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Outline

e Stock assessment (base case model)

=  Fishery data updates
=  Model assumptions (biology, data weighting)

=  Results (fishing mortality, recruitment, biomasses)

=  Stock status (base case)

= Population projections (status quo, Fys, and effect of resolutions)
=  Retrospective analysis

=  Comparison to previous assessment
e Sensitivity analyses

e Conclusions




Overview of assessment model

e Age-structured, statistical, catch-at- length
model (Stock Synthesis — Version 3)

e [ntegrated analysis

e Same type of model as MULTIFAN-CL, A-SCALA
and CASAL
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Fishery data

Catches

Fishery definitions

Discards

Fishing effort
Catch-per-unit-effort (CPUE)

Size compositions



Fishery data

New or updated data

e Surface fisheries

= Catch, CPUE and size-frequency data updated to include
new data for 2012 and revised data for earlier years

e Longline fisheries

= New or updated longline catch data: China (2009 and 2011),
Chinese Taipei (2009-2011), Japan (2009-2011), Korea
(2011), US (2010-2011), and Vanuatu (2005-2011)

= 2012 longline catch data available from monthly reports:
China, Chinese Taipei, Japan, Korea and Vanuatu

= New or updated CPUE data available for Japan (2009-2011)

= New or updated longline size-frequency for Japan (2006-
2011)



Fishery data

Total catches
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Fishery data

Catch proportions by fishery
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Fishery data

Spatial distribution of PS catches «=%»
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Fishery data

Spatial distribution of LL catches <«
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BET fishery definitions

Fishery data
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Annual catches by fishery

Fishery data

Total catch (t)-Captura total (t)
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Fishery data
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Fi

shing effort

Thousands of days and standardized numbers of hooks

Miles de dias e numero de anzuelos estandarizados
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Fishery data

Nominal longline effort
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Fishery data

Catch-per-unit effort (CPUE) <=

Scaled CPUE-CPUE escalada
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Scaled CPUE-CPUE escalada
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Length compositions — OBJ transition

Length (cm) — talla (cm)

100 150 200

50

100 150 200

50

Medium
- Small
F1-OBJ_early
I I I I
1080 1990 2000 2010
Medium
Small
F2-OBJ_S

| I
1980 1990

2000 2010

Year-ano

Fishery data




Length compositions — OBJ fisheries «

Fishery data

Length (cm) — talla (cm)
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Fishery data

Length compositions — LL
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Flshery data
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Model assumptions (base case)

® Stock structure
®* Biology (growth, natural mortality and maturity)

® Stock-recruitment relationship (S-R)




Assumptions

Model assumptions <=

e Improved after External Review in May 2010 and
recent diagnostics work (R, profile)

e Fishery definitions: 23 fisheries

e Data weighting:
=  Down-weighting size composition data of all fisheries

: Fit to Central and Southern LL CPUE series (CV=0.15),
no fit to purse seine CPUE

e Growth modeling: New growth curve estimated
externally, L, and variance of length-at-age fixed

e Modeling of catchability and selectivity:
=  Two time blocks for all LL fisheries (split at 1990)
=  Early dome, late asymptotic selectivities




Assumptions

BET stock structure <=

e Minimal net movement of fish between the
EPO and WCPO

e Single stock of bigeye in EPO

e Pacific-wide collaborative assessment with
SPC and sensitivity analysis extending the

western boundary of stock to 170°E

e See update on results from collaborative

tagging program with SPC in the CPO




Assumptions

Age and growth — Previous assessment <=t

® Richards growth curve
= L, fixed (185 cm)
=  Variability of length-at-age (LSD) estimated
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BET L, assumption?

