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Management history of LCS complex

LCS complex established in 1993 FMP because of lack
of species-specific data (consisted of 22 spp)

First 5 (formerly LCS) Prohibited Species designated In
1997 (white, whale, basking, sand tiger, and bigeye sand
tiger)

Additional 6 (formerly LCS) Prohibited Species
designated in 1999 FMP

1999 FMP also proposed distinction between
“ridgeback” (sandbar, silky, tiger) and “non-ridgeback”
(blacktip, bull, spinner, lemon, nurse, and three
hammerhead spp), but did not pass



The LCS groupings In this assessment

o LCS: 22 species

e LCS - Prohibited (11 species; prohibited spp are:
dusky, night, sand tiger, bigeye sand tiger, whale,
basking, bignose, Galapagos, Caribbean reef,
narrowtooth, white)

e LCS - Prohibited — sandbar — blacktip (9 species)



Why these groupings?

e To try and reconcile the results of the 2002 assessment,
which at the time showed that the LCS complex (~22
spp) was overfished with overfishing occurring, whereas
the two main spp in the complex (blacktip and sandbar)
showed healthy status (blacktip) or overfishing only
(sandbar)

e So the DW considered that removing prohibited spp and
(blacktip+sandbar) could help clarify situation and
alleviate industry concerns
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Catches by sector: why numbers?

Commercial (in weight; use average weights from observer
program to estimate numbers)

Pelagic longline discards (in numbers and weight)
Recreational (MRFSS + Headboat + TXPWD; in numbers)
Unreported commercial catches (a proportion)

Bottom longline discards (a proportion)

Mexican (artisanal) catches (in numbers)

Gulf menhaden fishery discards (in numbers)

Confiscated Mexican catches in US (in numbers + proportion)



Catches by sector: LCS-Baseline

B Commercial Landings O Pelagic longline discards O Recreational catches
B Unreported catches W Bottom longline discards @ Mexican catches
B Menhaden fishery discards O Confiscated Mexican catches in US
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Catches by sector: LCS-Prohibited spp-Baseline

B Commercial Landings B Pelagic longline discards B Recreational catches
B Unreported catches W Bottom longline discards O Mexican catches
B Menhaden fishery discards O Confiscated Mexican catches in US

=
o

o
=<
S o8-
wn
IS
(2]
o 0.6 -
c
®
wn
5
£ 04
=
S 02
©
O

0.0

1981
1982 -
1983
1984 -
1985
1986
1987
1988 -
1989 -
1990 -
1991 -
1992 -
1993 -
1994 -
1995 -
1996 -
1997 -
1998 -
1999 -
2000 A
2001 -
2002 -
2003 -
2004

Year



Catches by sector: LCS-Prohibited spp-BT-SB-
Baseline

B Commercial Landings B Pelagic longline discards B Recreational catches
B Unreported catches W Bottom longline discards B Menhaden fishery discards
O Confiscated Mexican catches in US
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CPUE series: LCS-Baseline

FISHERY-DEPENDENT: ENP, BLLOP,
Bottom LL Logs, Gillnet Observer, Pelagic Log (Pt.
Salerno, Crooke LL, MRFSS-incl. Requiem,
MRFSS-excl. Requiem)

FISHERY-INDEPENDENT: PC Gillnet, NMFS
LL SE, SC LL Recent, VA LL, NMFS LL NE, SC
LL Early (PC LL, MS Gillnet)
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CPUE series: LCS-Prohibited spp-Baseline

FISHERY-DEPENDENT: BLLOP, Bottom LL
Logs, Gillnet Observer, Pelagic Log (MRFSS-incl.
Requiem, MRFSS-excl. Requiem)

FISHERY-INDEPENDENT: PC Gillnet, NMFS
LL SE, NMFS LL NE (PC LL, MS Gillnet)



|CS-Prohibited spp-
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Baseline Indices

LCS - Prohibited Species (Fisheries Dependent)

