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South Atlantic and Gulf of Mexico Hogfish

1 Process Description

The Florida Fish and Wildlife Conservation Comnuss(FWC) is responsible for managing fish
and wildlife resources for the people of the StdtElorida. FWC works cooperatively with the
regional fishery management councils (South Attaktshery Management Council and Gulf of
Mexico Fishery Management Council) and the Natidviatine Fisheries Service to effectively
manage saltwater fisheries in Florida. The FW@® kisd Wildlife Institute is responsible for
providing information and research on fish and W#desources in the state, including
assessments of the status of fish populations wtersers of distribution fall primarily within
Florida, such as Hogfish.

Information and data on Hogfish in state and feldeeders within Florida and additional
Southeastern US waters were assembled and andtyziis assessment. The results of this
assessment may serve as advice to managers ofdshrethe region regarding the current
status of Hogfish populations within Southeastegwaters.
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2 Management Overview

South Atlantic and Gulf of Mexico Hogfish

2.1 Fishery Management Plans and Amendments
The following summary describes only those manageaetions that likely affect Hogfish

fisheries and harvest.

2.1.1 South Atlantic Fishery Management Council (SAFMC)

The Fishery Management Plan (FMP), Regulatory ImBawiew, and Final Environmental
Impact Statement for the Snapper-Grouper FishetlgeoBouth Atlantic Region, approved in
1983 and implemented in August of 1983, establishemnagement regime for the fishery for
snappers, groupers and related demersal spedies Gbntinental Shelf of the southeastern
United States in the fishery conservation zone (F@ler the area of authority of the South
Atlantic Fishery Management Council and the terrdicseas of the states, extending from the
North Carolina/Virginia border through the Atlansice of the Florida Keys to 83° W longitude.
In the case of the sea basses, the managementragpties only to south of Cape Hatteras,
North Carolina. Regulations apply only to Federatens.

SAFMC FMP Amendments affecting Hogfish

Description of Action FMP/Amendment Effective Date
4" trawl mesh; established minimum size limits for | Snapper Grouper FMP 08/31/1983
several species; limitations on harvest and gear

Trawls prohibited Snapper Grouper Amend 1 01/122198
Required permit to fish for, land or sell snapp@uger| Snapper Grouper Amend 3 01/31/1991
species

Fish traps prohibited, entanglement nets & longline | Snapper Grouper Amend 4 01/01/1992
within 50 fathoms prohibited, aggregate bag linhil®

shappers

OculinaExperimental Closed Area Snapper Grouper Amend 66/2701994
Established a minimum size limit of 12” (305 mm) FL Snapper Grouper Amend 7 01/23/1995
for Hogfish; specified allowable gear; requiredldea

charter, and headboat federal permits

Implemented a Hogfish recreational bag limit ofés p | Snapper Grouper Regulatory05/1995
person within Florida EEZ Amend 6

Limited entry program: transferable permits and-225 Snapper Grouper Amend 8 12/14/1998
non-transferable permits

MSY proxy for Hogfish is 30% static SPR; OY proxy Snapper Grouper Amend | 12/02/1999

is 40% static SPR 11B

Extended for an indefinite period the regulation Snapper Grouper Amend | 04/26/2004
prohibiting fishing for and possessing snapper geou | 13A

species within th@©culinaExperimental Closed Area

Established eight deepwater Type Il marine protecte Snapper Grouper Amend 14  02/12/2009
areas to protect a portion of the population artitat
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South Atlantic and Gulf of Mexico Hogfish

of long-lived deepwater snapper grouper species

N

Required use by commercial and recreational fisearmSnapper Grouper Amend 16 07/29/2009
of dehooking devices for releasing reef fish

Use of non-stainless steel circle hooks in the gaap | Snapper Grouper Amend | 03/02/2011
grouper fishery not required south of 28°N 17A

Comprehensive ACL Amendment to meet MSA Snapper Grouper Amend 25  04/16/2012
mandate to establish ACLs and AMs for species
managed by the council that are not undergoing
overfishing, including Hogfish. ACL for Hogfish in
commercial sector: 48,772 Ib (22,123 kg) round Wei
ACL for Hogfish in recreational sector: 98,866 Ib
(44,845 kg) round weight

L)

Action to revise the acceptable biological catch Snapper Grouper Regulatory07/17/2013
estimates, annual catch limits (ACL), and recrestio | Amend 13
annual catch targets for Hogfish; ACL for Hogfish i
commercial sector: 49,469 Ib (22,439 kg) round Wei
ACL for Hodfish in recreational sector: 85,355 Ib
(38,716 kg) round weight

L)

Under review. Revising the Hogfish minimum size | Snapper Grouper Regulatory----------
limit Amend 14

2.1.2 Gulf of Mexico Fishery Management Council (GMFMC(C)

The Fishery Management Plan (FMP) for the reeffisgery of the Gulf of Mexico was
implemented on November 8, 1984. This plan istierrhnanagement of reef fish resources under
the authority of the Gulf of Mexico Fishery Managam Council. The plan considers reef fish
resources throughout its range from Florida throligkas. The areas which will be regulated by
the federal government under this plan are conftogtle waters of the fishery conservation
zone (FCZ). The estimated area of the FCZ is 6.8 km? (263,525 square miles) and of that
12.4% of it is estimated as part of the continesitalf that is encompassed within the FCZ.
Hogfish is one of the many species included infisteery management unit. The four objectives
of the FMP were: (1) to rebuild the declining résh stocks wherever they occur within the
fishery; (2) establish a fishery reporting systemrhonitoring the reef fish fishery; (3) conserve
reef fish habitats and increase reef fish habitaggpropriate areas and to provide protection for
juveniles while protecting existing new habita®); {o minimize conflicts between user groups
of the resource and conflicts for space.

GMFMC FMP Amendments affecting Hogfish

Description of Action FMP/Amendment Effective Date

MSY and OY estimates for all groupers and snapiperfReef Fish FMP 11/08/1984
aggregate, permits and gear specifications fortfegbs
and limits on the number of fish traps allowed per

vessel, establishment of a stressed area withiohwhi
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South Atlantic and Gulf of Mexico Hogfish

the use of fish traps, roller trawls, and powerlsefad
reef fish harvest was prohibited, explosives andq@es
for taking reef fish prohibited.

The stressed area was expanded, and a longline/buoiReef Fish Amendment 1

gear boundary was established. The number of fish
traps allowed per vessel was reduced from 200 @o 1
Reef fish permits were required for commercial reef
fish vessels. Commercial harvest of reef fish using
trawls or entangling nets was prohibited. Reporting
requirements established for commercial and fag-hir
recreational vessels, prohibited use of entangjeay
for direct harvest, reef fish vessel permit estdad
with an income qualification.

0

02/21/1990

Moratorium on new reef fish permits which was
extended at various times and was in effect through
2005.

Reef Fish Amendment 4

05/1992

Established restrictions on the use of fish traghé
Gulf of Mexico EEZ, implemented a three-year
moratorium on the use of fish traps, created a Sz
AL coast, created framework procedures for future
SMZs.

Reef Fish Amendment 5

02/1994

Created an aggregate bag limit of 20 reef fishafbr
reef fish species not having a bag limit.

Reef Fish Amendment 12

01/1997

Provided a ten-year phase-out for the fish trapefig;
prohibited use of fish traps west of Cape San Blas,
Florida.

Reef Fish Amendment 14

03/1997

Prohibited harvest of reef fish from traps otherth
permitted reef fish traps, stone crab traps, anspi
lobster traps.

Reef Fish Amendment 15

01/1998

Addresses new provisions implemented by the
Sustainable Fisheries Act; proposed scientific
definitions (MSY, OY, MFMT, MSST) for Hogfish

Generic SFA Amendment

02/24/1999

Hogfish moved to the list of species in the ReshFi
FMP management unit; established a minimum size
limit of 12” (305 mm) FL and adopted a recreational
bag limit of 5 Hogfish per person for entire GUEE
to be compatible with FL regs.

Reef Fish Amendment 16B

11/1999

Prohibited retention of reef fish exhibiting “tregsh”
on vessels with a reef fish permit that is fishspiny
lobster or stone crab traps except for vesselsegessy
a valid fish trap endorsement.

Reef Fish Amendment 16A

01/2000

Established a 3-year moratorium on the issuance of
new charter and headboat vessel permits in the
recreational for hire fisheries in the Gulf EEZ.

Reef Fish Amendment 20

07/2002

Generic amendment addressing the establishmehé
Tortugas Marine Reserves — establishes two marine
reserves and prohibits fishing for any species and
anchoring by fishing vessels inside the two marine
reserves.

fReef Fish Amendment 19

08/19/2002

Established a permanent limited access systenhéor

I Reef Fish Amendment 24

08/2005
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South Atlantic and Gulf of Mexico Hogfish

commercial fishery for Gulf reef fish.

Established a limited access system on for-hirkfige
and CMP permits.

Reef Fish Amendment 25

06/2006

Commercial and recreational fishermen fishing &mfr
fish required to use non-stainless steel circlekeoo
when using natural baits, and to use dehooking and
venting tools for releasing reef fish.

Reef Fish Amendment 27

02/2008

Generic Annual Catch Limits/Accountability Measur

Shrimp, and Coral and Coral Reefs Fishery
Management Plans for the Gulf of Mexico; set alsto
ACL (208,000 Ib, round weight) and implemented A
for Gulf Hogfish

~
-

p&eneric ACL Amendment
Amendment to the Red Drum, Reef Fish Resources,

Ms

12/29/2011

Currently under development. Addresses Sustainab

Fisheries Act (SFA) requirements such as settiag th
minimum stock size threshold (MSST), maximum
fishing mortality rate (MFMT), and other associated
parameters for reef fish species for which these ha
not been defined.

[&Reef Fish Amendment 18B

2.1.3 State of Florida

Florida’'s management of reef fish fisheries, ptethe establishment of the Marine Fisheries
Commission (MFC) in 1983, began with the implemgateof size limits in 1979 (Florida

Statutes in chapter 370.11) for several grouped, (dassau, gag, black, and goliath). In July of
1985, the Florida MFC implemented rules in the iE@rdministrative Code (F. A. C.) to
establish minimum size limits for many species.gfith regulations were implemented in July
1, 1994, establishing a minimum size limit of 18K length and a 5-fish bag limit.

State of Florida F.A.C. Rules affecting Hogfish

Description of Action

F.A.C. Rules

Effective Da

te

Established 12" FL minimum size for Hogfish from
state waters

F.A.C. Chap 68-14

07/1985

Established a 5 Hogfish per day bag limit in state
waters

F.A.C. Chap 68-14

12/1986

Required the appropriate federal permit to exched t
recreational bag limit in state waters.

F.A.C. Chap 68-14

12/1992

Temporarily allowed fishermen to land reef fisttlie
Florida Keys if they possessed either South Attanti
snapper grouper permits or Gulf reef fish pernuifish
subsequent extensions of these provisions in A9% 1
and January 1996.

F.A.C. Chap 68-14

10/1993

Designates Hogfish as a “restricted species”,
establishes a minimum size limit of 12 inches fork
length, and establishes a daily recreational aij 6f

F.A.C. Chap 46-14

07/1994
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South Atlantic and Gulf of Mexico Hogfish

5 Hogfish per person.

Prohibited commercial fishermen from harvesting orf F.A.C. Chap 68-14 07/2007
possessing the recreational bag limit of reef digbcies
on commercial trips.

Required commercial and recreational anglers fgshin F.A.C. Chap 68-14 06/2008
for any Gulf reef fish species to use circle hoales,
hooking devices, and venting tools.

2.2 Emergency and Interim Rules

December 2, 2013 — NOAA'’s National Marine Fisheries Service (NOA#skeries Service)
issued a temporary final rule implementing accobititg measures for the commercial and
recreational sectors for Hogfish in the exclusiger®mmic zone of the Gulf of Mexico for the
2013 fishing year. Based on the commercial anceegimmal landings, NMFS determined that
the stock (commercial and recreational) annualchitait (ACL) for Gulf Hogfish had been
reached. Therefore, NMFS closed the commerciaran@ational sectors for Hogfish in the
Gulf EEZ at 12:01 a.m., local time, December 2,2Qintil January 1, 2014.

2.3 Management Program Specifications

Table2.3.1. General Management | nformation

South Atlantic | Species Hogfishgdchnolaimus maximus)
Management Unit Southeastern U.S.
Management Unit Definition All waters within th@&h Atlantic Fishery

Management Council boundaries. Defined as the
economic zone (EEZ), 200 miles from state
boundary line.

Management Entity South Atlantic Fishery Managen@suncil

Current stock exploitation status  Insufficientdaice to determine stock status
(SEDAR 6, 2004)

Gulf of Mexico | Species Hogfish.&chnolaimus maximus)
Management Unit U. S. Gulf of Mexico
Management Unit Definition All waters within theutbof Mexico Fishery

Management Council boundaries. Defined as the
economic zone (EEZ), 200 miles from state
boundary line.

Management Entity Gulf of Mexico Fishery Manageim@auncil

Current stock exploitation status  Insufficientdaiice to determine stock status
(SEDAR 6, 2004)
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Table 2.3.2. Specific Management Criteria

South Atlantic and Gulf of Mexico

Current * Results from SEDAR 37
Criteria Definition Value Definition Value
[(2-M) or 0.5, whichever is
MSST
(Minimum Stock gre_ater] "BMSY ('I_'he . - TBD TBD
Size Threshold) estimated population biomasgs
at MSY)
MFMT
(Maximum Fishing Fusy - TBD TBD
Mortality Threshold)
MSY

i 0
(Maximum vield at 30% SPR . TBD TBD

Sustainable Yield) (Spawning Potential Ratio)

FM’SY i I F at 30% SPR

g:;g Ig,? ,\I/\f;r(t)ahty (Spawning Potential Ratio) ) TBD TBD
oY 40% SPR

(Optimum Yield) (Spawning Potential Ratio)|  ~ TBD TBD
FO‘Y i i F at 40% SPR

g:;(? IQEJOI\AYc;rtaI|ty (Spawning Potential Ratio) ) TBD TBD
" Target of
(Natural Mortality Constant 0.25 yr Time-varying 0 1799 i
Rate) : Yl

* Generic Sustainable Fisheries Act Amendment (GCMP€9) set SFA criteria for reef fish
which have not been assessed.

2.4 Stock Rebuilding Information

The SEDAR 6 assessment provided insufficient evadasf Hogfish stock status. Therefore, no
stock rebuilding information is available.

2.5 Stock Projection Information

There was no requirement for SEDAR 6 to providggmtions of the stock biomass or fishing
mortality rate in future years.

2.6 Quota Calculation Details
Not applicable. Hogfish are not currently undertqumanagement.
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South Atlantic and Gulf of Mexico Hogfish

2.7 Management and Regulatory Timelines

The following table provides a timeline for fedeaald state management actions related to size
and bag limits for the Hogfish fishery.

Table2.7.1. Annual Hogfish Regulatory Summary (Size and Bagits)n

SAFMC Florida GMFMC
Minimum Minimum Minimum
size (FL, size (FL, size (FL,

Year inches) Bag limit inches) Bag limit inches) Bag limit
1982 | - e e e e e
1983 | - e e e e e
1984 | - e e e e e
1985 | - e e e e e
1986 | - e e e e e
1987 | - e e e e e
1988 | - e e e e e
1989 | - e e e e e
1990 | - e e e e e
1991 | - e e e e e
1992 | - e e e e e
1993 | - e e e e e
1994 | - - 12 5 | e e
1995 12 5 12 5 | e e
1996 12 5 12 5 | e e
1997 12 5 12 5 | - 20 (aggregate)
1998 12 5 12 5 | - 20 (aggregate)
1999 12 5 12 5 12 5
2000 12 5 12 5 12 5
2001 12 5 12 5 12 5
2002 12 5 12 5 12 5
2003 12 5 12 5 12 5
2004 12 5 12 5 12 5
2005 12 5 12 5 12 5
2006 12 5 12 5 12 5
2007 12 5 12 5 12 5
2008 12 5 12 5 12 5
2009 12 5 12 5 12 5
2010 12 5 12 5 12 5
2011 12 5 12 5 12 5
2012 12 5 12 5 12 5
2013 12 5 12 5 12 5
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3 Assessment History and Review

SEDAR 6 and SAFMC 2004 conducted an analysis df bshery-dependent commercial and
recreational catch-and-effort and fishery indepeandesign-based survey data which indicated
that Hogfish was severely overfished (both growttl eecruitment) and has been for the last two
decades in Florida waters. The estimated totaingsmortality rate for 2001 was F = 0.57,
which is four times greater thayéy = 0.13. The peer-review of this assessment fobatthere
was qualitative evidence suggesting that Hogfislevwgeowth overfished but provided
insufficient evidence to determine the status efdtock (SEDAR 6 and SAFMC 2004).
McBride and Murphy (2003) examined the status efHlogfish fishery, particularly in reference
to the effect of the 1994 minimume-size regulationHogfish landings in Florida, and explored
some costs and benefits of increasing the mininegallfish size to increase the yield-per-
recruit of Hogfish. Results from this study indeathat, until 2000, the sizes of most Hogfish
landed in Florida were very similar to the 12-if805mm) FL size limit. The observed
maximum size is lower in south Florida, where midstas greatest, suggesting that growth
overfishing is occurring in this region. The yigld+-recruit analysis conducted by McBride and
Murphy (2003) indicated that maximum yield-per-tgtfor Hogfish would occur at a size
larger than the current mean size of fish harve&gatlence of significantly higher
instantaneous mortality rates and smaller sizes/egegions of south Florida indicate size-
selective fishing mortality of Hogfish in these asgMcBride and Richardson 2007).
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4 Introduction to Data Inputs

4.1 Terms of Reference

1. Review stock structure and unit stock definitions and consider whether changes are
required.

2. Review, discuss, and tabulate available life history information.
» Evaluate age, growth, natural mortality, and reproductive characteristics

* Provide appropriate models to describe growth, maturation, and fecundity by age, sex,
or length as applicable.

e Evaluate the adequacy of available life-history information for conducting stock
assessments and recommend life history information for use in population
modeling.

3. Recommend discard mortality rates.
* Review available research and published literature
e Consider research directed at these species as well as similar species from the SE and
other areas.
* Provide estimates of discard mortality rate by fishery, gear type, depth, and other
feasible or appropriate strata.
¢ Include thorough rationale for recommended discard mortality rates.

* Provide justification for any recommendations that deviate from the range of discard
mortality provided in the last benchmark or other prior assessment.

4. Provide measures of population abundance that are appropriate for stock assessment.

¢ Consider and discuss all available and relevant fishery dependent and independent
data sources.

* Document all programs evaluated; address program objectives, methods, coverage,
sampling intensity, and other relevant characteristics.

* Provide maps of fishery and survey coverage.

* Develop fishery and survey CPUE indices by appropriate strata (e.g., age, size, area,
and fishery) and include measures of precision and accuracy.

e Discuss the degree to which available indices adequately represent fishery and
population conditions.

* Recommend which data sources are considered adequate and reliable for use in
assessment modeling.

* Rank the available indices with regard to their reliability and suitability for use in
assessment modeling.

5. Provide commercial catch statistics, including both landings and discards in both pounds
and number.
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* Evaluate and discuss the adequacy of available data for accurately characterizing
harvest and discard by species and fishery sector or gear.

* Provide length and age distributions for both landings and discards if feasible.

* Provide maps of fishery effort and harvest.

6. Provide recreational catch statistics, including both landings and discards in both pounds
and number.
* Evaluate and discuss the adequacy of available data for accurately characterizing
harvest and discard by species and fishery sector or gear.
* Provide length and age distributions for both landings and discards if feasible.
* Provide maps of fishery effort and harvest.

7. Provide recommendations for future research in areas such as sampling, fishery
monitoring, and stock assessment. Include specific guidance on sampling intensity
(number of samples including age and length structures) and appropriate strata and

coverage.

4.2 List of Working Papers and Documents

SEDAR37-01

Seyoum S, Collins AB, Puchulutegue C, McBride R&Jali MD. 2014.
Genetic population structure of Hogfish (Labrideachnolaimus maximjis
in the southeastern United States.

SEDAR37-02

Cooper W. 2014. Commercial catch petreffiort of Hogfish Lachnolaimus
maximu$ from Florida Trip Ticket landings, 1994-2012.

SEDAR37-03

Cooper W. 2014. Recreational catchupéreffort of Hogfish Lachnolaimus
maximus$ in the Southeast US using MRFSS-MRIP intercepd,de991-2012.

SEDAR37-04

Cooper W. 2014. Relative index of abmeddrom visual order-of-magnitude REE

surveys applied to Hogfislh&chnolaimus maximyién the Southeast US, 1994-
2012,

SEDAR37-05

Switzer TS, Keenan SF, McMichael RHD#Yries DA, Gardner CL, Raley P.
2013. Fisheries-independent data for Hogflsdchnolaimus maximyigrom reef-
fish video surveys on the West Florida Shelf, 200%2.

SEDAR37-06

Switzer TS, Fischer KM, McMichael RH2013. Fisheries-independent data for
juvenile Hogfish Lachnolaimus maximyisrom the annual FWRI SEAMAP trawl
survey, 2008-2012.

SEDAR37-07

Switzer TS, Fischer KM, McMichael RH2013. Fisheries-independent data for
juvenile Hogfish Lachnolaimus maximyisrom the annual baitfish survey, 2002-
2012.

SEDAR37-08

Switzer TS, Keenan SF, McMichael RHB¢cher KM. 2013. Fisheries-
independent data for juvenile Hogfidba€hnolaimus maximyigrom polyhaline
seagrasses of the Florida Big Bend, 2008-2012.

SEDAR37-09

Smith SG, Ault JS, Bohnsack JA, Blond&aticosta A, Renchen J, Feeley MJ,
Ziegler TA. 2013. Fisheries-independent data fogfiéth (Lachnolaimus maximys

from reef-fish visual surveys in the Florida Keysldry Tortugas, 1994-2012.
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NJ

SEDAR37-10 Bachelor and Reichert. 2014. Summagrimation for HogfisH.achnolaimus
maximusseen on videos collected by the SouthEast Rekf$tisvey in 2010 — 2012
between North Carolina and Florida.

SEDAR37-11 Hiltz et al. 2014. Standardization afncoercial catch per unit effort of Hogfish
(Lachnolaimus maximyigrom South Carolina Trip Ticket landings, 2012.

SEDAR37-12 McCarthy. 2014. Analysis of Hogfish diitan Coastal Fisheries Logbook Program
(CFLP).

SEDAR37-13 Collier. 2014. Standardization of comerarcatch per unit effort of Hogfish

(Lachnolaimus maximyigrom North Carolina Trip Ticket landings.
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5 Life History

5.1 Overview

Nelson et al. (2006) assigned the following taxomooiassification to Hogfish:

Kingdom: Animalia
Phylum: Chordata
Subphylum: Vertebrata
Class: Actinopterygii
Order: Perciformes

Family: Labridae (wrasses)

Genusbkachnolaimus

SpeciesmaximugWalbaum 1792)

Common names include: Hogfish, Hog Snapper (EnglBbquinete, Doncella de Pluma,
Jaqueton Blanco, Pargo Gallo (Spanish); and Labpsté&lne (French).

The species is currently listed on the IUCN Red as‘Vulnerable,’
(http://www.iucnredlist.org/details/11130/0)

5.2 Review of Working Papers

5.2.1 Genetic Stock Definition (Seyoum et al. 2014 SEDAR37-01)

See section 5.3 for an overview of the stock difiniand description based on genetic analyses
by Seyoum et al. (2014).

5.3 Stock Definition and Description

Based upon recent genetic analyses that demornbktatistinct spatial structure of the Hogfish
population in the eastern U.S. (Seyoum et al., Rah#s assessment treated Western Florida
(WFL), the Florida Keys including the Dry Tortugasd Eastern Florida (FLK/EFL), and the
Georgia through North Carolina (GA-NC) areas asssp stocks in both the data inputs and
assessment models. Hereafter, the preceding ahbdrkviations will be used to denote the three
stocks (WFL, FLK/EFL, GA-NC). Despite the histarfyusing alternative labels to refer to
stock areas in the literature (e.g., eastern GuMlexico vs. South Florida; McBride and
Richardson 2007), the labels used herein were ahtosexplicitly denote the boundaries for
which the stocks are delineated.
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5.3.1 Stock Structure/Definition

Hogfish have been managed as a single stock witleitunited States since initial regulations
were implemented in 1994 by the State of Floridandings within the US occur predominantly
within state and federal waters adjacent to thie sthFlorida. Management regulations are
consistent between state and federal waters thoagheir US range. Genetic data were not
available for this species prior to 2013, so presistock assessments have treated Hogfish as a
single stock (Ault et al., 2003). However, receangtic analyses by Seyoum et al. (2014) have
demonstrated distinct stocks between the eastelfroGexico (WFL), the Florida Keys and
southeast Florida (FLK/EFL), and the Carolinas ([S8).

5.3.2 Population Genetics

Hogfish occur in warm temperate to tropical watdrthe western Atlantic Ocean, and are
observed from Brazil to Bermuda, as well as thrauglthe Caribbean and Gulf of Mexico. A
suite of 24 microsatellite loci were used to exastime genetic structure of Hogfish collected
from the eastern Gulf of Mexico (Florida Panhartdléhe Florida Keys), the south east coast of
Florida (Florida Keys to Jupiter), and off the doafsthe Carolinas (North and South Carolina)
(Seyoum et al., 2014). Although there was a disnariiy in sample coverage (notably a lack of
samples between the central east coast of Fladigatér) and South Carolina), three distinct
clusters emerged. The WFL stock included samplidsated from the Panhandle of Florida
south along the west Florida shelf, and convergeld tive FLK/EFL stock south of Naples. The
FLK/EFL stock included samples collected south apMs, through the Florida Keys and up the
southeastern coast of Florida. Hogfish collectédha coast of the Carolinas fell into the third
cluster, and were genetically distinct from the f#orida groups. These analyses support the
treatment of the Hogfish as three distinct stoaksng) this assessment. There is a noted lack of
genetic information from other areas of the spégesgraphic range (namely, the western Gulf
of Mexico, the wider Caribbean, Bermuda and SoutieAca), so further efforts are needed to
collect samples that will better define populatgametics throughout the South Atlantic and Gulf
of Mexico.

5.3.3 Distribution

Hogfish occur in tropical, subtropical and warm parate waters of the Atlantic Ocean (Brazil

to Bermuda), and throughout the Gulf of Mexico &atibbean Sea. After a planktonic larval
phase (30 — 40 days), juvenile Hogfish settle rreaEsin estuaries, seagrass beds or shallow reef
habitats (Davis, 1976; Colin, 1982; Ault et al. 3p0Gand gradually move offshore with growth
(Collins and McBride 2011). Adults are typicallysasiated with hard bottom, reef habitats, and
individuals have been observed as deep as 65 nin(€ahd McBride 2011). Hogfish are visual
predators that feed primarily during daylight hoamsbenthic invertebrates (Randall and
Warmke, 1967), so their depth range is likely lediby light availability and food sources.
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5.4 Mortality

5.4.1 Natural Mortality

For this assessment, natural mortality estimates w@mputed using a number of age-constant
and age-specific methods from available fisheneependent and dependent data sources. For
all analyses, the maximum age was assumed to geabin McBride and Murphy (2003),

which corresponds well to the maximum age obsefmaed sampling the WFL stock (23yr,

section 5.5.3); the growth parameters used were fection 5.5.4; the weight-length

conversions used were from section 5.5.2; the 8§6% maturity was set to 0.9 (Collins and
McBride 2008); and the average temperature wa®st°C based on fisheries-independent
monitoring data from Florida. Table 5.4.1.1 presdht age-constant estimates, and table 5.4.1.2
presents the age-specific estimates.

5.4.2 Release Mortality

Hogfish are primarily landed by spearfishing, seréhare minimal data regarding catch and
release mortality. Anecdotal reports indicate ti@ik and line gear are being increasingly used
to target the species (Captains Pat Bennet and &kev personal communication); however,
release mortality is still suspected to be miniohag to the fact that most Hogfish in deeper
water (where barotrauma is more likely to occue) @irlegal size (> 12” FL; Collins and

McBride 2011), and are therefore unlikely to beasked under the current management regime
(12" FL minimum size limit and no closed seasoii$e extent of mortality due to divers
shooting sublegal fish is unknown. For the purpafshis assessment, a discard mortality rate of
10% was assumed for hook and line gear and 100%ptmar gear.

5.5 Age and Growth

5.5.1 Available Length and Age Data

A total of 13,282 length and 2,592 age observatiwa® obtained from multiple data sources,
including: (1) fisheries dependent sampling programthe southeastern US (Trip Interview
Program (TIP), Head Boat Survey (HBS), and MRFSSRfecreational programs); (2)
fisheries independent surveys (FWRI sampling pnogran the WFL stock: video surveys,
SEAMAP, baitfish cruises, juvenile seagrass samplee Switzer et al. working documents;
and UM-NMFS Reef Visual Census (RVC) surveys althhegFlorida Keys and Dry Tortugas,
see Smith et al. 2013 working document), and (8)ad¢ed life-history studies on Hogfish
conducted by FWRI in both the WFL and FLK/EFL stet¢hkrough grant-funded projects from
1995-2001 (McBride and Murphy 2003, McBride andnkin 2007, McBride and Richardson
2007, McBride et al. 2008) and 2005-2007 (Collind &cBride 2008, Collins and McBride
2011). Raw data observations and ages from thes@aiibpling and life-history studies were
provided by T. Switzer and A. Collins (FWCC-FWRRQtoliths for aging were obtained
primarily from the NMFS Panama City and Beauforbagatories and from FWRI sampling
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programs. All otoliths obtained from the NMFS labysl from the fisheries independent
sampling programs were aged by the FWRI laborat@tpliths from the life-history studies
were aged following the methodology of McBride &idhardson 2007.

Length and age observations were relatively limftedHogfish (Tables 5.5.1.1-5.5.1.4),
particularly age observations from the commeramal gecreational fisheries. The majority of
age observations came from the life-history studieslogfish (69%) and secondarily from
fisheries independent trawls (20%). Since thehifgeory studies were not included in the model
as a survey (limited years in extent), the agelangth observations were not used directly in the
model. However, these data were used as the prisoairce for development of growth models
used in each of the stock models. Age observatorsss stocks were limited for the fisheries,
with a total sample across all years of n=26, Aiv, 140, for the WFL, FLK/EFL, and GA-NC
stock, respectively, with nearly all ages origingtfrom recent years. The total number of length
observations for the commercial fisheries was gretaian the recreational fisheries (sometimes
with >200 individuals per year), but commercial géing was also more variable from year-to-
year than the recreational sampling. Commercséieiiies for the WFL stock were the most
poorly sampled, and the commercial fishery for@eNC stock had the highest number of
length observations. While the number of obseovetifor the recreational fisheries were less
variable across years, length observations wererfesiten providing data from <50 individuals
per year for the WFL and FLK/EFL stocks, and lessifthe GA-NC stock with 58 total
observations from only 6 years, the majority of efhwere from 2011 and 2012.

5.5.2 Morphometric Models

Fork length (FL) is used as the preferred measunéfoe Hogfish (McBride and Johnson 2007,
Collins and McBride 2011) because it is used in agament for regulatory size (12" FL).
Morphometric models were computed to convert oleems with missing fork lengths from
either standard lengths (SL; preferred) or totagths (TL) using length-length regressions on
the entire dataset of length observations discuissgdb.1. Additional weight-length regressions
were performed on all available data that includeth weight and length measurements. Due to
lack of biological evidence for differences in gtbvacross the genetic stock boundaries, and
because of the limited amount of length and agermhsions for both the FLK/EFL and GA-NC
stock, all models were done using all data combined

Length-length regressions (cm) fit to all availabéta (n=2,232 FL-SL conversions; n=2,352
FL-TL conversions) resulted in the following modéfsgure 5.5.2.1):

FL(cm) = 9.721758 + 1.180927*SL(cm) 210.9966 eq. 5.5.2.1
FL(cm) = 12.4636084 + 0.8618861*TL(cm)  ’90.9936 eq. 5.5.2.2

A weight-length regression fit to all available @#&h=3,919) using total weight (grams) and FL
(cm) resulted in the following model (Figure 5.22.

Weight(g) = 0.000095*Ff:"4%#? eq. 5.5.2.3
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5.5.3 Maximum Age

Hogfish have been aged to 23 years (McBride antddRason, 2008). As monandric,
protogynous hermaphrodites, the oldest and lafggstire male. The oldest female aged to date
was 10 years of age (685 mm FL; Collins and McB&@#&1); all fish older than 10 are expected
to be male.

The maximum age observed from the age observatisoassed in section 5.5.1 was 23 years
for two Hogfish sampled from the WFL stock durihg tife-history study (1995 — 2001;

McBride and Richardson 2007). This study additigreampled single Hogfish of ages 21 and
22 yrs old from the WFL stock (McBride and Richanmd2007). A second study within this
region (2005 — 2007) sampled three 19-year old idbgfs well as one Hogfish aged to 18 years
from the GA-NC stock (Collins and McBride 2008).€®individual of age 21 years was also
sampled in the GA-NC stock in 2011 from the comnaftIP program. Hogfish in the eastern
Gulf (WFL) and off of the Carolinas (GA-NC) readrder sizes and greater ages than those in
the FLK/EFL region (McBride and Richardson, 2008jlids and McBride, 2011).

5.5.4 Growth

Growth was modeled with a von Bertalanffy modetdita subset of the available age and length
data using fork-length observations from the lifstéry studies of the WFL stock. Only the
WEFL stock observations were used due to the limiéede of length and age observations in
both the FLK/EFL and GA-NC stock, and only those Wibservations from the life history
studies were used since all aging from these studéze done using the same methodology
(McBride and Richardson 2007) with the same seagn@dmder. These data represent the
largest proportion of the available aging dataaf@ingle data source (1,063 observations of the
2,592 total; Table 5.5.1.1). Data from the 199820fe-history study from the FLK/EFL stock
were not included in the growth analysis due te #tiock having a truncated age distribution,
currently assumed to be representative of highplogation (McBride and Richardson 2007,
McBride et al. 2008), and not due to genetic défees, although this possibility exists (Seyoum
et a. 2014).

The von Bertalanffy growth model fit to all dataleoted from the WFL stock life-history
research studies (n=1,063), using FL (cm) and tpe&ed age, resulted in the following model
(Figure 5.5.4.1):

FL(cm) = 84.89885132+*(1-%1057678"(1+1.329037§) eq. 5.5.4.1

Figure 5.5.4.1 shows the length at age samples tinendifferent stocks, demonstrating the
strong size/age truncation in the FLK/EFL stockl(cecles) and the larger size/older age of
individuals sampled in the GA-NC stock (blue tribes), relative to the WFL stock where

lengths and ages existed across the entire rafaek (bquares). The truncation in the FLK/EFL
stock is likely a result of higher exploitation, ieh removes the larger and faster-growing
individuals, thereby suppressing the estimated mami length at age and leading to a perceived
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difference in growth rates. Despite the possipdita unique growth curve for this stock based
on genetic differences (Seyoum et al. 2014), tmegdeed differences in growth rates are
currently assumed to be a result of differencesxpioitation between the WFL and FLK/EFL
stocks (McBride and Richardson 2007, McBride e2@08). The larger size and older age of
individuals in the GA-NC stock are likely a resoftfisheries selectivity, as the majority of
length and age samples from this stock originatexsh the commercial hook-and-line fishery.
Importantly, the distribution of length-at-age saespgrom the GA-NC stock occur in the same
length and age range as those from the WFL stagki(@ 5.5.4.1), suggesting that the growth
dynamics between stocks may be similar, despitedadmformation for younger individuals
from the GA-NC stock.

5.5.5 Length and Age Composition of Catches

Figures 5.5.5.1-5.5.5.15 present the length anccaggositions by fishery, gear type, and year
for the three separate Hogfish stocks. Figure$3.6-5.5.5.23 present the mean length with
95% confidence intervals by fishery, gear type, year for the three separate stocks. Figures
5.5.5.24-5.5.5.26 present the density of lengthpsasracross all years by each fishery and gear,
including the fisheries independent surveys. Bnéligures 5.5.5.27-5.5.5.34 presents the
length compositions standardized across year (st depict the changes in size composition
from year to year for each fishery and gear contlmna

5.6 Reproduction

5.6.1 Reproductive Characteristics

Hogfish are monandric, protogynous hermaphroditasform harems. All fish mature as
females first, and are expected to eventually becorale if they live long enough. A single
male maintains harems of 5 — 15 females (Colin2188inoz et al., 2010) during extended
spawning seasons that last for months. Hodfislpairespawners (Davis 1976; Colin 1982), and
spawning occurs daily during spawning season (MiEBand Johnson, 2007; Collins and
McBride 2008; Munoz et al., 2010). The size (1972¢ mm FL) and age (1 — 11 yr) range at
which sexual transition occurs indicates that ftiteorsis socially mediated (Collins and
McBride, 2011). Sex change can take several mdMbBride and Johnson 2007), so removal
of the dominant male has the potential to signifiiaaffect harem stability and decrease
reproductive potential (Munoz et al., 2010).

5.6.2 Spawning Season

Peak spawning activity for this species has bepeatedly demonstrated to occur during the
winter and spring months (Davis 1976; Colin, 198ro et al., 1989; McBride and Johnson,
2007; Collins and McBride, 2008; Munoz et al 20I)ese studies have demonstrated that
spawning activity occurs predominantly during themis of December through April, and
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begins (and ends) slightly earlier in the FloridayK than on the West Florida shelf (Davis,
1976; McBride et al., 2008). Large Hogfish collette deeper water (> 30 m) on the west
Florida shelf have shown evidence of a more prt#gthspawning season, and approximately
50% of females were reproductively active duringranths except September (Collins and
McBride 2008).

5.6.3 Age/Size at Maturity

Life history studies have estimated female sizeagalat 50% maturity to occur between 151.6
—192.7 mm FL and 0.9 — 1.6 years (McBride et28lQ8; Collins and McBride 2011). Size and
age at female maturation was significantly largethie FLK region (192.7 mm FL, 1.6 y;
McBride et al., 2008) than in WFL (McBride et &Q08; Collins and McBride 2011). Males
may occur as small as 197 mm FL, but size at 50% maturity has been estimated as 416 mm
FL and 7 years for the FLK and 426 and 6.5 yeaWL (McBride et al., 2008). Additionally,
subsequent work in WFL demonstrated that Hogfisihig region will transition to male earlier
and younger in shallow water (343 mm FL and 4.9ygarsus 638 mm FL and 9.8 years within
deep water).

Reproductive data from the 2005-2007 life histdudg conducted by FWRI (see section 5.5.1)
were analyzed for this assessment to conform tpain@meterizations of the stock assessment
model for multiple processes (fecundity relatiopstiémale age at maturity, age at male
transition). For the female maturity function, otihpse Hogfish classified as immature or
mature females, excluding those transitioning, veerayzed (n=320). Female maturity was
modeled using the Stock Synthesis parameterization:

1
e—0.09815x(FL(mm)—154.69570)

Maturity = ” eqg. 5.6.3.1

For the male transition, code was obtained frolWdlter (NMFS-SEFSC) to fit the 3-parameter
hermaphroditic transition approach used in Stoaktl$ssis. Stock Synthesis models male
transition as the probability of transitioning tonale at each age class using a cumulative
normal function. This parameterization takes dle@tion age and sigma parameter to model the
cumulative normal, and additionally an asymptagiteparameter for situations where the max
age (i.e., plus group) in the model may still hagene females (i.e., not 100% transition by the
maximum age). For this analysis, all individuaspled from the reproductive study were used
(n=465) with the asymptotic rate was set equal@(rhax age of 20 in model), which resulted in
the parameter estimates7.497628 and=2.153877.

5.6.4 Fecundity

Fecundity estimates are available only for the VdRd FLK/EFL stocks. Batch fecundities
calculated from WFL samples ranged from 1,700 t6®a (n= 42 females, ranging 266 to 626
mm FL and 1 to 9 years old; Collins and McBrideramiew). Highest estimates occurred during
the peak spawning season (February — April). Theimimam batch fecundity estimated for this
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study was 64,600 eggs, a value almost three tiarger than that estimated previously for the
WEFL region (McBride et al. 2008; estimate = 21,406; 23), which is likely a result of the
larger, older females collected in the later st(686 mm FL and 10 years versus 442 mm FL
and 7 years). Only a low number of batch fecunégtymates exist for the FLK region (n=10),
but they ranged 138 — 10,800 (McBride et al., 20B8}ch fecundity is positively and
significantly correlated with female weight anddémfor both regions. Annual and lifetime
fecundity for Hogfish in the FLK region was notalbdyver than WFL for all age-classes
(McBride et al., 2008).

Similar to the maturity analysis (section 5.6.8¢ teproduction data from the 2005-2007 life
history study conducted by FWRI was obtained ireotd parameterize the batch fecundity and
potential annual fecundity (PAF) to match Stock tBgsis input options. For this analysis, batch
fecundity data were available on n=42 individualsj spawning fraction data were available on
n=653 individuals. Using these data two sepaetarfdity models were computed: (1) a simple
batch fecundity relationship where batch fecundis modeled as a function of weight,
assuming no changes in spawning frequency with@izage; and (2) a composite analysis
where total annual fecundity was computed as atiomof both batch fecundity and spawning
frequency with age following a similar approachdibg Porch et al. (2013) in SEDAR 31.

For the batch fecundity relationship, the followmgdel was estimated (Figure 5.6.4.1):
Batch Fecundity = 839.001 = Weight(g)°®*78 eq. 5.6.4.1

For the PAF approach, Stock Synthesis providesptien to input fecundity as an age-specific
vector. Therefore, both batch fecundity and spagiiequency were modeled as a function of
age. Batch fecundity used a similar parametednads eq. 5.6.4.1 above, but with age in place
of weight. For spawning frequency, a generaliziditave model (GAM) was used to model the
probability of spawning from the presence of matweytes (following Collins and McBride, in
review, which produces similar values when usingtfmwvulatory follicles for Hogfish) as a
function of both age and calendar date. The predimodel was then integrated over the days
of the year to determine the total number of spaparsyear for each age class, following the
general approach of Porch et al. (2013). The PAE then computed as the product of the
model-estimated age-specific batch fecundity aredsggecific spawning days per year. The
batch fecundity relationship as a function of age wstimated as:

Batch Fecundity = 7773.0278 = Age(g)°%78*3 eg. 5.6.4.2

Figure 6.5.4.2 presents the predictions form theM3@Aodel for the spawning frequency, and
figure 6.5.4.3 presents the predicted spawning gayyear (GAM model integrated over all
days of year), the batch fecundity as a functioagd, and the composite PAF. Hogfish
demonstrated a peak in spawning frequency betwésmssof age, after which the spawning
frequency declines with age. This phenomenon neague to the preparation of females
transitioning to males at these older age clasgeish could potentially bias the analyses if
those females were not classified as transitiofengples. Irrespective, this decline in egg
production will occur as females transition to nsaleading to a peaked pattern for
hermaphroditic species as the male sex ratio iseseat older ages.

FWC Hogfish SA — SECTION 2 15



South Atlantic and Gulf of Mexico Hogfish

5.6.5 Sperm Limitation

For Hogfish, no information currently exists on thgportance of sperm limitation, but sex
transition can take a moderate amount of timean®nths; McBride and Murphy 2003;

McBride and Johnson 2007). This delay in transitould lead to sperm limitation under high
fishing pressure if males are targeted for remawal a female takes a substantial amount of time
to transition and fill the male role in the harewhcBride and Johnson 2007; Munoz et al., 2010).
When uncertainty exists in the importance of spimmtation, simulation studies suggest that
including both male and female spawning stock b&s(&SB) in reference point calculations
should be used for assessments of protogynousss(Beioks et al. 2008). Under this scenario,
development of fecundity estimates, while informatimay not be appropriate as they do not
account for the uncertainty in sperm limitation.

5.6.6 Sex Ratio

Existing literature based upon visual survey dateehestimated mean sex ratios (males:
females) of 0.14 in WFL (Collins and McBride 201Q)10 Puerto Rico (Colin, 1982); 0.20 in
Cuba (Claro et al., 1989). Colin (1982) and Mufibale(2010) reported high site fidelity and
restricted home ranges for Hogfish, especiallyrdusgpawning season, and Collins and McBride
(2011) did not see a significant difference in s across seasons, suggesting that Hogfish
maintain territories over extended periods and atdaggregate’ during certain times of the

year.

5.7 Habitats and Movements

5.7.1 EFH, Habitat Quality and Ontogenetic Shifts

Juvenile Hogfish typically settle in polyhaline @stine seagrass beds or nearshore reef habitats
after a pelagic larval phase (Davis, 1976; ColB82). As fish increase in size, they are assumed
to leave shallow inshore areas and move gradugllydeeper water (Davis, 1976; Collins and
McBride 2011). Adults are most common over reef aal bottom habitats that provide
structural cover, and have been observed at depbsn. Their distribution is likely limited by
light penetration and habitat and prey availahili#galthy benthic invertebrate infauna and
epifauna are critical diet items (e.g., bivalvasistaceans, echinoderni®&ndall and Warmke,
1967) and severe red tides that cause widespread é@twvate die-off can result in Hogfish
departure or mortality (A Collins, personal obsénf).

5.7.2 Movements and Migrations

There are little data regarding the movement pagtef Hogfish. Hogfish tagged in the Florida
Keys as part of a telemetry study were shown telnagh site fidelity and restricted home
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ranges (Lindholm et al., 2006). Further, Colin (2p&8nd Mufioz et al. (2010) reported high site
fidelity and restricted home ranges during the spawseason for Hogfish at specific sites in
Puerto Rico and the FLK, respectively. Althougtttier study is needed regarding home range
size and site fidelity outside of spawning periag®jsistent sex ratios observed throughout the
year (Collins and McBride 2011) suggest that Hdgfismintain home ranges and territories for
extended periods. Removal of the dominant male doeappear to necessitate harem
relocation; rather it is more likely that one oétfemales will transition to male or that a nearby
male will fill the void.

5.8 Adequacy of Data for Assessment Analyses

Due to the dedicated life-history analyses conalibteFWRI from 1995-2001 and 2005-2007,
substantial life-history information exists for Hadp for the WFL and FLK/EFL stock. While
differences in life-history between the stocks reaist (e.g., growth, reproduction), it remains
unclear whether these measured differences areigahecontrolled or due to the differences in
exploitation between the regions (McBride and Ridean 2007, McBride et al. 2008).
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5.10 Tables

South Atlantic and Gulf of Mexico Hogfish

Table 5.4.1.1. Age-constant natural mortality eatad from the following suite of parameters
dependent on the methd¢=0.106 (growth coefficient}, 0=-1.33 (growth coefficient),
L_inf=849.0 (growth coefficient}, max25 (maximum ageR=0.01 (proportion of individuals

surviving to maximum ageg_50=0.9 (50% maturity at age), anémp=24°C.

Method Equation Myr?
Alverson and Carney (1975) M = 3K/(exp[0.38*K*t_max) - 1] 0.183
Rikhter and Efanov (1977) M = [1.521/(a_50"0.720)] - 0.155 1.486
Pauly (1980) M = exp[-0.0152 + 0.6543*In(K) - 0.286
0.279*In(L_inf/10) + 0.4634*In(Temp)]
Hoenig (1983; regression) M = exp[1.44 - 0.982*In(t_max)] 0.179
Hoenig (1983; rule-of-thumb) M = -In(P) /t_max 0.184
Ralston (1987; linear regression) M =0.0189 + 2.06*K 0.237
Jensen (1996; theoretical) M = 1.50*K 0.159
Jensen (1996; derived from Pauly 1980) M = 1.60*K 0.169
Hewitt and Hoenig (2005) M =4.22 /t_max 0.169
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Table 5.4.1.2. Age-specific natural mortality estted from the following suite of parameters
dependent on the methd&=0.106 (growth coefficient}, 0=-1.33 (growth coefficient),
L_inf=849.0 (growth coefficient}, max25 (maximum ageR=0.01 (proportion of individuals
surviving to maximum ageglpha=0.000095 (weight-length conversion), dreta=2.75
(weight-length conversion).

Lorenzen (1996) Lorenzen (2005) Gislason et al. (2010)
Age M yr (unscaled) M yr* (scaled) M yr* M yr?
0 1.041 0.640 0.597 2.27
1 0.696 0.428 0.400 1.00
2 0.546 0.336 0.309 0.61
3 0.461 0.284 0.257 0.43
4 0.406 0.250 0.223 0.33
5 0.368 0.227 0.200 0.27
6 0.340 0.209 0.182 0.23
7 0.319 0.196 0.169 0.20
8 0.302 0.186 0.159 0.18
9 0.289 0.177 0.150 0.17
10 0.277 0.171 0.144 0.15
11 0.268 0.165 0.138 0.14
12 0.261 0.160 0.134 0.14
13 0.254 0.156 0.130 0.13
14 0.249 0.153 0.126 0.12
15 0.244 0.150 0.123 0.12
16 0.240 0.147 0.121 0.11
17 0.236 0.145 0.119 0.11
18 0.233 0.143 0.117 0.11
19 0.230 0.142 0.115 0.11
20 0.228 0.140 0.114 0.10
21 0.226 0.139 0.113 0.10
22 0.224 0.138 0.112 0.10
23 0.222 0.137 0.111 0.10
24 0.221 0.136 0.110 0.10
25 0.220 0.135 0.109 0.10
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Table 5.5.1.1. Length observations per year, stac#t,data type (Comm=commercial;
Rec=recreational intercepts; FIM=fisheries indemanonitoring; MARFIN/CRP= FWCC-
FWRI biological sampling from multiple-year grantaided life history studies on Hogfish).

WFL FLK/EFL GA-NC
Year | Comm | Rec | FIM | MARFIN/ | Comm | Rec | FIM | MARFIN/ | Comm | Rec | FIM | MARFIN/
CRP CRP CRP
1981 91
1982 2 20
1983 3 10
1984 23
1985 4 72 7
1986 36 28 15
1987 33 62 57
1988 17 7 33 71
1989 16 2 29 88
1990 6 114 25 135
1991 7 27 74 24 94
1992 22 252 74 85
1993 31 20 201 65 141
1994 14 31 104 82 91
1995 1 43 10 17 39 11 181
1996 23 10 203 53 57 121 83
1997 38 28 372 154 34 211 136
1998 53 49 196 199 31 300 217
1999 140 43 187 93 45 544 376
2000 80 23 146 21 7 376
2001 67 28 27 50 26 28 234
2002 127 23 118 25 201
2003 32 60 95 39 152
2004 44 46 32 122
2005 1 30 79 47 20 105
2006 1 21 388 56 21 1 75
2007 14 27 30 179 6 53 4 56 4
2008 18 65 25 163 31 85
2009 2 51 168 43 38 224
2010 34 73 102 174 16 167 6
2011 112 72 68 118 30 268 12
2012 249 140 165 56 137 151 28
Total 1044 1043 | 558 1641 2388 | 1265 0 1227 4058 58
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Table 5.5.1.2. Age observations per year, stook,data type (Comm=commercial;
Rec=recreational intercepts; FIM=fisheries indemtanonitoring; MARFIN/CRP= FWCC-
FWRI biological sampling from multiple-year grantaided life history studies on Hogfish).

WEFL FLK/EFL GA-NC

Year | Comm | Rec | FIM | MARFIN/ | Comm | Rec | FIM | MARFIN/ | Comm | Rec | FIM | MARFIN/
CRP CRP CRP

1981

1982 1

1983

1984

1985 1

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996 108 35

1997 210 175

1998 67 188

1999 39 311

2000 6

2001 22 22

2002 6

2003 4 1

2004 10

2005 72 2 3

2006 374 1 1

2007 26 171 3 4

2008 1 23 1

2009 3 141 11

2010 1 1 91 18 5

2011 67 36 2 49 10

2012 9 7 160 17 5 50 20

Total 10 16 508 1063 100 14 0 741 100 40
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Table 5.5.1.3. Length observations per year, stac#t,gear type.

WFL FLK/EFL GA-NC
Year Hook | Spear | Trap | Other/ | Hook | Spear | Trap | Other/ Hook | Spear | Trap | Other/
& Line Unkown | & Line Unkown | &Line Unkown
1981 6 85
1982 2 1 13 6
1983 3 10
1984 23
1985 1 3 59 20
1986 36 28 15
1987 33 62 32 25
1988 17 7 33 43 28
1989 16 20 11 87 1
1990 6 5 6 92 36 91 44
1991 7 27 33 38 27 72 3 19
1992 22 12 128 111 75 78 7
1993 18 13 18 2 63 80 123 141
1994 28 17 45 88 52 1 91
1995 12 40 2 20 36 9 2 181
1996 6 210 20 22 168 19 22 78 5
1997 7 321 110 81 176 57 85 136
1998 44 134 89 31 70 301 105 54 217
1999 19 169 133 49 56 427 8 191 376
2000 11 26 65 1 29 43 100 2 376
2001 26 33 36 27 29 52 23 234
2002 10 33 107 19 67 50 7 201
2003 28 43 21 24 57 51 2 152
2004 4 40 57 17 4 114
2005 6 99 5 16 41 9 1 99
2006 4 358 49 29 40 8 1 62 13
2007 11 174 1 66 10 53 60
2008 10 73 25 14 176 4 79 7
2009 13 39 1 169 45 36 169 55
2010 7 99 2 103 28 138 24 39 114 20
2011 33 151 1 68 22 116 10 142 106 48
2012 20 376 1 167 46 125 22 134 45 13
Total 317 2473 | 495 1018 803 2487 919 671 3558 367 3 218
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Table 5.5.1.4. Age observations per year, stocl,gar type.

