 19.1 572.
12 5 0.726 21.7 52.1 1.4 3.7 14 4.1 7.6 4.1 0.553
13 5 0.726 21.7 52.1 1.4 4.3 14 4.1 8.6 4.1 0.553
14 5 0.676 26.4 59.0 2.0 55 2.2 55 9.3 55 0.636
15 5 0.764 18.7 47.5 0.9 3.2 1.0 3.2 6.9 3.2 0.483
0 10 0.770 17.4 45.0 21 4.0 25 3.9 8.3 4.6 0.457
1 10 0.766 195 44.5 4.4 6.8 4.8 6.9 10.2 7.2 0.429
2 10 0.727 23.2 51.0 3.7 7.3 4.5 6.7 11.8 7.6 0.516
3 10 0.883 59 29.0 0.1 0.4 0.2 0.3 1.0 0.5 0.261
4 10 0.827 11.1 37.1 0.7 2.0 0.9 1.6 3.6 1.9 0.368
5 10 0.796 14.0 41.1 1.4 3.4 15 2.6 6.8 3.2 0.392
6 10 0.720 24.7 52.5 3.9 6.8 4.5 7.2 11.3 7.7 0.553
7 10 0.800 14.1 41.3 0.4 1.1 0.5 2.0 5.1 2.1 0.424
8 10 0.721 23.3 50.7 5.1 8.0 6.0 7.7 12.5 8.7 0.491
9 10 0.730 22.3 49.8 4.5 7.2 5.2 7.1 10.9 7.8 0.478
10 10 0.778 8.1 36.4 1.0 3.0 14 1.8 4.1 23 0.454
11 10 0.736 38.7 ss4 [ 13- 10.0 18.0 233 18.0 0.462
12 10 0.770 17.4 45.0 2.1 3.7 23 3.9 7.6 4.2 0.457
13 10 0.770 17.4 45.1 2.1 4.3 25 3.9 8.6 4.7 0.457
14 10 0.723 21.3 51.0 3.2 5.6 3.9 55 9.5 6.3 0.529
15 10 0.805 15.4 41.3 1.4 3.2 15 3.0 6.9 3.4 0.396
0 1 only 0.914 5.4 24.2 1.3 4.0 2.3 15 8.3 3.8 66.1
1 1 only 0.902 7.5 25.1 3.6 6.8 4.6 3.7 10.2 6.2 0.150
2 1 only 0.889 7.7 27.3 2.6 7.3 4.5 2.9 11.8 6.6 0.196
3 1 only 0.963 2.1 18.5 0.0 0.3 0.1 0.0 1.0 0.4 0.086
4 1 only 0.938 3.7 21.1 0.8 2.0 1.0 0.8 3.6 1.5 0.126
5 1 only 0.931 3.3 21.6 0.1 3.4 1.3 0.2 6.8 2.4 0.142
6 1 only 0.873 10.5 30.1 4.6 6.7 4.6 4.8 10.0 6.4 0.196
7 1 only 0.932 3.9 22.5 0.0 1.1 0.4 0.2 5.1 1.6 0.154
8 1 only 0.875 9.0 27.9 4.8 6.6 4.8 4.9 10.3 6.2 0.174
9 1 only 0.881 8.5 27.3 4.2 6.5 4.2 4.3 10.0 5.7 0.169
10 1 only 0.918 15 11.8 1.0 3.0 15 1.0 4.1 2.0 0.166
11 1 only 0.865 25.9 45.3 7.5 12.6 8.8 11.3 19.5 13.9 0.156
12 1 only 0.922 4.8 23.2 1.2 3.7 2.0 1.3 7.6 3.3 0.152
13 1 only 0.911 5.6 24.6 1.4 4.3 25 1.6 8.6 3.9 0.170
14 1 only 0.881 7.2 25.9 3.4 5.6 3.7 35 9.3 5.4 0.194
15 1 only 0.933 4.9 24.0 0.4 3.2 1.4 0.5 6.9 2.7 0.141
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Table 5b. Risk summary for blue mackerel when tleg T rate is selected based on a target
reference point of OB and a maximum risk (over all sensitivity testsg¢othe all years of the
projection period of dropping below ®@2not exceeding 0.1. The case that drives the setect

of the harvest rate is highlighted in block-italinderline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.763 16.6 46.9 0.7 2.6 0.8 2.4 5.1 2.4 0.493