—#— BLLOP

—a&— Bottom LL Logs

Gillnet Observer

—— Pelagic Log

- - & - -MRFSS - including requiem
- - @ - -MRFSS - excluding requiem

r G00Z
- ¥00¢
- €00¢
- ¢00¢Z
- T00Z
- 000¢
- 6661
- 8661
- ,66T
- 9661
- G661
- V66T
- €661
- ¢66T
- 1661
- 066T
- 6861
- 8861
- /86T
- 9861
- G861
- 7861
- €861
- 86T
- 1861
- 0861
- 6461
- 86T
- L.6T
- 9261
- G.6T
- V.61
- €L6T

T T T T
Lo < o™ N

$821pu| aAIR|eY

¢l6T

Year



|CS-Prohibited spp-

CPUE series
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CPUE series: LCS-Prohibited spp-BT-SB-Baseline

FISHERY-DEPENDENT: BLLOP, Bottom LL
Logs, Gillnet Observer, Pelagic Log

FISHERY-INDEPENDENT: PC Gillnet, NMFS
LL SE, NMFS LL NE



LLCS-Prohibited spp-BT-

SB-Baseline (F-D)

Baseline Indices

CPUE series

LCS - prohibited species, sandbar, & blacktip sharks (Fisheries Dependent)
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LLCS-Prohibited spp-BT-

CPUE series

SB-Baseline (F-1)

Baseline Indices

LCS - prohibited species, sandbar, and blacktip sharks (Fisheries Independent)
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Inputs-Priors for LCS-Baseline

Model started in 1972 (first year of Indices)
Catches for 1972-1980 = Co ~ LN (534.9, 1)

r ~ LN (0.045, 0.44, 0.001,2.0) {

N o | N (1’ 0.2,0.2, 1_1) Mean (1981-2004)
K~ U on log K (10°-10°)



Inputs-Priors for LCS-Prohibited spp-
Baseline

 Model started in 1972 (first year of Indices was
1992)

e Catches for 1972-1980 = Co ~ LN (494.6, 1)

« 1~ LN (0.046, 0.45, 0.001,2.0) I

e N Lhivis LN (1, 0.2,0.2, 1_1) Mean (1981-2004)
« K~UonlogK (10°-10°)



Inputs-Priors for LCS-Prohibited spp-
BT-SB-Baseline

 Model started in 1972 (first year of Indices was
1992)

e Catches for 1972-1980 = Co ~ LN (136.1, 1)

e 1~ LN (0.043, 0.43, 0.001,2.0) I

e N Lhivis LN (1, 0.2,0.2, 1_1) Mean (1981-2004)
« K~UonlogK (10°-10°)



Surplus production modeling approaches

1) Bayesian SPM
—  Observation error in CPUE

— SIR algorithm for numerical integration
— Implemented in VB

2) State-space Bayesian SPM
—  Observation error in CPUE
—  Process error in biomass (unobserved state)
—  MCMC for numerical integration
— Implemented in WIinBUGS



LCS NES;PROH, 1:CS5:PREESB-B I

EV CcVv EV CVv EV CV
Importance function  priors priors priors
K 35677 0.5 51387 0.45 31534 0.8
r 0.048 0.47 0.05 0.47 0.046 0.46
MSY 395:5° 7 "0 591620 .4 F0.627 34T 0.96
Noo4 24133 0.71 40500 0.56 27899 0.88
Nooa/ K 0.63 0.25 0.75 0.19 0.81 0.2
Ninit 32578 0.52 45485 0.46 27944 0.82
Noooa/ Ninit 0.69 0.23 0.85 0.21 0.92 0.21
Co004/MSY 0.8 0.47 0.56 0.61 0.37 0.87
Fo004/Fmsy 0.74 0.7 0.44 0.95 0.29 1.32
Nogoa/Npmsy 1x785 0.25 1.49 0.19 1.61 0.2
Cop04alTEPY 0.927 037 0.792 0.39 0.66 35.39
Nmsy 17839 0.5 25693 - 0.45 | 15767 0.8
Fusy 0.024 0.025 0.023
repy 299.2 0.3 $51.2 - 0:33" 15159 0.56
Co 421.7 1 467 SN P O 1.24
Diagnostics
CV (WY /CV (L*p) 0.58 0.54 0.32

