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Primary concerns during SEDAR42 Review

* Fits to the discards and discard length composition
» Model unable to fit commercial discards

o Start year

* DW/AW: 1986 — landings considered most
accurate because of trip tickets and species-
specific reporting

* RW: 1993 — majority of informative data start;
“‘more consistent situation for discards (and for
the video survey)’
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Post-SEDAR42 concerns: initial conditions

Late start (1993) not recommended by Rick Methot, best
practice to start as early as feasible

Bootstrapping
From SEDAR42 SSC » The model was refit to 300 bootstrapped data-sets and the distribution
Pre se ntatio N of the parameter estimates was used to represent the uncertainty in the

parameters and derived quantities of interest

(January 2016): /\
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Data Review
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Life History
* Many the same as SEDAR42

 Reproductive biology * Age and growth*
 Maturity * Meristics
* Hermaphroditism  Natural mortality*

* Implicitly accounted for in fecundity”

*Updated for SEDARG1
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Fork Length (mm)

AQE-G rowth & M Linf 82.719 cm FL 79.995 cm FL

k 0.124 yr' 0.131 yr'

* von Bertalanffy growth
t, -0.899 yr 0.875 yr

model with a linearly

increasing CV with length \ =
& SEDAR12Update
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Per Capita Fecundity =

Proportion Female X Proportion Mature x Batch Fecundity

. 1.0
L0 . * SEDAR12, did not use batch fecundity, n=74
09 * 0.9 SEDARA42 regression, BFE = 3878 * (Age”2.12), n=100
. -1 SEDARG61 regression, BFE = 6672 * (Age*1.84),n =110
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» Fecundity vector fixed in SS model ~ sensitive to 10 new samples

2500000

500000

0 500000

T T T T
0 5 10 15 20 25

Age (year)

» Female SSB in relative number of eggs, not absolute
number of eggs
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SEDARG61 concerns

» Recommendation for
Fecundity-at-Age:
» Use batch fecundity as a
function of length &

convert to age using
growth curve

 Better
biological
determinant
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Batch Fecundity Estimates

Fecundity (relative number of eggs)
N
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SEDAR12, did not use batch fecundity, n=74 2
SEDARA42 regression, BFE = 1.48 x 10-10 * (FL_mm*"5.48), n= 103
=1 SEDARG61 regression, BFE = 1.48 x 10-10 * (FL_mm"5.48), n = 114

1

Fork Length (mm)

Fecundity (Prop Female x Prop Mature x Batch Fecundity )

—SEDAR61 (L->A) —=SEDAR42 (at-age)

5 10 15
Age
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Commercial
Landings

Data Sources:
 Accumulated

landings system
(ALS)

 Florida trip ticket

* Individual Fishing
Quota (IFQ)
Program (2010+)

SEDAR61-WP21

/)
Vf NOAA FISHERIES
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Recreational Data: Option 1a &

» Using fully calibrated MRIP time
series of catch estimates for SRR A——
charter and private Siniie SN R R

» Peer-reviewed FES mail survey for R e
effort estimates >

* Adjusts past Coastal Household >
Telephone Survey (CHTS) T G O
estimates to account for temporal R

changes in telephone usage

« Recommended for assessment and management purposes
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Recreational Landings — Before and After MRIP

Transition | = ~ g
* Proportions by o
mode remain
relatively similarJ
o AR N
o I I 1:0—
18 .In.Ch TL .S|Zemw
limit in Florida o+ A
waters in 1990 i
1_980 1985 1990 1995 2000 2005 2OI10 20I15 Year " _1981 1986 1991 1996 2001 2006 2011 2016
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Landings (Thousands of Fish)

Recreational Landings

 3Single fleet recommended during SEDAR42 review
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Total Nember of Angler Fishing Trips

Gulf of Mexico
Private Boat Effort*

30,000,000 —
I Telephone vs Mail
I
20,000,000 — I +
I Wireless Effect
Telephone vs Mail !
I
10,000, 0400 —
i | — Callibaate d Effort Fre-calils athon Effet |
1 1 1 1 1
1980 1990 2000 2010 2020

*Content borrowed from presentations
given to GMFMC SSC (Oct 2018)
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*Term of Reference
Commercial Discards*

» Catch per unit effort (CPUE) expansion to calculate
total catch for SEDAR61 Coastal Observer Program (set level)

Commercial
_ Catch — Reef Logbooks
total Catch = ——— X Total Effort ;e

» Evaluated appropriate effort variables by matching trips
and comparing effort between datasets

* Longline: number of sets

* Vertical line: fishing days (last hook out — first hook
in per day, summed over all days)
SEDARG61-WP15
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Commercial Discard Catch Expansion

* Estimated landings via CPUE catch expansion
closely follow logbook reported landings

Vertical Line Longline

Mo Observer Data Observer Data Ma Observer Data Chserver Data
——— = = = = === === * +

Kepl Red Grouper

Kept Red Grouper
{Round Weighl, Thousands of Pounds)

Year

=—Repored Landings - Logbook  ——Calculated Landings - Obsarver ==Feported Landings - Logbook  ==Calculated Landings - Observer
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Discards (Thousands of Fish)
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» Commercial trap unchanged from SEDAR42
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8000 — —— SEDAR 61

Recreational Discards ...
» Self-reported
* MRIP: Charter + Private ¢ A

» Before and After MRIP \Jj Vo
Transition : .

. Headboat: h
 1981-1985: MRIP A
. 1986-2006:MRIP 1™ |
Charter:SRHS* discard §=1 |
ratio (proxy) o I
o 2007+: SRHS discards w/j

*SRHS = Southeast Region Headboat Survey
74

i,
i @ } NOAA F|SHER|ES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 15

i

e 4

%



Recreational Discards
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Indices of relative abundance - CPUE
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Indices of relative abundance - surveys

CPUE (number per 100 hook hour)
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*Term of Reference

Combined Video Index*

* Habitat-based modeling
approach to combine
relative abundance data

* Inclusion of habitat
variable accounts for
changing effort and
habitat allocation through
time

* Account for variation in survey area by weighting the final

least square means

SEDAR61-WP03
R
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Length {mm)

Combined Video: mean size across surveys

* Mean size by survey remains within confidence
intervals, except for 2013 (low sample size)

= FWRI ——Pascagoula ——PC T
900 Year FWRI  Pascagoula PC Total
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800 . 2003 2 2
- - - P N 2004 72 72
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Age Composition vertical Line