1 5 0.759 18.7 46.7 2.2 4.8 2.4 4.8 7.5 4.8 0.476
2 5 0.723 22.1 52.6 14 4.3 14 4.3 8.6 4.3 0.558
3 5 0.874 6.0 29.9 0.0 0.2 0.0 0.1 0.7 0.3 0.284
4 5 0.817 10.8 38.7 0.2 0.9 0.3 0.8 2.6 0.9 0.397
5 5 0.787 13.4 42.7 0.5 2.1 0.6 1.6 3.9 1.7 0.420
6 5 0.718 23.8 53.8 1.3 3.2 1.5 4.4 6.7 4.4 0.606
7 5 0.788 13.8 43.3 0.2 0.7 0.2 1.3 3.0 1.3 0.456
8 5 0.727 21.3 51.7 1.6 35 1.8 4.1 7.0 4.1 0.548
9 5 0.733 20.5 50.9 1.4 3.4 1.6 3.7 6.9 3.7 0.530
10 5 0.769 7.0 38.4 0.2 1.3 0.3 0.7 2.9 0.9 0.485
11 5 0.740 38.4 58.8 6.8 9.4 6.8 154 17.8 15.4 10.5

12 5 0.763 16.6 46.9 0.7 2.4 0.8 2.4 4.6 2.4 0.493
13 5 0.763 16.6 46.9 0.7 3.0 0.8 2.4 5.2 2.4 0.493
14 5 0.719 19.9 52.7 1.0 3.2 1.2 3.2 5.9 3.2 0.574
15 5 0.797 14.8 43.0 0.5 2.1 0.6 1.9 4.3 1.9 0.427
0 10 0.805 135 40.3 1.2 2.6 14 2.4 5.1 2.7 0.404
1 10 0.800 155 40.3 3.0 4.8 35 4.7 7.2 51 0.383
2 10 0.767 17.8 45.3 2.2 4.3 2.6 4.1 8.6 4.8 0.461
3 10 0.901 4.8 26.3 0.0 0.3 0.1 0.2 0.6 0.3 0.224
4 10 0.853 8.3 33.3 0.3 0.9 0.4 0.8 2.6 1.1 0.320
5 10 0.826 10.5 36.6 0.7 2.1 0.8 1.7 3.9 1.9 0.343
6 10 0.764 19.3 46.8 2.1 3.9 2.6 4.2 7.5 4.8 0.497
7 10 0.829 11.0 37.0 0.2 0.6 0.3 1.3 3.0 1.3 0.372
8 10 0.767 17.6 44.9 2.9 5.0 3.2 4.5 7.6 4.9 0.444
9 10 0.773 17.0 44.2 2.6 4.4 2.7 4.1 7.0 4.5 0.430
10 10 0.812 5.1 29.7 0.4 1.3 0.7 0.8 2.9 1.2 0.398
11 10 0.776 34.6 55.1 7. [ 14.1 18.4 14.1 0.416

12 10 0.805 135 40.3 1.2 2.4 1.2 2.4 4.6 25 0.404
13 10 0.805 135 40.3 1.2 3.0 14 2.4 5.2 2.7 0.404
14 10 0.765 15.8 449 1.7 3.4 2.2 3.3 5.9 3.8 0.473
15 10 0.835 12.0 37.2 0.7 2.1 0.9 1.9 4.3 2.0 0.347
0 1 only 0.930 41 22.2 0.8 2.6 1.4 0.9 5.1 2.2 401

1 1 only 0.920 5.9 23.2 2.6 4.8 3.2 2.7 6.9 4.3 0.130
2 1 only 0.912 5.6 24.5 1.4 4.3 2.5 1.6 8.6 3.9 0.168
3 1 only 0.969 1.9 17.7 0.0 0.2 0.0 0.0 0.6 0.2 0.072
4 1 only 0.950 2.8 19.8 0.3 0.9 0.4 0.3 2.6 0.9 0.108
5 1 only 0.943 2.6 20.1 0.0 2.1 0.7 0.1 3.9 1.4 0.120
6 1 only 0.902 7.9 27.1 2.7 3.9 2.7 2.9 6.5 3.9 0.174
7 1 only 0.943 3.2 20.9 0.0 0.6 0.3 0.1 3.0 0.9 0.130
8 1 only 0.905 6.4 24.7 2.7 3.7 2.7 2.8 7.0 3.8 0.155
9 1 only 0.908 6.0 24.4 2.4 3.4 2.4 25 6.9 3.5 0.150
10 1 only 0.934 0.8 10.0 0.5 13 0.7 0.5 29 1.1 0.141
11 1 only 0.893 23.4 43.2 5.4 9.4 6.3 8.9 17.0 11.2 0.136
12 1 only 0.936 3.8 21.4 0.8 2.4 1.1 0.9 4.6 1.9 0.129