%maxpWt 0.006 0.002 0.003




SPM results for LCS-Baseline: Predicted biomass trend at posterior mode of
the BSP model fitted to catch and CPUE data

LCS (22 species)
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SPM
results for
LCS-
Baseline:
BSP
estimated
relative
biomass and
fishing
mortality
rate
trajectories
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SPM results for LCS-Baseline: Model fits to the individual CPUE series

Relative CPUE

Model fits to CPUE series: LCS (22 species)
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SPM results for LCS-Baseline: Prior and posterior pdfs for K, r, and Co
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N/Nmsy

SPM results for LCS-Baseline: Projections

Projections for LCS (22 species)
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SPM results for LCS: Estimated biomass and relative biomass and fishing
mortality rate trajectories of the WIinBUGS SPM.
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SPM results for LCS: WINBUGS SPM model fits to the CPUE series

Model fit to DGNOP series Model fit to NMFSLLSE series Model fit to PCGN series
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SPM results for LCS: WINBUGS SPM model fits to the CPUE series

Model fit to CFL series
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SPM results for LCS-Prohibited spp-Baseline: Predicted biomass trend at
posterior mode of the BSP model fitted to catch and CPUE data

LCS without prohibited species (11 species)
—e— Gillnet Obserer —a— P C Gillnet —=—BLLOP —o—NMFS LL SE Bottom LL Logs
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SPM results for LCS-Prohibited spp-Baseline: Model fits to the individual

Relative CPUE

CPUE series

Model fits to CPUE series: LCS (11 species)
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SPM results for LCS-Prohibited spp-Baseline: Prior and posterior pdfs for
K, r,and Co

prior posterior ‘
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SPM results for LCS-Prohibited spp-Baseline: Projections

Projections for LCS without prohibited species (11 species)
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SPM results for LCS-Prohibited spp-BT-SB-Baseline: Predicted biomass
trend at posterior mode of the BSP model fitted to catch and CPUE data

LCS without prohibited species, blacktip, and sandb ar sharks (9 species)
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SPM results for LCS-Prohibited spp-BT-SB-Baseline: Model fits to the

Relative CPUE

Individual CPUE series

Model fits to CPUE series: LCS without prohibited species, blacktip, and sandbar
sharks (9 species)
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SPM results for LCS-Prohibited spp-BT-SB-Baseline: Prior and posterior
pdfs for K, r, and Co
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SPM results for LCS-Prohibited spp-BT-SB-Baseline: Projections

Projections for LCS without prohibited species, blacktip,and
sandbar sharks (9 species)
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Continuity scenario for LCS: CPUE series

FISHERY-DEPENDENT: Gillnet Observer, Pt.
Salerno, Hudson, JAX, Crooke LL, Brannon, LPS,
Charterboat, BLLOP, Bottom LL Logs, Pelagic Log,
MREFSS (with requiem), NC#, Tampa Bay

FISHERY-INDEPENDENT: VA LL, NMFS LL
NE Late, NMFS LL NE Early, SC LL Early, SC LL
Recent, NMFS LL SE



LCS Continuity scenario: CPUE series that did not change

LCS continuity scenario: series that did not change
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Relative CPUE

Relative CPUE

Relative CPUE

Relative CPUE

LCS Continuity scenario: CPUE series that changed

LCS continuity scenario series that changed:
Gillnet Observer
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LCS continuity scenario series that changed:
Pelagic Log
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Inputs-Priors for LCS-Continuity scenario

Model started in 1975 (first year of Indices)
Catches for 19/6-1980 = Co ~ LN (534.9, 1)

r ~ LN (0.113, 0.49, 0.001,2.0) {

N o | N (1’ 0.2,0.2, 1_1) Mean (1981-2004)
K~ U on log K (10°-10°)