WFL FLK/EFL GA-NC

Year Hook | Spear | Trap | Other/ | Hook | Spear | Trap | Other/ Hook | Spear | Trap | Other/
& Line Unkown & Unkown & Unkown
Line Line

1981

1982 1

1983

1984

1985 1

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996 108 32 2 1

1997 146 64 98 77

1998 1 59 7 185 3

1999 19 20 275 36

2000 6

2001 22 22

2002 6

2003 1 3

2004

2005 69 3

Rl w| ool R

2006 1 326 48

W[ NN

2007 136 1 62

2008 1 23

2009 3 141 11

2010 1 2 90 5 3 10 5

2011 67 7 29 2 39 34

2012 23 162 9 8 5 50 33

Ol R R[N -

Total 8 891 709 47 666 25 117 100 68
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5.11 Figures

Figure 5.5.2.1. Length-length regressions fronaadlilable fisheries-dependent and fisheries-
independent data sources.
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Figure 5.5.2.2. Weight-length regression from adlilble fisheries-dependent and fisheries-
independent data sources.
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Figure 5.5.4.1. Size at age for each of the thi@eks, where age class is adjusted to reflect the
month of sampling (age+(month-1)/12). The soliacklline is the von Bertalanffy growth
function fit to just those data from the dedicabealogical studies on Hogfish in the WFL.
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Figure 5.5.5.1. Length observations for the WFIcktoommercial fisheries by 5cm length bin

and year for each gear type with available data.
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Figure 5.5.5.3. Length observations for the WFIckt@creational fisheries by 5cm length bin
and year for each gear type with available data.
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Figure 5.5.5.4. Length observations for the WFIckte@creational fisheries by 5cm length bin
and year for each gear type with available data.

WFL Recreational - Age Obs

HookAndLine Spear
2010.07 : AgeObs
° ° 0
g 2007.5 - ) .
L © 100
O 150
QO 200
2005.0 -
T I I T I T I I T I
0 5 10 15 20 0 5 10 15 20
Age Class

FWC Hogfish SA — SECTION 2 31



South Atlantic and Gulf of Mexico Hogfish

Figure 5.5.5.5. Length observations for the WFIcktiisheries independent surveys and life
history studies (FWRI Research) by 5cm length Inich year for each gear type with available

data.
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Figure 5.5.5.6. Age observations for the WFL stfigleries independent surveys and life
history studies (FWRI Research) by 5cm length Inich year for each gear type with available
data.
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Figure 5.5.5.7. Length observations for the FLK/ESfack commercial fisheries by 5cm length
bin and year for each gear type with available .data
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Figure 5.5.5.8. Age observations for the FLK/EFacktcommercial fisheries by 5¢cm length bin
and year for each gear type with available data.
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Figure 5.5.5.9. Length observations for the FLK/ESfhck recreational fisheries by 5cm length
bin and year for each gear type with available .data
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Figure 5.5.5.10. Age observations for the FLK/Edck recreational fisheries by 5cm length
bin and year for each gear type with available .data
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Figure 5.5.5.11. Length observations for the FLK/EFock fisheries independent survey (UM-
NMFS RVC) by 5cm length bin and year for each ggpe with available data.
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Figure 5.5.5.12. Length observations for the GA-$ack commercial fisheries by 5cm length
bin and year for each gear type with available .data
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Figure 5.5.5.13. Age observations for the GA-NQktcommercial fisheries by 5cm length bin
and year for each gear type with available data.
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Figure 5.5.5.14. Length observations for the GA-atk recreational fisheries by 5cm length
bin and year for each gear type with available .data

GA-NC Recreational - Length Obs

HookAndLine
2012 - o 00000
2011 - °e oo
LenObs
= 0
. 2010 — ° o oo o 50
Q O 100
2009 — © 150
O 200
2008 —
2007 — ° o e
I I I I
0 25 50 75

Fork Length (cm)

Figure 5.5.5.15. Age observations for the GA-NCktecreational fisheries by 5cm length bin
and year for each gear type with available data.
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Figure 5.5.5.16. Mean length for the WFL stock carcral fisheries for each gear type and year
with available data. Dashed line denotes the cud®h(1994-present) minimum FL, and
shaded region denotes the 95% confidence interval.
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Figure 5.5.5.17. Mean length for the WFL stock eational fisheries for each gear type and year

with available data. Dashed line denotes the cud®h(1994-present) minimum FL, and
shaded region denotes the 95% confidence interval.
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Figure 5.5.5.18. Mean length for the WFL stock éises independent surveys for each gear type
and year with available data. Dashed line dentiesarrent 12” (1994-present) minimum FL,
and shaded region denotes the 95% confidence atterv
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Figure 5.5.5.19. Mean length for the FLK/EFL stacknmercial fisheries for each gear type and
year with available data. Dashed line denotes tineent 127 (1994-present) minimum FL, and
shaded region denotes the 95% confidence interval.
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Figure 5.5.5.20. Mean length for the FLK/EFL stoekreational fisheries for each gear type and

year with available data. Dashed line denotes tineent 127 (1994-present) minimum FL, and
shaded region denotes the 95% confidence interval.
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Figure 5.5.5.21. Mean length for the FLK/EFL stdiskeries independent surveys for each year

with available data. Dashed line denotes the cud®h(1994-present) minimum FL, and
shaded region denotes the 95% confidence interval.
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Figure 5.5.5.22. Mean length for the GA-NC stockiotercial fisheries for each year with
available data. Dashed line denotes the curren{li294-present) minimum FL, and shaded
region denotes the 95% confidence interval.
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Figure 5.5.5.23. Mean length for the GA-NC stoakreational fisheries for each year with

available data. Dashed line denotes the curren{li294-present) minimum FL, and shaded
region denotes the 95% confidence interval.
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Figure 5.5.5.24. Length frequency distribution aerall available years in the WFL stock for the
different fisheries, life history studies, and gsf*independent surveys, demonstrating the
different selectivities in each.
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Figure 5.5.5.25. Length frequency distribution asrall available years in the FLK/EFL stock
for the different fisheries and fishery-independsumveys, demonstrating the different
selectivities in each.
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Figure 5.5.5.26. Length frequency distribution aerall available years in the GA-NC stock for
the different fisheries, demonstrating the différeglectivities in each.
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Figure 5.5.5.27. Length composition observatioaad#rdized by year (z-score; blue=positive,
white=negative) for the WFL stock commercial fisherby 5cm length bin and year for each
gear type with available data.
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Figure 5.5.5.28. Length composition observatioaadardized by year (z-score; blue=positive,

white=negative) for the WFL stock recreational égbs by 5cm length bin and year for each
gear type with available data.
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Figure 5.5.5.29. Length composition observatioaadardized by year (z-score; blue=positive,
white=negative) for the WFL stock fisheries indegent surveys and life history studies (FWRI
Research) by 5cm length bin and year for eachtyparwith available data.
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Figure 5.5.5.30. Length composition observatioaadardized by year (z-score; blue=positive,
white=negative) for the FLK/EFL stock commerciaHeries by 5cm length bin and year for
each gear type with available data.
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South Atlantic and Gulf of Mexico Hogfish

Figure 5.5.5.31. Length composition observatioaadardized by year (z-score; blue=positive,
white=negative) for the FLK/EFL stock recreatiofisheries by 5cm length bin and year for
each gear type with available data.
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South Atlantic and Gulf of Mexico Hogfish

Figure 5.5.5.32. Length composition observatioaadardized by year (z-score; blue=positive,
white=negative) for the FLK/EFL stock fisheries @pendent survey (UM-NMFS RVC) by 5cm
length bin and year for each gear type with avélaata.
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South Atlantic and Gulf of Mexico Hogfish

Figure 5.5.5.33. Length composition observatioaadardized by year (z-score; blue=positive,
white=negative) for the GA-NC stock commercial &gles by 5cm length bin and year for each
gear type with available data.
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South Atlantic and Gulf of Mexico Hogfish

Figure 5.5.5.34. Length composition observatioaadardized by year (z-score; blue=positive,
white=negative) for the GA-NC stock recreationah&ries by 5cm length bin and year for each
gear type with available data.
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Figure 5.6.3.1. Female size at maturity using tloelSSynthesis maturity at length
parameterization (see section 5.6.3 for descrijtion
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Figure 5.6.3.2. Probability of transitioning to aleat age using the Stock Synthesis
parameterization (see section 5.6.3 for descrijtion
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Figure 5.6.4.1. Batch fecundity of Hogfish as action of weight.
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Figure 5.6.4.2. Partial effect plots from the gafieed additive model (GAM) assessing the
probability of spawning as a function of age aniémdar date. Note the peak of spawning during
April, but occurring through the majority of wintand spring.
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Figure 5.6.4.3. Analyses for estimating potentratual fecundity (PAF) of Hogfish. Top pane:
the annual number of spawns as a function of atgr@a from integrating the predicted
relationship from the GAM model (Figure 5.6.4.2)ddle pane: batch fecundity as a function of
age (eq. 5.6.4.2); and bottom pane: the compostenpial annual fecundity per age class.
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6 Commercial Statistics

6.1 Review of Working Papers

There were no working papers for this sectionaa#lyses are detailed herein.

6.2 Commercial Landings

6.2.1 Fishery Description

Hogfish have been caught commercially with a vgridtgears including spear, vertical lines,
and traps, with recorded landings dating as ea 289 from Florida State Board of
Conservation reports. The majority of landinggimated from South Florida historically, with
increasing landings in both Western Florida andGheolinas during the last few decades. All
recorded landings from the Gulf of Mexico are efifeely from Florida, where the only year
with recorded commercial landings from other Gutt8s was from Louisiana in 1951
(http://www.st.nmfs.noaa.gov/commercial-fisheries/)

Management regulations impacting the size and albdevgears for harvesting reef fish
(including Hogfish) were listed in Section 2.1.idly, a 12” FL minimum size limit and five

fish bag limit were implemented for Hogfish in gtataters by the State of Florida in 1994, by
the South Atlantic Fishery Management Council (SARHMor South Atlantic federal waters in
1995, and in 1999 by the Gulf of Mexico Fishery Mgament Council (GMFMC) for Gulf of
Mexico federal waters. Trawls for reef fish in tBeuth Atlantic region were limited in 1983 to
4” minimum mesh and later eliminated in 1989 by 3#MC and in 1990 by the GMFMC.
Stab nets for reef fish harvest in state watergwweohibited by the State of Florida in 1986, by
the GMFMC in 1990, and by the SAFMC in 1992. Ristps were prohibited by the SAFMC in
1992, and a 10-year phase-out program was impleddaytthe GMFMC in 1997. Prohibition
of retention of reef fish exhibiting “trap rash” ssanplemented in 2000 by the GMFMC. The
SAFMC excluded bottom long lines for reef fish shweard of the 50-fathom line in 1992, and
the GMFMC excluded bottom long lines for reef fe@toreward of the 20-fathom line in 1990.
There were also license and permit limitations Werte implemented by the three management
entities that restricted the commercial harvestsaid of reef fish by licensed commercial
fishermen with federal permits to licensed seafdealers with federal permits (see Section 2.1).

6.2.2 U.S. Commercial Landings

Due to the unique stock structure of Hogfish farrfela (section 5.3; Seyoum et al. 2014), which
does not follow the typical East-West coast brelkens the Florida Keys are included in the

Gulf of Mexico landings, the Florida landings weaggregated to the stock delineations based on
area fished and the county of landing using the Aht supplied by the NMFS-SEFSC for
1977-2012. For historic records (1950-1977), tagedtotal landings were first acquired from
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the online interface of the NMFS ALS (http://wwwrshfs.noaa.gov/stl/commercial/). To
determine the proportion of the total landings witbach stock unit for this historical time
period (1950-1977), the proportion of landings withach stock were ascertained from Florida
landings reports that included the county landEdese data were compiled by the Florida Fish
and Wildlife Conservation Commission (FWCC) Fisld &Mildlife Research Institute (FWRI),
using the landings reported from a variety of sesrincluding federal port agents, the
University of Miami under contract, or other realtandings to the state of Florida depending
on the year. These data match the official NMFSAtate totals well for the time period of
1958-1977 where the absolute difference betweeRWRI data and official NMFS ALS data
were within 200 Ibs across years (<=1% differed@hle 6.2.2.1). Despite differences early on
(1950-1957), the proportion of landings per stackT the reports is considered the best
available data on the landings delineated by stock.

Because unique stock delineations were not reqfiinreithe GA-NC stock, the total landings for
this stock were summed among all three states tbé§LS-SEFSC dataset for the period
1977-2012, and the ALS-online for 1950-1976. Cmlg years from 1950-1977 had recorded
landings (1950, 1951). Note that the ALS-SEFSCtardALS-online can differ as a result of

the closing date for which data were compiled far ALS-online data products. For the purpose
of this analysis, the ALS-SEFSC is considered ffieial estimate, and is used for the final
estimates for 1977-2012.

For the WFL stock, there were a small number obméed landings in the ALS-SEFSC dataset
from Louisiana (LA) from 1993-1995 (80 pounds tpthkt did not occur in the ALS-online
dataset. Conversely in the ALS-online datasethid a relatively substantial amount of
recorded landings in 1951 (2.1 metric tons; 53%VéiL landings in that year). Although these
data may be questionable given the relatively lamgeunt relative to FL landings early in the
time series and occurring in just a single yeatlier63 year period, they were included in the
1951 landings of the WFL stock as unknown gear.type

Information on the gear type used was only avagldtdm 1977-2012 from the NMFS-SEFSC
ALS dataset. Three main gear types emerged iddtee spear/diving fishery, vertical line/hook
and line, and traps. All other gear types weraeggfed into an “other” category, which mainly
included unknown gear types that made up the biullkeo“other”. The proportion of the total
landings per stock, including the other categomreareassigned to one of the three major gear
types based on the relative proportions of thesetbears on a yearly basis. Year specific
proportions were used for the period 1977-2012 wleamly landings by gear were available,
while a 5-year average proportion from 1977-198% wsed to estimate the gear proportions for
1950-1976 (for the WFL and FLK/EFL stocks only) whaformation on gear type was lacking.

The total landings by stock are presented in Tabl22.1 and 6.2.2.2 and Figure 6.2.2.1. The
landings within the FLK/EFL stock have been stgadécreasing since a peak of 43 metric tons
in 1993 and down to 6 metric tons in 2012. Thiglide has been relatively consistent across
gear types over this period (Figure 6.2.2.2, Tables2.3 and 6.2.2.4). In contrast to the
FLK/SEFL stock, the landings in the WFL reachedrthi@hest levels in 2011 at 19 metric tons,
which was similar in magnitude to 2012 of 18 metoios (Figure 6.2.2.1). The increase in
landings has been primarily due to an increaseeaisfishing, which now makes up over 90%
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of the 2012 landings, compared to 50-70% of thditags in the early to mid 1990’s (Table
6.2.2.3 and 6.2.2.4, Figure 6.2.2.2). Similathi® WFL stock, the GA-NC stock has seen a
growing commercial spear fishery since the earlya&) where recent landings have been similar
in magnitude to the hook and line landings in thdyeto mid 1990’s (Table 6.2.2.3, Figure
6.2.2.2). The magnitude of these landings has beitng from the North Carolina-dominated
landings in the 1990s to being dominated by Sowatfoltha since 2000 (Table 6.2.2.2).

6.3 Commercial Discards and Release Mortality

6.3.1 Logbook Discards

Discard totals were calculated for year, region gear type using fisher reported data to the
discard logbook program and these data were usegld¢olate a discard rate. Total effort was
calculated from reports to the coastal logbook maog Discards within each year/gear/region
stratum were calculated as: discard rate*totalreffReports of Hogfish discards were infrequent
and because of those low sample sizes discardwatesthe mean rate over the years 2002-2013
within each gear and region stratum. Discard date were available for the years 2002-2013,
although 2013 data were likely incomplete. Efftmta were available for the years 1993-2013
with 2013 incomplete. All analyses were done by€¢Carthy at the NMFS-SEFSC.

Divers reported 45% of discarded Hogfish as allfile were dead or the majority of the fish
were dead. An additional 49% of Hogfish were régubas kept by divers, while 4.4% of
discarded Hogfish were reported as "majority alivg'divers. Vertical line fishers (both hand
and electric) reported 79% of discarded Hogfishensdive with another 19.8% reported as kept.
Table 6.3.1.1 presents the total discards estinfateghch year, region, and gear type.

Discards in numbers were converted to discardseight by applying the average weight from
the fishery-dependent commercial sampling (pringdrip interview program, TIP; Table
6.3.1.2). The proportion of dead discards to tiatatlings were then calculated for each stock,
and applied to the historical years before logbqaks0-1992 for WFL and FLK/EFL stocks;
1978-1992 for GA-NC stock) in order to estimatalaliscards for the entire time period (Table
6.3.1.3).

6.4 Commercial Effort

Commercial effort was calculated for each stockgsnultiple methods, including: (1) logbook
records in diver hours or hook hours from the indndardization procedure, depending on the
gear (provided by K. McCarthy at NMFS-SEFSC); (& Florida trip ticket database for the two
Florida stocks in number of days fishing, as nunddetays per trip was generally found to be a
significant factor in the CPUE standardizationtfue Florida stocks (see section 8.2.1 and 8.4.1);
and (3) the Florida trip ticket database for the ®lorida stocks in total number of saltwater
product licenses (SPL) to gauge fishermen partiimpa
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Effort from the commercial logbooks showed a dewctirtrend in effort for hook and line

fisheries in both the GA-NC stock and the FLK/ERack (Table 6.4.1; Figure 6.4.1). Effort

from 1993-2012 for the spear fishery in the FLK/Edtack has generally declined since a high

in 2002, but has experienced a substantial incrieasea low in 2010 through 2012.
Comparatively, the effort in the WFL stock for thgear fishery has seen a steady increase since
1993.

Similar patterns were suggested from the numbeags$ fished in the Florida trip ticket
database for the Florida stocks (Table 6.4.2, [Ei¢u4.2), where the effort in the FLK/EFL stock
for hook and line has steadily decreased afteripgak the mid 1990s, and the effort for spear
has decreased since 2002 with an increase inghenla years. However, a similar pattern was
not evident for the WFL spear fishery, where rgklif high numbers of days fished occurred in
1996 and 1997, similar in magnitude to more regeats (2009, 2010). The WFL effort for
hook and line experienced a high in 2001, with megally steady declining trend, except in 2009
when a high effort was recorded.

The generally declining trends from the FLK/EFLcetftime series were supported by the total
number of commercial licenses in Florida (SPLs)icithas steadily declined from a peak in the
mid 1990's for fishermen using both spear and heak line. Similar declines in SPLs were
evident for the WFL stock, where both diving an@kand line peaked in the mid 1990s,
although the SPLs for diving has seen increasescent years (Figure 6.4.3).

6.5 Biological Sampling

6.5.1 Adequacy for Characterizing Catch and for Assessment Analyses

Biological sampling of Hogfish from commercial tsigs generally poor for age samples and
poor to moderate for length samples (Tables 5.551511.2; Figures 5.5.5.1, 5.5.5.2, 5.5.5.7,
5.5.5.8,5.5.5.12, 5.5.5.13). On average a tétaPp103, and 165 fish lengths were sampled
each year, for those years with data, from eacheo¥WFL, FLK/EFL, and GA-NC stocks,
respectively (Table 5.5.1.1). Aging of commergiadampled Hogfish has been mostly missing
until recent years, with a combined total acrobgedrs of 10, 100, and 100 fish aged from the
WEFL, FLK/EFL, and GA-NC stocks, respectively (Tabl&.1.2).

Given the paucity of age information, use of stpgear-, and/or year-specific age-length
information (e.g., age-length keys) would be introgl substantial uncertainty, particularly if one
was to attempt to estimate growth parameters wahimodel. Since the life-history studies on
Hogfish have characterized the growth dynamics aitbquate sampling, one can use a
combination of the existing growth models, lengiimgles, and limited age samples to inform a
model (i.e., Stock Synthesis, which can accommaiif@earious data inputs). This however
will not detect potential changes in growth dynaroger time, which is a current limitation for
modeling Hogfish.
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6.7 Tables

Table 6.2.2.1. Landings in pounds from the thneémary data sources: ALS-online, ALS-
SEFSC, and historical Florida landings reports.

ALS-Online ALS-SEFSC Florida Reports
Year | FLTotal | GA-NC | FLTotal | GA-NC | FLK/EFL | WFL | FLTotal FLK/EFL WFL
1950 | 17400 4400 14364 14050 314
1951 | 34300 2000 29342 21897 7445
1952 | 42600 20427 20108 319
1953 | 34600 34504 29504 5000
1954 | 32000 29019 28704 315
1955 | 31600 31551 26880 4671
1956 | 33100 26093 23333 2760
1957 | 39700 38501 29433 9068
1958 | 24400 24539 18735 5804
1959 | 19200 19248 15375 3873
1960 | 21400 21207 19812 1395
1961 | 36900 36846 35727 1119
1962 | 16800 16654 15499 1155
1963 | 20900 20900 19900 1000
1964 | 24000 23990 22868 1122
1965 | 17200 17125 16350 775
1966 | 22600 22578 17297 5281
1967 | 18200 18222 14617 3605
1968 | 29700 29639 22883 6756
1969 | 19500 19671 14812 4859
1970 | 25700 25648 22598 3050
1971 | 22800 22778 19253 3525
1972 | 22700 22829 19358 3471
1973 | 17900 18090 16759 1331
1974 | 16400 16434 14692 1742
1975 | 21700 21788 17966 3822
1976 | 15700 15869 13237 2632
1977 | 44300 44300 11400 | 32900 | 44233 30145 ‘ 14088 ‘
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Table 6.2.2.1 (continued). Landings in pounds ftbmthree primary data sources.

ALS-Online ALS-SEFSC Florida Reports
Year FL Total GA-NC FLTotaI| GA-NC FLK/EFL WFL FL Total FLK/EFL WFL
1977 44300 44300 11400 32900 44233 30145 14088
1978 39732 522 39600 522 2200 37400
1979 50118 167 50200 167 2100 48100
1980 66308 66293 966 19658 46635
1981 62509 62509 11139 18050 44459
1982 32188 16180 | 32188 16180 2267 29921
1983 37027 9866 37027 9866 4624 32403
1984 39160 2972 39160 2972 2317 36843
1985 46990 6032 46990 6032 4437 42553
1986 54315 8040 54315 8040 16462 37853
1987 72828 9274 72977 9295 17120 55857
1988 75616 10182 | 75412 10186 20194 55218
1989 106223 15167 | 108885 15177 23507 85378
1990 115395 27854 | 115210 27862 23366 91844
1991 107580 23886 | 107311 23886 29433 77878
1992 110012 32264 | 119284 32274 18423 100861
1993 136528 31711 | 136715 31739 19769 116946
1994 93632 23046 | 93636 23063 16611 77025
1995 65013 36903 | 65011 36903 13707 51304
1996 60786 17461 | 60781 17471 13660 47121
1997 65682 25391 | 65974 25394 15176 50798
1998 46959 21934 | 47153 21959 11108 36045
1999 43845 29185 | 47266 29186 9006 38260
2000 49011 24097 | 49123 24104 6226 42897
2001 45020 20246 45514 14193 5765 39749
2002 49313 26712 | 49912 20557 5816 44096
2003 48231 21237 | 48659 9307 5913 42746
2004 47924 19689 | 48603 19295 6399 42204
2005 32398 19157 | 32490 19255 3765 28725
2006 26657 23417 | 26967 23433 4466 22501
2007 32255 20748 | 32427 20754 6195 26232
2008 41606 30388 | 42032 30437 9552 32480
2009 42903 34239 | 44330 34242 4372 39958
2010 44612 41898 | 45480 41898 4076 41404
2011 53235 35959 | 56379 35959 2166 54213
2012 54892 20561 | 55134 20561 3955 51179
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Table 6.2.2.2. State specific landings for the GB-§lock.

Year Georgia North Carolina South Carolina
1950 4400

1951 2000

1978 522
1979 104 63
1982 1229 14951
1983 1743 8123
1984 2219 753
1985 4683 1349
1986 5052 2988
1987 5350 3924
1988 7243 2939
1989 9581 5586
1990 24216 3638
1991 56 19426 4404
1992 24186 8078
1993 21404 10307
1994 19156 3890
1995 33526 3377
1996 13855 3606
1997 14029 11362
1998 12053 9881
1999 49 12414 16722
2000 7736 16361
2001 8214 12032
2002 10688 16024
2003 9612 11625
2004 9384 10305
2005 7887 11270
2006 7301 16116
2007 7121 13627
2008 13045 17343
2009 10846 23393
2010 13055 28843
2011 10799 25160
2012 8264 12297
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Table 6.2.2.3. Observed landings in pounds by tyg&r from the ALS-SEFSC dataset. Note,
the “Other” category is mainly comprised of unknogear types.

WFL FLK/SEFL GA-NC

Year | Spear | Hook | Pots & | Other | Spear | Hook | Pots & | Other | Spear | Hook | Pots & | Other

& Line Traps & Line Traps & Line Traps
1977 7900 1000 | 35400
1978 3000 600 31500 4500 522
1979 5100 1800 | 38500 4800 167
1980 3576 1688 | 58617 2412 966
1981 1472 5356 | 51349 4332 709 10430
1982 1381 2087 | 25353 2793 574 4659 11521
1983 2448 1494 | 32089 498 498 2526 7340
1984 28 2302 37 3368 | 26495 5726 1204 2486 486
1985 | 2855 2191 95 2147 | 18166 | 15745 | 5791 5843 114 75
1986 | 3533 1676 86 22292 | 14361 7449 | 4918 | 1328 6668 44
1987 696 4201 116 13575 | 21418 27827 | 5144 | 2500 4312 21 2462
1988 | 476 6156 502 | 14749 | 16116 | 30323 | 7090 | 1654 6741 19 1772
1989 | 1056 | 27079 6676 | 24100 | 49967 151 1186 | 13272 143 576
1990 | 7166 | 30902 30839 | 11659 | 34641 3 14051 | 12828 983
1991 | 18575 | 10890 20 6385 | 31157 | 15094 24147 | 1043 12175 11108 603
1992 | 16384 | 4248 3800 1927 | 51552 | 18003 | 23227 143 2077 | 25872 4290 35
1993 | 15447 | 8903 16769 317 | 42173 | 18957 | 33426 | 781 28025 78 3636
1994 | 13186 | 11396 5281 164 | 34063 | 14875 | 14589 97 3848 | 19038 75 102

1995 | 5272 6538 3039 1629 | 23251 | 13880 | 11062 342 2382 | 32800 1633 88

1996 | 8157 4333 4526 218 | 25055 7577 10812 108 164 15569 1738

1997 | 7490 3973 6780 68 16338 | 18837 | 12117 371 244 24075 1075

1998 | 6299 3279 3312 193 | 14058 | 9847 8925 1240 80 21375 504

1999 | 4411 4179 4294 103 9155 7241 17499 384 83 28987 116

2000 | 7589 8889 1810 120 | 11648 | 7417 11520 130 67 23738 299

2001 | 12146 | 5815 4070 8 11104 | 8203 3635 533 1684 10633 144 1732

2002 | 16599 | 4929 4025 675 | 11797 | 8364 2621 902 3094 | 15137 1522 804

2003 | 16094 | 5711 1331 80 7770 13499 3395 779 2805 6487 15

2004 | 17696 | 2185 783 52 11436 | 13105 3129 167 9566 9729

2005 | 12827 | 2553 24 532 8260 6220 1830 244 4581 14634 40

2006 | 11537 1208 1 300 7839 3974 2032 76 7420 15887 126

2007 | 13344 1607 387 9666 5237 1563 623 5453 15301

2008 | 14988 | 2031 5412 | 11266 | 4249 1538 2548 | 8518 | 21919

2009 | 23347 | 2178 4715 | 6864 5207 1702 317 | 20375 | 13399 5 463
2010 | 27324 | 5356 143 670 5380 5353 1136 118 | 29905 | 11814 179
2011 | 36321 | 5346 62 2054 | 6139 4711 1501 245 | 22048 | 13464 447
2012 | 36951 | 3884 8050 3845 2136 268 | 13176 | 7130 255
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Table 6.2.2.4. Estimated landings in pounds bykséoal gear type for the three primary gears
(spear, hook and line, and pots and traps) witbthakr gear types, mostly unknown, reassigned
based on proportions of the three primary types.

WFL FLK/SEFL GA-NC
Year Spear Hook & Pots & Spear Hook & Pots & Spear Hook & | Pots &
Line Traps Line Traps Line Traps
1950 0.0 380.4 0.0 735.0 15155.6 | 1129.0 0.0 4400.0 0.0
1951 0.0 13332.7" 0.0 1105.4 | 22793.6 | 1698.0 0.0 2000.0 0.0
1952 0.0 665.3 0.0 1810.9 | 37342.0 | 2781.8 0.0 0.0 0.0
1953 0.0 5013.9 0.0 1277.6 | 26345.8 | 1962.7 0.0 0.0 0.0
1954 0.0 347.4 0.0 1366.9 | 28186.0 | 2099.8 0.0 0.0 0.0
1955 0.0 4678.3 0.0 1162.6 | 23973.3 | 1785.9 0.0 0.0 0.0
1956 0.0 3501.2 0.0 1278.2 | 26357.1 | 1963.5 0.0 0.0 0.0
1957 0.0 9350.4 0.0 1310.6 | 27025.7 | 2013.3 0.0 0.0 0.0
1958 0.0 5771.1 0.0 804.5 16588.6 | 1235.8 0.0 0.0 0.0
1959 0.0 3863.3 0.0 662.3 13657.0 | 1017.4 0.0 0.0 0.0
1960 0.0 1407.7 0.0 863.3 17802.7 | 1326.2 0.0 0.0 0.0
1961 0.0 1120.6 0.0 1545.1 | 31860.8 | 2373.5 0.0 0.0 0.0
1962 0.0 1165.1 0.0 675.2 13922.5 | 1037.2 0.0 0.0 0.0
1963 0.0 1000.0 0.0 859.3 17720.5 | 1320.1 0.0 0.0 0.0
1964 0.0 1122.5 0.0 987.9 20372.0 | 1517.6 0.0 0.0 0.0
1965 0.0 778.4 0.0 709.1 14623.1 | 1089.4 0.0 0.0 0.0
1966 0.0 5286.1 0.0 747.7 15417.6 | 1148.6 0.0 0.0 0.0
1967 0.0 3600.6 0.0 630.4 13000.4 968.5 0.0 0.0 0.0
1968 0.0 6769.9 0.0 990.2 20418.8 | 1521.1 0.0 0.0 0.0
1969 0.0 4816.8 0.0 634.1 13075.1 974.1 0.0 0.0 0.0
1970 0.0 3056.2 0.0 977.8 20163.9 | 1502.1 0.0 0.0 0.0
1971 0.0 3528.4 0.0 832.2 17161.0 | 12784 0.0 0.0 0.0
1972 0.0 3451.4 0.0 831.2 17140.5 | 1276.9 0.0 0.0 0.0
1973 0.0 1317.0 0.0 716.1 14766.8 | 1100.1 0.0 0.0 0.0
1974 0.0 1738.4 0.0 633.1 13055.9 972.6 0.0 0.0 0.0
1975 0.0 3806.6 0.0 772.7 15933.7 | 1187.0 0.0 0.0 0.0
1976 0.0 2604.0 0.0 565.5 11661.7 868.8 0.0 0.0 0.0

The estimated total for the WFL stock in 1951 ines an additional 4,629.7 Ibs recorded from
Louisiana during that year.
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Table 6.2.2.4 (cont). Estimated landings in poungstock and gear type for the three primary
gears (spear, hook and line, and pots and trapk)alNiother gear types, mostly unknown,
reassigned based on proportions of the three pyitgpes.

WFL FLK/SEFL GA-NC
Year Spear Ho.ok & | Pots & Spear Ho.ok & | Pots & Spear HoPk & | Pots &
Line Traps Line Traps Line Traps
1977 0.0 7900.0 0.0 1000.0 | 35400.0 0.0 0.0 0.0 0.0
1978 0.0 3000.0 0.0 600.0 31500.0 | 4500.0 0.0 522.0 0.0
1979 0.0 5100.0 0.0 1800.0 | 38500.0 | 4800.0 0.0 167.0 0.0
1980 0.0 3576.0 0.0 1688.0 | 58617.0 | 2412.0 0.0 966.0 0.0

1981 0.0 1472.0 0.0 5356.0 | 51349.0 | 4332.0 0.0 11139.0 0.0

1982 0.0 1381.0 0.0 2126.6 | 25834.3 | 2846.0 0.0 16180.0 0.0

1983 0.0 2448.0 0.0 1515.8 | 32557.9 505.3 0.0 9866.0 0.0

1984 28.4 2338.6 0.0 3481.9 | 27391.3 | 5919.7 0.0 2972.0 0.0

1985 | 2908.8 | 2232.2 0.0 2491.8 | 21083.5 | 18273.7 0.0 5916.6 115.4

1986 | 3591.3 | 1703.7 0.0 24777.9 | 15962.5 | 8279.7 | 13353 | 6704.7 0.0

1987 | 71255 4300.5 0.0 14686.6 | 23171.8 | 30105.6 | 3400.8 | 5865.7 28.6

1988 | 512.0 6622.0 0.0 16458.0 | 17983.4 | 33836.6 | 2002.3 | 8160.7 23.0

1989 | 1056.0 | 27079.0 0.0 6688.5 | 24145.1 | 50060.4 | 1232.8 | 13795.6 | 148.6

1990 | 7166.0 | 30902.0 0.0 30840.2 | 11659.5 | 34642.3 0.0 14564.9 | 13297.1

1991 | 22597.4 | 13248.2 24.3 31618.6 | 15317.6 | 24504.8 0.0 12490.3 | 11395.7

1992 | 17676.2 | 4583.0 | 4099.7 | 51631.5 | 18030.7 | 23262.8 | 2079.3 | 25900.1 | 4294.7

1993 | 15566.1 | 8971.6 | 16898.3 | 42521.3 | 19113.6 | 33702.1 0.0 31650.9 88.1

1994 | 13258.4 | 11458.6 | 5310.0 | 34115.0 | 14897.7 | 14611.3 | 3865.1 | 19122.6 75.3

1995 | 5850.4 | 7255.2 | 3372.4 | 23416.0 | 13978.5 | 11140.5 | 2387.7 | 32878.4 | 1636.9

1996 | 8261.5 | 4388.5 | 4584.0 | 25117.3 | 7595.8 | 10838.9 | 164.0 | 15569.0 | 1738.0

1997 | 7517.9 | 3987.8 | 6805.3 | 16466.2 | 18984.8 | 12212.1 | 244.0 | 24075.0 | 1075.0

1998 | 6393.3 | 3328.1 | 3361.6 | 14589.0 | 10218.9 | 9262.1 80.0 21375.0 | 504.0

1999 | 44463 | 4212.4 | 43283 | 9258.7 7323.0 | 17697.2 83.0 28987.0 | 116.0

2000 | 7638.8 | 8947.3 | 1821.9 | 11697.5 | 74485 | 11569.0 67.0 23738.0 | 299.0

2001 | 12150.4 | 5817.1 | 4071.5 | 11362.0 | 8393.6 3719.5 | 1918.1 | 121109 | 164.0

2002 | 17037.5 | 5059.2 | 4131.3 | 12264.1 | 8695.2 2724.8 | 3219.9 | 15753.1 | 1583.9

2003 | 16149.7 | 5730.7 | 1335.6 | 8015.4 | 13925.4 | 3502.2 | 2805.0 | 6487.0 15.0

2004 | 17740.5 | 2190.5 785.0 | 11505.0 | 13184.1 | 3147.9 | 9566.0 | 9729.0 0.0

2005 | 13270.0 | 2641.2 24.8 8383.6 6313.1 1857.4 | 4581.0 | 14634.0 40.0

2006 | 11808.5 | 1236.4 1.0 7882.0 3995.8 2043.2 | 7420.0 | 15887.0 | 126.0

2007 | 13689.4 | 1648.6 0.0 10031.7 | 5435.1 1622.1 | 5453.0 | 15301.0 0.0

2008 | 19754.1 | 2676.9 0.0 12949.3 | 4883.9 1767.8 | 8518.0 | 21919.0 0.0

2009 | 27659.7 | 2580.3 0.0 7022.0 5326.8 1741.2 | 20654.3 | 13582.7 5.1

2010 | 27881.8 | 5465.3 145.9 54335 5406.2 1147.3 | 30033.3 | 11864.7 0.0

2011 | 38108.8 | 5609.1 65.1 6260.8 4804.4 1530.8 | 22325.5 | 13633.5 0.0

2012 | 36951.0 | 3884.0 0.0 8203.8 3918.4 2176.8 | 13341.5 | 7219.5 0.0
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Table 6.3.1.1. Calculated discards in number fogfidb as discard rate * total effort. Diving
gear includes spear fishing and powerhead geartic’kline includes handline and
electric/hydraulic (bandit rig) gear.

Y ear GA-NC FLK/SEFL WFL Total
Diving | Vertical line | Diving | Vertical line | Diving | Vertical line
1993 0 12 181 154 40 0 388
1994 0 15 232 255 62 0 564
1995 0 14 232 197 39 0 483
1996 0 14 257 197 61 0 529
1997 0 14 289 226 69 0 598
1998 0 12 278 165 47 0 503
1999 0 9 235 200 45 0 489
2000 0 10 252 179 64 0 505
2001 0 12 239 132 59 0 441
2002 0 11 237 142 67 0 457
2003 0 9 185 112 88 0 393
2004 0 8 186 100 80 0 374
2005 0 8 172 85 87 0 352
2006 0 9 163 90 87 0 349
2007 0 9 212 93 82 0 396
2008 0 10 173 91 100 0 374
2009 0 9 133 109 103 0 355
2010 0 8 143 88 141 0 381
2011 0 7 166 97 128 0 397
2012 0 6 201 91 121 0 419
2013 0 5 144 74 79 0 302

Table 6.3.1.2. Mean weight of a Hogfish in poundsgiock and gear type from the commercial
biostatistical sampling, used to convert discandsumbers (Table 6.3.1.1) to discards in weight.
Note: mean weights were calculated across all ysha#go missing years for each stock and gear
combinations.

Stock Gear Weight (Ibs) N
GA-NC Hook & Line 9.15 91
FLK/SEFL Hook & Line 3.28 83
WFL Hook & Line 2.83 23
GA-NC Long Line 13.89 1
FLK/SEFL Long Line 16.80

WFL Long Line 9.37 4
GA-NC Spear 7.69 30
FLK/SEFL Spear 3.93 249
WFL Spear 3.20 382
FLK/SEFL Trap 1.83 86
WFL Trap 1.41 53
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Table 6.3.1.3. Calculated weight of dead discangsounds from the commercial logbook
program. The total number of dead discards weteraéned from the proportion dead and

alive, and assuming a 10% discard mortality rateHose released alive from vertical lines and a
100% mortality for diving gear. Means weights frdiable 6.3.1.2 were used to convert total
numbers from Table 6.3.1.1.

Y ear GA-NC FLK/SEFL WFL
Diving | Vertical line | Diving | Vertical line | Diving | Vertical line

1993 0 30.41 700.59 139.81 126.07 0
1994 0 38.01 898.00 231.50 195.41 0
1995 0 35.47 898.00 178.84 122.92 0
1996 0 35.47 994.76 178.84 192.26 0
1997 0 35.47 1118.63 205.17 217.47 0
1998 0 30.41 1076.05 149.79 148.13 0
1999 0 22.81 909.61 181.57 141.83 0
2000 0 25.34 975.41 162.50 201.71 0
2001 0 30.41 925.09 119.83 185.95 0
2002 0 27.87 917.35 128.91 211.17 0
2003 0 22.81 716.08 101.68 277.35 0
2004 0 20.27 719.95 90.78 252.14 0
2005 0 20.27 665.76 77.17 274.20 0
2006 0 22.81 630.92 81.70 274.20 0
2007 0 22.81 820.58 84.43 258.44 0
2008 0 25.34 669.63 82.61 315.18 0
2009 0 22.81 514.80 98.95 324.63 0
2010 0 20.27 553.51 79.89 444.40 0
2011 0 17.74 642.53 88.06 403.42 0
2012 0 15.20 778.01 82.61 381.36 0
2013 0 12.67 557.38 67.18 248.99 0
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Table 6.4.1. Total effort from the logbook analypesvided by the NMSF-SEFSC for the
different stocks in either diver hours (for spearhook hours (for hook and line). Note: the
GA-NC spear records and WFL hook and line recorelevoo sparse to create a CPUE index
and therefore not provided.

WFL FLK/EFL GA-NC

Year Spear HO.Ok & Spear Ho?k &
Line Line

1993 896.7 96570 1727 85988
1994 514 138386.5 1877.5 147221
1995 452.5 132010 2589 182311
1996 938.5 1244455 1573 156731
1997 877.5 178609.5 2952 201457
1998 656 169490.2 2847 145219
1999 1102.5 158844.5 2043 124280
2000 1257 187508 2620 142880
2001 12435 99830.5 3501.5 166585
2002 2087 139160 3824 141444
2003 2195 75932.5 1739 118898
2004 2734 65145.5 2640 136284
2005 3400 49246.5 2439 108615
2006 3473 46484 1498 147555
2007 3277 29403 2066 162800
2008 4267 29982 1902 148516
2009 4276 26405 1078 103782
2010 6126 20459 913 72418
2011 4532 20074 1918 62377
2012 4557 20015 2732 29654
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Table 6.4.2. Total days fished from the Floridp ticket database for both Florida stocks and
two main gear types. The total days fished inctualetrips catching Hogfish and associated
species identified from a cluster analysis for@®JE standardization procedure (see sections
8.2.1 and 8.4.1).

WFL FLK/EFL

Year Spear HO.Ok & Spear HO.Ok &

Line Line
1994 95 6375 604 3408
1995 160 7129 653 6149
1996 323 7631 862 6051
1997 292 8150 1029 6698
1998 237 8666 986 5616
1999 230 8730 595 3956
2000 246 9931 743 4243
2001 255 10322 762 4500
2002 267 9816 844 4292
2003 222 9832 581 4384
2004 192 9405 551 4565
2005 189 8145 527 3830
2006 163 7606 458 3121
2007 165 7355 470 2655
2008 264 7015 372 2456
2009 325 10285 453 2945
2010 320 5519 340 2777
2011 261 5016 397 2962
2012 241 5123 466 2801

FWC Hogfish SA — SECTION 2 76



South Atlantic and Gulf of Mexico Hogfish

Figure 6.4.3. Number of SPL licenses landing Hadgfrom the Florida Trip Ticket database for
the two Florida stocks.

Year WFL FLK/EFL
1987 129 1050
1988 154 897
1989 185 1014
1990 151 881
1991 135 749
1992 182 832
1993 216 763
1994 221 698
1995 123 580
1996 104 518
1997 107 461
1998 89 401
1999 103 323
2000 106 350
2001 115 388
2002 101 401
2003 90 376
2004 63 344
2005 61 251
2006 34 214
2007 33 218
2008 53 170
2009 59 216
2010 62 159
2011 66 163
2012 60 148

FWC Hogfish SA — SECTION 2 77



South Atlantic and Gulf of Mexico Hogfish

6.8 Figures

Figure 6.2.2.1. Total landings of Hogfish by stéickn 1950-2012.
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Figure 6.2.2.2. Total landings of Hogfish by st@eld gear type from 1977-2012.
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Figure 6.4.1. Total effort from the logbook anagyggor the different stocks in either diver hours
(for spear) or hook hours (for hook and line). &ldhe GA-NC spear records and WFL hook
and line records were too sparse to create a CRtEx iand not provided.
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Figure 6.4.2. Total effort in total days fishedrfr the Florida trip ticket database for both
Florida stocks and two main gear types. The tdgb fished includes all trips catching Hogfish

or the associated species from a cluster analysigei CPUE standardization procedure (see
sections 8.2.1 and 8.4.1).

FLK/EFL Hook & Line FLK/EFL Spear
6,000 900 —
5,000
700
4,000
500 —
3,000
yo]
)
c I IQ)IQ)IQIQ,ID‘IQIQ)IQIQ, ID‘IQ)I‘?)IQI']/IVIQIQ)IQI'L
P PO P F PSSP P Y
2 G N S S T E S S S
2]
%\ WFL Hook & Line WFL Spear
o _
10,000 300 —
9,000
250 —
8,000
200
7,000
6,000 - 1507
S’OOO_ID‘IQ)IQ)IQ"LID‘"'OI Iglmloo_lb‘lblfblglq/lb‘l T IQI(]/
PP PSP PSS Y F LS LY
T T S S S S S TS IS S S S SIS
Year

FWC Hogfish SA — SECTION 2 81



South Atlantic and Gulf of Mexico Hogfish

Figure 6.4.3. Number of SPL licenses landing Hadgfrom the Florida Trip Ticket database for
the two Florida stocks and different gear desigmesti
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7 Recreational Statistics

7.1 Review of Working Papers

There were no working papers for this sectionaa#lyses are detailed herein.

7.2 Recreational Landings

7.2.1 Recreational Fishing Overview

Hogfish are most frequently caught recreationaill¥liorida (Table 7.2.1.1), with the majority of
the landings coming from South/Southeastern andé&ifeslorida. From 1981-2012, only nine
total intercepts had recorded catching Hogfish fauff states other than Florida, and only
fourteen total intercepts had recorded Hogfish feather Georgia or South Carolina in the
South Atlantic (Table 7.2.1.2). Hogfish are oftmsociated primarily with spearfishing, being
one of the most targeted and caught species ugeay.s Spearfishing has had a historic presence
in Florida, and has been described as increasegtlgrin recreational popularity after a Sports
llustrated article from Septembef 51955 detailing record-holding spearfishermen ftom
Florida Keys [ittp://sportsillustrated.cnn.com/vault/article/magae/MAG1130156/. Given the
timing of the article, it can be concluded thatreational harvest by spear existed to some
capacity prior to the 1950’s. Despite Hogfish lgemaught infrequently on hook and line
(Kingsley 2004), landings from hook and line makeausubstantial fraction of the recorded
landings, given that the majority of recreatiomgdd are hook and line (see section 7.4.2).
Recent media have additionally focused on targetiogfish on hook and line (e.g.,
http://www.bradenton.com/2014/02/09/4981478/outdagge-these-tips-to-hook.hiimvhich is
additionally supported from discussions with captan the WFL region, and this could suggest
an increasing trend towards directed targeting. tf® Florida stocks, recent landings (2004-
2012 from the Marine Recreational Information Pergy MRIP) have estimated approximately
20% of the total recreational harvest coming fravokhand line (Table 7.2.1.3, 7.2.1.4), while
for the GA-NC stocks, approximately 90% is estirdeds hook and line (Table 7.2.1.5).
Recreational harvest of Hogfish is primarily fromvate boats, with only a small proportion
from either charter boats, shore-based fishing le&b.2.1.3-7.2.1.5), or headboats (see section
7.2.2).

7.2.2 Southeast Region Headboat Survey (SRHS)

Estimates of total recreational landings from headb were obtained from the NMFS Southeast
Region Headboat Survey (SRHS) provided to the ééoFish and Wildlife Research Institute.
Stock delineations were based on the headboatysareas, where areas <10 were assigned as
the GA-NC stock; areas 7, 8, 11, 12, 17, and 1&whex FLK/EFL stock; and areas 21-23 were
the WFL stock. Catch data were then aggregategefars and stock areas to provide estimates
of total landings in number of fish from the SRHS.
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Total landings of Hogfish from headboats are lowb(€&/.2.2.1), averaging a few hundred total
Hogfish per year, depending on the stock. The Wteck has experienced the highest total
numbers of Hogfish caught recently, with a peathanearly to mid 1990’s (654 in 1994), and a
rapid increase in the number landed in the mostinegears (2945 and 4137 in 2011 and 2012,
respectively). Despite this increase, the totadliags from headboats on hook and line represent
only a small fraction of the total landings fronmet fishing modes (Tables 7.2.1.3-7.2.1.5).

7.2.3 Marine Recreational Fishery Statistics Survey (MRFSS) and the Marine
Recreational Information Program (MRIP)

Both MRFSS (1981-2012) and MRIP (2004-2012) dateewssed to derive a time series of
recreational landings of Hogfish, where the earRIM&S data were calibrated to the MRIP data
following the procedures of Salt et al. (2012). eDa the unique stock structure of Hogfish, the
MRFSS post-stratification routine was used to easténtandings for the Florida stocks by post-
stratifying the MRFSS dataset using the Collier-k@ncounty border as the WFL-FLK/EFL
boundary, respectively. For-hire adjustments veg@ied to the MRFSS data using the coast-
specific (Gulf and Atlantic) calibration factoreofn SEDAR 28 (Matter 2012). Data were
analyzed by year and gear type for each of thaeddatocks, for both kept (Types A+B1) and
released (Type B2) fish.

One data adjustment was made to the raw MRFSSftatdocating an unreasonable value in
the dataset for the Florida recreational datal984, two hook-and-line records from the
FLK/EFL stock in the 12 files (B1 records, dispasit=5) were recorded as having caught 100
fish each, while other records from the same yaaged from 0-4 fish total. Due to the
improbable nature of these data and the strongeantle it had on the yearly total estimate (>3
million fish harvested when including the raw dathgse records were replaced with the
average number of fish recorded in the same wateedllowing year (the preceding year did
not have any intercepts for that wave).

For the GA-NC stock, the MRFSS estimates were nbthdirectly from the Atlantic Coastal
Cooperative Statistics Program (ACCSP) databastnéoperiod of 1981-2012 for each state
separately. The catch estimates and variancesthemesummed across each state to develop
the estimates for the entire GA-NC stock. Theda dere based on less than ten total intercepts
per year across states for all years except 198BI€T7.2.3.1), of which no intercepted trips were
targeting Hogfish (Table 7.2.3.2). Due to only tt@tal intercepts from spear fishing gear in the
GA-NC stock, all recreational landings from the GI& stock were assumed to be from hook
and line.

The MRIP estimates for the Florida stocks wereiabtain a similar fashion to the MRFSS data
by setting the unique domain of each stock basdati@oounty boundaries (Collier-Monroe
line), while the MRIP estimates for GA-NC were damly obtained from ACCSP database. The
overlapping years of the MRFSS and MRIP data weegl o calibrate the MRFSS time-series
to the MRIP estimates, following the procedureioetl by the MRFSS/MRIP Calibration Ad
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Hoc Working Group (Salt et al. 2012). Harvesteth fitypes A and B1) and released fish (type
B2; see section 7.3.1) were analyzed and calibisd¢pdrately.

Recreational landings in numbers were convertetdeight by applying the length-weight
conversion (section 5.5.2) to the average lengtira the MRFSS/MRIP intercepts (Table
7.2.3.3). Due to relatively low numbers of intgatseon a yearly basis, particularly when
disaggregating by stock and gear type, year-speaierage lengths were used across gear types
for the WFL and FLK/EFL stocks, and the year-consbimverage length was used for the GA-
NC stock.

Tables 7.2.3.4-7.2.3.8 present the estimated riecn@hharvest for the different stocks and
gears. The total recreational harvest of Hogfisinfthe WFL stock has shown an increasing
trend since the initiation of the MRFSS surveyd 981, both for hook and line and spear
fishing, while the total number harvested by spistiing is estimated as nearly five times
greater than the hook and line fishery. The FLH/EEock has shown an opposite trend to the
WEFL stock, where recreational landings have gehedaicreased since initiation of the MRFSS
surveys. The highest estimated landings for th€/EEL stock came from the spear fishery in
the first year of the MRFSS survey, which was netimee times greater than the next highest
year. While this estimate may be a biased outhernssues were detected in the raw data files
for this year. Similar to the FLK/EFL stock, thé@C stock showed highly variable estimates
during the early years of the MRFSS survey, withggally decreasing estimates over time.

7.2.4 Historical Reconstruction for Florida Stocks

Historical recreational landings were extrapoldiadk to 1950 using all available harvest data
(MRFSS/MRIP types A and B1, plus headboat landingshg a combination of data related to
possible changes in recreational anglers sincdithat This extrapolation was done in order to
estimate the potential magnitude of recreationadilags that would have occurred over a larger
time period, particularly since license data sutggageak in recreational effort prior to initiatio
of the MRFSS data (mid-1970’s), thereby providingrencontrast in information for the
assessment model. The approach used here wasvbdrdirectly from an analysis recently
completed by D. Chagaris (FWCC-FWRI) as part ofAlantic coast black drum assessment
workshop through the Atlantic States Marine FisseCommission (ASMFC).