13 1 only 0.929 4.2 22.4 0.8 3.0 15 0.9 5.2 2.3 0.145

14 1 only 0.905 5.0 22.8 2.2 3.4 2.2 2.3 5.9 3.3 0.168
15 1 only 0.945 4.1 22.6 0.2 2.1 0.9 0.3 4.3 1.5 0.119
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Table 5c. Risk summary for blue mackerel when tlez T rate is selected based on a target
reference point of 0By and a maximum risk (over all sensitivity testsgo20-year blocks of
years over the projection period of dropping bel@2By not exceeding 0.1. The case that
drives the selection of the harvest rate is hidtiég in block-italic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY
0 5 0.726 21.7 52.0 14 3.9 14 4.0 8.3 4.0 0.553
1 5 0.723 23.4 51.3 3.5 6.6 35 7.0 10.2 7.0 0.529
2 5 0.681 27.9 58.4 2.6 7.2 2.7 6.8 11.8 6.8 0.618
3 5 0.853 7.6 33.2 0.1 0.4 0.1 0.3 1.0 0.5 0.328
4 5 0.787 13.9 43.4 0.4 2.0 0.6 15 3.6 15 0.452
5 5 0.754 17.3 47.7 0.9 3.4 1.0 2.8 6.8 2.8 0.474
6 5 0.673 30.3 59.7 2.6 5.4 2.6 7.3 10.0 7.3 0.669
7 5 0.756 17.6 48.1 0.3 1.1 0.3 2.1 5.1 2.1 0.514
8 5 0.683 27.4 57.9 3.2 6.6 3.3 6.9 10.3 6.9 0.607
9 5 0.691 26.4 56.9 2.8 6.5 2.9 6.4 10.0 6.4 0.589
10 5 0.733 11.0 46.0 0.5 3.0 0.6 1.4 4.1 15 0.546
11 5 0.698 42.8 62.2 9.5 12.6 9.5 19.1 21.8 19.1 572.
12 5 0.726 21.7 52.0 1.4 3.7 14 4.0 7.6 4.0 0.553
13 5 0.726 21.7 52.0 1.4 4.3 14 4.0 8.6 4.0 0.553
14 5 0.676 26.4 59.0 2.0 5.4 2.2 55 9.3 55 0.635
15 5 0.764 18.7 47.5 0.9 3.2 1.0 3.2 6.9 3.2 0.483
0 10 0.770 17.4 45.0 21 3.9 2.4 3.9 8.3 4.5 0.457
1 10 0.766 195 44.5 4.4 6.8 4.8 6.9 10.2 7.2 0.429
2 10 0.727 23.2 51.0 3.6 7.3 4.5 6.7 11.8 7.6 0.516
3 10 0.884 59 29.0 0.1 0.4 0.2 0.3 1.0 0.5 0.260
4 10 0.827 11.1 37.1 0.7 2.0 0.9 1.6 3.6 1.9 0.368
5 10 0.796 14.0 41.0 1.4 3.4 15 2.6 6.8 3.2 0.392
6 10 0.720 24.6 52.5 3.9 6.8 4.5 7.2 11.2 7.6 0.553
7 10 0.800 14.1 41.3 0.4 1.1 0.5 2.0 5.1 2.1 0.424
8 10 0.721 23.3 50.7 5.1 8.0 5.9 7.7 12.5 8.7 0.490
9 10 0.730 22.3 49.8 4.5 7.2 5.2 7.1 10.9 7.8 0.478
10 10 0.778 8.1 36.4 1.0 3.0 1.4 1.8 4.1 23 0.453
11 10 0.736 38.7 58.4 10.0 w7l 1o 233 18.0 0.461
12 10 0.770 17.4 45.0 2.1 3.7 2.2 3.9 7.6 4.2 0.457
13 10 0.770 17.4 45.0 2.1 4.3 25 3.9 8.6 4.7 0.457
14 10 0.723 21.2 51.0 3.2 5.6 3.9 55 9.5 6.3 0.529
15 10 0.805 15.4 41.3 1.4 3.2 15 2.9 6.9 3.4 0.396
0 1 only 0.914 5.4 24.2 1.3 3.9 2.3 15 8.3 3.8 66.1
1 1 only 0.902 7.4 25.1 3.6 6.8 4.5 3.7 10.2 6.2 0.150