LCS-Continuity, Eq. W LCS-Continuity, Inv. W  LCS-Retrospective

EV CVv EV CVv EV CVv
Importance function  priors priors priors
K 12298 0.65 8109 0.11 35750 0.49
r 0.203 0.55 0.21 0.17 0.047 0.47
MSY 481.3 0.37 417 0.07 397.9 0.62
N2goa 7492 0.86 3333 0.13 25426 0.7
Nogoa/ K 0.6 0.21 0.41 0.12 0.66 0.25
Ninit 11292 0.67 8051 0.13 36151 0.52
Nogoa/Ninit 0.66 0.22 0.42 0.12 0.66 0.23
Co004/MSY 0.56 0.31 0.6 0.08 0.94 0.52
Foo0a/ Frmsy 0.51 0.52 0.74 0.17 0.83 0.75
N2ooa/Nmsy 2 0.21 0.83 0.12 1132 0.25
Cogoalrepy 0.617 0.27 0.638 0.1 o7 2 55.4
Nmsy 6149 0.65 4054 0.11 17875 0.49
Fuvsy 0.101 0.105 0.024 0.47
repy 422.7 0.17 395.6 0.1 279.7 0.38
Co 291.9 0.94 138.6 0.65 415.3 1
Diagnostics
CV (Wt) / CV (L*p) 43 1.09 0.5

%omaxpWt 0.096 Z5 0.015




SPM results for LCS-Continuity scenario: Predicted biomass trend at
posterior mode of the BSP model fitted to catch and CPUE data

LCS continuity scenario

—8 _GillnetObserver —¥—SC LL Recent —B _BLLOP
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NMFS LL NE Late —8 NMFS LL NE Early Pelagic Log
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SPM
results for
LCS-
Continuity
scenario:
BSP
estimated
relative
biomass and
fishing
mortality
rate
trajectories
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SPM

results for LCS-Continuity scenario: Model fits to the individual
CPUE series

Mo del fits to CPUE series: LCS (continuity scenario)
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SPM results for LCS-Continuity scenario: Prior and posterior pdfs for K,
r, and Co

‘ prior posterior ‘
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IN/Nmsy

SPM results for LCS-Continuity scenario: Projections

Projections for LCS continuity scenario with equal weighting Projections for LCS continuity scenario with inverse CV

weighting
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Inputs-Priors for LCS-retrospective analysis

* Model ended in 2001

e Catches for 1972-1980 = Co ~ LN (571.8, 1)

« r~ LN (0.045, 0.44, 0.001,2.0) {

e N e | N (]_, 0.2,0.2, 1_1) Mean (1981-2001)
« K~Uonlog K (10°-109)



SPM results for LCS-retrospective analysis: Predicted biomass trend at
posterior mode of the BSP model fitted to catch and CPUE data

LCS retrospective scenario
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SPM results
for LCS-
Retrospective
analysis: BSP
estimated
relative
biomass and
fishing
mortality rate
trajectories
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SPM results for LCS-Retrospective analysis: Model fits to the individual

Relative CPUE

CPUE series

Model fits to CPUE series: LCS (retrospective scenario)
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Sensitivity Analyses

Inverse CV weighting
Including all CPUE series
Removing one CPUE series at a time

Using 1981 catch as a fixed catch for the years 1972-
1980



INVERSE CV WEIGHTING LCS EES-PROFA' T 'ZESIRROH-SB-BT

EV CVv EV CV EV CcVv
Importance function multivariate t priors priors
K 12624 0.18 54958 0.41 28497 0.86
r 0.1 0.33 0.058 0.46 0.057 0.51
MSY 298.8 0.19 744 0.53 341.8 0.9
Noooa 4604 0.14 44108 0.49 24665 0.94
Nogoa/ K 0.37 Qv 5 \G: A8 20,15 0.79 0.18
Ninit 12411 0.187, 47627~ 043 24074 0.88
N2ooa/Ninit 0.38 0.16 092 0.18 0.95 0.21
Cop0s/ MSY 0.88 032575778142 051 0.31 0.7
Foooa/ Fymsy 1.24 0.41 0.3 0.7 0.23 0.93
N5ooa/Nmsy 0.74 0.17 1296 . -.0115 1.59 0.18
Cogoalrepy 0.968 Q.S ueEY 7. 033 0.541 29.45
Nysy 6312 Q18+ 27479, ‘0.4 14249 0.86
Fuvsy 0.05 0.029 0.029
repy 276.3 0238="id 1237 *0:31 138.6 0.55
Co 211 0.79 607 1.13 201.5 1.46
Diagnostics
CV (Wt)/ CV (L*p) 3.3 1.14 2.09