« Length of the largest fish observed

(close to virgin population)
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FIGURE 1. Geographical expansion of the Japanese longline fishery (solid curves)
and the surface fishery in the eastern Pacific (dotted curves). Numerals denote
ralendar year.
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Age and growth

Assumptions
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Age and growth

Length (cm)-Talla (cm)
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Assumptions

Base case—Caso base
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Assumptions

Natural mortality

0.25 —®— Females-Hembras
=¥ Males-Machos
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® Sensitivity analysis
= Juvenile M (SARM-9-INF-B)
=  Adult M (Appendix B)



Assumptions

Maturity schedule o

e Age-specific maturity (Schaefer and Fuller, 2006)
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Assumptions

Stock-recruitment relationship «<==%-

® Beverton-Holt relationship
® No S-Rrelationship (steepness = 1)
® Sensitivity analysis (Appendix B)
- Steepness =0.75
0 Likelihood profile on steepness (0.5, 0.6, 0.7, 0.8, 0.9, 1.0)




Assumptions

Fixed parameters

® Mean length-at-age and the variability of the
length-at-age

® Sex and age-specific mortality-rates (M)
® Age-specific maturity schedule

® CVof LL-Cand LL-S CPUE (0.15)

® Selectivity curves for discard fisheries

® Steepness of stock-recruitment relationship (h=1)




Assumptions

Estimated parameters

® Recruitment in every quarter from 1975 to 2012 (average
recruitment and temporal recruitment anomalies)

® Catchability coefficients for the 4 LL CPUE time series
(LL-C and LL-S, two time blocks)

® Selectivity curves for late Central and Southern LL
fisheries are assumed to be logistic (catch larger fish)

® Selectivities for all other fisheries (except discards) are
assumed to be dome-shaped (double normal)

® Initial population age-structure




Assumptions

Data weighting

PERSPECTIVE / PERSPECTIVE

Data weighting in statistical fisheries stock
assessment models

R.1.C. Chris Francis

15

(a)

Can. J. Fish. Aquat. Sci. Vol. 68, 2011

Objective function component




Assumptions

>

Data weighting

35

Size composition components - Lambda = 1
Componentes de composicion por talla - Lambda = 1

Previous base case
SAR13 (2012)

86 87 8.8 8.9 9.0 9.1 9.2

—4—F1-0BJ_early-temprana

CPUE components - Lambda = 1 Iiiﬁgj—ﬁ'
Componentes de CPUE- Lambda = 1 ——F4-0BJ_|
64 —#=F5-0BJ_N

—e—F8-NOA-DEL _early-temprana

——F7-NOA-DEL _late-tardia

——F12-LL_N_num_early-temprana

F13-LL_N_num_late-tardia

—m—-F14-LL_C_num_early-temprana
#—F15-LL_C_num_late-tardia

n F16-LL_S_num_early-temprana

—+—F17-LL_5_num_late-tardia

Negative log-likelihood
Negativo del logaritmo de la verosimilitud
-

F18-LL_|_num_early-temprana

31 F18-LL_|_nurm_late-tardia
B
2 -
S
14
0! 4 —’/ﬁ:
86 8.7 88 89 9.0 9.1 9.2

Virgin recruitment, Rg—-Reclutamiento virgen, R,



Assumptions

>

Data weighting

35
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Results (base case)

Model fits (CPUE and size compositions)

Fishing mortality
Selectivity
Recruitment

Biomass




Fit to CPUE — OBJ fisheries

Results
(base case)

Catch per day (t)-Captura por dia (t)
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Fit to CPUE — LL fisheries

Results
(base case)
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Fit to CPUE — Late LL fisheries

Results
(base case)
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Average fits to size comps.
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Results
(base case)

PS Size comp. residual pattern
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Fishery data

Two time blocks for LL?

SAR 10 (2009)
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Results
(base case)

LL Size comp. residual pattern
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Age-specific fishing mortality

Average total F—F total media
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Results
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Fishing mortality

Average annual F—F anual media
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Size selectivity

Results
(base case)
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Results
(base case)
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Results
(base case)
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Results
t (base case)

Recruitment and environmen

— e —— —

£
-
llu.l........_.
|IIIII.I|'
— Y (e
—_— =
—— )
.’.ll.lll"l L)