Data Sources

Commercial:
Trip Interview
Program (TIP)

Recreational:
MRFSS/MRIP
SRHS
GulfFIN

TIP
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A note on new MRIP size data

 Use the complete dataset (imputed and observed) and
sample weighting, as recommended by Office of
Science & Technology, to reweight age composition

» Distribution of imputed lengths generally similar to
observed lengths

« Sample weight designed to
better capture uncertainty in

. . Charter 82.8 17.2

sampling design
Use MRIP lenath data f Headboat 5.8 94.2
C?\Zrter& PerR/%te v?/ea; f\’[ Private 909 1
 Welg All rec 71 29

by landings

P
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Length (cm)

Length composition - Commercial Discards

* NMFS Observer Program
Vertical Line Longline
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Length composition — Recreational Discards

* FWRI At-Sea Observer Survey
* Recreational (2005-2007, 2009-2017)
e Charter since June 2009 (2010 first year)

¢ 0.01 ©0.15
80 -

* Majority of discards ~ , _
below size limit

g 20 inch TL size limit
" " L 50 ! . . d - -
« Some discarding of = ; —T" ;
o CECR IS S S A N A O :
legal size fish TN S T B §
30 - ¢ S S 8 8
@] © (o]
wd i °
10 —
I I I I I I I I I
2006 2009 2011 2013 2015 2017
SEDAR61-WP13 veur

J@WM"\
:’V; NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 26
s



Length composition — Fishery independent surveys

NMFS Bottom Longline

Combined Video
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*Term of Reference . __>1omdeotnmincon poy 5%
Red Tide*

 Updated index of red tide severity
(Walter et al. 2013) using MODIS data

20025 X/ X 2\ X/ 0N

 Concern over MODIS data quality and

87 86 -B5 84 83 82 81 &0

MODIS = 1.025 SeaWiFS + -0.004
MCP R?_
I ra =0.879
0.15 -
) p = 0.001
0.12
5 .
[0 1
20.10 g 00.10 -
© o
E | S
b ] \ 0.08
x ]
0.05 \ \/\ /
D 0.06 -
¥
0.04 4,
0.00
| | | | | | | | |
2005 2010 2015 004 006 008 010 012 014
SEDAR61-WPO07 SeaWiFS
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SEDAR61-WP06
New Data: Ecosystem analysis

 Estimated red tide mortality

 Spatial extent and duration — satellite imagery «  Species distribution — ecosystem model

Proportion of Biomass Killed

» Severity — cell concentration samples  Mortality — logistic response function
Red Grouper Mrt on Total Biomass Red Grouper Mrt by Age Stanza
2 _ c50 slope w |
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*Term of Reference

New Data: FWRI Surveys* . e

* Vertical Longline & Repetitive
Time Drop

o Stratified-random sampling
design °

e Zones4,5,9 and 10

5

CPUE

T T T
2014 2015 2016 2017

+ 0.01 © 015

~ Mean: 47 cmFL
- Range: 21 - 87 cm FL

Length (cm)

& < 22 -I ; P | | o | . |
§_ SEDAR61 -WP1 0 & 11 2014 2015 2016 2017

Year
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SEDAR 61 ‘Continuity’ model
(based on SEDAR 42 RW Final Model)
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Red grouper continuity model configuration

« 1993 - 2017 (1986-) |dentifies model configuration proposed by Assessment
1 area, 1 season model Workshop but changed during Review Workshop

» Combined gender model
»  Maturity, protogyny, and fecundity a function of age using life history data inputs (fixed)
 von Bertalanffy growth (fixed)
» Lorenzen natural mortality (fixed)
« Beverton-Holt spawner-recruitment relationship
» Steepness (fixed at 0.99) (Estimated)
« 5 fishing fleets — landings and discards
 Single recreational fleet (2 fleets: MRIP and Headboat)
» 4 fishery-dependent indices of abundance
» 3 fishery-independent indices of abundance
* Red tide mortality estimated in 2005 & 2014
» Age-based selectivity (Fleets)
* Length-based selectivity
 Fishery-independent surveys
» NMFS Bottom Longline assumed asymptotic (estimated)
» Time-varying retention to account for changes in regulations (estimated) (fixed)
/4
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Continuity model review: data inputs

Landings .
» \Vertical line: 1993-2017
» Longline: 1993-2017
» Trap: 1993-2006
 Private/Charter/Headboat: 1993-2017
Discards .

» \Vertical line: 1993-2006 (reconstructed), 2007-2017
(NMFS observer program)

» Longline: 1993-2006 (reconstructed), 2007-2017
(NMFS observer program)

» Trap: 1993-2006 (self reported)*
» Charter/Headboat/Private: 1993-2017

Length composition of discards
» Vertical line: 2006-2017 (NMFS observer program)
» Longline: 2006-2017 (NMFS observer program) .
» Charter: 2010-2017 (FWC observer program)

» Headboat: 2005-2007, 2009-2017 (FWC observer
program)

4

f”"""‘»
() NOAAFISHERIES

Strict continuity
not provided
due to improved

Age composition of retained catch methOdOIOQieS
» \Vertical line: 1993-2017
» Longline: 1993-2017
* Trap: 1993-2006
 Private/Charter/Headboat: 1993-2017
Abundance indices
» Vertical line: 1993-2009**
« Longline: 1993-2009**
» Charter/Private: 1993-2017
» Headboat: 1993-2017

» Video survey (FWRI, PC, SEAMAP): 1993-1997,
2002, 2004-2017

«  SEAMAP summer groundfish survey: 2009-2017
*  NMFS bottom longline survey: 2001, 2003-2017
Length composition of survey data

» Combined video survey (PC and SEAMAP only):
2008-2017

«  SEAMAP summer groundfish survey: 2009-2017
«  NMFS bottom longline survey: 2001-2017
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SEDAR 61 ‘Continuity’ model results

SEDAR42

« Remember 5 - SEDAR61 “Continuity’
differences in: L
« Commercial £ ,_
discards N

» MRIP landings WA

 MRIP discards

® M ? 3 index Of 1990 19|95 20|00 20|05 20|10 20|15
abundance e

o,

4
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Update/Revision of Initial Conditions

* Since removals occurred prior to start year, the model
was started in a non-equilibrium state and estimated:

« I|nitial fishing mortality for each fleet

o Starting year of assessment model changed from 1986
to 1993 at Review Workshop

* Initial equilibrium catch inputs during the Review
Workshop were too high (remember slide 4)

* Reason for large increase in OFL

Table A.1.3 [ N R TR

(SEDAR42  Estimated Retained Yield 3430.84 mt 7080.93 mt
Addendum) (MSY) (7.96 million pounds) (15.61 million pounds)

%

é{.ﬁ"w\%
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utput

Spawning o

Model Comparison

 Updated initial equilibrium catches for all fleets to reflect
average of first 5 years of time series

= SEDAR42 21 million = SEDAR42
° = SEDARG61 Continuity = SEDAR61 Continuity
A = SEDARG1 Initial Update = SEDARG1 Initial Update

: J[ 32 million

| | S-R_LN(RO) | |

| B Vocel | sgmaR:CY
* SigmaR abnormally high SEDARA 1.24 0,12
in SEDAR42 model SEDARG1 Continuity ~ 1.15+0.12

SEDARG1 Initial Update 0.79+£0.12

=
—

i
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SEDARG61 Base Model

R

A4
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Review of Data & Updates

Data Updates:

Catches

» Combined video index & length - o
composition ol g:a%]ﬁd ;ap

Abundance indices

 Recreational age composition
« Growth (and M)
* Fecundity

comijI__

EonimA )i
IIjl'V

o

Length compositions

Age compositions

New Data:
* FWRI repetitive time drop index

and length composition - s
: ~ &omm rap

o squars oot sampl | enm—
 Use square root of sample | | | | | - - R

sizes for composition data 1985 1990 1995 2000 2005 2010 2015

* |teratively reweight effective
sample sizes (best practices)

Year

J‘w‘"ﬂﬁ%
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X~ 4



SEDARG61 Continuity Model

1993 - 2017

1 area, 1 season model

Combined gender model

Maturity, protogyny, and fecundity a function of age

using life history data inputs (fixed)

von Bertalanffy growth (fixed)

Lorenzen natural mortality (fixed)

Beverton-Holt spawner-recruitment relationship
» Steepness (fixed at 0.99)

5 fishing fleets — landings and discards
 Single recreational fleet

4 fishery-dependent indices of abundance

3 fishery-independent indices of abundance

Red tide mortality estimated in 2005 & 2014

Age-based selectivity (Fleets)

Length-based selectivity
 Fishery-independent surveys
* NMFS BLL assumed asymptotic

Time-varying retention to account for changes in
regulations (estimated)

) FISHERIE
Vj NOAAFIS S

i o

*Term of Reference

SEDAR61 Base Model

1986* — 2017
1 area, 1 season model
Combined gender model

Maturity, protogyny and fecundity a function of age
using LH data inputs (fixed)

Von Bertalanffy growth (estimated K, L at Amin)
Lorenzen natural mortality (fixed)
Beverton-Holt spawner-recruitment relationship
» Steepness fixed (h =0.99)
5 fishing fleets — landings and discards
 Single recreational fleet
4 fishery-dependent indices of abundance
4 fishery-independent indices of abundance
Red tide mortality estimated in 2005 & 2014* (no 0s)
Length-based selectivity:
* Fleets*
» Fishery-independent surveys
* NMFS BLL, Video, FWRI assumed asymptotic

Time-varying retention to account for changes in
regulations (fixed inflection and asymptote)
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X

Base model review: data inputs

Landings .

Vertical line: 1986-2017 (1880)

Longline: 1986-2017 (1982)

Trap: 1986-2006 (1964)
Private/Charter/Headboat: 1986-2017 (1946)

Discards .

Vertical line: 1993-2006 (reconstructed), 2007-2017

(NMFS observer program)

Longline: 1993-2006 (reconstructed), 2007-2017
(NMFS observer program)

Trap: 1990-2006 (self reported)*
Charter/Headboat/Private: 1986-2017 (1981)

Length composition of discards

) NOAAFISHERIES

Vertical line: 2006-2017 (NMFS observer program)
Longline: 2006-2017 (NMFS observer program) .
Charter: 2010-2017 (FWC observer program)

Headboat: 2005-2007, 2009-2017 (FWC observer
program)

Age composition of retained catch

Vertical line: 1991-2017

Longline: 1991-2017

Trap: 1991-2006
Private/Charter/Headboat: 1991-2017

Abundance indices

Vertical line: 1993-2009**
Longline: 1993-2009**
Charter/Private: 1986-2017
Headboat: 1986-2017

Video survey (FWRI, PC, SEAMAP): 1993-1997,
2002, 2004-2017

SEAMAP summer groundfish survey: 2009-2017
NMFS bottom longline survey: 2001, 2003-2017

Length composition of survey data

Combined video survey (PC and SEAMAP only):
2008-2017

SEAMAP summer groundfish survey: 2009-2017
NMFS bottom longline survey: 2001-2017

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 41



Fit to Data: Landings

' ___ SEDAR 61 . _ . ___SEDAR 42 o SO ' ___ SEDAR61 . _ . ___ SEDAR42
; L i d 5 g i 5 i i i g 0 5 i 5 i i : : i
yimmercial Vettical Line— Observed : : : Commergial Tr:
1600 : : e Expected H : i : i
: : : 400
1400 — s
1200 300
1000 *
200 -
800 -
600 100
400
a 0 —
£
o
[
5 : : z : : :
2000: Rdcreational i e Dbserved
i i : i e Expected
2000
1500 -
1500 —
1000
1000 — i
i ’
500
A
T i T T T T T T T i i i i 0 = T T i 7 T T T i i i
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

Year

Commercial (metric tons): CV =0.15  Recreational (Numbers): CV =0.30
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_ _ _ *Note difference
Fit to Data: Commercial Discards |in magnitude

Comm VL* Comm LL* Comm Trap

|| SEDARG1 l

|| SEDAR42

{4 il

« SEDARG1 discards roughly 3-6X lower than SEDAR 42

éﬁ!w‘"ﬁ%
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*Note difference

Fit to Data: Recreational Discards |i, magnitude

SEDARG61 SEDAR42

0 1000 2000 3000 4000 5000 6000

1990 2000 2010 2020 1990 1995 2000 2005 2010 2015

« SEDARG1 discards nearly double magnitude of SEDAR42

P
S
1
H
i o
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Index of Relative Abundance