%omaxpWt 4.265 0.013 0.146




LES LCS-prohibited

ALL CPUE SERIES MRFSS with MRFSS without MRFSS with MRFSS without
requiem requiem requiem requiem

EV CVv EV CVv EV CVv EV CV

Importance function  priors priors priors priors

K 35484 - 0.47% 26481 ~0:44 7, /565690 0.4 .- 25945, -.0.57
r 0,0551850.49¢ < /0:05 = 40.48-  =0.05~ ~ 0:4ik 15:0.06 +.-0.48
MSY 430 0.53 313 0i49 - 704.57 | 10.56 =289.37. - 0.65
N2ooa 25804 0.64 16803 0.7 44461 0.48 14866 0.97
Nogoa/ K 0.69 el QO b’ 10, T/ 23-T0NS 0.5 0.35
Ninit 362478 D58 2746288 495487204 ~042F - 23466+ 1059
N2ooa/Ninit Q:e84¢=%0.19, - 1 0.58::55022 .39 . -0a#=s.0.56-"1 0:33
Cs004/MSY 037255 06~ 510, 98 SO AR 1 (AGE - 2/0:58 1.09 0.46
Foooa/Fmsy 0.58  0.62 0.9 0.59 LA REERE Y 132 0.7
Noooa/Nmsy .87 Qo1 148 £ -0:25 1547 +=0718 1.0 =:0:35
Coooalrepy 0.94 3.82 1.09 3t 0.7 0.37 1.23 0.44
Nysy 1778 20 A e 433907 D: 44221860 1204 - 12072 +:0.57
Fuvsy QB s=0.49 ~/ 0.037%048 v 0:03" "0 f s 010275/ 0148
repy 303 0.32 260 0.32 398 0.33 236 0.38
Co 426 0.99 352 0.93 514 1.12 347 1.05
Diagnostics

CV(Wt)/CV (L*p) 0.73 0.72 0.78 0.66

%omaxpWt 0.036 0.051 0.025 0.071



REMOVING 1 CPUE SERIES AT A TIME: LCS

Series removed Gillnet e SE =it NMFS LL Bottom NMFS LL Pelagic SC LL
Observer Gillnet ENP Recent BLLOP  SE EBFlogs.- s NE Log Early VALL

EV EV EV EV EV EV EV EV EV EV EV

Importance function  priors  priors priors priors priors  priors priors priors  priors priors  priors

K 33401 35128 36517 35184 34807 34626 35113 34851 37259 37233 44171
r 0.05 005" =sseh="0.05" Q085 0.05 0.05 0.05 0.05 005 0.05
MSY 367 396 415 397 390 382 395 390 433 422 514
Noooa 23054 24907 25825 24960 24556 24332 24889 24604 27133 27027 33867
Nogoa/ K 0.64 0.66+= £0.65- 4 0.66, . 5-0%65 0.65 0.66 0.66 G563 &= UaRd . 204/2
Ninit 389034 35599, 365207 8562235274 y#35163 = 35576 L 485345 L =87¥555" 376774 43283
N2ooa/Ninit 0.63 066 % .0.652-.0.66 065 0.65 0.66 0.65 068 068 0.74
Coo0a/ MSY 0.87 0.81 0.8 081 0.82 0.84 0.81 0.82 074755076 . 0.65
Faoooa! Fmsy 0.8 Q7%+ 0:74 0.7 0.72 0.75 0.71 0.72 9062 | 064 ¥ ~0bE
Noooa/ Npsy 1307 1.32 1.29 1.32 131 1.3 1.32 1.31 1.36 1.86 1.45
Cooalrepy 1.08 1:04 3. +1208 1,04 % 208 1.07 1.04 1.05 0.98 Bl . 0.92
Nysy 16700 17564 18258 17592 17403 17313 17557 17425 18629 18616 22085
Fuvsy 0.02 0:02 - SniPmeg- 025 ()I02 0.02 0.02 0.02 (RO Seemna."- §:612
repy 269 281 287 283 279 274 282 278 298 290 319
Co 401 417 476 418 414 408 417 413 440 432 432
Diagnostics

