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Can we use Shortcut Management Strategy
Evaluation (MSE) methods to inform fisheries
management decisions for North Pacific crab stocks
at the state and federal levels?
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State HCRs

HCR Selection

Policy Ramp v fixed Lowest Non-0 Max TAC
expl expl

HCR2_1 Male Only Ramp 0.05 0.5 ELM
HCR2_4 Male Only Ramp 0.05 0.225 0.5ELM
HCR3 TAC = ABC 7 imsmaies R@mMp (Fmsy) NA NA NA

HCR4_1 Female “Dimmer” Ramp 0.05 0.2 0.5ELM
HCR4_2 Female “Dimmer” Ramp 0.1 0.225 0.5 ELM
HCR6_3 ELM 30% Fixed NA NA 0.3 ELM

HCR6_5 ELM 40% Fixed NA NA 0.5 ELM



State HCRs

HCR Selection

Policy Ramp v fixed Lowest Non-0 Max TAC
expl expl

HCR2_1 Male Only Ramp 0.05 0.5 ELM
HCR2_4 Male Only Ramp 0.05 0.225 0.5ELM
[HCRB TAC = ABC 7 imsmaies R@mMp (Fmsy) NA NA NA ]
HCR4_1 Female “Dimmer” Ramp 0.05 0.2 0.5ELM
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HCR6_5 ELM 40% Fixed NA NA 0.5 ELM




State HCRs
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Operating Estimation

@ OFL/ABC Hode’ Model

“Truth”
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1x Operating Model (TCSAMO02 2018)
2x Federal HCR Tiers (Tier 3 & Tier 4)

2x Estimation Method (Full & Shortcut)

7x State HCRs



1x Operating Model (TCSAMO02 2018)

2x Federal HCR Tiers (Tier 3 & Tier 4)

Cannot use shortcut methods with Tier 3!

2x Estimation Method (Full & Shortcut)

7x State HCRs



Complex Estimation (TCSAMO02)

» Stage/size-based population
dynamics model

e Fits to:

e Survey data

 Abundance by sex, maturity state,
shell condition-specific size-
composition

 Landed catches and discards
* Estimates growth/maturity

* Recruitment randomly selected
* pool of estimates (1974- 2017)

Simple Estimation

* No modeled quantities

* Survey Biomass + error
* Projected to the time of fishing




OM: TCSAMO2 OM: TCSAMO2 OM: TCSAMO02

e EM: e EM: e EM:
e Tier 3 Fed HCR e Tier4 Fed HCR e Tier4 Fed HCR

e Full Estimation e Full Estimation e Shortcut

Estimation

.




OM: TCSAMO02 OM: TCSAMO2 OM: TCSAMO02

=Y E e EM: e EM:
e Tier 3 Fed HCR e Tier4 Fed HCR e Tier4 Fed HCR

e Full Estimation e Full Estimation e Shortcut
Estimation

Tier 3: Fyqy = Fso, 3 Bpsy = Base,

Tier4: F oy =YM;y=1 ;BMSY=§

g g




- OM

* B,y Proxy = mean estimated survey biomass from 1974 - 2017
* g estimated
M= Model estimated M (by sex and maturity = no difference in shell condition partition)

* FUlleM

* B,y Proxy = mean estimated survey biomass from 1974 — MxYr
* Matches the period of recruitment draws
* Changes Annually
* g estimated

* M= Model estimated M (male only, by maturity)

e Shortcut EM

* B,y Proxy = mean raw survey biomass from 1975 - MxYr
e g= 1
* Changes Annually
M= Estimates hard-coded to the values for the OM (mature and immature)



e Modeled aveMMB

* From modeled spawning biomass

* Survey selectivity and g, catches removed, projected forward to spawning
« Ex/~51.3836 kt

e Shortcut aveMMB

* Raw survey data
* SpawnB = SurveyB, — Catch, * exp(-dtM * M)
e Ex/~36.72 kt

~30% difference



100-Year Projections
100 Replicates
Relative Differences for 7state HCRs
21 Model Runs (14 Full EM + 7 Short EM)
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Computing Comparison

Space Requirements

~572GB per model run
21runs 2 ~12TB

Regardless of the estimation method
(repeating data files and folder structure)



Computing Comparison

Run Times

Complex Estimation Shortcut Estimation

e 2.3 min/simyear
—=10,000 simyears/HCR

~385 hours (16 days)



Computing Comparison

Run Times

Complex Estimation Shortcut Estimation

e 2.3 min/simyear
—=10,000 simyears/HCR

~385 hours (16 days)

e 7HCRs
~2,695 hours

(112 days)



