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Outline
SEDAR 46 Results for Assessment method 1:DLMtool
Results to be presented for each species-island unit:

1. Management Strategy Evaluation (MSE)

Real world application of the DLMtool
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Interpretation of results
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Conclusions

Overall summary
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Photos from NOAA Photo Library (http://www.photolib.noaa.gov/).

Results
Application of the DLMtool to six species-island units

PR hogfish dive fishery STT queen triggerfish trap fishery ~ STX spiny lobster dive fishery
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Photo from NOAA Photo Library (http://www.photolib.noaa.gov/)

Results
 Species: hogfish
 |sland: Puerto Rico
» (ear: diving

Content:
 MSE
 Operating model
 Convergence
* Tradeoffs & performance
 (Catch calculations
 (Catch sensitivities
 (uidance
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Puerto Rico hogfish: Operating model (OM)

Base OM:
o Stock (15% variability)
 Fleet (Asymptotic)
 QObservation (precise, unbiased)

Alternative OMs:
 Stock (5% variability)
* Fleet (Asymptotic)
 Qbservation (imprecise, biased)
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Puerto Rico hogfish: MSE performance results

» Model convergence

* Tradeoff plots allow comparison of performance of feasible
management procedures (MPs) between base and alternative
OMs

* Feasibility defined by data sufficiency

« Sensitivity to assumptions made within OM components
(stock, observation model inputs)
« Life history
« Bias and quality of data inputs
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Puerto Rico hogfish: Model convergence

o,

Assumes: - S -
l‘) A
© I
 Base stock, ® o =
ol .
fleet, and ® = ©
subclass OM - . = ¥
. @ ©
scenarios £ S-
o - o -
¢ n=500 S|mS, 0 100 200 300 400 500 0 100 200 300 400 500
250 reps Simulation Simulation
S .
w
o
Vv
n 3 -
% All MPs converged at threshold = 1%
D 2
2 Most MPs reached convergence by
— N . .
= ~ 300 simulations
= 1 I 1 1 I 1
0 100 200 300 400 500
Simulation
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Puerto Rico hogfish: Tradeoffs in performance by MP

Assumes:
ef
Base stock, fleet, ™ eocage W | O
and subclass - s |
. 2 islope _ YPR_ML = mean length estimator,
Scenarios g el T ! yield per recruit
. - - Presented later by Quang Huynh
Long-termyield: =™ R— y J iy
The fraction of 60
simulations .
achieving over I T
50% FMSY it
yield over the . _pSer
final 10 years _ 1o
of the = %K
. . 5 DCAC4010
projection 2 o
FMSYref: B
85
e  Assumes
perfect oy I I I I ]
. . 80 85 90 95 100 105
InformatIOﬂ Prob. of not overfishing (%)
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Puerto Rico hogfish: Tradeoffs in performance by MP

Assumes:

Base stock, fleet,
and subclass
scenarios

Long-term yield:

«  The fraction of
simulations
achieving over
50% FMSY
yield over the
final 10 years
of the

projection
FMSYref:
e Assumes
perfect
information
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Long-term yield

Long-term yield

| DD pb¥& e ]
100 EDCAGtio MBCKD 100
DCAC4010 2
90 | ~ 90
c
IsIIo e1 y e
slope =
. - YPH_ML
80 MML 8 % 3 MCD
70 - % 70 - DCAC4010
SPMSY _8'
60 T 60 - ECAC
Fratio
50 | 50 |
T T T T & T T T T T T T
50 60 70 80 100 50 60 70 80 v 90 100
105 101
FMSYref CC4 lItarget1 BBISYref
100 - pp4d1s 2 100 - L),
5D =
©
95 - = 99 ITMO
a
DCAC4010 Q@ SPMSY DD4010
90 % 98 -
S IT5
85 o 97 -
ISl CCA
80 96 -
T T T T T T T T T T T
80 85 ) 95 100 105 80 85 ) 95 100

Prob. of not overfishing (%)

Prob. biomass above half BMSY (%)
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Puerto Rico hogfish: MSE performance

Base Stock

Alt Stock

15% LH, Asymptotic selex

5% LH, Asymptotic selex

MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY
Reference MP
FMSYref 95.2 986 100 100 FMSYref 9% 96.3 100 100
MPs producing 6 highest long-term yields that meet AP criteria
DD4010 93.2 98.7 99 984 DD4010 98 969 99.8 93
DD 76.8 974 989 100 DD 88.8 956 994 99.8
EDCAC 579 969 974 58.4 EDCAC 67.4 955 97.8 62
MCD 79 982 96.6 758 MCD 85.7 9% 969 774
Fratio 61.8 94.9 96 52 Fratio 60.9 91 964 53.2
BK 79 951 93,5 59.2 YPR 54.6 86.4 955 504
Other MPs that meet AP criteria
DCAC4010 92 986 915 684 BK 76.2 93 939 60.6
Islopel 55.6 82.2 83 96.2 DCAC4010 96.1 96.8 88.9 68
Isloped 573 82.1 80.2 96.2 Islopel 53.4 78.7 84.4 96.6
IT10 69.1 915 79.8 98.8 Isloped 55.6 78.8 78.8 96.4
IT™M 68.8 91 783 98.8 LstepCC4 57.6 79.8 68.6 97.6
ITS 67 885 774 97 LstepCCl 57.7 795 68,5 97.8
LstepCC1 59.4 833 742 96.2 SPMSY 67.8 87.2 684 98.2
LstepCC4 59.1 83.2 741 96.2 1IT10 75.3 88.7 62.1 99.2
SPMSY 80.5 92.1 638 982 ITM 74.8 88.3 61.6 99
cca 73.9 92 304 100 IT5 70.6 86.3 61 98.4
Itargetl 784 949 26.3 100 Itargetl 69 885 31.3 100
Ltarget4 92.6 97.5 24 998 cCc4 67.3 85.2 238 99.8
Ltargetd 88.4 941 2.5 100

@ NOAAFISHERIES
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Results for each OM
sorted by long-term yield
(LTY)
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Puerto Rico hogfish: MSE performance

Base Stock

Alt Observation model

15% LH, Asymptotic selex

Imprecise, Biased

MP PNOF B50 LTY  AAVY MP PNOF B50 LTY  AAVY
Reference MP

FMSYref 95.2 98.6 100 100 FmSYref 95,5 973 100 100
MPs producing 6 highest long-term yields that meet AP criteria

DD4010 93.2 98.7 99 984 |[slopel 55.2 76.8 71.2 93.4
DD 76.8 974 98.9 100 |slope4 56.3 76.8 65 93
EDCAC 57.9 969 974 584 |stepCC4 579 78.1 618 95.2
MCD 79 982 96.6 758 [stepCCl 57.9 783 59.8 95.6
Fratio 61.8 94.9 96 52 SPMSY 75.2 88.2 59.8 97
BK 79 951 935 592 15 64.1 825 57.2 96.8
Other MPs that meet AP criteria

DCAC4010 92 986 915 684 |T10 67.1 855 56.4 982
Islopel 55.6 82.2 83 96.2 ITM 66.9 85 545 97.8
Islope4 57.3 821 80.2 96.2 |targetl 679 838 283 71.2
IT10 69.1 915 798 988 cc4 62.1 796 269 84.2
™ 68.8 91 783 98.8 |target4d 779 89.2 17.2 65.6
ITS 67 885 774 97

LstepCC1 59.4 833 742 96.2

LstepCC4 59.1 83.2 741 96.2

SPMSY 80.5 92.1 63.8 98.2

Ccc4 73.9 92 304 100

Itargetl 784 949 26.3 100

Ltargetd 926 97.5 2.4 99.8

Wt F
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Results for each
OM sorted by long-
term yield (LTY)
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Puerto Rico hogfish: Catch recommendations

* MPs shown for catch recommendations which:
 Met performance criteria specified by SEDAR 46 DW/AW Panel

 Produced the highest relative long-term yields in the MSE relative
to the FMSYref
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Puerto Rico hogfish: Catch recommendations

- Summary statistics (TACs, in pounds)
: 25th . 75th
mMm Percentile AGRIEL Percentile S

producing hest long-term yields that meet AP criteria

68,551 123,440 282,430 2,948,048
11,387 84,777 173,400 385,546 2,333,902
6,936 28,000 44,959 68,063 245,645
1,652 11,404 17,283 24,213 63,112
51,302

o
O
5
o
-_—
o

75,670 105,420 250,913

Other MPs that meet AP criteria

33,629 43,635 49,368 54,459 77,728
23,369 33,215 37,415 41,354 53,197

1,880 17,922 34,898 48,329 74,192
27,654 37,093 41,262 45,919 66,965
30,163 37,885 41,765 47,914 59,958
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*NOAAF'SHER'ES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 13



Puerto Rico hogfish: Real world catch sensitivity

200 A
MCD - Cat MCD - Dep

150 A

Dashed lines indicate 5% and 95%
percentiles

100 %,

T T T T T T T T T
1.0 1.5 20 00 01 02 03 04 05 06

i 4 Fratio- Mort Fratio - FMSY_M j

JIPTIRYACAE
T T T T T T T T T T T T T T T
0 500000 1500000 2500000 012 014 016 0.18 020 0.22 0 1 2 3
1000 . ,
BK - Abun BK- vbLinf BK - vbK BK - LFC ;
800 - :
600 it S
/ WA N
400 - A TR AR
TR TN gy o} gt S
200 W M e A e L L
/\/\"V‘MW"\NW\N\.\.\/W\——\,_ ," ' mmmm e T m——— . R -

T T T T T T T T T T T T T T T T
2500000 700 800 900 1000 1100 005 010 0.15 020 0.25 100 200 300 400 500

T T T
0 500000 1500000
Parameter/ variable input level

>
f w U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 14

<,

H

'\ g
.

2

NOAAFISHERIES




Puerto Rico hogfish:
Catch sensitivity
(cont’d)
Sensitivities:
« CV_Catch=0.35
» 2 x CV_Catch (0.70)

<
M NOAA FISHERIES

gy

TAC (pognds X 10(195)

(4]
(=]
1

CV_Cat

MCD Islope1 p arget SPMS CC4
base 0.70 base 0.70 base 0.70 base 0.70 base 0.70 base 0.70
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Puerto Rico hogfish:
Catch sensitivity
(cont’d)
Sensitivities:

« CV_Catch=0.35

. 2x CV_Catch (0.70)

100 -
50 ‘ \ 50 ‘ ‘
base 0 0.5Ab: 2.0Al b 0.5Ab: 2.0Al e 0.5Abun  2.0Abun

 Abundance (501,235)
2 X Abun
* 0.5 xAbun

<
M NOAA FISHERIES

gy

TAC (pognds X 10(195)

TAC (pounds x 1000s)

(4]
(=]
1

MCD Islope1 Islope4 Itarget1 SPMSY CcC4

CV_Cat

ot un 4 un ot a . o X
Abun Sensitivity, CV_Cat = 0.35 Abun Sensitivity, CV_Cat = 0.70
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Puerto Rico hogfish: ./ T o T T [ o [ [ =
Catch sensitivity = mll D
(cont’d) -
Sensitivities: SRR IPRALE L ElRl Rl
« CV_Catch=0.35 _ | o |
» 2x CV_Catch (0.70) _ B
» Abundance (501,235) 5.
+ 2 x Abun 1 N AN m ]
o 05 X Abun Abun Sensitivity, CV_Cat = 0.35 Abun Sensitivity, CV_Cat = 0.70
* Depletion (0.135) 8
‘2Xpep i
* 0.5x Dep Sl

=3
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Dep Sensitivity, CV_Cat = 0.35

Dep Sensitivity, CV_Cat= 0.70

Data-limited Model/Management Procedure
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CV_Cat=0.35 CV_Cat=10.70

DD DD4010 200 - Fratio DD DD4010

N
o
o
1
T
=

Puerto Rico hogfish:
Catch sensitivity .

Y
(o))
o
1
|
|

TAC (pounds x 1000s)
a )
o o o
e [
w [ g
(e}
h [
]
o

(cont'd) N H
in

Egm EHgn
Sensitivities: 2 325383583 3 5 3 253 3583 3 5

« CV_Catch =0.35
» 2 x CV_Catch (0.70)
* LH (low, base, high)
 Mort (0.13, 0.16, 0.18)
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Puerto Rico hogfish:
Catch sensitivity
(cont’d)

Sensitivities:
e« CV Catch=0.35

» 2 x CV_Catch (0.70)

* LH (low, base, high)

 Mort (0.13, 0.16, 0.18)
* vbLinf (722, 849, 976)

2

;’@ NOAAFISHERIES
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TAC (pounds x 1000s)
a © a 9
o o o o

o

TAC (pounds x 1000s)

CV_Cat=0.35 CV_cat=0.70
DD DD4010 200 - DD DD4010
_ 150 w i [ ]

100

H N H H

2 3 5 & 3 5 g3 5 2 3 &5 2 3 B 3 5
S Mot < T S Wt = TR
DD DD4010 200 - DD DD4010
- 150 _

100

50 -

0
5 2 8 5 32 5 5 &2 8 o 32 5
< S ypLinf © = < S ypLinf © =
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CV_Cat=0.35 CV_Cat=10.70

P uerto RiCO hogfis h : 200 Fratio DD DD4010 200 - Fratio DD DD4010
CatCh SenSitiVity 150 150 — —
(cont’d)

100 -

TAC (pounds x 1000s)
)
o
1

50

low ]
high ]

Sensitivities: °

[4)]
o
1
base ]
low |
high |
o
base

@ - A — @ z < @ > = @ 2 =
@ 3 > ©» 3 =) @» 3 > © 3 =]
B B S = s [ g = B
o a o o

Mort Mort

° CV_CatCh = 0-35 200 BK DD DD4010 200 BK DD DD4010

@
o
(=4 - - —
- 2x CV_Catch (0.70) &« . I
B
S 100 100
L ] g
Q
* LH (low, base, high) ™ W W
» Mort (0.13,0.16,0.18) - o
" ) " ) " ®» T £ 2 £ o z = ®» =T £ @ - — R R —
$ 52 2 3 5 23 5 @2 2 58 2 38 5 2 3 8 2
' = < vbLinf = = < vbLinf =
* vbLinf (722, 849, 976)
! ! 200 — BK DD DD4010| SPMSY 200 - BK DD DD4010| SPMSY
« vbK(0.09,0.11,0.12) £ I m Il
vV ( . y U y VU S 150 - B 150 - _ -
2 — - _
B
5100 100 -
g
Q
= 50 - H 50 H H
: qon AN
(oS S R I~ S N — S T — (TR T~ - S TR i~ S
f§ s 2 Eg k] %aoég 5 2 5§ s 2 Eg s 2 E§ k] gaoéﬁ s 2 Eg s 2
Data-limited Model/Management Procedure
ﬁiﬁiﬁx
fvf} NOAA FlSHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 20
R



Puerto Rico hogfish: Guidance table for comparing MPs

Considerations important in selecting between MPs:

 Performance metrics (PNOF, B30, LTY, AAVY) by method type:
» Abundance-based
* Depletion-based
« Data moderate