2 1 only 0.889 7.7 27.3 2.6 7.3 4.5 2.9 11.8 6.6 0.195
3 1 only 0.963 2.1 18.5 0.0 0.3 0.1 0.0 1.0 0.4 0.086
4 1 only 0.938 3.7 21.1 0.8 2.0 1.0 0.8 3.6 1.5 0.126
5 1 only 0.931 3.3 21.6 0.1 3.4 1.3 0.2 6.8 2.4 0.142
6 1 only 0.873 10.5 30.1 4.6 6.6 4.6 4.8 10.0 6.4 0.196
7 1 only 0.932 3.9 22.4 0.0 1.1 0.4 0.2 5.1 1.6 0.154
8 1 only 0.875 9.0 27.9 4.7 6.6 4.7 4.8 10.3 6.2 0.174
9 1 only 0.881 8.4 27.3 4.2 6.5 4.2 4.3 10.0 5.6 0.169
10 1 only 0.919 1.4 11.8 1.0 3.0 15 1.0 4.1 2.0 0.165
11 1 only 0.865 25.9 45.3 7.5 12.6 8.8 11.3 19.5 13.9 0.155
12 1 only 0.922 4.8 23.2 1.2 3.7 2.0 1.3 7.6 3.2 0.152
13 1 only 0.912 5.6 24.6 1.4 4.3 25 1.6 8.6 3.9 0.170
14 1 only 0.881 7.2 25.9 3.4 5.6 3.7 35 9.3 5.4 0.194
15 1 only 0.933 4.9 24.0 0.4 3.2 1.4 0.5 6.9 2.7 0.141
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Table 5d. Risk summary for blue mackerel when tleg T rate is selected based on a target
reference point of 0Bp and a maximum risk (over all sensitivity testseothe last 20 years
of the projection period of dropping below Bg3hot exceeding 0.1. The case that drives the
selection of the harvest rate is highlighted incklitalic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.822 10.4 38.0 0.2 0.8 0.3 0.7 2.2 0.8 0.388
1 5 0.817 12.3 38.3 1.0 3.1 11 2.2 3.8 23 0.381
2 5 0.790 13.6 429 0.4 1.9 0.5 1.4 3.4 15 0.447
3 5 0.907 4.0 25.3 0.0 0.0 0.0 0.1 0.2 0.1 0.214
4 5 0.863 6.8 31.6 0.0 0.4 0.1 0.2 0.8 0.3 0.306
5 5 0.839 8.1 34.6 0.1 0.6 0.2 0.5 1.7 0.6 0.327
6 5 0.789 14.7 44.1 0.3 1.2 0.5 1.4 3.1 15 0.487
7 5 0.840 8.7 35.2 0.0 0.4 0.1 0.4 1.6 0.5 0.356
8 5 0.795 12.9 41.9 0.4 1.2 0.5 1.2 2.8 1.4 0.438
9 5 0.799 12.6 41.4 0.3 1.1 0.5 1.1 2.7 1.2 0.421
10 5 0.826 2.7 26.8 0.0 0.4 0.1 0.1 0.7 0.2 0.380
11 5 0.805 313 53.1 35 5.4 35 I 126 10.0 0.416
12 5 0.822 10.4 38.0 0.2 0.6 0.2 0.7 2.1 0.8 0.388
13 5 0.822 10.4 38.0 0.2 0.8 0.3 0.7 2.2 0.8 0.388
14 5 0.787 114 41.9 0.2 0.8 0.3 0.8 25 1.0 0.459
15 5 0.848 9.7 35.8 0.2 0.6 0.2 0.7 2.0 0.7 0.332
0 10 0.857 7.9 32.7 0.3 0.8 0.4 0.7 2.2 1.0 0.312
1 10 0.852 9.6 33.3 14 3.1 1.8 24 3.8 2.7 0.302
2 10 0.829 10.8 36.7 0.6 1.9 0.9 15 3.4 1.8 0.363
3 10 0.928 3.2 22.6 0.0 0.1 0.0 0.0 0.2 0.1 0.167
4 10 0.892 5.4 27.6 0.1 0.4 0.2 0.2 0.8 0.4 0.242
5 10 0.872 6.4 29.8 0.2 0.6 0.2 0.5 1.7 0.7 0.262
6 10 0.830 11.9 38.0 0.4 1.3 0.8 1.4 2.9 1.7 0.393