Fit to Data: Fishery-Dependent Indices

« Commercial indices truncated in 2009 due to IFQ
implementation; not updated due to time constraints

SEDAR 61 SEDAR 42 SEDAR61 SEDAR42

i Heiadboiat l
TN ’h Hg

Vertical Line

T T T T T T T
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010

Index of Relative Abundance

Longlin
1:5:+
1.0
0.5 4
T T T T T T
1995 2000 2005 1985 1990 1995 2000 2005 2010 2015 1985
Year Year

Recent declines in rec indices *SEDAR42 terminal year for comparison
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Index of Relative Abundance

Fit to Data: Fishery-Independent Indices

SEDAR61 SEDAR42 SEDAR61 SEDAR42
3.0 - :
ideo 3.0 Groundfish

2.5 25 -

2.0 2.0

1.5+ 1.5

1.0 o 1.0

#ﬁ}’ 2

0.5 - 8 05
5

0.0 0.0 4

T T T T T T T T T 2 T T T T T T T T T
1995 2000 2005 2010 2015 1995 2000 2005 2010 2 2010 2012 2014 2016 2009 2010 2011 2012 2013

T

35 - . & - y

NMFS Bottom Longline, % 30-  FWRI Repetitive Time Drop

3.0 % 25 A

2.5 g -

— 2.0

15 1.5 o

1.0 1 1.0 -

0.5 0.5

0.0 "

T T T T T T T T T 09 T T T T T T T
2005 2010 2015 2002 2004 2006 2008 2010 2012 2014.0 2015.0 2016.0 2017.0
Year Year

» Recent declines in abundance noted for most surveys

4

i

S

—

8
H
H
_

NOAAFISHERIES

*SEDARA42 terminal year for comparison
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0.05

0.00

0.20

0.05

0.00

0.20

Fit to Data: Length Composition
SEDARG1 SEDAR42

commHL (discardgum of N adj.=515.9| [ "gEAMAP Vid (retawedf N adj.=159 3| i Sum of N adj.=800] i i Sum of N adj.=439
| am of N eff.=4091.4 - ( Sum (Zf N eff =774 2| 0.20 commHL (discards) Sum of N eff.=1234A4 SEAMAP_Vid (retained) Sum of N eff.=1374.6
- 0.15
— 0.10
I . I 0.05
i - fN ad.—332.1 SEAMAP GF Sum of N adj.=123 2| 0:00 7 i i
| commLL (discaragym N A 5338 | - SRINERTIBY |, [ commiL @) S T3Sy SEAMAP_GF AR
o
a S 0.15
T
o
— Q. 0.10 4
e
- & 505
1 T T T T T T T T T T T T 0.00
i S f N adj.=116.9 S f N adj.=461.3) i Sum of N adj.=800| S f N adj.=1188
- Rec (dlscards) SuunToof N eaff,J=121 0.1 NMFS_BLL SuunTo? N eaff,J=1 1204 0.20 Rec (dlscards) Sum of N eff. =1297,4 NMFS_BLL uSTJn?I Of:l éff =750
_ 0.15
- 0.10
- s I 0.05
S ! ! ' ' " TFWRI RTD Sum of N adj.=161.§] 00— T J j J T T ! T ! ' '
o 20 40 60 80 0.20 - Sum of N eff =422 7] 0 20 40 60 80 100 0 20 40 60 80 100
Length (cm) Length (cm)
0.15
0.10 . .
e * mproved TItS 10 dIsCara ien
0.05 H
0.00 — Ed L . .
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Length (cm)
| ] | ] | ] L ]
» Size-based selectivity; retention
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e
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Residuals: SEDA

R61

SEDAR42

commHL Ow Os « 1@ s ‘10 commHL 02 +01@2
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70 70
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Proportion

Fit to Data: Age Composition
SEDARG1 SEDAR42

0.30 i Sum of N ad) =754 8 i Sum of N adj =123 5 N=3565 N=679
commHL (retained)  Sum S\ GLTiss g commTrap (retained) Wm oMY om0 | SOMMHE emv=ios0 1 COM™ 1P €fiN=360.4
0257 0.25 -
0-20 7 0.20
0.15 045
0.10 ] 0.10 —
0.05 c 005
2
0.00 E 0.00 <
0.30 i Sum of N adj =1133.1 i SumofNadj=4517 & N=3648 N=2963
commLL (retained) Sum of N off =2081 2 Rec (retained) Sum of N eff =554'5 E 0.30 commLL effN=2265.1 Rec effN=595.9
0.25
0.25
0.20 020 -
0.15 045
0.10 010
0.05 - 0.05
0.00 0.00
T T T T T T T T T T T T T T T T
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
Age (yr) Age (yr)
| ] n n L ] n
» Trade-off between fitting age compositions and discard
length itions in SEDARG1 model
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Residuals: Age Composition

SEDAR42

SEDAR61
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* Less pronounzed residual patterns in SEDARG1 model
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Biomass

Total Biomass (1000s mt)

Total Biomass (mt) SSB (scaled number of eggs)
® —— SEDAR42 & —— SEDAR42
—— SEDARG61 10 - —— SEDARG61
150 — %
100 - é B~
N g é J\f
g 2-

I | I I I I [ I I I I I [ I

1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015
Year

* Higher biomass in SEDAR42 model to sustain higher initial
catches

* Declines in 2005 and 2014 following severe red tides

| poiTcing,
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uits (1,000s)

Age-0 recr!

100000 150000

50000

Recruitment
SEDARG1 SEDAR42

| N
% * | ]ll T o
iy
oooooooo u M H l%l HMH ”4 N ,ob bbb J) 4><1’<1,¢{)

Year

* Strong recruitment events in 1995, 1998, 2001,
2005, and 2013

| posing,

G
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Recruitment Deviations

SEDARG61 SEDAR42

* Early rec devs not estimated in SEDARG1
* Led to high CVs in estimated deviations and initial ages

| posing,

f ~J
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Recruitment (1,000s)