Previous estimates of historic recreational catretbeen based on human population from the
U.S. Census (Florida spotted seatrout, Murphy.e2@l1) or coastwide estimates of saltwater
anglers and days spent saltwater fishing from thgoNal Survey of Fishing, Hunting, and
Wildlife-Associated Recreation (FHWAR) (South AttemSpanish mackerel, Brennan and
Fitzpatrick 2012). The human population methodiasss that the number of anglers is
proportional to the total coastal population andgoot account for periods when recreational
fishing expanded faster (or slower) than human fadmn. The FHWAR method applied to
Spanish mackerel uses coastwide estimates of saitfighing effort and assumes that the rate
of expansion in saltwater angling was the samesaditee entire region. Here, information from
the FHWAR survey was combined with historical frefnlicense data to estimate historical
recreational catch in each year and state from -1980.
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Historic fishing license data were available in tf&FWS National Fishing License Reports
(http://wsfrprograms.fws.gov/Subpages/Licenseln&iiiag.htm) from 1958-2013 for each state.
No data were available in 1960 and only Georgiaavaslable in 1959. These reports provide
values for the number of certified paid fishingelse holders (participants) in each state, where
a license holder is one individual regardless efribmber of licenses purchased. The reports do
not differentiate between saltwater and freshwagiers. The National Survey of Fishing,
Hunting, and Wildlife-Associated Recreation (FHWA#tbvides data about the state in which
these activities occurred; number of trips takexysdof participation; and expenditures for food,
lodging, transportation, and equipment. The suwayg conducted 1991, 1996, 2001, 2006, and
2011 by the Census Bureau for the U.S. Fish andIifé¢ilService. An estimate of the
percentage of anglers in each state that fishliwair is provided in these reports (Yosaltwater).
This percentage was extrapolated linearly betweansywhen the survey was not conducted.
Prior to 1991, the %saltwater was only availableamally and only every five years from 1955-
1985. These national percentages were used t@pekate back the statewide estimates. The
total number of license holders from the USFWS étistFishing License data was then adjusted
by the percent estimates from the FHWAR surveygetdhe total number of saltwater
participants by year and state. Lastly, CPUE vedsutated for each year and state from 1981-
2012 by dividing the total harvest estimates (MRIESP and headboat) by the total number of
saltwater participants. The number of saltwatetiggpants was then multiplied by the average
CPUE from 1981-1990 in each state to estimate iicsicharvest since 1950. For this analysis,
the average PSE from 1981-1990 was used to estthmatarly uncertainty in the data. Tables
7.2.4.1 presents the estimated number of saltyaiticipants from 1950-2012. Tables 7.2.4.2-
7.2.4.6 and Figures 7.2.4.1-7.2.4.3 present therieal reconstruction for the three stocks and
gear combinations.

7.3 Recreational Discards and Release Mortality

7.3.1 Discards

Recreational discards (released fish, type B2 o=jarere estimated using the same procedures
outlined above (section 7.2.3) for the harvestsl ftype A and B1). Tables 7.3.1.1-7.3.1.4
present the recreational discards from the diffesercks and gears, including the separate
estimates from MRFSS and MRIP and the calibrateé series with the two combined.
Generally the discards were highly variable wheamynyears did not have any estimated
released fish. Note, no discards were recorded gpearfishing from the WFL stock, although

a small proportion of discarded Hogfish were reedrds coming from spearfishing in the
FLK/EFL stock (Table 7.3.1.3).
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7.4 Recreational Effort

7.4.1 Southeast Region Headboat Survey (SRHS)

Total recreational effort from the SRHS was deteediby totaling the angler days for the
different stocks. Estimates of directed effort evaot available from the SRHS data. Despite
the steep increase in headboat landings for the ¥¥bdk, the total effort of headboat angler
days from the WFL region has not seen a similareiage (Table 7.4.1.1), although this would
not detect potential efforts to target Hogfish sitite effort trend is in total angler days.

7.4.2 Marine Recreational Fishery Statistics Survey (MRFSS) and the Marine
Recreational Information Program (MRIP)

Total and directed effort were estimated from tHeR&S intercept and estimates files. Directed
effort consisted of all angler trips catching erthi®gfish or one of the species associated with
Hogfish as identified in the cluster analyses usedhe generation of recreational catch per unit
effort (see sections 8.2.1 and 8.4.1). The direeftaitt was only calculated for the Florida stocks
where sufficient intercept data existed to develmpassociated species list from the cluster
analysis.

Total recreational effort for the GA-NC stock, inding separate estimates per each state in the
stock, were obtained from the NMFS recreationdlsties website
(http://www.st.nmfs.noaa.gov/st1/recreationalNote that the GA-NC data utilized the MRIP
weighted adjustments, while the effort for the Klarstocks used only the MRFSS data. Despite
this potential bias for the Florida stocks, thdaténces between the MRFSS-MRIP effort
estimates are typically minor (comparisons avadal the website), and importantly these

effort data were not used directly in the assessmedel (effort was integrated into the CPUE
standardization procedure for indices of abundasee;sections 8.2.2 and 8.4.2).

Tables 7.4.2.1-7.4.2.3 and Figures 7.4.2.1-7.4&58ent the effort data estimates by stock and
gear type. For the Florida stocks, effort estimatethe early years of MRFSS (1981-1985)
tended to be low, and then increased dramatical®B6. While total angler trips for hook and
line have increased in the WFL stock, directedsthipve tended to remain stable, although the
highest peak was in 2008-2009. Spear effort hadetd to remain stable for both total and
directed effort. For the FLK/EFL stock, total efférom hook and line has been relatively stable
from 1986 until recent declines, while total effldm spear has tended to increase in recent
years after a stable period. For both gear tygiescted effort has remained stable. For the GA-
NC stock, total effort has increased since datawecorded, with the majority of trips coming
from North Carolina (67% over all years), followeg South Carolina (23%) and Georgia
(10%).
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7.5 Biological Sampling

7.5.1 Adequacy for Characterizing Catch and for Assessment Analyses

Overall sampling for recreationally-caught Hogfishimited with moderate to high percent
standard errors (PSEs >30%) for most years, péatigihe early time series (1980s) with PSEs
from the calibrated time series often approachingreater than 100% (Tables 7.2.3.4-7). Note
that the PSE estimates can vary between the MRBEt88ates and MRIP estimates, with the
MRFSS estimates from the post-stratification roaitiypically being lower than the MRIP
estimates in the same years. While the MRFSS B&iiaes were in the moderate range for the
early years, the variance adjustments applied duha calibration routine (Salt et al. 2012)
tended to increase the PSE estimates of the c@ibtiene series substantially. High error
estimates as suggested by the calibrated timessade&ate high variability around the estimate
and therefore low precision, and warrant cautiosuggiested as by the MRFSS/MRIP program
for any PSEs greater than 50%. Therefore, adequfatyese data for assessment analyses for all
three of the stocks may be limited for the earlsirgeof the recreational surveys when errors
were greatest, although the original MRFSS PSknes#is prior to the calibration procedure
suggest the estimates are suitable. Given theéag&aesent the best available science, these
landings data are considered adequate for assesanayses if uncertainty in the recreational
landings is handled appropriately within the assesg. In particular, it is recommended that
the recreational landings not be assumed known natar limited error (e.qg., fixing the standard
error for the recreational landings to 1-5% as danmaany assessments), but an appropriate
error estimate be used in the model (e.g., yeanfspgalues or median of PSE values for a
representative period).

Similar to commercial sampling, biological samplfgHogfish from recreational trips is
generally poor for age samples and poor to modévatength samples (Tables 5.5.1.1, 5.5.1.2;
Figures 5.5.5.3, 5.5.5.4, 5.5.5.9, 5.5.5.10, 518,%.5.5.15). On average a total of 36, 40, and
10 fish lengths were sampled each year, for theaesywith data, from each of the WFL,
FLK/EFL, and GA-NC stocks, respectively (Table 5.%). Aging of recreationally-sampled
Hogfish has been mostly missing, with a combinedl {across all years of 16, 14, and 40 fish
aged from the WFL, FLK/EFL, and GA-NC stocks, retpely (Table 5.5.1.2).

As with the commercial data, use of stock-, geame/or year-specific age-length information
(e.g., age-length keys) could be biased, partiyuibone was to attempt to estimate growth
parameters within a model. Since the life-hismydies on Hogfish have characterized the
growth dynamics with adequate sampling, one caraus®mbination of the existing growth
models, length samples, and limited age samplegdon the assessment model (Stock
Synthesis, which can accommodate the various dptad). This however will not detect
potential changes in growth dynamics over time,cwhs a current limitation for modeling
Hogfish from lack of suitable age information.
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7.7 Tables

Table 7.2.1.1. Estimated number of Hogfish caugbteationally per state, both harvested and
released combined (types A+B1+B2), from the Soudteea US. Data obtained from the Marine
Resources Information Program (MRIP) web interface
(http://www.st.nmfs.noaa.gov/st1l/recreational).

Year ALABAMA | FLORIDA | GEORGIA | LOUISIANA | MISSISSIPPI CII\“:;J:A C:Igg:I:A
1981 1020253

1982 69416 196650

1983 251567 32349

1984 3073490

1985 151046 12440 44184

1986 141765 351 41395

1987 252260 1890

1988 185950 50

1989 105211 262 289
1990 407 129223 871

1991 174719

1992 202335 479 531

1993 217252 681

1994 180857 34

1995 145760 22100 2227
1996 101688 2909 270

1997 95088 1257 1082

1998 73328 228

1999 101034 26

2000 45616 25
2001 77423

2002 65479 716 62
2003 151514 21 3990 76

2004 152673 309

2005 148547 1406

2006 88749 34 1881

2007 170434 2859 496
2008 265029 5875

2009 159559 152 29
2010 172916 4201 773
2011 69395 2248

2012 213555 1339
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Table 7.2.1.2. Total number of recreational intpts@f Hogfish from MRFSS/MRIP for each

state.

Year ALABAMA | FLORIDA | GEORGIA | LOUISIANA | MISSISSIPPI c:'f;:l: A c:: g;: A
1981 37
1982 27 5
1983 15 1
1984 25
1985 10 3 2
1986 17 1 5
1987 57 2
1988 39 1
1989 31 2 1
1990 1 28 2
1991 23
1992 103 1 7
1993 82 5
1994 113 1
1995 71 14 1
1996 53
1997 54
1998 71
1999 100
2000 33 1
2001 70
2002 71 1 1
2003 100 1 1 1
2004 100 1
2005 77 3 1
2006 63 1 5
2007 119 2 2
2008 137 5
2009 99 1 1
2010 103 7 2
2011 124 4
2012 129 4
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Table 7.2.1.3. Total recreational harvest (type8AR+of Hogfish by mode and gear type from
MRIP for the WFL stock.

Charter Boat Private Boat Shore
Year Hoo.k and spear Hoo.k and spear Hoo.k and spear
Line Line Line
2004 190.5242 0 1039.082 41648.92 0 0
2005 53.56821 319.1992 4416.703 14019.67 0 0
2006 97.97859 0 7303.096 15122.07 0 0
2007 1211.626 0 6701.558 23052.02 0 0
2008 409.1455 0 5353.98 71908.94 3018.392 0
2009 650.1681 0 5554.325 37083.68 1270.041 0
2010 0 28010.19 13031.25 48879.85 0 0
2011 764.0761 1874.024 8007.015 19571.82 0 0
2012 1087.945 5397.463 9434.213 38837.58 0 0
Proportion: 0.010751 0.085719 0.146492 0.746712 0.010326 0

Table 7.2.1.4. Total recreational harvest (type8AR+of Hogfish by mode and gear type from
MRIP for the FLK/EFL stock.

Charter Boat Private Boat Shore
Year Hoo.k and spear Hoo.k and spear Hoo.k and spear
Line Line Line

2004 2533.227 917.596 36463.5 46578.49 3103.22 0
2005 301.1889 285.5544 7100.632 77628.46 1859.124 0
2006 1465.006 0 14706.09 37338.57 1715.225 0
2007 486.5303 0 28213.73 93241.62 0 0
2008 6020.605 0 12422.26 148230.1 0 696.7199
2009 65.57439 0 34683.53 75521.14 596.5049 0
2010 475.0498 4.025337 15239.76 61512.07 0 0
2011 364.9008 0 11638.17 24487.57 722.8714 0
2012 1320.601 67.16481 15043.66 130569.9 521.3602 0
Proportion: 0.014576 0.001425 0.19629 0.777403 0.009527 0.000779
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Table 7.2.1.5. Total recreational harvest (type8AR+of Hogfish by mode and gear type from
MRIP for the GA-NC stock.

Charter Boat Private Boat Shore
Year Hoo.k and spear Hoo.k and spear Hoo.k and spear
Line Line Line
2004 0 0 309.2945 0 0 0
2005 0 0 688.6734 717.1153 0 0
2006 34.24846 0 1607.799 0 0 0
2007 25.87806 0 469.7617 0 0 0
2008 43.53771 0 760.3908 0 0 0
2009 28.64256 0 152.4297 0 0 0
2010 46.60104 0 1391.084 0 0 0
2011 0 0 174.4912 0 0 0
2012 22.99057 0 1196.299 0 0 0
Proportion: 0.026326 0 0.880169 0.093505 0 0
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Table 7.2.2.1. Estimated number of Hogfish cadigimh the Southeast Region Headboat Survey
(SRHS) for each of the three stocks. Note: theté/e<Gulf states other than FL (WGOM) are
shown separately to highlight the focal distribatfor Hogfish, but were included in the WFL
stock.

Year WGOM WFL EFL GA-NC
1981 0 0 962 0
1982 0 0 105 59
1983 0 0 314 7
1984 0 0 567 60
1985 0 0 273 234
1986 0 117 589 197
1987 1 34 562 62
1988 14 187 512 71
1989 0 41 392 34
1990 1 147 226 119
1991 5 94 239 236
1992 0 213 383 212
1993 0 167 251 189
1994 0 654 188 151
1995 0 465 414 178
1996 0 13 230 79
1997 0 7 226 146
1998 0 25 236 194
1999 2 40 207 301
2000 0 66 166 214
2001 0 57 200 150
2002 0 61 152 114
2003 0 80 146 57
2004 0 53 467 66
2005 1 123 543 50
2006 0 41 608 36
2007 3 76 336 352
2008 0 61 203 69
2009 1 125 134 20
2010 0 430 71 28
2011 1 2945 95 12
2012 0 4137 106 110
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Table 7.2.3.1. Total number of intercepted trimsfrthe dockside surveys catching Hogfish by
year, stock, and gear type.

WFL FLK/EFL GA-NC
Year Spear Hook Other | Spear Hook Other | Spear Hook Other
and Line and Line and Line
1981 4 1 0 27 0 0 0 0
1982 4 0 0 16 0 7 0 5 0
1983 2 0 0 11 0 0 1 0
1984 0 0 0 10 15 0 0 0 0
1985 0 0 0 1 9 0 0 2 0
1986 3 3 0 5 0 0 5 0
1987 17 2 0 28 10 0 0 2 0
1988 12 4 0 14 9 0 0 1 0
1989 11 3 0 2 15 0 0 3 0
1990 2 1 0 13 12 0 0 2 0
1991 10 1 1 6 5 0 0 0 0
1992 9 9 7 47 30 1 1 6 0
1993 14 9 0 27 32 0 0 5 0
1994 15 8 0 60 30 0 0 1 0
1995 10 16 1 16 28 0 0 15 0
1996 11 7 0 17 18 0 0 1 0
1997 16 9 0 11 17 1 0 2 0
1998 20 12 0 17 22 0 0 1 0
1999 32 11 0 34 23 0 0 1 0
2000 3 0 12 9 0 0 1 0
2001 17 8 0 24 21 0 0 0 0
2002 10 10 0 40 11 0 0 2 0
2003 18 19 0 37 26 0 0 2 0
2004 19 4 0 47 30 0 0 1 0
2005 8 14 0 33 22 0 1 3 0
2006 18 4 0 23 18 0 0 6 0
2007 11 10 0 62 36 0 0 4 0
2008 34 16 0 58 29 0 0 5 0
2009 19 22 0 38 20 0 0 2 0
2010 33 12 0 38 20 0 0 9 0
2011 55 20 0 32 17 0 0 4 0
2012 32 11 0 58 28 0 0 4 0
Total 469 255 9 864 575 9 2 96 0
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Table 7.2.3.2. Total number of intercepted trimgfrthe dockside surveys targeting Hogfish by
year, stock, and gear type.

WFL FLK/EFL GA-NC
Year Spear Hook Other | Spear Hook Other | Spear Hook Other
and Line and Line and Line
1981 0 1 0 14 2 0 0 0 0
1982 2 0 0 2 0 5 0 0 0
1983 0 0 0 7 0 0 0 0 0
1984 0 0 0 4 2 0 0 0 0
1985 0 0 0 1 1 0 0 0 0
1986 2 0 0 3 0 0 0 0 0
1987 7 0 0 15 1 0 0 0 0
1988 5 0 0 10 4 0 0 0 0
1989 3 1 0 1 1 0 0 0 0
1990 1 0 0 1 1 0 0 0 0
1991 7 0 0 5 1 0 0 0 0
1992 6 1 6 34 3 0 0 0 0
1993 7 3 0 25 12 0 0 0 0
1994 9 0 0 49 8 0 0 0 0
1995 6 7 1 8 6 0 0 0 0
1996 3 1 0 7 3 0 0 0 0
1997 10 0 0 2 0 0 0 0 0
1998 14 0 0 4 0 0 0 0 0
1999 15 0 0 21 1 0 0 0 0
2000 1 0 0 9 2 0 0 0 0
2001 10 0 0 16 7 0 0 0 0
2002 7 0 0 33 2 0 0 0 0
2003 4 0 23 0 0 0 0 0
2004 9 0 0 29 2 0 0 0 0
2005 5 0 19 5 0 0 0 0
2006 12 0 0 15 2 0 0 0 0
2007 6 0 0 38 16 0 0 0 0
2008 27 4 0 43 3 0 0 0 0
2009 10 6 0 16 7 0 0 0 0
2010 23 4 0 27 11 0 0 0 0
2011 55 10 0 16 4 0 0 0 0
2012 28 10 0 29 7 0 0 1 0
Total 292 57 7 526 114 5 0 1 0
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Table 7.2.3.3. Average weight of recreationallygi#ifish per stock and year, with the total
number of fish measured for each year.

Year WFL Keys GA-NC
Wt (g) Sample Wt (g) Sample Wt (g) Sample

1981 0 795.7965 91 0
1982 2540.785 2 1055.72 19 178.2572 2
1983 424.2159 3 745.067 10 0
1984 0 725.1969 23 0
1985 0 856.3993 3 0
1986 1007.518 36 871.8273 28 48.47676 1
1987 1416.323 33 912.7698 62 0
1988 1386.77 17 1125.217 33 5511.212 1
1989 1263.89 16 772.0817 29 3554.822 2
1990 1202.87 6 953.2964 25 10732.93 2
1991 1019.537 27 782.1524 24 0
1992 1251.302 22 850.0403 74 4017.004 6
1993 1259.124 20 1029.124 65 3285.451 10
1994 1029.712 31 805.2909 82 3166.81 1
1995 880.9514 43 1379.827 39 1133.101 57
1996 899.3598 10 892.2144 57 0
1997 1082.187 28 1186.62 34 3088.403 1
1998 964.477 49 857.5313 31 1580.618 1
1999 1001.762 43 1149.736 45 5223.866 1
2000 1434.654 23 1243.45 21 7474.366 1
2001 939.3886 28 1161.398 26 0
2002 1237.984 23 1174.769 25 8307.186 2
2003 1027.774 56 795.3205 38 2175.416 2
2004 1074.484 44 1081.938 32 0
2005 1310.492 30 1223.096 16 4583.282 4
2006 923.2821 21 1286.728 20 4049.748 5
2007 810.4352 27 1068.179 53 243.3956 1
2008 1030.52 64 864.838 31 6163.759 1
2009 1153.917 48 859.097 38 5129.249 2
2010 1075.435 72 742.1016 16 3067.357 2
2011 1209.82 72 922.2293 28 3681.249 1
2012 1318.593 133 1078.092 132 5285.077 8
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Table 7.2.3.4. Recreational harvest (types A+BIjagfish from hook and line in the WFL
stock. Both the MRFSS and MRIP estimates are ptedealong with the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number I\_/Irzirsic PSE
1981 | 6290.06 | 39564861.89 5293.46 6.65 1.28
1982

1983

1984

1985

1986 | 3123.09 | 2895669.45 2628.26 2.65 0.71
1987 | 1401.37 | 1963826.98 1179.33 1.67 1.28
1988 | 7037.59 | 7514108.67 5922.54 8.21 0.52
1989 | 4687.51 | 21972768.59 3944.82 4.99 1.28
1990 | 6040.46 | 36487119.03 5083.40 6.11 1.28
1991

1992 | 5502.81 | 3394506.81 4630.94 5.79 0.45
1993 | 13687.44 | 19151770.17 11518.79 14.50 0.43
1994 | 12864.80 | 16552913.50 10826.48 11.15 0.43
1995 | 17982.88 | 30042702.89 15133.65 13.33 0.42
1996 | 7872.57 | 11576315.10 6625.23 5.96 0.57
1997 | 15523.23 | 93967185.75 13063.71 14.14 0.81
1998 | 5252.31 | 4302519.12 4420.13 4.26 0.52
1999 | 2934.31 | 1268860.68 2469.40 2.47 0.51
2000 | 12813.53 | 17072063.42 10783.34 15.47 0.44
2001 | 9825.28 | 12196325.74 8268.55 7.77 0.48
2002 | 7583.39 | 7209512.14 6381.87 7.90 0.47
2003 | 27280.90 | 34852441.64 22958.49 23.60 0.31
2004 | 1507.82 666136.73 1229.61 | 1092474.00 | 1229.61 1.32 0.85
2005 | 8196.52 | 4954126.63 | 4470.27 | 6388049.00 | 4470.27 5.86 0.57
2006 | 2715.27 | 3515449.13 | 7401.07 | 53335217.00 | 7401.07 6.83 0.99
2007 | 10624.22 | 7188493.87 | 7913.18 | 13892074.00 | 7913.18 6.41 0.47
2008 | 10118.62 | 27667289.65 | 8781.52 | 11751818.00 | 8781.52 9.05 0.39
2009 | 8002.43 | 7413842.07 | 7474.53 | 10434061.00 | 7474.53 8.62 0.43
2010 | 13889.95 | 20886574.12 | 13031.25 | 39841529.00 | 13031.25 14.01 0.48
2011 | 15139.34 | 21434204.07 | 8771.09 | 18254148.00 | 8771.09 10.61 0.49
2012 10522.16 | 50962454.00 | 10522.16 13.87 0.68
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Table 7.2.3.5. Recreational harvest (types A+BIjlogfish from spear fishing in the WFL
stock. Both the MRFSS and MRIP estimates are ptedealong with the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number l\g:tnrsic PSE
1981

1982 4756.30 6567585.21 5329.09 6.69 1.18
1983 | 18375.80 | 121295569.95 20588.76 25.85 1.31
1984

1985

1986 | 40628.02 | 427140054.53 45520.76 45.86 1.11
1987 | 4147431 99451627.15 46468.96 65.82 0.54
1988 | 33805.76 90186034.08 37876.91 52.53 0.63
1989 | 33975.40 | 193801797.22 38066.98 48.11 0.90
1990 5458.80 8270118.62 6116.19 7.36 1.15
1991 | 101146.47 | 2045119771.65 113327.31 115.54 0.98
1992 | 46796.98 | 738418704.61 52432.64 65.61 1.27
1993 | 68366.08 | 827387649.92 76599.26 96.45 0.92
1994 | 33568.12 | 221481428.50 37610.65 38.73 0.97
1995 | 29193.59 | 109870020.31 32709.31 28.82 0.79
1996 | 13874.32 18897270.32 15545.18 13.98 0.70
1997 | 21671.07 38150489.02 24280.86 26.28 0.64
1998 | 26905.26 39994810.92 30145.40 29.07 0.53
1999 | 35765.08 69144351.61 40072.18 40.14 0.53
2000 | 10330.25 16086985.73 11574.30 16.61 0.85
2001 | 27120.01 46146663.39 30386.01 28.54 0.56
2002 | 12658.97 24871824.65 14183.46 17.56 0.87
2003 | 40019.39 70045685.63 44838.83 46.08 0.48
2004 | 37061.26 78057353.47 | 41648.92 | 464965294.00 | 41648.92 44.75 0.52
2005 | 12973.43 18584105.98 | 14338.87 66231248.00 | 14338.87 18.79 0.57
2006 | 17226.61 19386189.25 | 15122.07 41286586.00 | 15122.07 13.96 0.42
2007 | 27822.31 47411044.08 | 23052.02 | 112099658.00 | 23052.02 18.68 0.46
2008 | 64624.27 | 165484809.52 | 71908.94 | 561546413.00 | 71908.94 74.10 0.33
2009 | 42522.33 | 108790850.59 | 37083.68 | 172448872.00 | 37083.68 42.79 0.35
2010 | 42021.06 64910940.73 | 76890.05 | 1125329073.00 | 76890.05 82.69 0.44
2011 | 24833.84 37706285.56 | 21445.85 53579794.00 | 21445.85 25.95 0.34
2012 44235.04 | 221862666.00 | 44235.04 58.33 0.34
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Table 7.2.3.6. Recreational harvest (types A+BIjlagfish from hook and line in the FLK/EFL
stock. Both the MRFSS and MRIP estimates are ptedealong with the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number l\gztnrsic PSE
1981 | 10661.92 13055170.07 18487.19 14.71 1.12
1982

1983 4709.62 8051121.55 8166.23 6.08 1.99
1984 | 141397.84 | 5114356749.31 245176.22 177.80 1.67
1985 | 136117.04 | 3665418142.16 236019.60 202.13 1.47
1986 | 18754.95 38450794.48 32520.07 28.35 1.10
1987 | 68613.78 | 344871942.66 118972.59 108.59 0.90
1988 | 21467.79 52357318.78 37223.99 41.89 1.12
1989 | 48776.77 | 215207886.46 84576.29 65.30 1.00
1990 | 34502.47 | 343511493.53 59825.42 57.03 1.77
1991 | 42939.35 | 193050940.51 74454.51 58.23 1.07
1992 | 34480.33 74807794.57 59787.04 50.82 0.84
1993 | 80352.35 | 713576324.05 139326.65 143.38 1.10
1994 | 36888.51 53235256.36 63962.69 51.51 0.67
1995 | 47440.61 | 260565676.75 82259.46 113.50 1.13
1996 | 26331.07 27918949.62 45656.65 40.74 0.68
1997 | 16085.96 10521797.06 27892.18 33.10 0.68
1998 | 10997.82 7295531.49 19069.63 16.35 0.82
1999 6239.19 1976300.12 10818.41 12.44 0.76
2000 4521.57 4406947.04 7840.15 9.75 1.53
2001 | 20239.70 36063364.28 35094.55 40.76 0.99
2002 7270.40 7837046.35 12606.48 14.81 1.28
2003 | 18081.70 42238950.79 31352.70 24.94 1.19
2004 | 17219.06 15599479.21 | 42099.95 | 646725049.75 | 42099.95 45.55 0.60
2005 | 10711.05 10986884.86 | 9260.94 | 10380903.00 9260.94 11.33 0.35
2006 | 10153.88 9256684.10 | 17886.32 | 41104421.00 | 17886.32 23.01 0.36
2007 | 23932.40 40400798.55 | 28700.26 | 96246419.00 | 28700.26 30.66 0.34
2008 8444.23 3671893.88 | 18442.87 | 76409612.47 | 18442.87 15.95 0.47
2009 | 14931.11 15700792.78 | 35345.60 | 362545112.00 | 35345.60 30.37 0.54
2010 | 10595.80 26112949.96 | 15714.81 | 141069539.00 | 15714.81 11.66 0.76
2011 7923.83 7789596.84 | 12725.94 | 58765895.00 | 12725.94 11.74 0.60
2012 16885.63 | 45192490.00 | 16885.63 18.20 0.40
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Table 7.2.3.7. Recreational harvest (types A+BIjlagfish from spear fishing in the FLK/EFL
stock. Both the MRFSS and MRIP estimates are ptedealong with the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number I\_/Irzirsic PSE
1981 | 1014392.63 | 199871397742.61 1699556.36 1352.50 1.83
1982 38966.19 195881632.98 65285.61 68.92 1.50
1983 | 229647.92 | 12867170690.36 384761.85 286.67 2.05
1984 | 211848.96 6909818698.69 354940.72 257.40 1.63
1985

1986 78540.00 1721835376.00 131589.23 114.72 2.19
1987 | 125382.82 1549012604.81 210071.69 191.75 1.31
1988 88205.34 1071220351.24 147782.96 166.29 1.54
1989 12421.91 114612854.29 20812.19 16.07 3.58
1990 57742.51 230038604.31 96744.25 92.23 1.10
1991 29813.63 255283779.37 49951.01 39.07 2.23
1992 91698.57 525264436.98 153635.67 130.60 1.04
1993 48318.33 183426664.36 80954.58 83.31 1.17
1994 88878.43 252141817.60 148910.68 119.92 0.75
1995 26199.91 65487365.12 43896.44 60.57 1.29
1996 30453.09 52179371.35 51022.40 45.52 0.99
1997 28066.87 39592789.86 47024.42 55.80 0.94
1998 17762.65 13879965.98 29760.29 25.52 0.88
1999 35043.13 61494081.99 58712.74 67.50 0.94
2000 13165.03 16597733.85 22057.25 27.43 1.29
2001 18793.87 21841571.42 31488.05 36.57 1.04
2002 35479.83 62583026.78 59444.41 69.83 0.93
2003 54609.65 115635101.24 91495.32 72.77 0.83
2004 32600.80 33767606.59 | 47496.08 | 257317340.91 47496.08 51.39 0.34
2005 39252.07 69163310.02 | 77914.02 | 1918372336.89 77914.02 95.30 0.56
2006 19709.37 22586458.25 | 37338.57 | 246281908.00 37338.57 48.04 0.42
2007 74755.84 128873460.40 | 93241.62 | 480825839.00 93241.62 99.60 0.24
2008 66907.70 131321373.20 | 148926.78 | 4774939589.00 | 148926.78 128.80 0.46
2009 48806.48 65715207.95 | 75521.14 | 758607881.00 75521.14 64.88 0.36
2010 31004.64 39643644.41 | 61516.09 | 741097462.20 61516.09 45.65 0.44
2011 25048.07 37888119.41 | 24487.57 77772819.00 24487.57 22.58 0.36
2012 130637.05 | 3352092694.11 | 130637.05 140.84 0.44
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Table 7.2.3.8. Recreational harvest (types A+BIjladfish in the GA-NC stock. Both the
MRFSS and MRIP estimates are presented, alongthetialibrated time series. Note: this
includes all gears, primarily which is hook ancelifsee Table 7.2.3.1).

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number I\_lll_itnr:c PSE
1981

1982 36042.62 467326183.74 37142.77 99.33 0.65
1983

1984

1985 17941.99 90732521.45 18489.64 49.45 0.58
1986 8770.25 59368385.74 9037.94 24.17 0.95
1987 1889.58 701166.15 1947.25 5.21 0.49
1988 50.33 848.15 51.87 0.14 0.63
1989 303.86 30603.12 313.14 0.84 0.63
1990 870.92 253670.01 897.51 2.40 0.63
1991

1992 531.43 42600.72 547.65 1.46 0.44
1993 681.44 39835.74 702.24 1.88 0.35
1994 34.23 250.64 35.27 0.09 0.51
1995 24326.72 65842440.77 25069.25 67.04 0.39
1996

1997 81.16 6582.78 83.64 0.22 1.07
1998 228.35 235.32 0.63 0.15
1999 26.12 482.17 26.92 0.07 0.91
2000 25.17 554.82 25.94 0.07 1.01
2001

2002 778.00 511949.28 801.75 2.14 0.99
2003 97.56 6150.21 100.54 0.27 0.87
2004 380.01 139267.03 309.29 97772.74 309.29 0.83 1.01
2005 855.37 327114.86 1431.01 985575.45 1431.01 3.83 0.69
2006 1650.84 690112.07 1642.05 1052760.49 1642.05 4.39 0.62
2007 971.86 631418.15 598.08 251088.03 598.08 1.60 0.84
2008 575.46 243493.72 803.93 604594.31 803.93 2.15 0.97
2009 275.56 42485.08 181.07 24366.40 181.07 0.48 0.86
2010 1822.09 1623416.98 1437.68 1028829.46 1437.68 3.84 0.71
2011 224.77 49697.50 174.49 30088.57 174.49 0.47 0.99
2012 1170.99 927135.27 1248.40 1267712.98 1248.40 3.34 0.90
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Table 7.2.4.1. Estimated number of saltwater pperds (license holders) for the historical
reconstruction of the recreational harvest.

Year FL GA-NC Year FL GA-NC

1950 265,900 | 199,115 1982 563,339 | 417,319
1951 274,187 | 205,321 1983 607,404 | 429,510
1952 282,475 | 211,526 1984 649,083 | 373,075
1953 290,762 | 217,732 1985 684,301 | 427,483
1954 299,049 | 223,938 1986 687,402 | 425,884
1955 307,337 | 230,144 1987 645,483 | 399,412
1956 315,624 | 236,350 1988 644,860 | 388,255
1957 323,911 | 242,556 1989 632,557 | 395,496
1958 332,199 | 248,762 1990 693,183 | 392,425
1959 365,676 | 220,202 1991 731,261 | 394,694
1960 374,577 | 224,808 1992 775,458 427,755
1961 414,720 | 264,729 1993 745,297 | 456,137
1962 391,199 | 271,871 1994 777,864 | 494,825
1963 399,699 | 289,341 1995 791,477 | 546,015
1964 418,956 | 313,992 1996 770,610 | 573,246
1965 442,416 | 347,563 1997 782,742 | 563,296
1966 453,819 | 360,110 1998 806,434 | 558,127
1967 493,510 | 384,527 1999 935,546 | 611,902
1968 496,090 | 387,876 2000 925,380 | 603,580
1969 521,289 | 408,459 2001 871,024 | 629,291
1970 562,752 | 383,258 2002 846,377 | 626,161
1971 705,592 | 397,970 2003 796,720 | 576,681
1972 731,204 | 413,836 2004 815,838 | 602,977
1973 772,865 | 441,995 2005 767,444 | 554,957
1974 834,392 | 479,549 2006 933,356 | 569,796
1975 870,670 | 492,358 2007 1,008,471 | 579,062
1976 821,995 | 480,897 2008 1,057,003 | 592,602
1977 739,438 | 445,532 2009 1,085,113 | 686,855
1978 667,847 | 428,453 2010 1,079,780 | 749,642
1979 716,261 | 432,471 2011 1,059,224 | 774,229
1980 588,882 | 420,618 2012 1,140,376 | 825,429
1981 581,532 | 444,984 2013 1,066,988 | 820,392

FWC Hogfish SA — SECTION 2 103



South Atlantic and Gulf of Mexico Hogfish

Table 7.2.4.2. Historical reconstruction of reci@al harvest (MRFSS/MRIP and headboat) of
Hogfish from hook and line in the WFL stock.

Year | Number Metric PSE Year | Number Metric PSE
Tons Tons
1950 | 1018.31 1.28 1.06 1982
1951 | 1050.05 1.32 1.06 1983
1952 | 1081.79 1.36 1.06 1984
1953 | 1113.53 1.40 1.06 1985
1954 | 1145.26 1.44 1.06 1986 | 2745.26 2.77 0.71
1955 | 1177.00 1.48 1.06 1987 | 1213.33 1.72 1.28
1956 | 1208.74 1.52 1.06 1988 | 6109.54 8.47 0.52
1957 | 1240.48 1.56 1.06 1989 | 3985.82 5.04 1.28
1958 | 1272.22 1.60 1.06 1990 | 5230.40 6.29 1.28
1959 | 1400.42 1.76 1.06 1991 94.00 0.10
1960 | 1434.51 1.80 1.06 1992 | 4843.94 6.06 0.45
1961 | 1588.25 1.99 1.06 1993 | 11685.79 14.71 0.43
1962 | 1498.17 1.88 1.06 1994 | 11480.48 11.82 0.43
1963 | 1530.72 1.92 1.06 1995 | 15598.65 13.74 0.42
1964 | 1604.47 2.01 1.06 1996 | 6638.23 5.97 0.57
1965 | 1694.31 2.13 1.06 1997 | 13070.71 14.14 0.81
1966 | 1737.98 2.18 1.06 1998 | 4445.13 4.29 0.52
1967 | 1889.99 2.37 1.06 1999 | 2509.40 2.51 0.51
1968 | 1899.87 2.39 1.06 2000 | 10849.34 15.57 0.44
1969 | 1996.37 2.51 1.06 2001 | 8325.55 7.82 0.48
1970 | 2155.16 2.71 1.06 2002 | 6442.87 7.98 0.47
1971 | 2702.19 3.39 1.06 2003 | 23038.49 23.68 0.31
1972 | 2800.28 3.52 1.06 2004 | 1282.61 1.38 0.85
1973 | 2959.83 3.72 1.06 2005 | 4593.27 6.02 0.57
1974 | 3195.46 4.01 1.06 2006 | 7442.07 6.87 0.99
1975 | 3334.39 4.19 1.06 2007 | 7989.18 6.47 0.47
1976 | 3147.98 3.95 1.06 2008 | 8842.52 9.11 0.39
1977 | 2831.81 3.56 1.06 2009 | 7599.53 8.77 0.43
1978 | 2557.64 3.21 1.06 2010 | 13461.25 14.48 0.48
1979 | 2743.05 3.44 1.06 2011 | 11716.09 14.17 0.49
1980 | 2255.23 2.83 1.06 2012 | 14659.16 19.33 0.68
1981 | 5293.46 6.65 1.28
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Table 7.2.4.3. Historical reconstruction of reci@adl harvest (MRFSS/MRIP and headboat) of

Hogfish from spear fishing in the WFL stock.

Year | Number Metric PSE Year | Number Metric PSE
Tons Tons

1950 | 8224.50 10.33 | 0.97 1982 5329.09 6.69 | 1.18
1951 | 8480.83 10.65 | 0.97 1983 | 20588.76 25.85 | 1.31
1952 | 8737.18 10.97 | 0.97 1984

1953 | 8993.50 11.29 | 0.97 1985

1954 | 9249.83 11.61 | 0.97 1986 | 45520.76 45.86 | 1.11
1955 | 9506.18 11.93 | 0.97 1987 | 46468.96 65.82 | 0.54
1956 | 9762.51 12.26 | 0.97 1988 | 37876.91 52.53 | 0.63
1957 | 10018.83 12.58 | 0.97 1989 | 38066.98 48.11 | 0.90
1958 | 10275.18 12.90 | 0.97 1990 6116.19 7.36 | 1.15
1959 | 11310.65 14.20 | 0.97 1991 | 113327.31 115.54 | 0.98
1960 | 11585.97 14.55 | 0.97 1992 52432.64 65.61 | 1.27
1961 | 12827.63 16.10 | 0.97 1993 | 76599.26 96.45 | 0.92
1962 | 12100.10 15.19 | 0.97 1994 | 37610.65 38.73 | 0.97
1963 | 12363.01 15.52 | 0.97 1995 | 32709.31 28.82 | 0.79
1964 | 12958.65 16.27 | 0.97 1996 | 15545.18 13.98 | 0.70
1965 | 13684.29 17.18 | 0.97 1997 | 24280.86 26.28 | 0.64
1966 | 14036.99 17.62 | 0.97 1998 | 30145.40 29.07 | 0.53
1967 | 15264.66 19.16 | 0.97 1999 | 40072.18 40.14 | 0.53
1968 | 15344.47 19.26 | 0.97 2000 | 11574.30 16.61 | 0.85
1969 | 16123.89 20.24 | 0.97 2001 | 30386.01 28.54 | 0.56
1970 | 17406.38 21.85 | 0.97 2002 | 14183.46 17.56 | 0.87
1971 | 21824.53 27.40 | 0.97 2003 | 44838.83 46.08 | 0.48
1972 | 22616.73 28.39 | 0.97 2004 | 41648.92 44.75 | 0.52
1973 | 23905.34 30.01 | 0.97 2005 | 14338.87 18.79 | 0.57
1974 | 25808.42 32.40 | 0.97 2006 | 15122.07 13.96 | 0.42
1975 | 26930.53 33.81 | 0.97 2007 | 23052.02 18.68 | 0.46
1976 | 25424.97 31.92 | 0.97 2008 | 71908.94 74.10 | 0.33
1977 | 22871.42 28.71 | 0.97 2009 | 37083.68 42.79 | 0.35
1978 | 20657.05 25.93 | 0.97 2010 | 76890.05 82.69 | 0.44
1979 | 22154.53 27.81 | 0.97 2011 21445.85 2595 | 0.34
1980 | 18214.60 22.87 | 0.97 2012 | 44235.04 58.33 | 0.34
1981
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Table 7.2.4.4. Historical reconstruction of reciaadl harvest (MRFSS/MRIP and headboat) of
Hogfish from hook and line in the FLK/EFL stock.

Year Number Metric PSE Year | Number Metric PSE
Tons Tons

1950 | 34150.19 28.54 | 1.21 1982 105.00 0.11

1951 | 35214.51 29.43 | 1.21 1983 8480.23 6.32 | 1.99
1952 | 36278.96 30.32 | 1.21 1984 | 245743.22 178.21 | 1.67
1953 | 37343.28 31.21 | 1.21 1985 | 236292.60 202.36 | 1.47
1954 | 38407.60 32.09 | 1.21 1986 | 33109.07 28.87 | 1.10
1955 | 39472.05 3298 | 1.21 1987 | 119534.59 109.11 | 0.90
1956 | 40536.37 33.87 | 1.21 1988 | 37735.99 42.46 | 1.12
1957 | 41600.69 34.76 | 1.21 1989 | 84968.29 65.60 | 1.00
1958 | 42665.14 35.65 | 1.21 1990 | 60051.42 57.25 | 1.77
1959 | 46964.67 39.25 | 1.21 1991 | 74693.51 58.42 | 1.07
1960 | 48107.85 40.20 | 1.21 1992 | 60170.04 51.15 | 0.84
1961 | 53263.51 4451 | 1.21 1993 | 139577.65 143.64 | 1.10
1962 | 50242.65 4198 | 1.21 1994 | 64150.69 51.66 | 0.67
1963 | 51334.33 4290 | 1.21 1995 | 82673.46 114.08 | 1.13
1964 | 53807.55 4496 | 1.21 1996 | 45886.65 40.94 | 0.68
1965 | 56820.58 47.48 | 1.21 1997 | 28118.18 33.37 | 0.68
1966 | 58285.09 48.71 | 1.21 1998 | 19305.63 16.56 | 0.82
1967 | 63382.71 52.96 | 1.21 1999 | 11025.41 12.68 | 0.76
1968 | 63714.06 53.24 | 1.21 2000 8006.15 9.96 | 1.53
1969 | 66950.43 55.95 | 1.21 2001 | 35294.55 40.99 | 0.99
1970 | 72275.63 60.40 | 1.21 2002 | 12758.48 14.99 | 1.28
1971 | 90620.92 75.73 | 1.21 2003 | 31498.70 25.05 | 1.19
1972 | 93910.33 78.47 | 1.21 2004 | 42566.95 46.05 | 0.60
1973 | 99260.96 82.95 | 1.21 2005 9803.94 11.99 | 0.35
1974 | 107163.02 89.55 | 1.21 2006 | 18494.32 23.80 | 0.36
1975 | 111822.30 93.44 | 1.21 2007 | 29036.26 31.02 | 0.34
1976 | 105570.85 88.22 | 1.21 2008 | 18645.87 16.13 | 0.47
1977 | 94967.85 79.36 | 1.21 2009 | 35479.60 30.48 | 0.54
1978 | 85773.24 71.68 | 1.21 2010 | 15785.81 11.71 | 0.76
1979 | 91991.17 76.87 | 1.21 2011 | 12820.94 11.82 | 0.60
1980 | 75631.57 63.20 | 1.21 2012 | 16991.63 18.32 | 0.40
1981 19449.19 1548 | 1.12
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Table 7.2.4.5. Historical reconstruction of reci@adl harvest (MRFSS/MRIP and headboat) of

South Atlantic and Gulf of Mexico Hogfish

Hogfish from spearfishing in the FLK/EFL stock.

Year Number Metric PSE Year | Number Metric PSE
Tons Tons

1950 | 136599.31 114.15 | 1.86 1982 | 65285.61 68.92 | 1.50
1951 | 140856.54 117.70 | 1.86 1983 | 384761.85 286.67 | 2.05
1952 145114.29 121.26 | 1.86 1984 | 354940.72 257.40 | 1.63
1953 | 149371.52 124.82 | 1.86 1985

1954 | 153628.76 128.38 | 1.86 1986 | 131589.23 114.72 | 2.19
1955 157886.51 131.94 | 1.86 1987 | 210071.69 191.75 | 1.31
1956 | 162143.74 135.49 | 1.86 1988 | 147782.96 166.29 | 1.54
1957 | 166400.97 139.05 | 1.86 1989 | 20812.19 16.07 | 3.58
1958 | 170658.72 142.61 | 1.86 1990 | 96744.25 92.23 | 1.10
1959 | 187856.67 156.98 | 1.86 1991 | 49951.01 39.07 | 2.23
1960 | 192429.33 160.80 | 1.86 1992 | 153635.67 130.60 | 1.04
1961 | 213051.77 178.03 | 1.86 1993 | 80954.58 83.31 | 1.17
1962 | 200968.46 167.94 | 1.86 1994 | 148910.68 119.92 | 0.75
1963 | 205335.12 171.59 | 1.86 1995 | 43896.44 60.57 | 1.29
1964 | 215227.91 179.85 | 1.86 1996 | 51022.40 45.52 | 0.99
1965 | 227279.88 189.92 | 1.86 1997 | 47024.42 55.80 | 0.94
1966 | 233137.88 194.82 | 1.86 1998 | 29760.29 25.52 | 0.88
1967 | 253528.11 211.86 | 1.86 1999 | 58712.74 67.50 | 0.94
1968 | 254853.52 212.96 | 1.86 2000 | 22057.25 27.43 | 1.29
1969 | 267798.86 223.78 | 1.86 2001 | 31488.05 36.57 | 1.04
1970 | 289099.42 241.58 | 1.86 2002 | 59444.41 69.83 | 0.93
1971 | 362479.80 302.90 | 1.86 2003 | 91495.32 72.77 | 0.83
1972 | 375637.31 313.90 | 1.86 2004 | 47496.08 51.39 | 0.34
1973 | 397039.58 331.78 | 1.86 2005 | 77914.02 95.30 | 0.56
1974 | 428647.50 358.19 | 1.86 2006 | 37338.57 48.04 | 0.42
1975 | 447284.40 373.77 | 1.86 2007 | 93241.62 99.60 | 0.24
1976 | 422278.86 352.87 | 1.86 2008 | 148926.78 128.80 | 0.46
1977 | 379867.32 317.43 | 1.86 2009 | 75521.14 64.88 | 0.36
1978 | 343089.28 286.70 | 1.86 2010 | 61516.09 45.65 | 0.44
1979 | 367960.73 307.48 | 1.86 2011 | 24487.57 22.58 | 0.36
1980 | 302523.03 252.80 | 1.86 2012 | 130637.05 140.84 | 0.44
1981 | 1699556.36 1352.50 | 1.83
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Table 7.2.4.6. Historical reconstruction of reci@adl harvest (MRFSS/MRIP and headboat) of

Hogfish in the GA-NC stock.

Year Number Metric PSE Year | Number Metric PSE
Tons Tons

1950 3257.93 8.71 | 0.65 1982 | 37201.77 99.49 | 0.65
1951 3359.47 8.98 | 0.65 1983 7.00 0.02

1952 3461.01 9.26 | 0.65 1984 60.00 0.16

1953 3562.55 9.53 | 0.65 1985 | 18723.64 50.07 | 0.57
1954 3664.10 9.80 | 0.65 1986 9234.94 24,70 | 0.92
1955 3765.64 10.07 | 0.65 1987 2009.25 5.37 | 0.49
1956 3867.18 10.34 | 0.65 1988 122.87 0.33 | 0.62
1957 3968.72 10.61 | 0.65 1989 347.14 0.93 | 0.62
1958 4070.26 10.89 | 0.65 1990 1016.51 2.72 | 0.62
1959 3602.96 9.64 | 0.65 1991 236.00 0.63

1960 3678.32 9.84 | 0.65 1992 759.65 2.03 | 0.44
1961 4331.52 11.58 | 0.65 1993 891.24 2.38 | 0.35
1962 4448.37 11.90 | 0.65 1994 186.27 0.50 | 0.51
1963 4734.22 12.66 | 0.65 1995 | 25247.25 67.52 | 0.39
1964 5137.56 13.74 | 0.65 1996 79.00 0.21 | 0.00
1965 5686.86 15.21 | 0.65 1997 229.64 0.61 | 1.04
1966 5892.15 15.76 | 0.65 1998 429.32 1.15 | 0.18
1967 6291.66 16.83 | 0.65 1999 327.92 0.88 | 0.88
1968 6346.47 16.97 | 0.65 2000 239.94 0.64 | 0.98
1969 6683.25 17.87 | 0.65 2001 150.00 0.40

1970 6270.89 16.77 | 0.65 2002 915.75 2.45 | 0.96
1971 6511.61 17.41 | 0.65 2003 157.54 0.42 | 0.84
1972 6771.23 18.11 | 0.65 2004 375.29 1.00 | 1.01
1973 7231.95 19.34 | 0.65 2005 1481.01 3.96 | 0.69
1974 7846.42 20.98 | 0.65 2006 1678.05 4.49 | 0.62
1975 8056.01 21.54 | 0.65 2007 950.08 2.54 | 0.84
1976 7868.48 21.04 | 0.65 2008 872.93 2.33 | 0.97
1977 7289.83 19.50 | 0.65 2009 201.07 0.54 | 0.86
1978 7010.39 18.75 | 0.65 2010 1465.68 3.92 | 0.71
1979 7076.13 18.92 | 0.65 2011 186.49 0.50 | 0.99
1980 6882.18 18.41 | 0.65 2012 1358.40 3.63 | 0.90
1981
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South Atlantic and Gulf of Mexico Hogfish

Table 7.3.1.1. Recreational discards (type B2) offish from hook and line in the WFL stock.
Both the MRFSS and MRIP estimates are presentedg avith the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number I\_/Irzirsic PSE
1981

1982

1983

1984

1985

1986

1987 1786.32 | 3190945.56 1464.90 2.07 0.78
1988

1989 1171.88 | 1373298.04 961.01 1.21 0.78
1990

1991

1992 | 2312.61 | 5348147.79 1896.48 2.37 0.78
1993

1994

1995 1915.39 1863467.10 1570.74 1.38 0.57
1996 | 3645.40 | 7764089.34 2989.46 2.69 0.60
1997 571.96 327142.61 469.05 0.51 0.78
1998 1395.77 433156.61 1144.62 1.10 0.39
1999 | 2380.61 | 3211930.11 1952.25 1.96 0.60
2000 787.48 620128.68 645.79 0.93 0.78
2001

2002 579.90 336280.68 475.55 0.59 0.78
2003 743.84 553297.89 610.00 0.63 0.78
2004 705.07 497119.01 393.04 154477.00 393.04 0.42 1.00
2005 | 3781.43 | 4028538.20 | 2662.44 | 3740822.00 | 2662.44 3.49 0.73
2006 1728.87 | 1621414.16 | 2539.60 150075.00 | 2539.60 2.34 0.15
2007 1349.42 | 1820928.79 463.57 214896.00 463.57 0.38 1.00
2008 | 5351.58 | 5225477.64 | 5099.15 | 2596988.00 | 5099.15 5.25 0.32
2009 | 3156.68 | 3386787.53 | 2102.19 | 1248670.00 | 2102.19 2.43 0.53
2010 | 3635.22 | 3996660.34 | 3023.83 | 4208908.00 | 3023.83 3.25 0.68
2011 532.07 283099.33 314.54 98935.00 314.54 0.38 1.00
2012
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South Atlantic and Gulf of Mexico Hogfish

Table 7.3.1.2. Recreational discards (type B2) offish from hook and line in the FLK/EFL
stock. Both the MRFSS and MRIP estimates are ptedealong with the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Number Variance Number Variance Number l\g:tnrsic PSE
1981

1982

1983

1984

1985

1986

1987 1994.70 3978821.89 3958.29 3.61 3.49
1988 | 34515.04 | 429936298.65 68491.87 77.07 2.10
1989 1757.76 3089734.62 3488.12 2.69 3.49
1990 8336.43 39973344.48 16542.86 15.77 2.65
1991

1992 6398.76 7189618.09 12697.75 10.79 1.47
1993 798.94 638311.54 1585.43 1.63 3.49
1994 6710.04 7208666.64 13315.44 10.72 1.41
1995 | 13823.62 16388926.82 27431.68 37.85 1.04
1996 | 10130.91 19669912.78 20103.84 17.94 1.54
1997 3911.48 3117399.49 7761.96 9.21 1.59
1998 9913.23 8688247.50 19671.88 16.87 1.06
1999 8774.57 9211077.06 17412.30 20.02 1.22
2000 2356.41 2860379.39 4676.07 5.81 2.51
2001 2072.41 1334644.13 4112.50 4.78 1.95
2002

2003 | 10114.45 17700441.19 20071.19 15.96 1.46
2004 6273.00 4239315.53 | 19622.92 | 197234779.00 | 19622.92 21.23 0.72
2005 | 18012.33 79239210.97 | 39900.71 | ######H#H# | 39900.71 48.80 0.79
2006 3298.13 2804677.60 | 7465.01 | 23547559.00 7465.01 9.61 0.65
2007 6000.65 4460565.21 | 14609.40 | 105909367.00 | 14609.40 15.61 0.70
2008 | 10271.95 11206946.62 | 11869.31 | 31543614.00 | 11869.31 10.27 0.47
2009 710.96 349191.46 | 2031.29 3798456.14 2031.29 1.75 0.96
2010 3756.74 4343400.81 | 2739.05 4921315.00 2739.05 2.03 0.81
2011 2012.44 1185970.72 1649.78 796574.72 1649.78 1.52 0.54
2012 11274.99 | 67871486.00 | 11274.99 12.16 0.73
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South Atlantic and Gulf of Mexico Hogfish

Table 7.3.1.3. Recreational discards (type B2) affish from spear fishing in the FLK/EFL
stock. Both the MRFSS and MRIP estimates are ptedealong with the calibrated time series.