7 10 0.873 6.7 30.5 0.1 0.4 0.1 0.4 1.6 0.6 0.285
8 10 0.833 10.2 35.9 0.7 1.3 0.9 1.5 2.8 1.7 0.353
9 10 0.837 9.9 35.5 0.6 1.2 0.8 1.4 2.6 15 0.340
10 10 0.861 1.8 20.5 0.1 0.4 0.2 0.2 0.7 0.3 0.306
11 10 0.838 28.3 49.8 3.5 5.4 3.5 9.0 12.6 9.0 10.33
12 10 0.857 7.9 32.7 0.3 0.7 0.3 0.7 2.1 0.9 0.312
13 10 0.857 7.9 32.7 0.3 0.8 0.4 0.7 2.2 1.0 0.312
14 10 0.828 8.8 35.3 0.3 1.0 0.6 0.9 25 13 0.373
15 10 0.879 7.8 31.2 0.2 0.6 0.3 0.6 2.0 0.8 0.265
0 1 only 0.952 2.8 19.7 0.3 0.8 0.4 0.3 2.2 0.8 09.1

1 1 only 0.946 3.7 20.1 1.2 3.1 1.7 1.3 3.8 2.2 0.098
2 1 only 0.939 3.6 20.9 0.7 1.9 0.9 0.8 3.4 1.4 0.125
3 1 only 0.977 1.6 16.6 0.0 0.0 0.0 0.0 0.2 0.1 0.053
4 1 only 0.966 2.0 18.1 0.0 0.3 0.1 0.0 0.8 0.3 0.079
5 1 only 0.959 1.8 18.0 0.0 0.6 0.1 0.0 1.7 0.5 0.087
6 1 only 0.940 4.7 23.1 0.6 1.3 0.8 0.7 2.9 1.5 0.134
7 1 only 0.959 2.3 18.9 0.0 0.3 0.1 0.0 1.6 0.4 0.095
8 1 only 0.939 3.6 20.8 0.9 1.2 0.9 1.0 2.8 1.3 0.119
9 1 only 0.943 3.3 20.6 0.6 11 0.7 0.7 2.6 1.2 0.115
10 1 only 0.955 0.1 7.5 0.0 0.2 0.1 0.0 0.6 0.2 0.103
11 1 only 0.931 19.9 40.4 2.7 5.4 3.3 5.6 11.3 7.4 0.105
12 1 only 0.956 2.6 191 0.3 0.6 0.3 0.3 21 0.7 0.095
13 1 only 0.951 2.8 19.7 0.3 0.8 0.4 0.3 2.2 0.8 0.107
14 1 only 0.940 2.4 18.7 0.4 1.0 0.5 0.4 25 1.1 0.129
15 1 only 0.961 3.1 20.6 0.0 0.5 0.2 0.0 2.0 0.6 0.087
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Table 5e. Risk summary for blue mackerel when tiee T rate is selected based on a target
reference point of 0Bp and a maximum risk (over all sensitivity testsg¢othe all years of the
projection period of dropping below @3not exceeding 0.1. The case that drives the setect

of the harvest rate is highlighted in block-italinderline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY
0 5 0.849 7.9 33.8 0.1 0.4 0.1 0.3 1.1 0.5 0.336
1 5 0.844 9.6 34.4 0.6 2.0 0.7 14 3.0 15 0.332
2 5 0.821 10.4 38.1 0.2 0.8 0.3 0.7 2.2 0.8 0.389
3 5 0.921 3.3 23.2 0.0 0.0 0.0 0.0 0.2 0.1 0.182
4 5 0.884 53 28.3 0.0 0.2 0.0 0.1 0.6 0.2 0.262
5 5 0.863 6.2 30.9 0.1 0.4 0.1 0.2 0.9 0.4 0.282
6 5 0.821 11.5 39.3 0.1 0.5 0.2 0.7 1.8 0.9 0.424
7 5 0.864 6.7 314 0.0 0.3 0.1 0.2 0.8 0.3 0.307
8 5 0.826 9.8 37.3 0.2 0.5 0.2 0.6 2.1 0.8 0.381
9 5 0.829 9.6 36.9 0.1 0.5 0.2 0.6 2.0 0.7 0.366
10 5 0.852 1.6 21.5 0.0 0.3 0.0 0.0 0.4 0.1 0.328