* |ndex-based
Catch-based

« Life history inputs (e.g., spatial relevance, confidence in estimates)

 Data inputs (bias in catch, selectivity, index of abundance, fleet
representativeness)

¥
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Puerto Rico hogfish:
Guidance table

Considerations:
Performance metrics

2\ /A

f»*“’“"“‘m
@“ NOAAFISHERIES

Hmimeror

catchand F

Abun-based Dep-based Data-moderate Index-based Catch-based
LRaramator i
Fratio BK MCD DD DD4010 |Islopel |Islope4 | Itargetl SPMSY Ccca
PNOF 61.8 79 79 76.8 93.2 55.6 57.3 78.4 80.5 73.9
B50 94.9 95.1 98.2 97.4 98.7 82.2 82.1 94.9 92.1 92
LTY 96 93.5 96.6 98.9 99 83 80.2 26.3 63.8 30.4
AAVY 52 59.2 75.8 100 98.4 96.2 96.2 100 98.2 100
Known,
Known, constant
Mort constant
across age
across age
150 Uncertainty from Uncertainty from
protogyny protogyny
vbt0
Life history
vbK Life history Growth characterizations
e ETET e characterizations reflective of PR
reflective of PR reflective of PR
vbLinf
wla
wlb
Age characterizations Ag'e .
Maxage . characterizations
reflective of PR .
reflective of PR
Cat Known, informative of historical removals
TIP sampling
LFC representative of
selectivity
FMSY_M Known
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort
reporting
Known,
estimated from
Dep
TIP samples and
life history
Known, estimated from current
Abun
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Puerto Rico hogfish:

Guidance table

Considerations:

e LH parameters derived

from South Atlantic
e Hermaphroditism

>
e
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N

TIP samples and
life history

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio BK MCD DD DD4010 |Islopel |Islope4 | Itargetl SPMSY Ccca
PNOF 61.8 79 79 76.8 93.2 55.6 57.3 78.4 80.5 73.9
B50 94.9 95.1 98.2 97.4 98.7 82.2 82.1 94.9 92.1 92
LTY 96 93.5 96.6 98.9 99 83 80.2 26.3 63.8 30.4
AAVLY. 52 592 75.8 100 ag 4 962 962 100 982 100
Known,
Mort S Known, constant
across age
across age
150 Uncertainty from Uncertainty from
protogyny protogyny
vbt0
Life history
vbK Life history Growth characterizations
e ETET e characterizations reflective of PR
reflective of PR reflective of PR
vbLinf
wla
wlb
Age characterizations Ag'e .
Maxage . characterizations
reflective of PR .
reflective of PR
Cat Known, informative of historical removals
TIP sampling
LFC representative of
selectivity
FMSY_M Known
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort
reporting
Known,
estimated from
Dep

Abun

Known, estimated from current
catchand F
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Puerto Rico hogfish:
Guidance table

Considerations:

 Underreporting of catch

» Representativeness of
fleet: selectivity & index
of abundance

f»*“’“““‘m
@”‘ NOAAFISHERIES

>
e

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio BK MCD DD DD4010 |Islopel |Islope4 | Itargetl SPMSY Ccca
PNOF 61.8 79 79 76.8 93.2 55.6 57.3 78.4 80.5 73.9
B50 94.9 95.1 98.2 97.4 98.7 82.2 82.1 94.9 92.1 92
LTY 96 93.5 96.6 98.9 99 83 80.2 26.3 63.8 30.4
AAVY 52 59.2 75.8 100 98.4 96.2 96.2 100 98.2 100
Known,
Mort S Known, constant
across age
across age
150 Uncertainty from Uncertainty from
protogyny protogyny
vbt0
Life history
vbK Life history Growth characterizations
e ETET e characterizations reflective of PR
reflective of PR reflective of PR
vbLinf
wla
wlb
Age characterizations Ag'e .
Maxage . characterizations
reflective of PR .
reflective of PR
Cat Known, informative of historical removals
TIP sampling
LFC representative of
selectivity
FMSY_M Known
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort
reporting
Known,
estimated from
Dep

TIP samples and
life history

Abun

Known, estimated from current
catchand F
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Puerto Rico hogfish:
Guidance table

Considerations:

Highly uncertain
estimates of depletion &)

TIP samples and
life history

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio BK MCD DD DD4010 |Islopel |Islope4 | Itargetl SPMSY Ccca
PNOF 61.8 79 79 76.8 93.2 55.6 57.3 78.4 80.5 73.9
B50 94.9 95.1 98.2 97.4 98.7 82.2 82.1 94.9 92.1 92
LTY 96 93.5 96.6 98.9 99 83 80.2 26.3 63.8 30.4
AAVY 52 59.2 75.8 100 98.4 96.2 96.2 100 98.2 100
Known,
Known, constant
Mort constant
across age
across age
150 Uncertainty from Uncertainty from
protogyny protogyny
vbt0
Life history
vbK Life history Growth characterizations
e ETET e characterizations reflective of PR
reflective of PR reflective of PR
vbLinf
wla
wlb
Age characterizations Ag'e .
Maxage . characterizations
reflective of PR .
reflective of PR
Cat Known, informative of historical removals
TIP sampling
LFC representative of
selectivity
FMSY_M Known
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort
ralnr\rfina
Known,
estimated from
Dep

and current abundance

Abun

Known, estimated from current
catchand F
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Puerto Rico hogfish: summary

* Tradeoffs between MPs highlight the importance of selecting
performance criteria

 Considerable uncertainty present in data inputs for US Caribbean
species highlights caution when selecting MPs for management
advice
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Hogfish (Lachnolaimus maximus ) Puerto Rico Diving
Distributions and Medians (dashed) for

= Ma t Evaluation Performance Results
nagement tva ertol € nes .
P u e rto RI co Grdered by PNOF Ordered by LTV LMtoool Total Allowable Catch (TAC; pounds)
- — ] L)
No MP PNOF B850 No MP LTY  AAVY §~ - t | —— DD4010
- i\ — DD
. 1004010 | 93200889 1 DD4010 osalg || —
h o f I s h 2 SPMSY 805 921 2DD e o T Ié — Fratio
3 BK 79.0 3 MCD %6 78|y : : .
. .2 > _| 1 1
4 MCD 79.0 4 Fratio 96.0  52.0 & o E i
S Itargetl 784 5 BK 935 592| 0 < ¢ !
dsSsessmen cop 705828 cuoes 0 sl S 7|1\
7 cca 739 920 7isoped | 802 %625 ; .
— \
8 YPR_ML 8 YPR_ML 770 780 § o ] " I
summary 9 Fratio 9 SPMSY 638 982\ ® i :
- 4 o 1 '
10 Isloped 821 10cCca @» S P ——
11 Islopel 822 11 ltargetl ) 100000 200000
PNOF = Prob. of not overfishing (%); BSO = Prob. of B being DLMtool Catch Statistics (Ibs)
above 0.5 BMSY (%); LTY = Relative long-term yield (fraction of P Min Median  Max

simulations achieving > 50% FMSY yield over final 10
projection years); AAVY = fraction of simulations where
average annual variability in yield < 15%

Highest long-term yields in MSE
DD4010 3,637 123,440 2,948,048

Subset of Catch Statistics Sensitivities: oo _ 11,387 173,400 2,333,902
200 - 200 - Fratio 6,936 44,959 245,645
MCD - Cat MCD 1,652 17,283 63,112
150 A 150 - BK 17,760 75,670 250,913

Other MPs that meet AP criteria

Islopel 33,629 49,368 77,728
Islope4 23,369 37,415 53,197
SPMSY 1,880 34898 74,192
cca 27,654 41,262 66,965
Itargetl 30,163 41,765 59,958

Mean length estimator (Huynh)
YPR_ML (F0.1) 45,791

Catch Statistics (lbs)
Catch 35,297 65,754 131,073

0 1000000 2000000 100 200 300 400 sop |2014Catch 58,569
Paramatart variahle input el 2012-2014 Average Catch 59,946
Concerns and Caveats: 1983-2014 Average Catch 70,634

. Method-specific assumptions (e.g., constant M)

. Sensitivity to data inputs: life history parameters, depletion, and abundance

. Data quality: life history parameters derived from South Atlantic; hermaphroditic; underreporting of
catch; Appropriateness of fishery-dependent index of abundance, estimates of stock depletion and
current abundance, appropriateness of TIP data in quantifying length at first capture

Considerations:

* Exclude MPs with catch recommendations near or exceeding maximum observed catches (DD/DD4010)

*  Weigh trade-offs in metrics and data quality

=
=3
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Photo from NOAA Photo Library (http://www.photolib.noaa.gov/).

Results

« Species: yellowtail snapper
 |sland: Puerto Rico

 (ear: handline

Content:
 MSE
 Operating model
 Convergence
* Tradeoffs & performance
« (Catch calculations
 (Catch sensitivities
 (uidance
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Puerto Rico yellowtail snapper: Operating model (OM)

Base OM:
o Stock (15% variability)
 Fleet (Asymptotic)
 Qbservation model (precise, unbiased)

Alternative OMs:
* Stock (5% variability)
* Fleet (Asymptotic)
 Observation model (imprecise, biased)

2
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Puerto Rico yellowtail snapper: MSE performance results

» Model convergence

* Tradeoff plots allow comparison of performance of feasible
management procedures (MPs) between base and alternative
OMs

* Feasibility defined by data sufficiency

« Sensitivity to assumptions made within OM components
(stock, observation model inputs)
« Life history
« Bias and quality of data inputs
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Puerto Rico yellowtail snapper: Model convergence

Assumes:
 Base stock,
fleet, and
subclass
OM scenarios

* n=500 sims,
250 reps

4

percse,
{ @ :
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‘v«)

e oF
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N

Relative Yield

50

Prob. B/BMSY < 0.5

150

100

40 60 80

20

o
2 -
= S _|
N N
>
2 2-
| b
ha
! S
a &F
— = B "
T T T T T T T T T T T T
0 100 200 300 400 500 0 100 200 300 400 500
Simulation Simulation
B All MPs converged at threshold = 1%
Most MPs converged by ~
1 . ' . . . 300 simulations
0 100 200 300 400 500
Simulation
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Puerto Rico yellowtail snapper: Tradeoffs in performance by MP

Assumes: FMSYref mgu&‘etﬁr
100 DD4010 100
*Base StOCk, fleet, PRratio  MCD . . YPR_MLY “ o= DD4010
and subclass OM  _ ®1 mwoooss T %0-
. 2 DCAR0 g
Scenarios Z w0- tsested 2 o0 DCAC4010
5 S
§ 70 YPR_ML é 70 -
Long-term yield: N SPMSY g |
Fraction of "
simulations oL . , . ] 01 ] . ] , ,
. . 50 60 70 80 100 50 60 70 80 90 100
achieving over ¥ Vv
50% FMSY ] i
yield over the 100 - rsYret 2100 - CC4  DDitargett LigiacHe
i ITT
final 10 years 3 5 s
of the ! g " % 1 |s'fo%%4é! PMSY
) . {;” | DCAC4010 ; |
projection g " _—
FMSYref: 85 - £ 974  DCAC_40
*  Assumes o | -
e rfe Ct 810 8|5 9l0 9I5 1 (I)O 1 (|)5 8I0 8]5 9]0 9I5 1 (IJO
P
Inform at| On Prob. of not overfishing (%) Prob. biomass above half BMSY (%)
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Puerto Rico yellowtail snapper: MSE performance

Base Stock Alt Stock
15%LH, Asymptotic selex 5%LH, Asymptotic selex
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY
Reference MP
FMSYref 88.9 99.1 100 99.8 FMSYref 89.4 99.1 100 100 gﬁﬂsuns f(:jr salch
sorted by long-
MPs producing 6 highest long-term yields that meet AP criteria :
DD4010 75.3 97.7 97.2 95.6 DD4010 82.9 98 98.1 97 term yleld (LTY)
DD 55.7 92.7 96 100 DD 60 93.2 974 100
MCD 716 984 943 656 MCD 713 984 9% 674
Fratio 59.5 91.7 94.1 51 Fratio 59.1 91.8 94.8 51
DCAC4010 93.7 99.2 904 79.4 DCAC4010 92.8 99.2 92 74.8
DCAC 62 84.7 86.8 97.4 |IT5 61.1 84.5 87.7 98.8

Other MPs producing lower long-term yields that met AP criteria

ITS 63.4 86.2 86.5 99.2 ITM 56.6 84.6 86.9 99.2
IT10 56.3 849 86.5 994 1IT10 56.3 84.8 86.8 99.2
IT™ 55.8 85.2 86.4 99.4 DCAC 53.2 81,5 85.5 97.8
DCAC_40 61.5 82.9 83 96.8 Islopel 549 79.5 821 982
Islopel 60.9 82.6 81.3 98.6 DCAC_40 52.2 793 813 96.6
Isloped 61.1 82.2 79 98.4 Islope4d 55.4 79.2 81.3 98
LstepCC4 63.3 835 786 98.8 LstepCCl 57.6 80.4 79 98.2
LstepCC1 63.5 83.6 77.9 98.8 LstepCC4 57.6 80.5 78.7 98.2
SPMSY 72.6 85 60.8 98.4 SPMSY 71.8 83 63.7 984
Cc4 77.6 89.6 32.2 100 cCC4 74.8 879 36.5 100
Itargetl 87.3 948 222 100 Itargetl 85.3 944 248 100
Ltargetd 96.7 98.7 12 100 Ltarget4 96.2 985 0.7 100
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Puerto Rico yellowtail snapper: MSE performance

Base Stock Alt Observation model
15%LH, Asymptotic selex Imprecise, Biased
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY
Reference MP PNOF B50 LTY VY
FMSYref 889 99.1 100 99.8 FMSYref 89.7 99.1 100 100 RGSUltS for eaCh
OM sorted by long-
MPs producing 6 highest long-term yields that meet AP criteria . y g
DD4010 75.3 97.7 97.2 956 DCAC 569 79.4 771 90.6 term yleld (LTY)
DD 55.7 927 96 100  |slopel 57.8 779 726 94.4
MCD 716 984 943 656  DCAC 40 58.2 788 722 95.6
Fratio 59.5 91.7 941 51 Islope4 58.1 77.7 705 94.2
DCAC4010 93.7 99.2 904 794 ITS 60.5 80 69.3 96.8
DCAC 62 847 868 974 710 572 80 69.2 974

Other MPs producing lower long-term yields that met AP criteria

ITS 63.4 86.2 86.5 99.2 IT™M 57.4 799 69.2 972
IT10 56.3 849 86.5 994 LstepCC4 60.3 793 67.5 96.4
IT™M 55.8 852 86.4 994 LstepCC1 60.7 79.3 67 96
DCAC 40 61.5 82.9 83 96.8 SPMSY 79.9 88 531 96.6
Islopel 60.9 82.6 81.3 98.6 cca 64.6 785 27.8 83.2
Isloped 61.1 822 79 984 ltargetl 73.2 8 255 73.2
LstepCC4 63.3 83.5 78.6/ 98.8 Ltarget4 84 91.1 154 67.8
LstepCC1 63.5 83.6 779 98.8
SPMSY 72.6 85 60.8 984
cca 77.6 89.6 322 100
Itargetl 87.3 948 22.2 100
Ltargetd 96.7 98.7 1.2 100
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Puerto Rico yellowtail snapper: Catch recommendations