MRFSS MRIP Calibrated Harvest

Year Metri
Number Variance Number Variance Number Tznrslc PSE

1981

1982

1983

1984

1985

1986

1987

1988 1360.66 1851391.55 1614.07 1.82 1.38

1989

1990 1928.20 3717937.57 2287.31 2.18 1.38

1991

1992 2853.95 5110543.19 3385.48 2.88 1.13

1993

1994

1995 2050.13 4203031.53 2431.95 3.36 1.38

1996 1121.27 1257242.37 1330.10 1.19 1.38

1997

1998

1999 504.65 254674.17 598.64 0.69 1.38

2000 446.64 199490.55 529.83 0.66 1.38

2001

2002 974.68 509520.09 1156.21 1.36 1.05

2003

2004 833.80 355038.54 182.14 33174.00 182.14 0.20 1.00

2005

2006 612.51 375173.81 995.83 991680.00 995.83 1.28 1.00

2007 1616.81 2614089.72 2455.64 6030189.00 2455.64 2.62 1.00

2008

2009

2010

2011

2012
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South Atlantic and Gulf of Mexico Hogfish

Table 7.3.1.4. Recreational discards (type B2) offish in the GA-NC stock. Both the MRFSS
and MRIP estimates are presented, along with thierated time series. Note: this includes all
gears, primarily which is hook and line (see Tah3.1).

MRFSS MRIP Calibrated Harvest
Year Number Variance Number Variance Number I\_lll_itnr:c PSE
1981
1982 | 160607.36 | 25222707144.53 106335.94 284.38 0.86
1983 32348.96 1046455339.89 21417.81 57.28 0.87
1984
1985 26241.74 363435572.40 17374.30 46.47 0.65
1986 32624.31 534149798.13 21600.11 57.77 0.64
1987
1988
1989 247.94 61476.59 164.16 0.44 0.87
1990
1991
1992
1993
1994
1995
1996 270.12 72963.67 178.84 0.48 0.87
1997 1001.07 1002142.45 662.80 1.77 0.87
1998
1999
2000
2001
2002
2003
2004
2005 1083.99 630004.49
2006 519.08 269446.13 272.89 75299.11 272.89 0.73 1.01
2007 2769.67 7671080.08 2859.25 7861988.58 2859.25 7.65 0.98
2008 9731.04 43351652.01 5071.39 23491679.05 5071.39 13.56 0.96
2009
2010 4082.55 3957029.99 3535.58 9391283.76 3535.58 9.46 0.87
2011 2690.36 2874966.36 2073.17 2430632.57 2073.17 5.54 0.75
2012 165.37 27346.07 119.37 13874.47 119.37 0.32 0.99
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South Atlantic and Gulf of Mexico Hogfish

Table 7.4.1.1. Total angler days from the SouthRagfion Headboat Survey (SRHB) for each of
the three stocks and with the Western Gulf statiesraghan FL (WGOM) separate.

Year WGOM WFL FLK/EFL GA-NC
1981 298883 78404
1982 293133 94478
1983 277863 89563
1984 288994 96179
1985 280845 97385

1986 62459 239303 317832 98414

1987 69725 217049 333041 114067

1988 78087 195948 301775 118889

1989 66256 207739 317450 101386

1990 65042 210373 326422 100394

1991 66342 172990 281344 108918

1992 86129 183410 265855 102966

1993 92160 204659 240212 107243

1994 | 113429 203616 243242 100407

1995 | 100962 181464 207798 105248

1996 | 102840 154913 197173 92755

1997 | 91215 149442 170367 100245

1998 85504 185331 153339 100743

1999 66261 176117 162195 88952

2000 63347 159331 180097 73794

2001 61583 156676 161619 83381

2002 73173 141831 149274 72340

2003 81068 144211 143585 60980

2004 64990 158430 173701 79415

2005 59857 130233 171078 67370

2006 75794 124049 173604 83728

2007 66286 133856 158208 91697

2008 | 44133 129480 123241 65843

2009 54005 141289 135478 62478

2010 | 47869 109707 123016 67979

2011 50941 155620 123881 64667

2012 55456 161135 139402 62830
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South Atlantic and Gulf of Mexico Hogfish

Table 7.4.2.1. Directed recreational angler tripsf MRFSS/MRIP for the two Florida Stocks.
Trips include those catching either Hogfish or sgeassociated with Hogfish as identified from
a cluster analysis (see sections 8.2.2 and 8.4.2).

FLK/EFL WFL
Year Hook and Line Spear Hook and Line Spear
i | e | e | e | | | e |
1981 23616.11 | 1.474376 | 236028.3 | 2.037456 | 39565.45 | 1.368144 | 14822.09 | 2.029688
1982 3906.728 | 2.961387 | 19197.55 | 1.43476 | 10919.11 | 1.564445 | 9876.643 | 1.891247
1983 12690.07 | 2.02686 | 39304.86 | 1.163369 | 35000.02 | 1.372561 | 31496.83 | 1.399849
1984 61031.93 | 1.049059 | 67900.51 | 0.977023 0 0
1985 115197.9 | 1.16629 0 58611.29 | 1.013157 0
1986 25603.2 | 1.242886 | 9196.945 | 1.807457 | 127115.2 | 0.458205 | 16197.7 | 1.409481
1987 60725.17 | 2.451737 | 40106.49 | 0.734807 | 105845.8 | 0.550193 | 24386.6 | 0.854284
1988 28832 1.059511 | 19656.58 | 0.927131 | 122308.2 | 0.385723 | 43238.71 | 0.592751
1989 61504.64 | 0.780549 | 7226.181 | 1.573783 | 105927.5 | 0.468877 | 17672.17 | 1.141473
1990 44221.16 | 0.644023 | 26298.4 | 0.669398 | 81316.82 | 0.36218 | 9283.546 | 1.063446
1991 23271.59 | 0.788565 | 9479.349 | 1.255335 | 137650.3 | 0.33762 | 20568.02 | 0.91004
1992 43382.68 | 0.50242 | 28958.94 | 0.470091 | 135244.6 | 0.22294 | 14027.34 | 0.683238
1993 48889.22 | 0.330493 | 14708.51 | 0.55286 | 147505.9 | 0.1741 14841.8 | 0.585403
1994 44899.94 | 0.331019 | 26835.88 | 0.445746 | 121911.6 | 0.181166 | 14975.46 | 0.532214
1995 34088.17 | 0.373593 | 12409.57 | 0.602557 | 131889 | 0.196365 | 11794.71 | 0.579621
1996 27138.73 | 0.50094 | 14674.96 | 0.639737 | 75695.49 | 0.234154 | 23914.69 | 0.428363
1997 27275.8 | 0.500154 | 11034.75 | 0.743853 | 97780.25 | 0.235675 | 17579.74 | 0.551546
1998 27270.39 | 0.524489 | 10051.2 | 0.833342 | 83495.62 | 0.237656 | 12117.06 | 0.698934
1999 23280.6 | 0.554882 | 12302.87 | 0.7831 | 94534.76 | 0.250674 | 17403.39 | 0.588824
2000 29502.07 | 0.623023 | 8136.156 | 1.24321 | 114764.4 | 0.280827 | 11261.13 | 0.899015
2001 23207.56 | 0.654313 | 9418.089 | 1.137979 | 122965.7 | 0.251501 | 12392.01 | 0.821859
2002 17274.48 | 0.763029 | 9102.975 | 1.067256 | 120176 | 0.245476 | 11964.14 | 0.812451
2003 26141.61 | 0.65115 | 15748.43 | 0.867595 | 104375.2 | 0.286966 | 19009.54 | 0.709405
2004 31448.7 | 0.62196 | 16815.8 | 0.908251 | 131397.4 | 0.243124 | 19647.76 | 0.710431
2005 28035.66 | 0.694151 | 14324.24 | 0.972725 | 115309.5 | 0.255633 | 13285.35 | 0.860251
2006 18947.68 | 0.762655 | 11324.61 | 1.039624 | 101926.3 | 0.319258 | 14080.09 | 0.983322
2007 38202.55 | 0.623859 | 31201.61 | 0.707263 | 122046.4 | 0.335372 | 10717.61 | 1.191153
2008 35707.6 | 0.582689 | 22270.89 | 0.79172 | 170263.7 | 0.316273 | 20593.5 | 0.825704
2009 22309.18 | 0.748563 | 18371.23 | 0.874478 | 170480.4 | 0.318519 | 14303.46 | 1.041854
2010 17119.53 | 0.843446 | 12554.99 | 1.064655 | 63401.73 | 0.434637 | 12549.25 | 1.077866
2011 20446.99 | 0.739455 | 14951.25 | 0.893102 | 96150.31 | 0.294607 | 12334.66 | 0.939177
2012 30924.97 | 0.6132 27228.9 | 0.660701 | 140103.5 | 0.301856 | 12186.05 | 0.960436
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South Atlantic and Gulf of Mexico Hogfish

Table 7.4.2.2. Total recreational angler trips flIRFSS/MRIP for the two Florida Stocks.

FLK/EFL WFL
Year Hook and Line Spear Hook and Line Spear
e | " | e | PE | e | Pt | T | P

1981 3621498 | 0.359707 | 487838 | 1.396458 | 2901884 | 0.271946 | 34291.49 | 1.339702
1982 2846222 | 0.118113 | 110162.7 | 0.593662 | 2095800 | 0.123474 | 42482.85 | 0.89457
1983 3807743 | 0.113658 | 161143.3 | 0.586286 | 3389251 | 0.124877 | 71440.49 | 0.895345
1984 5400460 | 0.091881 | 110223.1 | 0.754465 | 4223337 | 0.108652 | 58317.82 | 0.70135
1985 4859776 | 0.123387 | 41428.89 | 1.600142 | 4415871 | 0.142547 | 48837.69 | 0.977877
1986 10407497 | 0.063069 | 16512.2 | 1.313037 | 13224281 | 0.060629 | 49753.71 | 0.807867
1987 12360855 | 0.07792 | 110078 | 0.448233 | 10243372 | 0.052166 | 104407.9 | 0.418706
1988 12217308 | 0.043794 | 85824.69 | 0.445737 | 13437216 | 0.041998 | 160843.4 | 0.332545
1989 11751740 | 0.055408 | 60344.75 | 0.772717 | 10802452 | 0.05664 | 72595.89 | 0.596034
1990 9146668 | 0.041517 | 81155.42 | 0.38317 | 8633290 | 0.047379 | 38272.58 | 0.586645
1991 13412370 | 0.038122 | 74638.86 | 0.464085 | 11667601 | 0.045195 | 42762.48 | 0.620272
1992 12036611 | 0.025617 | 138834.4 | 0.214802 | 11659293 | 0.028669 | 69548.94 | 0.326217
1993 11696031 | 0.021908 | 65959.5 | 0.264072 | 10577026 | 0.024566 | 61629.49 | 0.294418
1994 13402804 | 0.019748 | 114215.3 | 0.208196 | 11293182 | 0.023289 | 57699.89 | 0.272525
1995 13247221 | 0.020577 | 49542.5 | 0.305621 | 10530411 | 0.02248 | 59784.06 | 0.267028
1996 12375746 | 0.024092 | 66061.84 | 0.297101 | 10139535 | 0.024106 | 82782.44 | 0.232353
1997 13040130 | 0.024419 | 52499.46 | 0.338982 | 11230021 | 0.024802 | 74374.55 | 0.27025
1998 11162135 | 0.028135 | 50434.79 | 0.363872 | 10923545 | 0.026487 | 52478.88 | 0.332815
1999 8943339 | 0.03121 | 48546.53 | 0.39181 | 10305778 | 0.027229 | 50610.39 | 0.349721
2000 12193499 | 0.032067 | 51059.55 | 0.493145 | 14152210 | 0.027443 | 34879.89 | 0.513971
2001 13283132 | 0.030702 | 60852.97 | 0.448267 | 15307859 | 0.025353 | 51303.36 | 0.400206
2002 10794255 | 0.032714 | 52105.97 | 0.443945 | 13716107 | 0.024227 | 45125.8 | 0.40611
2003 12140617 | 0.03275 | 89111.38 | 0.37071 | 15077134 | 0.026265 | 67158.43 | 0.376578
2004 11180185 | 0.03817 | 96469.69 | 0.37872 | 15630624 | 0.027007 | 74810.75 | 0.371137
2005 12348753 | 0.037362 | 56909.11 | 0.481071 | 14985748 | 0.026938 | 39818.91 | 0.489609
2006 13432678 | 0.031532 | 55618.21 | 0.463482 | 15719148 | 0.030993 | 33793.71 | 0.640798
2007 15640506 | 0.032834 | 136568.7 | 0.337564 | 15636549 | 0.033937 | 44307.47 | 0.603155
2008 11916560 | 0.033673 | 129405 | 0.332712 | 15929292 | 0.033562 | 56652.52 | 0.499475
2009 10387528 0.036 | 118183.9 | 0.335729 | 15018226 | 0.034952 | 35911.25 | 0.653161
2010 10447567 | 0.037096 | 111064.4 | 0.360733 | 13445283 | 0.035098 | 52330.38 | 0.530394
2011 10372645 | 0.037247 | 98335.96 | 0.35995 | 13206500 | 0.032464 | 58579.36 | 0.421237
2012 9737808 | 0.034833 148029 | 0.280752 | 14154599 | 0.033921 | 55769.97 | 0.466297
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South Atlantic and Gulf of Mexico Hogfish

Table 7.4.2.3. Total recreational angler trips fliRFSS/MRIP for GA, SC, NC, and
combined.

GEORGIA NORTH CAROLINA SOUTH CAROLINA GA-NC Combined

Year Angler Trips PSE Angler Trips PSE Angler Trips PSE Angler Trips PSE

1981 326668 | 0.20 2074197 | 0.12 606451 | 0.15 3007316 | 0.09
1982 492758 | 0.17 3439298 | 0.07 1458758 | 0.15 5390814 | 0.06
1983 479809 | 0.16 4562782 | 0.10 1183337 | 0.12 6225928 | 0.08
1984 528532 | 0.14 3809178 | 0.09 1734418 | 0.26 6072128 | 0.09
1985 438863 | 0.12 3380362 | 0.07 1571874 | 0.19 5391099 | 0.07
1986 639429 | 0.09 2977064 | 0.09 1447731 | 0.09 5064224 | 0.06
1987 751345 | 0.10 3861937 | 0.06 1648123 | 0.08 6261405 | 0.04
1988 666724 | 0.09 4762892 | 0.05 1906129 | 0.07 7335745 | 0.04
1989 625890 | 0.14 3848897 | 0.06 1080628 | 0.09 5555415 | 0.05
1990 705443 | 0.12 3867934 | 0.05 931063 | 0.09 5504440 | 0.04
1991 740819 | 0.14 3762391 | 0.05 1796213 | 0.08 6299423 | 0.04
1992 572145 | 0.08 4372004 | 0.04 1457232 | 0.07 6401381 | 0.03
1993 673464 | 0.07 4716082 | 0.04 1776210 | 0.05 7165756 | 0.03
1994 955824 | 0.09 5170137 | 0.03 1987302 | 0.06 8113263 | 0.03
1995 781715 | 0.09 5106667 | 0.04 1530254 | 0.05 7418636 | 0.03
1996 617362 | 0.09 4741821 | 0.04 1434078 | 0.05 6793261 | 0.03
1997 575872 | 0.08 4891509 | 0.03 1606383 | 0.05 7073764 | 0.03
1998 571859 | 0.08 4461461 | 0.04 1714089 | 0.07 6747409 | 0.03
1999 472577 | 0.09 4555039 | 0.04 1213324 | 0.06 6240940 | 0.03
2000 795778 | 0.09 6460011 | 0.04 1339788 | 0.07 8595577 | 0.03
2001 806849 | 0.10 6649546 | 0.04 1675601 | 0.07 9131996 | 0.03
2002 619085 | 0.09 5586122 | 0.04 1254295 | 0.08 7459502 | 0.03
2003 971208 | 0.09 6733464 | 0.04 2097813 | 0.08 9802485 | 0.03
2004 969242 | 0.11 6912766 | 0.04 2447627 | 0.10 10329635 | 0.04
2005 932689 | 0.10 6542798 | 0.05 2193830 | 0.12 9669317 | 0.04
2006 798250 | 0.08 6863981 | 0.05 2238488 | 0.09 9900719 | 0.04
2007 1028696 | 0.10 6333377 | 0.04 2030174 | 0.08 9392247 | 0.04
2008 1204060 | 0.07 6898425 | 0.04 2451345 | 0.09 10553830 | 0.04
2009 842438 | 0.09 5308692 | 0.05 2413124 | 0.11 8564254 | 0.05
2010 872803 | 0.07 5677574 | 0.04 2298189 | 0.10 8848566 | 0.04
2011 970147 | 0.11 4739744 | 0.04 1806449 | 0.09 7516340 | 0.04
2012 892417 | 0.11 5303480 | 0.04 2206383 | 0.08 8402280 | 0.03
2013 680844 | 0.11 4996503 | 0.04 1944080 | 0.06 7621427 | 0.03
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7.8 Figures

Figure 7.2.2.1. Estimated number of Hogfish cadigith the Southeast Region Headboat Survey
(SRHS) for each of the three stocks. Note: thet&/e<Gulf states other than FL (WGOM) are

shown separately to highlight the focal distribatfor Hogfish, but were included in the WFL
stock.
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Figure 7.2.4.1. Historical reconstruction of reti@aal harvest (MRFSS/MRIP and headboat) of
Hogfish from the two main gear types in the WFLckto
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Figure 7.2.4.2. Historical reconstruction of reti@aal harvest (MRFSS/MRIP and headboat) of
Hogfish from the two main gear types in the FLK/E$tbck.
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Figure 7.2.4.3. Historical reconstruction of reti@aal harvest (MRFSS/MRIP and headboat) of

Hogfish in the GA-NC stock. Note: all but two totldck-side intercepts were from hook and
line, therefore all landings are assumed as cofinomg hook and line.

30,000 7

20,000 7

Harvest (#)

10,000 7

T T T T T T T
%X & ;O $ X SY »
N N N N N DY DY
Year

FWC Hogfish SA — SECTION 2 119



South Atlantic and Gulf of Mexico Hogfish

Figure 7.4.1.1. Total angler days from the SouthRagion Headboat Survey (SRHB) for each
of the three stocks and with the Western Gulf stateer than FL (WGOM) separate. Note:

records for the Gulf (WGOM, WFL) began in 1986.
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Figure 7.4.2.1. Directed effort in number of andtgrs from the MRFSS data through 2012 for
the WFL stock. Trips include those catching eitHegfish or species associated with Hogfish
as identified from a cluster analysis (see sect®f2 and 8.4.2).
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Figure 7.4.2.2. Total effort in number of anglepdrfrom the MRFSS data through 2012 for the
WEFL stock.
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Figure 7.4.2.3. Directed effort in number of andtgrs from the MRFSS data through 2012 for
the FLK/SEFL stock. Trips include those catchiithexr Hogfish or species associated with
Hogfish as identified from a cluster analysis (seetions 8.2.2 and 8.4.2).
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Figure 7.4.2.4. Total effort in number of anglepdrfrom the MRFSS data through 2012 for the
FLK/SEFL stock.
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Figure 7.4.2.5. Total effort in number of anglépgrfrom MRIP through 2012 for the GA-NC
stock combined and with each state seperate.
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8 Measures of Population Abundance

8.1 Overview

8.1.1 Issues

Indices of population abundances should have gpatiad coverage (area, depth, habitat)
throughout the distribution and range of ages sjfecies, the temporal coverage should be as
long as possible, trends in the indices shouldkttands in population abundance without bias,
and variability in the estimates because of sargpieues should be as small as possible.
However, this is rarely achieved in practice fagistical reasons. For Hogfish, evidence of
ontogenetic migration and escapement of fast-grgyigh to offshore habitat (Collins and
McBride 2011), combined with differences in habéatent between stocks (e.g., extended
continental shelf in the Eastern Gulf; limited daehtal shelf in the Florida Keys/SE Florida),
lends added complexity to interpreting both indicEabundance and selectivity patterns.

Hogfish are a relatively small magnitude commertigddery (<50 metric tons), and recreational
harvest from spearfishing, which accounts for ttegamity of Hogfish harvest, is not well
sampled due to its small proportion of the totaleational trips. Because of these factors,
standardization of catch-per-unit effort seriesaten conducted on small data sets with
subsequently large ranges of uncertainty. Appabpstatistically-designed fisheries-
independent surveys do exist for Hogfish (e.g., NIHFWC-FWRI reef video surveys of WFL
stock; UM/NMFS Reef Visual Census for FLK/EFL stpckowever, the surveys for the WFL
stock are relatively short in nature, particuldahgse that are designed for reef-obligate species
(video surveys; juvenile seagrass surveys). ThéNMFS RVC survey for the Florida Keys
and Tortugas is an extensive yearly survey ovengdr period of time that tracks Hogfish
density well (e.g., 1994-present; with Tortugagtiporevery few years). However, because this
survey is visual and non-extractive, no age infdromais available, and the length data is
estimated by eye so tends to fluctuate betweenakahbcm bin size resolution. For the GA-NC
stock, no fisheries-independent surveys existrtainely sample Hogfish. The SouthEast Reef
Fish Survey (SERFS) video surveys from the SoutArAit are only a few years mature and
typically have less than 4% of surveys sightingogtsh (Bacheler and Reichert 2013), so it
was not possible to generate an index using thaise d

8.1.2 Review of Working Papers

Twelve total working papers were prepared for fl@stion: (1) commercial CPUE analyses from
Florida trip ticket records for both Florida stocksd gear types (Cooper 2014, SEDAR37-02);
(2) recreational CPUE analyses from MRFSS/MRIPragpts for both Florida stocks and gear
types (Cooper 2014, SEDAR37-03); (3) fisheries-pedwlent indices of abundance for both
Florida stocks from REEF visual order-of-magnitsdeveys (i.e., none, single, few, and
abundant categories; Cooper 2014, SEDAR37-04h (®heries-independent index of
abundance for the WFL stock from NMFS/FWC-FWRI adeirveys (Switzer et al. 2013,
SEDARS37-05); (5) a fisheries-independent indexkafradance for the WFL stock from
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SEAMAP trawl surveys (Switzer et al. 2013, SEDARZ): (6) a fisheries-independent index of
abundance for the WFL stock from FWC-FWRI baitfisdwl surveys (Switzer et al. 2013,
SEDARS37-07); (7) a fisheries-independent indexmfradance for the WFL stock from FWC-
FWRI juvenile Hogfish seagrass surveys (Switzeaxle2013, SEDAR37-05); (8) fisheries-
independent indices of abundance for the FLK/EBklstwith the Florida Keys and Dry
Tortugas presented separately, from the UM/NMFS Reseial Census (RVC) using a stratified
random survey design (Smith et al. 2013, SEDAR3J/{®) a summary of Hogfish surveyed
from the SouthEast Reef Fish Survey (SERFS) videgeys between North Carolina and
Florida, although low Hogfish densities precludedelopment of an index of abundance
(Bacheler and Reichert 2013, SEDAR37-10); (10) cenuml CPUE analyses from South
Carolina ticket records (Hiltz et al. 2014, SEDARRBD); (11) analysis of Hogfish data from the
Coastal Fisheries Logbook Program (McCarthy 20EDASR37-12); and (12) commercial
CPUE analyses from North Carolina ticket recordsll{€r 2014, SEDAR37-13).

8.1.3 Review of Indices

Disaggregating the working papers by stock and tyge;, a total of 21 indices of abundance
(I0OAs) were prepared for this assessment:

WFL Stock
Fisheries Dependent
Commercial
Florida Trip Ticket
(1) Hook and line 1994-2012
(2) Spear 1994-2012
Coastal Fisheries Logbook Program (CFLP)
(3) Spear 1993-2012
Recreational
MRFSS/MRIP
(4) Hook and line 1991-2012
(5) Spear 1992-2012
Fisheries Independent
Visual
(6) REEF 1996-2012
Video
(7) NMFS/FWC-FWRI video survey
Trawl
(8) FWC-FWRI juvenile seagrass survey
(9) SEAMAP trawl surveys
(10) FWC-FWRI baitfish trawl surveys
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FLK/EFL Stock
Fisheries Dependent
Commercial
Florida Trip Ticket
(11) Hook and line 1994-2012
(12) Spear 1994-2012
Coastal Fisheries Logbook Program (CFLP)
(13) Spear 1993-2012
(14) Vertical hook and line 1993-2012
Recreational
MRFSS/MRIP
(15) Hook and line 1991-2012
(16) Spear 1991-2012
Fisheries Independent
Visual
(17) REEF 1994-2012
(18) UM/NMFS RVC - Florida Keys 1994-2012
(19) UM/NMFS RVC — Dry Tortugas 1999-2012

GA-NC Stock
Fisheries Dependent
Commercial

Coastal Fisheries Logbook Program (CFLP)
(20) Vertical hook and line 1993-2012

South Carolina Trip Ticket
(21) All gears combined 2004-2013

North Carolina Trip Ticket
(22) Diving gear 1994-2013

8.2 Review of Working Papers

8.2.1 Florida Trip Ticket CPUE (Cooper 2014 SEDAR37-02)

The commercial CPUE indices of abundance basedarid# trip ticket data (I0OAs 1, 2, 11, and
12) all used the same methodological approach; &rsaffinity propagation clustering (APC)
analysis was performed on presence-absence d#ta l@indings (commercial landings by
weight) to identify those species caught in assmriawith Hogfish to include as zero-catch
trips; and second, a delta-lognormal (hurdle) galimad linear model (GLM) was fit to the data
using a forward-selection procedure to producendex of abundance time-series. Data were
analyzed only from 1994-2012, due to gear becorairguired entry on the trip tickets in 1994.
The APC procedure was used because it automatgellgts an optimal number of clusters in
the data, and a Bray measure of similarity was dsedto it being presence-absence data. For
these analyses, multiple explanatory variables weeel to model the change in landings over

FWC Hogfish SA — SECTION 2 126



South Atlantic and Gulf of Mexico Hogfish

time, and those variables selected in a forwarecsien procedure were included in the final
models. Effort was modeled as number of trips, wotal days fished per trip included as a
potential explanatory variable.

Tables and Figures 8.2.1.1-8.2.1.4 present the OAihe Florida trip ticket CPUE analyses.
Three of the indices (I0OAs 1, 11, 12) were fountheovariable but relatively stable over time,
without any clear trends in the data over time levimdex 2 (WFL-spear) was found to increase
over time. The WFL hook and line index (IOA 1) sleal a similar increase in recent years as in
the spear index (IOA 2), but experienced a strag th 2012 to levels similar to those early in
the series. Diagnostics of the model fits wereegalhy favorable, with the positives-component
of the hurdle model being modeled well with a lognal distribution.

8.2.2 MRFSS/MRIP CPUE (Cooper 2014 SEDAR37-03)

The recreational CPUE indices of abundance bas&dRifSS/MRIP data (IOAs 4, 5, 15, 16)
used the same methodological approach as in theneotral CPUE analyses: first, an affinity
propagation clustering (APC) analysis was performedount data of the landings (recreational
landings in numbers) to identify those species baigassociation with Hogfish to include as
zero-catch trips; and second, a delta-lognormaid{ey generalized linear model (GLM) was fit
to the data using a forward-selection procedupdduce an index of abundance time-series.
Although data existed from 1981-2012, data werg anklyzed from 1991-2012 due to 1991
being the first year that the party code was resdrdPrior to 1991, interviews done on multiple
individuals form the same trip could not be distirsped. The APC procedure for the
recreational analysis was conducted on the MRFS#MBunt data, and therefore a Morisita
measure of similarity was used as this is a prefemethod for count data insensitive to sample
sizes. Multiple explanatory variables were usethtwel the change in landings over time, and
those variables selected in a forward selectionguore were included in the final models.
Effort was modeled as number of trips, with housedd and number of anglers per trip included
as potential explanatory variables.

Tables and Figures 8.2.2.1-8.2.2.4 present the OAthe Florida trip ticket CPUE analyses.
The WFL spear index showed an increasing trend tower, while the WFL hook and line index
showed a variable but stable trend over time, wigieak in abundance in 2010 and 2011 similar
to the commercial hook and line index for this ktfom the Florida trip ticket database. Both
of the FLK/EFL stocks showed declining trends avwee. Diagnostics of the model fits were
favorable for the spear indices of abundance, bat for the hook and line indices of
abundance, when assessing the residuals of thivesstomponent of the hurdle models.

8.2.3 REEF Visual Survey (Cooper 2014c SEDAR37-04)

The REEF visual surveys are conducted by volurdeers and gather order-of-magnitude
abundance estimates for categories of abundanoe: 0, Single = 1, Few = 2-10, Many = 11-
100, and Abundant > 100 (SFMA counts; Wolfe anddPajill-Semmens 2013). Given the data
structure, typical standardization approaches,(daita-lognormal GLMs) are not possible,
since statistical models need to be developedctraexplore alternative explanatory variables
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while accounting for the SFMA data structure. Biint approaches can be used on these data,
reviewed in the working paper, where two were chdsethe analyses: (1) a multinomial model
that predicts the order-of-magnitude categoried,than scales the abundance in each category
based on the scaling models presented in WolféPattegngill-Semmens (2013); and (2) a
censored regression model (e.g., Porch and EkIQA8)2 REEF data were provided b C.
Pattengill-Semmens, including the zero-count détaorder to exclude those surveys that may
have been conducted in areas not suitable for Blogé.g., habitat types not typically
encountering Hogfish), an APC procedure was comduas in the recreational and commercial
CPUE analyses (sections 8.2.1, 8.2.2) to idertibge trips that caught species often found in
association with Hogfish. Once those trips weentdied, the two alternative models
(multinomial model with abundance scaling and cezdoegression models) were applied to the
data with a forward selection procedure to iderttiyse variables important to Hogfish
abundance.

The REEF data were analyzed for each of the thomks separately. However, lack of
sufficient samples with Hogfish present in the G&-btock (only 5% of surveys sighted a
Hogfish) precluded development of an index of alauncé for that stock. Due to the distribution
of samples in the FLK/EFL stock, where a changdénprevalence of Hogfish per survey was
evident around the Miami/Dade-Monroe county bordirs Florida Keys (FLK) and Southeast
Florida (SEFL) surveys were analyzed both separaied combined.

Tables 8.2.3.1-8.2.3.7 and Figures 8.2.3.1 an®.2.present the IOAs from the REEF surveys
for these different regions. Due to low samplesizom the WFL stock, the IOA was generally
highly variable with large uncertainty bounds. Hie& and SEFL stock, which were analyzed
separately, tended to diverge towards the latérdfidhe time series: while both had a peak in
the late 1990s and early 2000s, the FLK stock expeed a low from 2004-2007 and a peak
from 2008 until 2012, while the SEFL stock had apasite trend with a secondary peak from
2004-2007 and a low from 2008-2012. Given the lafobonvergence with the censored Poisson
model for the SEFL data, it remains unclear whethese divergent trends are a result of bias in
the scaling model or representative of strong istogk spatial variability.

8.2.4 NMFS/FWC-FWRI Video Survey (Switzer et al. 2013 SEDAR37-05)

The NMFS/FWC-FWRI video survey IOA is a combinatmiithe NMFS-Panama City video
survey in the big bend region and westward, and-iN€-FWRI video survey southward of
Anclote Key from the Tampa Bay region. The NMFS$@veys began in 2005, beginning as a
systematic survey and shifting to a two-stage randorvey by 2010, and collecting data using a
stationary camera array. The FWRI surveys beg@0@8 with stratified-random design and a
stationary camera array, but have experienced @sanghe sampling universe as more habitat
information has become available since the indgratf the project. Surveys were combined for
the analyses, and the relative abundance of Ho{flsixN) was modeled using a GLM with a
negative binomial distribution to standardize agteix of abundance.

Table and Figure 8.2.4.1 present the I0A from thralsined NMFS/FWC-FWRI video survey.
The I0A was generally increasing over time, witthegline from 2009 to 2011, and the highest
abundance in 2012. Yearly CVs were moderate, guggaat 20% across years when ignoring
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the extreme low value with associated high CV i@26om the NMFS-PC survey. Diagnostics
for the analyses were not presented, but the aatimied that testing of alternative distributions
and techniques (e.g. delta-lognormal versus negéaiivomial) generally had little impact on the
final standardized index.

8.2.5 FWC-FWRI Juvenile Seagrass Survey (Switzer et al. 2013 SEDAR37-08)

FWC-FWRI began a polyhaline seagrass survey in 2808 a stratified-random design within
five estuarine systems along the West Florida Shéth the intent of targeting reef fishes,
particularly in preparation for the most recentf@ilMexico gag assessment. All sites were
located between 1.0 and 7.6m in seagrass habdataanpled with a 6.1-m otter trawl. Hogfish
young-of-the-year were primarily found in only tbig bend region within three locations (St
Marks, Ecofina, and Steinhatchee). The numberagffidh per set was modeled using a GLM
with a negative binomial distribution to standaedan index of abundance.

Table and Figure 8.2.5.1 present the I0A from #egsass sampling. The estimated abundance
declined from the initial year in 2008 to a low2@09, and then increased to a high in 2012. The
peak in 2012 was consistent with the video sunegyslder individuals from section 8.2.4.

Yearly CVs were moderate, averaging at 20% acreassy Diagnostics for the analyses were
not presented, but the authors noted that tesfiafiernative distributions and techniques (e.g.
delta-lognormal versus negative binomial) generadlg little impact on the final standardized
index.

8.2.6 SEAMAP Survey (Switzer et al. 2013 SEDAR37-06)

FWC-FWRI began a summer SEAMAP trawl survey ofieS in 2008 using a stratified-
random design, covering waters from 10-110m deépinvNMFS statistical zones 2-10, and
sampled with a 12.8-m shrimp trawl. The numbeddogfish per set was modeled using a GLM
with a negative binomial distribution to standaedan index of abundance.

Table and Figure 8.2.6.1 present the IOA from tBAMAP trawls. The estimated abundance
declined from the initial year in 2008 to a low2@11, and then increased to in 2012, which was
generally consistent with the video (section 8.2 juvenile seagrass (section 8.2.5) surveys.
Yearly CVs were moderate to high, averaging at 46%0ss all years, and 34% if excluding the
initially high CV in 2008. Diagnostics for the dyses were not presented, but the authors noted
that testing of alternative distributions and taghes (e.g. delta-lognormal versus negative
binomial) generally had little impact on the firsdhndardized index.

8.2.7 FWC-FWRI Baitfish Survey (Switzer et al. 2013 SEDAR37-07)

FWC-FWRI began an annual spring baitfish trawl syraf the WFS in 1994 using a stratified-
random design, covering waters from 6-28 m deeg sampled with a 19.8-m balloon trawl.
Due to inconsistencies in the early data, onlye¢hgsars from 2002-present were used for the
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analyses. The number of Hogfish per set was mddedang a GLM with a negative binomial
distribution to standardize an index of abundance.

Table and Figure 8.2.7.1 present the IOA from thigfish trawls. No underlying trend was
evident from the beginning to the end of the supesod, although certain patterns emerged in
the later years consistent with the other survéyseWFS. In particularly, the abundances
increased in 2012 from lows in both 2010 and 2@irhijlar to the patterns in sections 8.2.4-
8.2.6. Yearly CVs were high, averaging at 68% sl years with large confidence intervals
for yearly estimates. Diagnostics for the analygere not presented, but the authors noted that
testing of alternative distributions and techniq(eg. delta-lognormal versus negative binomial)
generally had little impact on the final standaedizndex.

8.2.8 UM-NMFS Reef Visual Census (RVC; Smith et al. 2013 SEDAR37-09)

Fishery-independent diver visual sampling of thef-fesh community in southern Florida began
in 1979 in shallow fore-reef habitats (depth<10 amx was conducted by scientists from
NOAA's Southeast Fisheries Science Center (SEFSE€igntists from the University of Miami's
Rosenstiel School of Marine and Atmospheric ScidR®MAS) began collaborating with

NOAA scientists on the visual surveys in 1993, an#l994 the survey was expanded to cover
the full range of reef habitats to depths of 33lom@ the coral reef tract extending from Miami
to Key West. In 1999, the visual survey was furéisganded to the Dry Tortugas region, which
has been conducted in 1999, 2000, 2004, 2006, 2008, and 2012. The survey utilizes a two-
stage stratified-random sampling design, wherespiaial domain of the survey encompasses the
full extent of mapped Holocene live-coral reef hatsi to 33 m. The potential does exist for
unsampled mesophytic reef habitat below the 33rigdason, particularly west of the Dry
Tortugas (i.e., Pulley Ridge, Tortugas Bank, ShedvBorest, Riley’'s Hump, and Miller's
Ledge), although the amount of unsampled mesophgtiitat in the Florida Keys and SEFL is
likely limited due to the steep drop in depthsha Elorida Straits (Locker et al. 2010). RVC
survey precision improved in the late 1990s—ea@@ due to refinements in the benthic
habitat maps, statistical design, and efficiencfiedfl sampling.

Table and Figure 8.2.8.1 present the I0As for bloghFlorida Keys and Dry Torgugas surveys,
disaggregated to pre-exploited life stage (<300 ranad) exploited life stage (>=300 mm). The
abundances of both the exploited and pre-explaitages in the Florida Keys region
experienced a sharp increase from 1998-2001. Ahleieed stages have experienced a slight
negative trend since 2001, while the pre-explostadies have remained relatively constant. The
sharp increase coincided with the period when dmepding design was updated, so may be
partially due to improvements in the design inlte 1990'’s to early 2000s. For the Dry
Tortugas region, both stages have been relatitabtes The mean density of pre-exploited
stages is similar for both the Florida Keys andtdgas region, while the mean density of
exploited stages is lower in the Keys than the Dostugas. Yearly CVs for all sizes are low,
often below 10% for both the Florida Keys and Drytligas since the survey design was
updated in the late 1990s-early 2000s. Diagnogticthe analyses were not presented.
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8.2.9 SERFS Video Survey (Bacheler and Reichert 2013 SEDAR37-10)

The SouthEast Reef Fish Survey (SERFS) is a cormbimaf three fishery independent
sampling programs — the SouthEast Fishery-Indeperglavey, the South East Area
Monitoring and Assessment Program — South Atlanand the Marine Resources Monitoring,
Assessment, and Prediction program — that sameldist between North Carolina and Florida
using identical trap and video methodologies fra@dh®2012. Sites were sampled using both a
stratified-random design and opportunistically,h@eorgia and Florida being sampled in 2010
and an expansion to Florida through North Caraim2011 and 2012.

Hogfish were not caught in the Chevron fish trapgldyed, and were only infrequently
monitored via the video recording (4.2% occurreacess years; Table 8.2.9.1). Due to the low
occurrence of Hogfish over a short period of tie1) an index of abundance was not
attempted for this dataset.

8.2.10 Commercial logbook CPUE (McCarthy 2014 SEDAR37-12)

Commercial fishermen provide landings and effotada NMFS through the Coastal Fisheries
Log Book (CFLB) program. The CFLB began collectdaa from vessels federally permitted to
fish in a number of fisheries in waters of the GaflMexico (from Texas to the southwest

Florida and most of the Tortugas) in 1990, and982Lfrom the South Atlantic (from NC to Key
West to southeast of the Tortugas). This programint@nded to collect fishing effort and
landings in a complete census of federally periohittessels; however, through 1992 the program
included only a subsample of 20% of Florida vesdgginning in 1993, all of the federally
permitted vessels were required to report.

The commercial logbook analyses (indices 3, 13ahd,20) were conducted by K. McCarthy at
the NMFS-SEFSC, utilizing a Stephens and MacCéa042 approach to select zero-catch trips,
and a delta-lognormal GLM to standardize indicealmfndance for each stock and gear type.
Due to limited data, only a spear index was possibthe WFL stock, and only a vertical line
index was possible for the GA-NC stock. The Stepdred MacCall (2004) approach failed for
the FLK/EFL vertical line index, so an ad hoc spe@ssociation was utilized.

Tables 8.2.10.1-8.2.10.4 and Figure 8.2.10.1 pteakerCPUES for each stock and gear
combination. The FLK/EFL vertical line index shaha steady increase from initially very low
numbers in the 1990s to a relatively stable abucelfnom 2002-2012. This pattern was not
consistent with the commercial CPUE developed ftbenFlorida Trip Tickets for the initial
years, where the Florida Trip Tickets showed aidexg trend from 1994-1999. However, the
pattern was similar for the remainder of the tirages, with a peak in 2003/2004, followed by a
dip in abundance during 2005/2006. The FLK/EFLasgePUE from the logbook analysis
showed an initial decline, with peaks in 1998 agdiain 2008-2010. This was generally
consistent with the Trip Ticket CPUE, showing theng initial decline with smaller peaks
corresponding in some years. The WFL spear indewed two peaks in abundance, one in
2001 and a second in 2009, with a relatively insirggatrend from 2005 through 2012. This
pattern was generally consistent with the comme@IRUE developed from the Florida Trip
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Tickets (section 8.2.1), where a peak occurredBil2and then increased steadily from 2008-
2012. The GA-NC vertical line CPUE showed a dectirtrend throughout the entire period,
although a peak in abundance was found in 199@ alkrage yearly CVs for the spear indices
were 21 and 25% for the WFL and FLK/EFL stocks, 48%he FLK/EFL vertical line, and
31% for the GA-NC vertical line. Diagnostics ftietanalyses were not presented.

8.2.11 South Carolina Trip Ticket CPUE (Hiltz et al. 2014 SEDAR37-11)

The South Carolina Trip Ticket CPUE used the sarathadological approach as in the
commercial and recreational CPUE analyses (sec8dh$% and 8.2.2): first, an affinity
propagation clustering (APC) analysis was performedount data of the landings (recreational
landings in numbers) to identify those species baigassociation with Hogfish to include as
zero-catch trips; and second, a delta-lognormaid{ey generalized linear model (GLM) was fit
to the data using a forward-selection procedupdduce an index of abundance time-series.
Data were analyzed from 2004-2012. The APC praeeftur the commercial analysis was
conducted on presence/absence data of landingsightyand therefore a Bray measure of
similarity was utilized. A few explanatory variaislwere used to model the change in landings
over time (month and days fished), and those viasaelected in a forward selection procedure
were included in the final models. Effort was madkeas number of trips.

Table and Figure 8.2.11.1 present the I0As foriS@setrip ticket CPUE analyses. Overall the
index had a moderately low coefficient of variati@V) of 15 %. The abundance was relatively
stable over the eight year period, with three ssegoeaks in 2006, 2008, and 2011.

8.2.12 North Carolina Trip Ticket CPUE (Collier SEDAR37-13)

The North Carolina Trip Ticket CPUE was conductedandings by the diving fishery between
1994-2012. Included trips were those that caugigfidh, gag grouper, red grouper, and scamp
grouper, and these were analyzed using a negatieenial model with year and month as
factors. Table and Figure 8.2.12.1 present thesl@Athe NC trip ticket CPUE analyses.
Compared to both the logbook and SC CPUEs, the ROEincreased substantially from 2000-
2011, similar to increases in landings by the diisieery during this period, with declines in
2012 and 2013. As this was a brief exploratoryhyamanot recommended for use in the
assessment, diagnostics were not conducted.

8.3 Fishery Independent Indices

8.3.1 REEF Visual Survey (Cooper 2014 SEDAR37-04)

See section 8.2.3 for a review of the analysesesults.
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8.3.2 NMFS/FWC-FWRI Video Survey (Switzer et al. 2014 SEDAR37-05)

See section 8.2.4 for a review of the analysegesults.

8.3.3 FWC-FWRI Juvenile Seagrass Survey (Switzer et al. 2014 SEDAR37-08)

See section 8.2.5 for a review of the analysesesults.

8.3.4 SEAMAP Survey (Switzer et al. 2014 SEDAR37-06)

See section 8.2.6 for a review of the analysegesults.

8.3.5 FWC-FWRI Baitfish Survey (Switzer et al. 2014 SEDAR37-07)

See section 8.2.7 for a review of the analysesesults.

8.3.6 UM-NMFS Reef Visual Census (RVC; Smith et al. 2013 SEDAR37-09)

See section 8.2.8 for a review of the analysegesults.

8.4 Fishery Dependent Indices

8.4.1 Commercial logbook CPUE (McCarthy 2014 SEDAR37-12)

See section 8.2.10 for a review of the analysegesuits.

8.4.2 Florida Trip Ticket CPUE (Cooper 2014 SEDAR37-02)

See section 8.2.1 for a review of the analysesesults.

8.4.3 MRFSS/MRIP CPUE (Cooper 2014 SEDAR37-03)

See section 8.2.2 for a review of the analysegesults.

8.4.4 South Carolina Trip Ticket CPUE (Hiltz et al. 2014 SEDAR37-11)

See section 8.2.11 for a review of the analysesesults.
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8.4.5 North Carolina Trip Ticket CPUE (Collier 2014 SEDAR37-13)

See section 8.2.12 for a review of the analysesesuts.

8.5 Recommendations on Indices

8.5.1 WEFL Stock Indices

For the WFL stock, there are three indices fordti@mercial fishery, two for the recreational
fishery, and five fisheries independent indicealmindance (Figure 8.5.1). For the commercial
fishery, a trip ticket index was developed for ha@okl line, while both a trip ticket and
commercial logbook index were developed for spéalogbook index was not possible on
vertical lines (including long lines) due to lowmbers of observations (K. McCarthy, pers.
comm.). All three indices are relatively consisterth each other , although the logbook spear
analysis presents an increase in 2000-2002 tloat iBagnitude with the more recent increases
from 2009-present. Due to the logbook index being year longer and likely a more accurate
representation of the effort (dive hours) versusttlp tickets (per trip, accounting for trip days)
the logbook should be considered the preferredxifolethe base model. The recreational
indices were relatively consistent, being stablé#l umore recent years when increases in
abundance were suggested. Both the commerciakanehtional spear and hook and line
indices should be linked to the respective fleethe model.

Regarding the fisheries independent indices inltié. stock, the REEF visual survey index
spanned the longest time (1996-2012), but wasthesurvey without a statistical survey
design. In addition, the REEF index was markedhilgir uncertainty without a clear pattern, so
would likely provide little informative guidancerfthe model, and was the only index that did
not show the consistent pattern of an increaséuma@ance in the last year (2012). Of the four
additional indices (video, juvenile seagrass traBEAMAP trawls, and baitfish trawls), each
present information on different size classes/agges, and generally seemed to show similar
trends in the few years on which they overlap,ipaldrly in picking up an increase in
abundance in 2012. As a result, the recommendatitnuse all indices in the base model
configuration, and address the influence of eade)rthrough sensitivity analyses. Of these, the
baitfish spans the longest timeframe (2002-2012) hlad the highest variability. The SEAMAP
trawls were the most spatially extensive. Bothlihgfish and SEAMAP were conducted in
areas near reef habitat using trawls, so did napsadirectly on the primary Hogfish habitat.
The video surveys were the most reef-specific nadthbeing dropped directly on reef habitat
that Hogfish are associated with, and as such gidkea slighter larger size range then either of
the trawls. The seagrass trawls, while spatially @mporally limited, were the only surveys to
focus solely on age-0 Hogfish. The juvenile sesggairveys conducted in the big bend region
were the only ones that located Hogfish, suggeshageither this location may served as a
spatially distinct recruiting area, or other reting habitats are not sampled by the FWRI
surveys.
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8.5.2 FLK/EFL Stock Indices

For the FLK/EFL stock, indices exist for commerdglgear (spear and hook and line) and
source (trip tickets and logbooks), recreationatjbgr, and fishery-independent surveys (Figure
8.5.2) Three of the commercial indices (both tigget indices and the logbook spear index)
were consistent in showing a relatively stabledrémmoughout the entire period. However, the
logbook hook and line showed a steadily increaseigd over the entire period. The
recreational indices and the REEF indices showigts} declining trends over the time period.
This increasing trend was closely mirrored by th&CR<eys survey, where strong increases
were noted from 1995-2000, but were then genestdligle for the remainder of the time period.
Two possible mechanisms could be at play to explersteep rises in abundances measured in
RVC and the logbook hook and line: (1) the increamdd represent a lag response to the
implementation of the no-take reserves throughoeitteys in 1997, thereby demonstrating a
potential improvement in stock abundance due ttake-implementation; or (2) for the RVC,
the increase could have resulted from changeststttistical design that occurred in the late
1990’s/early 2000’s (Smith et al. 2013), which diddially incorporated inclusion of the no-take
reserves into the survey design at that timehdfgopulation abundance did actually increase,
the logbook hook and line may be reflecting thiséase. However, given the relatively stable
or slightly declining trends in all other indicesd the fact that the CVs were highest for the
logbook hook and line versus the logbook and spedran ad-hoc species cluster was used for
the logbook hook and line due to convergence issitbsthe Stephens and MacCall approach,
the logbook hook and line increase may be an attifAs such, the recommended index for the
hook and line commercial fishery is that develofyech the Florida Trip Tickets, which is more
consistent with the other indices. For the FLK/Eritvey indices, the RVC indices should be
preferred over the REEF visual surveys due to thiestical design of the RVC. As previously
stated, changes to the RVC survey methodology dhmibccounted for in the assessment
model as a change in catchability, as this may hevéo the steep increases noted from the late
1990’s to early 2000’s. Both the RVC-Keys and RV@tugas should be included as they
sample areas of the population that experiencereéift exploitation pressures.

8.5.3 GA-NC Stock Indices

For the GA-NC stock, only three fishery-dependedides exist (Figure 8.5.3): the logbook
hook and line index from 1993-2012, the South Gaaolrip Ticket index with both gears
combined from 2004-2012, and the North Carolinaintbr the diving fishery from 1994-2012.
The logbook index shows a relatively constant dectiver the entire time period, with some of
the low abundances in later years (2004, 2007, Y889 detected with the South Carolina trip
ticket index. The North Carolina index shows arense pattern to the logbook index, with an
increase from 2000-2011. Since the logbook is aMenger period of time for the hook and
line gears compared to the South Carolina indes stmould be considered the preferred index
for hook and line. The North Carolina index, whprovides additional information on the
diving fishery, was run as a brief exploratory gsa and obtained at a later date when the base
models were finalized; as a result, this index n@tsincluded as an option in the assessment
models but discussed here for reference. The Noatblina index follows the pattern of catch
for the dive fishery, which began expanding in 200 a peak in 2010, and subsequent
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declines in 2011-2012, suggesting either an inettergeting of Hogfish by the fishery or an
increase in the abundance from 2000-2011.

8.5.4 Index Selectivity

Choosing the proper selectivity patterns for eactex is challenging, especially given the
spatial patterns of ontogenetic movement and tleeadion of the fisheries, and how these
processes differ among stocks. As such, no sisgztivity assumption should be made for
Hogfish across stocks and fisheries. Given theipaaf age information for Hogfish, the size
selectivity in the model should be informed frore tangth frequency composition, and
attempted to be fit in the model when possible @mgropriate. For the purpose of the
assessment model, the recommendation is to baselgwivity assumptions largely on the
length composition data from the various fishe(gection 5.5.5) and knowledge of the fisheries
and habitat distribution in the various stocks.

For the WFL stock, length observations from the gwrcial spear fishery and commercial hook
and line fisheries have included Hogfish rangingaug5cm, which is near the largest sizes
sampled during the FWRI life history research stadiComparatively, length observations from
the commercial trap and the recreational fishggpsar and hook and line) have rarely included
Hogfish greater than 50cm, suggesting that the certial spear and hook and line fisheries are
selecting larger sizes that may approach an asymgtlectivity pattern. Comparatively, all of
the fisheries independent surveys sample Hogfigmaler sizes, typically <50cm as in the
recreational fisheries. These length frequencgiagions tend to support knowledge based on
the habitat distribution and gear selectivity. Timnenile seagrass trawl is an age-0 index, where
the fish that have been aged have all been youggast The width of the continental shelf in
the WFL stock provides for substantial reef habitatluding large areas of mesophytic habitat
(30-100m) in which Hogfish can be found (Lockeakt2010), that is generally cost- and time-
prohibitive for most day trips (e.g., recreatiofishermen). From the FWRI life history studies,
large Hogfish have been collected as deep as 22@ifelow-relief hardbottom, demonstrating
the ability for individuals to utilize marginal hisdit at deeper depths. The life-history studies
also focused on collecting a range of sizes froeretfitire population (shallow and deep) and
typically found a less truncated size frequencyritistion than what the recreational and
commercial fisheries samples demonstrate. Regatbafisheries independent surveys,
although the video surveys and SEAMAP trawls sarapégge portion of the continental shelf,
the maximum size of Hogfish sampled are all <50@ased on the length frequency
observations and knowledge of the fisheries andfibloglistribution, there is strong evidence in
support of dome-shaped selectivity for the recoedtl fisheries and the surveys, but potential
asymptotic selectivity for the commercial fisheriéghe distribution of lengths from the
commercial hook and line suggests an asympotdectpaty pattern, which is not surprising
given that the commercial hook and line fishergas targeting Hogfish, but other species that
occur across the continental shelf. As suchret®mmended to fix a dome-shaped selectivity
pattern for the recreational fisheries, commericag fishery, and the surveys; fix an asymptotic
selectivity to the commercial hook and line to pdavfor one fishery or survey with asymptotic
selectivity (i.e., avoiding cryptic biomass issuath fully dome-shaped selectivity); and attempt
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to fit the selectivity shape for the commercialapishery based on the length compositions.
Alternative selectivity patterns should be exploiredensitivity runs.