T

e —
— ———

e e —

— - SOI-10S

Recruitment—Reclutamiento

1970

epeziepuelss e|eosy
3|eos paziplepuels

-6




Stock-recruitment

Relative recruitment—Reclutamiento relativo

Results
(base case)
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Results
(base case)

Summary biomass
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Spawhing biomass

Spawning biomass (t)-Biomasa reproductora ()

Results
(base case)
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Results
(base case)

Fishery impact

Spawning biomass (t)
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BET average weight - PS

Results
(base case)

Average weight (kg) — Peso promedio (kg)
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Results
(base case)

Average weight (kg) — Peso promedio (kg)
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Stock status (base case)

® Spawning Biomass Ratio (SBR)
®* Maximum Sustainable Yield (MSY)




Stock status
(base case)

Spawning Biomass Ratio (SBR)
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Stock status
(base case)

Management quantities

Base case-

Caso base 2010-2011
MSY-RMS 106.706 108.281
Brsy- BRMS 418 468 426,310
SMSEY- SRMS 105,969 108.054
Brusy/Bo- Brus/By 0.24 0.25
Susv/ So- Sras/So 0.20 0.20
Cracent' MSY - Craceny RMS 097 0.95
Brecent/ BMSY- Bracent/ BRMS 1.02 1.00
Sracent/ SMEY-Srapat/ SRMS 1.08 1.06

F multiplier-Multiplicador de F 1.05 1.09




Stock status
(base case)

Time varying indicators
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MSY-quantities by fishery

Stock status
(base case)

% -«:_‘ gm L
<=

Base case- PSonly- LL only-

Caso base solamente solamente
MSY-EMS 106,706 T7.766 254 983
Brisv- Brus 418 468 325018 464742
SMEY- SEMS 105,969 84 446 61.676
Busy/Bo- Brus/Bo 0.24 0.19 0.27
SMsY/S0- SRus/So 0.20 0.16 0.12
Cracent/ MSY- Cracent/ RMS 097 132 0.40
Bizcent/ Brisv- Bracant/ BRMS 1.02 1.33 0.92
Stecent/ SMEV-Srecat SRMS 1.08 1.36 1.86
F multiplier-Multiplicador de F 1.05 1.54 8.57




Stock status
(base case)

Target Kobe plots
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Projection simulations (base case)

® Status quo fishing strategy
®* MSY fishing strategy

® Effect of tuna conservation resolutions (2004-2012)




Projections
(base case)

Forward projections

e Projection period: 10 years (2013-2022)

e Evaluate:

= Catches (surface and longline fisheries)

= Spawning Biomass Ratio (SBR)

 Three exploitation scenarios:

= Status quo (F_,,): 3-year F average (2010-2012)

ur

FMSY
=  No IATTC tuna conservation resolutions (2004-2012)




Projections
(base case)

Spawning Biomass Ratio (SBR)
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Projections
(base case)

Projected catches
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Projections
(base case)
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Impact of conservation measures

Projections
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Stock status
(base case)

Spawning Biomass Ratio (SBR)
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Stock status
(base case)

Target Kobe plots

Effect of no IATTC tuna conservation resolutions
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Retrospective analysis




Retrospective

Recruitment - retrospective (basg case)
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Retrospective
(base case)
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Retrospective
(base case)

Biomasses - retrospective
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Retrospective

Biomasses - retrospective s
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Comparison
to SAR10

Summary biomass
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Spawning biomass

Comparison
to SAR10
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Sensitivity analyses

® Steepness of SR relationship (Appendix A)




Spawner-recruitment curve
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Summary biomass

Sensitivities
(Steepness)
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Sensitivities
(Steepness)
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Sensitivities
(Steepness)
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Sensitivities
(Steepness)

Likelihood profile on steepness
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F multiplier and steepness

Sensitivities
(Steepness)
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Management quantities

Sensitivities
(Steepness)

Base case—
Caso base h=009 h=08 h=075 h=07 h=10.6 h=0.5
(h=1)