 MPs shown for catch recommendations which:
* Met performance criteria of the SEDAR 46 DW/AW Panel

* Produced the highest relative long-term yields in the MSE
relative to the FMSYref

2
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Puerto Rico yellowtail snapper: Catch recommendations

I
-

MPs producing 6 hig

Summary statistics (TACs, in pounds)
h

25th 75t

PercentiIeMed'an Percentile

Max

-term yields that meet AP criteria

pPZIEOE 27,628 223,580 450,093 5,924,792

1,097,725

11,424 155,288 368,194 946,563 7,153,145
CcD 8,006 108,531 189,991 287,409 759,445
32,926 99,141 156,541 236,985 732,805

Other MPs that meet AP criteria

0.0

78,516 134,495 157,096 177,837 247,785
68,293 115,929 132,242 151,066 229,522
C4 72,870 115,029 129,130 163,585 265,171
PMSY 4,232 77,414 125,071 169,584 255,162
Isloped 69,387 99,364 112,336 129,604 185,335
I orn g}
‘NY4 NOAAFISHERIES

C
N

%,

— DD4010

e |
-

«
o

relative frequency
0.6
|

T = T = T T T T T
200000 400000 600000 800000 1000000 1200000 1400000
OFL (pounds)

Dashed lines indicate median value for each MP
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Puerto Rico yeIIowtaiI snapper: Real world catch sensitivity

800 - b = 8000 - : T

" ’
600 - MC'D ga;" : MC‘?J-"Dep 6000{ DD-Cat  .& an DD - Ind P
400 - A 4000 - T LR RV U Y T WY N ARON
’.;v'l _____________ I A v 7Y W :;n'vﬂ\,,,'; PV e 1L R
200 o - ] 2000 wdif . v
0 - --_Iﬂ\v-“"v—l’wv\'- T T T Il I' T T 0— _—I__-_<.I_~'——I- _____ I__‘___I _____ | B—
0.5 1.0 15 2.0 25 0.0 0.5 1.0 1.5 0.5 1.0 1.5 20 25 06 08 10 12 14 16 1.¢
8000 -
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snapper: Catch N Y alw
sensitivity (cont’d) L.
Sensitivities: il H H i H |

2 S 3 8 2 S 2 8 2 S 2 S é S 2 S
_ s P s = s P s cC V_Ca? = 8 = s = s =
« CV_Catch=0.46
J— . 400 400
Fratio Fratio
« 2 x CV_Catch (0.92
. 300 300 -
- <}
o
S
x
172
2200 200
=
o
a
 Abundance (1,416,390) <
) ] =100 4 100
« 2 xAbun
0 0
base 0.5Abun 2.0Abun base 0.5Abun 2.0Abun
° O 5 Ab Abun Sensitivity, CV_Cat = 0.46 Abun Sensitivity, CV_Cat = 0.92
0 X ADUN
400 - MCD 400 MCD
2300 - 300
o
H S
* Depletion (0.33 :
' €200 200 -
o
2
« 2XDe 2
100 100 -
* 0.5xDe
N 0 0
base 0.5Dep 2.0Dep base 0.5Dep 2.0Dep
Dep Sensitivity, CV_Cat = 0.46 Dep Sensitivity, CV_Cat = 0.92

Data-limited Model/Management Procedure
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600 CV_Cat=0.46 600 CV_Cat =0.92

low [ ]

Sensitivities: °

Puerto Rico yeIIOWtaiI . Fratio DD _DD401E iy Fratio DD DD4010
snapper: Catch =] il S
sensitivity (cont'd)  I=-

= 100 |] 102_[‘ H |]

base |

3 253258 2533533258
Mort Mort
_— 600 600
° CV_CatCh = 046 DD DD4010 DD DD4010
78,;500— - 500 — _
« 2x CV_Catch (0.92) 2w _ | w0 _
(2]
S 300 300
3
. 82oo— 200
« LH (low, base, high) 2
(low, base, hi
+ Mort (0.16,0.19,0.22) - o
' ) ' ) ' 3 2 S b 2 = b 2 = & 2 =
s = T e A = < s = (S = r=
. vbLinf vbLinf<
» vbLinf (427, 502, 578)  «
) t DD DD4010 SPMSY DD DD4010 SPMSY
—~500 500
[72]
* VbK (0.12,0.14,0.16) & mmm _
. )y M y M 24004 400 - N
&
T 300 300
3
£200 200
©
<
=100 HHI—’ 100 - HHH
0 0
[} B = [0} x = 0] - - 0] 2 < 0] : £ [0} B a=
R EEE S S EEEFEE BE

VvbK
Data-limited Model/Management Procedure
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Puerto Rico yellowtail snapper: Guidance table for comparing MPs

Considerations important in selecting between MPs:

 Performance metrics (PNOF, B30, LTY, AAVY) by method type:
» Abundance-based
* Depletion-based
« Data moderate

* |ndex-based
Catch-based

« Life history inputs (e.g., spatial relevance, confidence in estimates)

 Data inputs (bias in catch, selectivity, index of abundance, fleet
representativeness)

¥
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]
P u e rto RI co IAbun-based| Dep-based Data-moderate Index-based Catch-based
Parameter
I I t - I . Fratio MCD DD DD4010 Islopel Isloped Itargetl SPMSY cca
ye OW al Snapper. PNOF 59.5 71.6] 55.7 75.3 60.9 61.1 87.3 72.6 77.6
" B50 91.7| 98.4| 92.7 97.7 82.6 82.2 94.8 85 89.6
Gu |dance table LTY 94.1] 94.3 96 97.2) 81.3 79 22.2) 60.8 32.2
AAVY 51 65.6 100 95.6 98.6 98.4| 100 98.4 100
1 1 . Known,
o n S I e ra I o n S . Known, constant across
Mort Constant
age
\ across age
» Performance metrics —
150 Life history
characteriza
Vbto Life history ﬂtiops ]
characterizations reflective of
VK flective of PR PR
bLint reflective o
wla
wlb
Age
Age characterizations char:actenza
Maxage . tions
reflective of PR .
reflective of
PR
Cat Known, informative of historical removals
FMSY_M Known | | | |
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
estimated
fromTIP
Dep
samples
and life
history
Known,
estimated
Abun from
current
catchand F
f@w%x‘
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P u e rto RI co IAbun-based| Dep-based Data-moderate Index-based Catch-based
Parameter
I I t - I . Fratio MCD DD DD4010 Islopel Isloped Itargetl SPMSY cca
ye OW al snapper- PNOF 59.5 71.6] 55.7 75.3 60.9 61.1 87.3 72.6 77.6
» B50 91.7| 98. 92.7 97.7 82.6 82.2 94.8 85 89.6
Gu |dance table LTY 94.1] 94.3 96 97.2) 81.3 79 22.2) 60.8 32.2)
C 1 d t' u Known
o n S I e ra I o n S . Mort Constant Known, constant across
age
across age
150 Life hlsto.ry
characteriza
« MaxAge and Mort from & Lt history tions
characterizations reflective of
: vk flective of PR PR
Central Brazil bl refecie e
wla
wlb
Age
| Age characterizations char:actenza
Maxage . tions
reflective of PR .
reflective of
PR
at RAOWT, InTormative ot nistorical removais
FMSY_M Known | | | |
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
estimated
fromTIP
Dep
samples
and life
history
Known,
estimated
IAbun from
current
catchand F
/4 w%x‘
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P u e rto Ri co Parameter IAbun-based| Dep-based Data-moderate Index-based Catch-based
I I t H I " Fratio MCD DD DD4010 Islopel Isloped Itargetl SPMSY (oe}
ye OW al Snapper. PNOF 59.5 71.6] 55.7 75.3 60.9 61.1 87.3 72.6 77.6
" B50 91.7| 98.4| 92.7 97.7 82.6 82.2 94.8 85 89.6
Gu |dance table LTY 94.1] 94.3 94 97.2) 81.3 79 22.2 60.8 32.2)
IAAVY 51 65.6 100 95.6 98.6 98.4| 100 98.4 100
n n
C O n S I d e I'atl o n S : Mort le)nnz\fc\g:\lt Known, constant across
across age age
150 Life history
characteriza
Vbto Life history tions
VbK characterizations reflective of
bLinf reflective of PR PR
wla
wib
 Underreporting of catch B | e
. . i Maxage Age chara'ctenzatlons e
& inconsistencies reflectve of PR reflective of

I Known, informative of historical removals

* Representativeness of sz wmmn | [ | |
ﬂeet: index Of ¢ Ind Fishery dependent representative of population abundance,

dependent upon accurate effort reporting
abundance o
estimated
Dep fromTIP
samples
and life
history
Known,
estimated
Abun from
current
catch and F
I oo g
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]
P u e rto RI co IAbun-based| Dep-based Data-moderate Index-based Catch-based
Parameter
I I t - I . Fratio MCD DD DD4010 Islopel Isloped Itargetl SPMSY cca
ye OW al Snapper. PNOF 59.5 71.6] 55.7 75.3 60.9 61.1 87.3 72.6 77.6
" B50 91.7| 98.4| 92.7 97.7 82.6 82.2 94.8 85 89.6
Gu |dance table LTY 94.1] 94.3 96 97.2) 81.3 79 22.2) 60.8 32.2)
IAAVY 51 65.6 100 95.6 98.6 98.4| 100 98.4 100
1 1 u Known,
o n S I e ra I o n S . Known, constant across
Mort Constant
age
across age
150 Life histo.ry
characteriza
Vbto Life history ﬂtiops ]
characterizations reflective of
vbK .
- reflective of PR PR
vbLinf
wla
wib
Age
Age characterizations char:actenza
Maxage . tions
reflective of PR .
reflective of
PR
Cat Known, informative of historical removals
FMSY M| Known [ [ | |
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
. . ¢ estimated
* Highly uncertain from 1P
samples
estimates of depletion and Ife
history
and current abundance (o,
estimated
Abun from
current
catchand F
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Puerto Rico yellowtail snapper: summary

* Tradeoffs between MPs highlight the importance of selecting
performance criteria

 Considerable uncertainty present in data inputs for US
Caribbean species highlights caution when selecting MPs for
management advice

¥
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Puerto Rico
yellowtail
shapper
assessment
summary
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Yellowtail snapper (Ocyurus chrysurus ) Puerto Rico Handline

i L . P
Management Evaluation Performance Results Eistslimtions el M=dions fdushed) for
DLMtool Total Allowable Catch (TAC; pounds)
Ordered by PNOF Ordered by LTY o
No MP PNOF B50 No MP oY AW | & «~ 7| o\
= '
I = d
1 Itargetl 87 sm 1DD4010 | 972 956 © - '
2 cca 776 896 2DD 96.0 g o
3DD4010 7530877 3 MCD %43 658l % Al ¢
= ) 12 © 1 H
4 SPMSY 726 850 4 Fratio 941 5100 = o ||| H
° HINE
5 MCD 716/884 sislopel 813 e o |l :
6 Islope4 822 6 Islopes 79.0 B o ' !
N ‘
7 Islopel 826 7YPRML 770 7805 | :
8 Fratio 917 8SPMsY | 608 8§ o
2 \
9 DD 9 cca kol i 1
w o. 1 1
10 YPR_ML 10 Itargetl S b
PNOF = Prob. of not overfishing (%); B5S0 = Prob. of B being 0 400000 1000000
aboye 05 .BMSY (9.6); I.TY = Relative Iog—tem yield (fraction DLMitool Catch Statistics (1bs)
of simulations achieving > 50% FMSY yield over final 10 . -
MP Min Median Max

projection years); AAVY = fraction of simulations where
average annual variability in yield < 15%

Subset of Catch Statistics Sensitivities:

800 T 8000 |
MED - Dep
600 | 3 ~—__| e000-
4 //"' -
400 X 4000 -
|\/ -"-“4 e
200 2000 -
o ———
0.0 0.5 1.0 1.5 05 10 15 20 25

Highest long-term yields in MSE

DD4010 27,628 450,093 5,924,792
DD 11,424 368,194 7,153,145
MCD 8,006 189,991 759,445
Fratio 32,926 156,541 732,805
Other MPs that meet AP criteria

Islopel 78,516 157,096 247,785
ltargetl 68,293 132,242 229,522
cca 72,870 129,130 265,171
SPMSY 4,232 125,071 255,162
Islope4 69,387 112,336 185,335

8000 - = 7] 800

Fr. tio - Abun

TAC (pounds x 1000s)

Mean length estimator (Huynh)

600 - =
YPR_ML (F0.1) 201,354
400 -
‘ - 200 Catch Statistics (lbs)
0 Lememmmnmin T 02 Catch 122999 277,810 688,908

T T '4 - AV T T T T T T
05 1.0 15 20 25 Oe+00 3e+06  Ge+06
Parameter/ variable input level

Concerns and Caveats:

2014 Catch 200,667
2012-2014 Average Catch 186,790
1983-2014 Average Catch 297,299

*  Method-specific assumptions (e.g., constant M)

. Sensitivity to data inputs: life history parameters, depletion, and abundance

*  Data quality: life history parameters derived from Brazil; underreporting of catch and inconsistency in
recording snappers in data files; Appropriateness of fishery-dependent index of abundance, estimates
of stock depletion and current abundance, appropriateness of TIP data in quantifying length at first

capture
Considerations:

*  Exclude MPs with catch recommendations near or exceeding maximum observed catches (DD4010)
* Consider methods with high PNOF and LTY and weigh trade-offs in metrics
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Photo from NOAA Photo Library (http://www.photolib.noaa.gov/).