Computing Comparison
Run Times

Complex Estimation Shortcut Estimation
e 2.3 min/simyear * 0.1 min/simyear (5.3 sec)
—=10,000 simyears/HCR —=10,000simyears/HCR
~385 hours (16 days) ~15 hours (0.6 days)
* 7HCRs e« 7 HCRS
~2,695 hours ~102 hours

(112 days) (4.3 days)



Computing Comparison

Run Times
Complex Estimation Shortcut Estimation
e 2.3 min/simyear * 0.1 min/simyear (5.3 sec)
—=10,000 simyears/HCR —=10,000simyears/HCR
~385 hours (16 days) ~15 hours (0.6 days)
* 7HCRs e« 7 HCRS
~2,695 hours ~102 hours
(112 days) (4.3 days)

Ran in parallel on local machine (4 x 25 replicates) x 2HCR at a time



Computing Comparison

Run Times
Complex Estimation Shortcut Estimation
e 2.3 min/simyear * 0.1 min/simyear (5.3 sec)
—=10,000 simyears/HCR —=10,000simyears/HCR
~4 days in parallel ~4 hours in parallel

* 7HCRs (2 at atime)
~16 days

* 7HCRs (2 at atime)
~16 hours

Ran in parallel on local machine (4 x 25 replicates) x 2HCR at a time



Computing Comparison
Shortcut Estimation

Pros Cons

* Fast run time * Doesn’t reflect the federal
(probably faster developmenttime aSSessSment process

If it’s not a PhD student doing the :
dev...) *No change In storage space
requirements

'ofiox Qa




Results

Overfishing Level (OFL)

BUFFER (20%)

Harvest Control Rule
(HCR)




Results

Overfishing Level (OFL) End Here

BUFFER (20%)

Harvest Control Rule
(HCR)

Start Here




Results

* First 10 years (2019-2028) excluded to avoid initial
conditions

* Some axes are bounded
* Some high variability and outliers = zoomed in
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Results — OFL (catch scalers)
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Results - TAC uncapped
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Results — Uncapped v Capped TAC
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Can we use Shortcut Management Strategy
Evaluation (MSE) methods to inform fisheries
management decisions for North Pacific crab stocks
at the state and federal levels?




What have we learned?

Status of the stock

* Demand for HCR Evaluation for crab stocks
* Show crab MSE
« BBRKC MSE?
 Maturity assumptions? What size crab should be targeted?

* Shortcut Method
* Results Hours/Days instead of Weeks/Months

* Good for a first cut comparison

* Prioritize HCRs or stock-related questions that should be fully
evaluated



HCR Comparison

Shortcut Estimation \/




Federal-level

Federal Tier System

At Tier 4, state managementis
constrained, regardless of the HCR or the
estimation method




Federal-level

Federal Tier System

The state HCR feedback into the

OM did not reflect the uncapped
TACs




Sensitivity/ Stress Testing

* Remove Federal Caps

e Scale Catches as it relates to Tier 4 OFL Calculations
» TAC = OFL,,_,*{1.5, 0.75, 0.5, 0.25, 0 }
* At what point is the model going to buckle?



Recommendations from the CPT?

Sensitivity/ Stress Testing

* A scalar, y, is multiplied by M to Tier4
estimate the F,

.. my a. >1 F. =M
* yisintended to allow B o !
adjustments in the overfishing b B, % o
.« ey b. f< < ey T
definitions to account for - Fop =y M ——
differences in biomass measures
. - B <f Directed ﬁs!'{er},fF =0
* Adefault value of yis set at 1.0, B e For. < Fussy'

with the understanding that the
SSC may recommend a different

value



Sensitivity/ Stress Testing

h * B >l Fop, =yM
Worth playing with y e Y -
. | - For =yM —
assumptions? B,, i L
= B <f Directed fishery F=0
B x Fort < Fusy'




Happy Modeling!

And thank you!
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Code changes

* Added Tier 4 components
 Model Option added for Tier level
* PopProjector::projectMatureBiomassAtMating_Tier4
* OFL_Calculator_Tier4::OFL_Calculator_Tier4
e OFL_Calculator_Tier4::calcHCR
* OFL_Calculator_Tier4::calcFofl
* OFL_Calculator_Tier4::calcOFL
* OFL_Calculator_Tier4::calcPriMMB
* OFL_Calculator_Tier4::calcOFLResults

* Added calcOFL_Shortcut function to tpl
* calcProxyBmsy function also added

* Updated calcTAC, repTAC, and repTAC_capped

* Shortcut switch to alternate between raw data inputs and modeled inputs (spawning
stock biomass, exploitable legal males)

* Helperfunctionsto reduce redundancies
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