For the FLK/EFL stock, similar patterns emergeha kength observations, where the
commercial fisheries (spear, hook and line, angl) todften include Hogfish up to 75cm, while the
recreational fisheries (spear and hook and lina¥ist of a limited size range (typically <60cm
for recreational spear, and <50 for recreationa).HLhe larger sizes collected in traps in the
FLK/EFL stock compared to the WFL stock is likelyesult of differences in trap configuration
in the FLK/EFL stock providing for larger fish (Rlueller FWCC-FWRI, pers. comm.). The
RVC-Keys rarely encounters Hogfish near 75cm, aigihothey do tend to sample individuals
larger than the recreational hook and line fishbug,similar to the recreational spear fishery.
Comparatively, the RVC-Tortugas samples individugdgo 75cm, similar to the commercial
fisheries that additionally operate in the Tortugesas not subject to spatial closures. Therefore,
although the Keys-specific RVC likely operates msagymptotic selectivity function within the
primary reef habitat along the Keys reef tractiaés not sample a portion of the entire stock
(Tortugas region) that may hold larger individualBased on the length composition data and
knowledge of the fisheries, the recommendation fsxta dome-shaped pattern for the
recreational fisheries and RVC-Keys survey; fixaagmptotic pattern for the commercial hook
and line and trap fisheries; and attempt to fitsbkectivity shape for the commercial spear
fishery. Alternative selectivity patterns shoukldxplored in sensitivity runs.

For the GA-NC stock, the fishery samples older langler fish than in either of the other two

stocks. Given the distribution of the length obaéions, selectivity for the GA-NC stock should
be modeled as asymptotic.
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8.7 Tables

Table 8.2.1.1. Standardized index of abundance tmmmercial Florida trip tickets for the
WFL spear model.

Year Total trips Positive | Mean std.dev cv
Trips
1994 50 28 | 24.83549 | 7.144333 | 0.287666
1995 85 58 | 28.51978 | 5.799997 | 0.203367
1996 158 101 | 25.12175 | 3.890817 | 0.154878
1997 130 91 | 24.75848 | 4.044583 | 0.163362
1998 111 71 | 23.85446 | 4.432902 | 0.185831
1999 117 62 | 19.58608 | 4.105368 | 0.209606
2000 145 95 | 24.03803 | 3.833815 | 0.15949
2001 137 87 | 53.12662 | 8.79615 | 0.16557
2002 152 106 | 45.99106 | 6.993925 | 0.152071
2003 153 97 | 41.2072 | 6.548965 | 0.158928
2004 111 77 | 38.03491 | 6.571957 | 0.172788
2005 103 59 | 41.2495 | 8.404146 | 0.203739
2006 92 56 | 33.58897 | 7.045026 | 0.209742
2007 92 49 | 38.45632 | 8.918896 | 0.231923
2008 151 114 | 56.48918 | 8.077882 | 0.142999
2009 178 123 | 67.77923 | 9.611339 | 0.141804
2010 178 125 | 73.95688 | 10.18725 | 0.137746
2011 149 102 | 80.56392 | 12.44911 | 0.154525
2012 126 98 | 84.02584 | 12.52194 | 0.149025
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Table 8.2.1.2. Standardized index of abundance tmmmercial Florida trip tickets for the
WEFL hook-and-line model.

Year Total trips Positive | Mean std.dev cv
Trips
1994 2639 149 | 0.777395 | 0.106599 | 0.137124
1995 2795 86 | 0.735322 | 0.131493 | 0.178824
1996 3025 111 | 0.65381 | 0.104474 | 0.159792
1997 3115 92 | 0.530552 | 0.091877 | 0.173173
1998 3620 70 | 0.297956 | 0.059951 | 0.201209
1999 3628 78 | 0.366005 | 0.068313 | 0.186646
2000 4228 136 | 0.702338 | 0.102033 | 0.145277
2001 3773 141 | 0.680889 | 0.099156 | 0.145628
2002 3408 118 | 0.862523 | 0.135837 | 0.157488
2003 3271 64 | 0.515478 | 0.106161 | 0.205947
2004 3227 53 | 0.243458 | 0.055887 | 0.229554
2005 2658 47 | 0.424661 | 0.101453 | 0.238904
2006 2154 28 | 0.411451 | 0.129055 | 0.313659
2007 2083 21 | 0.273016 | 0.099745 | 0.365345
2008 2137 24 | 0.465299 | 0.153976 | 0.330919
2009 2737 36 | 0.517842 | 0.142109 | 0.274426
2010 1605 30 | 1.033917 | 0.305846 | 0.295813
2011 1525 58 | 1.629565 | 0.350885 | 0.215324
2012 1568 21 | 0.634684 | 0.230154 | 0.362627
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Table 8.2.1.3. Standardized index of abundance tmmmercial Florida trip tickets for the
FLK/SEFL spear model.

Year Total trips Positive | Mean std.dev cv
Trips
1994 474 241 | 12.37902 0.6157 | 0.049737
1995 517 264 | 11.37773 | 0.547645 | 0.048133
1996 669 403 | 11.2784 | 0.467984 | 0.041494
1997 855 487 | 8.482529 0.3399 | 0.040071
1998 834 487 | 9.593651 | 0.387129 | 0.040353
1999 498 274 | 8.141443 | 0.406499 | 0.04993
2000 570 346 | 9.375735 | 0.415985 | 0.044368
2001 677 401 | 9.775725 | 0.428915 | 0.043875
2002 748 444 | 8.417263 | 0.351025 | 0.041703
2003 552 292 | 8.885067 | 0.433152 | 0.048751
2004 538 342 | 10.69344 | 0.495633 | 0.046349
2005 479 317 | 10.45703 | 0.492758 | 0.047122
2006 428 265 | 8.781702 | 0.444302 | 0.050594
2007 428 259 | 8.429941 | 0.431315 | 0.051165
2008 336 214 | 10.83168 | 0.602682 | 0.055641
2009 412 197 | 8.991021 | 0.495166 | 0.055073
2010 308 141 | 9.595727 | 0.621361 | 0.064754
2011 369 156 | 9.98716 | 0.626561 | 0.062737
2012 413 163 | 9.724014 | 0.590992 | 0.060777
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Table 8.2.1.4. Standardized index of abundance tmmmercial Florida trip tickets for the
FLK/SEFL hook-and-line model.

Year Total trips Positive Mean std.dev cv
Trips
1994 2399 231 | 1.133401 | 0.121854 | 0.107512
1995 3428 364 | 1.105646 | 0.097814 | 0.088468
1996 3799 326 | 1.011449 | 0.093184 | 0.092129
1997 3817 239 | 0.778278 | 0.082037 | 0.105408
1998 3605 241 | 0.689917 | 0.073333 | 0.106292
1999 2395 117 | 0.631448 | 0.092312 | 0.146192
2000 2398 218 | 1.096454 | 0.120615 | 0.110005
2001 3014 280 | 1.118615 | 0.112262 | 0.100358
2002 2754 286 | 1.287162 | 0.12568 | 0.097641
2003 2928 317 | 1.607304 | 0.152012 | 0.094576
2004 2968 253 | 1.232936 | 0.129378 | 0.104935
2005 2504 150 | 0.860383 | 0.113504 | 0.131922
2006 1883 133 | 1.086084 | 0.149848 | 0.137971
2007 1790 122 | 0.887981 | 0.127245 | 0.143297
2008 1795 129 | 1.173346 | 0.164415 | 0.140125
2009 2192 152 | 1.397413 | 0.180595 | 0.129235
2010 2099 119 | 1.577364 | 0.229983 | 0.145802
2011 2057 114 | 1.162097 | 0.172045 | 0.148047
2012 1722 124 | 1.285118 | 0.183549 | 0.142827
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.2.1. Standardized index of abundance femreational MRFSS/MRIP intercept data
for the WFL spear model. Note: year 1991 was resdalue to convergence issues.

Year Total trips Positive Mean std.dev cv
Trips

1992 13 5 1.443826 | 0.788723 | 0.546273
1993 14 11 4.000411 1.265951 | 0.316455
1994 21 10 1.874579 | 0.707339 | 0.377332
1995 16 8 2.079268 | 0.843176 | 0.405516
1996 28 9 0.798433 | 0.337858 | 0.423151
1997 23 10 1.38286 | 0.524321 | 0.379157
1998 21 14 2.616298 | 0.769566 | 0.294143
1999 34 26 1.846531 | 0.375926 | 0.203585
2000 10 3 1.278246 | 0.982112 | 0.768328
2001 20 13 1.638807 | 0.504285 | 0.307715
2002 19 7 1.317326 | 0.612578 | 0.465016
2003 26 17 2.171707 0.5654 0.260348
2004 18 10 2.093937 | 0.755937 | 0.361012
2005 17 8 1.109907 | 0.46188 | 0.416143
2006 14 11 1.692072 | 0.527033 | 0.311472
2007 10 8 2.745495 | 1.011081 | 0.368269
2008 24 17 2.808413 | 0.725105 | 0.25819
2009 22 16 2.755354 | 0.728718 | 0.264473
2010 20 16 3.543814 | 0.945166 | 0.266709
2011 17 15 3.098297 | 0.816493 | 0.26353
2012 22 20 5.577909 | 1.269787 | 0.227646
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.2.2. Standardized ndex of abundance femneational MRFSS/MRIP intercept data
for the WFL hook-and-line model.

Year Total trips Positive Mean std.dev cv
Trips

1991 44 1 0.32336 0.55143 1.705316
1992 130 8 0.103127 | 0.045541 | 0.441597
1993 110 6 0.153604 | 0.078233 | 0.509313
1994 82 8 0.205855 | 0.08737 | 0.424427
1995 122 11 0.173212 | 0.064167 | 0.370452
1996 75 6 0.211736 | 0.108214 | 0.511079
1997 85 9 0.186695 | 0.075301 | 0.403337
1998 126 12 0.200083 | 0.07028 | 0.351252
1999 163 10 0.102653 | 0.040046 | 0.390111
2000 137 9 0.136437 | 0.055661 | 0.407963
2001 148 8 0.118422 | 0.052163 | 0.440482
2002 165 10 0.09643 | 0.037164 | 0.385404
2003 148 16 0.342653 | 0.10195 0.297532
2004 160 4 0.044853 | 0.028919 | 0.644763
2005 163 7 0.129531 | 0.060803 | 0.469412
2006 66 4 0.127265 | 0.079955 | 0.628251
2007 80 10 0.225016 | 0.085377 | 0.379427
2008 121 12 0.172345 | 0.060593 | 0.351579
2009 144 15 0.177461 | 0.055574 | 0.313163
2010 49 9 0.675596 | 0.255226 | 0.377778
2011 72 9 0.424696 | 0.167936 | 0.395428
2012 162 5 0.168238 | 0.098392 | 0.584842
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.2.3. Standardized ndex of abundance femneational MRFSS/MRIP intercept data
for the FLK/SEFL spear model.

Year Total trips Positive Mean std.dev cv
Trips

1991 7 4 1.994887 | 0.995293 | 0.498922
1992 32 24 2.865121 | 0.537329 | 0.187541
1993 19 14 2.56872 | 0.625195 | 0.243388
1994 31 30 2.548989 | 0.381095 | 0.149508
1995 14 12 2.064031 | 0.522786 | 0.253284
1996 20 15 1.868412 | 0.461086 | 0.24678
1997 14 10 1.927575 | 0.580389 | 0.301098
1998 20 15 1.928215 | 0.456421 | 0.236707
1999 24 21 2.728113 | 0.499895 | 0.183238
2000 13 9 1.991561 | 0.599747 | 0.301144
2001 19 14 2.369064 | 0.556748 | 0.235008
2002 22 16 2.516233 | 0.561271 | 0.22306
2003 26 21 2.677963 | 0.509953 | 0.190426
2004 36 30 2.098498 | 0.334603 | 0.159449
2005 24 21 2.177644 | 0.410965 | 0.18872
2006 18 16 1.611543 | 0.345773 | 0.21456
2007 38 35 2.551408 | 0.359466 | 0.140889
2008 32 27 2.383003 | 0.398424 | 0.167194
2009 34 27 2.150687 | 0.365185 | 0.169799
2010 21 16 1.663643 | 0.380359 | 0.22863
2011 25 20 1.710873 | 0.335661 | 0.196193
2012 49 40 1.607146 | 0.222916 | 0.138703
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.2.4. Standardized index of abundance femreational MRFSS/MRIP intercept data
for the FLK/SEFL hook-and-line model.

Year Total trips Positive Mean std.dev cv
Trips

1991 17 5 1.00428 | 0.490139 | 0.48805
1992 49 28 0.965804 | 0.185406 | 0.191971
1993 60 26 1.066079 | 0.225792 | 0.211796
1994 56 25 0.852024 | 0.181044 | 0.212487
1995 39 25 1.204035 | 0.242562 | 0.201458
1996 34 17 1.303322 | 0.320114 | 0.245614
1997 38 16 0.598802 | 0.157751 | 0.263444
1998 47 21 0.649418 | 0.145902 | 0.224666
1999 63 23 0.637007 | 0.149179 | 0.234188
2000 43 8 0.261647 | 0.109044 | 0.41676
2001 62 16 0.605467 | 0.171665 | 0.283524
2002 64 10 0.338851 | 0.128719 | 0.379869
2003 75 26 0.719481 | 0.152771 | 0.212335
2004 70 25 0.630087 | 0.141239 | 0.224158
2005 59 18 0.502286 | 0.132921 | 0.264631
2006 46 15 0.54304 | 0.158956 | 0.292715
2007 64 21 0.632424 | 0.150061 | 0.237279
2008 77 22 0.524849 | 0.125146 | 0.238443
2009 49 14 0.468333 | 0.141143 | 0.301374
2010 58 12 0.411565 | 0.139703 | 0.339443
2011 48 12 0.476065 | 0.157186 | 0.330177
2012 77 22 0.559993 | 0.134359 | 0.239929
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.1. Index of abundance from the REERalisurveys for the WFL multinomial
scaling model.

Year Total trips Positive | Mean std.dev cv
Trips

1996 18 14 1.069073 | 0.411186 | 0.384619
1997 19 13 1.567447 | 0.437988 | 0.279428
1998 70 47 4.267835 | 2.188715 | 0.51284
1999 111 41 2.136562 | 1.150702 | 0.538577
2000 118 49 3.338532 | 1.071706 | 0.321011
2001 99 46 2.234285 | 0.536497 | 0.24012
2002 162 77 2.919133 | 0.830962 | 0.284661
2003 110 61 3.892962 | 1.138507 | 0.292453
2004 62 35 2.608749 | 1.063964 | 0.407844
2005 34 9 0.877655 | 0.312425 | 0.355977
2006 87 53 3.259059 | 0.990171 | 0.303821
2007 63 35 2.98904 | 0.804513 | 0.269155
2008 34 20 2.208799 | 0.360442 | 0.163185
2009 24 12 0.986612 | 0.305192 | 0.309333
2010 34 23 2.381907 | 1.245926 | 0.523079
2011 22 10 1.582299 | 1.289102 | 0.814702
2012 25 11 0.757233 | 0.195258 | 0.257858
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.2. Index of abundance from the REEHalisurveys for the WFL censored Poisson
model.

Year Total trips Positive | Mean std.dev cv
Trips

1996 18 14 1.237635 | 0.377596 | 0.305095
1997 19 13 1.845836 | 0.567005 | 0.307181
1998 70 47 2.40488 | 0.476145 | 0.197991
1999 111 41 1.463846 | 0.33343 | 0.227777
2000 118 49 2.267839 | 0.427306 | 0.18842
2001 99 46 2.284234 | 0.425785 | 0.186402
2002 162 77 2.051782 | 0.317998 | 0.154986
2003 110 61 2.626852 | 0.439468 | 0.167298
2004 62 35 2.57911 | 0.572857 | 0.222114
2005 34 9 0.870169 | 0.322432 | 0.37054
2006 87 53 3.052478 | 0.50394 | 0.165092
2007 63 35 2.995624 | 0.591306 | 0.19739
2008 34 20 2.599109 | 0.582749 | 0.224211
2009 24 12 1.180342 | 0.374083 | 0.316928
2010 34 23 2.184495 | 0.583976 | 0.267327
2011 22 10 1.356832 | 0.528122 | 0.389232
2012 25 11 0.957944 | 0.264624 | 0.276242
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.3. Index of abundance from the REEHalisurveys for the FLK multinomial
scaling model.

Year Total trips Positive | Mean std.dev cv
Trips

1994 1201 609 1.238812 | 0.062365 | 0.050343
1995 715 416 1.544508 | 0.095474 | 0.061815
1996 584 282 1.240506 | 0.109314 | 0.088121
1997 680 421 1.83552 | 0.119404 | 0.065052
1998 452 302 2.658775 | 0.231813 | 0.087188
1999 538 362 2.064409 | 0.140372 | 0.067996
2000 746 486 2.630238 | 0.163323 | 0.062094
2001 1588 1081 2.882901 | 0.117932 | 0.040907
2002 1643 1211 2.969873 | 0.111954 | 0.037697
2003 876 627 2.131483 | 0.101497 | 0.047618
2004 534 342 2.092777 | 0.148625 | 0.071018
2005 663 404 1.828669 | 0.119374 | 0.065279
2006 619 396 1.863916 | 0.121601 | 0.065239
2007 493 314 1.792065 | 0.12248 | 0.068346
2008 353 231 2.323282 | 0.193901 | 0.08346
2009 460 305 2.614551 | 0.224749 | 0.085961
2010 315 209 2.791731 | 0.25878 | 0.092695
2011 222 170 2.490712 | 0.19164 | 0.076942
2012 289 209 2.350956 | 0.164963 | 0.070168
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.4. Index of abundance from the REEHalisurveys for the FLK censored Poisson
model.

Year Total trips Positive | Mean std.dev cv
Trips

1994 1201 609 1.257171 | 0.055342 | 0.044021
1995 715 416 1.56178 | 0.081476 | 0.052169
1996 584 282 1.220529 | 0.082677 | 0.067739
1997 680 421 1.78138 | 0.095208 | 0.053446
1998 452 302 2.311278 | 0.150758 | 0.065227
1999 538 362 2.047692 | 0.11243 | 0.054906
2000 746 486 2.40363 | 0.11823 | 0.049188
2001 1588 1081 2.684521 | 0.089996 | 0.033524
2002 1643 1211 2.804579 | 0.088877 | 0.03169
2003 876 627 2.11681 | 0.087596 | 0.041381
2004 534 342 2.016297 | 0.119556 | 0.059295
2005 663 404 1.793946 | 0.095463 | 0.053214
2006 619 396 1.814775 | 0.099768 | 0.054976
2007 493 314 1.748284 | 0.10609 | 0.060682
2008 353 231 2.233579 | 0.157039 | 0.070308
2009 460 305 2.351622 | 0.156063 | 0.066364
2010 315 209 2.604755 | 0.200549 | 0.076994
2011 222 170 2.623483 | 0.197624 | 0.075329
2012 289 209 2.443446 | 0.160246 | 0.065582
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.5. Index of abundance from the REERalisurveys for the SEFL multinomial
scaling model.

Year Total trips Positive | Mean std.dev cv
Trips

1994 21 3 0.194916 | 0.137864 | 0.707298
1995 26 7 0.384166 | 0.180423 | 0.46965

1996 11 1 0.23698 | 0.305291 | 1.288254
1997 59 20 1.703367 | 0.670571 | 0.393674
1998 104 33 0.624909 | 0.180401 | 0.288683
1999 317 97 0.811387 | 0.188146 | 0.231882
2000 336 122 0.819506 | 0.124579 | 0.152018
2001 696 247 0.713786 | 0.085831 | 0.120247
2002 948 198 0.405756 | 0.052283 | 0.128854
2003 1067 236 0.421486 | 0.048999 | 0.116253
2004 646 119 0.520101 | 0.098199 | 0.188808
2005 530 137 0.723469 | 0.111952 | 0.154744
2006 834 239 0.817155 | 0.097752 | 0.119624
2007 574 161 0.674286 | 0.080864 | 0.119926
2008 319 41 0.400028 | 0.089706 | 0.224248
2009 233 35 0.226398 | 0.044362 | 0.195947
2010 457 57 0.301003 | 0.048052 | 0.159638
2011 297 28 0.157036 | 0.037398 | 0.23815

2012 339 62 0.279318 | 0.043467 | 0.155618
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.6. Index of abundance from the REEHalisurveys for the FLK+SEFL
multinomial scaling model.

Year Total trips Positive | Mean std.dev cv
Trips

1994 1222 612 1.173837 | 0.064063 | 0.054576
1995 741 423 1.156219 | 0.092241 | 0.079778
1996 595 283 0.920688 | 0.087175 | 0.094685
1997 739 441 1.472047 | 0.107548 | 0.07306
1998 556 335 2.138416 | 0.211448 | 0.098881
1999 855 459 1.473165 | 0.116879 | 0.079339
2000 1082 608 1.926278 | 0.135878 | 0.070539
2001 2284 1328 1.901209 | 0.099433 | 0.0523
2002 2591 1409 1.775033 | 0.088028 | 0.049592
2003 1943 863 1.119545 | 0.060436 | 0.053983
2004 1180 461 1.116703 | 0.088337 | 0.079105
2005 1193 541 1.162988 | 0.081675 | 0.070229
2006 1453 635 1.116863 | 0.077114 | 0.069045
2007 1067 475 1.044286 | 0.069668 | 0.066714
2008 672 272 1.111771 | 0.099529 | 0.089523
2009 693 340 1.466129 | 0.136187 | 0.092889
2010 772 266 1.09451 | 0.106965 | 0.097729
2011 519 198 0.990004 | 0.086124 | 0.086993
2012 628 271 1.076397 | 0.082686 | 0.076818
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.3.7. Index of abundance from the REEHalisurveys for the FLK+SEFL censored
Poisson model.

Year Total trips Positive | Mean std.dev cv
Trips

1994 1222 612 1.258809 | 0.062089 | 0.049324
1995 741 423 1.216724 | 0.069124 | 0.056812
1996 595 283 0.991147 | 0.06784 | 0.068446
1997 739 441 1.37839 | 0.074571 0.0541
1998 556 335 1.70129 | 0.109084 | 0.064118
1999 855 459 1.399072 | 0.076585 | 0.05474
2000 1082 608 1.676359 | 0.079455 | 0.047397
2001 2284 1328 1.729199 | 0.062091 | 0.035908
2002 2591 1409 1.58059 | 0.055139 | 0.034885
2003 1943 863 1.030997 | 0.042152 | 0.040884
2004 1180 461 0.995913 | 0.057577 | 0.057813
2005 1193 541 1.095921 | 0.056128 | 0.051215
2006 1453 635 0.992834 | 0.050471 | 0.050835
2007 1067 475 0.974473 | 0.052766 | 0.054148
2008 672 272 1.026032 | 0.071323 | 0.069513
2009 693 340 1.297652 | 0.083893 | 0.06465
2010 772 266 0.938027 | 0.068652 | 0.073188
2011 519 198 0.918153 | 0.06608 | 0.071971
2012 628 271 1.067434 | 0.069194 | 0.064823
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.4.1. Annual indices of relative abundafMaxN) as well as coefficient of variation
(CV) and lower (LCL) and upper (UCL) 95% confidenriceits for Hogfish as determined via a
generalized linear modeling analysis of data framNMFS — PC and FWRI video surveys.
Analyses were calculated using censored datassgsAnalytical Methods section).

Year Standardized Index cv LCL UCL

2005 0.2702 0.3023 0.1534 0.4760
2006 0.2187 0.2616 0.1325 0.3610
2007 0.0142 1.4799 0.0019 0.1060
2008 0.3453 0.2062 0.2328 0.5122
2009 0.3791 0.1707 0.2724 0.5275
2010 0.2838 0.1958 0.1948 0.4134
2011 0.2452 0.1610 0.1793 0.3353
2012 0.4761 0.1254 0.3724 0.6085
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.5.1. Annual indices of relative abundafindividuals Per Set) as well as coefficient
of variation (CV) and lower (LCL) and upper (UCL5% confidence limits for Hogfish as
determined via a generalized linear modeling amalysdata from the FWRI polyhaline
seagrass trawl survey. Analyses were calculatied egnsored data sets (see Analytical
Methods section).

Year Standardized Index cv LCL UCL

2008 0.6218 0.1553 0.4605 0.8397
2009 0.1235 0.2507 0.0767 0.1990
2010 0.2047 0.2260 0.1320 0.3174
2011 0.2960 0.1943 0.2029 0.4319
2012 1.0638 0.1617 0.7812 1.4487
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.6.1. Annual indices of relative abundafindividuals Per Set) as well as coefficient
of variation (CV) and lower (LCL) and upper (UCL5% confidence limits for Hogfish as
determined via a generalized linear modeling amalysdata from the summer FWRI SEAMAP
trawl survey.

Year Standardized Index cv LCL UCL

2008 1.0888 0.8898 0.3047 3.8909
2009 0.4009 0.3689 0.2012 0.7985
2010 0.3861 0.3269 0.2071 0.7197
2011 0.2366 0.4044 0.1118 0.5006
2012 0.5875 0.2762 0.3448 1.0021
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.7.1. Annual indices of relative abundafindividuals Per Set) as well as coefficient
of variation (CV) and lower (LCL) and upper (UCL5% confidence limits for Hogfish as
determined via a generalized linear modeling amalysdata from the FWRI baitfish trawl

survey.

Year Standardized Index cv LCL UCL

2002 0.1619 0.9496 0.0427 0.6131
2003 1.4667 0.7135 0.4546 4.7320
2004 1.5352 0.7343 0.4928 4.7829
2005 0.9542 1.0380 0.2649 3.4381
2006 0.2487 0.6244 0.0866 0.7142
2007 1.3454 0.5198 0.5498 3.2922
2008 0.9278 0.5769 0.3567 2.4135
2009 2.0751 0.5393 0.8159 5.2773
2010 0.6966 0.5861 0.2584 1.8783
2011 0.6302 0.5914 0.2300 1.7263
2012 1.1644 0.5762 0.4345 3.1204
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.8.1. Reef Visual Census (RVC) surveyrestes of Hogfish mean density and
precision (CV) for pre-exploited and exploited Iffages for the (A) Florida Keys and (B) Dry
Tortugas regions. Density units are number of fish177 i (second-stage unit SSU). Sample
sizes: n = primary sample units, nm = second-stags.

(A) Florida Keys
Pre-exploited Density Exploited Density All Sizes
Year n nm (L<300 mm) (L>300 mm)
Mean CV (%) Mean CV (%) Mean CV (%)
1994 24 117 0.2414 39.4 0.0629 41.9 0.3346 26.9
1995 61 278 0.2701 24.5 0.1093 33.2 0.3791 19.5
1996 27 143 0.1560 421 0.0132 44.5 0.1739 38.4
1997 66 388 0.3453 22.7 0.0340 35.7 0.3805 21.7
1998 75 428 0.3185 18.9 0.0314 36.3 0.3649 16.0
1999 160 408 0.4897 12.1 0.0965 23.3 0.5951 10.3
2000 228 499 0.8182 10.3 0.1565 17.1 0.9380 9.8
2001 304 701 1.0144 10.1 0.4130 12.8 1.3825 9.2
2002 356 665 0.8068 8.8 0.3774 15.6 1.1839 8.6
2003 237 433 0.8685 12.2 0.3239 17.6 1.1928 12.1
2004 136 259 0.7425 12.6 0.4736 19.6 1.2161 12.2
2005 256 498 0.9299 12.4 0.3070 14.3 1.2370 10.6
2006 328 593 0.7323 8.8 0.2767 14.4 1.0090 8.6
2007 317 614 0.7265 9.9 0.3578 17.3 1.0843 10.5
2008 376 735 1.2754 6.7 0.3806 10.4 1.6560 6.5
2009 516 1005 0.9641 6.2 0.2665 10.9 1.2307 6.3
2010 379 740 0.9527 8.0 0.1534 10.8 1.1060 7.4
2011 402 789 0.8121 8.3 0.2798 14.7 1.0919 7.7
2012 416 803 1.0522 6.8 0.2839 9.4 1.3361 6.3
(B) Dry Tortugas
Pre-exploited Density Exploited Density All Sizes
Year n nm (L<300 mm) (L>300 mm)
Mean CV (%) Mean CV (%) Mean CV (%)

1999 168 298 0.4286 19.6 0.3229 16.0 0.7514 12.9
2000 203 360 0.2661 13.9 0.2552 13.1 0.5267 9.7
2004 310 576 0.1189 19.7 0.3494 11.9 0.4683 10.6
2006 260 497 0.2737 14.2 0.1848 14.0 0.4585 9.2
2008 338 653 0.2177 21.8 0.3530 13.4 0.5707 13.9
2010 364 703 0.1677 13.3 0.2648 11.2 0.4325 9.0
2012 416 813 0.1907 11.4 0.4528 8.7 0.6435 7.7

FWC Hogfish SA — SECTION 2 159



South Atlantic and Gulf of Mexico Hogfish

Table 8.2.9.1. Summary information for Hogfislichnolaimus maximus videos collected by
the SouthEast Reef Fish Survey, 2010 — 2012. Miggdoyments target hardbottom habitats
between North Carolina and Florida except in 20iien sampling only occurred in Georgia
and Florida.

# Mean
Latitude Date Depth ‘ Videos Frequency Mean depth
range range # Videos . of depth of when
Year range . with "
sampled sampled | examined . occurrence readable Hogfish
o sampled Hogfish .
(°N) (m) (%) videos were seen
present .
on video
2010 28.7-31.7 7/28- 16-83 231 9 3.9 40.1 51.4
10/27
2011 27.2-34.3 5/12- 14-94 717 42 5.9 40.4 46.6
10/25
2012 27.2-35.0 4/24- 15-106 1102 35 3.2 40.7 49.6
10/10
Overall | 27.2-35.0 4/24- 14-106 2050 86 4.2 40.5 48.3
10/27
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South Atlantic and Gulf of Mexico Hogfish

Table 8.2.10.1. Commercial logbook index of abumeaior spear fisheries in the WFL stock.

Year CSF:S.E cv Lower Cl | Upper Cl l::lTE PZ:?t’i)\;e N Obs.
1993 0.899901 0.27 0.5286 1.5319 0.8498 0.8333 36
1994 0.751151 0.25 0.4602 1.2259 0.7703 0.8649 37
1995 0.924176 0.27 0.5438 1.5708 0.8378 0.6889 45
1996 0.495002 0.24 0.3092 0.7924 0.4894 0.7288 59
1997 0.743264 0.21 0.4914 1.1241 0.6620 0.7917 72
1998 0.776958 0.23 0.4887 1.2352 0.7454 0.7593 54
1999 0.596117 0.23 0.3808 0.9332 0.5620 0.6901 71
2000 1.154608 0.19 0.7899 1.6878 1.0885 0.8571 91
2001 1.816105 0.20 1.2298 2.6818 1.5130 0.8152 92
2002 1.527801 0.20 1.0302 2.2658 1.4753 0.7714 105
2003 1.352185 0.19 0.9261 1.9742 1.1633 0.8585 106
2004 0.767096 0.21 0.5061 1.1626 0.8289 0.7087 103
2005 0.897373 0.22 0.5801 1.3882 0.7791 0.7143 91
2006 0.450141 0.22 0.2942 0.6888 0.4368 0.6863 102
2007 0.662014 0.22 0.4296 1.0201 0.6531 0.7097 93
2008 0.932584 0.18 0.6491 1.3399 0.9295 0.8346 133
2009 1.76563 0.19 1.2116 2.5731 2.2468 0.7820 133
2010 0.988246 0.18 0.6888 1.4179 0.9297 0.8194 144
2011 1.20725 0.18 0.8389 1.7374 1.4783 0.8346 127
2012 1.292397 0.18 0.9109 1.8337 1.5611 0.8267 150
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Table 8.2.10.2. Commercial logbook index of aburmedaior vertical line fisheries in the
FLK/EFL stock.

Year CSI:S.E cv Lower Cl | Upper Cl l:gLnE PZ:?t’i)\;e N Obs.
1993 0.110994 0.57 0.0385 0.3200 0.0913 0.0717 920
1994 0.213612 0.48 0.0860 0.5307 0.1614 0.1170 1274
1995 0.170792 0.49 0.0678 0.4304 0.0885 0.1124 1148
1996 0.255322 0.50 0.0985 0.6620 0.2700 0.1167 960
1997 0.392624 0.46 0.1641 0.9392 0.3762 0.1246 1461
1998 0.267377 0.50 0.1046 0.6836 0.1701 0.0943 1273
1999 0.406607 0.50 0.1582 1.0453 0.3133 0.1194 938
2000 0.735478 0.46 0.3037 1.7813 1.9342 0.1849 876
2001 0.580217 0.44 0.2500 1.3465 0.5053 0.2116 1068
2002 1.091293 0.42 0.4905 2.4280 1.8071 0.2644 1229
2003 1.791459 0.42 0.8012 4.0055 1.5072 0.2671 1217
2004 1.910038 0.42 0.8544 4.2698 1.1303 0.2874 1117
2005 1.117849 0.47 0.4574 2.7322 1.0289 0.2038 795
2006 0.965509 0.49 0.3814 2.4442 1.2085 0.1887 620
2007 1.761694 0.48 0.7145 4.3434 1.6780 0.2591 521
2008 1.438804 0.47 0.5888 3.5157 1.1135 0.2849 523
2009 1.557038 0.51 0.5978 4.0558 1.5329 0.2390 431
2010 1.418319 0.54 0.5143 3.9117 1.0984 0.2211 380
2011 1.73189 0.51 0.6569 4.5658 1.8619 0.2514 370
2012 2.083085 0.49 0.8196 5.2941 2.1229 0.3103 348
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Table 8.2.10.3. Commercial logbook index of abumeaior spear fisheries in the FLK/EFL
stock.

Year CSI:S.E cv Lower Cl | Upper Cl l:gLnE PZ:?t’i)\;e N Obs.
1993 1.560919 0.24 0.9718 2.5072 1.5947 0.6624 157
1994 1.226235 0.24 0.7691 1.9550 1.2667 0.7262 168
1995 1.158058 0.24 0.7219 1.8576 1.1620 0.7117 163
1996 0.88849 0.28 0.5107 1.5457 0.7942 0.6937 111
1997 0.70887 0.24 0.4401 1.1417 0.7534 0.6241 290
1998 1.317246 0.23 0.8311 2.0878 0.9826 0.6221 299
1999 1.045294 0.26 0.6304 1.7334 1.4807 0.6111 180
2000 0.986722 0.23 0.6232 1.5623 1.3754 0.7170 265
2001 0.736817 0.23 0.4689 1.1578 0.7907 0.6358 335
2002 0.750792 0.23 0.4787 1.1775 0.8027 0.6371 361
2003 0.790917 0.25 0.4802 1.3026 0.8577 0.5913 208
2004 0.949359 0.23 0.6055 1.4886 0.9489 0.7500 248
2005 0.903994 0.24 0.5669 1.4415 0.8667 0.6651 218
2006 0.847061 0.26 0.5067 1.4160 0.6629 0.6204 137
2007 0.943644 0.25 0.5798 1.5358 0.7458 0.7151 186
2008 1.176429 0.25 0.7205 1.9210 1.2172 0.7410 139
2009 1.135319 0.27 0.6661 1.9349 1.0821 0.7129 101
2010 1.252325 0.29 0.7145 2.1950 1.2744 0.6486 74
2011 0.94109 0.27 0.5577 1.5880 0.7824 0.5610 123
2012 0.680422 0.25 0.4139 1.1185 0.5589 0.5189 185
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Table 8.2.10.4. Commercial logbook index of abumedior vertical line fisheries in the GA-NC
stock.

Year CSI:S.E cv Lower Cl | Upper Cl l:gLnE PZ:?t’i)\;e N Obs.
1993 1.190205 0.32 0.6316 2.2428 1.4862 0.4888 223
1994 1.027163 0.29 0.5764 1.8304 1.6359 0.5552 299
1995 1.644174 0.27 0.9660 2.7984 2.2093 0.6154 416
1996 0.892088 0.29 0.5089 1.5638 0.8205 0.5684 329
1997 1.031188 0.28 0.5990 1.7752 1.0437 0.5886 457
1998 1.392885 0.28 0.8091 2.3979 1.1480 0.6220 381
1999 2.28076 0.27 1.3411 3.8787 2.3177 0.6279 438
2000 1.243957 0.28 0.7133 2.1693 1.1171 0.5011 441
2001 1.137274 0.28 0.6576 1.9669 0.8805 0.5649 416
2002 1.281619 0.29 0.7229 2.2722 0.9920 0.5424 330
2003 1.058467 0.29 0.6011 1.8639 0.8351 0.6033 305
2004 0.5653 0.32 0.3044 1.0499 0.4981 0.4534 311
2005 0.930506 0.31 0.5101 1.6974 0.9089 0.4932 294
2006 0.819446 0.30 0.4533 1.4815 0.7175 0.4593 405
2007 0.580379 0.30 0.3208 1.0501 0.5016 0.3957 465
2008 0.739369 0.30 0.4073 1.3423 0.6917 0.4189 413
2009 0.337883 0.38 0.1627 0.7016 0.6536 0.2763 257
2010 0.482724 0.38 0.2315 1.0067 0.4992 0.4011 177
2011 0.707657 0.36 0.3507 1.4278 0.5774 0.4506 162
2012 0.656957 0.43 0.2863 1.5076 0.4659 0.4419 86
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Table 8.2.11.1. Standardized index of abundance the commercial South Carolina trip ticket
analysis.

Number
Year Total trips positive Mean cv
trips

2004 870 165 1.845741 | 0.143177
2005 844 162 2.069867 | 0.143229
2006 915 200 2.792795 | 0.134924
2007 1047 199 1.925927 | 0.136313
2008 1019 248 3.067773 | 0.121826
2009 853 152 2.126086 | 0.149738
2010 743 129 2.595884 | 0.165177
2011 757 163 3.086009 | 0.148859
2012 765 125 1.669052 0.16555
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Table 8.2.12.1. Standardized index of abundance the commercial North Carolina trip ticket
analysis.

Year Mean S;:::a;:l Lower Upper Avg Cou.nt of Positive Propc.Jr.tion
Mean Mean Mean Trips Trips positive
1994 73.1014 | 20.1882 | 42.5452 125.6 69.40574 61 37 0.606557
1995 83.9746 | 32.8425 39.016 180.74 | 87.79167 30 24 0.8
1996 8 0
1997 1.7451 0.702 0.7932 3.8392 | 1.914063 32 3 0.09375
1998 4.2396 2.4537 1.3636 13.1814 | 5.333333 15 1 0.066667
1999 5.5392 3.0272 1.8979 16.1672 | 5.195625 16 2 0.125
2000 5.433 3.2889 1.6587 17.796 | 5.192308 13 2 0.153846
2001 50.2834 | 18.4704 | 24.4769 103.3 49.54647 34 19 0.558824
2002 68.2634 | 22.7279 | 35.5455 131.1 73.6531 42 27 0.642857
2003 60.7664 | 18.9915 | 32.9332 112.12 | 59.65447 47 26 0.553191
2004 75.6326 | 19.2386 | 45.9398 124.52 | 71.69611 72 40 0.555556
2005 55.5944 22.102 25.5052 121.18 | 57.06931 29 19 0.655172
2006 32.3648 | 10.7061 | 16.9238 | 61.8935 | 33.12548 42 27 0.642857
2007 24.2813 5.8284 15.1689 | 38.8679 | 24.83488 80 32 0.4
2008 75.3867 | 15.3162 | 50.6241 112.26 | 75.05369 111 83 0.747748
2009 67.8219 | 14.9258 | 44.0599 104.4 70.36 95 65 0.684211
2010 133.16 34.0215 | 80.7027 219.71 | 133.2663 70 53 0.757143
2011 168.68 55.8505 | 88.1535 322.78 | 178.2462 42 38 0.904762
2012 108.46 32.4696 | 60.3171 195.03 | 109.0792 51 34 0.666667
2013 99.4623 | 26.9282 | 58.5068 169.09 93.905 64 46 0.71875
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8.8 Figures

Figure 8.2.1.1. Standardized index of abundanae frommercial Florida trip tickets for the
WEFL spear model.
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Figure 8.2.1.2. Standardized index of abundanage frommercial Florida trip tickets for the
WFL hook-and-line model.
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Figure 8.2.1.3. Standardized index of abundanage frommercial Florida trip tickets for the
FLK/SEFL spear model.
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Figure 8.2.1.4. Standardized index of abundanage frommercial Florida trip tickets for the
FLK/SEFL hook-and-line model.
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Figure 8.2.2.1. Standardized index of abundance fecreational MRFSS/MRIP intercept data
for the WFL spear model.
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Figure 8.2.2.2. Standardized index of abundance fecreational MRFSS/MRIP intercept data
for the WFL hook-and-line model.
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Figure 8.2.2.3. Standardized index of abundance fecreational MRFSS/MRIP intercept data
for the FLK/SEFL spear model.
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Figure 8.2.2.4. Standardized index of abundance fecreational MRFSS/MRIP intercept data
for the FLK/SEFL hook-and-line model.
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Figure 8.2.3.1. Indices of abundance from REEHRalisurveys for the multinomial scaling
model for the three survey regions (a-c) and ferRhK+SEFL combined stock (d).
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Figure 8.2.3.2. Indices of abundance from REEHRalisurveys for the censored Poisson model
for the three survey regions (a-c) and for the FEBEFL combined stock (d). Note: the null
model for SEFL (with Year as the single predicttig not converge; therefore, no results are
shown.
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Figure 8.2.4.1. Annual estimates of relative alaunog (MaxN) of Hogfish as determined via a
generalized linear modeling analysis of data frammNIMFS — PC and FWRI video surveys for
the WFL stock.
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Figure 8.2.5.1. Annual estimates of relative alaunoe (Individuals Per Set) of Hogfish as
determined via a generalized linear modeling amalysdata from the FWRI polyhaline
seagrass trawl survey.
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Figure 8.2.6.1. Annual estimates of relative alaunoe (Individuals Per Set) of Hogfish as
determined via a generalized linear modeling amalysdata from the summer FWRI SEAMAP
trawl survey.
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Figure 8.2.7.1. Annual estimates of relative alaunmoe (Individuals Per Set) of Hogfish as
determined via a generalized linear modeling aimalysdata from the FWRI baitfish trawl

survey.
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Figure 8.2.8.1. Visual survey estimates of Hogfistan density (xSE) for (A) exploited and (B)
pre-exploited life stages during 1994-2012 in theitla Keys (solid diamonds) and Dry

Tortugas (open diamonds). Density units are nurabésh per SSU.
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Figure 8.2.10.1. Indices of abundance from the ceroral logbooks for each stock and gear
combination. Points represent the observed nomdR&IE, lines are the standardized CPUE,
and shaded areas are the confidence intervals.
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Figure 8.2.11.1. Standardized index of abundarara the commercial South Carolina trip ticket
analysis.
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Figure 8.2.12.1Standardized idex of abundance from the commercial divilorth Caroline

trip ticket analysis.
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South Atlantic and Gulf of Mexico Hogfish

Figure 8.5.1.1. Indices of abundance for the WHiclst Note: only the REEF indices using the

multinomial approach are presented.
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South Atlantic and Gulf of Mexico Hogfish

Figure 8.5.2.1. Indices of abundance for the FLH/Bfock. Note: only the REEF indices using
the multinomial approach and for the FLK and SEE&gions combined are presented.
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South Atlantic and Gulf of Mexico Hogfish

Figure 8.5.3.1. Indices of abundance for the GAAtECK.
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9 Introduction

9.1 Assessment Process

Assessment of Hogfish in the Southeastern U.S.ceaducted by the State of Florida’s Fish and
Wildlife Research Institute (FWRI), with assistarficam numerous state and federal
collaborators. As this assessment was not fornecalhducted through the SEDAR process but
was provided by the State of Florida, the typicatd) Assessment, and Review Workshops were
not held by the State. Two Data Scoping Workshveg® held to illicit stakeholder feedback in
the process, the first in Marathon, FL in Novem@t3, and a second in St. Petersburg, FL in
January 2014.

9.2 Terms of Reference

The following Terms of Reference (TOR) were usedume the assessment of Hogfish in the
Southeastern U.S. Comments are provided followaxgh TOR regarding how these terms were
addressed in this assessment.

Term of Reference 1

Review any changes in data following the data workshop and any analyses suggested by the
data workshop. Summarize data as used in each assessment model. Provide
justification for any deviations from Data Workshop recommendations.

Comment: The previous Section Il described the dsgal for inputs to the model, and reflects
all revisions available and used in the model gafitions. Chapter (Ch) 10
summarizes the data inputs.

Term of Reference 2

Develop population assessment models that are compatible with available data and document
input data, model assumptions and configuration, and equations for each model
considered.

CommentaA fully integrated length-based statistical-catttage model configured using Stock
Synthesis was used for the assessment. The madejuwation and data inputs are
described in Ch 11.1. Appendix A includes the diéa to run the Stock Synthesis
model.
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Term of Reference 3
Provide estimates of stock population parameters, if feasible.
e Include fishing mortality, abundance, biomass, selectivity, stock-recruitment
relationship, and other parameters as necessary to describe the population.
e Include appropriate and representative measures of precision for parameter estimates.

Comment: Estimates of all assessment model parameters aidhdsociated standard errors are
described in Ch 11.2.2. Estimates of spawningkdbd@mass, recruitment, fishing
mortality, and their associated errors are disciss€hapters 11.2.4-11.2.6. Estimates
of uncertainty for select model parameters andvddrgquantities from the bootstrap
analysis are discussed in Ch 11.2.7.1.

Term of Reference 4
Characterize uncertainty in the assessment and estimated values

e Consider uncertainty in input data, modeling approach, and model configuration.

* Provide a continuity model consistent with the prior assessment configuration, if one
exists, updated to include the most recent observations. Alternative approaches to a
strict continuity run that distinguish between model, population, and input data
influences on findings, may be considered.

e Consider other sources as appropriate for this assessment

* Provide appropriate measures of model performance, reliability, and ‘goodness of fit’

* Provide measures of uncertainty for estimated parameters

Comment: Measures of overall model fit are disedsa Ch 11.2.1. Model convergence was
assessely varying starting parameters and refitting thedeiditter analysis) and
discussed in Ch 11.1.5. Uncertainty in the inmatadvas explored through bootstrap
analyses and discussed in Ch 11.2.7.1, while weiogytin the model configuration
was assessed through sensitivity analyses andsdisgun Ch 11.2.7.2. As the prior
assessment for Hogfish (SEDAR 6) was conducte®@ 2nd found insufficient to
determine status of the stock, a continuity mocdsd wot provided.

Term of Reference 5
Provide estimates of yield and productivity.
e Include yield-per-recruit, spawner-per-recruit, and stock-recruitment models.

Comment: The evaluation of the estimated stock-recruitmeméameters is presented in Ch 11.2.4.
Equilibrium yield-per-recruit and spawner-per-recas determined by the assessment
model are provided in Figures 11.2.8.1-11.2.8.3.
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Term of Reference 6
Provide estimates of population benchmarks or management criteria consistent with the
available data, applicable FMPs, proposed FMPs and Amendments, other ongoing or
proposed management programs, and National Standards.
e Evaluate existing or proposed management criteria as specified in the management
summary
* Recommend proxy values when necessary

Comment: Both MSY-based reference pointgs{ff and alternative SPR-based reference points
(Fs09%, F3s%, Faou), consistent with the Sustainable Fisheries AE¥(Scriteria for
unassessed reef fish species (Ch 2.3), are proesiddtermined from both the base
model configuration and bootstrap uncertainty rissiflables 11.2.7.1.1-11.2.7.1.3).

Term of Reference 7
Provide declarations of stock status relative to management benchmarks, or alternative data
poor approaches if necessary.

Comment: Stock status was determined for each maximum fishiortality threshold (MFMT:
Fuvsy, Fso%, F3so, Fa0s) and the corresponding minimum stock size thresh@SST).
Resultant stock status is provided for each stomk fthe base model configuration with
its associated uncertainty from the bootstrap aeslynTables 11.2.7.1.1-11.2.7.1.3.

Term of Reference 8
Perform a probabilistic analysis of proposed reference points, stock status, and yield.
* Provide the probability of overfishing at various harvest or exploitation levels.
* Provide a probability density function for biological reference point estimates.
e |[f the stock is overfished, provide the probability of rebuilding within mandated time
periods as described in the management summary or applicable federal regulations.

Comment: Data quantiles of select parametersienedée points, and stock status from the
bootstrap analyses are provided in Tables 11.2-21.2.7.1.3 and Figures
11.2.7.1.1-11.2.7.1.15. Probability distributiaiverfishing limits (OFLs) and
rebuilding schedules will be provided to the SSedly.
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Term of Reference 9
Project future stock conditions (biomass, abundance, and exploitation) and develop rebuilding
schedules if warranted; include estimated generation time. Stock projections shall be
developed in accordance with the following:
A) If stock is overfished
F=0, F=current, F=Fmsy, Ftarget
F=Frebuild (max that rebuild in allowed time)
B) If stock is overfishing
F=Fcurrent, F=Fmsy, F= Ftarget
C) If stock is neither overfished nor overfishing
F=Fcurrent, F=Fmsy, F=Ftarget
D) If data-limitations preclude classic projections (i.e. A, B, C above), explore alternate
models to provide management advice.

Comment: Projections with accompanying OFLs werameted using the deterministic base
model configurations for F=0, F=current, and eaddMM (Fusy, Fs00, F35%, Fa0%),
and provided in Tables and Figures 11.2.9.1-1132.Brobability distributions of the
projections from a bootstrap analysis and rebujdichedules will be provided to the
SSC directly.

Term of Reference 10

Provide recommendations for future research and data collection.
* Be as specific as practicable in describing sampling design and sampling intensity.
e Emphasize items which will improve future assessment capabilities and reliability.
e Consider data, monitoring, and assessment needs.

Comment: Research recommendations are provided in Ch 11.3.
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10 Data Review and Updates

Section II: Data Inputslescribed the data used for inputs to the model reflects all revisions
available and used in the model configuratidre following list summarizes the main data inputs
used in each of the three assessment models fogeaetically-distinct stock (Ch 5.3): (a) West
Florida (WFL), (b) East Florida including the Fldai Keys and Dry Tortugas (FLK/EFL), and (c)
Georgia through North Carolina (GA-NC).

10.1 WFL Stock Data Summary

1. Life history
a. von Bertalanffy growth parameters
b. Morphometric parameters
c. Natural mortality estimates
2. Landings
a. Commercial spear: 1986-2012
b. Commercial hook and line: 1986-2012
c. Commercial traps: 1986-2012
d. Recreational spear: 1986-2012
d. Recreational hook and line: 1986-2012
3. Discards (included in landings with 10% releametality for discarded alive)
a. Commercial spear: 1993-2012 (logbook program)
b. Recreational spear: 1986-2012
c. Recreational hook and line: 1986-2012
4. Length composition of landings
a. Commercial spear: 1991, 1997-2003, 2005, 202-20
b. Commercial hook and line: 1993-1996, 1998-2@0M3, 2011-2012
c. Commercial traps: 1993, 1996, 1998-2003
d. Recreational spear: 1992, 1989, 1993-2012
d. Recreational hook and line: 1993-2012
6. Age composition of landings
a. Commercial spear: 2010, 2012
d. Recreational spear: 2003, 2012
d. Recreational hook and line: 2003, 2008, 200202
7. Abundance indices
a. Fishery-dependent
i. Commercial spear (logbook): 1993-2012
ii. Commercial hook and line (FL trip ticketsp94-2012
iii. Recreational spear: 1992-2012
iv. Recreational hook and line: 1991-2012
b. Fishery-independent
i. Baitfish trawl: 2002-2012
ii. SEAMAP trawl: 2008-2012
iii. PC/FWRI video survey: 2005-2012
iv. Age-0 seagrass trawl: 2008-2012
8. Length composition data from fishery-independemvey
a. Baitfish trawl: 2002-2012
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b. SEAMAP trawl: 2008-2012
c. PC/FWRI video survey: 2010-2012
d. Age-0 seagrass trawl: 2008-2012
9.Age composition of fishery-independent surveys
i. Baitfish trawl: 2007, 2009-2012
ii. SEAMAP trawl: 2008-2012

10.2 FLK/EFL Stock Data Summary

1. Life history
a. von Bertalanffy growth parameters
b. Morphometric parameters
c. Natural mortality estimates
2. Landings
a. Commercial spear: 1986-2012
b. Commercial hook and line: 1986-2012
c. Commercial traps: 1986-2012
d. Recreational spear: 1986-2012
d. Recreational hook and line: 1986-2012
3. Discards (included in landings with 10% relemms®tality for discarded alive)
a. Commercial spear: 1993-2012 (logbook program)
a. Commercial hook and line: 1993-2012 (logboaigpam)
b. Recreational spear: 1986-2012
c. Recreational hook and line: 1986-2012
4. Length composition of landings
a. Commercial spear: 1991, 1997-2003, 2005, 202-20
b. Commercial hook and line: 1993-1996, 1998-2@0®3, 2011-2012
c. Commercial traps: 1993, 1996, 1998-2003
d. Recreational spear: 1992, 1989, 1993-2012
d. Recreational hook and line: 1993-2012
6. Age composition of landings
a. Commercial spear: 2010, 2012
d. Recreational spear: 2003, 2012
d. Recreational hook and line: 2003, 2008, 200202
7. Abundance indices
a. Fishery-dependent
i. Commercial spear (logbook): 1993-2012
ii. Commercial hook and line (FL trip ticketsp94-2012
iii. Recreational spear: 1992-2012
iv. Recreational hook and line: 1991-2012
b. Fishery-independent
i. Baitfish trawl: 2002-2012
ii. SEAMAP trawl: 2008-2012
iii. PC/FWRI video survey: 2005-2012
iv. Age-0 seagrass trawl: 2008-2012
8. Length composition data from fishery-independemtvey
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a. Baitfish trawl: 2002-2012
b. SEAMAP trawl: 2008-2012
c. PC/FWRI video survey: 2010-2012
d. Age-0 seagrass trawl: 2008-2012
9.Age composition of fishery-independent surveys
i. Baitfish trawl: 2007, 2009-2012
ii. SEAMAP trawl: 2008-2012

10.3 GA-NC Stock Data Summary

1. Life history
a. von Bertalanffy growth parameters
b. Morphometric parameters
c. Natural mortality estimates
2. Landings
a. Commercial spear: 1986-2012
b. Commercial hook and line: 1986-2012
c. Commercial traps: 1986-2012
d. Recreational hook and line: 1986-2012
3. Discards (included in landings with 10% relemms®tality for discarded alive)
a. Commercial hook and line: 1993-2012 (logboaigpam)
c. Recreational hook and line (interpolated; se&2.3): 1986-2012
4. Length composition of landings
a. Commercial spear: 1992, 1996, 2004-2006, 20Q02-2
b. Commercial hook and line: 1986-2012
c. Commercial traps: 1991
d. Recreational hook and line: 2007-2012
6. Age composition of landings
a. Commercial spear: 2011, 2012
d. Commercial hook and line: 2008, 2011, 2012
d. Recreational hook and line: 2007, 2008, 2011220
7. Abundance indices
a. Fishery-dependent
ii. Commercial hook and line (FL trip ticketsp94-2012
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11 Stock Assessment Model and Results

11.1 Stock Synthesis Model Description

11.1.1 Overview

The assessment model selected for the assessmeftock Synthesis (Methot 2013) version
3.24s. Stock Synthesis (SS) has been widely usgdeated for assessment evaluations,
particularly in the US west coast NMFS centers (MeR013). Descriptions of SS algorithms
and options are available in the SS user's mamdetih(ot 2013;
http://nft.nefsc.noaa.gov/Stock _Synthesis_3)rdand Methot and Wetzel (2013).