CV(WH/CV(L*p) 053 054 051 055 054 052 0.54 054 057 053 045
9%maxpWi 0014 ° 0017 0019 0017 0016 0012 0017 0015 0.032 0.016 * 0.009




REMOVING 1 CPUE SERIES AT A TIME: LCS-PRO

Series removed Gillnet R NMFS LL Bottom NMFS LL Pelagic
Observer Gillnet BLLOP SE LL Logs NE Log
EV EV EV EV EV EV EV
Importance function  priors  priors  priors priors priors priors priors
K 48796 51093 50693 50383 50925 50770 52207
r 0.05 0.05 0.05 0.05 0.05 0.05 0.05
MSY S ¥de) 615 609 599 612 610 650
N2ooa 37572 39888 39488 39168 39725 80572 /40955
Noooa/ K 0.72 0.74 0.73 0.73 0.74 0.74 0.75
Ninit 43426 45271 44921 44764 45122 45003 45809
Noooa/Ninit 0.81 0.84 0.83 0.83 0.84 0.84 0.86
Co004/ MSY 0.62 0.56 0.57 0.59 0.57 0.57 0.52
Foo0a/ Fmsy @:53 0.45 0.46 0.49 0.46 0.46 0.4
NonoaNiids 1.44 A8 T 1.46 1.47 4547 1.49
Coooalrepy 0.84 0.79 0.79 0.81 0.79 0.79 0.74
Nusy 24398 25547 25346 25192 25463 25385 26104
Fuvsy 0.02 0.03 0.03 0.02 0.03 0.03 0.03
repy 343 360 358 351 359 358 378
Co 439 460 457 447 458 457 496
Diagnostics
CV (Wt /CV (L*p) 041 0.53 0.51 0.47 0.52 0.52 1

YomaxpWt 0.006 0.004 -0.009 0.006 0.008 0.008 0.062




REMOVING 1 CPUE SERIES AT A TIME: LCS-PRO-BT-SB

Series removed Gillnet rl3; NMFS LL Bottom NMFS LL Pelagic
Observer Gillnet BLLOP  SE LL Logs NE Log

EV EV EV EV EV EV EV
Importance function priors  priors  priors  priors priors priors priors
K 30695231490+ 30874 .. 31255, +31381 31270 32600
r 0.05 0.05 0.05 0.05 0.05 0.05 0.05
MSY 353 357 355 360 361 359 378
Noooa 20070 -2 7548 1~2 72435 ¥&i61Y 27134 27636 28894
Noooa/ K 0.79 0.8 0.79 0.8 0.8 0.8 0.81
Ninit 23463927804 4 27509+ 22¥819- . 4 27946 27887 28901
N2ooa/Ninit 0.9 0.9 0.9 0.91 0.91 0.9 0.93
Cs004/MSY 0.39 0.38 0.39 0.37 0.37 0.38 0.34
Foooa/Frmsy 0.33 0.31 0.32 834 0.31 0.32 0.26
Nogoa/Nmsy 1.59 1.6 1.59 1.6 1.6 1.6 1.63
Copoalrepy 0.72 0.68 0.72 0.71 0.71 0.71 0.61
Nmsy 15340 2216595 1 154371 £85627 = « £ 15690 15635 16300
Fumsy 0.02 0.02 0.02 0.02 0.02 0.02 0.02
repy 119 119 119 120 120 119 126
Co 132 32 132 133 132 131 142
Diagnostics
CV (Wt) / CV (L*p) 0.24 s 0.25 0.26 0.26 0.24 0.78