Results

* Species: queen triggerfish
 Island: St. Thomas/St. John

* (ear: pots and traps

Content:
« MSE
* Operating model
 Convergence
* Tradeoffs & performance
« (Catch calculations
 (Catch sensitivities
 (uidance
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St. Thomas queen triggerfish: Operating model (OM)

Base OM:

o Stock (15% variability)

* Fleet (High Dome)

 Observation model (precise, unbiased)

Alternative OMs:

* Stock (5% variability)

* Fleet (Moderate Dome)
 Observation model (imprecise, biased)
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St. Thomas queen triggerfish: MSE performance results

» Model convergence

* Tradeoff plots allow comparison of performance of feasible
management procedures (MPs) between base and alternative
OMs

* Feasibility defined by data sufficiency

« Sensitivity to assumptions made within OM components
(stock, fleet, observation model inputs)
« Life history
* Fleet representativeness (selectivity)
» Bias and quality of data inputs
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St. Thomas queen triggerfish: Model convergence

Assumes: , S -
« Base stock, fleet, 2] - o
o < || 8 =
and subclass g =
. S |k © 7
Scenarios 227k c
. = I S .|
* n=500 sims, § o |8 s
o B S
250 reps &
— i -
0 100 200 300 400 500 0 100 200 300 400 500
Simulation Simulation
8 <!
w0
()
v 8
S
(0]
- = | All MPs converged at threshold = 1%
m -
o
£ <
a Most MPs reached
o : I I I ‘ convergence by ~ 300
0 100 200 300 400 500 simulations
Simulation
yomeve,
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St. Thomas queen triggerfish: Tradeoffs in performance by MP

Assumes:

Base stock, fleet, and
subclass

scenarios

Long-term yield:

e  The fraction of
simulations
achieving over
50% FMSY
yield over the
final 10 years
of the
projection

FMSYref:

*  Assumes
perfect
information
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Long-term yield

Long-term yield

- FMSYref
90  [FPCAC ° DD4010
Fratio MCD
50 Isiope1 DCAC4010
b
Islopgfbr_ML
70 -
IT5
LstepCC4

ltarget1

60 -
cc4

50 SPMSY

I T T T T T

50 60 70 80 \ 90 100
100 —
98

FMSYref
96 —
94
92
DD

90

1 T T T T

80 85 90 95 100

Prob. of not overfishing (%)

ISRSRIE BV cf
100
X YPR_ML
v
~ 90
c
g DD4010
§ 80 |
> DCAC4010
2
70
g e08R
e
o 60 —
Fratio
50
T T T T |
50 60 70 $ 90 100
100.1 —
Itarget1 M@ Ltarge#SYref
100.0 — 9
X
v
—99.9
©
=] CC4
0 99.8
(72}
ko)
2997
§ ldlspeaCC4 IT5 DD
5996
]
o
99.5
SPMSY
99.4
T T T T T
80 85 90 95 100

Prob. biomass above half BMSY (%)
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St. Thomas queen triggerfish: MSE performance

Base Stock/Fleet Alt Fleet Alt Stock/Fleet
15% LH, high dome selex 15% LH, Moderate dome selex 5% LH, Moderate dome selex
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY
Reference MP
FMSYref 939 984 96.2 100 FMSYref 935 983 99.6 100 FMSYref 93.6 975 99.7 100
MPs producing 6 highest long-term yields that meet AP criteria
DD 81.7 969 90.9 99.6 DD 80.6 96.1 96.4 99.8 DD 88.1 963 974 99.2
EDCAC 54.4 97 89.3 64 EDCAC 52.8 97.1 94 60.8 DD4010 97.4 97.8 949 784
DD4010 95 98.6 86.6 82.8 DD4010 93.8 982 936 764 EDCAC 588 96.1 94.8 57.6
MCD 788 982 85 66 MCD 79.5 983 925 704 Fratio 59.2 912 92.1 53.8
Fratio 58.1 935 84.4 50.8 BK 59.3 914 905 55 MCD 84 974 91.6 68.8
Islopel 59.5 86.2 78 99.6 Fratio 59.2 923 90,5 56.2 BK 589 905 89.9 51
Other MPs producing lower long-term yields that meet AP criteria
DCAC4010 949 985 763 73.6 DCAC4010 941 985 84.6 75 Islopel 59.7 829 843 99.6
IT™ 72.7 93.6 743 100 Islopel 58 84.1 83.7 99.6 DCAC4010 96.7 978 82 76
IT10 73 935 73 100 IT™ 717 93 78.5 100 Isloped 62.5 83 75.2 99.6
Isloped 61.7 86.2 71.2 99.6 Isloped 60.5 84.1 78.4 99.6 IT™ 77.1 92 73.4 99.8
ITS 725 914 663 99.6 IT10 728 926 78 100 IT10 77.3 916 722 99.8
LstepCC4 63.9 872 644 99.6 ITS 73.1 905 74.7 99.8 LstepCC1 64.7 839 65.7 99.6
LstepCC1 63.8 87.2 642 99.6 LstepCC4 62.7 85 69.6 99.8 LstepCC4 649 84 63.9 99.6
Itargetl 53.1 87.5 60.6 100 LstepCC1 63 85.1 69.3 99.8 IT5 75.6 89.1 639 99.6
Ccca 584 849 522 9938 Itargetl 52.9 85.2 63.5 99.8 cca 56.7 80.1 53.4 99.8
SPMSY 794 904 473 994 cca 58.2 83.8 57.6 99.8 SPMSY 83.7 911 446 99.6
Ltarget4 91 96.6 9.1 100 SPMSY 80.1 909 49 99.8 Ltarget4 88.1 94 9 100
Ltarget4 89.1 955 94 100
D Results for each OM sorted by long-term yield (LTY)
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St. Thomas queen triggerfish: MSE performance

Base Stock/Fleet Alt Observation

15% LH, high dome selex Imprecise, biased

MP PNOF B50 LTY  AAVY MP PNOF B50 LTY  AAVY

Reference MP

FMSYref 939 984 962 100 FMsYref 938 985 966 100 Results for each
MPs producing 6 highest long-term yields that meet OM Sorted by |Ong'
AP criteria tel‘m y|e|d (LTY)
DD 817 969 909 99.6 DD 67.8 915 829 76.2

EDCAC 544 97 89.3 64 Islopel 639 849 638 974

DD4010 95 986 866 8238 Isloped 657 851 609 98

MCD 788 982 85 66 IT™M 69.5 89.1 564 99.8

Fratio 58.1 93.5 844 50.8 IT10 70.7 893 558 998

Islopel 595 8.2 78 99.6 LstepCC1 68.1 863 53.8 99.2

Other MPs producing lower long-term yields that
meet AP criteria

DCAC4010 94.9 98.5 76.3 73.6 LstepCC4 68.1 86.3 532 996
IT™M 727 936 743 100 ITS 723 885 513 99.6
IT10 73 935 73 100 SPMSY 79.7 89.7 40.3 99.2
Islope4 617 862 712 996 ltargetl 629 848 355 782
ITS5 72.5 914 66.3 99.6 cca 60 80.3 33.1 914
LstepCC4 639 872 644 996 Ltarget4 785 904 199 774
LstepCC1 63.8 872 642 99.6
ltargetl 531 875 60.6 100
cc4 584 849 522 9938
SPMSY 794 904 473 99.4
Ltargetd 91 96.6 9.1 100

>,
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St. Thomas queen triggerfish: Catch recommendations

* MPs shown for catch recommendations which:
 Met performance criteria specified by SEDAR 46 DW/AW Panel

 Produced the highest relative long-term yields in the MSE relative
to the FMSYref

2
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St. Thomas queen triggerfish: Catch recommendations

- Summary statistics (TACs, in pounds)

25th Median 75th
Percentile edl Percentile

Max

-term yields that meet AP criteria

222,507 580,772 1,185,747 9,990,730

DD4010 15,025 189,003 444,872 982,765 6,774,825
28,381 35944 40,033 43,179 53,618

7,648 23,170 33,454 56,018 167,219

3,403 10,893 16,844 25,157 64,207

Other MPs that meet AP criteria

CC4 26,371 33,963 36,986 39,559 50,565
23,978 31,256 33,912 36,315 46,302
Islope4 20,571 28,092 30,520 32,957 39,667
SPMSY 1,196 13,344 23,927 33,598 56,094
I orn g}
‘NY¢' NOAAFISHERIES

C
A

%,

Standardized relative frequency

o : b — oD

) i i '

- ik ' ' — DD4010
i 1 1 M

— Fratio

| T T T T T

0e+00 2e+05 4e+05 6e+05 8e+05 1e+06
TAC (pounds)

Dashed lines indicate median value for each MP
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St. Thomas queen triggerfish: Real world catch sensitivity

150 ~

100

MCD - Cat

______

MCD - Dep

Fratio- Mort

' ' i e N
4 A R M
“ noy, g\ o n F Nap
(R YRPTA [N K
A PRI Wi, v

Fratio - FMSY_M

T
0e+00

T T
2e+05 4e+05

T
6e+05

T
8e+05

T
1e+06

100 -

80

60

40

Islope1 - Cat

Islope1 - Ind
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D it T Y R e Ve

H
3

"@“ NOAAFISHERIES

%,

-

T T T T
0.7 0.8 0.9 1.0 1.1 1.2 1.3
Parameter/ variable input level

Dashed lines indicate
5% and 95%
percentiles
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St. Thomas queen ::: DD4010_ ) MCD Islope Isloped Itarget1 SPMSY cca
triggerfish: Catch
sensitivity (cont’d)

»

o

o
1

AC (pounds x 1000s)
8
o
1

C
N
(=]
)

1

100

base 0.56 base 0.56 base 0.56 base 0.56 base 0.56 base 0.56 base 0.56 base 0.56

Sensitivities:

70 70
Fratio Fratio
 CV_Catch=0.28 — —
_ a C . 60 60
é 50 - 50
« 2x CV_Catch (0.56) ;=1 —
X . alc . L 40
g 30 - 30
Q
= 20 20
 Depletion (0.125
epletion (0.
0 0
° 2 X D base 0.5Abun 2.0Abun base 0.5Abun 2.0Abun
e p Abun Sensitivity, CV_Cat = 0.28 Abun Sensitivity, CV_Cat = 0.56
35 35
MCD MCD
* 0.5 xDep
& 25 25
8
% 20 7 20 -
« Abund 229,008) ¢
Q
Q
= 10 10
« 2XAb
X ADUN . s
0 0
() O 5 X Abun base 0.5Dep 2.0Dep base 0.5Dep 2.0Dep
" Dep Sensitivity, CV_Cat = 0.28 Dep Sensitivity, CV_Cat= 0.56

Data-limited Model/Management Procedure
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St. Thomas queen
triggerfish: Catch
sensitivity (cont’d)

Sensitivities:
« CV Catch=0.28
2 x CV_Catch (0.56)

* LH (low, base, high)
 Mort (0.22, 0.26, 0.30)
« vbLinf (514, 605, 696)
 vbK (0.18, 0.22, 0.25)

<
M NOAA FISHERIES

Wt F

CV_Cat=0.28 CV_Cat=0.56
600 Fratio DD DD4010 600 Fratio DD DD4010
& 500 500 — =
o
=] | = _
% 400 - — — 400 -
8
< 300 300
2
& 200 200
=
100 - 100 -
ol = BN o LM [ M
Q Qo Mort Qo Q Qo Mort Q0
600 " " pp DD4010 600 1 DD [ | DD4010
%500 - _ 500 - _ S
o — — i
8 _ _
2400 - 400 4
x
(2]
2 300 300 -
- |
2
<200 200
g
100 100
0 0
[0} = = (0] = = ] = ) ] = =)
§g 2 2 &8 & 2 §g 2 2 &8 & 2
vbLinf vbLinf<
600 1" —"pp DD4010 spmsy | 600 DD DD4010 SPMSY
%500 - = 500 - -
o e
S ] _ ] =
= 400 _ 400 4 — [
x
(2]
300 300 -
-
2
<200 200
g
100 100
0 I o A e | 0 s N I |
Qo Qo va Qo Q Q0 va o)
Data-limited Model/Management Procedure
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St. Thomas queen triggerfish: MP comparison guidance

Considerations important in selecting between MPs:
 Performance metrics (PNOF, B30, LTY, AAVY) by method type:
 Abundance-based
* Depletion-based
 Data moderate

e |ndex-based
Catch-based

« Life history inputs (spatial relevance, confidence in estimates)

 Data inputs (bias in catch, selectivity, index of abundance, fleet
representativeness)

/4 w%**g
§®§ NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 59
o



St. Thomas
queen triggerfish:
Guidance table
Considerations:

* Performance metrics

Aiose,
o

‘@ NOAA FISHERIES

e oF

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | SPMSY Ccc4
PNOF 58.1 78.8 81.7 95 59.5 61.7 53.1 79.4 58.4
B50 93.5 98.2 96.9 98.6 86.2 86.2 87.5 90.4 84.9
LTY 84.4 85 90.9 86.6 78 71.2 60.6 47.3 52.2
AAVY 50.8 66 99.6 82.8 99.6 99.6 100 99.4 99.8
Known,
Known, constant
Mort Constant
across age
across age
AM Life
vbt0 history
character
vbK Life history .
o izations
) characterizations .
vbLinf flecti e reflective
reflective o of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated from
Dep
TIP samples
and life history
Known,
estimated
Abun
from current
catchand F
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St. Thomas

queen triggerfish:

Guidance table
Considerations:

 LH from outside

region, uncertainty

In MaxAge

Aiose,
o

‘@ NOAA FISHERIES

e oF

D

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | SPMSY Ccc4
PNOF 58.1 78.8 81.7 95 59.5 61.7 53.1 79.4 58.4
B50 93.5 98.2 96.9 98.6 86.2 86.2 87.5 90.4 84.9
LTY 84.4 85 90.9 86.6 78 71.2 60.6 47.3 52.2
AAVY 50.8 66 99.6 82.8 99.6 99.6 100 99.4 99.8
Known,
Known, constant
Mort Constant
across age
across age
AM Life
vbt0 history
character
vbK Life history .
o izations
) characterizations .
vbLinf flecti e reflective
reflective o of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated from
Dep
TIP samples
and life history
Known,
estimated
Abun
from current
catchand F

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 61




St. Thomas
queen triggerfish:
Guidance table
Considerations:

 Underreporting of

catch &
Inconsistencies

» Representativeness
of fleet: index of ®
abundance

Aiose,
LT

‘@ NOAA FISHERIES

e or

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | SPMSY Ccc4
PNOF 58.1 78.8 81.7 95 59.5 61.7 53.1 79.4 58.4
B50 93.5 98.2 96.9 98.6 86.2 86.2 87.5 90.4 84.9
LTY 84.4 85 90.9 86.6 78 71.2 60.6 47.3 52.2
AAVY 50.8 66 99.6 82.8 99.6 99.6 100 99.4 99.8
Known,
Known, constant
Mort Constant
across age
across age
AM Life
vbt0 history
character
vbK Life history .
o izations
) characterizations .
vbLinf flecti e reflective
reflective o of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated from
Dep
TIP samples
and life history
Known,
estimated
Abun
from current
catchand F
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St. Thomas
queen triggerfish:
Guidance table
Considerations:

 Highly uncertain
estimates of
depletion and
current abundance

D

‘@ NOAA FISHERIES

Abun-based Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | SPMSY Ccc4
PNOF 58.1 78.8 81.7 95 59.5 61.7 53.1 79.4 58.4
B50 93.5 98.2 96.9 98.6 86.2 86.2 87.5 90.4 84.9
LTY 84.4 85 90.9 86.6 78 71.2 60.6 47.3 52.2
AAVY 50.8 66 99.6 82.8 99.6 99.6 100 99.4 99.8
Known,
Known, constant
Mort Constant
across age
across age
AM Life
vbt0 history
character
vbK Life history .
o izations
) characterizations .
vbLinf flecti e reflective
reflective o of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated from
Dep
TIP samples
and life history
Known,
estimated
Abun
from current
catchand F
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St. Thomas queen triggerfish: summary

* Tradeoffs between MPs highlight the importance of
selecting performance criteria

 Considerable uncertainty present in data inputs for US
Caribbean species highlights caution when selecting MPs
for management advice

¥
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St. Thomas
queen
triggerfish
assessment
summary