0

Stock-Recruitment Relationship
SEDARG1 SEDAR42

80000 100000 120000

o
o
—— Exp. recruitment S 4— Exp. recruitment 2005 0
10 Extp retcrgitmen_ttaftert bias adj. 2005 © < |— Exp. recruitment after bias adj.
b Unfished eiﬁlri‘;'rir:g" s o Estimated recruitments
— + Unfished equilibrium
1 1998 ©
o
o
O —
1998 @ [e]
- o]
o
o
3 S
S 7 © 2001 ©
w0
o wone 2013 @ § | 1995 ©
o
S 1995 © = 2006 O
=t
2006 @
- S 19930 o 2003 ©
3 4 —ath 1B86—C> r 8 N ° 843 n
s | TS e __ . PR N o 20130
N wi7e T T, v e 0 @00 o ° o
199 0 08B R0 240, o 188940 2008 0201 ©
I [ I I I [ I T T T T
Oe+00 1e+05 2e+05 3e+05 4e+05 5e+05 6e+05 7e+05
0 500000 1000000 1500000

Spawning output

Spawning biomass (mt)

o Steepness fixed at 0.99 in light of flat SR relationship

« ***Not to be interpreted as a measure of high stock
productivity of the stock at low stock sizes
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Exploitation Rate

* Fraction of population removed in biomass
SEDARG61 SEDAR42

N O O
SRR ‘1"
f,; H H+ H+MM+++H+M i HH+H++++ ++++ e

* Redtide mortaIYieﬂ/ included
* Recent fishing mortality rate one of lowest in time series
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Fleet-specific Fishing Mortality Rate
SEDARG61 SEDAR42

mmmmmmmm

01 /\/\/R\/Sm
=

o ' \/\\—__i -~ —~

* Fraction of population removed in biomass
 Red tide modeled as fishing fleet
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Derived age-based =1 7 ’ — s
selectivity . =

° SEDAR42 1'0: CommercialLon'ne%
« Age-based, random walk :
 QOver-parameterized

. SEDARSG1: -

* Length-based, double
normal

 Better able to capture -
cohorts in data, fewer ...
years with recruitment § g
CVs>1 : ; Age (yé'%rs) " .

i,
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Length-based
selectivity

« SEDARA42:
e Double normal

« SEDARGT:
* Logistic:
* Video
* BLL
* FWRI

* MRIP Charter/Private
survey mirrors fishery

Selectivity

Js"’"""‘»
&% NOAAFISHERIES

e 4

%

| Combined Video

—— SEDARB1

—— SEDAR42

SEAMAP Summer Groundfish

________________________________________________________________________

| NMFS Bottorn Longline

| Charter/Privaxzte Survey /'

__________________________________________________________________________

| FWRI Repetitive Time Droj

T R L. SO V. 1 S R S | SR R N . ) SRS S R RS VR (OO ML YU VA R VeS|

T 1 T T T
0 20 40 100 120

60 80
Length (cm FL)
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Commercial vertical line: 2017 selectivity

e
Size Limit: 43.96 cm FL |
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Commercial longline: 2017 selectivity

O. p— [ 1 l 1 l 1 L1
Size Limit: 43.96 cm FL |
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Recreational: 2017 selectivity

o S-S0
Size Limit: 48.79 cm FL J
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Model Diagnostics
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Survey TOTAL

Jitter
analysis

Y Evaluate mOdel . Parm_devs | Parm_priors | Parm_softbounds i Recruitment
convergence

* N=200

* Suggests we
have reached a , .
stable model o g TS

| |
9.020666
|

-04 -02 0.0 02 04

-04-02 0.0 02 04
| | |
0.7615830 0.7615836
| | |

9.020660
|

Recruitment

Parm_devs
Equil_catch Forecast Recruitmen InitEQ_Regime

Parm_priors Parm_softbounds

value

Length _comp

|
291.2

0.2

08 10 12 14
| | |
-0.4 -02 0.0 02 04
| | |
0
| ]
2904 290.8
| |

| Age comp o | & Discard
+ SEDAR42RW: ] .
52% within 5 "

N L L u n itS Age_comp Catch Crash_Pen Discard
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Bootstrap runs

Population Quantities

Virgin SSB SSB 2017 2017 Depletion
140 . 150 r
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Bootstrap runs
Initial F 2017 F

Initial F Terminal F
Commercial VL Commercial Trap Commercial VL Recreational
120 120 120 —
100 100 100 —
80 80 — 80
60 — 60 — 60 —
40 40 + 40
20 — 20 — 20 —
0 4 0 1 0 ’ "
T T T T T T T T T T T T T T T T T I T T T T
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.010 0.015 0.020 0.025 0.06 0.08 010 012 0.14 0.2 0.3 0.4 0.5 0.6 0.7
Commercial LL Recreational Commercial LL
140 | 1 : e e
i :
I 1
120 | :
100 — : 100
80 —
60 —
50
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20 -
0 . " 0
T T 1 T T T T T T T
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* [nitial F's show some variability
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Retrospective runs

 Assess consistency of model results and potential biases
Spawning Output Recruits

—e— Data 0 years —— Data -2 years Data -4 years —e— Data Oy —+— Data -2y o— Data -4 years
% —£— Data -1 years Data -3 years —9— Data -5 years —£— Data -1 years Data -3 years —9— Data -5 years
1.2 150
1.0
? |
c
g [
12}
E
0.6 3

0

)

: - A iy

1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

 Lack of systéwmatic retrospective pattern

Year
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Spawning output

Index Jack-knife runs
Spawning Output Recruits

—e— Base —e— Base
! —2— No Comm HL —2— No Comm HL
194 1 —— No Comm LL 150 —— No Comm LL
=¥ No HBT == No HBT
No Video No Video
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E 1”
2
0.6 \ 3
\ o ‘
S )\-%\ > f
\ ol =™ \
ran.

A 4\

T T | | | | 1 I ' I ' I I
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

» Model results relatively insensitive to removal of each index
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Total

Age data
Recruitment
Index data

40

fbé

Steepness

30

L| k9| | hOOd pI'OfI Ie | Longth data

0.99 -

Catch
Equilibrium catch

t

Change in -log-likelihood

* Evaluate ability of modelto ; *
estimate various parameters ~ =1
and most likely values | e o i SR
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A D
=1¢ SigmaR Bl 2 g el e
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Change in -log-likelihood

Change in -log-likelihood
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Sensitivity runs
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“Torm of Reference - PRSI NPTV TN

Red Tide* 2005 onIy 0.339 (0.320
20052014 0.339 (0.309

2005, 2015 0.337 (0.313
2005, 2014-15 0.338 (0.310

0.257 (0.429) :
0.262 (0.459)
0.174 (1.126) 0.109 (1.939)