11 5 0.835 28.3 50.4 23 4.0 23 s s: 0.362
12 5 0.849 7.9 33.8 0.1 0.4 0.1 0.3 1.0 0.5 0.336
13 5 0.849 7.9 33.8 0.1 0.4 0.1 0.3 1.2 0.5 0.336
14 5 0.819 8.4 36.8 0.1 0.5 0.1 0.3 1.3 0.6 0.400
15 5 0.871 7.7 32.2 0.1 0.4 0.1 0.4 1.1 0.5 0.286
0 10 0.880 6.1 29.4 0.1 0.4 0.2 0.4 1.1 0.6 0.267
1 10 0.876 7.5 29.8 0.8 2.0 1.0 15 3.0 1.9 0.262
2 10 0.857 8.0 32.8 0.3 0.8 0.4 0.7 2.2 1.0 0.313
3 10 0.939 2.6 21.0 0.0 0.0 0.0 0.0 0.2 0.1 0.141
4 10 0.910 4.2 25.0 0.0 0.2 0.0 0.1 0.5 0.3 0.206
5 10 0.892 4.8 26.8 0.1 0.4 0.1 0.3 0.8 0.4 0.224
6 10 0.858 9.1 34.2 0.2 0.7 0.3 0.7 1.8 0.9 0.339
7 10 0.893 5.4 27.5 0.0 0.2 0.1 0.2 0.8 0.3 0.243
8 10 0.860 7.6 32.2 0.3 0.9 0.4 0.7 2.1 0.8 0.304
9 10 0.863 7.5 31.9 0.3 0.7 0.4 0.6 2.0 0.8 0.292
10 10 0.883 1.0 16.8 0.1 0.4 0.1 0.1 0.4 0.2 0.261
11 10 0.865 25.4 47.5 2.4 4.0 2.4 7.2 9.4 7.2 0.287
12 10 0.880 6.1 29.4 0.1 0.4 0.2 0.4 1.0 0.5 0.267
13 10 0.880 6.1 29.4 0.1 0.4 0.2 0.4 1.2 0.6 0.267
14 10 0.855 6.3 31.1 0.2 0.6 0.3 0.4 1.3 0.6 0.321
15 10 0.898 6.3 28.6 0.1 0.4 0.1 0.3 1.0 0.5 0.226
0 1 only 0.962 2.2 18.6 0.0 0.3 0.2 0.0 1.1 0.4 88.0
1 1 only 0.956 3.1 19.0 0.7 2.0 1.1 0.8 3.0 1.6 0.084
2 1 only 0.952 2.8 19.7 0.3 0.8 0.4 0.3 2.2 0.8 0.105
3 1 only 0.981 1.5 16.1 0.0 0.0 0.0 0.0 0.1 0.0 0.044
4 1 only 0.971 1.8 17.3 0.0 0.1 0.0 0.0 0.4 0.1 0.066
5 1 only 0.966 1.6 17.1 0.0 0.3 0.1 0.0 0.8 0.2 0.073
6 1 only 0.951 3.8 21.6 0.3 0.5 0.3 0.4 1.8 0.8 0.114
7 1 only 0.966 2.0 18.1 0.0 0.2 0.0 0.0 0.8 0.3 0.079
8 1 only 0.953 2.7 19.4 0.3 0.6 0.3 0.3 2.1 0.7 0.102
9 1 only 0.954 2.6 19.3 0.2 0.5 0.3 0.2 2.0 0.6 0.098
10 1 only 0.963 0.1 6.6 0.0 0.1 0.0 0.0 0.2 0.1 0.086
11 1 only 0.948 18.3 39.2 15 4.0 2.2 4.1 9.4 6.0 0.092
12 1 only 0.965 2.0 18.2 0.0 0.3 0.1 0.0 1.0 0.4 0.080
13 1 only 0.961 2.2 18.7 0.0 0.3 0.2 0.0 1.2 0.4 0.090
14 1 only 0.951 1.8 17.3 0.2 0.3 0.2 0.2 13 0.5 0.108
15 1 only 0.968 2.7 19.7 0.0 0.3 0.1 0.0 1.0 0.3 0.073
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Table 5f. Risk summary for blue mackerel when ther T rate is selected based on a target
reference point of 0Bp and a maximum risk (over all sensitivity testsgo20-year blocks of
years over the projection period of dropping bel@dBy not exceeding 0.1. The case that

drives the selection of the harvest rate is hidtiég in block-italic-underline font.