MSY-FEMS 106,706 104468 102782 101994 101.199 00 483 97415
Brisy- Brus 418 468 547941 679829 754430 838483 1051330 1375260
Snsy- SEMS 105969 146270 187294 210470 236,561 302,550 402 818
Busy/Bo- Brus/Bo 0.24 028 0.32 033 0.34 0.37 0.39
Snsy/So- Srus/So 0.20 0.25 0.28 030 0.31 0.34 038
Cracent/ MSY- Cracen/ RMS 0.97 0.99 1.00 1.01 1.02 1.04 1.06
Biecant/ BMs Y- Biecant/ BrMS 1.02 0.90 0.83 0.80 0.78 0.74 0.70
Stacant/ SMEY-Sracmt/ SEMS 1.08 0oz 0.84 0.81 0.79 0.74 0.70
F multiplier-
Multiplicador de F 1.05 0.93 0.85 0.82 0.80 0.74 0.68




Projections
(base case)
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Sensitivity analyses

® Adult natural mortality (Appendix B)
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Summary biomass
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(Adult M)

1 500 000

1 000 000

500 000 -

1980 1990



Sensitivities
(Adult M)

Recruitment e

Base case-Caso base

Recruitment (millions of fish)
Reclutamiento (milliones de peces)

1980 1990 2000 2010
—a~ Base case-Caso base

c = 7 ?
.-'g Qo -©- Mg ! | v
>
o O
O£ 2 l ] 1
) Vo
il 9 -] "' t |
o 7 5
> EE A 1 “ ‘ ﬂ ' _
i 5 nly: 2. i l 4 4
RO B I L L I 7 S B ad (T8 1P aa v -
& 8 agl W ) i o o T v ! A

m = ) = = 5

O -

| |
1980 1990 2000 2010



Sensitivities
(Adult M)
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Sensitivities

Likelihood profile onadult M __Ag
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Sensitivities
(Adult M)

F multiplier on adult M

1.8
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1.2
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Female M-M hembras 0.08 0.10 0.12 0.14 0.16 0.18 020 0.22 0.24 0.26 0.28

Male M-M machos  0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24
Adult M-M adulta



Sensitivities
(Adult M)

Management quantities

G

M1 M2 | Basecase| M3 M4 M5 NG N7
Female M 0.09 0.12 0.14 017 019 022 024 027
Male M 0.05 0.08 0.10 013 015 0.18 0.20 0.23
MSY_RMS 100282 94542 |106.706 112,840 117.782  121.804 124.890  127.458
Bassy- Brus 561920  487.368 |418.468 410145416585 413296 410355 407473
Saisy- Saus 168599 138347 |105.969 103381 99.086 95860 92700  §9.789
Bsv/Bo- Bras/Bo 027 0.25 024 024 025 0.25 0.25 0.25
Susy/So- Sras/So 0.26 0.22 0.2 02 02 02 0.2 02
Cracent/ MSY-
comemst 15 1.03 1.09 0.97 091 087 0.85 0.82 0.81
Bisceny Brisy- 0.29 0.73 1.02 113 12 125 1.29 131
Byacant/ BRI
Seoomnt/ SMSY-Scecmy/Sints 026 0.76 1.08 12 128 133 137 14
F multiplier- 041 0.73 1.05 121 133 142 15 156
Multiplicadorde F
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Sensitivity analyses

® Sensitivity analysis to the weighting assigned to the size
composition data (Appendix C)




Sensitivities
(weighting)

Summary biomass
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Sensitivities
(weighting)
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Sensitivities
(weighting)

Length comp weighting
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Sensitivities

Management quantities

Base case PS-all ». = 0.05 LL-all»=0.05

All =005 LL-allx=1 LL14-172=1 PS-alli=1 PSS 1
MSY-RMS 106,706 90124 98.180 97.018 95334
Brizv- Brus 418 468 312 484 313,793 409722 388,362
Shasv- Seass 105,969 71818 72.708 106,472 99 877
Brizv/Bo- Brags/Bo 0.24 0.29 0.29 0.24 0.24
YO0 RN/ 0.20 022 022 0.20 0.20
C e MSY -
C oy B MS 0.97 1.04 1.05 1.06 1.08
Bt/ Brisv- Biceos/ Brnss 1.02 047 041 1.01 0.86
S emcent 15 v Sgaceny RIS 1.08 0.36 032 1.12 0.97
F multiplier-