YomaxpWt 0.008 .4.10,002 -.+:0.008" ' :20.008 0.008 0.006 0.074




Results combined: Biological reference points (phase plot
of relative biomass vs. relative fishing mortality)
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Additional slides

» Stock-recruitment curve; position of inflection
point
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(density dependence)
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Relationship between R (position of inflection point of population growth
curves) and the rate of increase per generation for 6 species of sharks

Position of inflection point of population growth curves
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Steepness (in terms of maximum lifetime reproductive rate)
for the same six species of sharks

Beverton-Holt recruitment curve
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Results combined: Biological reference points (phase plot
of relative biomass vs. relative fishing mortality)

2,

Numbers in parentheses are
e probabilities of being overfished
and of overfishing occurring
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No,/Nyisy Posterior pdfs of points in phase plot Fos/Fsy

8.00E-01 6.00E-01
7.00E-01 —— .
6.00E-01
5.00E-01 \ 4.00E-01
C— |W 4.00E-01 \ 3.00E-01 1
3.00E-01
\ 2.00E-01 1
2.00E-01 \
1.00E-01 \ 1.00E-01 1
0.00E+00 w w 0.00E+00
0 1 2 3 4 5 6 0 1 2 3
2.50E-01 2.50E-01
2.00E-01 ~ 2.00E-01
1.50E-01 1.50E-01 -
R 2001 BASE 1.00E-01 1.00E-01 -
5.00E-02 5.00E-02 -
0.00E+00 , ‘ ; ; ; 0.00E+00
0 1 2 3 4 5 6 0 1 2 3
4.50E-01
3.50E-01

4.00E-01 +
3.00E-01 - /\ 3.50E-01 -
2.50E-01 3.00E-01 -

LCS-No pro h | 200014 2.50E-01 \

2.00E-01
1.50E-01 -

Sp p_ BASE 1.00E-01 1.508-01 1

1.00E-01 -
5.00E-02 - / \ 5.00E-02 |
0.00E-+00 : ‘ : : 0.00E+00




No,/Nyisy Posterior pdfs of points in phase plot Fos/Fsy

4.00E-01

0.4

3.50E-01 & 0.35 |
H 3.00E-01 4
_S-No proh spp ssea A \\

SB_BT_BASE 2.00E-01 - / \ 062.2 7 \

1.50E-01 | 015 |
1.00E-01 o1 N
5.00E-02 | 0.05 ~
0.00E+00 : : : ‘ : o : :
0 1 2 3 4 5 6 0 1 2 3
1.20E-01
4.00E-01
3.50E-01 A 1.00E-01 | /\
3.00E-01 1 / \ 8.00E-02
2 50E-01 l \
» 00E-01 / \ 6.00E-02
1.50E-01 4.00E-02 |
1.00E-01 |
SEW02-BASE 2.00E-02
5.00E-02 — ~— 1
0.00E+00 : : : : : 0.00E+00 : : : : :
0 1 2 3 4 5 6 0 1 2 3
1.20E+00 1.20E+00
1.00E+00 1.00E+00
8.00E-01 | A 8.00E-01
6.00E-01 6.00E-01
4.00E-01 | 4.00E-01
SEWO02-1W 2.00E-01 2.00E-01
0.00E+00 : : : ‘ ‘ 0.00E+00
0 1 2 3 4 5 6 0 1 2 3




Posterior pdfs of points in phase plot
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No,/Ny ey Posterior pdfs of points in SANDBAR phase plot F,/F, <
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No,/Nyey Posterior pdfs of points in BLACKTIP-G phase plot  F,,/F, /s
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BSP

No,/Nyey Posterior pdfs of points in BLACKTIP-A phase plot
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SPM
results for
LCS-
Continuity
scenario:
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relative
biomass and
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mortality
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