AN N /S /S
N S S S

Relative spawning biomass

0.6 —e— Base (2005, 2014) e (2005, 2014)
—A— 2005 only © e 2005 only
2005, 2015 ° 2005, 2015
05 2014, 2015 - 2005, 2014, 2015
' [T9)
,/' O B
' °
04 g
2 S 7
X
anagement targe LlllJ
0.3 R
= o
g
;
0.2 - 3 o
° o
0.1 ; _
0.0 S
[ I [ I | [ I [
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

» Model cannot distinguish between a red tide event
occurring in 2014 and 2015
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*Term of Reference

No FD Surveys*

Relative spawning biomass

—e— Base —e— Base
06 —&—  No Commercial Q - —£— No Commercial
No Recreational No Recreational
No Fi -Dependent No Fishery-Dependent
05 - No e dependent ©w —©— No Fishery-Independent
i ©
) 3
e o ‘
0.4 E P
o
x
Management targe ".'.J
e U - oo P - s - e - SRR - - = S ] L
0.3 i £ S 7
=
o !
2]
0.2 S 8 4 \ /
v
0.1 - |
o
0.0 o _|
o
T T T T T T T T T T | T T T , T
1885 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015
Year Year

 Removal of indices results in similar overall trends

» Additional work needed on developing post-IFQ CPUE
indices
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0.6 —e— Base
—&— Estimate (no prior)
—t+— Estigate (with prior)

Steepness

Fixedat 0.99: ¢ ..

 Should notbe ¢ Jenscemont s
interpreted as i R T A |
measure of high § °27

stock productivity . -
of the stock at low

StOCk Sizes | 1_9|85 19|90 19|95 20|00 20|05 20|10 20|15 |
| Modelrun | Steepness(CV) | Prior

Base 0.99 (-) -

Estimate 0.734 (0.083) None

Estimate with prior 0.727 (0.079) 0.836 (Shertzer and Conn 2012)
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Recruitment (1,000s)

Spawner recruitment relationship

Fixed at 0.99

Estimated with Prior

o
8 |— Exp. recruitment § _|—— EXxp. recruitment
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+  Unfished equilibrium = +  Unfished equilibrium
o
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g g
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o & 8
S ° z 8 1998 ©
g g 8
© S
g 2L
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° 3 2001 @
r o 2013 @
= =]
S 4 ° 8 1995 ©
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Spawning output

Spawning output

« Lacking strong S-R relationship

i,

&% NOAAFISHERIES

. <4

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 74




Stock Status & Projections
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Criteria

Base M

Average M for Fully Selected Ages

MFMT

Mortality rate criteria

I:SPR30%
FSPRBO%

0.75 * Direct F at Fpragy

Fcurrent/MFMT

SSB,,sy or Proxy

MSSTygy (Amendment 44)

2017
SB2017 / SSBFSPR30%

SSB,y;/ MSSTy,

wn

n

7 &

o w
—
(@]
—
o

Average F over terminal 3 years

Overfishing Occurrin

Biomass criteria

SBSPR30%
- M) ' SSBSPR30%

0.5 * SSBgpgrsgy
Virgin SSB
Terminal Year SSB

ACD

0.144 0.144
0.212 0.259
0.212 0.259
0.159 0.194
0.126 0.203
0.594 0.784
g No

2,447,900
2,095,402
8,236,070
2,905,630
1.19
1.39

Overfished by Old Criteria

SSB,,,,/ SSB,

Overfished by New Criteria

0.35

748,241
640,494
374,120
2,494,130
613,517
0.82
0.96
Yes
1.64
No
0.25



F/FSPR30

Stock Status

New MSST Definition

1.5 - i
989 =
1993 ®
1992 @
1.0 |- - | sy 19086 W =
1994 @ 1999 @
19980 | 0000
2015 ¢ 2004 @
2016 @ 2014 @
1%& )
J290 2002 @ 2013 @
2008 ® 2012 ¢
1998 @
2017 @ 2003 @ 2005 @
007 ® 2011 @
0.5 2009 @
2010 @
SSB at MSYproxy
0.0 - .
T T f T T T T
0.0 05 1.0 1:5 2.0 25 3.0 3.5
SSB/MSST (SSB = relative number of eggs, MSST = 0.5*SPR30%)
fw‘%,r\%
{ < ) NOAA FISHERIES

S

F/FSPR30

Old MSST Definition

1.5 :
1989-@
199:3.
1.0 == 19920 1986
' 139 4 @ 1999 @
%o  0e
2015 @ 2004 ®
2016 @ 2014 ®
19 Y
1996 ® 2002 ® 2013 @
OVERFISHED 2008°® iz
1996 ®
2017 @ 2003 @ 2005 ®
2007 ® 2011 @
0.5 — 2009 @
2010 ®
0.0 '
T T t T T
0.0 0.5 1.0 15 2.0

SSB/MSST (SSB = relative number of eggs, MSST = (1-M)*SPR30%)
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Projection settings

» Constant recruitment based on recent period (2010-2017)

* Selectivity, retention, and discard mortality taken from most
recent time block (2010-2017)

» (Catch allocation by fleet: 76% Commercial, 24% Recreational

Landings Landings ACL B.reakdown of
(pounds) landings

2018 (Final Landings Estimates)
Commercial vertical line 296 (mt) 652,360
Commercial longline 739 (mt) 1,673,305
Recreational 210,613 (Number) - 2,580,000
2019 (Emergency Rule effective 5/17/2019)

8,190,000

Commercial vertical line 430 (mt) 3 160.000 948,000 (30%)
Commercial longline 1,003 (mt) SR 2,212,000 (70%)
Recreational 210,613 (Number) 1,000,000
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Retained Yield (Million lbs)

Projections — No 2018 Red Tide
Retained Yield

Depletion

— F=30% SPR
10 4 — 75% of F=30% SPR — F=30%SPR
— 08 -  — 75% of F=30% SPR
— Landings=2017 — F=0
= Landings=2017
E —
06 —
=
§ — =
T
=
[ak]
(]
4 — 0.4 —
2 ] 1]
fixed 0.2
N 1= =
':I —
[ [ [ [ I [ ] [ [ I
2015 2020 2025 2030 2035 2015 2020 2025 2030 2035
year year

« 2020: at

&) NOAAFISHERIE
N NOAAFISHERIES

then declines for F=30% SPR
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2020 “Spike”?

» 2018-2019
apical Fs are
very low

* Model predicts
an increase in
2020, but why?