Multiplicador de F 1.05 0.54 0.51 0.85 0.85




Sensitivity analyses

® Qverall results



Sensitivities
(Overall)

Management quantities

Appendix-Anexo
A B C
Base case Adult M-M adulto i=1
h=0.75 LL LL PS PS-S

Caso base Sens M1 3ems M3 |\ Todas 1417 |AlLTodas 2
MSY-RMS 106,706 [101.994 [100282 121804 [ 99124 08180 | 97018 95334
Byisy- Brus 418.468 |754.430 |561.929 413296 [312.484 313,793 [409.722 388362
Shsy- Saes 105,969 |210470 |168599 95869 | 71,818 72,708 |106472 99,877
Brsv/Bo- Brus'Bo 0.24 0.33 0.27 0.25 0.29 0.29 0.24 0.24
Shisv/So- Seass/So 0.20 0.30 0.26 0.20 0.22 0.22 0.20 0.20
C oy MSY - C ooy RMS 0.97 1.01 1.03 0.85 1.04 1.05 1.06 1.08
B e/ Brisy- Bragene/ Brots 1.02 0.80 0.29 1.25 0.47 0.41 1.01 0.86
Stzcant S0tz v -Semceny SRS 1.08 0.81 0.26 1.33 0.36 0.32 1.12 0.97
F multiplier- . ) )
Multiplicador de 1.05 0.82 0.41 1.42 0.54 0.51 0.95 0.85 :




Sensitivities

Model uncertainty

F relative to MSY-F relativa al RMS

25
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Summary

Summary: key results o

e Recovery trend since 2004 coinciding with beginning of IATTC
tuna conservation resolutions

e But this recovery was not sustained since 2010 and biomasses
were reduced to lowest historic levels at the start of 2013

e The recent decline may be related to series of below average
recruitments coinciding with strong La Nina events (since 2007)

e However, at current fishing mortality levels, and average
recruitment, SBR is predicted to stabilize at about SBR at MSY

1.2

1.0

0.8 1

0.6

SBR

0.4 1

0.2+

004




Summary: key results (cont.)

Summary

e The recent fishing mortality
rates are estimated to be
below the level
corresponding to MSY

(Frecent < FMSY)

e The recent levels of
spawning biomass are
estimated to be above the
MSY level (S,..cnt > Smsy)

e But the recent estimates
are uncertain (low
precision)

F relative to MSY—-F relativa al RMS
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Summary

Summary: key results (cont.)

e However, these interpretations are highly
sensitive about the following assumptions:

= Steepness of stock-recruitment relationship
= Adult natural mortality levels
=  Weighting assigned to the size composition data

25

@ Base case-Caso base
+ Steepness (h)-Inclinacion (h)

LL-LF weighting (lambda)
Ponderacién LL-LF (lambda)

O Adult M—M adulta

2.0

1.5

 Lambda Al 0.1

1.0 h=095 | 4
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0.0

! ! ! !
0.0 0.5 1.0 1.5 2.0 25 3.0
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Summary

Plausible Sensitivities and Uncertainties <=

e Results are more pessimistic with:

= The inclusion of a stock-recruitment relationship
= Lower rates of adult natural mortality (M)

Up-weighting the size composition data (LL in particular)
= Higher L,

e Results are more optimistic with:

= Higher rates of adult natural mortality (M)
= LowerlL,




Summary

What is robust =

e Relative trend

e Recent decline in biomasses

* Lower biomass compared to historic levels

1.2+
104
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Summary

Summary: key results (cont.)