Stock Synthesis is an integrated statistical catehge model which is widely used for stock
assessments in the United States and throughoutathié (Methot and Wetzel 2013). SS takes
relatively unprocessed input data and incorponaiasy of the important processes (mortality,
selectivity, growth, etc.) that operate in conjumctto produce observed catch, size and age
composition and CPUE indices. Because many of timpsgs are correlated, the concept behind
SS is that they should be modeled together, whitshto ensure that uncertainties in the input
data are properly accounted for in the assessi@8&nis comprised of three subcomponents: 1) a
population subcomponent that recreates an estiohdite numbers/biomass at age using
estimates of natural mortality, growth, fecund@ig.; 2) an observational sebmponent that
consists of observed (measured) quantities su€P&aiE or proportion at length/age; and 3) a
statistical sulcomponent that uses likelihoods to quantify theffithe observations to the
recreated population.

11.1.2 Data Sources

All data sources are described in Chapters 5-8antmarized in Chapter 10.

11.1.3 Model Configuration and Equations

A length-based, age-structured, forward-simulagiopulation model was used to assess the
status of Hogfish in the Southeastern U.S for ed¢he three genetically-distinct studies: West
Florida (WFL), East Florida including the Florida¥s and Dry Tortugas (FLK/EFL), and
Georgia through North Carolina (GA-NC). Nearlylalhdings of Hogfish from the Gulf of
Mexico originate from within Florida, therefore thtock is described as a West Florida stock for
the purpose of this assessment although the WFk staluded the limited catch data from

other Gulf of Mexico states. Separate assessmedeimwere developed for each of the three
stocks using consistent model configurations. &the model configurations are consistent, the
models are presented and described together inrepolt section.

The models were implemented in Stock Synthesist{mMe?011) version 3.24s. The separate

models use data through 2012 and the time peritidechssessments is 1986-2012. While
historical reconstruction was applied for commdrarad recreational data back to 1950, the
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early years of recreational data (1981-1985) wewsrted unreliable due to low precision and
high variability in catch estimates, in which zeaich was estimated for a number of these years
in each stock and gear combination. Data collacttas assumed to be relatively continuous
throughout the year; therefore, a seasonal compan¢ne removals and biological predictions
was not modeled. The model was configured to aeldiscards directly into the landings data,
by assuming a 10% and 100% discard mortality @tédok and line and spear fishing,
respectively. This configuration was deemed appatg given that Hogfish regulations (12"
minimum FL; 5 fish per day recreational limit) haxegnained constant throughout the data rich
period (1994-2012) without evidence for changeth@size or age composition, thereby
precluding the need to model retention and discaxgscitly.

11.1.3.1 Life history

Growth rates were fixed in the assessment modeguwssingle growth curve for both sexes
developed from the life history studies conducteddogfish in the WFL stock (Ch 5.5.4),
thereby assuming Hogfish have similar growth dyregnaimong all stocks. Growth was
modeled with a three parameter von Bertalanffy 8qndLmin, Lmax andK). In SS, when fish
recruit at the real age of 0.0 they have a body sgual to the lower limit of the first population
bin (Lbin; fixed at 2 cm FL). Fish then grow linearly uritiey reach a real age equal to the input
value of Anin (growth age foL.min) and have a size equal to thein. As they age further, they
grow according to the von Bertalanffy growth eqomatLmaxwas specified as equivalentlie.

Two additional parameters are used to describedhability in size-at-age; these parameters
represent the CV in length-at-age atif{age 1) and Aax(age 21). For intermediate ages a
linear interpolation of the CV on mean size-at-egased. A single length-weight relationship
was fixed for both sexes to convert body length)(tovbody weight (kg) using all available
length-weight information (Ch 5.5.2). Alternatigeowth functions were assessed as sensitivity
runs.

The natural mortality ratéM) was assumed constant over time but decreasimgag# based on
Lorenzen (2005), with a cumulative target M=0.12@ross ages to scale the age-specific
estimates. The M vector was computed assuming amax age of 25yrs (McBride and
Murphy 2003), which supports the maximum age ctdiédn the life history studies (23 years),
and using the von Bertalanffy growth parametersftbe life history studies (Ch 5.5.4).
Alternative mortality-at-age functions were assdssesensitivity runs by assuming alternative
maximum ages (20 and 30).

The assessment model was set-up with two gendexsctunt for the reproductive biology of
Hogfish as protogynous hermaphrodites (femaler#t,ithen a portion of the population
transitions to male). Thus, it was assumed thas#xeratio at birth was 100% females. Immature
females transitioned to mature females based oted fogistic function of length, and mature
females transitioned to mature males based ored fogistic function of length (Ch 5.6.3),

based on reproductive data collected in the liggdny studies on Hogfish by FWRI researchers.
Spawning stock biomass (SSB) was modeled usinm#tare biomass of both females and
males in the base model, based on the generabfankormation on the importance of sperm
limitation for this species (Brooks et al. 2008herefore, use of a two gender model was not
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required, but was kept as is for sensitivity runhalternative SSB approaches. More detailed
fecundity ogives are available for Hogfish fromneaguctive studies (McBride and Johnson
2007, Collins and McBride in press; Ch 5.6.4); hegrethese tend to emphasize a decline in
fecundity with age as females transition to madesl therefore would discount the influence of
male contribution, which may be significant givéeit transition time of a few months and
preference of males by the fishery due to sizderAhtive scenarios with female fecundity were
assessed as sensitivity runs.

11.1.3.2 Stock-recruitment model

A Beverton-Holt stock-recruitment model was usethis assessment. Three parameters of the
stock recruitment relationship were estimated enrtiodel: (1) the log of unexploited
equilibrium recruitmentRo), (2) an offset parameter for initial equilibricnecruitment relative

to virgin recruitment logR1), and (3) the steepnesy parameter. The steepness parameter
describes the fraction of the unexploited recrpitsduced at 20% of the equilibrium spawning
biomass level. A fourth parameter representingstaadard deviation in recruitmerij was

input as a fixed value of 0.6. Rarelyisdirectly estimable from the given data and henee it
often necessary to input as a fixed parameter.e&on of the three stocks, a steepness prior with
a beta distribution was used from Shertzer and ¢28h2) for reef fish. For the SS
parameterization, the alpha and beta estimatdsediata distribution from Shertzer and Conn
(5.94 and 1.97, respectively) were converted tartean and standard deviation (0.748 and
0.146, respectively) for input into SS.

Stock Synthesis provides an option for estimatirggrhain recruitment deviations for a data-rich
period, and early recruitment deviations for egdwgrs, including those prior to the start of the
model in order to estimate the beginning age coitiposn the model. For this analysis, early
recruitment deviations were used for the perio366-1992, thereby including years prior to
the start of the model in order to estimate thiaihage structure for all 21 ages. The main
recruitment deviations were modeled from 1993-20%fhck synthesis assumes a lognormal
error structure for recruitment, so expected régrents were bias adjusted. Methot and Taylor
(2011) recommend that the full bias adjustment telyapplied to data-rich years in the
assessment and a few years into the data-richdoefibis is done so SS will apply the full bias-
correction only to those recruitment deviationd tieve enough data to inform the model about
the full range of recruitment variability. The s4gackage provides a recommended function for
the bias adjustment based on Methot and Taylorl(R@hd these values were entered as the
final parameters after an initial run of the bas®lal to obtain the recommended function.
There were no applicable environmental covariaidmk to recruitment.

11.1.3.3 Starting conditions

The starting year of the assessment model is B&®ovals of Hogfish are known to have
occurred in the Southeastern US since the lates] @8@l thus the stock was not assumed to be at
equilibrium at the start of the modeled periodvéai the moderate to low precision for the
recreational fishery data, which makes up the nitgjof the catch since recreational statistics
have been collected, attempts at a historical igcoction for Hogfish were considered
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unreliable. Because of the start of the modeb&61 initial F rates were estimated for those
fisheries that had measured catches during 1986otbrthe WFL and FLK/EFL stocks. One
exception was made for the WFL stock, where atterapestimating the initial F rates for each
of the fleets failed to converge under multiple mlotbnfigurations. Due to this, the commercial
hook and line fishery was fixed at an initial Feraff 0.001 for 1986. This F rate was based
loosely on the ratio of fleet-specific landingsatele to 1998, where an independent F estimate
of 0.06 was derived in McBride and Murphy (2003)ngsa catch curve analysis from the life
history study conducted from 1995-2001. This lovate is assumed to be of an appropriate
magnitude, given the catch of Hogfish by the conaiaéhook and line fishery was 0.77 metric
tons in 1986, likely representing fewer than 10@@ltHogfish caught of average weight.

11.1.3.4 Assumed error in landings data

For the base models, the commercial landings wsesenaed to have a constant standard error
(log-space) of 0.1, while the recreational landingse assumed to have a constant error equal to
the median of the MRIP error estimates from 2002220The median MRIP estimates were
used for the recreational data in order to avosspade misspecification of the order-of-
magnitude of error by using the estimated yearifpezrors from the MRFSS/MRIP

calibration procedure. Specifically, error estiesator the MRFSS time series (1981-2003) were
exceptionally higher after calibration when complai@the original MRFSS estimates (Figures
11.1.3.4.1-11.1.3.4.3). Generally, the MRFSS ezstimates from the post-stratification
procedure were markedly less than the MRIP erriimages for the same period (2004-2011),
and the calibration procedure magnified the eamgreestimates considerably. As a result, the
year-specific error estimates for the early pertmmth the original MRFSS and calibrated series,
were deemed questionable for the base model rumsodiis “uncertainty in the uncertainty”.
Use of year-specific error estimates were assaasgghsitivity analyses using both the original
and calibrated MRFSS error estimates.

11.1.3.5 Indices of abundance

The WFL assessment model includes five fishingg$lelur of which had associated indices of
abundance, and four fishery-independent indicedbahdance (see Ch 8.5.1). For the fisheries
dependent indices, no CPUE analysis was availablihé trap fishery, which was phased out in
the 1990s. The logbook program provided for addeatized CPUE index of abundance for the
commercial spear fishery, but data were insufficfenthe commercial hook and line fishery (K.
McCarthy SEFSC, pers. comm.). Therefore, a comialdrook and line index was developed
from the Florida Trip Ticket program. Recreatiomalices of abundance for spear and hook and
line were developed from the MRFSS/MRIP intercegid Survey indices of abundance were
developed from the baitfish trawl, SEAMAP trawl, RNand Panama City video surveys, and
the FWRI seagrass trawl for young of year. Leragti age composition data were available for
some of the years in each fleet and survey, altholig age composition data were sparse.

The FLK/EFL assessment model includes five fistilegts, four of which had associated
indices of abundance as in the WFL model, and tsleefy-independent indices of abundance
(see Ch 8.5.2). For the fisheries dependent isdive CPUE analysis was available for the trap
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fishery, which was phased out in the 1990s. Thbdok program provided for a standardized
CPUE index of abundance for the commercial spedithank and line fisheries, although the
index for the hook and line developed from the mats (steadily increasing) did not correspond
to other indices of abundance for this stock (galhestable or decreasing). This logbook index
also had issues with the analysis for determiniregassociated species (Stephens and MacCall
approach), and had the highest error comparechtey tigbook indices. Therefore, an alternate
index was used in the base model for the commdrmoialk and line developed from the Florida
Trip Ticket program. Recreational indices of abamck for the spear and hook and line were
developed from the MRFSS/MRIP intercept data. 8wymdices of abundance were developed
from the Reef Visual Census (RVC) surveys condubtethe Univ. of Miami and partnering
organizations (NOAA, NPS, FWRI, others). The RV@yK survey was conducted yearly in the
Florida Keys from Miami to Key West, while the RVI®rtugas survey was conducted every
third year, in most years, in the Dry Tortugas oegi Length and age composition data were
available for some of the years in each fleet,caitiih the age composition data were sparse.
Only length information was conducted by the RV@gram as this is a visual survey.

The GA-NC assessment model includes four fishiegtfl, one of which had an associated index
of abundance, and no fishery-independent survey (@ae Ch 8.5.3). A commercial hook and
line index was developed from the logbook prograot,logbook data were insufficient to
develop a commercial spear index. While an alterea@ombined-gear index was developed
from the South Carolina Trip Ticket program, tmdex was of a shorter time frame and of
similar variability. Additionally, an exploratognalysis of the North Carolina Trip Ticket
program was conducted, but was provided at a ke $b not included in the analyses.
Therefore, the logbook index was used as the pyinmalex for this stock. Adequate length
information was available from the commercial haokl line fishery on a yearly basis, but was
sparse for the commercial spear and recreatiostatifies. Limited age samples were only
available in recent years.

11.1.3.6 Selectivity distributions

Length-based selectivity functions were specifi@deach fishery and survey in all three
assessment models, with the exception of the jleveeagrass trawl surveys in the WFL stock
where an age-based selectivity function was usexkghis survey catches only young-of-year.
For most of the length-based selectivity functidhs,length selectivity applied to ages 1 to 20
yr (i.e., selectivity by length did not include yagtof-year). For the RVC surveys, the full set of
ages were included (0-20 yr) since the RVC infredjyesurveys individuals in the smallest size
bins (2-6 cm), representing young-of-year. Forifisheries and surveys, unique selectivity
functions were used for each, but a few exceptibti®ccur. In the WFL stock, the SEAMAP
survey was set to mirror the Baitfish survey, sitieelength composition data was similar and
they sample using trawls in similar habitat by shene organization (FWRI). In the GA-NC
stock, the commercial trap fishery did not have awgilable length information (1 sample for
the entire time frame), so this fishery was sehiwor the commercial hook and line fishery for
lack of a clear alternative.

All length-based selectivities were parameterizéti the SS double normal function option, but
were parameterized to be either asymptotic or deinaged depending on the fishery and stock.
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When using an asympototic function, four of thegpaeters were fixed to simulate a logistic
function (start value=0, end value=1, and peakhvaitd descending limb width fixed at any
value as they are not relevant). Due to issu#sfnaely fitting all parameters in the double
normal function for dome-shaped functions (6 patansetotal), each selectivity function had
some of the parameters fixed. In most casesténeand end values were fixed to 0.0,
representing no selectivity on the smallest angesirsize bins (2 and 90 cm), respectively.
Decisions to fix other parameters were based ogthecomposition data, knowledge of the
fishery, and/or multiple runs to determine how plaeameter would typically be estimated.
Although a number of the selectivity parametersenestimated with high asymptotic standard
errors, the decision was made to leave the parasnie¢ely estimated albeit with low precision,
in order to fully explore alternative model fitsrthg the uncertainty analysis. Tables 11.1.4.1-
11.1.4.3 present the parameters estimated by thelmocluding each selectivity function for
the different fisheries and surveys in each stock.

For the WFL stock, it is generally assumed that el@imaped selectivity is prevalent due to the
wide continental shelf and potentially extensivesophytic habitat available to Hogfish, and
their known offshore ontogenetic movement with @ggellins and McBride 2011). Inspection of
the length composition data (Ch 5.5.5 and assatiajares) suggests that commercial spear and
hook and line fisheries catch as large of individ@e found in the life history studies, with the
commercial hook and line having a similar lengtgfrency as the life history studies.
Combined with the fact that the commercial hook kmel fishery targets species other than
Hogfish across the shelf, the commercial hook am&was fixed to an asymptotic selectivity
function, while the commercial spear end valuetiierlength selectivity was freely estimated
(1=asymptotic, <1= dome-shaped to differing degreeall other fisheries were fixed to fully
dome-shaped selectivity (end value=0.0). The fissandependent surveys were also assumed
to be dome-shaped given the size frequency disioitisi of the catch (baitfish and SEAMAP
trawls, video surveys), which suggested samplingnadller-sized individuals than the fisheries.

For the FLK/EFL stock, different selectivity funatis were assigned as in the WFL stock,
dependent on the knowledge of the fisheries angkgarand available length composition data.
The commercial hook and line fishery, commerciaptfishery, and RVC-Tortugas survey were
all considered asymptotic. Note that the commet@a fishery in the FLK/EFL stock catches
larger individuals than the commercial trap fisheryhe WFL stock, which is likely due to
different trap configurations used in the two regdB. Mueller FWRI, pers. comm.). The
commercial spear fishery selectivity was modeleth whe end value freely estimated as in WFL
stock, in order to provide for a continuum of asyotis to dome-shaped behavior. The
recreational fisheries and the RVC-Keys survey vadlreonsidered dome-shaped due to the
length frequency data (Figure 5.5.5.25). Althotlglh RVC-Keys and RVC-Tortugas employ the
same methods, the two surveys were modeled ditfgrdue to the areas of sampling. While
extensive mesophytic habitat does exist in theubars region (Locker et al. 2010), it is
unknown whether unsampled mesophytic areas arreliff in size structure from the adjacent
Dry Tortugas regions that are sampled by the RV@tbas survey. As a result, no evidence
exists to support a dome-shaped relationship ®RWC-Tortugas surveys. Comparison of the
size frequency distributions between the RVC-Keays the commercial fisheries suggest that
the commercial fisheries may target individual$anfer sizes/ages not sampled by the RVC-
Keys surveys in the 0-30 m depth limit. Use opatml sub-stock model that separates the Dry

FWC Hogfish SA — SECTION 3 16



South Atlantic and Gulf of Mexico Hogfish

Tortugas from the Keys reef tract would be morerappate for this stock given the strong
differences in fishing pressures and existencargiel marine protected areas, but the data were
deemed insufficient at this stage to attempt thesencomplex model configuration (i.e.,
requiring knowledge of adult movement patterns landal dispersal pathways).

For the GA-NC stock, each of the four fisheriesevassigned an asymptotic selectivity, given
the large sizes of Hogfish caught in this regiod Etk of evidence for a dome-shaped
selectivity (Figure 5.5.5.26). Because size datdlfe commercial trap fishery were not
available (only a few measurements over all ye#thhs fishery was assigned to mirror the
commercial hook and line fishery for lack of a clakernative.

11.1.4 Parameters Estimated

A total of 79, 78, and 58 parameters were estimfaethe base model runs in the WFL,
FLK/EFL, and GA-NC stocks, respectively (Tables114.1-11.1.4.3). Since the recommended
SS ‘hybrid’ F mode was used, year-specific contusub rates were not estimated, which greatly
reduced the total number of parameters neces&#sg.of the continuous F option tended to
produce similar model estimates during prelimimandel runs. The estimated parameters in
both models consisted of four major groups: (1glst@cruitment parameterk, (Ro, andR;

offset); (2) recruitment deviations, including gaykars prior to the start of the model to
initialize the age structure (1966-1985), earlyrgeaith lower precision data (1986-1992), and
the main deviation years with higher precision qag@93-2012); (3) initial Fs for 1986; and (4)
size selectivity parameters. The base model ®FILK/EFL stock additionally estimated Q for
the initial year of the RVC-Keys survey (1994) again in 2000 to model a change in
catchability reflecting updates to the RVC methodgland increases in precision. Parameter
bounds were selected to be sufficiently wide to@dwancating the searching procedure during
maximum likelihood estimation. The soft bounds optin SS was utilized when fitting the
assessment model. This option creates a weak symireta penalty on selectivity parameters
to move parameters away from the bounds (Metho1R0%ee the Appendices code for each
model for bounds that were assigned for each ettthzarameter.

11.1.5 Model Convergence

Model convergence was assessed using a jittersisalyhere the initial values used for
minimization were randomly adjusted with the intentof causing the search to traverse a
broader region of the likelihood surface. Startmafues of all estimated parameters were
randomly perturbed by 10% and 50 trials were riar the WFL model, 41trials converged to a
solution within two total log-likelihood units. @rof the trials did not converge, and two trials
were nearly 200 likelihood units larger. For tH&KFEFL stock, 42 trials converged to a
solution within two total log-likelihood units. Afrials converged, and those greater than 2 log-
likelihood units from majority of trials were withi50 total log-likelihood units. For the GA-NC
stock, 48 trials converged to a solution within twg-likelihood units, and the remaining two
trials were within ten log-likelihood units. Tabland Figures 11.1.5.1-11.1.5.3 depict the
changes in select quantities (parameters, biolbggbarence points, total log-likelihood), which
were relatively similar across the runs that susftdly converged. While this test cannot prove
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convergence of three assessment models, it digroeide strong evidence to the contrary for
the three stocks.

11.1.6 Uncertainty and Measures of Precision

Uncertainty in parameter estimates and derived tijieresulting from uncertainty in data
inputs was investigated using a parametric boqstpproach. Bootstrapping is a technique
used to estimate confidence intervals for modedpaters or other quantities of interest. To
conduct the bootstrap analysis, a built-in optiothiw SS was used to create bootstrapped data-
sets. This feature performs a parametric bootstsapy the error assumptions and sample sizes
from the input data to generate new observationstahe fitted model expectations. The model
was refit to 500 bootstrapped data-sets and thehiison of the parameter estimates was used
to represent the uncertainty in the parameterdanged quantities of interest.

Asymptotic standard errors were also calculatethbgrting the Hessian matrix (i.e., the matrix
of second derivatives of the likelihood with regptecthe parameters) after the model fitting
process (Tables 11.1.4.1-11.1.4.3). Asymptoticddesherrors are based upon the model’'s
analytical estimate of the variance near the cayeasolution.

Finally, likelihood profiles were completed for éastock for the steepness of the stock-recruit
relationship ). Likelihood profiles are commonly used to elwtel conflicting information
among various data sources, to determine how asymortiee likelihood surfaces surrounding
point estimates may be, and to provide an additievauation of how precisely parameters are
being estimated.

11.1.7 Sensitivity Analyses

Uncertainty in model assumptions was assessedghreensitivity analyses. These scenarios
are intended to provide more information about gieity to key model parameters and potential
conflict in signal among data sources.

11.1.7.1Initial conditions

As a test to the influence of the start date oftfeglel, two options were utilized: the start date
was decreased to 1981 in order to utilize the @néicreational landings from the initial 5 years
for each stock. A second set of sensitivity rueserxconducted with the historical landings taken
back to 1950 for only the Florida stocks, whicheglon the initial ten years of recreational
landings (1981-1991) to develop the historical tseees. For both sets of runs the initial
equilibrium catch data input was adjusted to reftee changes. The initial F parameters were
additional fixed for those fleets where the staytypear landings were zero.
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SR-WFL-1.1: 1981 model start year
SR-FLK-1.1: 1981 model start year
SR-GANC-1.1: 1981 model start year

SR-WFL-1.2: 1950 model start year
SR-FLK-1.2: 1950 model start year

11.1.7.2Indices of Abundance

Due to the variability in the fisheries independeatices for the WFL stock, different
combinations of the indices were included in thedetdy conducting a jackknife leave-one-out
analysis of the surveys. This analysis was comalgidty setting the likelihood weights
(lambdas) to zero for each component of the remawek (suvey, length comps, and age
comps if available). In addition to setting thentadas to zero, the size selectivity parameters
were fixed.

SR-WFL-2.1: baitfish survey, length comps, and eg@aps removed (lambdas=0)
SR-WFL-2.2: SEAMAP survey, length comps, and agag®removed (lambdas=0)
SR-WFL-2.3: Video survey and length comps removachijdas=0)

SR-WFL-2.4: Juvenile survey and length comps rerddlaambdas=0)

11.1.7.3Assumed error in recreational catch time series

For the base models, the recreational catchesagstened to have a constant error equal to the
median of the MRIP error estimates from 2004-2GE2 (Ch 11.1.3.4). This was done in order
to avoid possible misspecification in the magnitoflerror by using the year-specific error
estimates from the MRFSS/MRIP calibration proced&igures 11.1.3.4.1-11.1.3.4.3). To
address the influence of this choice on the basi#eiestimates, year-specific error estimates
were run for each of the stocks under two sepadnarios: (1) error estimates from the
calibrated time series (1981-2012); and use obtiggnal MRFSS error estimates for the time
period they exists (1981-2011 for the FL stocks81:2012 for the GA-NC stock). For scenario
(2) with the FL stocks, the final year error (2048)s set equal to the median of the 2004-2011
period.

SR-WFL-3.1: Calibrated year-specific PSEs
SR- FLK -3.1: Calibrated year-specific PSEs
SR-GANC-3.1: Calibrated year-specific PSEs

SR-WFL-3.2: MRFSS year-specific PSEs

SR- FLK -3.2: MRFSS year-specific PSEs
SR-GANC-3.2: MRFSS year-specific PSEs
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11.1.7.4Steepness prior

A steepness prior with a mode of h=0.84 (betaibistion) from Shertzer and Conn (2013) was
used in the base model as a general estimateegfrass for reef fish in the Gulf of Mexico. To
test the influence of this assumption, use of tihar in each of the base models was removed.

SR-WFL-4.1: The steepness prior from Shertzer amh@2013) was removed
SR- FLK-4.1: The steepness prior from Shertzer@onn (2013) was removed
SR- GANC-4.1: The steepness prior from Shertzer@aoh (2013) was removed

11.1.7.5Selectivity

Given the strong assumptions made in the selecipatameters for each stock where asymptotic
selectivity was assumed for at least one fisheryésuin each stock, and the strong influence
that these decisions will make on stock abundandestatus, the restriction of a fixed

asymptotic selectivity was removed for each fiskgryey where it was fixed in the base
models. For this set of sensitivities, a dome-skdpnction was not fixed priori as the
alternative, but the shape was determined by fregtiynating the end value, peak width, and the
descending slope parameters of the double-norredtsaty function.

SR-WFL-5.1: Asymptotic selectivity not fixed (i.elpme-shape possible) for relevant
fleets/surveys

SR- FLK-5.1: Asymptotic selectivity not fixed (i,elome-shape possible) for relevant
fleets/surveys

SR- GANC-5.1: Asymptotic selectivity not fixed (i,elome-shape possible) for relevant
fleets/surveys

11.1.7.6 Reproduction

Spawning stock biomass was modeled as the suntlofémales and males in the base models
due to the unknown importance of sperm limitatiotdogfish. As a result of this assumption,
the male transition parameters had no bearing @oditcome of the model, and fecundity
relationships for females were not utilized sirtoe female and male units of measure had to be
on the same scale (i.e., biomass at size to sumdeaes). Since Hogfish are batch spawners,
the potential exists for size- or age-based spagvingguency to alter the relationships between
reproductive potential and spawning biomass (Coepat. 2012, Porch et al. 2013). In
addition, Collins and McBride (2011) found that thale transition period can vary between
inshore and offshore areas, presumably as a respofishing pressures as males are removed
from a harem.

To address the sensitivity of the three stocksfterént assumptions on reproductive potential,
alternate fecundity relationships and male tramsiparameterizations were used. For each

stock, males were removed from the calculatiorepfaductive potential, and female fecundity
was modeled using two alternative approaches: fayetion of biomass as in the base model;
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and (2) age-specific fecundity accounting for spagyrirequency with age (Ch 5.6.4 and Figure
5.6.4.3; as in Porch et al. 2013 for SEDAR 31)addition, three alternative male transition
parameterizations were modeled with the female bgmoption above: (1) average transition as
in the base model; (2) nearshore transition frorittdand McBride (2011), which may be

more appropriate for higher F scenarios; and (fBhofe transition from Collins and McBride
(2011), which may be more appropriate for low Fnse®s. Conditioning the transition
parameters on F through estimation of a linkagarpater would be most appropriate, but such
an option does not currently exist in Stock SynthéR. Methot, pers. comm.).

SR-WFL-6.1: Female SSB with average male transpiamameters
SR- FLK-6.1: Female SSB with average male transipiarameters
SR- GANC-6.1: Female SSB with average male transparameters

SR-WFL-6.2: Female age-specific fecundity with ager male transition parameters
SR- FLK-6.2: Female age-specific fecundity with r@ge male transition parameters
SR- GANC-6.2: Female age-specific fecundity witleraage male transition parameters

SR-WFL-6.3: Female SSB with nearshore (higher Hertransition parameters
SR- FLK-6.3: Female SSB with nearshore (higher Blentransition parameters
SR- GANC-6.3: Female SSB with nearshore (highen&le transition parameters

SR-WFL-6.4: Female SSB with offshore (lower F) maéasition parameters
SR- FLK-6.4: Female SSB with offshore (lower F) enahnsition parameters
SR- GANC-6.4: Female SSB with offshore (lower F)ertgansition parameters

11.1.7.7Age and Growth Data

Since the von Bertalanffy growth function was fixeging data from the life history studies for
each of the base models, data inconsistenciesdeteeted between the age and length
observations when running the likelihood profilseg Ch 11.2.4; Figures 11.2.4.4, 11.2.4.8, and
11.2.4.12). As aresult, alternate approaches uszd to both input the age data and represent
growth in this set of sensitivities. These incldd#) representing the data not as conditional
age-at-length, but as age inputs across the datigth spectrum (i.e., the lbin_lo and Ibin_hi
inputs were set to -1); (2) removing the age datafthe model analyses (i.e., assigning
lambdas=0.0 for all phases); and (3) estimatinggtiogvth parameters in place of fixing them in
the base model run.

SR-WFL-7.1: Age data input across all length bires,(not conditional age-at-length)
SR- FLK-7.1: Age data input across all length Kires, not conditional age-at-length)
SR- GANC-7.1: Age data input across all length l§ires, not conditional age-at-length)

SR-WFL-7.2: Age data removed (lambda=0.0 acrosshalkes)

SR- FLK-7.2: Age data removed (lambda=0.0 acrdgshalses)
SR- GANC-7.2: Age data removed (lambda=0.0 acrbbghases)
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SR-WFL-7.3: Estimate growth parameters with the ehod
SR- FLK-7.3: Estimate growth parameters with thedeio
SR- GANC-7.3: Estimate growth parameters with tloeleh

11.1.7.8Life History

A few alternative life history parameterizationsrev@sed to address model assumptions for
natural mortality, maturity, and growth. First,awlternative maximum assumed ages (20 and
30, versus 25 in the base model) were used toeldresrmortality at age vector. Second, for the
Florida stocks, the alternative maturity schedplesented in McBride et al. (2008) for each
stock were used in place of the one derived usingxéended dataset for the WFL shelf from
both of the life history studies conducted (eatlydges from 1995-2001 and more recent studies
from 2005-2007). Finally, for the Florida stockse growth functions derived in McBride and
Richardson (2007) for each stock were used in pdhtlee one derived using the extended life
history dataset for the WFL stock.

SR-WFL-8.1: Maximum age of 20 used for age-spedificalculations
SR- FLK-8.1: Maximum age of 20 used for age-sped¥icalculations
SR- GANC-8.1: Maximum age of 20 used for age-spedlf calculations

SR-WFL-8.2: Maximum age of 30 used for age-spedificalculations
SR- FLK-8.2: Maximum age of 30 used for age-sped¥icalculations
SR- GANC-8.2: Maximum age of 30 used for age-spedlf calculations

SR-WFL-8.3: Stock-specific maturity schedule fronsBfide et al. 2008
SR- FLK-8.3: Stock-specific maturity schedule frviaBride et al. 2008

SR-WFL-8.4: Stock-specific growth function from Mase and Richardson (2007)
SR- FLK-8.4: Stock-specific growth function from Bieide and Richardson (2007)

11.1.8 Retrospective Analysis

Retrospective analysis was conducted to assesotisestency of stock assessment results by
sequentially eliminating the last four years ofadfiom the terminal year while using the same
model configuration. The results of this analysesevuseful in assessing potential biases, data
inconsistencies, and uncertainty in terminal yesineates.

11.1.9 Benchmark/Reference Point Methods

Various stock status benchmarks and referencegaietcalculated in SS. The user can select
reference points based on maximum sustainable (i&RY), equilibrium spawning biomass per
recruit (SPR), and spawning stock biomass (SSBrkSSynthesis calculates SPR as the ratio of
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the equilibrium reproductive output per recruittth@uld occur with the current year’s F
intensities and biology, to the equilibrium reprotive output per recruit that would occur with
the current year’s biology and no fishing. For SB#8ed reference points, SS searches for an F
that will produce the specified level of spawningrbass per recruit relative to the unfished
value. For spawning biomass-based reference p@#&tsearches for an F that produces the
specified level of spawning biomass relative touhéished value. Both MSY and spawning
biomass-based reference points are dependent atottierecruit relationship. YPR and SPR
fishing mortality reference points can be calcudatelependent of the stock-recruit relationship.
However, biomass reference points based on YPFRS&fRIconcepts do require knowledge of
the stock-recruit relationship.

As no preferred reference point is currently setHogfish and an assessment workshop was not
conducted in order to provide guidance on an ap@atgpmetric, this assessment presents both
SPR and MSY-based reference points. For all aeg)ygock status was ascertained relative to
maximum fishing mortality thresholds (MFMT, incluteRysy, Fsow, Fss0s and Boe) and their
corresponding minimum stock size thresholds (MS8algulated as (1-M)*SSBrerence
(SS&EFERENcénCIuded: SSBsy, SS&o%, SSBsy, and SSBo%) Here, M:0.179_§7 for the base
model configuration.

11.1.10 Projection Methods

Projections were run to evaluate stock status aadcgated yields for a range of fishing
mortality rate scenarios. Projections were run f20t3 to 2032 for the base model using the
following configurations for each of the three #tsic

* Fo: no fishing scenario

* Feurreni fishing mortality rates for all fleets were setthe geometric mean of the last three
years (2010-2012)

* F300s the fishing mortality rate that results in an éiium SPR of 30%

* F3504 the fishing mortality rate that results in an éigtium SPR of 35%

* F4094 the fishing mortality rate that results in an #iguum SPR of 40%

* Fusy: the fishing mortality rate at MSY (note: this pesponds to fixing SRRy in SS)

Determination of the Eyuiq to rebuild the FLK/EFL stock within ten years, mdpwith

probability density functions of forecasted yiefdsthe projection years (via bootstrapping of
the projections above) will be provided directiythe SSC.
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11.2 Model Results
11.2.1 Measures of overall model fit

11.2.1.1Landings

Error in the landings data were assumed constanstndard error of 0.1 (log-space) for the
commercial landings, leading to precise fits tocbexmercial catch data. In contrast, the
recreational landings error was assumed constansi@ndard error equal to the MRIP PSE
values from 2004-2012, which ranged from 0.4-Oglgle Florida stock fisheries, and 0.77 for
the GA-NC stock hook and line fishery. Due to thesoderate to high error values, the fit to
recreational landings were not as precise as icahemercial fisheries for the three stocks
(Figures 11.2.1.1.1-11.2.1.1.3).

11.2.1.2Indices of abundance

For the WFL stock, the model was fit to four fislkesrdependent indices (commercial spear from
logbooks, commercial hook and line from Floridg tickets, recreational spear, and recreational
hook and line) and four fisheries-independent iasli(baitfish trawl, SEAMAP trawl, video
survey, and age-0 seagrass trawl). The obsencgradicted indices are presented in Figures
11.2.1.2.1-11.2.1.2.8. The fits to the fisheriepe&hdent indices were similar, since the four
fisheries tended to have similar trends in the ofeskCPUES over time. The commercial
indices had a stronger peak in observed abundanoeyd000-2003, which was not evident in
the recreational indices. As a result the predict@del was lower and higher for the
commercial and recreational indices, respectivailiying this period. Also during the last year,
the hook and line fisheries (commercial and reavaat) had an observed decline in 2012 while
the spear fisheries had an observed increasentptuldifferences between the predicted and
observed fits. The predicted decline in 2011 abtPXor the fisheries was primarily due to
harvest of the strong (predicted) 2006 year clagsled to the predicted increases in abundance
through 2010. The predicted recruiting class wadent in the baitfish trawls, where an

increase in abundance was measured between 2007{200re 11.2.1.2.5), and similarly with
the video survey in 2008 and 2009 (Figure 11.27).2All of the fisheries independent surveys
sampling smaller individuals (baitfish, SEAMAP, amge-0 seagrass surveys) had an observed
increase in abundance during the terminal yearttigatnodel predicted as a result of the increase
in the age-0 recruits from the seagrass trawlauf€ig1.2.1.2.8). The model fit the age-0
seagrass trawl data relatively well as the onlgindf recruits used.

For the FLK/EFL stock, the model was fit to foustferies-dependent indices (commercial spear
from logbooks, commercial hook and line from Flaritp tickets, recreational spear, and
recreational hook and line) and two fisheries-iretefent indices (RVC-Keys and RVC-
Tortugas). The observed and predicted indicep®ented in Figures 11.2.1.2.9-11.2.1.2.15.
The model performed relatively well at predictitg tobserved declines in abundance during the
early to mid-1990’s in the fisheries-dependentgedi(Figures 11.2.1.2.9-11.2.1.2.11), but had
variable fits to all indices after 2000, where sandices had downward trends (i.e. recreational
fisheries) while the RVC surveys and commercialdes were relatively flat but variable from
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2000-2012, without any clearly consistent patterfise rapid increase in abundances from
1994-1998 to year 2000 as suggested by the RVC-&ay®y was modeled as a change in
catchability (Figure 11.2.1.2.14), due to adjusttaea the methodology with new benthic
habitat maps that improved the precision of theeys (Smith et al. 2013).

For the GA-NC stock, only one fisheries-dependedéx was used (commercial hook and line
from logbooks). The model fit to this index wamp, where the predicted was nearly reverse in
trends compared to the observed data (Figure 12.26), suggesting an inconsistency in the
logbook data compared to other data inputs (eedihgs, length samples).

11.2.1.3Length composition

For the WFL stock, the model was fit to length ateaagons from all five fisheries-dependent
indices (commercial spear, commercial hook and teenmercial traps, recreational spear, and
recreational hook and line) and all four fisheriedependent indices (baitfish trawl, SEAMAP
trawl, video survey, and age-0 seagrass trawle diiserved and predicted length composition
data for each data source and year are presenkegures 11.2.1.3.1-11.2.1.2.18, while Figures
11.2.1.3.19-11.2.1.3.20 present the observed ardigbed data for all data sources averaged
across all years. Given the sparsity and smalpsasizes of observations on a yearly basis, the
year-specific predictions relative to the obsergiath were often variable and poor. However,
the model performed well at predicting the averaggth compositions when averaged across
all years for each of the data sources (Figure.1B29), without any large residual patterns
evident (11.2.1.3.20). The only exception witlgiaresiduals was with the smallest size classes
predicted for the age-0 seagrass trawl (‘RecTradl)Qvhere the model underestimated the fit
for the smallest size (large positive residuals).

For the FLK/EFL stock, the model was fit to lengtiservations from all five fisheries-
dependent indices (commercial spear, commercidt bad line, commercial traps, recreational
spear, and recreational hook and line) and thdfisheries-independent indices (RVC-Keys and
RVC-Tortugas). The observed and predicted lengthposition data for each data source and
year are presented in Figures 11.2.1.3.21-11.24,.%hile Figures 11.2.1.3.35-11.2.1.3.36
present the observed and predicted data for al stairces averaged across all years. For the
RVC surveys, the selectivity applied to all agessts including age-0, so a dual peak was
evident in the model predictions, where the fiesalp signified the length composition of the age-
0 year class (i.e., see numbers at length for dipailation for the length range of the age-0 class
at the middle of the year; Figure 11.2.5.11). @Gitkee sparsity and small sample sizes of
observations from the fisheries on a yearly bakesyear-specific predictions relative to the
observed data were often variable and poor. Ypeciic predictions for the RVC data were
more similar to the observations. Importantly ®C data are from visual census by divers,
and the lengths are estimated. The strong peakegiobserved data often correspond to the 5cm
intervals, suggesting that divers will often estiena fish length to the nearest 5cm bin versus
1cm bin. Despite this data imprecision, the mdid¢he year data relatively well for the RVC
surveys. The model performed well at predictingdlerage length compositions when
averaged across all years for each of the dat@zes®(Figure 11.2.1.3.35), without any large
residual patterns in general (11.2.1.3.36). Sargel positive residuals were evident for the
smallest size classes of the RVC surveys, as # mgghe age-0 length compositions.
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For the GA-NC stock, the model was fit to lengtls@tyations from three of the four fisheries
(commercial spear, commercial hook and line, anteational hook and line). The observed
and predicted length composition data for each slaiace and year are presented in Figures
11.2.1.3.37-11.2.1.2.42, while Figures 11.2.1.3143.1.3.44 present the observed and
predicted data for all data sources averaged aatbgsars. Data were sparse for all but the
commercial hook and line fishery, which was relaltywvell sampled across the entire time
frame (Figures 11.2.1.3.39-11.2.1.3.40). Averageds all years, the model fit the data
relatively well (Figure 11.2.1.3.43), although tiieserved data were more platykurtic than the
model predicted.

11.2.1.4Conditional Age-at-length

Age observations were included in the model as itiondl age-at-length in order to avoid
double-counting the observations, since all agemasions had corresponding length
measurements used in the length composition ddtalel fits to the age-at-length data for the
three stocks are presented in Figures 11.2.1.42.114.12. Given the sparsity of age
observations, the model fits were highly variablghile conditional age-at-length is often used
to improve estimates of the growth function, thevgh function was fixed in this analysis due to
the large number of age samples from the life hysémalysis relative to the fisheries and
surveys. Estimates

11.2.2 Parameter estimates and associated measures of uncertainty

A list of all model parameters for each of the éhseocks are provided in Tables 11.1.4.1-
11.1.4.3. The tables include estimated parametlees and their associated asymptotic standard
errors, initial parameter values, prior values, amether the parameter was fixed or estimated.

The standard errors are low to moderate for th@ntgjof parameters in each stock with a few
exceptions. The initial age structure and eartyuit deviations approached a standard error of
0.6, while the main recruitment deviations wereegahy between 0.1-0.3 for the WFL and GA-
NC stocks, and 0.05-0.2 for the FLK/EFL stock. Sdanalyses suggest that the data are not as
informative for determining the stock recruitmeefationship in the WFL and GA-NC stocks as
in the FLK/EFL stock. This result is also suppdrbg the likelihood profile of the steepness
estimate (see Ch 11.2.4). For the majority ofstblectivity parameterizations for the different
fisheries and surveys, th&arameter, which controls the peak width, was lycestimated

with high standard errors. This was mainly a restimost fisheries and surveys having a small
peak width, allowing for a range of potential loalwes that would effectively produce the same
peak width given the other parameters. Choositix s parameter for most fisheries and
surveys would have been suitable, but the choicemade to leave this freely estimated to
explore more possible model fits in the bootstrapantainty analyses.
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11.2.3 Fishery selectivity

The estimated selectivity patterns for the varifigtseries and surveys of each stock are
presented in Tables 11.1.4.1-11.1.4.3 and Figutes31-11.2.3.7, including the length-based
selectivity functions, the age-based-selectivitydtion for the age-0 survey in the WFL stock
(Figure 11.2.3.2), and the derived age-based satgdtnctions (i.e., derived from the length-
based selectivity functions used in the model)l. I&igth-based selectivity functions were
modeled with the double-normal approach, whereatlyenptotic selectivity functions had a
number of parameters fixed in order to simulategastic function.

For the WFL stock, all selectivity functions wer@deled using length, except the age-0
seagrass trawl survey which used an age-basedduariot only age-0 individuals. All
recreational fisheries and surveys were modelatjusidome-shaped function, while the
commercial hook and line was modeled as asympttid,the commercial spear was given the
option to choose asymptotic or dome-shaped. Foctimmercial spear, a selectivity function
was chosen where individuals around 40cm in lemgtre under full selectivity, and decreased
sharply for all larger sizes that remained at apipnately 20% selectivity. A similar parameter
fit was additionally chosen for the FLK/EFL stoakmemercial spear fishery, and suggests
directed targeting of the largest individuals, #@lbea lesser degree, across the entire stocks Th
pattern could emerge for commercial fishermen abtiseeking the largest individuals during
trips to locations furthest from port, which ard atways targeted due to travel times and costs.

For the FLK/EFL stock, all selectivity functions memodeled using length, where the ages at
which the length-based selectivity applied were-age max age, except for the RVC surveys
that sampled age-0 individuals also. Asymptotlede&vity was applied to the RVC Tortugas
survey, where larger Hogfish are known to resiae, additionally to the commercial hook and
line and trap fisheries that tend to catch thedargized Hogfish. Similar to the WFL stock, the
shape of the function was freely estimated foratvamercial spear fishery, leading to a similar
pattern where selectivity remained constant at a@dufor individuals from 40 cm to the
maximum size. This suggests similar directed retivvg of the largest fish, presumably in
spatial locations not often frequented by the ratioeal fisheries and outside the domain of the
RVC-Keys survey (i.e., >30 m depth, where the RVE&is restricted to 0-30 m depth).

Given the length frequency distributions, the ratiomal fisheries and the RVC-Keys survey
were modeled as dome-shaped functions, since idayod sample the largest individuals that
were caught by the commercial fisheries or detebyetthe RVC-Tortugas surveys.

For the GA-NC stock, all selectivity functions wenedeled with length-based functions using
an asymptotic selectivity. This choice was madegithe similarly large sizes of Hogfish
caught by the commercial and recreational fishendbis region. Similar functions were fit for
each of the fisheries, suggesting they all samgiendar portion of the Hogfish stock.

11.2.4 Recruitment

For the WFL stock, the recruitment deviations hamtlerate asymptotic error estimates, likely
resulting from the relatively stable SSB levelsdiceed throughout the model period (i.e., SSB
ranging from 900-1300 MT; Figure 11.2.4.1). TtasK of contrast in stock-recruit data
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additionally led to a relatively flat likelihood giile for steepness in this stock (Figure 11.2.4.4)
and the sensitivity run where the steepness praw nemoved (SR-WFL-4.1) led steepness to be
estimated near the upper bounds of h=.9999. Otieedtrong features modeled with
recruitment, which was consistently modeled throogimy alternative exploratory model
configurations, was the exceptional recruitment ye2006, leading to a strong year class in the
population from 2006-2010. The various data saiterded to support this strong recruitment
year (indices and length compositions), leadingaiesistency in the model fits. However, this
strong recruitment class was one of the major fadeading the retrospective patterns as the end
year of the model was decreased, causing a dedredsestrong year class and alternative
model fits (see Ch 11.2.7.3). The numbers of lieare presented in Table 11.2.4.1.

For the FLK/EFL stock, recruitment deviations westimated with higher precision than the
other stocks, leading to a more precise steeprstissage in the base model and a more well-
defined likelihood profile for steepness (Figure214.8). Use of the prior had little influence on
the model results (sensitivity run SR- FLK-4.1)h€Be results suggest that the stock-recruit
relationship was relatively well-defined for Hodfig the FLK/EFL stock. The numbers of
recruits are presented in Table 11.2.4.2.

For the GA-NC stock, the recruitment deviations hemtlerate asymptotic errors, without a
well-defined stock recruitment relationship. Tlagtprn of recruits relative to the SSB was more
similar to a Ricker function, with the largest S&8ues (near 80 MT) corresponding to the
smallest recruitment levels. As such, fitting as&gon-Holt function through the cluster of
points led to a high estimate of steepness whdadmg the prior (h=0.91), which was not well
defined from the likelihood profile (Figure 11.212), nor from the sensitivity run where the
steepness prior was removed and steepness wasitestiat the upper bounds (SR-GANC-4.1).
Substantial patterns to the recruit residuals veerdent from the base model fit where recruit
deviations from 2003-2010 were below average, whibse from 1993-2002 were above
average. The numbers of recruits are presentédbie 11.2.4.3.

The likelihood profiles for steepness for the WHFda&A-NC stock generally demonstrate wide
minima in the total likelihood with respect to qteess, while the FLK/EFL stock had a more
defined minima. For both the GA-NC and WFL stodks, prior estimate had a strong influence
on the final steepness estimate, where the changeal log-likelihood units mirrored the
change in the prior log-likelihood units, partialjaat the upper range of the steepness values
(i.e., .85-.99).

Alternative model fits in the likelihood surfacealing to strong ‘spikes’ in the change in log-
likelihoods for the FLK/EFL and the WFL stocks (krgs 11.2.4.4 and 11.2.4.8), were a result
of the model choosing alternative minima in thelitkood surface when different steepness
values were fixed. This is particularly evidenoethe FLK/EFL stock, where a steepness value
of 0.82, which is close to the minima in the chaimgleg-likelihoods, led to a particularly large
change in the model fit. Inspection of the modsfioir this value showed that the estimated size-
selectivity parameters for the recreational fiskerboth spear and hook and line, were markedly
different from surrounding values and from the baselel fit. This suggests that poor contrast
in the data led the model to choose alternativallognima of the likelihood surface during

model estimation for this and other steepness galdewever, this only happened for a small
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proportion of the likelihood profile, and the unlyarg minima were still evident for the stocks.
Choosing to fix poorly-estimated selectivity valwesuld potentially solve this problem and lead
to a smoother likelihood profile; however, the deivas made to leave selectivity parameters
freely estimated in order to explore a wider raofjalternative model fits during the bootstrap
uncertainty procedure, particularly since lengtt age data were sparse and the selectivity
estimates have a strong influence on stock status.

Each of the models showed inconsistencies in tteeidputs, particularly the age data which
was inversely related to the length data, wherdehgth data was the largest component of the
total likelihood. This was likely due to the fabat the growth function was fixed, and the
model had to reconcile fits to both the length agd observations when the relationship
between the two was safpriori. To explore this inconsistency in more detail Jtiple

sensitivity runs were conducted where the ageidate was modeled differently and the growth
function was estimated (see Ch 11.2.7.2.7).

11.2.5 Stock biomass

For the WFL stock, the asymptotic errors for timeetiseries of biomasses were relatively high, as
can be seen in the 95% asymptotic intervals for F&@ure 11.2.5.2). Generally the model
predicts the WFL stock remaining relatively constfaom 1986-2005, with a more pronounced
rise in abundance from 2006-2012 that correspamtisetindices of abundance, particularly the
fisheries CPUEs. This rise in abundance was piedligs result of the large recruit class in

2006, as can be seen in the numbers of femalegedFagure 11.2.5.3). An additional large
recruit class was predicted in 2012 as a resuhli@pike in recruitment recorded in 2012 with
the age-0 survey for this stock. The SSB timeesds presented in Table 11.2.4.1.

For the FLK/EFL stock, the biomass time series weétively flat over the time period, with a
slight downward trend from the mid-1980’s througl2000. The biomass was low relative to
the virgin abundance (Figure 11.2.5.7), with rekly high precision in the asymptotic errors
(Figure 11.2.5.8). The recruiting classes weratngdly constant throughout the time period of
the model with the largest recruiting classes pitediin the beginning of the time series (Figure
11.2.5.9). The SSB time series is presented ieThh2.4.2.

For the GA-NC stock, two increases in biomasse® wegdicted, with the first beginning in the
late 1980’s through 1995, and the second beginnitige early 2000’s through 2006. The large
increase in abundance in the early period wasylidgl/en by the exceptionally large
recreational catch recorded in 1995, causing theéeino compensate with a large recruit class in
1990 to provide the biomass for this observed caiven the low precision of the recreational
data for this stock, it is unlikely that the fisii@vould experience such drastic year-to-year
changes in landings, but the data were used asvelos® represent the best available
information on this stock. The second peak in l@esiin 2010 was likely due to the low
landings in the early 2000’s and subsequent ineseaslandings through 2010. This catch
history led the model to estimate a large recidagsin 2002 to provide the biomass for the
landings. An inconsistent pattern emerged witklstmomass over time relative to the index of
abundance, leading to a negative relationship ketviee predicted and observed index
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estimates (Figure 11.2.1.2.16), suggesting strondjicts in the landings and effort information.
The SSB time series is presented in Table 11.2.4.3.

11.2.6 Fishing mortality

Fishing mortality rates were summarized using ahexploitation rates of biomass, represented
as the total annual catch divided by the summaognbss at the start of the year. Here, summary
biomass refers to the total biomass of ages 1-28,20 being the plus group. Exploitation rates
were chosen to represent F due to difficultiesiterpreting the sum of instantaneous F’s from
each fleet, especially under the selectivity fumtsi modeled for the different fleets.

For the WFL stock, the exploitation rates avera@®& across years, with a maximum in 1991
of 0.12 corresponding to the largest landings okeskm 1991 (Table 11.2.4.1; Figure 11.2.6.1).
The recreational spear fishery accounted for thmitaof fishing pressure in all years, while
recreational hook and line fishing rates were simih magnitude to the commercial spear
(Figure 11.2.6.2). The trap fishery representdgl arsmall portion of the exploitation in the
early 1990’s prior to phasing out of the trap fishend the commercial hook and line fishery
had limited fishing effort on Hogfish throughouettime period. Exploitation rates have been
trending upwards in recent years since 2005, wisietitributable to increases in harvest in both
the commercial spear and recreational hook andibheries.