&% NOAAFISHERIES

e 4
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Biomass at age

2013 & 2005
cohorts are
working their way
through the
fisheries

But... what about
2018 red tide?

I o g
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,M, NOAAFISHERIES
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Stakeholder Observations
2018, GMFMC “Something’s Fishy with Red Grouper”

Keepers:
* Deeper than historically
* Fewer in recent years

Recruitment: .
* Recent increase in smalls . -
Environment: = ®

 May shift location due to storms =
* Being displaced by red snapper  i-t==

* Depredation on discards is Bk
increasing EE Suspected Red Tide
 Population hasn't recovered ol === I
SlnCe the 2014 red tlde event w4 D -TVTOftBesponse
;}‘@\3 U.S. Departr :
v NOAAFISHERIES ! 2 3 4 Locat?on (StgtisticarGrid) . ° o



number of interviewees

rrrrrrr

SEDAR61-WP20 ‘E*Emmm' s ot R

Local Ecological Knowlﬁﬁgﬁf DAY A
Compare the recent 2017-2019 event to g Y
previous events in terms of severity, recovery i [N
time, temporal extent and species killed R 2ER
10 — B Collier okor | Browand
= LEE Miami-
B Charlotte i
8 O Manatee m{’
B Pinellas e
County Image:
http://edr.state fl.
us/content/area-
profiles/county/in
dex.cfm

prior to 2003 2004-2005 2013-2015 2017-2018
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Local Ecological Knowledge
By Event By Species Type

proportion of ratings

0.8 —

0.6

0.4

0.2

O minor O major O devastating B fish species other than grouper B grouper species
n=25 n=7 n=8 n=32 g n=27 n=11 n==8 n=39
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0
°
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9
o
o
o
prior to 2003 2004-2005 2013-2015 2017-2018 < prior to 2003 2004-2005 2013-2015 2017-2018

red tide event red tide event

2018 frequently ranked as devastating across regions
and lasted longer than previous red tide events
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Proportion of Biomass Killed

SEDAR61-WP06

Ecosystem analysis: Update

0.5

0.4

0.3

0.2

0.1

<
o

Updated based on recommendations at Data Workshop
* Project on UTM coordinates and account for anisotropy
« Caveats: grouper distribution maps, coverage
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Fishery-independent indices update

« 2018 is second lowest for bottom longline survey
« 2019 is lowest on record for groundfish survey

NMFS Bottom Longline Survey SEAMAP Summer Groundfish Survey
3.00 2.50
——SEDARG1 ——SEDARG1
5 —e—Through 2018 ! —e=Through 2019
g2 < o 200 | o
N >
E 2
2200 =
S = 150
5 g
£ 1.50 B
2 £
2 2100
S 1.00 w
. . =
- [&]
0.50
8 0.50 N
0.00 0.00

2001
2002
2003
2004
2005
2006
2007
2008
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Fishery-independent indices update through 2018

* FWRI repetitive time drop survey also shows low
relative abundance in 2018

Is]

o T — Standardized Index
-------- Bootstrap Cl
—— Nomina I
L= .
<A .
|
™
©
'_
o
sl
(]
(]
o

I I I I I
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Retained Yield (Million 1bs)

Projections: F = 30% SPR
Retained Yield Depletion

0.40 —
— base —— Dbase
—— half2014 — half 2014
10 - 2014 2014
— 2005 035 1| — 2008
— double 2005 = double 2005
= 0.30
[#3]
w0
o
o
B pos A
=
b=
=
&
o 0.20
MSST
N e e e i T T e e
0.10 -
[ [ [ [ [ [ [ [ [ [
2015 2020 2025 2030 2035 2015 2020 2025 2030 2035

year year

o 2020: below If 2018 red tide event was severe
 Reach after 2035 for all scenarios

| poiTcing,
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Retained Yield (Million 1bs)

Projections: OY (0.75 x F30%SPR)

Retained Yield

10 —

— base
— half2014

2014
— 2005
— double 2005

I
2015

 2020: below

e Reach

I I I I
2020 2025 2030 2035

year

Depletion (SSB/SSBO)

Depletion

0.40 —
— base
— half 2014
2014
035 11 — 2008
— double 2005
0.30 —
0.25 —
0.20 —
MSST
pisEq4=--—--—--—--Fr-=—-=-" ~"-"=—-="-"="-"="-"="="======-=
010
T T T T T
2015 2020 2025 2030 2035

year

if 2018 red tide event was severe

between 2025-2028 depending on severity
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Retained Yield (Million |bs)

Projections: Landings fixed at 2017 target
Retained Yield Depletion

10 —
= pase —— base
— half2014 0.6 — half2014
g — 2014 2014
— 2005 — 2005
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=
o
o
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B 0.4
w,
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@
o 0.3
1
0.2
0.1 —
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ear year

+ 2020: below ¢ if 2018 red tide event was severe
* Reach between 2023 to 2029 depending on severity
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1.0

0.8

0.6

0.4 —

02+

0.0

Probability of Overflshlng

No 2018 Red Tide Half 2014 2005 _Double 2005

FMSY proxy
F30%SPR

Scenario ﬁgigéﬁh No2018 — Half o1, ogps  Double
Red Tide 2014 2005
(Pounds)

Equilibrium yield at Fy,gy

7,643,329 0.50 0.82
proxy (Fsprsoe)
F at Opti Yield
Al L e 6,423,319 0.40
(FOY_ 75% FSPRBO%)
Landings fixed at 2017 4.305.711
target
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Summary

» How we treat the 2018 red tide impacts projected stock
size and catches
 Growing evidence suggests 2018 had a large impact on
population

* Projections using 30%SPR and OY predict high risk of
overfishing (> 50%) in 2020-2024 in the event of a
severe 2018 red tide event

« Maintaining current catch levels reduce this risk

Mean Catch No 2018  Half Double
| 2014 2005
Seenario (Pounds) RedTide 2014 2005

Landings fixed at 2017 4.305.711 0.83
target

-
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Catch advice — using 76% commercial, 24% recreational

pounds pounds pounds pounds

2005 red tide (~34% of population killed)