@A
WY

: NOAAFISHERIES

%,

Queen triggerfish (Balistes vetula ) St. Thomas traps and pots

Management Evaluation Performance Results Distanstions sed ians (dashed) for

DLMtool Total Allowable Catch (TAC; pounds)

Ordered by PNOF Ordered by LTY &
No MP PNOF B50 No MP LTY AAVY 5‘ - — DD
1 DD4010 10D 209 s = 204010
- o) MCD
20D 817 2DD4010  86.6 g s — Fratio
3 SPMSY 794 904 3 MCD 85.0 ";
; > ©
M % 4 F = N
4 MCD 78 8- ratio B o
5 YPR_ML 650 780 5 lslopel -
6 Isloped 862 6 Isloped B o 7
7 Islopel 86.2 7 YPR_ML %' o
—
8 cca 8 Iltargetl S o 7]
c
9 Fratio S Ccca o A "
n < _L1I "
10 Itargetl 10 SPMSY o T i T {* I T
PNOF = Prob. of not overfishing (%); BS0 = Prob. of B being 0e+00 4e+05 8e+05
above 0.5 BMSY (%); LTY = Relative long-term yield (fraction —
of simulations achieving > 50% FMSY yield over final 10 DLM.t°°| Catch Sta'hstus (Ibs)
projection years); AAVY = fraction of simulations where mp Min Median  Max
average annual variability in yield < 15% Highest long-term yields in MSE
DD 22311 580,772 9,990,730
Subset of Catch Statistics Sensitivities: DD4010 15,025 444872 6,774,825
150 150 7 Islopel 28381 40033 53,618

Mch -Gt BEQ-De: 7 Fratio 7,648 33454 167,219

MCD 3,403 16,844 64,207

Other MPs that meet AP criteria
cca 26,371 36986 50,565

§ ltargetl 23,978 33912 46,302

2 Isloped 20,571 30520 39,667

3 SPMSY 1,196 23927 56,094

| .

g 400 Mean length estimator (Huynh)
e W, - YPR_ML (FO.1) 26,406
=1 5 e | Catch Statistics (Ibs)

B et = | BT Catch 43762 70499 98,528
0 4 Fe= e 0

0e+00  4e+05 B8e+05 06 | 10 | 14  1g |20 Catch 44,107

Parameter! variable input level 2012-2014 Average Catch 44,235

Concerns and Caveats: 1998-2014 Average Catch 63,367

*  Method-specific assumptions (e.g., constant M)

*  Sensitivity to data inputs: life history parameters, depletion, and abundance

*  Data quality: life history parameters derived from multiple regions outside Caribbean; underreporting
of catch and inconsistency in recording triggerfish in data files; Appropriateness of fishery-dependent
index of abundance, estimates of stock depletion and current abundance, appropriateness of TIP data
in quantifying length at first capture

Considerations:

*  Exclude MPs with catch recommendations near or exceeding maximum observed catches (DD/DD4010)

* Consider methods with high PNOF and LTY and weigh trade-offs in metrics
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Photo from NOAA Photo Library (http://www.photolib.noaa.gov/).

Results

« Species: spiny lobster
 |sland: St. Thomas/St. John
* (Gear: pots and traps

Content:
« MSE
* Operating model
 Convergence
* Tradeoffs & performance
 (Catch calculations
 (Catch sensitivities
 (Guidance
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St. Thomas spiny lobster: Operating model (OM)

Base OM:

 Stock (15% variability)

 Fleet (High Dome)

 Observation model (precise, unbiased)

Alternative OMs:

* Stock (5% variability)

* Fleet (Moderate Dome)
 Qbservation model (imprecise, biased)
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St. Thomas spiny lobster: MSE performance results

» Model convergence

* Tradeoff plots allow comparison of performance of feasible
management procedures (MPs) between base and
alternative OMs

* Feasibility defined by sufficient data

* Sensitivity to assumptions made within OMs
(stock, fleet, observation)
« Life history
* Fleet
» Bias and quality of data inputs
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St. Thomas spiny lobster: Model convergence

Assumes:

» Base stock,
fleet, and
subclass
Scenarios

e N=500 sims,
250 reps

WO

&% NOAAFISHERIES

=3

o,

o

N

Relative Yield

0 20 40 60 80

Prob. B/BMSY < 0.5

120
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200

Simulation

T
300
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T
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100

200

Simulation

300

T
400
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Prob. F/FMSY > 1

o
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o
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o | B e
7o) 3 P R e e
% N P aarrert Vemnan o
o (‘i;ﬁ:’:l-‘u -
< 7 ! ./‘I’-' -
o ]
N
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T

T T T T T
0 100 200 300 400 500
Simulation

All MPs converged at threshold = 1%

1

Most MPs reached convergence by
300 simulations
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St. Thomas spiny lobster: Tradeoffs in performance by MP

Assumes:

» Base stock,
fleet, and
subclass
scenarios

Long-term yield:

«  The fraction of
simulations
achieving over
50% FMSY
yield over the
final 10 years
of the

projection
FMSYref:
e Assumes
perfect
information

f’@“ NOAA FISHERIES

"seact oF

Long-term yield
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St. Thomas spiny lobster: MSE performance

Base Stock Alt Stock/Fleet Alt Fleet
15% LH, highly-dome 5% LH, moderate-dome 15% LH, moderate-
dome
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY
Reference MP
FMSYref 70.5 93.3 84.6/ 99.2 FMSYref 68.3 92.5 99.7 99.8 FMSYref 69.4 92.6 99.2 99.8 RGSUltS for eaCh
OM sorted by long-

MPs producing 6 highest long-term yields that meet AP ,
criteria term yield (LTY)
EDCAC 52.8 96 72.5 64.4 EDCAC 54,9 95.4 85.3 65.8 EDCAC 54.4 95.5 85.4 69.6
MCD 64.3 96.4 71.7 71.4 Fratio 55.7 87.6 84.2 51.8 Fratio 56.1 87.3 84.9 54.4
DD 67.3 92.1 68.6/ 98.4 MCD 66.4 96 83.8 75.4 DD 67.7 90.8 83.7 98.6
DD4010 77.9 95.3 66.7 76.2 DD 67.8 91.3 83.5 98.6 MCD 66.5 96 83.5 77.4
DCAC4010 82.4 97.8 62.2 66.8 DD4010 78.1 95.2 819 79.6 DD4010 77.1 945 80.7 78
Islopel 63.3 87.8 53.3 95.8 DCAC4010 85.7. 97.6 72.9 69.4 DCAC4010 85.2 97.5 74.2 69.8
Other MPs producing lower long-term yields that meet AP criteria
Isloped 64 87.6 52.2 95.8 Islopel 67.4 87.2 66 97.2 Islopel 65.6 86.7 67.3 96.8
LstepCC4 65.7 88.1 48.6 96.2 Islope4d 67.9 87 61.3 97.2 IT10 72.1 915 63 98.8
LstepCC1 65.6 88.1 48.5 96.2 ITM 70.8 92.2 60.8 99.6 Islope4d 66.3 86.6 62.3 96.6
IT™M 68.2 93.3 48,5 99.2 IT10 73.2 92.1 59.8 99 ITM 69.9 92 60.8 98.8
IT5 71 91.2 47.8 97.4 ITS 75.1 91 58.2 98.8 IT5 74 90.3 57.3 97.8
Itargetl 59.5 88.8 47.5 99.8 Itargetl 59.6 86.2 57.1 100 Itargetl 60.1 86.4 57.1 99.4
IT10 69.4 92.3 46.3 98.6 LstepCC4 69.6 87.6 55.5 97.4 LstepCC4 68.4 87 56.6 96.8
CC4 53.9 82.1 43.6 95 |LstepCCl 69.5 87.6 54.9 97.4 LstepCCl 68.3 87 55.5 96.8
SPMSY 68.1 85.5 39.1 93 CC4 55 80.6 53 96.6 CC4 56.1 81.7 54.9 96.2
Ltargetd 88 959 12.2 99.6 SPMSY 67.9 83.5 47.2 92.2 SPMSY 67.5 84 46.2 92
Itargetd 99.1 97.9 0 64.4 Ltargetd 88 94.2 14.8 99.8 Ltargetd 88.2 94 14.2 100

Itarget4 98.9 97.5 0 73.2 |Itargetd 98.8 97.4 0.2 67.6
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St. Thomas spiny lobster: MSE performance

Base Stock Alt Observation

15% LH, highly-dome Imprecise, biased
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY
T Results for each
FMSYre 70.5 93.3 84. . FMSYref 70.5 93.3 84.5 99.2

OM sorted by long-

MPs producing 6 highest long-term :
yields that meet AP criteria term yleld (LTY)
EDCAC 52.8 96 725 64.4 DD 60.6 86 61.5 73.4
MCD 64.3 96.4 71.7 71.4  |slopel 65.1 86.1 44.7 94.2
DD 67.3 92.1 68.6. 98.4 |sloped 65.1 86.1 43.5 94
DD4010 77.9 953 66.7 76.2 |T10 70.2 88.8 40.2 96.4
DCAC4010 82.4 97.8 62.2 66.8 |TM 68.8 89.3 40.2 96.8
Islopel 63.3 87.8 53.3 95.8 |15 70.8 88.4 39.4 95

Other MPs producing lower long-term
yields that meet AP criteria

Islope4 64 87.6 52.2 95.8 |stepCC1  67.3 87 39.1 94.6
LstepCC4 65.7 88.1 48.6 96.2 |stepCC4  67.5 87.1 38.9 94.4
LstepCC1 65.6 88.1 48.5 96.2 spMmSY 73.3 86.5 35 91.8
IT™ 68.2 93.3 485 99.2 cca 61.6 795 246 87
ITS 71 91.2 47.8 97.4 |targetl 69 85.8 22.4 78.8
ltargetl 59.5 83.8 47.5 99.8 [target4  77.8 89.2 13.1 80.8
IT10 69.4 92.3 46.3 98.6
cc4 53.9 82.1 436 95
SPMSY 68.1 85.5 39.1 93
Ltarget4 88 959 12.2 99.6
ltarget4 99.1 979 0 64.4
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St. Thomas spiny lobster: Catch recommendations

 MPs shown for catch recommendations which:

 Met performance criteria specified by SEDAR 46 DW/AW
Panel

* Produced the highest relative long-term yields in the MSE
relative to the FMSYref
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St. Thomas spiny lobster: Catch recommendations

25th
Percentile

57,788 399,780
42,888 420,632
34,146 64,716

4271 22,374

Other MPs that meet AP criteria

0.0

34,351 71,492
24,725 52,999
34,357 50,268
30,786 45,473
17,124 31,270
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Median

975,309 2,093,507
869,317

74,327
37,994

96,269
60,922
59,332
52,064
35,017

75th
Percentile

1,959,024
84,898
58,522

119,107
71,612
70,475
60,951
41,316
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St. Thomas spiny lobster: real world catch sensitivity

TAC (pounds x 1000s)

T T
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St. Thomas spiny
lobster: Catch
sensitivity (cont’d)

Sensitivities:
e CV _Catch=0.50

« 2xCV_Catch (1.0) °

* Depletion (0.26)
« 2XDep
* 0.5 xDep
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St. Thomas spiny lobster: Guidance table for comparing MPs

Considerations important in selecting between MPs:
 Performance metrics (PNOF, B30, LTY, AAVY) by method type:
 Abundance-based
* Depletion-based
 Data moderate

* |ndex-based
Catch-based

« Life history inputs (spatial relevance, confidence in estimates)

 Data inputs (bias in catch, selectivity, index of abundance, fleet
representativeness)

/4 w%**g
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St. Thomas
spiny lobster:
Guidance table
Considerations:

* Performance metrics

Aiose,
o
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Dep-based | Data-moderate Index-based Catch-based
rarameter MCD DD DD4010 |Islopel|lslope4d|ltargetl| Itargetd | SPMSY Cca
PNOF 64.3 67.3 7791 63.3 64 59.5 99.1 68.1 53.9
B50 96.4 92.1 95.3 87.8| 87.6 88.8 97.9 85.5 82.1
LTY 71.7 68.6 66.7| 53.3 52.2 47.5 0 39.1 43.6
AAVY 71.4 98.4 76.2 95.8 95.8 99.8 64.4 93 95

Known, constant
Mort
across age
L50 Life
vbt0 history
- character
Life history o
vbK characterizations |zat|or15
) reflective
vbLinf reflective of STT of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
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St. Thomas
spiny lobster:
Guidance table
Considerations:

e Uncertaintyin ®
MaxAge and Mort

‘@ NOAA FISHERIES
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Parameter Dep-based Data-moderate Index-based Catch-based
MCD DD DD4010 |Islopel|lslope4d|ltargetl| Itargetd | SPMSY Cca
PNOF 64.3 67.3 7791 63.3 64 59.5 99.1 68.1 53.9
B50 96.4 92.1 95.3 87.8| 87.6 88.8 97.9 85.5 82.1
LTY 71.7 68.6 66.7| 53.3 52.2 47.5 0 39.1 43.6
AAVY 71.4 98.4 76.2 95.8 95.8 99.8 64.4 93 95
Known, constant
Mort
across age
L50 Life
vbt0 history
- character
Life history o
vbK characterizations |zat|or15
) reflective
vbLinf reflective of STT of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
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St. Thomas
spiny lobster:
Guidance table
Considerations:

 Underreporting of
catch =

* Representativeness
of fleet: index of
abundance

‘@ NOAA FISHERIES

Parameter Dep-based Data-moderate Index-based Catch-based
MCD DD DD4010 |Islopel|lslope4d|ltargetl| Itargetd | SPMSY Cca
PNOF 64.3 67.3 7791 63.3 64 59.5 99.1 68.1 53.9
B50 96.4 92.1 95.3 87.8| 87.6 88.8 97.9 85.5 82.1
LTY 71.7 68.6 66.7| 53.3 52.2 47.5 0 39.1 43.6
AAVY 71.4 98.4 76.2 95.8 95.8 99.8 64.4 93 95
Known, constant
Mort
across age
L50 Life
vbt0 history
- character
Life history o
vbK characterizations |zat|or15
) reflective
vbLinf reflective of STT of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
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St. Thomas
spiny lobster:
Guidance table
Considerations:

 Highly uncertain

estimates of
depletion and current
abundance

Parameter Dep-based Data-moderate Index-based Catch-based
MCD DD DD4010 |Islopel|lslope4d|ltargetl| Itargetd | SPMSY Cca
PNOF 64.3 67.3 7791 63.3 64 59.5 99.1 68.1 53.9
B50 96.4 92.1 95.3 87.8| 87.6 88.8 97.9 85.5 82.1
LTY 71.7 68.6 66.7| 53.3 52.2 47.5 0 39.1 43.6
AAVY 71.4 98.4 76.2 95.8 95.8 99.8 64.4 93 95
Known, constant
Mort
across age
L50 Life
vbt0 history
- character
Life history o
vbK characterizations |zat|or15
) reflective
vbLinf reflective of STT of STT
wla
wlb
Age
Age character
MaxAge characterizations izations
reflective of STT reflective
of STT
Cat Known, informative of historical removals
Fishery dependent representative of population
Ind abundance, dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
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St. Thomas spiny lobster: summary