For the FLK/EFL stock, the exploitation rates age 0.33 across years, with a maximum in
1987 of 0.59 corresponding to the largest landotgserved in 1987 (Table 11.2.4.2; Figure
11.2.6.3). The recreational spear fishery accalftethe majority of fishing pressure in nearly
all of the years, although a few years in the 1880’s and early 1990'’s had larger predicted
fishing pressure from the recreational hook ane fishery (Figure 11.2.6.4). The recreational
hook and line fishery had a strong predicted drofishing pressure from the mid-1990’s to
2000, corresponding to a drop in the observed raggdi This drop coincided with
implementation of the sanctuary preservation af8R#4s) in the Florida Keys National Marine
Scantuary (FKNMS) in 1997, which may have influehtiee recreational hook and line fishing
pressure due to protection of the most pristineragdse reef habitat along the reef tract. A
similar drop in spear fishing pressure was notateteduring this time, suggesting that the spear
fishery, which is not allowed in all areas of theNMMS, was not impacted by the
implementation of the SPAs as with the hook and fishery. Similar to the WFL stock, the
trap fishery represented only a small portion eféiploitation in the early 1990’s prior to
phasing out of the trap fishery, with limited fisgieffort from the commercial hook and line
fishery throughout the time period. Exploitati@tas have been variable over the later part of
the time series (2005-2012), without any cleardseoverall or among fisheries. However, the
recreational spear fishery has experienced twhethree largest peaks in fishing effort during
the terminal five years of the model.

For the GA-NC stock, the exploitation rates aveda@@4 across years, with a maximum in
1995 of 0.85 corresponding to the largest landotgserved in 1995 (Table 11.2.4.3; Figure
11.2.6.5). The large spikes in the fishing effeere due to the large observed recreational
landings in both 1986 and 1995, where the modelipted larger than expected landings on top

FWC Hogfish SA — SECTION 3 30



South Atlantic and Gulf of Mexico Hogfish

of the already large observed landings (Figure.11123). Such year-to-year variability in the
recreational landings are unlikely in nature, amebe estimated landings were likely biased due
to the low precision of the recreational landingis.an exploratory model run, the recreational
landings were filtered by removing these outlyimgss and interpolating in between, but the
terminal year estimates remained similar, sugggshiat the model results were not sensitive to
these low precision estimates early in the timeeserin effect they led to large recruit years
early in the time series that did not persist thee later years. The commercial hook and line
fishery had the most consistently large fishingeffor the majority of the time series, but
decreased substantially from the mid 1990’s togaresin more recent years, as the fishery has
shifted from landings in North Carolina to Southr@ima (Table 6.2.2.2), the composition of the
landings has shifted from primarily the commertiabk and line to the commercial spear
fishery. Similar to the other stocks, the commarrap landings has declined from peaks in the
early 1990’s. While the primary fisheries havetsil in more recent years, the exploitation
rates have been of similar magnitude to the eartpitd-1990’s, and have declined from a peak
in 2010 through 2012.

11.2.7 Evaluation of uncertainty

11.2.7.1Parameter uncertainty

Tables 11.2.7.1.1-11.2.7.1.3 provide summary siegigmean, SD, median, 95% confidence
intervals, interquantile ranges) for key quanti{learameters, BRPs) from both the bootstrap
runs and the base model run. The base modelseselalso provided in each table for
comparison to the bootstrap results. Figures T1.2.-11.2.7.1.15 present the probability
distributions of key parameters, BRPs, and stoatust(both single estimates and time-varying
estimates). For the tables and figures, F/MFMT eadsulated with F being the geometric mean
of the terminal three years (2010-2012), while 3885T was calculated as the terminal year
SSB (2012) relative to the mortality-adjusted eatenof SSB (MSST=(1-M)*SSRrceT)-

MSY and SPR targets of 30%, 35%, and 40% wereeparstely to provide estimates of
uncertainty in stock status at each target. Iregdnthe asymptotic errors (Tables 11.1.4.1-
11.1.4.3) tended to produce similar estimateseadithotstrap, as can be inferred from comparing
to the bootstrap parameter estimates (Tables 11.2-:71.2.7.1.3). However, given the highly
skewed distributions for some quantities on redcanges (e.g., SPR, steepness), the
percentile distributions from the bootstrap anaysiovide a more informative metric of the
error distribution. In general, the estimates fithi WFL stock were the most variable, with the
FLK/EFL estimates being the least variable of tivee stocks.

11.2.7.2 Sensitivity Analyses

Figures 11.2.7.2.1.1-11.2.7.2.8.3 present the teestithe sensitivity runs for select time series
(F, SSB, Depletion, SPR) and stock status (F/MFBISB/MSST) for both MSY and an SPR
target of 30%. Alternative SPR targets were novigled as part of the sensitivity analyses due
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to SS only providing for a single SPR target per. riables 11.2.7.2.1-11.2.7.2.3 provide key
parameter estimates for each of the sensitivitg,rahowing how the runs affected particular
aspects of the model fits. Each sensitivity catggb analysis is presented in detail below.

11.2.7.2.11nitial conditions

For this sensitivity analysis, the start date @f thodel was adjusted to 1981 for all three stocks,
and 1950 for the Florida stocks. However, thet stht 950 for the FLK/EFL stock did not
converge so is not included in this discussiorgufes 11.2.7.2.1.1-11.2.7.2.1.3 provide a visual
of how the various start dates affected each ostbeks. In general, the start date had a strong
influence on the initial SSB, initial recruitmeand steepness estimate, but little influence on the
size selectivity parameters (Tables 11.2.7.2.1-71223). Changing the start date did not change
the terminal year estimates of stock status fordariie three stocks, although the BRP ratios
(F/IMFMT, SSB/MSST) were impacted substantiallyddferent ratios.

11.2.7.2.2Indices of Abundance

For this sensitivity analysis, alternative indicdsbundance were removed from the WFL base
model to see if any had a strong influence on thdehfits. Figure 11.2.7.2.2.1 provides a

visual of how the indices affected the WFL stoc¢k liminating each of the indices tended to
have a minimal influence on the various paramgiegsented (Tables 11.2.7.2.1-11.2.7.2.3), and
inspection of the Figure showed that while somtheftime series estimates were influenced by
the indices, none tended to have an overridingeff&iven the similarity of the baitfish an
SEAMAP surveys, elimination of each of these deta &d to similar model predictions.
Predictions of stock status did not change dubdartdices, where the indices tended to impact
estimates of biomass but not F.

11.2.7.2.3Assumed error in recreational catch time series

For this sensitivity analysis, year-specific esti@seof recreational error were input into the
model to determine the influence of using a congtate from recent years (2004-2012) for all
years. Figures 11.2.7.2.3.1-11.2.7.2.3.3 providsaal of how the year-specific PSE estimates
affected each of the stock models. Including ysgaeific error estimates had relatively minor
impacts on the key model parameters, although i dMRFSS error estimates, which were
lower (Figures 11.1.3.4.1-11.1.3.4.3) led to losterepness estimates in each stock, particularly
the Florida stocks (0.04 less). In each of thelkstpa few select years were modeled as having
exceptionally high Fs relative to surrounding yegatsong peaks in F) which also influenced the
SSB time series and subsequent SSB/MSST estimdtas of year-specific estimates were least
pronounced for the FLK/EFL stock, which experienteslsmallest peaks in F relative to the
base model. The GA-NC model, which had the highasir estimates in more recent years, had
a substantially altered biomass time series dutiegoeriod from 1995-2002 as a result of strong
F pulses in 1995 and 1999. For each of the stalksstatus of the stock relative to overfishing
and overfished remained unchanged, although tharial year ratios for SSB/MSST were
substantially impacted in the WFL stock.
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11.2.7.2.4Steepness prior

For this sensitivity analysis, the steepness gram Shertzer and Conn (2002), which is based
on reef fish in the Southeastern US, was remowad fhe base model runs. Figures
11.2.7.2.4.1-11.2.7.2.4.3 provide a visual of hber$teepness prior estimates affected each of
the stock models. For both the WFL and the GA-l&lkss, removal of the steepness prior led

to an inability to estimate steepness, where stespwas estimated near the upper bounds of 1.0,
resulting in a change to the MSY estimate. Assalteonly the MSY-based ratios (k/éy,
SSB/MSSTsy) were impacted for these stocks (note: the timeséor the SSB/MSSJsy is

not included in Figure 11.2.7.2.4.1 for the WFLcktdlue to an extremely high ratio estimate).
For the FLK/EFL stock, there was enough contrasthéndata to freely estimate steepness, which
was the same estimates as when including the stsgmior (h=0.83). As a result, this
sensitivity had no perceivable impact on the FLK/EFock.

11.2.7.2.5Selectivity

For this sensitivity analysis, those fisheriesunveys that had a fixed asymptotic size selectivity
were provided the option to fit the shape of tHedevity as a continuum from dome-shaped to
asymptotic. Figures 11.2.7.2.5.1-11.2.7.2.5.3 i®wa visual of how the removed asymptotic
restriction affected each of the stock modelsallcases, removal of the asymptotic restriction
led to estimation of a fully dome-shaped functieading to estimation of an unknown cryptic
biomass in each of the stocks since no asympatatonships were included as a result. The
effect was substantial in each of the stocks, tegath higher estimates of population biomass
and subsequently lower estimates of F. The eff@stpronounced in the FLK/EFL stock, where
the status of the stock changed from a highly esteefl state to a non-overfished state when
assuming all were dome-shaped selectivity. Ginan évidence for dome-shaped selectivity for
all fleets/surveys in each of the stocks does rist,ehese sensitivities are presented for
reference only to highly the importance of obtajnatcurate estimates of the selectivity
functions.

11.2.7.2.6Reproduction

For this sensitivity analysis, alternative apprazcto modeling reproductive potential were
conducted, including using female SSB, female fdiyrat age accounting for changes in
spawning frequencies with age, and female SSBffareint male transition probabilities.

Figures 11.2.7.2.6.1-11.2.7.2.6.2 provide a visdi&low the alternative reproductive potential
approaches affected each of the stock models., Notee of the alternative reproductive metrics
in the GA-NC stock models successfully convergétipagh parameters estimates were still
calculated for some parameters; this is most likiely to the available information from this
stock being all fisheries-dependent, and the fishainly catches large males that have
transitioned from females. As would be expectedtie Florida stocks, removal of the male
SSB from the reproductive potential had a stronggict on the model estimates of SSB and
subsequent reference points and stock statuscyarty with respect to the SPR targets that use
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SSB as the primary metric. Use of female SSBdemarkedly smaller steepness estimates in
the FLK/EFL stock compared to the base model, imilar estimates in the WFL stock.

11.2.7.2.7 Age Data

For this sensitivity analysis, the age data wastinpalternative forms, and the growth
parameters were additionally estimated to asceti@mpotential effect from the age data. This
sensitivity was added to address issues with theeidaonsistencies detected from the likelihood
profiles of steepness across the stocks, wheragbe&ata was found to be inconsistent
(negatively related) to the length data for eacklst For the first analysis, the age data was
input as normally done for year-specific age contoss across all lengths (i.e., not conditional
age-at-length) and the likelihood lambdas wereeaBsad to account for double counting of
observations with both length and age informatian,(the age and length lambdas for a fleet
summed to 1.0, where the proportion was determiaseéd on the proportion of observations in
each). Additionally, the age data was removed detaly (all lambdas = 0.0) for the second
sensitivity, and the growth function was estimatdeen using the conditional age-at-length as
the third sensitivity. Figures 11.2.7.2.7.1-11.2.7.3 provide a visual of how these alternative
inputs to the age and growth data affected eatheo$tock models. How the age data was input
had a strong influence on the model results agtmeks, with the FLK/EFL stock being the

most robust to the age data, which is not surggigimen this stock had the fewest age data
available. Inputting the age as conditional agkagjth versus normal age data had some impact
across stocks, but not a pronounced differenceer\Wising the conditional age-at-length option,
the total number of observations for the age dateeases substantially in the model, leading to
a large likelihood component due to the age ddsive to other data sources. Conversely,
when using the age composition input across afjtlebins, the likelihoods were adjusted to sum
to 1.0 for both length and age data, leading tmaller influence of the length and age data
relative to other data inputs (indices, catch)tireating the growth function directly had a large
impact on the FLK/EFL and GA-NC stocks, but lessofeffect for the WFL stock. This is not
surprising given that the life history studies weoaducted on the WFL shelf where the fixed
growth function in the base models was estimatesh fisuggesting potential differences in age
at length across stocks. The estimated growthtifemeun for the FLK/EFL stock had a large
impact, but may be questionable given the few dogervations included in the model (n=114
across all years and data sources). The choicenaes to retain the conditional age-at-length
formulation in the base model due to more apprégaacounting of changes in observations
across years (i.e., not having to adjust lambdaalfyears combined).

11.2.7.2.8Life History

For this final sensitivity analysis, alternativielhistory parameterizations were used for natural
mortality for all three stocks, and stock-spedi@male maturity and growth from the literature
for the Florida stocks. For the mortality sengitdés, two alternative maximum ages were
modeled (20 and 30). The alternative stock-spefifictions for maturity and growth were
based on the early life history studies (1995-2@@hducted by FWRI that compared the WFL
and FLK/EFL stocks directly. Differences in matuand growth between stocks were
substantial (McBride and Richardson 2007, McBritdal €2008), although the effects of fishing
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on age truncation and subsequent estimates of lregih-based functions are difficult to
disentangle from potential inherent stock diffeeicAs a result, the base model used updated
data from just the WFL stock for all stocks, whararger size distribution was available to
estimate the relationships, assuming that inhetiéigrences do not exist between the stocks in
these life history parameters that could be eigleeretically or environmentally mediated. For
the alternate mortality formulations, the lowerurat mortality rates corresponding to a higher
maximum age of 30 increased the estimates of veBgawning biomass in all stocks, and
steepness in the FLK/EFL and GA-NC stocks, butltthel impact on the selectivity parameters.
The higher M rates (max age of 20) tended to irsgr¢he status of the stock (higher depletion,
higher SPR, higher SSB/MSST) across all stockispafih the effect was more pronounced for
the WFL and GA-NC stocks. For the alternate matand growth functions in the Florida
stocks, maturity had little impact on paramete®PB, and stock status for both Florida stocks
(Figures 11.2.7.2.8.1-11.2.7.2.8.2). However dlternate growth functions did have a large
effect on the estimates, which was particularlynptmnced in the FLK/EFL stock. This is not
surprising given that the.Lwas half the size as used in the base model ¢42.6ersus 84.9

cm). As discussed in McBride and Richardson (2008 low L, is likely a result of the heavy
fishing pressures at the time and significant agecation, so should not be viewed as a
reasonable alternative, but useful for illustrafugposes. Use of the growth functions from just
the Dry Tortugas region in McBride and Richards?d®0(), where lower exploitation rates
existed, would potentially be more informative wtstempting to model stock-specific
differences.

11.2.7.3Retrospective Analysis

Strong retrospective patterns were evident foibdme model of both the WFL and GA-NC
stock, but not evident for the FLK/EFL stock (Figsir11.2.7.3.1-11.2.7.3.3). The strong pattern
with the WFL stock is likely a result of the incetag CPUE from the commercial and
recreational fisheries from 2007-2012, which igdewit across all fisheries (Figure 8.5.1.1), and
suggested by the fisheries independent surveysi@g#5.1.1). Both the baitfish trawl and
video surveys suggest an increase in the populaften 2006 that could represent a strong year
class, given the small size selectivity range fi@se surveys. To fit the CPUE and survey
trends, the model predicts a strong recruit clagx0D6. Exploration of the base model failed to
find an alternative model fit that did not havetr@isg year class in 2006, suggesting a
consistency in the data to support this. Remothegerminal years of data from the assessment
model in the retrospective analysis leads to sesyatic decrease in the strength of the 2006
recruiting class, and subsequently impacts thenestis of SSB and fishing mortality
substantially. As suggested by Legault (2009)tioaus warranted when attempting to use
assessment models with strong retrospective patterrstock status and subsequent
management advice. However, the consistency ICBIEE trends from both spear and hook
and line fisheries, which operate under substdyntififerent catchability and targeting regimes,
suggest that the base model estimates using alableayears of data may represent the best
available fit to the data, and not necessarily dehmisspecification leading to the retrospective
patterns. Attempts to fit temporal changes infaldity to all fisheries (commercial and
recreational spear and hook and line), which isroftonsidered a key process leading to
potential retrospective patterns, generally faitetbad to a convergent model across different
model configurations. For those attempts thatcdioverge using a simple model configuration
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(e.q., just spear fisheries), changes in catchgbwere not consistent among fisheries (e.g.,
decrease in commercial spear catchability afte©2@ith increase in recreational spear after
2010).

An additional strong retrospective pattern was entdn the GA-NC stock, suggesting
inconsistencies in the data. This was markedly then removing data for 2011 and 2012,
which led to a strong change in the retrospectatéepns for those years ending in 2008-2010
versus those years ending in 2011 and 2012. $hisely due to changes in the landings (peak
in 2010), and due to the sample sizes of age anyiHebservations being biased towards later
years for some fisheries (e.g., commercial spewathesamples; all commercial age samples
from 2011 and 2012). As aresult, removal of a years of data in the retrospective analysis
could lead to a substantial decline in the totabamt of age or length observations being fit to
particular fisheries in the model. As with the WHlodel, caution is warranted given these
retrospective patterns, but these patterns matzedtiven and not necessarily due to model
misspecification, given a similar pattern was notent for the FLK/EFL stock with a similar
model specification.

11.2.8 Benchmarks/reference points

This assessment presents both SPR and MSY-basedned points for consideration. For all
analyses, stock status was ascertained relativexamum fishing mortality thresholds (MFMT,
which included: Rsy, Fso%, Fss0, and Roy) and their corresponding minimum stock size
thresholds (MSST), calculated as MSST=(1-M)*&SBur. Here, M=0.179V for the base

model configuration. All MFMTs are presented imts of exploitation (harvest rate) of
biomass. Resultant reference points, stock stahstheir uncertainty are provided in Tables
11.2.7.1.1-11.2.7.1.3, which includes estimateshfomth the base model and the bootstrap runs.
Graphical representations are included with thedicap output Figures 11.2.7.1.1-11.2.7.1.15.
Additional equilibrium yield plots (SPR, YPR, angudlibrium catch) are provided in Figures
11.2.8.1-11.2.8.3.

For the WFL stock, steepness was estimable indse model only when including the Shertzer
and Conn (2012) prior, leading to gdvy of 0.15. The likelihood profiles of steepnessgasy

the upper bound of the steepness estimate is reddigtthe prior input. The SPR references
points (Row Fssu and Foew) were incrementally lower than thgdy, ranging from 0.095-0.062,
leading to lower estimates of stock status (Figdteg.7.1.3, 11.2.7.1.5). For all MFMTSs, the
base model predicted the population as being nestherfished nor experiencing overfishing,
although the median estimate for F40% was expdrgraverfishing but not overfished.
Substantial uncertainty existed in the overfishang overfished categories, as can be seen from
the individual bootstrap plots in Figure 11.2.7,h6t these nearly always estimated a non-
depleted stock (SSB/MSST>1.0) in the terminal ye&sme deviance between the base model
and the median from the bootstrap runs can beiadegure 11.2.7.1.5, where the base model
predicted a lower F/FMFT and higher SSB/MSST thenrhedian of the bootstraps. This result
suggest some inconsistencies in the original idptasets leading to a difference in model
parameter estimates in the base model relativenider exploration of the data uncertainty
range from the bootstrap analysis.
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For the FLK/EFL stock, steepness was estimablearbase model with and without including
the Shertzer and Conn (2012) prior, leading tg& fof 0.138. The SPR references points
(F309 Fss0 and Foe) were incrementally lower than the FMSY, rangingi 0.105-0.069,
leading to lower estimates of stock status (Figdte&.7.1.8, 11.2.7.1.10). For all MFMTs, the
base model predicted the population as being ®rexfi and experiencing overfishing for nearly
the entire time frame of the model runs. A fewrgdaw years in F (2000, 2006, 2011)
approached the F/MFMT ratio of 1.0, but in all catee stock was depleted (SSB/MSST>1.0).
Unlike the WFL and GA-NC stocks, the base model wak approximated by the median of the
bootstrap runs, suggesting a more robust mod the input datasets.

For the GA-NC stock, steepness was estimable ibdase model only when including the
Shertzer and Conn (2012) prior, leading taseyFof 0.31. The likelihood profiles of steepness
suggest the upper bound of the steepness estisnaiediated by the prior input. The SPR
references points §bw, Fss0, and Roy) Were incrementally lower than the FMSY, rangingni
0.197-0.133, leading to lower estimates of stoakust(Figures 11.2.7.1.13, 11.2.7.1.15). For all
MFMTs, the base model predicted the populationxaer’encing overfishing in the terminal
years, and being overfished in the SPR-based M86ifTisot the MSY-based MSST (Figure
11.2.7.1.15). Similar to the WFL model, the baselel was not well predicted by the median of
the bootstrap runs, where the base model tendeavi® higher F/MFMT and lower SSB/MSST
in the most recent years. This result suggestdhiedarge error ranges in the input data,
particularly the recreational landings with an enate of 0.75 (log-space), had a strong impact
on the plausible model fits from the bootstrap gsial

11.2.9 Projections

Time-series of projected F, SSB, and OFL from 20@32 are provided in Tables and Figures
11.2.9.1-11.2.9.3 for the base model configuratmimsach stock. Note that in SS, when the
projection is done for a specific MFMT, the SPRoasasted with the MFMT is held constant and
not the F (e.g., SPR at MSY is constant, ngéy, since SPR is a better gauge of fishing
intensity in SS models (Methot 2013). Due to tthg, projections show F changing over time
although the projections were done for a specifiEwsy, Fo%, Fss% and Row Fo, and Furen),
which can be counterintuitive if one is expectingoastant F. Equilibrium is eventually reached
with the projections when both the F and associ&te® are constant, but this can take a
substantial timeframe to reach equilibrium.

For the WFL stock, the stock was neither overfishedexperiencing overfishing in the terminal
year. Therefore, for those projections where thupation was fished at a specific MFMT, the

F increased over time to approach the given MFNM®r the projection years, the exploitation
rates and OFLs increased for the first few progectiears due to the projected increase in the Fs
resulting from recruitment forecasts. Given timat population had low F/MFMT and high
SSB/MSST ratios, the Fs steadily increased whigeS8Bs steadily decreased as the population
moved closer to the target levels.

For the FLK/EFL stock, the population was both digbed and experiencing overfishing. As a
result, the exploitation rate declined sharplyhae first projection year, followed by a slowly
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declining period as it approached the given MFMDOver this period the SSB steadily increased
to attain the MSST within approximately 15-20 yos €ach MFMT. Removing exploitation
completely (k) led to recovery of the population within 5-10¥os all MFMTs. With a MFMT
using kos as a proxy for frsy, the population reached the MSST fagfby 2021, which was

the longest period to recover (9 yr).

For the GA-NC stock, the population was near thgetalevels in the terminal year. The base
model F rates were higher than the associated ME-Mading to a decline for the first few years
until approaching the equilibrium target. As auteghe SSB steadily increased for all scenarios,
and typically reached non-depleted state withimssfgr those MFMTs where the population was
overfished in the terminal year (i.e., SPR-based/NIE).

11.3 Discussion and Recommendations

11.3.1 Discussion

This report provides three independent stock assa®s for Hogfish across the Southeastern
US, where the stock delineations were based ongesstic evidence suggesting strong genetic
breaks between the Carolina region, Southeastdaancluding the Keys and Dry Tortugas, and
the West Florida shelf. These three regions autthtly experience markedly different fishing
pressures and fishery selectivities, providingtytih separating the stock boundaries by the
genetic delineations. As a result of the diffeemnim fishing pressures, different conclusions on
the stock status were reached for each of the stock

Results from the WFL stock suggest the stock iheeioverfished nor experiencing overfishing.
While the uncertainty in the data input is higle thootstrap results support this conclusion with
respect to stock status. However, other sourcasadrtainty remain in the model specification
and model diagnostics, as assessed through thiéagnand retrospective analyses. The
abundance has remained relatively constant frormitael start in 1986 through present, with a
more recent increase in abundances from 2006-20h6.model estimates a large recruit class
in 2006, leading to these recent increases, whahdetected by the surveys and fisheries-
dependent CPUEs. A second strong recruit clasgpveaicted in 2012, suggesting the potential
for increases in abundance in the upcoming years.

Results from the FLK/EFL stock suggest that Hogéish currently overfished and experiencing
overfishing, and have been for the majority of tisice the model start in the mid-1980s.
Nearly all uncertainty analyses, both for data mrudlel specification uncertainty, support the
current overfished and overfishing status withtreédy high certainty. Abundances have
declined slightly since the model start in 1986, tave been relatively constant since the early
2000s. Higher abundances early in the time serézs partly attributable to the largest
predicted recruit classes occurring between 1988-19
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Results from the GA-NC stock suggest that Hogfighexperiencing overfishing in the most
recent years, while the depletion of the stockeiarrthe overfished limit. Although the MSY-
based reference points may not be reliable givemptor estimation of steepness without use of
a prior, the stock status relative to the MSY-bdei&5Ts suggests a non-depleted state, while
the SPR-based MSSTs suggest a depleted statenmodtaecent years. Uncertainty in the data
inputs provided inconsistent results relative ® Iblase model run in the most recent years, where
the base model tended to predict higher fishinggarees and lower abundances than the
uncertainty analyses from the bootstrap proced8réstantial uncertainty also exists with
respect to model specification from the sensitivitys and the retrospective analyses, although
these generally did not influence the stock statuke terminal years.

11.3.2 Research Recommendations

Significant advancements in the understandingfeflistory for Hogfish were made since the
last assessment in 2004 (SEDAR 6), mainly resuftioigp the effort of R. McBride and A.
Collins (FWC-FWRI) and their collaborators from tiigheries, resulting in numerous
publications and datasets. In particular, thesageples collected in both the WFL and
FLK/EFL stock represent the vast majority of sara@eailable for both stocks, providing for
stronger estimates of growth and maturity thanlakbe from fisheries dependent sources or
surveys. While the life history is particularly leategorized in the WFL, where more research
has focused (i.e., 2005-2007 life history studugsiions still remain regarding the perceived
differences in growth, maturity, and fecundity beém the FLK/EFL and WFL stocks, and how
these may be regulated by fishing pressures. ditiad, life history studies and fisheries
independent surveys are sorely needed for the GAstid€k, particularly with respect to
juveniles and mature females, since all availabla s from fishery-dependent sources that
catch primarily large, older males. Specific reco@mdations are as follows:

(1) Conduct focused life history studies in the FERL and GA-NC stocks across a range of
sizes/ages in order to test for differences in gngwaturity, and fecundity relative to the WFL
stock where more information is available. Whigirmates from the FLK/EFL exist from the
earlier life history study (1995-2001), additiosaimpling across a broader age spectrum by
targeting more remote regions with lower fishinggaure (e.g., Dry Tortugas) may allow for
better estimates of functional relationships.

(2) Develop/improve fisheries-independent surveystie GA-NC stock to specifically track
Hogfish abundance. Currently, the SERFS videonamognly detects Hogfish in less than 5%
of surveys, leading to difficulties in estimatingumdance.

(3) Improve biostatistical sampling of Hogfish ithr@gions from fisheries-dependent sources for
both length and age observations.

(4) Develop a life history study to ascertain tbatcibution of males to spawning reproductive
potential (SRP). Appropriate determination of madetribution will provide more certainty in
modeling reproduction, which has a strong influemgestock status and could be instrumental in
designing appropriate management regulations wgpect to size limits to protect the spawning
biomass.
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11.6 Tables

Table 11.1.4.1. List of SS parameters for the Vgteick Hogfish. The list includes fixed and
estimated parameter values and their associatedastaerrors from the base model run, and any
prior estimates that were used.

Predicted Prior
Label Value Parm_StDev PR_type Prior Pr_SD Status Description
L_at_Amin_Fem_GP_1 18.54 -- No_prior -- -- Fixed Female length at age 1
L_at_Amax_Fem_GP_1 84.89 -- No_prior -- -- Fixed Female length at age 21
VonBert_K_Fem_GP_1 0.1058 -- No_prior -- -- Fixed Female K
CV_young_Fem_GP_1 0.2 -- No_prior -- -- Fixed Young female growth CV
CV_old_Fem_GP_1 0.2 -- No_prior -- -- Fixed Old female growth CV
L_at_Amin_Mal_GP_1 18.54 -- No_prior -- -- Fixed Male length at age 1
L_at_Amax_Mal_GP_1 84.89 -- No_prior -- -- Fixed Male length at age 21
VonBert_K_Mal_GP_1 0.1058 -- No_prior -- -- Fixed Male K
CV_young_Mal_GP_1 0.2 -- No_prior -- -- Fixed Young male growth CV
CV_old_Mal_GP_1 0.2 -- No_prior -- -- Fixed Old male growth CV
Wtlen_1_Fem 5.28E-05 -- No_prior -- -- Fixed Female weight-length scalar
Wtlen_2_Fem 2.745 -- No_prior -- -- Fixed Female weight-lengt exponent
Mat50%_Fem 15.4696 -- No_prior -- -- Fixed Maturity inflection point
Mat_slope_Fem -0.09815 -- No_prior -- -- Fixed Maturity slope
Eggs_scalar_Fem 1 -- No_prior -- -- Fixed Fecundity scalar
Eggs_exp_wt_Fem 1 - No_prior - - Fixed Fecundity exponent
Wtlen_1_Mal 5.28E-05 -- No_prior -- -- Fixed Male weight-length scalar
Wtlen_2_Mal 2.745 -- No_prior -- -- Fixed Male weight-lengt exponent
Herm_Infl_age 7.5 -- No_prior -- -- Fixed Sex transition inflection point
Herm_stdev 2.15 -- No_prior -- -- Fixed Sextransition standard deviation
Herm_asymptote 0.999 - No_prior - - Fixed Sex transition asymptote
SR_LN(RO) 6.11596 0.145442 No_prior - - Estimated Virgin recruit
SR_BH_steep 0.847309 0.151332 Full_Beta 0.748 0.146 Estimated Steepness
SR_sigmaR 0.6 -- No_prior -- -- Fixed Stock-recruit standard deviation
SR_R1_offset 0.003224 0.088393 No_prior -- -- Estimated Stock-recruit offset
SR_autocorr 0 -- No_prior -- -- Fixed Stock-recruit autocorrelation
Early_InitAge_20 0.0568 0.612746 dev -- -- Estimated Age 20 Initial age structure
Early_InitAge_19 0.007239 0.602108 dev -- -- Estimated Age 19 Initial age structure
Early_InitAge_18 0.008259 0.602395 dev -- -- Estimated Age 18 Initial age structure
Early_InitAge_17 0.009438 0.602724 dev -- -- Estimated Age 17 Initial age structure
Early_InitAge_16 0.01084 0.603113 dev -- -- Estimated Age 16 Initial age structure
Early_InitAge_15 0.012442 0.603551 dev -- -- Estimated Age 15 Initial age structure
Early_InitAge_14 0.015659 0.604466 dev -- -- Estimated Age 14 Initial age structure
Early_InitAge_13 0.018629 0.605287 dev -- -- Estimated Age 13 Initial age structure
Early_InitAge_12 0.023667 0.606726 dev -- -- Estimated Age 12 Initial age structure
Early_InitAge_11 0.024124 0.606781 dev -- -- Estimated Age 11 Initial age structure
Early_InitAge_10 0.023976 0.606618 dev - -- Estimated Age 10 Initial age structure
Early_InitAge_9 0.025856 0.607042 dev -- -- Estimated Age 9 Initial age structure
Early_InitAge_8 0.035882 0.609895 dev - -- Estimated Age 8 Initial age structure
Early_InitAge_7 0.053856 0.615131 dev - -- Estimated Age 7 Initial age structure
Early_InitAge_6 0.091955 0.626782 dev -- -- Estimated Age 6 Initial age structure
Early_InitAge_5 0.14391 0.643321 dev -- -- Estimated Age 5 Initial age structure
Early_InitAge_4 0.238812 0.676035 dev - -- Estimated Age 4 Initial age structure
Early_InitAge_3 0.40958 0.740538 dev -- -- Estimated Age 3 Initial age structure
Early_InitAge_2 0.649259 0.765038 dev -- -- Estimated Age 2 Initial age structure
Early_InitAge_1 0.465576 0.715146 dev - -- Estimated Age 1 Initial age structure
Early_RecrDev_1986 0.045635 0.59087 dev -- -- Estimated 1986 recruit deviation
Early_RecrDev_1987 -0.17975 0.521984 dev -- -- Estimated 1987 recruit deviation
Early_RecrDev_1988 -0.17697 0.512523 dev -- -- Estimated 1988 recruit deviation
Early_RecrDev_1989 -0.25947 0.499183 dev -- -- Estimated 1989 recruit deviation
Early_RecrDev_1990 -0.04415 0.458336 dev -- -- Estimated 1990 recruit deviation
Early_RecrDev_1991 -0.19732 0.438706 dev -- -- Estimated 1991 recruit deviation
Early_RecrDev_1992 0.070475 0.310032 dev -- -- Estimated 1992 recruit deviation
Main_RecrDev_1993 0.280225 0.274601 dev -- -- Estimated 1993 recruit deviation
Main_RecrDev_1994 -0.46027 0.410909 dev -- -- Estimated 1994 recruit deviation
Main_RecrDev_1995 -0.37225 0.375641 dev -- -- Estimated 1995 recruit deviation
Main_RecrDev_1996 0.619451 0.238573 dev -- -- Estimated 1996 recruit deviation
Main_RecrDev_1997 -0.03515 0.319818 dev -- -- Estimated 1997 recruit deviation
Main_RecrDev_1998 0.133938 0.299798 dev -- -- Estimated 1998 recruit deviation
Main_RecrDev_1999 0.460743 0.214712 dev -- -- Estimated 1999 recruit deviation
Main_RecrDev_2000 -1.03234 0.377722 dev -- -- Estimated 2000 recruit deviation
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Main_RecrDev_2001 -1.26435 0.318547 dev -- -- Estimated 2001 recruit deviation
Main_RecrDev_2002 0.199475 0.191338 dev -- -- Estimated 2002 recruit deviation
Main_RecrDev_2003 -0.92158 0.353938 dev -- -- Estimated 2003 recruit deviation
Main_RecrDev_2004 -0.59145 0.312763 dev -- -- Estimated 2004 recruit deviation
Main_RecrDev_2005 0.477706 0.162757 dev -- -- Estimated 2005 recruit deviation
Main_RecrDev_2006 1.61322 0.089245 dev -- -- Estimated 2006 recruit deviation
Main_RecrDev_2007 0.684423 0.112911 dev -- -- Estimated 2007 recruit deviation
Main_RecrDev_2008 0.730045 0.09032 dev -- -- Estimated 2008 recruit deviation
Main_RecrDev_2009 -0.79668 0.146272 dev -- -- Estimated 2009 recruit deviation
Main_RecrDev_2010 -0.78269 0.146294 dev -- -- Estimated 2010 recruit deviation
Main_RecrDev_2011 -0.02572 0.137546 dev -- -- Estimated 2011 recruit deviation
Main_RecrDev_2012 1.08326 0.185207 dev -- -- Estimated 2012 recruit deviation
InitF_1Comm_Spear 0.005878 0.000916 No_prior - - Estimated Comm. Spear initial F
InitF_2Comm_HL 0.001 -- No_prior -- -- Fixed Comm. HL initial F
InitF_3Comm_Trap 0 -- No_prior -- -- Fixed Comm. Trap initial F
InitF_4Rec_Spear 0.373029 0.072107 No_prior -- -- Estimated Rec. Spear initial F

InitF_5Rec_HL 0.014695 0.007678 No_prior - - Estimated Rec. HL initial F
SizeSel_1P_1_Comm_Spear 33.8666 0.526754 No_prior -- -- Estimated Comm spear size select peak
SizeSel_1P_2_Comm_Spear -2.55632 0.466353 No_prior -- -- Estimated Comm spear size select top
SizeSel_1P_3_Comm_Spear 2.29765 0.25491 No_prior -- -- Estimated Comm spear size select ascending width
SizeSel_1P_4_Comm_Spear 3.89978 0.462456 No_prior -- -- Estimated Comm spear size select descending width
SizeSel_1P_5_Comm_Spear -15 -- No_prior -- -- Fixed Comm spear size select initial
SizeSel_1P_6_Comm_Spear -1.43495 0.22963 No_prior -- -- Estimated Comm spear size select final
SizeSel_2P_1_Comm_HL 21.8495 17.5659 No_prior -- -- Estimated Comm HL size select peak
SizeSel_2P_2_Comm_HL -5 -- No_prior -- -- Fixed Comm HL size select top
SizeSel_2P_3_Comm_HL -0.24792 41.3643 No_prior -- -- Estimated Comm HL size select ascending width
SizeSel_2P_4_Comm_HL 6 -- No_prior -- -- Fixed Comm HL size select descending width
SizeSel_2P_5_Comm_HL -15 -- No_prior -- -- Fixed Comm HL size select initial
SizeSel_2P_6_Comm_HL 15 -- No_prior -- -- Fixed Comm HL size select final
SizeSel_3P_1_Comm_Trap 30.8979 0.720354 No_prior -- -- Estimated Comm trap size select peak
SizeSel_3P_2_Comm_Trap -12.4605 44.1184 No_prior -- -- Estimated Comm trap size select top
SizeSel_3P_3_Comm_Trap 3.97924 0.196068 No_prior -- -- Estimated Comm trap size select ascending width
SizeSel_3P_4_Comm_Trap 4.10583 0.191578 No_prior -- -- Estimated Comm trap size select descending width
SizeSel_3P_5_Comm_Trap -15 -- No_prior -- -- Fixed Comm trap size select initial
SizeSel_3P_6_Comm_Trap -15 -- No_prior -- -- Fixed Comm trap size select final
SizeSel_4P_1_Rec_Spear 33.3925 0.645585 No_prior -- -- Estimated Rec spear size select peak
SizeSel_4P_2_Rec_Spear -2.52215 0.363748 No_prior -- -- Estimated Rec spear size select top
SizeSel_4P_3_Rec_Spear 2.97334 0.2211 No_prior -- -- Estimated Rec spear size select ascending width
SizeSel_4P_4_Rec_Spear 4.18582 0.254701 No_prior -- -- Estimated Rec spear size select descending width
SizeSel_4P_5_Rec_Spear -15 -- No_prior -- -- Fixed Rec spear size select initial
SizeSel_4P_6_Rec_Spear -15 -- No_prior -- -- Fixed Rec spear size select final
SizeSel_5P_1_Rec_HL 33.8786 0.875042 No_prior -- -- Estimated Rec HL size select peak
SizeSel_5P_2_Rec_HL -11.2063 58.0822 No_prior -- -- Estimated Rec HL size select top
SizeSel_5P_3_Rec_HL 3.36908 0.258 No_prior -- -- Estimated Rec HL size select ascending width
SizeSel_5P_4_Rec_HL 4.79587 0.221356 No_prior -- -- Estimated Rec HL size select descending width
SizeSel_5P_5_Rec_HL -15 -- No_prior -- -- Fixed Rec HL size select initial
SizeSel_5P_6_Rec_HL -15 -- No_prior -- -- Fixed Rec HL size select final
SizeSel_6P_1_Baitfish 7.00822 0.658318 No_prior -- -- Estimated Baitfish size select peak
SizeSel_6P_2_Baitfish -9 -- No_prior -- -- Fixed Baitfish size select top
SizeSel_6P_3_Baitfish -0.08586 40.4315 No_prior -- -- Estimated Baitfish size select ascending width
SizeSel_6P_4_Baitfish 5.8749 0.073103 No_prior -- -- Estimated Baitfish size select descending width
SizeSel_6P_5_Baitfish -15 -- No_prior -- -- Fixed Baitfish size select initial
SizeSel_6P_6_Baitfish -15 -- No_prior -- -- Fixed Baitfish size select final
SizeSel_7P_1_SEAMAP 0 -- No_prior -- -- Fixed SEAMARP size select mirror
SizeSel_7P_2_SEAMAP 0 -- No_prior -- -- Fixed SEAMARP size select mirror
SizeSel_8P_1_VideolOA 24.0333 3.93039 No_prior -- -- Estimated Video size select peak
SizeSel_8P_2_VideolOA -9.6904 73.5258 No_prior -- -- Estimated Video size select top
SizeSel_8P_3_VideolOA 3.59405 1.3786 No_prior -- -- Estimated Video size select ascending width
SizeSel_8P_4_VideolOA 6.38983 0.517301 No_prior -- -- Estimated Video size select descending width
SizeSel_8P_5_VideolOA -15 -- No_prior -- -- Fixed Video size select initial
SizeSel_8P_6_VideolOA -15 -- No_prior -- -- Fixed Video size select final
AgeSel_9P_1_RecTrawlIOA 0.1 -- No_prior -- -- Fixed Rec Trawl age select initial
AgeSel_9P_2_RecTrawllOA 0.9 -- No_prior -- -- Fixed Rec Trawl age select final
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Table 11.1.4.2. List of SS parameters for the K/ stock Hogfish. The list includes fixed
and estimated parameter values and their assoatedard errors from the base model run, and
any prior estimates that were used.

Predicted Prior
Label Value Parm_StDev PR_type Prior Pr_SD Status Description
L_at_Amin_Fem_GP_1 18.54 -- No_prior -- -- Fixed Female length at age 1
L_at_Amax_Fem_GP_1 84.89 -- No_prior -- -- Fixed Female length at age 21
VonBert_K_Fem_GP_1 0.1058 - No_prior -- -- Fixed Female K
CV_young_Fem_GP_1 0.2 -- No_prior -- -- Fixed Young female growth CV
CV_old_Fem_GP_1 0.2 -- No_prior -- -- Fixed Old female growth CV
L_at_Amin_Mal_GP_1 18.54 -- No_prior -- -- Fixed Male length at age 1
L_at_Amax_Mal_GP_1 84.89 -- No_prior -- -- Fixed Male length at age 21
VonBert_K_Mal_GP_1 0.1058 -- No_prior -- -- Fixed Male K
CV_young_Mal_GP_1 0.2 -- No_prior -- -- Fixed Young male growth CV
CV_old_Mal_GP_1 0.2 -- No_prior -- -- Fixed Old male growth CV
Wtlen_1_Fem 5.28E-05 -- No_prior -- -- Fixed Female weight-length scalar
Wtlen_2_Fem 2.745 -- No_prior -- -- Fixed Female weight-lengt exponent
Mat50%_Fem 15.4696 - No_prior -- -- Fixed Maturity inflection point
Mat_slope_Fem -0.09815 -- No_prior -- -- Fixed Maturity slope
Eggs_scalar_Fem 1 -- No_prior -- -- Fixed Fecundity scalar
Eggs_exp_wt_Fem 1 - No_prior - - Fixed Fecundity exponent
Wtlen_1_Mal 5.28E-05 -- No_prior -- -- Fixed Male weight-length scalar
Wtlen_2_Mal 2.745 -- No_prior -- -- Fixed Male weight-lengt exponent
Herm_Infl_age 7.5 -- No_prior -- -- Fixed Sex transition inflection point
Herm_stdev 2.15 -- No_prior -- -- Fixed Sextransition standard deviation
Herm_asymptote 0.999 - No_prior - - Fixed Sex transition asymptote
SR_LN(RO) 6.78076 0.242539 No_prior - - Estimated Virgin recruit
SR_BH_steep 0.829849 0.0439119 Full_Beta 0.748 0.146 Estimated Steepness
SR_sigmaR 0.6 -- No_prior -- -- Fixed Stock-recruit standard deviation
SR_R1_offset -0.00084 0.0924229 No_prior -- -- Estimated Stock-recruit offset
SR_autocorr 0 -- No_prior -- -- Fixed Stock-recruit autocorrelation
Early_InitAge_20 -0.02331 0.592899 dev -- -- Estimated Age 20 Initial age structure
Early_InitAge_19 -0.00591 0.598216 dev -- -- Estimated Age 19 Initial age structure
Early_InitAge_18 -0.00728 0.597796 dev -- -- Estimated Age 18 Initial age structure
Early_InitAge_17 -0.009 0.597265 dev -- -- Estimated Age 17 Initial age structure
Early_InitAge_16 -0.01136 0.596537 dev -- -- Estimated Age 16 Initial age structure
Early_InitAge_15 -0.01274 0.596064 dev -- -- Estimated Age 15 Initial age structure
Early_InitAge_14 -0.01502 0.595294 dev -- -- Estimated Age 14 Initial age structure
Early_InitAge_13 -0.02306 0.593059 dev -- -- Estimated Age 13 Initial age structure
Early_InitAge_12 -0.02936 0.591225 dev -- -- Estimated Age 12 Initial age structure
Early_InitAge_11 -0.03639 0.589185 dev -- -- Estimated Age 11 Initial age structure
Early_InitAge_10 -0.04557 0.586559 dev - - Estimated Age 10 Initial age structure
Early_InitAge_9 -0.05706 0.583313 dev -- - Estimated Age 9 Initial age structure
Early_InitAge_8 -0.06847 0.580037 dev -- -- Estimated Age 8 Initial age structure
Early_InitAge_7 -0.0799 0.576599 dev - -- Estimated Age 7 Initial age structure
Early_InitAge_6 -0.08667 0.573774 dev -- - Estimated Age 6 Initial age structure
Early_InitAge_5 -0.09378 0.569201 dev -- -- Estimated Age 5 Initial age structure
Early_InitAge_4 -0.10314 0.559724 dev -- -- Estimated Age 4 Initial age structure
Early_InitAge_3 -0.12219 0.54037 dev -- -- Estimated Age 3 Initial age structure
Early_InitAge_2 -0.11951 0.520678 dev -- -- Estimated Age 2 Initial age structure
Early_InitAge_1 0.078355 0.543403 dev -- -- Estimated Age 1 Initial age structure
Early_RecrDev_1986 0.645418 0.543407 dev -- -- Estimated 1986 recruit deviation
Early_RecrDev_1987 0.293646 0.452404 dev -- -- Estimated 1987 recruit deviation
Early_RecrDev_1988 0.272663 0.377963 dev -- -- Estimated 1988 recruit deviation
Early_RecrDev_1989 0.992525 0.180364 dev -- -- Estimated 1989 recruit deviation
Early_RecrDev_1990 -0.56705 0.427483 dev -- -- Estimated 1990 recruit deviation
Early_RecrDev_1991 1.12471 0.134775 dev -- -- Estimated 1991 recruit deviation
Early_RecrDev_1992 0.326706 0.254349 dev -- -- Estimated 1992 recruit deviation
Main_RecrDev_1993 -0.10284 0.225547 dev -- -- Estimated 1993 recruit deviation
Main_RecrDev_1994 -0.56309 0.185196 dev -- -- Estimated 1994 recruit deviation
Main_RecrDev_1995 0.040557 0.110565 dev - - Estimated 1995 recruit deviation
Main_RecrDev_1996 -0.27024 0.130595 dev -- -- Estimated 1996 recruit deviation
Main_RecrDev_1997 0.131193 0.104774 dev -- -- Estimated 1997 recruit deviation
Main_RecrDev_1998 0.430003 0.0952792 dev -- -- Estimated 1998 recruit deviation
Main_RecrDev_1999 0.176953 0.101021 dev -- -- Estimated 1999 recruit deviation
Main_RecrDev_2000 0.234456 0.105469 dev -- -- Estimated 2000 recruit deviation
Main_RecrDev_2001 0.075237 0.111141 dev -- -- Estimated 2001 recruit deviation
Main_RecrDev_2002 0.032392 0.107509 dev -- -- Estimated 2002 recruit deviation
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Main_RecrDev_2003 -0.44085 0.120394 dev -- -- Estimated 2003 recruit deviation
Main_RecrDev_2004 -0.23889 0.106578 dev -- -- Estimated 2004 recruit deviation
Main_RecrDev_2005 0.321056 0.0793414 dev -- -- Estimated 2005 recruit deviation
Main_RecrDev_2006 0.26473 0.0900013 dev -- -- Estimated 2006 recruit deviation
Main_RecrDev_2007 0.369897 0.0769063 dev -- -- Estimated 2007 recruit deviation
Main_RecrDev_2008 -0.12949 0.101574 dev -- -- Estimated 2008 recruit deviation
Main_RecrDev_2009 0.246259 0.0862898 dev -- - Estimated 2009 recruit deviation
Main_RecrDev_2010 0.017201 0.108402 dev -- -- Estimated 2010 recruit deviation
Main_RecrDev_2011 0.221422 0.0957179 dev -- -- Estimated 2011 recruit deviation
Main_RecrDev_2012 -0.81597 0.284532 dev -- -- Estimated 2012 recruit deviation
InitF_1Comm_Spear 0.03791 0.00595355 No_prior - - Estimated Comm. Spear initial F
InitF_2Comm_HL 0.015732 0.00233462 No_prior -- -- Estimated Comm. HL initial F

InitF_3Comm_Trap 0.008488 -- No_prior -- -- Fixed Comm. Trap initial F

InitF_4Rec_Spear 0.494929 0.127684 No_prior - - Estimated Rec. Spear initial F

InitF_5Rec_HL 0.098184 0.04936 No_prior -- -- Estimated Rec. HL initial F

LnQ_base_6_RVCKeys -6.60149 0.0766856 No_prior -- -- Estimated Initial Q for RVC-Keys
Q_walk_6y_2000 0.879222 0.0785857 No_prior -- -- Estimated Change in Q in 2000 for RVC-Keys
SizeSel_1P_1_Comm_Spear 31.4562 0.360077 No_prior -- -- Estimated Comm spear size select peak
SizeSel_1P_2_Comm_Spear -2.84954 0.397185 No_prior -- -- Estimated Comm spear size select top
SizeSel_1P_3_Comm_Spear 2.35468 0.168611 No_prior -- -- Estimated Comm spear size select ascending width
SizeSel_1P_4_Comm_Spear 1.16609 0.994048 No_prior -- -- Estimated Comm spear size select descending width
SizeSel_1P_5_Comm_Spear -15 -- No_prior -- -- Fixed Comm spear size select initial
SizeSel_1P_6_Comm_Spear 0.050017 0.197139 No_prior -- -- Estimated Comm spear size select final
SizeSel_2P_1_Comm_HL 30.8817 0.573135 No_prior -- -- Estimated Comm HL size select peak
SizeSel_2P_2_Comm_HL -9 -- No_prior -- -- Fixed Comm HL size select top
SizeSel_2P_3_Comm_HL 2.47565 0.250554 No_prior -- -- Estimated Comm HL size select ascending width
SizeSel_2P_4_Comm_HL 6 -- No_prior -- -- Fixed Comm HL size select descending width
SizeSel_2P_5_Comm_HL -15 -- No_prior -- -- Fixed Comm HL size select initial
SizeSel_2P_6_Comm_HL 15 -- No_prior -- -- Fixed Comm HL size select final
SizeSel_3P_1_Comm_Trap 34.4023 0.507749 No_prior -- -- Estimated Comm trap size select peak
SizeSel_3P_2_Comm_Trap -9 -- No_prior -- -- Fixed Comm trap size select top
SizeSel_3P_3_Comm_Trap 3.11393 0.150386 No_prior -- -- Estimated Comm trap size select ascending width
SizeSel_3P_4_Comm_Trap 6 -- No_prior -- -- Fixed Comm trap size select descending width
SizeSel_3P_5_Comm_Trap -15 -- No_prior -- -- Fixed Comm trap size select initial
SizeSel_3P_6_Comm_Trap 15 -- No_prior -- -- Fixed Comm trap size select final
SizeSel_4P_1_Rec_Spear 31.9448 0.516277 No_prior -- -- Estimated Rec spear size select peak
SizeSel_4P_2_Rec_Spear -11.3131 56.9579 No_prior -- -- Estimated Rec spear size select top
SizeSel_4P_3_Rec_Spear 2.61649 0.219624 No_prior -- -- Estimated Rec spear size select ascending width
SizeSel_4P_4_Rec_Spear 6.39902 0.24207 No_prior -- -- Estimated Rec spear size select descending width
SizeSel_4P_5_Rec_Spear -15 -- No_prior -- -- Fixed Rec spear size select initial
SizeSel_4P_6_Rec_Spear -15 -- No_prior -- -- Fixed Rec spear size select final
SizeSel_5P_1_Rec_HL 31.4649 0.708774 No_prior -- -- Estimated Rec HL size select peak
SizeSel_5P_2_Rec_HL -11.713 52.6491 No_prior -- -- Estimated Rec HL size select top
SizeSel_5P_3_Rec_HL 3.20985 0.225129 No_prior -- -- Estimated Rec HL size select ascending width
SizeSel_5P_4_Rec_HL 5.6477 0.297439 No_prior -- -- Estimated Rec HL size select descending width
SizeSel_5P_5_Rec_HL -15 -- No_prior -- -- Fixed Rec HL size select initial
SizeSel_5P_6_Rec_HL -15 -- No_prior -- -- Fixed Rec HL size select final
SizeSel_6P_1_RVCKeys 15.8085 0.146167 No_prior -- -- Estimated RVC-Keys size select peak
SizeSel_6P_2_RVCKeys -9 -- No_prior -- -- Fixed RVC-Keys size select top
SizeSel_6P_3_RVCKeys 2.15865 0.0792009 No_prior -- -- Estimated RVC-Keys size select ascending width
SizeSel_6P_4_RVCKeys 6.21792 0.0657478 No_prior -- -- Estimated RVC-Keys size select descending width
SizeSel_6P_5_RVCKeys -15 -- No_prior -- -- Fixed RVC-Keys size select initial
SizeSel_6P_6_RVCKeys -15 -- No_prior -- -- Fixed RVC-Keys size select final
SizeSel_7P_1_RVCTortugas 41.8856 1.59832 No_prior -- -- Estimated RVC-Tortugas size select peak
SizeSel_7P_2_RVCTortugas -9 -- No_prior -- -- Fixed RVC-Tortugas size select top
SizeSel_7P_3_RVCTortugas 5.90207 0.121244 No_prior -- -- Estimated RVC-Tortugas size select ascending width
SizeSel_7P_4_RVCTortugas 6 -- No_prior -- -- Fixed RVC-Tortugas size select descending width
SizeSel_7P_5_RVCTortugas -15 -- No_prior -- -- Fixed RVC-Tortugas size select initial
SizeSel_7P_6_RVCTortugas 15 -- No_prior -- -- Fixed RVC-Tortugas size select final
AgeSel_6P_1_RVCKeys 0.1 - No_prior -- -- Fixed RVC-Keys min age select
AgeSel_6P_2_RVCKeys 20 -- No_prior -- -- Fixed RVC-Keys max age select
AgeSel_7P_1_RVCTortugas 0.1 -- No_prior -- -- Fixed RVC-Tortugas min age select
AgeSel_7P_2_RVCTortugas 20 -- No_prior -- -- Fixed RVC-Tortugas max age select
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Table 11.1.4.3. List of SS parameters for the GAgdtock Hogfish. The list includes fixed and
estimated parameter values and their associatedastherrors from the base model run, and any
prior estimates that were used.