Case Survey Final B€0.5B;) P®B<0.7Bo) PB<0.2By) PB<0.38,) Catch /
Frequency  Depletion Last 20 All years Blocks 1125 All years Blocks MSY

0 5 0.822 10.4 38.0 0.2 0.8 0.3 0.7 2.2 0.8 0.388
1 5 0.817 12.3 38.3 1.0 3.1 11 2.2 3.8 23 0.381
2 5 0.790 13.6 429 0.4 1.9 0.5 1.4 3.4 15 0.447
3 5 0.907 4.0 25.3 0.0 0.0 0.0 0.1 0.2 0.1 0.214
4 5 0.863 6.8 31.6 0.0 0.4 0.1 0.2 0.8 0.3 0.306
5 5 0.839 8.1 34.6 0.1 0.6 0.2 0.5 1.7 0.6 0.327
6 5 0.789 14.7 44.1 0.3 1.2 0.5 1.4 3.1 15 0.487
7 5 0.840 8.7 35.2 0.0 0.4 0.1 0.4 1.6 0.5 0.356
8 5 0.795 12.9 41.9 0.4 1.2 0.5 1.2 2.8 1.4 0.438
9 5 0.799 12.6 41.4 0.3 1.1 0.5 1.1 2.7 1.2 0.421
10 5 0.826 2.7 26.8 0.0 0.4 0.1 0.1 0.7 0.2 0.380
11 5 0.805 313 53.1 35 5.4 35 10.0 2 o416
12 5 0.822 10.4 38.0 0.2 0.6 0.2 0.7 2.1 0.8 0.388
13 5 0.822 10.4 38.0 0.2 0.8 0.3 0.7 2.2 0.8 0.388
14 5 0.787 114 41.9 0.2 0.8 0.3 0.8 25 1.0 0.459
15 5 0.848 9.7 35.8 0.2 0.6 0.2 0.7 2.0 0.7 0.332
0 10 0.857 7.9 32.7 0.3 0.8 0.4 0.7 2.2 1.0 0.312
1 10 0.852 9.6 33.3 14 3.1 1.8 24 3.8 2.7 0.302
2 10 0.829 10.8 36.7 0.6 1.9 0.9 15 3.4 1.8 0.363
3 10 0.928 3.2 22.6 0.0 0.1 0.0 0.0 0.2 0.1 0.167
4 10 0.892 5.4 27.6 0.1 0.4 0.2 0.2 0.8 0.4 0.242
5 10 0.872 6.4 29.8 0.2 0.6 0.2 0.5 1.7 0.7 0.262
6 10 0.830 11.9 38.0 0.4 1.3 0.8 1.4 2.9 1.7 0.393
7 10 0.873 6.7 30.5 0.1 0.4 0.1 0.4 1.6 0.6 0.285
8 10 0.833 10.2 35.9 0.7 1.3 0.9 1.5 2.8 1.7 0.353
9 10 0.837 9.9 35.5 0.6 1.2 0.8 1.4 2.6 15 0.340
10 10 0.861 1.8 20.5 0.1 0.4 0.2 0.2 0.7 0.3 0.306
11 10 0.838 28.3 49.8 3.5 5.4 3.5 9.0 12.6 9.0 10.33
12 10 0.857 7.9 32.7 0.3 0.7 0.3 0.7 2.1 0.9 0.312
13 10 0.857 7.9 32.7 0.3 0.8 0.4 0.7 2.2 1.0 0.312
14 10 0.828 8.8 35.3 0.3 1.0 0.6 0.9 25 13 0.373
15 10 0.879 7.8 31.2 0.2 0.6 0.3 0.6 2.0 0.8 0.265
0 1 only 0.952 2.8 19.7 0.3 0.8 0.4 0.3 2.2 0.8 09.1
1 1 only 0.946 3.7 20.1 1.2 3.1 1.7 1.3 3.8 2.2 0.098
2 1 only 0.939 3.6 20.9 0.7 1.9 0.9 0.8 3.4 1.4 0.125
3 1 only 0.977 1.6 16.6 0.0 0.0 0.0 0.0 0.2 0.1 0.053
4 1 only 0.966 2.0 18.1 0.0 0.3 0.1 0.0 0.8 0.3 0.079
5 1 only 0.959 1.8 18.0 0.0 0.6 0.1 0.0 1.7 0.5 0.087
6 1 only 0.940 4.7 23.1 0.6 1.3 0.8 0.7 2.9 1.5 0.134
7 1 only 0.959 2.3 18.9 0.0 0.3 0.1 0.0 1.6 0.4 0.095
8 1 only 0.939 3.6 20.8 0.9 1.2 0.9 1.0 2.8 1.3 0.119
9 1 only 0.943 3.3 20.6 0.6 11 0.7 0.7 2.6 1.2 0.115
10 1 only 0.955 0.1 7.5 0.0 0.2 0.1 0.0 0.6 0.2 0.103
11 1 only 0.931 19.9 40.4 2.7 5.4 3.3 5.6 11.3 7.4 0.105