F relative to MSY-F relativa al RMS
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Sensitivities
(Overall)

Likelihoods

Appendix-Anexo
A B C
Data Basecase | | _oac Adult M-M adulto i=1
=073 LL LL Ps LL
Datos Caso base Sens M1 Sens MS AlL 1417 | Al 2
CPUE
1 19584 195156 191832 196.000( 102452 102688( 103038 19504
2 445238 442195 429116 441636| 450213 446798 422471 443206
3 613 606963 726421 830431 B73637 691472 B3083F 491523
4 21275 2117 217637 212022 217036 216482 21366 116.769
5 600 TO6EI6| 122763 331137| EBOe6T7I 100219 11433 110729
12 36.04| 57.3324| 317447 571803 370969 507934 63.1018  36.0167
13 164453 1687537 130042 161.369( 142791 134081( 267705 216091
14 6760 676281 6734 B6T7G6IRE| 533868 63202 667725 675925
13 6662 664128 6601 668038 572760 3ETI00| 50609092 332831
16 0200 0E1472 O767 Q30399 L46007 946036 978970 LF0B33
17 -13143( -131.139 -13143 131503 -128206 -12E.197 123538 -130.666
18 1780 17.2513 1623 176372 169731 2009719 134437 175684
19 17200 169689 19180 169.001 197636 186622 172701 174137
Total 163751 -363.327| 362444 364070 343560 344723 3380950 351629
Size compositions— Composicién por talla
1 350732 3305 5351812 3403 5364414 3627 159005 330037
2 25.1443 2312 283671 2347 278636 2632 200884 270032
3 41.7469 4179 435306 4162 456855 4325 32B8201 432651
4 433528 4316 4330 4319 4535335 4508 773006 441171
5 27.8305 2776 32.00 2787 327235 2078 203006 268177
] 381109 38.17 38235 3817 384488 3824 124149 321183
7 557242 3343 3361 F36E| 308472 3914 131071 337707
12 126024 12.61 12.66 1260 313795 1301 13.7197 126066
13 158381 25370 26.01 2360 614318 2331 278317 273064
14 246072 2460 24 82 2462 340473 3327 232326 246
13 338083 37.19 3769 3121 492388 4893 414491 361078
16 16.233 16.34 16.03 1634 403302 4044 167004 162187
17 198067 2057 2231 1608 120932 12208 23.0363 194320
18 196126 1961 1963 1960 334303 1926 1935067 196119
19 2193176 2044 2077 2034 60.7296 3062 301632 28036
Total 471108 4723520| 48518% 462523 7385313 631422| 1519038  727.143
[Recruitment-Reclutamiento
330666 -54 7508 374801 -56.6466| 422057 4220857 276621 430154
Total 32200 34451 25264 41.807) 372657  244.404] 11533347 332501
0O




Sensitivities
(Overall)

Average effective sample sizes

Appendix-Anexo
A B C
Data Base case W =0.75 Adult M-M adulto i=1
=013 LL LL Ps LL
Datos Caso base Sens M1 Sens M5 All-Todas 14.17 All-Todas »
1 1901 1992 20.00 1997 1916 1923 2142 1903
2 6630 66.44 5463 6679 36.13 6093 7724 78129
3 5477 55.11 4720 5527 5031 5402 67.06 38123
4 649 6.61 6.44 6.53 300 6.11 608 6.30
3 4910 4074 35329 3046 37.23 4026 3025 3268
] 19 84 19 26 20.20 19.78 1947 1912 30.15 19 24
7 1425 14.03 14 38 14.06 14.55 1465 14.08 14.06
12 7337 7358 73.04 73.65 71.75 68.71 67.02 7327
13 44 .43 44 96 4163 44 97 4867 4211 40.52 4221
14 6001 6082 7095 7022 101.13 112.09 7622 T70.00
13 24330 10962 58.02 g85.04 07.40 103 .80 3435 156.76
16 13832 15729 163.03 13623 19721 198 38 157.77 158 88
17 114 .08 10090 10135 183.07 17396 17352 2693 114 .40
18 2696 26.84 26.86 8734 00 48 8757 g6.07 2605
19 T6.12 T6.48 74 56 76.01 2193 66.08 7432 7848
Average-
| Promedio 73.16 6341 5797 67.29 71.03 7117 3006 68.70
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