* Tradeoffs between MPs highlight the importance of
selecting performance criteria

 Considerable uncertainty present in data inputs for US
Caribbean species highlights caution when selecting MPs
for management advice
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St. Thomas
spiny lobster
assessment
summary

=
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Spiny lobster (Panulirus argus ) St. Thomas traps and pots

Management Evaluation Performance Results

Distributions and Medians (dashed) for
DLMtool Total Allowable Catch (TAC; pounds)

Ordered by PNOF Ordered by LTY o
No MP PNOF 850 No MP LY  AAVY [ 3 < — MCD

1 ltargetd 1 MCD 717 714 § - \4 B

2 DD4010 77.9 2DD 68.6 g o 7 YN Islope1

3 SPMSY 68.1 855 3 DD4010 66.7 “‘; © i E

40D 673 921 4lslopel 533 8l = o ¥

5 MCD 643 964 S isloped 522 8 O ¥

6 Isloped 6 ltargetl = 475 B o 7 ¥

7 Islopel 7 cca 436 g o~

8 Itargetl 888 8SPMSY | 391 152 o

9 Cca 821 9 Itarget4 - ‘% o 7; ‘"
PNOF = Prob. of not overfishing (%); BS0 = Prob. of B being © T T
shovs 03 e P el emydlincenct o 1000000 2500000
projection years); AAVY = fraction of simulations where DLMtool Catch Statistics (Ibs)
average annual variability in yield < 15% MP Min Median Max

Subset of Catch Statistics Sensitivities:

Highest long-term yields in MSE
DD4010 57,788 975,309 14,037,830

DD 42,888 869,317 18,334,000
Islopel 34,146 74,327 137,648
MCD 4271 37,994 163,253
Other MPs that meet AP criteria

SPMSY 34,351 96,269 150,547
cca 24725 60,922 115,889
ltargetl 34,357 59,332 104,463
lslope4 30,786 52,064 89,433
ltarget4 17,124 35,017 63,534

400 - 8000
MCD - Dep
300 W 6000
200 - ' 4000 -
100 2000
§ 0- 0-
e 0.0
°
5
8 400
o Islope1 - Cat
= 300 -

Mean length estimator (Huynh)

none meet performance criteria
2000 Wiy Catch Statistics (Ibs)
WW
0 Aoy O O Catch 6,742 75,991 136,027
02 03 04 05 06 05 15 25 |2014 Catch 89,092
Parameter/ variable input level 2012-2014 Average Cat ; 85,494
Concerns and Caveats: 1975-2014 Average Catch 72,232

*  Method-specific assumptions (e.g., constant M)

*  Sensitivity to data inputs: life history parameters, depletion, and abundance
*  Data quality: uncertainty in MaxAge and Mort; underreporting of catch ; Appropriateness of fishery-
dependent index of abundance, estimates of stock depletion, and appropriateness of TIP data in

quantifying length at first capture
Considerations:

*  Exclude MPs with catch recommendations near or exceeding maximum observed catches (DD/DD4010)
* Consider methods with high PNOF and LTY and weigh trade-offs in metrics
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Photo from NOAA Photo Library (http://www.photolib.noaa.gov/).

Results

« Species: spiny lobster
 |sland: St. Croix
» (Gear: diving

Content:
« MSE
* Operating model
 Convergence
* Tradeoffs & performance
 (Catch calculations
 (Catch sensitivities
 (Guidance
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St. Croix spiny lobster: Operating model (OM)

Base OM:

 Stock (15% variability)

 Fleet (High Dome)

 Observation model (precise, unbiased)

Alternative OMs:

* Stock (5% variability)

* Fleet (Moderate Dome)
 Qbservation model (imprecise, biased)
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St. Croix spiny lobster: MSE performance results

» Model convergence

* Tradeoff plots allow comparison of the performance of
feasible management procedures (MPs) between base and

alternative OMs
« MP Feasibility defined by data sufficiency

* Look at sensitivity to assumptions made within OMs
(stock, fleet, observation model)
« Life history
* Fleet representativeness (selectivity)
» Bias and quality of data inputs
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St. Croix spiny lobster: Model convergence

Assumes:

» Base stock,
fleet, and
subclass
scenarios

* n=500 sims, 250
reps

4
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Relative Yield
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All MPs converged at threshold = 1%

Most MPs reached convergence by
~ 300 simulations
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St. Croix spiny lobster: Tradeoffs

Assumes:

» Base stock,
fleet, and
subclass
scenarios

Long-term yield:

«  The fraction of
simulations
achieving over
50% FMSY
yield over the
final 10 years
of the

projection
FMSYref:
e Assumes
perfect
information

f’@“ NOAA FISHERIES
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Long-term yield

Long-term yield
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90
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100
95
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80 -
75

MCD
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T T T T
70 80 90 100
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Prob. AAVY less than 15%

Prob. AAVY less than 15%

100 -
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St. Croix spiny lobster: MSE performance

Base Stock Alt Stock/Fleet Alt Fleet
15% LH, highly-dome 5% LH, moderate- 15% LH, moderate-
dome dome

PNOF B50 LTY AAVY PNOF B50 LTY AAVY PNOF B50 LTY AAVY
Reference MP
FMSYref 71.8 91 81.3 99 FMSYref 69.8 90.3 99.1 99.8 FMSYref 69 92.6 99.2 99.4
MPs producing 6 highest long-term yields that meet AP criteria
EDCAC 54.8 93.8 73.3 69 DD 81.5 92.7 93.2 99.4 EDCAC 54.2 95.3 85.6 69.2
MCD 66.4 94.1 70.7 72.8 MCD 67.6 944 93 754 MCD 66.3 96.1 84.8 77
DD 71.7 91.7 69.6 99 EDCAC 55.3 93.7 91.7 66.6 Fratio 56.9 88 84.7 57
DD4010 83.9 95.6 66.6 75 DD4010 93 96.3 85.8 77.4 DD 66.9 92 84.1 98.2
Fratio 60 86.5 64 52.2 Fratio 56.9 85.7 84.6 53.8 DD4010 75.9 95.1 80 78.4
DCAC4010 83.6 96.4 56.6 60.2 DCAC4010 85.6 96.6 78 59.4 DCAC4010 84.7 97.6 73.2 71.8
Other MPs producing lower long-term yields that meet AP criteria
Islopel 60.8 84.8 50.8 97.2 Islopel 58.6 81.3 69.7 97.4 Islopel 67.9 88.7 66.8 98.8
Itargetl 51.8 85.3 47.8 99.4 Islope4d 60.3 81.2 62 97.4 Isloped 68.7 88.6 63.3 98.6
Isloped 61.8 84.7 46.6 96.8 LstepCC1 61.8 81.7 55.5 97.6 IT10 723 93.2 62 994
LstepCC1 63 84.8 44 97.4  LstepCC4 61.9 81.6 55.2 97.6 IT™ 69.9 93.4 61.8 99.6
LstepCC4 63 84.9 44 974 IT5 73.6 87 53.6 994 CC4 54.6 84.6 59.7 97.8
IT10 71.6 90.9 43.4 98.8 IT™ 77.5 91.9 52.8 99.4  LstepCC4 70 88.7 59.4 98.6
IT™ 715 91.5 43.4 99.2 IT10 77.2 90.3 52.1 99.2 ITS 74.6 91.9 59.1 99.2
SPMSY 63.3 83 40.7 94.2  SPMSY 63 80.6 49.3 93 LstepCC1 70 88.7 58.4 98.8
ITS 70.8 88.7 40.2 98.2 Ltargetd 80.6 91.8 24.2 99.8 Itargetl 59.9 89 58.1 99.6
Ltargetd 83.7 92.8 16.6 99.8 Itargetd 98.2 965 0 81.4  SPMSY 66.8 85 50.1 95
Itargetd 98.7 96.1 0 71.6 Ltargetd 87 94.8 18.4 99.6

Itargetd 98.8 974 0 69.4

oo,

ugror®

;"ﬁn 3
@ NOAAFISHERIES

Results for each
OM sorted by long-
term yield (LTY)
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St. Croix spiny lobster: MSE performance

Base Stock Atl Observation
15% LH, highly-dome Imprecise, biased
PNOF B50 LTY AAVY PNOF B50 LTY AAVY Results for each
Reference MP
FMSYref 71.8 91 813089 Emsvref 718 o1 812 99 OM sorted by long-

term yield (LTY)

MPs producing 6 highest long-term yields that
meet AP criteria

EDCAC 548 93.8 733 69 DD 63.9 86.7 62.6 76.2
MCD 66.4 941 707 728 Islopel 62.2 84.1 443 956
DD 717 917 69.6. 99 Islope4 62.9 84 412 9
DD4010 839 956 666 75 LstepCC4 65.1 84.5 382 96.2
Fratio 60 865 64 522 IT™ 70.5 889 382 984
DCAC4010 83.6 96.4 56.6 60.2 LstepCC1 65.2 84.6 37.5 96.2

Other MPs producing lower long-term yields that
meet AP criteria

Islopel 60.8 84.8 50.8 97.2 IT10 712 885 374 98
Itargetl 51.8 853 478 994 SPMSY 679 833 372 94.2
Isloped 61.8 84.7 46.6 96.8 ITS 702 87.4 363 97
LstepCC1 63 84.8 44 974 Ccca 57 79.7 283 89.4
LstepCC4 63 849 44 974 ltarget1 63.1 846 257 79.2
IT10 716 909 434 9838 Ltarget4 742 875 16.6 82.4
IT™ 715 915 434 99.2
SPMSY 63.3 83 40.7 94.2
ITS 70.8 88.7 40.2 98.2
Ltargetd 83.7 928 16.6 99.8
Itargetd 98.7 96.1 0 716

=
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St. Croix spiny lobster: Catch recommendations

* MPs shown for catch recommendations which:
 Met performance criteria specified by SEDAR 46 DW/AW Panel

* Produced the highest relative long-term yields in the MSE
relative to the FMSYref

2
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St. Croix spiny lobster: Catch recommendations

Min 25th
Percentile

MPs producing

m 38,692 439183

DD4010 24,497 360,933
4,637 19,680
1,242 11,324

2

15,102 39,873
13,800 39,022
Isloped 11,589 35,526

PMSY 1,356 20,811
10,098 23,521

=3

o,

o

N

Percentile

- Summary statistics (TACs, in pounds)
o |

Median

-term yields that meet AP criteria

1,047,478 3,168,908
894,563 2,187,226

29,015
21,247

55,563
50,164
47,936
39,761
30,551

&% NOAAFISHERIES

51,439
45,899

Other MPs that meet AP criteria

75,385
68,139
61,063
53,744
40,036

17,270,400
23,764,310

— MCD

-

0.8
1

0.6

144,193
247,998

Standardized relative frequency
0.4

178,913
162,328
o
146,667 © : !
T | | | | | |
80 ’ 001 0 500000 1000000 1500000 2000000 2500000 3000000
TAC (pounds)
107,502

Dashed lines indicate median value for each MP
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St. Croix splny lobster: Real world catch sensitivity

TAC (pounds x 1000s)
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St. Croix spiny
lobster: Catch
sensitivity (cont’d)

Sensitivities:
e CV _Catch=1.02
« 2 x CV_Catch (2.04)

* Depletion (0.24)
« 2XDep
* 0.5 xDep

* Abundance (151,166)
2 xAbun
* 0.5 x Abun

<
mvf NOAA FISHERIES

DD4010 DD MCD Islope1 Islope4 Itarget1 SPMSY
1000
3
‘g 800
>
8
2 600 -
>3
I3
2
&() 400 +
=
200
0 PR || [ | — (=] —
base 2.04 base 2.04 base 2.04 base 2.04 base 2.04 base 2.04 base 2.04
CV_Cat
70 70
Fratio Fratio
60 60
& 50 50
=3
=}
-
% 40 40
w
©
S
S 30 30 +
e
2
= 20 20
10 10
0 0
base 0.5Abun 2.0Abun base 0.5Abun 2.0Abun
Abun Sensitivity, CV_Cat = 1.02 Abun Sensitivity, CV_Cat = 2.04
MCD 50 MCD
40 -
@ 40
o
=3
S 30
:() 30 -
©
c
3
& 20 -
2
=
10 10 4
0 0
base 0.5Dep 2.0Dep base 0.5Dep 2.0Dep

Dep Sensitivity, CV_Cat = 1.02
Data-limited Model/Management Procedure

Dep Sensitivity, CV_Cat= 2.04
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CV_Cat =1.02 CV_Cat=2.04

St. Croix spiny G:zzz: Fratio - |:ia ) Dlztmi ::ZZ: Fratio D Dlil010
lobster: Catch e w0 I
sensitivity (cont’d) 2 o
Sensitivities: g:repg:egze prEiisgis
» CV_Catch =1.02 P R I | ot IR Py
+ 2xCV_Catch (204) i || | [ )
+ LH (low, base, high)
+ Mort(0.30,0.35,040) g = 8,3 & & § & 3 § : ¢

. 1200 DD DD4010 SPMSY DD DD4010 SPMSY
* vbLinf (1595, 183, 210) ~ = o -
! ! 000 _
= i | ] 1000
2800 ] o ™
« vbK (0.20, 0.24,0.28) = =
) ) 2
€ 600
g 600 -
400 -
%() 400
}—
200 200 -
0 L (0] [
Qo =) va o =) Qo va # -
Data-limited Model/Management Procedure
f@wwx
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St. Croix spiny lobster: Guidance table for comparing MPs

Considerations important in selecting between MPs:

* Performance metrics (PNOF, B30, LTY, AAVY) by method type:
 Abundance-based
 Depletion-based
 Data moderate

* |ndex-based
e (Catch-based

« Life history inputs (e.g., spatial relevance, confidence in estimates)

 Data inputs (bias in catch, selectivity, index of abundance, fleet
representativeness)

f@
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St. Croix

spiny lobster:
Guidance table
Considerations:

* Performance metrics

‘@ NOAA FISHERIES

e oF

Abun-based | Dep-based Data-moderate Index-based Catch-based
| Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | Itargetd SPMSY
PNOF 60 66.4 71.7 83.9 60.8 61.8 51.8 98.7 63.3
B50 86.5 94.1 91.7 95.6 84.8 84.7 85.3 96.1 83
LTY 64 70.7 69.6 66.6 50.8 46.6 47.8 0 40.7
AAVY 52.2 72.8 99 75 97.2 96.8 99.4 71.6 94.2
Known,
Known, constant
Mort constant
across age
across age
AM Life history
vbt0 life hist characterizati
vbK e IS_ or_y ons reflective
oLt characterizations of STX
AL reflective of STX
wla
wlb
Age
Age 8 L
L characterizati
MaxAge characterizations .
reflective of STX ons reflective
of STX
Cat Known, informative of historical removals
FMSY_M Known
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix

spiny lobster:
Guidance table
Considerations:

 Uncertainty in
MaxAge and Mort

‘@ NOAA FISHERIES

e oF

Abun-based | Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | Itargetd SPMSY
PNOF 60 66.4 71.7 83.9 60.8 61.8 51.8 98.7 63.3
B50 86.5 94.1 91.7 95.6 84.8 84.7 85.3 96.1 83
LTY 64 70.7 69.6 66.6 50.8 46.6 47.8 0 40.7
AAVY 52.2 72.8 99 75 97.2 96.8 99.4 71.6 94.2
Known,
Known, constant
Mort constant
across age
across age
AM Life history
vbt0 life hist characterizati
vbK e IS_ or_y ons reflective
oLt characterizations of STX
AL reflective of STX
wla
wlb
Age
Age 8 .
L characterizati
MaxAge characterizations .
reflective of STX St
of STX
Cat Known, informative of historical removals
FMSY_M Known
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix

spiny lobster:
Guidance table
Considerations:

 Underreporting of
catch

* Representativeness
of fleet: index of ®
abundance

©% NOAAFISHERIES

f@"*
H
3

et oF

Abun-based | Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | Itargetd SPMSY
PNOF 60 66.4 71.7 83.9 60.8 61.8 51.8 98.7 63.3
B50 86.5 94.1 91.7 95.6 84.8 84.7 85.3 96.1 83
LTY 64 70.7 69.6 66.6 50.8 46.6 47.8 0 40.7
AAVY 52.2 72.8 99 75 97.2 96.8 99.4 71.6 94.2
Known,
Known, constant
Mort constant
across age
across age
AM Life history
vbt0 life hist characterizati
vbK e IS_ or_y ons reflective
oLt characterizations of STX
AL reflective of STX
wla
wlb
Age
Age 8 L
L characterizati
MaxAge characterizations .
reflective of STX ons reflective
of STX
Cat Known, informative of historical removals
FMSY_M Known
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix

spiny lobster:
Guidance table
Considerations:

 Highly uncertain
estimates of 2
depletion and current
abundance

‘@ NOAA FISHERIES

Abun-based | Dep-based Data-moderate Index-based Catch-based
Parameter
Fratio MCD DD DD4010 | Islopel | Isloped | Itargetl | Itargetd SPMSY
PNOF 60 66.4 71.7 83.9 60.8 61.8 51.8 98.7 63.3
B50 86.5 94.1 91.7 95.6 84.8 84.7 85.3 96.1 83
LTY 64 70.7 69.6 66.6 50.8 46.6 47.8 0 40.7
AAVY 52.2 72.8 99 75 97.2 96.8 99.4 71.6 94.2
Known,
Known, constant
Mort constant
across age
across age
AM Life history
vbt0 life hist characterizati
vbK e IS_ or_y ons reflective
oLt characterizations of STX
AL reflective of STX
wla
wlb
Age
Age 8 L
L characterizati
MaxAge characterizations .
reflective of STX ons reflective
of STX
Cat Known, informative of historical removals
FMSY_M Known
ind Fishery dependent representative of population abundance,
dependent upon accurate effort reporting
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix spiny lobster: summary

* Tradeoffs between MPs highlight the importance of selecting
performance criteria

 Considerable uncertainty present in data inputs for US Caribbean
species highlights caution when selecting MPs for management
advice
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Spiny lobster (Panulirus argus ) St. Croix diving

n [
Management Evaluation Performance Results Distributions and Medians (dashed) for
[ ro Ix S p I n y Ordered by PNOF Ordered by LTY DLMtool Total Allowable Catch (TAC; pounds)
o
No MP PNOF B50 No MP LTY AAVY (>). - - N E — MCD
I 1 ltargetd 1 MCD 70.7 g { ' - DD
e ] [+0] ‘v' — DD4010
obster assessment |:wo —some o commad |/ N =
3DD 717 917 3 DD4010 66.6 75.0 h:; E
4 McD 664 941 4 Fratio 640 522( > 9© \
. ] W\
s u m m a ry 5 SPMSY 830  5lslopel 50.8 o) .
~
6 Isloped 847 Gltargetl | 47 T S :
7 Islopel 848 7 Isloped 46. %‘ ]
] o
8 Fratio 865 8 SPMSY g 3 A : b
o i
9 Itargetl 853 9 ltargetd - 716 § :L '
»n < H H
PNOF = Prob. of not overfishing (%); BS0 = Prob. of B being © Y i T T
above 0.5 BMSY (%); LTY = Relative long-term yield (fraction of
simulations achieving > 50% FMSY yield over final 10 projection 0 1000000 2500000
years); AAVY = fraction of simulations where average annual DLMtool Catch Statistics (lbs)
variability in yield < 15% MP Min Median Max
-~ £ Catch Statistics Sensitivities: Highest long-term yields in MSE
ubset of Catch Statistics Sensitivities: oD 38602 1,047,478 17,270,400
400 DD4010 24,497 894,563 23,764,310
Fratio 4,637 29,015 144,193
MCD 1,242 21,247 247,998
Other MPs that meet AP criteria
islopel 15,102 55,563 178,913
= ltargetl 13,800 50,164 162,328
§ islope4 11,589 47,936 146,667
X SPMSY 1,356 39,761 80,001
r'; Itarget4 10,098 30,551 107,502
£ 8000
:’5’ 6000 - Mean length estimator (Huynh)
none meet performance criteria
4000 A
2000 - Catch Statistics (lbs)
Catch 1,288 32,870 168,005
0o e : 2014 Catch 39,681
02 03 04 05 06 0e+00 4e+05
Pirmmiionf v it el 2012-2014 Average Catch 62,025
1975-2014 Average Catch 53,134
Concerns and Caveats:

*  Method-specific assumptions (e.g., constant M)

*  Sensitivity to data inputs: life history parameters, depletion, and abundance

*  Data quality: uncertainty in MaxAge and Mort; underreporting of catch ; Appropriateness of fishery-
dependent index of abundance, estimates of stock depletion and current abundance, and appropriateness
of TIP data in quantifying length at first capture

Considerations:

*  Exclude MPs with catch recommendations near or exceeding maximum observed catches (DD/DD4010)

*  Consider methods with high PNOF and LTY and weigh trade-offs in metrics
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Photo from NOAA Photo Library (http://www.photolib.noaa.gov/).

Results

« Species: stoplight parrotfish
 |sland: St. Croix
» (Gear: diving

Content:
« MSE
* Operating model
 Convergence
* Tradeoffs & performance
 (Catch calculations
 (Catch sensitivities
 (Guidance

I e 3
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St. Croix stoplight parrotfish: Operating model (OM)

Base OM:
o Stock (15% variability)
 Fleet (Asymptotic)
 QObservation (precise, unbiased)

Alternative OMs:
 Stock (5% variability)
* Fleet (Asymptotic)
 Qbservation (imprecise, biased)

2
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H
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St. Croix stoplight parrotfish: MSE performance
» Model convergence

* Tradeoff plots allow comparison of performance of feasible
management procedures (MPs) between base and alternative
OMs

« MP feasibility defined by data sufficiency

« Sensitivity to assumptions made within OM components
(stock, observation model inputs)
« Life history
« Bias and quality of data inputs

¥
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St. Croix stoplight parrotfish: Model convergence

Assumes:

Base stock, fleet,
and subclass
scenarios

n=500 sims, 250
reps

e

A @; NOAA FISHERIES

Relative Yield

0 20 40 60 80

Prob. B/BMSY < 0.5

120

200

Simulation

T
300

400

T
500

I
200

Simulation

I
300

I
400

I
500

Prob. F/FMSY > 1

T T T T T
0 100 200 300 400 500
Simulation

All MPs converged at threshold = 1%

Most MPs reached convergence by
~ 300 sims
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St. Croix stoplight parrotfish: Tradeoffs in performance by MP

Assumes:

» Base stock,
fleet, and
subclass

e scenarios

Long-term yield:

«  The fraction of
simulations
achieving over
50% FMSY
yield over the
final 10 years
of the

projection
FMSYref:
e Assumes
perfect
information

et oF

;’@ NOAA FISHERIES

Long-term yield

Long-term yield

100 - FMSYref
90 ~ EDCAC DD
o Fratio MCD DD4010
I(':'R—erslope1
70
Islope4 IT™ DCAC4010
60 IT10
. Lstepeed
T T T I T T
50 60 70 80 90 100
105 —
100 - FMSYref
95 —
90
DD
85 —
MCD
80 - DD4010
T T T T T T
80 85 90 95 100 105

Prob. of not overfishing (%)

Prob. AAVY less than 15%

isbep@ SR GMS Y ref
10 - YPROML DD
90
80
DCAC4010
MCD
70
ltarget4
60
Fratic EDOR010
50
I T T T T
50 60 70 @ 90 100
00.5
FMSYref
0.0 |dsibep@C4  ITHTTDLtargetd
SPMSY
99.5
99.0
98.5
98.0
97.5 DD
T T T T T T
[ 80 85 90 95 100

Prob. biomass above half BMSY (%)
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St. Croix stoplight parrotfish: MSE performance

Base Stock Alt Stock
15%LH, Asymptotic selex 5%LH, Asymptotic selex Results for eaCh
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY OM Sorted by |Ong-
Reference MP i
FMSYref 87.5 95 993 100 FMSYref 87.7 934 99.2 99.8 term yleld (LTY)

MPs producing 6 highest long-term yields that meetAP criteria

DD 88.9 935 87.5 974 EDCAC 66.5 91.3 87.3 54.2
EDCAC 61.5 92.6 87 55.8 DD 90.1 92.1 86 974
Fratio 57.8 84.2 815 54.2 MCD 879 939 80.8 684
MCD 82.2 953 81.5 70 DD4010 97 94.7 80.4 534
DD4010 96.7 96 79.6 55.6 Fratio 579 823 77.7 534
Islopel 59.8 77.7 73.7 99.8 |Islopel 65.4 77 705 99.8

Other MPs producing lower long-term yields that meet AP criteria

DCAC4010 96.7 96.3 63.6 72.6 DCAC4010 98.3 95 546 754
Isloped 64.2 78.4 63 99.8 Isloped 69.5 78.1 53.60 99.8
IT™M 76.1 876 61.8 99.8 IT™M 80.9 86.3 52.8 100
IT10 77.4 871 576 99.8 CC4 56.7 709 47.6 100
LstepCC4 66.3 79.3 50.6 99.8 IT10 81.2 858 47.4 100
LstepCC1 66.4 79.2 49.4 99.8 LstepCCl 71.8 788 39.4 99.8
ITS 769 854 442 99.8 LstepCC4 719 788 38.7 99.8
SPMSY 81 86.1 345 996 IT5 80 83.5 328 100
Ltarget4 859 905 13.3 099.8 SPMSY 80.9 83.8 286 994
Itargetd 979 95.3 0 64.6 Ltargetd 874 884 86 100

Itargetd 97.7 93.5 0 646
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St. Croix stoplight parrotfish: MSE performance

Base Stock Alt Observation
15%LH, Asymptotic selex Imprecise, biased Results for eaCh
MP PNOF B50 LTY AAVY MP PNOF B50 LTY AAVY OM Sorted by |Ong-
Reference MP :
FMSYref 875 95 993 100 FMSYref 875 95 993 100 term yleld (LTY)

MPs producing 6 highest long-term yields that
meetAP criteria

DD 88.9 935 875 974 Islopel 61.8 76.1 55 98.6
EDCAC 61.5 92.6 87 55.8 Isloped 65 77 47.6 994
Fratio 57.8 84.2 815 54.2 ITM 72.2 83.6 459 9938
MCD 82.2 953 815 70 IT10 73.4 835 41.2 99.8
DD4010 96.7 96 79.6 55.6 LstepCC4 67.5 78 40 99.6
Islopel 59.8 77.7 73.7 99.8 Itargetl 53.9 719 396 826

Other MPs producing lower long-term vyields that
meet AP criteria

DCAC4010 96.7 96.3 63.6 726 LstepCC1 67.6 782 39.4 99.6
Islope4d 64.2 78.4 63 99.8 CCa 55 70.1 38 934
IT™ 76.1 87.6 61.8 99.8 ITS 73.8 82.1 36.2 99.6
IT10 77.4 87.1 57.6 99.8 SPMSY 76.7 83.2 345 99.8
LstepCC4 66.3 793 506 99.8 Ltarget4 73.2 817 236 822
LstepCC1 66.4 79.2 494 99.8
ITS 76.9 854 442 99.8
SPMSY 81 86.1 345 99.6
Ltargetd 859 90.5 13.3 199.8
Itargetd 979 95.3 0 646
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St. Croix stoplight parrotfish: Catch recommendations

 MPs shown for catch recommendations which:
 Met performance criteria specified by SEDAR 46 DW/AW Panel

* Produced the highest relative long-term yields in the MSE relative
to the FMSY'ref

2
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St. Croix stoplight parrotfish: Catch recommendations

- Summary statistics (TACs, in pounds)

25th Median 75th

Max

Percentile Percentile

11,089 30,713 47,084
2,355 15,468 23,067 37,042 156,974
1,391 10,335 15415 26,771 107,133

489 6,652 10,253 17,812 78,481
757 5,652 9,749 17,309 90,988

Other MPs that meet AP criteria

SPMSY 973 16,646 31,043 43272 76,106
Islope4 11,312 16,826 19,912 23810 34,876

R
e
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Standardized relative frequency

— DD

b S

T : T T

20000 30000 40000
TAC (pounds)

Dashed lines indicate median value for each MP
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St. Croix stoplight parrotfish: Catch sensitivity

2007 e - cat MCD - Dep
150 " -
\ :"‘l“ A, // ”
100 - b S
50 -
0 - _____-_1-\r,~l-'nl\-“~~"”—"/A’\"\—“
T T [ K T T T T T T
05 1.0 1.5 2.0 25 0.0 0.2 0.4 0.6
s Fratio - Abun Fratio- Mort Fratio - FMSY_M 2
. . AN'\,'\\,’\N\,"("‘""'\'\"‘:“'.'.""/.‘\,"“"’I\\"-“/ ey -
0e+00  1e+05  2e+05  3e+05  4e+05 0.20 0.25 0.30 0.35 0.40 0 1 2 3
150 Islope1 - Cat Islope1 - Ind
= & 1 1 1 0
Dashed lines indicate 5% and
o .
100 - 95% percentiles

T T T T
0.6 0.8 1.0 1.2 1.4 16 1.8
Parameter/ variable input level
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35

St. Croix stoplight

parrotfish: Catch

sensitivity (cont'd)  :.

Sensitivities: °
« CV_Catch = 0.51 i

« 2x CV_Catch (1.02)

TAC (pounds x 1000s)
N
o

* Depletion (0.15)

« 2 X Dep °

* 0.5x Dep .
.+ Abundance (501,235)

« 2 x Abun :

e 0.5 xAbun

2
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Dep Sensitivity, CV_Cat = 0.