12 1 only 0.956 2.6 191 0.3 0.6 0.3 0.3 21 0.7 0.095
13 1 only 0.951 2.8 19.7 0.3 0.8 0.4 0.3 2.2 0.8 0.107
14 1 only 0.940 2.4 18.7 0.4 1.0 0.5 0.4 25 1.1 0.129
15 1 only 0.961 3.1 20.6 0.0 0.5 0.2 0.0 2.0 0.6 0.087
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Table 6. Risk summary for blue mackerel in the abseof exploitation. The final depletion is
1 because this statistic is based on the expeabedalss. The shading indicates the case that
drives risk in this case.

Case Survey Final B€0.5B;)  PB<0.7By) PB<0.2By) PB<0.38,) Catch /
Freguency Depletion Last 20 All years Blocks 23 All years Blocks MSY
0 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.3 3.1 0
1 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.3 3.1 0
2 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.3 3.1 0
3 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.3 3.1 0
4 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.3 3.1 0
5 5 1.000 13.0 32.8 0.1 0.7 04 1.3 3.2 2.0 0
6 5 1.000 18.8 37.7 0.9 25 15 4.1 8.2 5.6 0
7 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.3 31 0
8 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.1 31 0
9 5 1.000 15.1 34.8 0.3 1.2 0.7 21 5.1 31 0
10 5 1.000 3.3 20.0 0.0 0.1 0.0 0.1 0.5 0.2 0
1 5 1000 385 516 107 158 119 202 265 215 O
12 5 1.000 15.1 34.8 0.3 3.2 11 2.1 12.5 4.3 0
13 5 1.000 15.1 34.8 0.3 0.9 0.6 2.1 4.4 2.9 0
14 5 1.000 13.4 334 0.1 0.8 0.5 15 3.7 2.3 0
15 5 1.000 16.4 35.7 0.4 1.9 0.8 2.7 6.3 3.8 0
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Figure 1. Three examples of “threshold” harvestticdnules. Each of these harvest control
rules will achieve a different trade-off betweergge catch, risk and catch variation.
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Figure 2. Examples of the Tier 1, Tier 2 and Tiewvaiants of the harvest control rule,
illustrated for eastern jack mackerel. The dotscaig that a survey has taken place and the
lines indicate the resulting exploitation for cortipg the RBC.
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Figure 3. Distribution for 2015 depletion of east@ck mackerel (expressed as a percentage)
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and the time-series for spawning stock biomassiapietion when steepness = 0.75 and-
0.6 based on SSRA. Results are showrmpfdr in the upper panels, and f@¢0.9 in the lower

panels. The red line denotes the median of theilalision.