No 2018 red tide
2020 8,683,690 8,454,161
2021 8,127,883 7,918,758
2022 7,512,794 7,310,173
2023 7,037,279 6,817,243
2024 6,855,001 6,641,304
AVERAGE 7,643,329 7,428,328
Half 2014 red tide (~13% of population killed)
2020 7,465,505 7,263,226
2021 7,026,080 6,841,575
2022 6,955,504 6,375,880
2023 6,213,082 6,016,496
2024 6,141,432 5,950,189
AVERAGE 6,680,320 6,489,473
2014 red tide (~26% of population killed)
2020 6,398,910 6,220,578
2021 6,060,544 5,897,657
2022 5,715,786 5,556,333
2023 5,488,313 5,312,312
2024 5511925 5,340,548
AVERAGE 5,835,096 5,665,486

97.4
97.4
97.3
96.9
96.9

97.3
97.4
97.3
96.8
96.9

97.2
97.3
97.2
96.8
96.9

2020 5,786,113 5,621,581 97.2
2021 5,505,377 5,354,935 97.3
2022 5,232,467 5,084,616 97.2
2023 5,070,119 4,905,969 96.8
2024 5147545 4,987,701 96.9

AVERAGE 5,348,324 5,190,960

Double 2005 red tide (~68% of population killed)
2020 3,749,375 3,643,858 97.2
2021 3,656,847 3,556,791 97.3
2022 3,619,126 3,514,604 97.1
2023 3,664,608 3,541,697 96.6
2024 3913487 3,793,631 96.9

AVERAGE 3,720,689 3,610,116
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Commercial | Recreational
Year '
Landings (mt mt

What about allocation? 1986 2834 2121
1987 3059 716

. 1988 2162 1609

* From Reef Fish Amendment 30B: TG e T
« Preferred Alternative 3. Establish 133‘1’ gggg ggg

an interim allocation of TAC 1992 1962 1157
between the recreational and :ggi gggi ggf
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1986 through 2005. The ot e il
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24:76 2002 2493 734
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Update of analysis using new MRIP 2004 2900 1011
data results in allocation of: 31.25% 2005 2334 841
recreational, 68.75% commercial AVEEC\VGE 2381 LU
ALLOCATION 9875 et

ey

i
Vw NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 94
4

uuuuu



Catch advice — using revised allocation

pounds pounds pounds pounds

2005 red tide (~34% of population killed)

No 2018 red tide
2020 8,130,440 7,914,705
2021 7,672,386 7,473,537
2022 7,103,903 6,910,478
2023 6,649,994 6,440,950
2024 6,479,180 6,280,516
AVERAGE 7,207,181 7,004,037
Half 2014 red tide (~13% of population killed)
2020 6,989,682 6,799,687
2021 6,631,475 6,456,158
2022 6,196,239 6,024,915
2023 5,864,840 5,678,416
2024  5796,806 5,619,446
AVERAGE 6,295,808 6,115,724
2014 red tide (~26% of population killed)
2020 5,986,756 5,819,492
2021 5,716,403 5,561,824
2022 5,398,012 5,246,142
2023 5,173,427 5,006,927
2024 5,194,283 5,035,787
AVERAGE 5,493,776 5,334,034

97.3
97.4
97.3
96.9
96.9

97.3
97.4
97.2
96.8
96.9

97.2
97.3
97.2
96.8
96.9

97.2
97.3
97.2
96.8
97.0

97.2
97.2
97.1
96.6
97.0

2020 5410909 5,256,735
2021 5,190,557 5,047,911
2022 4,938,768 4,798,083
2023 4,774,766 4,619,732
2024 4845931 4,698,362
AVERAGE 5,032,186 4,884,165
Double 2005 red tide (~68% of population killed)
2020 3,499,041 3,400,250
2021 3,440,464 3,345,684
2022 3,405,719 3,306,578
2023 3,434,577 3,319,461
2024 3,669,281 3,559,464
AVERAGE 3,489,816 3,386,287
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Questions?

Thank you to all SEDAR61 data providers
and for your attention!
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SEDAR 61:
US Gulf of Mexico Red Grouper

hivaTs
SEFSC, Miami Gulf of Mexico Fishery Management Councll
Scientific and Statistical Committee

Assessment Review

SSC requests

September 18, 2019




Updated Decision Table using 2005 red tide
scenario as the baseline
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Updated Decision Table

 Update the decision table using the proposed OFL
and ABC for the 2005 red tide scenario

Catch (Lbs) No 2018 Red Tide Half 2014 2014 2005 Double 2005

5,348,324 0.299 0.500
5,190,960 0.242 0.427
5,130,000 0.222 0.399
4,900,000 0.155 0.300
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Investigation of the 2020 spike

- F30%SPR Projections with recent
recruitment deviations (2011-2017) turned off
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SEDARG61 Recruitment Deviations
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F30%SPR Projection  Excludes 2011-17 Rec devs
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Catch advice — using 76% commercial, 24% recreational

pounds pounds pounds pounds

No 2018 red tide 2005 red tide (~34% of population killed)
2020 7,783,499 7,606,617 97.7 2020 5,137,845 5,011,440 97.5
2021 7,757,815 7,617,965 98.2 2021 5,245,056 5,144,156 98.1
2022 8,132,733 8,022,751 98.6 2022 5,691,469 5,610,660 98.6
2023 8,289,173 8,203,437 99.0 2023 6,007,347 5,943,191 98.9
2024 8,060,311 7,991,651 99.1 2024 6,037,308 5,984,910 99.1
AVERAGE 8,004,706 7,888,484 AVERAGE 5,623,805 5,538,872
Half 2014 red tide (~13% of population killed) Double 2005 red tide (~68% of population killed)
2020 6,671,026 6,515,132 97.7 2020 3,279,262 3,187,999 97.2
2021 6,702,155 6,578,526 98.2 2021 3,473,467 3,399,583 97.9
2022 7,107,915 7,010,104 98.6 2022 3,964,656 3,903,963 98.5
2023 7,333,007 7,256,270 99.0 2023 4,378,794 4,329,680 98.9
2024 7,215,567 7,153,676 99.1 2024 4,569,229 4,528,404 99.1
AVERAGE 7,005,934 6,902,741 AVERAGE 3,933,082 3,869,926
2014 red tide (~26% of population killed)
2020 5,697,223 5,559,778 97.6
2021 5,777,030 5,667,644 98.1
2022 6,208,915 6,121,773 98.6
2023 6,492,319 6,423,481 98.9
2024 6’469’546 6’413’621 99.1 3. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 103
AVERAGE 6,129,007 6,037,259



