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Relative Yield

JABBA R/JAGS Interface

AIM: Improve estimation properties of Bayesiarstate-spacesurplusproduction modelsby building on | |
previousformulationsby Pellaand Tomlinson(1969, Wanget al. (2014) and Fletcher(1978 c.f. Thorson
et al. 2012 within a userfriendly Rinterface
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JABBA is a further development of the models applled in the 2015 ICCAT South Atlantic bl
shark assessment and 2017, North Pacific blue shark assessment, the 2017 ICCAT
Mediterranean Albacore assessment and the 2017 ICCAT North and South Atlantic shortf
makoshark assessments



JABBAJust Another Bayesian Biomass Assessment
A generalizedBayesian Stat&pace Surplus Production Model

The inbuilt options include:

Integrated statespace tool for averaging multiple CPUE series (+SE) for optional
use in assessments

Automatic fitting of multiple CPUE time series and associated standard errors
Fox, Schaefer or Pella Tomlinson production function (optional as BrpayK)
Flexible r priospecification: (1yangeor (2)mean + CV of lognormal distribution

Flexible initial depletion priospecification: (1jnean + CV lognormal (2)mean +
CV ofbeta distributions

Kobetype biplot plotting functions
ImprovedResidual and MCMC diagnostics

Optional estimation additional observation variance for individual or grouped
CPUE time series

Easy implementation of timblock changes in selectivity
Forecastingpf stock status undealternative TACs
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JABBAJust Another Bayesian Biomass Assessment
A generalizedBayesian Stat&pace Surplus Production Model
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JABBA Model Formulation

ADVANTAGE: Linkssurplusproduction models more directly to convention agestructured
modelformulations(e.g. SS; Methot and Wetzel2013). |

Surplugproduction function of the generalized three parameter SPM by RellhTomlinson
(1969)

é o ml
SR=—— B, Z &8 o(l)
m-1 (} g

wherer isthe intrinsicrate of populationincreaseat time t, Kis the unfishedbiomassand m
IS a shapeparameterthat determinesat which B/K ratio maximum surplus production is
attained

A 1f m =2, the modelreducesto a Schaefeform, with the surplusproductiong(B,) attaining
MSYat exactlyk/ 2

A 1f0<m<2, g(B) attainsMSYat depletionlevelssmallerthan K/ 2 andviceversa

A ThePellaTomlinsonmodelreducesto a Foxmodelif m approachesone (m=1) resultingin

maximumsurplusproductionat ~0.37K



JABBA Model Formulation

BsyIS given by
-1

B, = Kmm? (2)
and the corresponding harvest rate at MY d,) is:
%18 (3
MSY m- 19 m_ ( )

where the harvest ratdédis defined here as the ratiof:

"5 (4)

where Cdenotes the catch. Correspondindy,s,can be expressed by:

MSY - (5)

H MSY — B
MSY



JABBA Model Formulation

Combing and rarranging equatior§3) and(5), it follows thatr in equation (1xan be
expressed as:

MSY
H =" g 1 H o ="
MSY m- 19 mg MSY BI\/ISY
MSY m- l m-1
I = or [ = H —_—
(6) B, 1- - MSYl_ i (7)

o]

This allows rdormulating the production function of the Pellbomlinson equation as a
H a abB
SP — MSY B ] t-1
- mY) e QEEK

function ofH,,sy such that:
¢

wherem can be directly translated intB,,sy Kand thus determines thbiomasssiepletion
level where MSY is achieved (Thorstal.2012a), using the following relationship:

BMSY — m(; m- 1— (9)
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JABBA Model Formulation

Because prior formulations for most SRidsed assessments are specifiedrfove provide
the following equation to easily convarestimates (or prior means) intd,,s,for any given
shape parameter inpun:

_ (m-1)
MSY (1_ m-]_)

(10)

Equationg5) - (10) illustrate the direct link betweenthe PellaTomlinsonSPMandthe age
structured,which emphasizeshe potential for derivinginformative priors for r and m from
spawningbiomass and yield-per-recruit analysiswith integrated spawningrecruitment
relationshipsby generatingdeviatesof H,,sy,= MSYB,,syand B,y K, respectively(Maunder
2003 Thorsonet al. 2012a; Wanget al. 2014).



DETOUR: Linking age-structure and surplus production models:

Potential MSE (MP) and Cross-validation application
Equations (5) (7) illustrate the direct link between the Pellamlinson SPMnd an age
structured model which can be used twanslate SS3 estimates of the ratiosM®Y/BMSY

andB,,s\/SB,and MSY/ﬁSYinto values ofH,,syand the shape parametan of the production
function.

Growth (sexspecific)

Longevity =7 |Hysy = MSY

Length SBusy

Maturity \
Fecundity

Mortality-at age SERASY 4138 _ m-1

mg m-1=+ —

Recruitment function
Selectivity-at-age

&



JABBAProcess=quation

Bayesian StateéSpace formulation

We formulated the JABBAprocess equation by building on the Bayesianstate-space
estimation framework proposed by Meyer and Millar (1999. The biomassB, in yeary is
expressedas proportion of K (i.e. B, = B,/ K) to improve the efficiencyof the estimation
algorithm

Themodelis formulatedto accommodatemultiple CPUHor fisheriesf. Theinitial biomassin
the first yearof the time serieswasscaledby introducingmodel parametere to estimatethe
ratio of the spawningbiomassn the first yearto K(Carvalhcet al. 2014). Thestochastidorm
of the processequationis givenby:

e’ y=1
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Where — isthe processerror, with /7, ~ N (O, $), C; ,.1isthe catchin yeary by fisheryf



JABBA Observatidiuation

The corresponding biomass for yeas:
B,=RPK (12)

The observation equation is given:by

If,y:quf,yeey y=1, &, .. (13)

where, ¢ is the estimable catchability coefficient associated with the abundance index fo
fisheryfand- | s hoeb s er e a twoiotnh

2 —

=5 2
Sey i _‘fSE,y,f TS5 pdd t Ei ~ N(Ofsiy,f) (14)
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Bayesian Stat&pace CPUE averaging tool

Unobservable (latent) states of the system: Abundance

000090
@ © 06 06 00

Imperfect observations: CPUE

Process, State or Evolutionary equation

2 =7.,8XpE+1) N0

State variable Untderlé/mg \Drocess error Process variance
ren

Observation egquation

Yyiz1 = q<i exp(&,; ) e ~N(0,52)
Observation Scaling Observation Observation variance

coefficient error



JABBA runs

Prior formulation: Summary

Parameter Distribution min/m max/CV
K lognormal 600000 2
r lognormal 0.267 0.07
J =BiesdK lognormal 1 0.25

S/ inversegamma 4 0.01

S #bD inversegamma 0.001 0.001
m fixed 2 (Schaefer)
q uniform 0.000000001 1

Minimum observation error CV was fixed at 0.25, so tigaf: ( =0.25344 ; +5 agq s



Expected CPUE
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During the 2017 IOTCblue shark assessmentthe formulation of alternative scenariosspecifically
focusedon identifying and improving poor fits to CPUESeriesthat may arise from fitting of multiple

Alternative model

standardizedCPUEime serieswith conflictingtrends.
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Schaefer Production Function
Basecase
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CPUE fits
Basecase

SDNR = 0.86(1.17)
o~ . DIC =-71.9

Standardized residuals
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Basecase

Prior vs. Posterior

Density
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Time series of Reference Points
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Kobe plot
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Sensitivity runs (drop one from Basase)
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Biomass depletion (B/K)
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