DD4010 DD MCD Islope1 Islope4 SPMSY
base 1.02 base 1.02 base 1.02 base 1.02 1.02 base 1.02
CV_Cat
40
Frati Fratio
30 1
20
10
0
base 0.5Abun 2.0Abun bas: 0.5Abun 2.0Abun
Abun Sensitivity, CV_Cat = 0.51 Abun Sensitivity, CV_Cat = 1.02
MCD MCD
40
30
20
10
0
base 0.5Dep 2.0Dep base 0.5Dep 2.0Dep

51 Dep Sensitivity, CV_Cat= 1.02
Data-limited Model/Management Procedure
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St. Croix stoplight .

parrotfish: Catch  ;

sensitivity (cont'd) ¢
Sensitivities:

CV_Catch = 0.51 "

+ 2x CV_Catch (1.02) ;

LH (low, base, high)

« Mort (0.16, 0.19, 0.22)
« vbLinf (427, 502, 578)
« vbK (0.12, 0.14, 0.16)

TAC (pounds x 1000s)

D

i NOAA FISHERIES
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CV_Cat =0.51
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St. Croix stoplight parrotfish: Guidance table for comparing MPs

Considerations important in selecting between MPs:
 Performance metrics (PNOF, B30, LTY, AAVY) by method type:
 Abundance-based
* Depletion-based
 Data moderate

e |ndex-based
Catch-based

« Life history inputs (e.g., spatial relevance, confidence in estimates)

 Data inputs (bias in catch, selectivity, index of abundance, fleet
representativeness)
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]
Data- Data-
St- C ro Ix Abun-based | Dep-based Index-based | Index-based | Catch-based
t I . ht tf. h Parameter moderate | moderate
n
S o_p Ig pa rro IS . Fratio MCD DD DD4010 Islopel Isloped SPMSY
GU|dance table PNOF 57.8 82.2 88.9 96.7 59.8 64.2 81
B50 84.2 95.3 93.5 96 77.7 78.4 86.1
. . LTY 81.5 81.5 87.5 79.6 73.7 63 34.5
Con3|derat|ons: AAVY 54.2 70 97.4 55.6 99.8 99.8 99.6
Known,
. Mort " Known, constant across
» Performance metrics age
across age
L50 Life history
vbt0 e characterizatio
vbK e Isf orY ns reflective of
oLt characterizations STX
Y reflective of STX
wla
wlb
Age
Age characterizations characterizatio
MaxAge . .
reflective of STX ns reflective of
STX
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F

smiose,
g
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St. Croix
stoplight parrotfish:
Guidance table

Considerations:

 Uncertainty in growth
parameters =

Aiose,
o

‘@ NOAA FISHERIES

e oF

Data- Data-
Abun-based | Dep-based Index-based | Index-based | Catch-based
Parameter moderate | moderate
Fratio MCD DD DD4010 Islopel Isloped SPMSY
PNOF 57.8 82.2 88.9 96.7 59.8 64.2 81
B50 84.2 95.3 93.5 96 77.7 78.4 86.1
LTY 81.5 81.5 87.5 79.6 73.7 63 34.5
AAVY 54.2 70 97.4 55.6 99.8 99.8 99.6
Known,
Known, constant across
Mort constant
age
across age
L50 Life history
vbt0 e characterizatio
vbK e Isf orY ns reflective of
oLt characterizations STX
Y reflective of STX
wla
wlb
Age
Age characterizations characterizatio
MaxAge . .
reflective of STX ns reflective of
STX
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix
stoplight parrotfish:
Guidance table

Considerations:

 Underreporting of

catch &
Inconsistencies "

» Representativeness
of fleet: index of
abundance

Aiose,
LT
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Data- Data-
Abun-based | Dep-based Index-based | Index-based | Catch-based
Parameter moderate | moderate
Fratio MCD DD DD4010 Islopel Isloped SPMSY
PNOF 57.8 82.2 88.9 96.7 59.8 64.2 81
B50 84.2 95.3 93.5 96 77.7 78.4 86.1
LTY 81.5 81.5 87.5 79.6 73.7 63 34.5
AAVY 54.2 70 97.4 55.6 99.8 99.8 99.6
Known,
Known, constant across
Mort constant
age
across age
L50 Life history
vbt0 e characterizatio
vbK e Isf orY ns reflective of
oLt characterizations STX
Y reflective of STX
wla
wlb
Age
Age characterizations characterizatio
MaxAge . .
reflective of STX ns reflective of
STX
Cat Known, informative of historical removals
FMSY_M Known
Ind Fishery dependent representative of population
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix

stoplight parrotfish:

Guidance table

Considerations:

 Highly uncertain
estimates of
depletion and
current abundance

@ NOAAFISHERIES

D

Data- Data-
Abun-based | Dep-based Index-based | Index-based | Catch-based
Parameter moderate | moderate
Fratio MCD DD DD4010 Islopel Isloped SPMSY
PNOF 57.8 82.2 88.9 96.7 59.8 64.2 81
B50 84.2 95.3 93.5 96 77.7 78.4 86.1
LTY 81.5 81.5 87.5 79.6 73.7 63 34.5
AAVY 54.2 70 97.4 55.6 99.8 99.8 99.6
Known,
Known, constant across
Mort constant
age
across age
L50 Life history
vbt0 e characterizatio
vbK e Isf orY ns reflective of
oLt characterizations STX
Y reflective of STX
wla
wlb
Age
Age characterizations characterizatio
MaxAge . .
reflective of STX ns reflective of
STX
Cat Known, informative of historical removals
FMSY_M Known
Ind Fichpr\/ rlpppnrlpnf rpprpcpnfnfi\lp of pnpulnfinn
Known,
estimated
Dep from TIP
samples and
life history
Known,
estimated
Abun
from current
catchand F
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St. Croix stoplight parrotfish: summary

* Tradeoffs between MPs highlight the importance of
selecting performance criteria

 Considerable uncertainty present in data inputs for US
Caribbean species highlights caution when selecting MPs
for management advice
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Stoplight parrotfish (Sparisoma viride ) St. Croix diving

[
T Distributi d di d d)
Management Evaluation Performance Results fstrl owas cacl el {clstred) Sor
DLMtool Total Allowable Catch (TAC; pounds)
| Ordered by PNOF Ordered by LTY o
. No MP PNOF B50 No MP LTY  AAVY D - ."L"- /\'— DD
= | Y = Fratio
stoplight s too — WEEEE 3 ., | N\ N o
2 DD 2 MCD 81s 7000 § o 7 h =— DD4010
— : : \Islope
. 3 MCD 3 Fratio 815 542 o '\ N
> © | R
arrotfish oo 2ol £ 2] N
5 Isloped 5 YPR_ML o < . . N
6 Islopel 777 6 Islopel ?J‘ S 7 i E E
assessment A
8 YPR_ML 8 SPMSY g o 7] Vo
S A |
PNOF = Prob. of not overfishing (%); BSO = Prob. of B being w 8 — ——

S u m m a ry above 0.5 BMSY (%); LTY = Relative long-term yield (fraction ! ! I I
of simulations achieving > 50% FMSY yield over final 10 0 10000 30000
projection years); AAVY = fraction of simulations where
average annual variability in yield < 15% DLMtool Catch Statistics (Ibs)

MP Min Median Max
Subset of Catch Statistics Sensitivities: Highest long-term yields in MSE
200 - 1 200 Islopel 11,089 25620 47,084
MCD - Cat ) MCD 2,355 23,067 156,974
150 1 T 150 4 Fratio 1,391 15,415 107,133
100 4 100 /- DD4010 489 10,253 78,481
a DD 757 9,749 90,988
50 , .=~ ||Other MPs that meet AP criteria
g ol= 0w SPMsY 973 31,043 76,106
15 1
x 05 1.0 15 20 25 00 02 04 o0 Lsioped 11312 19912 343876
2
5300 . ) 150 Mean length estimator (Huynh)
g 250 Fratio - Abun ) Islope1 - Cat YPR_ML (FO.1) 21,374
200 ... | 100
150 - Fih Catch Statistics (Ibs)
100 1 .~ |[catch 20152 98,980 164,576
i ' 2014 Catch 21,750
k ; i . e 2012-2014 Average Catch 32,464
0e+00  2e+05  4e+05 05 10 15 20 25 |1996-2014 Average Catch 90,089

Paramater/ variable input level

Concerns and Caveats:

. Method-specific assumptions (e_g., constant M)

. Sensitivity to data inputs: life history parameters, depletion, and abundance

. Data quality: uncertainty in growth parameters; underreporting of catch and inconsistency in recording
parrotfish in data files; Appropriateness of fishery-dependent index of abundance to characterize trends
in fishery resource, estimates of stock depletion and current abundance, and appropriateness of TIP
data for diving fishery in quantifying length at first capture

Considerations:

* Consider methods with high PNOF and LTY and weigh trade-offs in metrics

@A
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SEDAR 46 stock evaluation summary: DLMtool

X/

o,
2
H

General results

Top performing MPs

Catch recommendations

Limitations of real world application — Data quality
DLMtool software limitations

Research recommendation to improve application
Recommendations from SEDAR 46 for setting ACLs

Proposed roadmap forward

b

NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 123

N



General Results

Sufficiency of data to apply the DLMtool.

37 MPs identified as “feasible” satisfying data requirements for at
least 1 MP

» 22 MPs of the “feasible MPs” met the performance criteria

specified by the SEDAR 46 DW/AW workshop for at least 1
species-island unit

MP convergence:

* All feasible MPs converged across all six species-island units (1%
criterion)

» MP convergence generally reached between 200 - 300 simulations
depending upon species-island units and all by 500

¥
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Identification of top 6 performing MPs* by species-
island units:

PR hogfish | PR yellowtail | STT queen STT spiny STX spiny STX stoplight
Snapper triggerfish lobster lobster parrotfish

DD4010 DD4010 EDCAC EDCAC

DD DD EDCAC MCD MCD EDCAC
EDCAC MCD DD4010 DD DD Fratio
MCD Fratio MCD DD4010 DD4010 MCD
Fratio DCAC4010 Fratio DCAC4010 Fratio DD4010
BK DCAC Islope Islope DCAC4010 Islope1

Data-moderate Depletion-based
Abundance-based Index-based

*Note that if data are assumed imprecise and biased, index-based methods perform best
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Catch recommendation using real world data

Considerations:

« Selection of MP for providing TAC for management should take
into account:

* Sensitivity of MPs to input parameters
* Are MP assumptions met or violated
* Information quality used in interpretation of results
« Are depletion and/or abundance estimates reasonable?
* Are life history inputs reflective of the species island unit?

» Some MPs produced unrealistic catch levels
* e.g., Delay Difference
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Limitations of real world application- Data quality

Total removals:

 Species identification or mis-identification could influence
landings

« Availability on reporting forms

Indices of abundance:
* Derived from fishery-dependent data sources
* Nominal indices

Length composition:
* Restricted to 1 fishery in SEDAR 46

Depletion & Current Abundance:
* Rough estimates
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Limitations — DLMtool (v2.1.2) software

* Does not fully account for the range of hypotheses
regarding population structure and cannot realize the full
complexity of the biology such as:

* Time- and age-varying natural mortality
* Hermaphroditism

* Cannot realize the full complexity of the fishery such as:
 Multiple fleets or gear types
 Changes in fishing operations
 Regulations

 Real world application of data-limited methods assumes knife-
edge selectivity

 Does not allow for implementation error of the harvest
control rule within MSE

* Mean length (ML) methods not included in MSE due to
computational constraints*
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Research recommendations to better inform results

 Conduct a statistical review of existing fishery independent
surveys

* |dentify an optimum sampling design for development of fishery
Independent abundance indices.

 Develop indices of abundance for spiny lobster using all available
data since 1970s with a focus on a fishery independent survey

* |nvestigate more justifiable estimates of stock depletion (Dep) and
depletion over time (Dt)

* E.g., Productivity-Susceptibility Analysis (e.g., Cope et al. 2015)

* |nvestigate more justifiable estimates of current stock abundance
* E.g., use F from mean length estimator
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Research recommendations

Enhanced catch at length by gear sampling is needed to better
inform selectivity at age

Investigate fleet dynamics to more accurately capture fishery
characteristics

|dentify:
* Target catch or index level(s) (used with catch and index time series)

. Target)length level(s) (used with catch and a length frequency
series

Develop a weighting scheme for length composition and multiple
gear fisheries reflective of the stock

Consider organizing species into species complexes for
assessment based on similar life history, market characteristics,
and vulnerability

<
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Recommendations from SEDAR 46 for setting ACLs

 Conduct a transparent review process of data-limited methods
used to set ACLs similar to the workshop conducted by the Pacific
Fishery Management Council (PFMC) SSC (NMFS 2011) be

conducted.

 Specific considerations for review included:
 What are the data requirements and assumptions of the method?
« What are the conditions under which the method is applicable?
* |s the method correct from a technical perspective?

 How robust are model results to departures from model assumptions and
atypical data inputs?

* |ncorporation of model uncertainty

* |dentify process to evaluate model results that incorporates objectivity,
transparency (i.e., simulation/ management strategy evaluation)

« What level of review is appropriate for assessments conducted using
the method?
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Recommendations (continued)

 Draw from SEDAR 46 DLMtool sensitivity results to identify data collection
priorities

« Convene a workshop to review demographic data for all species in US
Caribbean
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Proposed roadmap for using DLMtool to set ACLs
in the US Caribbean

Borrowing from the Mid-Atlantic black sea bass evaluation, MPs
could be selected if they are adaptive and rely on data that are
routinely collected and believed to be reliable.

Selection of MPs should at a minimum consider:

* Performance metrics within a management strategy evaluation for
each species

 Considerations as to how well the data and model assumptions
were met

¥
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MPs excluded from giving management advice

Acceptance Issue  |PR Hog |PR YT |[STT QT |STT SL [STX SL |STX Stop
Recommendations

Data qualit
Depletion uncertain

Current Abundance
uncertain

Life histo
Uncertain maximum
Age and/or Mort
Protogyny
Uncertain growth
parameters

3%

B

:

R
e

H @ i
%VJ; NOAAFISHERIES

BB, BB Bb
SPMSY  SPMSY SPMSY

Fratio

Convene expert team to
develop estimates of
depletion, explore
Productivity-Susceptibility
Analysis

Convene expert team to
develop estimates of current
abundance using better
estimates of F (e.g., from
mean length approaches)

Convene workshop to
characterize LH
demographics and
uncertainty estimates
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MPs excluded from giving management advice

Acceptance Issue  |PR Hog [PR YT [STT QT |STT SL |STX SL |STX Stop
Recommendations

Develop statistically robust
restrlcted fishery-independent surveys
Catch : Further investigation into

recommendations discard estimates, catch

exceeding or near : -
reporting and verification
largest observed pAE

catches

Long-term yield < : ; Convene methods

50% relative to workshop to develop
FMSY'ref framework for harvest
control rule approaches for
data limited stocks (e.g.,

PFMC)
o,
) el Ocean ST s
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MPs selected for management advice

Recommended STX_Stop
methods

Index-based Islope1, Isloped Islope1, Islope4 Islopet, Islope1, Islope4 Islope1
Islope4,
ltarget1

Catch-based - SPMSY CC4

Length-based Mean Length Mean Length Mean Length - -
Estimator Estimator Estimator
(YPR_ML) (YPR_ML) (YPR_ML)

- Indicates no methods recommended
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Thank you
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Questions and comments
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