Predicted Prior
Label Value Parm_StDev PR_type Prior Pr_SD Status Description
L_at_Amin_Fem_GP_1 18.54 -- No_prior -- -- Fixed Female length at age 1
L_at_Amax_Fem_GP_1 84.89 -- No_prior -- -- Fixed Female length at age 21
VonBert_K_Fem_GP_1 0.1058 -- No_prior -- -- Fixed Female K
CV_young_Fem_GP_1 0.2 -- No_prior -- -- Fixed Young female growth CV
CV_old_Fem_GP_1 0.2 -- No_prior -- -- Fixed Old female growth CV
L_at_Amin_Mal_GP_1 18.54 -- No_prior -- -- Fixed Male length at age 1
L_at_Amax_Mal_GP_1 84.89 -- No_prior -- -- Fixed Male length at age 21
VonBert_K_Mal_GP_1 0.1058 -- No_prior -- -- Fixed Male K
CV_young_Mal_GP_1 0.2 -- No_prior -- -- Fixed Young male growth CV
CV_old_Mal_GP_1 0.2 -- No_prior -- -- Fixed Old male growth CV
Wtlen_1_Fem 5.28E-05 -- No_prior -- -- Fixed Female weight-length scalar
Wtlen_2_Fem 2.745 -- No_prior -- -- Fixed Female weight-lengt exponent
Mat50%_Fem 15.4696 -- No_prior -- -- Fixed Maturity inflection point
Mat_slope_Fem -0.09815 -- No_prior -- -- Fixed Maturity slope
Eggs_scalar_Fem 1 -- No_prior -- -- Fixed Fecundity scalar
Eggs_exp_wt_Fem 1 - No_prior - - Fixed Fecundity exponent
Wtlen_1_Mal 5.28E-05 -- No_prior -- -- Fixed Male weight-length scalar
Wtlen_2_Mal 2.745 -- No_prior -- -- Fixed Male weight-lengt exponent
Herm_Infl_age 7.5 -- No_prior -- -- Fixed Sex transition inflection point
Herm_stdev 2.15 -- No_prior -- -- Fixed Sextransition standard deviation
Herm_asymptote 0.999 -- No_prior - - Fixed Sex transition asymptote
SR_LN(RO) 3.46857 0.095921 No_prior -- -- Estimated | Virgin recruit
SR_BH_steep 0.90947 0.096252 Full_Beta 0.748 0.146 Estimated | Steepness
SR_sigmaR 0.6 -- No_prior -- -- Fixed Stock-recruit standard deviation
SR_R1_offset 0.000282 0.086451 No_prior -- -- Estimated | Stock-recruit offset
SR_autocorr 0 -- No_prior -- -- Fixed Stock-recruit autocorrelation
Early_InitAge_20 -0.16407 0.563713 dev -- -- Estimated | Age 20 Initial age structure
Early_InitAge_19 -0.05681 0.584133 dev -- -- Estimated | Age 19 Initial age structure
Early_InitAge_18 -0.06965 0.580666 dev - -- Estimated | Age 18 Initial age structure
Early_InitAge_17 -0.08428 0.576718 dev -- -- Estimated | Age 17 Initial age structure
Early_InitAge_16 -0.09935 0.572588 dev -- -- Estimated | Age 16 Initial age structure
Early_InitAge_15 -0.11432 0.568345 dev - -- Estimated | Age 15 Initial age structure
Early_InitAge_14 -0.13134 0.563416 dev -- -- Estimated | Age 14 Initial age structure
Early_InitAge_13 -0.1439 0.559158 dev -- -- Estimated | Age 13 Initial age structure
Early_InitAge_12 -0.14987 0.555804 dev -- -- Estimated | Age 12 Initial age structure
Early_InitAge_11 -0.14506 0.553895 dev -- -- Estimated | Age 11 Initial age structure
Early_InitAge_10 -0.12406 0.553983 dev -- -- Estimated | Age 10 Initial age structure
Early_InitAge_9 -0.08246 0.555968 dev -- -- Estimated | Age 9 Initial age structure
Early_InitAge_8 -0.02255 0.557702 dev -- -- Estimated | Age 8 Initial age structure
Early_InitAge_7 0.031741 0.553734 dev -- -- Estimated | Age 7 Initial age structure
Early_InitAge_6 0.027098 0.541803 dev - -- Estimated | Age 6 Initial age structure
Early_InitAge_5 -0.05186 0.524127 dev -- -- Estimated | Age 5 Initial age structure
Early_InitAge_4 -0.12014 0.50092 dev -- -- Estimated | Age 4 Initial age structure
Early_InitAge_3 -0.13395 0.489229 dev -- -- Estimated | Age 3 Initial age structure
Early_InitAge_2 -0.09914 0.497676 dev - -- Estimated | Age 2 Initial age structure
Early_InitAge_1 0.158346 0.490517 dev -- -- Estimated | Age 1 Initial age structure
Early_RecrDev_1986 0.196996 0.510146 dev -- -- Estimated | 1986 recruit deviation
Early_RecrDev_1987 0.128497 0.590432 dev -- -- Estimated | 1987 recruit deviation
Early_RecrDev_1988 1.08969 0.412669 dev -- -- Estimated | 1988 recruit deviation
Early_RecrDev_1989 0.469534 0.737453 dev -- -- Estimated | 1989 recruit deviation
Early_RecrDev_1990 1.3666 0.341558 dev -- -- Estimated | 1990 recruit deviation
Early_RecrDev_1991 0.147329 0.590307 dev -- -- Estimated | 1991 recruit deviation
Early_RecrDev_1992 0.412827 0.423526 dev -- -- Estimated | 1992 recruit deviation
Main_RecrDev_1993 0.181785 0.440268 dev -- -- Estimated | 1993 recruit deviation
Main_RecrDev_1994 0.258152 0.363987 dev -- -- Estimated | 1994 recruit deviation
Main_RecrDev_1995 0.100015 0.384932 dev -- -- Estimated | 1995 recruit deviation
Main_RecrDev_1996 0.675815 0.305015 dev -- -- Estimated | 1996 recruit deviation
Main_RecrDev_1997 0.055315 0.45489 dev -- -- Estimated | 1997 recruit deviation
Main_RecrDev_1998 0.122667 0.38946 dev -- -- Estimated | 1998 recruit deviation
Main_RecrDev_1999 -0.30471 0.434848 dev -- -- Estimated | 1999 recruit deviation
Main_RecrDev_2000 0.300022 0.29832 dev - -- Estimated | 2000 recruit deviation
Main_RecrDev_2001 1.11169 0.175134 dev -- -- Estimated | 2001 recruit deviation
Main_RecrDev_2002 1.36391 0.14235 dev -- -- Estimated | 2002 recruit deviation
Main_RecrDev_2003 -0.3191 0.298135 dev - -- Estimated | 2003 recruit deviation
Main_RecrDev_2004 -0.71159 0.375765 dev -- -- Estimated | 2004 recruit deviation
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Main_RecrDev_2005 -0.18605 0.357171 dev -- -- Estimated | 2005 recruit deviation
Main_RecrDev_2006 -0.19962 0.35326 dev -- -- Estimated | 2006 recruit deviation
Main_RecrDev_2007 -0.72347 0.371226 dev -- -- Estimated | 2007 recruit deviation
Main_RecrDev_2008 -0.74479 0.371925 dev -- -- Estimated | 2008 recruit deviation
Main_RecrDev_2009 -0.7739 0.415041 dev -- -- Estimated | 2009 recruit deviation
Main_RecrDev_2010 -0.43486 0.460174 dev -- -- Estimated | 2010 recruit deviation
Main_RecrDev_2011 0.043654 0.541151 dev -- -- Estimated | 2011 recruit deviation
Main_RecrDev_2012 0.185056 0.577614 dev -- -- Estimated | 2012 recruit deviation
InitF_1Comm_Spear 0.01 -- No_prior -- -- Fixed Comm. Spear initial F
InitF_2Comm_HL 0.053932 0.009142 No_prior -- -- Estimated | Comm. HL initial F
InitF_3Comm_Trap 0 -- No_prior -- -- Fixed Comm. Trap initial F

InitF_4Rec_HL 0.113641 0.045573 No_prior -- -- Estimated | Rec. Spear initial F
SizeSel_1P_1_Comm_Spear 65.9831 5.50144 No_prior -- -- Estimated | Comm spear size select peak
SizeSel_1P_2_Comm_Spear 0 -- No_prior -- -- Fixed Comm spear size select top
SizeSel_1P_3_Comm_Spear 5.65297 0.361455 No_prior -- -- Estimated | Comm spear size select ascending width
SizeSel_1P_4_Comm_Spear 6 -- No_prior -- -- Fixed Comm spear size select descending width
SizeSel_1P_5_Comm_Spear -15 -- No_prior -- -- Fixed Comm spear size select initial
SizeSel_1P_6_Comm_Spear 15 -- No_prior -- -- Fixed Comm spear size select final
SizeSel_2P_1_Comm_HL 63.106 0.84902 No_prior -- -- Estimated | Comm HL size select peak
SizeSel_2P_2_Comm_HL 0 -- No_prior -- -- Fixed Comm HL size select top
SizeSel_2P_3_Comm_HL 5.2208 0.05958 No_prior -- -- Estimated | Comm HL size select ascending width
SizeSel_2P_4_Comm_HL 6 -- No_prior -- -- Fixed Comm HL size select descending width
SizeSel_2P_5_Comm_HL -15 -- No_prior -- -- Fixed Comm HL size select initial
SizeSel_2P_6_Comm_HL 15 -- No_prior -- -- Fixed Comm HL size select final
SizeSel_3P_1_Comm_Trap 0 -- No_prior -- -- Fixed Comm trap size select mirror
SizeSel_3P_2_Comm_Trap 0 -- No_prior -- -- Fixed Comm trap size select mirror
SizeSel_4P_1_Rec_HL 61.6068 3.13353 No_prior -- -- Estimated | Rec HL size select peak
SizeSel_4P_2_Rec_HL 0 -- No_prior -- -- Fixed Rec HL size select top
SizeSel_4P_3_Rec_HL 4.60271 0.468663 No_prior -- -- Estimated | Rec HL size select ascending width
SizeSel_4P_4_Rec_HL 6 -- No_prior -- -- Fixed Rec HL size select descending width
SizeSel_4P_5_Rec_HL -15 -- No_prior -- -- Fixed Rec HL size select initial
SizeSel_4P_6_Rec_HL 15 -- No_prior -- -- Fixed Rec HL size select final
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South Atlantic and Gulf of Mexico Hogfish

Table 11.1.5.1. Model quantities from the jitteabsis for the WFL stock.

Rank TOTAL Steepness | SPB_Virgin | F_MSY MSY F/F_MSY SSB/SSB_MSST | SPR RO
1 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
2 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
3 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
4 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
5 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
6 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
7 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
8 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
9 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
10 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
11 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
12 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
13 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
14 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
15 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
16 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
17 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
18 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
19 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
20 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
21 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
22 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
23 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
24 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
25 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
26 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
27 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
28 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
29 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
30 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
31 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
32 1504.21 | 0.847309 2688.26 | 0.150043 76.5767 | 0.408822 3.501547 | 0.395545 | 453.0307
33 1504.3 | 0.847131 2697.8 | 0.149882 76.7978 0.40583 3.517526 | 0.397739 | 454.6373
34 1504.8 | 0.847449 2690.94 | 0.150126 76.657 | 0.406432 3.520293 | 0.396802 | 453.4795
35 1504.8 | 0.847449 2690.94 | 0.150126 76.657 | 0.406432 3.520293 | 0.396802 | 453.4795
36 1504.82 | 0.847453 2690.97 | 0.150128 76.6576 0.40635 3.521047 | 0.396835 453.484
37 1505.54 | 0.845615 2579.95 0.14892 73.4315 0.44558 3.339903 | 0.373998 | 434.7756
38 1505.54 | 0.845615 2579.95 0.14892 73.4315 0.44558 3.339903 | 0.373998 | 434.7756
39 1505.65 | 0.845923 2599.92 | 0.149126 74.0075 | 0.438582 3.368285 | 0.377733 | 438.1407
40 1505.69 | 0.845847 2588.97 | 0.149067 73.6974 | 0.441202 3.362675 | 0.376285 | 436.2956
41 1505.69 | 0.845847 2588.97 | 0.149067 73.6973 | 0.441203 3.362648 | 0.376285 | 436.2956
42 1507.9 | 0.844507 2504.32 | 0.148182 71.2855 | 0.474566 3.225971 | 0.360242 | 422.0315
43 1508.44 | 0.847361 2691.36 0.15007 76.658 | 0.406939 3.515336 | 0.396423 453.552
44 1512.51 | 0.847443 2696.44 | 0.150131 76.8221 | 0.406828 3.507276 | 0.397193 | 454.4055
45 1518.65 | 0.846861 2673.77 | 0.149825 76.1542 | 0.413468 3.480564 | 0.393109 | 450.5865
46 1518.65 0.84686 2673.88 | 0.149824 76.157 | 0.413431 3.480747 | 0.393134 | 450.6045
47 1518.65 0.84686 2673.88 | 0.149824 76.157 | 0.413431 3.480747 | 0.393134 | 450.6045
48 1533.43 | 0.860717 0 0 0 | Inf NA 0.727936 | 361.7488
49 1736.39 | 0.837981 2708.73 | 0.144126 76.032 | 0.406016 3.547562 | 0.410055 | 456.4778
50 1772.03 | 0.839115 2709.6 | 0.144919 76.2703 | 0.405184 3.546105 | 0.410239 | 456.6239
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South Atlantic and Gulf of Mexico Hogfish

Table 11.1.5.2. Model quantities from the jitteabsis for the FLK/EFL stock.

Rank TOTAL Steepness | SPB_Virgin | F_MSY MSY F/F_MSY SSB/SSB_MSST | SPR RO
1 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
2 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
3 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
4 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
5 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
6 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
7 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
8 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
9 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
10 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
11 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
12 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
13 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
14 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
15 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
16 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
17 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
18 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
19 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
20 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
21 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
22 2848.73 | 0.829849 5226.28 | 0.138316 156.986 | 1.592735 0.466095 | 0.085839 | 880.7378
23 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
24 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
25 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
26 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
27 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
28 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
29 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
30 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
31 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
32 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
33 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
34 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
35 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
36 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
37 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
38 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
39 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
40 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
41 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
42 2848.75 | 0.829848 5226.64 | 0.138314 156.971 | 1.592942 0.465985 | 0.085822 | 880.7995
43 2849.14 0.83035 5223 | 0.138606 157.154 | 1.598596 0.463835 | 0.085485 | 880.1831
44 2849.14 0.83035 5223 | 0.138606 157.154 | 1.598596 0.463835 | 0.085485 | 880.1831
45 2858.83 | 0.832512 5164.79 | 0.141155 156.174 | 1.568161 0.483413 | 0.087806 | 870.3801
46 2858.86 | 0.832521 5165.03 | 0.141159 156.16 | 1.568453 0.483265 | 0.087785 | 870.4149
47 2859.31 | 0.833491 5141.93 | 0.141802 155.982 1.56279 0.486945 | 0.088117 | 866.5242
48 2859.31 | 0.833492 5141.9 | 0.141802 155.983 | 1.562775 0.486955 0.08812 | 866.5155
49 2859.31 | 0.833492 5141.9 | 0.141802 155.983 | 1.562775 0.486955 0.08812 | 866.5155
50 2893.63 | 0.836894 4992.62 | 0.140958 151.892 | 1.537836 0.495206 0.08638 | 841.3603
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Table 11.1.5.3. Model quantities from the jittealsis for the GA-NC stock.

Rank TOTAL Steepness | SPB_Virgin | F_MSY MSY F/F_MSY SSB/SSB_MSST | SPR RO
1 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
2 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
3 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
4 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
5 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
6 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
7 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
8 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
9 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
10 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
11 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
12 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
13 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
14 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
15 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
16 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
17 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
18 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
19 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
20 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
21 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
22 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
23 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
24 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
25 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
26 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
27 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
28 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
29 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
30 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
31 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
32 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
33 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
34 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
35 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
36 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
37 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
38 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
39 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
40 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
41 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
42 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
43 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
44 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
45 825.457 0.90947 190.425 | 0.312052 11.9897 | 1.174311 1.449468 | 0.238424 | 32.09082
46 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
47 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
48 825.457 0.90947 190.425 | 0.312053 11.9897 | 1.174307 1.449468 | 0.238424 | 32.09082
49 834.824 | 0.908179 191.448 | 0.323445 11.9748 | 1.119381 1.506814 | 0.235152 | 32.26297
50 835.077 | 0.905265 188.122 | 0.316763 11.1341 | 1.115391 1.569124 | 0.218697 | 31.70232
FWC Hogfish SA — SECTION 3 50




South Atlantic and Gulf of Mexico Hogfish

Table 11.2.4.1. Derived quantity estimates fromWHeL stock based model configuration.

SSB Recruits F SPR
Year Value StdDev Value StdDev Value StdDev Value StdDev
1986 | 920.396 | 147.440 | 430.399 | 257.221 0.051 0.008 0.576 0.092
1987 | 1004.260 | 153.572 | 342.268 | 181.176 0.048 0.007 0.614 0.078
1988 | 1074.830 | 164.163 | 340.991 | 177.134 0.046 0.007 0.619 0.072
1989 | 1128.140 | 175.977 | 311.208 | 157.409 0.052 0.008 0.540 0.069
1990 | 1152.210 | 186.502 | 381.453 | 176.041 0.025 0.004 0.719 0.041
1991 | 1203.280 | 195.399 | 324.126 | 143.970 0.119 0.018 0.175 0.049
1992 | 1086.270 | 195.511 | 413.565 | 135.819 0.068 0.011 0.306 0.066
1993 | 1051.360 | 197.999 | 501.298 | 148.274 0.106 0.019 0.151 0.044
1994 | 971.591 | 198.817 | 233.693 | 101.124 0.064 0.013 0.307 0.070
1995 | 946.245 | 202.087 | 250.896 | 101.600 0.058 0.012 0.368 0.071
1996 | 926.385 | 205.090 | 665.917 | 169.732 0.033 0.007 0.571 0.064
1997 | 953.130 | 211.076 | 347.215 | 122.765 0.048 0.010 0.428 0.068
1998 | 960.750 | 216.443 | 411.565 | 132.897 0.041 0.009 0.518 0.063
1999 | 983.525 | 222.316 | 572.193 | 131.540 0.050 0.011 0.478 0.064
2000 | 1007.800 | 228.755 | 128914 51.781 0.030 0.007 0.644 0.053
2001 | 1036.650 | 233.394 | 102.540 35.285 0.048 0.011 0.512 0.058
2002 | 1028.140 | 235.086 | 442.826 98.454 0.034 0.008 0.605 0.053
2003 | 1037.510 | 237.580 | 144.476 55.563 0.085 0.019 0.224 0.053
2004 | 956.266 | 236.822 | 199.144 68.029 0.058 0.014 0.322 0.068
2005 | 908.893 | 234.625 | 576.575 | 117.640 0.031 0.008 0.546 0.068
2006 | 914.274 | 234.798 | 1796.050 | 260.846 0.032 0.008 0.516 0.067
2007 | 1008.740 | 245.257 | 717.673 | 117.283 0.032 0.007 0.558 0.059
2008 | 1124.570 | 257.918 | 759.914 | 114.206 0.069 0.015 0.454 0.058
2009 | 1225.820 | 273.026 | 166.482 32.340 0.044 0.010 0.645 0.048
2010 | 1316.980 | 286.430 | 169.930 33.445 0.082 0.017 0.454 0.058
2011 | 1315.270 | 295.924 | 362.216 70.344 0.043 0.010 0.614 0.053
2012 | 1340.350 | 304.109 | 1099.780 | 253.254 0.066 0.015 0.396 0.064
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Table 11.2.4.2. Derived quantity estimates fromRhE/EFL stock based model configuration.

SSB Recruits F SPR
Year Value StdDev Value StdDev Value StdDev Value StdDev
1986 | 483.272 63.794 | 1041.100 | 530.129 0.340 0.044 0.101 0.025
1987 | 500.793 59.481 | 731.938 | 332.325 0.586 0.040 0.049 0.008
1988 | 384.004 41.654 | 637.245 | 236.364 0.464 0.030 0.070 0.008
1989 | 359.979 30.717 | 1255.880 | 205.659 0.304 0.021 0.128 0.014
1990 | 429.268 28.927 | 280.353 | 119.147 0.360 0.017 0.093 0.008

1991 | 426.073 27.775 | 1497.100 | 180.831 0.299 0.016 0.143 0.011

1992 | 499.956 27.133 | 706.572 | 169.277 0.439 0.019 0.071 0.004

1993 | 463.898 23.900 | 441.279 98.720 0.432 0.016 0.079 0.005

1994 | 427.102 20.779 | 267.420 48.587 0.493 0.016 0.070 0.004

1995 | 336.233 17.382 | 441.576 46.285 0.410 0.016 0.084 0.004

1996 | 288.005 15.400 | 300.647 38.706 0.387 0.016 0.081 0.004

1997 | 248.224 14.535 | 416.156 38.303 0.356 0.017 0.093 0.005

1998 | 234.767 14.723 | 544.483 42.181 0.249 0.013 0.147 0.010

1999 | 262.259 16.114 | 448.404 41.466 0.292 0.015 0.118 0.007

2000 | 278.803 17.423 | 490.012 47.747 0.139 0.007 0.305 0.016
2001 | 342.692 19.662 | 461.125 49.365 0.197 0.010 0.224 0.013
2002 | 382.707 21.282 | 463.677 46.834 0.211 0.010 0.201 0.011
2003 | 410.120 22.319 | 297.295 34.724 0.324 0.014 0.107 0.006
2004 | 369.753 22.042 | 348.330 36.400 0.272 0.014 0.134 0.008
2005 | 350.799 22.159 | 595.843 44.103 0.298 0.016 0.113 0.007
2006 | 334.344 22.032 | 551.118 46.312 0.181 0.010 0.202 0.012
2007 | 371.592 22.375 | 641.672 46.294 0.329 0.016 0.094 0.005
2008 | 362.590 21.540 | 385.306 39.217 0.437 0.021 0.067 0.003

2009 | 308.331 20.366 | 520.920 43.992 0.325 0.018 0.106 0.007

2010 | 310.436 21.151 | 415.625 45.418 0.240 0.014 0.161 0.011

2011 | 332.726 22.821 | 526.588 50.296 0.117 0.007 0.374 0.018

2012 | 399.287 25.490 | 209.227 62.133 0.379 0.022 0.086 0.006
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Table 11.2.4.3. Derived quantity estimates from@#eNC stock based model configuration.

SSB Recruits F SPR
Year Value StdDev Value StdDev Value StdDev Value StdDev
1986 83.303 5.013 35.717 18.078 0.662 0.032 0.183 0.009
1987 46.863 3.741 31.862 18.814 0.250 0.019 0.262 0.014
1988 46.131 3.918 82.867 32.794 0.101 0.008 0.397 0.024
1989 54.437 4.268 45.051 33.439 0.137 0.010 0.332 0.019
1990 61.073 4811 111.042 36.162 0.246 0.019 0.243 0.013

1991 66.376 5.406 32.873 19.431 0.155 0.012 0.285 0.017

1992 74.604 6.172 43.026 17.453 0.210 0.017 0.246 0.014

1993 78.868 6.893 34.131 15.140 0.203 0.018 0.256 0.015

1994 81.858 7.525 36.775 13.084 0.125 0.011 0.348 0.022

1995 88.034 8.055 31.397 12.071 0.850 0.042 0.141 0.007

1996 47.795 2.903 53.286 15.181 0.156 0.009 0.297 0.013

1997 53.652 3.294 28.829 13.139 0.212 0.013 0.263 0.010

1998 55.765 3.634 30.815 11.732 0.190 0.012 0.286 0.012

1999 58.056 3.930 20.084 8.808 0.229 0.015 0.263 0.011

2000 57.076 4.152 36.578 10.604 0.193 0.013 0.296 0.014
2001 57.907 4.314 82.135 12.633 0.113 0.008 0.399 0.019
2002 64.880 4.469 106.170 12.500 0.184 0.011 0.310 0.014
2003 71.406 4.535 19.854 5.972 0.061 0.003 0.503 0.022
2004 82.731 4.688 13.527 5.189 0.114 0.006 0.374 0.016
2005 88.356 4.755 22.959 8.210 0.158 0.008 0.326 0.012
2006 89.035 4.678 22.659 8.150 0.187 0.009 0.313 0.011
2007 86.272 4.621 13.397 5.200 0.160 0.008 0.359 0.012
2008 83.683 4.705 13.093 5.160 0.226 0.012 0.316 0.010

2009 75.249 4.870 12.963 5.731 0.210 0.014 0.332 0.011

2010 67.398 5.153 18.581 9.103 0.393 0.030 0.242 0.010

2011 50.252 5.527 30.146 17.252 0.345 0.038 0.251 0.016

2012 40.767 6.135 34.997 21.342 0.363 0.055 0.238 0.021
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Table 11.2.7.1.1. Estimates of parameters, deueahtities, BRPs, and stock status from both
the base run and bootstrap analyses for the Wkk stase model configuration.

Parameter / Quantity Base Run Bootstrap Runs
2.5% 25% 50% 75% 97.5% Mean SD

SSB_Virgin 2688.260 2145.328 2430.160 | 2630.730 | 2852.380 | 3439.694 | 2671.403 | 331.389
SSB_2012 1340.350 742.643 955.948 1093.100 | 1272.410 | 1640.568 | 1125.053 | 236.120
Mmsy 76.577 57.568 66.865 73.750 79.805 92.658 73.564 9.266
SPR 0.396 0.158 0.286 0.355 0.427 0.551 0.357 0.106
RO 453.031 361.540 409.697 443.621 480.845 579.069 450.326 55.722
Steepness 0.847 0.649 0.789 0.840 0.870 0.912 0.822 0.068
FMSY 0.150 0.071 0.117 0.146 0.169 0.218 0.143 0.038
F/FMSY 0.409 0.280 0.408 0.501 0.631 1.141 0.556 0.225
MSSTMSY 382.788 260.896 331.801 387.244 456.537 710.428 411.399 115.885
SSB/MSSTMSY 3.502 1.484 2.392 2.940 3.338 4.058 2.860 0.685
F30% 0.095 0.094 0.095 0.096 0.097 0.099 0.096 0.001
F/F30% 0.643 0.453 0.613 0.719 0.833 1.093 0.732 0.164
MSST30% 589.233 452.899 525.109 563.313 616.215 711.408 571.482 68.021
SSB/MSST30% 2.275 1.540 1.859 2.013 2.185 2.541 2.037 0.277
F35% 0.077 0.075 0.076 0.077 0.078 0.079 0.077 0.001
F/F35% 0.801 0.553 0.801 0.926 1.086 1.410 0.943 0.221
MSST35% 704.792 543.045 625.103 669.482 727.340 853.710 680.141 78.847
SSB/MSST35% 1.902 1.289 1.526 1.642 1.781 2.126 1.665 0.209
F40% 0.062 0.061 0.062 0.063 0.063 0.065 0.063 0.001
F/F40% 0.985 0.702 0.965 1.144 1.338 1.761 1.167 0.266
MSST40% 820.352 632.849 722.358 775.545 846.640 1001.798 791.500 95.166
SSB/MSST40% 1.634 1.055 1.288 1.402 1.509 1.803 1.407 0.176
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Table 11.2.7.1.2. Estimates of parameters, deueahtities, BRPs, and stock status from both
the base run and bootstrap analyses for the FLK&E&¢k base model configuration.

Parameter / Quantity Base Run Bootstrap Runs
2.5% 25% 50% 75% 97.5% Mean SD

SSB_Virgin 5226.280 3899.018 4671.985 | 5219.785 | 5797.073 | 7478.715 | 5321.745 | 902.536
SSB_2012 399.287 337.624 383.302 416.169 449.684 533.745 420.070 49.895
Mmsy 156.986 129.383 145.136 156.973 170.060 207.377 159.329 19.914
SPR 0.086 0.045 0.072 0.092 0.124 0.254 0.110 0.085
RO 880.738 658.303 785.614 879.198 976.600 1256.648 896.245 151.846
Steepness 0.830 0.772 0.807 0.831 0.857 0.911 0.833 0.035
FMSY 0.138 0.111 0.127 0.140 0.155 0.204 0.143 0.022
F/FMSY 1.593 0.876 1.237 1.440 1.681 2.160 1.470 0.330
MSSTMSY 856.664 505.969 712.438 848.688 994.740 1359.576 867.481 220.267
SSB/MSSTMSY 0.466 0.287 0.406 0.494 0.598 0.904 0.518 0.157
F30% 0.105 0.101 0.103 0.104 0.106 0.109 0.104 0.002
F/F30% 2.103 1.345 1.707 1.915 2.207 2.730 1.959 0.368
MSST30% 1124.951 891.011 1044.521 | 1134.499 | 1235.634 | 1464.011 | 1149.940 | 150.029
SSB/MSST30% 0.355 0.253 0.324 0.366 0.420 0.523 0.371 0.068
F35% 0.085 0.081 0.083 0.084 0.086 0.088 0.084 0.002
F/F35% 2.601 1.694 2.182 2.450 2.760 3.315 2.478 0.429
MSST35% 1351.087 1035.708 1224.571 | 1348.406 | 1473.250 | 1769.142 | 1364.279 | 195.586
SSB/MSST35% 0.296 0.210 0.271 0.310 0.350 0.421 0.310 0.056
F40% 0.069 0.066 0.068 0.069 0.070 0.072 0.069 0.001
F/F40% 3.179 2.043 2.557 2.898 3.277 4.030 2.936 0.519
MSST40% 1577.215 1225.664 1435.929 | 1561.817 | 1729.566 | 2130.550 | 1596.832 | 231.292
SSB/MSST40% 0.253 0.182 0.237 0.270 0.301 0.368 0.270 0.049
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Table 11.2.7.1.3. Estimates of parameters, deueahtities, BRPs, and stock status from both
the base run and bootstrap analyses for the GAtbi&k ase model configuration.

Parameter / Quantity Base Run Bootstrap Runs
2.5% 25% 50% 75% 97.5% Mean SD

SSB_Virgin 190.425 187.837 209.921 222.675 237.796 268.560 224.664 21.851
SSB_2012 40.767 40.773 50.027 56.420 63.772 84.460 58.127 12.656
Mmsy 11.9897 12.118 13.564 14.378 15.341 17.601 14.531 1.448
SPR 0.238424 0.202 0.258 0.288 0.317 0.404 0.295 0.069
RO 32.09082 31.703 35.360 37.480 40.049 45.253 37.836 3.668
Steepness 0.90947 0.887 0.922 0.930 0.938 0.950 0.928 0.016
FMSY 0.312053 0.277 0.325 0.343 0.361 0.400 0.342 0.030
F/FMSY 1.174307 0.558 0.728 0.823 0.913 1.116 0.824 0.149
MSSTMSY 28.12549 25.304 28.482 30.706 32.843 38.410 30.975 3.496
SSB/MSSTMSY 1.449468 1.431 1.688 1.844 2.001 2.466 1.871 0.283
F30% 0.196849 0.190 0.195 0.197 0.199 0.203 0.197 0.003
F/F30% 1.861559 1.023 1.272 1.431 1.576 1.877 1.434 0.222
MSST30% 44.10888 45.110 49.383 52.236 55.340 63.380 52.650 4.760
SSB/MSST30% 0.924236 0.872 0.993 1.074 1.164 1.349 1.081 0.118
F35% 0.16106 0.155 0.159 0.161 0.163 0.166 0.161 0.003
F/F35% 2.275215 1.176 1.505 1.701 1.923 2.310 1.716 0.299
MSST35% 52.12529 52.340 58.492 62.315 65.284 75.688 62.479 5.789
SSB/MSST35% 0.782096 0.729 0.863 0.931 1.001 1.166 0.937 0.110
F40% 0.133174 0.129 0.132 0.133 0.135 0.137 0.133 0.002
F/F40% 2.751634 1.503 1.876 2.118 2.326 2.746 2.112 0.329
MSST40% 60.14178 60.390 66.748 70.533 75.164 86.327 71.250 6.349
SSB/MSST40% 0.677848 0.649 0.732 0.788 0.847 0.989 0.795 0.090
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Table 11.2.7.2.1. Select parameters for the seitgituns from the WFL stock. Note: only thoseameters from fisheries where the
asymptotic size selectivity restriction was remoirethe “no_flattop” sensitivity are presented.r Hte size selectivity, the “Peak”
parameter refers to the start of the full seletgtjwhile the “End” parameter refers to the shapere -15 is fully dome-shaped
(selectivity at maximum size is 0.0) and 15 is agtptic (selectivity at maximum size is 1.0).

Comm Spear Comm HL
Sensitivity Run SSBO RO Steepness | L_Amax VB_K Size Selectivity Size Selectivity
Peak End Peak End

Base 2688.26 6.12 0.85 84.89 0.11 33.87 -1.43 21.85 15.00
Start_1981 1846.45 5.74 0.97 84.89 0.11 33.96 -1.21 21.93 15.00
Start_1950 1743.77 5.68 0.97 84.89 0.11 33.97 -1.17 21.95 15.00
No_baitfish 2613.63 6.09 0.86 84.89 0.11 33.99 -1.29 21.90 15.00
No_SEAMAP 2481.70 6.04 0.85 84.89 0.11 34.00 -1.26 21.91 15.00
No_video 2341.82 5.98 0.84 84.89 0.11 33.83 -1.41 21.86 15.00
No_age0 2539.02 6.06 0.85 84.89 0.11 33.85 -1.43 21.84 15.00
Calibrate_PSEs 2538.62 6.06 0.89 84.89 0.11 33.93 -1.14 24.01 15.00
MRFSS_PSEs 2381.78 5.99 0.85 84.89 0.11 33.92 -1.28 21.91 15.00
No_h_prior 2526.52 6.05 0.99 84.89 0.11 33.87 -1.44 21.85 15.00
No_flattop 3186.50 6.29 0.84 84.89 0.11 33.80 -1.71 21.86 -10.42
FemaleSSB 586.76 6.07 0.87 84.89 0.11 33.87 -1.43 21.85 15.00
FemaleEggs 335.32 6.07 0.87 84.89 0.11 33.87 -1.43 21.85 15.00
FemaleSSB_Inshore 353.18 6.07 0.87 84.89 0.11 33.87 -1.43 21.85 15.00
FemaleSSB_Offshore 797.49 6.08 0.87 84.89 0.11 33.87 -1.43 21.85 15.00
AgeCompln 797.49 6.08 0.87 84.89 0.11 33.87 -1.43 21.85 15.00
NoAgeData 2244.65 5.94 0.87 84.89 0.11 34.45 -0.81 24.47 15.00
GrowthEst 1728.41 5.97 0.90 79.39 0.09 34.38 -9.82 22.62 15.00
MaxAge20 2449.48 6.45 0.85 84.89 0.11 33.89 -1.35 21.89 15.00
MaxAge30 2981.70 5.88 0.85 84.89 0.11 33.86 -1.49 21.83 15.00
AltMaturityFx 2624.84 6.12 0.84 84.89 0.11 33.87 -1.43 21.85 15.00
AltGrowthFx 1600.97 6.12 0.90 75.36 0.08 34.84 -7.36 22.64 15.00
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Table 11.2.7.2.2. Select parameters for the seitgituns from the FLK/EFL stock. Note: only th@parameters from fisheries
where the asymptotic size selectivity restricticaswemoved in the “no_flattop” sensitivity are neted. For the size selectivity, the
“Peak” parameter refers to the start of the fuksivity, while the “End” parameter refers to thieape, where -15 is fully dome-
shaped (selectivity at maximum size is 0.0) ants EHsymptotic (selectivity at maximum size is 1.0).

Comm Spear Comm HL Comm Trap RVC Tortugas
Sensitivity Run SSBO RO Steepness | L_Amax VB_K Size Selectivity Size Selectivity Size Selectivity Size Selectivity
Peak End Peak End Peak End Peak End

Base 5226.28 6.78 0.83 84.89 0.11 31.46 0.05 30.88 15.00 34.40 15.00 41.89 15.00
Start_1981 15007.90 7.84 0.73 84.89 0.11 31.45 0.07 30.84 15.00 34.46 15.00 42.10 15.00
Start_1950 0.00 7.82 0.73 84.89 0.11 31.46 0.05 30.89 15.00 34.40 15.00 41.89 15.00
Calibrate_PSEs 5113.60 6.76 0.87 84.89 0.11 31.47 0.20 31.11 15.00 34.66 15.00 43.01 15.00
MRFSS_PSEs 5245.36 6.78 0.83 84.89 0.11 31.45 0.10 30.96 15.00 34.51 15.00 42.46 15.00
No_h_prior 5232.54 6.78 0.83 84.89 0.11 31.46 0.05 30.88 15.00 34.40 15.00 41.89 15.00
No_flattop 5686.12 6.87 0.73 84.89 0.11 31.29 -1.39 30.57 -2.17 33.54 -3.45 36.02 -4.49
FemaleSSB 1057.60 6.66 0.58 84.89 0.11 31.46 0.05 30.88 15.00 34.40 15.00 41.86 15.00
FemaleEggs 580.87 6.62 0.52 84.89 0.11 31.44 0.06 30.88 15.00 34.40 15.00 41.85 15.00
FemaleSSB_Inshore 604.56 6.60 0.52 84.89 0.11 31.46 0.11 30.88 15.00 34.41 15.00 41.92 15.00
FemaleSSB_Offshore 1484.28 6.70 0.63 84.89 0.11 31.44 0.06 30.88 15.00 34.40 15.00 41.88 15.00
AgeComplin 5361.97 6.81 0.83 84.89 0.11 31.51 0.27 31.10 15.00 34.64 15.00 44.35 15.00
NoAgeData 5356.00 6.81 0.84 84.89 0.11 31.51 0.28 31.08 15.00 34.65 15.00 44.45 15.00
GrowthEst 4410.18 7.16 0.75 74.08 0.09 31.46 0.35 30.93 15.00 34.59 15.00 43.54 15.00
MaxAge20 4074.67 6.96 0.79 84.89 0.11 31.48 0.06 30.93 15.00 34.44 15.00 41.81 15.00
MaxAge30 6435.22 6.65 0.86 84.89 0.11 31.44 0.04 30.84 15.00 34.38 15.00 41.95 15.00
AltMaturityFx 4929.57 6.78 0.85 84.89 0.11 31.46 0.05 30.88 15.00 34.40 15.00 41.89 15.00
AltGrowthFx 2016.64 6.94 0.78 42.61 0.26 30.61 0.01 30.41 15.00 34.45 15.00 50.00 15.00
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Table 11.2.7.2.3. Select parameters for the seitgituns from the GA-NC stock. Note: only thgsarameters from fisheries where
the asymptotic size selectivity restriction was osed in the “no_flattop” sensitivity are presentdebr the size selectivity, the
“Peak” parameter refers to the start of the fulksivity, while the “End” parameter refers to thieape, where -15 is fully dome-
shaped (selectivity at maximum size is 0.0) ants EHsymptotic (selectivity at maximum size is 1.0).

Comm Spear Comm HL Rec HL
Sensitivity Run SSBO RO Steepness | L_Amax VB_K Size Selectivity Size Selectivity Size Selectivity
Peak End Peak End Peak End
Base 190.43 3.47 0.91 84.89 0.11 65.98 15.00 63.11 15.00 61.61 15.00
Start_1981 220.78 3.62 0.80 84.89 0.11 68.51 15.00 63.45 15.00 61.05 15.00
Calibrate_PSEs 251.50 3.75 0.91 84.89 0.11 68.88 15.00 64.62 15.00 62.86 15.00
MRFSS_PSEs 238.04 3.69 0.90 84.89 0.11 68.09 15.00 63.85 15.00 62.06 15.00
No_h_prior 183.60 3.43 1.00 84.89 0.11 65.96 15.00 63.13 15.00 61.62 15.00
No_flattop 284.42 3.87 0.88 84.89 0.11 50.11 -2.64 57.64 -3.41 54.81 -8.43
FemaleSSB 41.66 3.43 0.85 84.89 0.11 66.00 15.00 63.13 15.00 61.62 15.00
FemaleEggs 23.84 3.42 0.83 84.89 0.11 66.00 15.00 63.13 15.00 61.62 15.00
FemaleSSB_Inshore 25.11 3.42 0.83 84.89 0.11 66.00 15.00 63.12 15.00 61.62 15.00
FemaleSSB_Offshore 56.52 3.43 0.87 84.89 0.11 65.99 15.00 63.12 15.00 61.62 15.00
AgeComplin 191.22 3.47 0.93 84.89 0.11 76.72 15.00 66.32 15.00 69.29 15.00
NoAgeData 177.99 3.40 0.93 84.89 0.11 80.00 15.00 69.14 15.00 66.58 15.00
GrowthEst 174.78 3.79 0.75 72.45 0.09 79.72 15.00 69.04 15.00 67.98 15.00
MaxAge20 172.67 3.80 0.90 84.89 0.11 65.90 15.00 63.12 15.00 61.81 15.00
MaxAge30 210.19 3.22 0.92 84.89 0.11 66.01 15.00 63.10 15.00 61.46 15.00
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Table 11.2.9.1. Projections of F, SSB, and OFL ftbenWFL stock for alternative MFMTSs 5y, Fso% F3s0% and Roy), Fo, and
Fcurrens Where keurentiS the geometric mean of the terminal three yg080-2012).

F ssB OFL
Year ) FCurr | F30 F35 F40 | FMSY Fo FCurr | F30 F35 F40 | FMSY ) FCurr | F30 F35 F40 | FMSY
2010 0082 | 0082 | 0082 | 0082 | 0082 | 0082 | 1317.0 | 1317.0 | 1317.0 | 1317.0 | 13170 | 13170 | 1151 | 1151 | 1151 | 1151 | 1151 | 1151
2011 0043 | 0.043 | 0043 | 0043 | 0043 | 0043 | 13153 | 13153 | 13153 | 13153 | 13153 | 13153 | 595 | 595 | 595 | 595 | 595 | 595
2012 0.066 | 0.066 | 0.066 | 0.066 | 0066 | 0.066 | 13404 | 1340.4 | 13404 | 13404 | 13404 | 13404 | 921 | 921 | 921 | 921 | 921 | 921
2013 0000 | 0.072 | 0062 | 0054 | 0043 | 0096 | 13443 | 13443 | 13443 | 13443 | 13443 | 13443 | 00 | 1026 | 887 | 769 | 615 | 1361
2014 0.000 | 0.080 | 0.069 | 0060 | 0048 | 0.106 | 1453.7 | 1322.1 | 1339.9 | 13550 | 13747 | 12791 | 00 | 1122 | 985 | 865 | 704 | 1434
2015 0.000 | 0.085 | 0074 | 0065 | 0052 | 0112 | 1564.2 | 1298.0 | 1332.1 | 1361.5 | 14005 | 12181 | 00 | 1169 | 1043 | 929 | 769 | 1436
2016 0.000 | 0.082 | 0071 | 0062 | 0050 | 0.106 | 1671.2 | 1260.4 | 1310.0 | 1353.5 | 14122 | 11475 | 00 | 1079 | 97.8 | 883 | 744 | 127.9
2017 0000 | 0.077 | 0.067 | 0058 | 0047 | 0101 | 17695 | 12159 | 12789 | 13349 | 14120 | 1076.8 | 0.0 982 | 898 | 817 | 696 | 1140
2018 0000 | 0.075 | 0.065 | 0056 | 0045 | 0.099 | 1860.6 | 1173.4 | 1247.4 | 13142 | 14075 | 10142 | 00 917 | 843 | 770 | 660 | 1055
2019 0.000 | 0.074 | 0.063 | 0055 | 0044 | 0099 | 19445 | 11346 | 1217.8 | 1293.7 | 14012 | 9595 | 0.0 878 | 809 | 741 | 637 | 1004
2020 0.000 | 0.074 | 0.063 | 0054 | 0043 | 0.101 | 2019.5 | 1097.8 | 1188.7 | 1272.5 | 13926 | 9099 | 00 854 | 788 | 724 | 624 | 971
2021 0000 | 0075 | 0.064 | 0054 | 0043 | 0.103 | 20875 | 10641 | 1161.6 | 1252.3 | 13834 | 865.7 | 0.0 837 | 775 | 712 | 616 | 947
2022 0000 | 0.076 | 0.064 | 0055 | 0043 | 0106 | 21505 | 10342 | 1137.3 | 12341 | 13751 | 8270 | 00 825 | 765 | 705 | 611 | 929
2023 0.000 | 0.077 | 0.065 | 0055 | 0043 | 0.109 | 22057 | 10054 | 11135 | 12155 | 13652 | 7911 | 00 815 | 758 | 699 | 607 | 914
2024 0.000 | 0.078 | 0.066 | 0055 | 0043 | 0112 | 22560 | 979.3 | 1091.6 | 1198.2 | 13556 | 7589 | 0.0 80.7 | 752 | 694 | 604 | 901
2025 0000 | 0.079 | 0.066 | 0056 | 0043 | 0114 | 23028 | 9562 | 1072.2 | 1183.0 | 13473 | 7306 | 00 801 | 746 | 691 | 602 | 890
2026 0000 | 0.080 | 0.067 | 0056 | 0043 | 0116 | 23499 | 9375 | 1057.0 | 1171.7 | 13426 | 707.0 | 00 795 | 742 | 688 | 601 | 879
2027 0000 | 0.081 | 0.068 | 0056 | 0043 | 0119 | 23849 | 9162 | 10384 | 1156.1 | 13324 | 6824 | 00 790 | 738 | 685 | 599 | 87.0
2028 0.000 | 0.083 | 0.068 | 0057 | 0043 | 0122 | 24166 | 896.6 | 1021.2 | 11416 | 13227 | 6601 | 0.0 785 | 735 | 682 | 598 | 862
2029 0.000 | 0.084 | 0.069 | 0057 | 0044 | 0124 | 24414 | 877.6 | 1003.9 | 11265 | 13116 | 6391 | 0.0 780 | 732 | 680 | 59.7 | 854
2030 0.000 | 0.085 | 0.070 | 0058 | 0044 | 0127 | 24648 | 860.7 | 988.7 | 1113.3 | 13019 | 6206 | 0.0 776 | 729 | 678 | 595 | 846
2031 0000 | 0.086 | 0.070 | 0058 | 0044 | 0129 | 24882 | 8461 | 9756 | 1102.0 | 12940 | 6044 | 00 772 | 726 | 676 | 594 | 839
2032 0.000 | 0.087 | 0071 | 0059 | 0044 | 0131 | 25149 | 8341 | 9652 | 1093.6 | 1289.1 | 5905 | 0.0 769 | 723 | 674 | 594 | 833
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Table 11.2.9.2. Projections of F, SSB, and OFL ftbenFLK/EFL stock for alternative MFMTSs v, Fso% Fss% and koy), Fo, and
Fcurrens Where keurentiS the geometric mean of the terminal three yg080-2012).

F SSB OFL

Year ) FCurr | F30 F35 F40 | FMSY Fo FCurr | F30 F35 F40 | FMSY ) FCurr | F30 F35 F40 | FMSY

2010 0.240 0.240 0.240 0.240 0.240 0.240 310.4 310.4 310.4 310.4 310.4 310.4 86.9 86.9 86.9 86.9 86.9 86.9

2011 0.117 0.117 0.117 0.117 0.117 0.117 332.7 332.7 332.7 332.7 332.7 332.7 45.2 45.2 45.2 45.2 45.2 45.2

2012 0.379 0.379 0.379 0.379 0.379 0.379 399.3 399.3 399.3 399.3 399.3 399.3 173.7 173.7 173.7 173.7 173.7 173.7
2013 0.000 0.149 0.128 0.110 0.257 0.180 336.6 336.6 336.6 336.6 336.6 336.6 0.0 56.5 48.5 41.8 97.6 68.6
2014 0.000 0.140 0.120 0.104 0.239 0.169 431.1 377.5 385.0 3914 338.7 366.1 0.0 59.7 52.4 46.0 92.0 70.1
2015 0.000 0.136 0.117 0.101 0.236 0.165 543.9 423.5 439.3 452.9 348.1 400.4 0.0 65.4 58.2 51.6 93.9 75.2
2016 0.000 0.137 0.117 0.101 0.241 0.167 675.5 475.9 500.6 522.1 364.6 440.6 0.0 73.7 66.2 59.3 101.0 83.6
2017 0.000 0.137 0.117 0.101 0.245 0.168 824.9 531.5 566.1 596.6 382.4 483.0 0.0 82.3 74.6 67.3 107.6 92.1
2018 0.000 0.137 0.117 0.100 0.246 0.168 990.1 587.8 633.3 673.8 398.9 525.0 0.0 90.3 82.5 75.0 112.7 99.7
2019 0.000 0.135 0.115 0.098 0.246 0.167 1168.4 643.1 700.2 751.8 413.8 565.4 0.0 97.4 89.7 82.0 116.9 106.3
2020 0.000 0.134 0.113 0.097 0.246 0.165 1357.0 696.9 766.1 829.2 427.1 603.9 0.0 103.8 96.2 88.4 120.3 112.1
2021 0.000 0.132 0.111 0.095 0.245 0.164 1553.3 748.7 830.3 905.3 439.3 640.4 0.0 109.5 102.0 94.2 123.2 117.3
2022 0.000 0.130 0.109 0.093 0.244 0.162 1754.1 798.0 892.1 979.1 450.3 674.6 0.0 114.5 107.2 99.4 125.7 121.8

2023 0.000 0.128 0.107 0.091 0.244 0.160 1956.8 844.8 951.1 1050.2 460.2 706.7 0.0 119.0 111.8 104.0 127.8 125.8

2024 0.000 0.126 0.105 0.089 0.243 0.158 2159.0 888.8 1007.1 | 1118.2 469.1 736.5 0.0 122.9 116.0 108.2 129.7 129.3

2025 0.000 0.124 0.104 0.087 0.242 0.156 2358.9 930.2 1060.1 | 1182.8 477.3 764.2 0.0 126.4 119.6 111.8 131.4 132.4
2026 0.000 0.122 0.102 0.086 0.241 0.155 25544 968.8 1109.9 | 1243.9 484.7 789.8 0.0 129.5 122.8 115.0 132.8 135.1
2027 0.000 0.121 0.100 0.084 0.240 0.153 27444 | 1004.7 | 1156.5 | 1301.4 491.4 813.5 0.0 132.2 125.6 117.9 134.1 137.6

2028 0.000 0.119 0.099 0.083 0.239 0.152 2926.9 | 1037.8 | 1199.7 | 1354.8 497.3 835.1 0.0 134.7 128.2 120.4 135.2 139.7

2029 0.000 0.118 0.097 0.081 0.239 0.151 3102.2 | 1068.5 | 1239.9 | 1404.9 502.8 854.9 0.0 136.8 130.4 122.7 136.2 141.6

2030 0.000 0.116 0.096 0.080 0.238 0.149 3268.5 | 1096.6 | 1276.9 | 1451.1 507.6 873.0 0.0 138.7 132.4 124.7 137.1 143.3

2031 0.000 0.115 0.095 0.079 0.238 0.148 3427.0 | 1122.6 | 13113 | 1494.2 512.0 889.7 0.0 140.4 134.1 126.4 137.9 144.8

2032 0.000 0.114 0.094 0.078 0.237 0.147 3573.0 | 11459 | 1342.2 | 1533.1 515.9 904.5 0.0 141.9 135.7 128.0 138.6 146.1
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Table 11.2.9.3. Projections of F, SSB, and OFL ftbenGA-NC stock for alternative MEMTs\Ey, Fsou, Fss0s and &ovw), Fo, and

Fcurrens Where keurentiS the geometric mean of the terminal three yg080-2012).

ssB OFL
Year ) FCurr | F30 F35 F40 | FMSY Fo FCurr | F30 F35 F40 | FMSY ) FCurr | F30 F35 F40 | FMSY
2010 0393 | 0393 | 0393 | 0393 | 0393 | 0393 | 674 | 674 | 674 | 674 | 674 | 674 | 275 | 275 | 275 | 275 | 275 | 275
2011 0345 | 0345 | 0345 | 0345 | 0345 | 0345 | 503 | 503 | 503 | 503 | 503 | 503 | 182 182 | 182 182 | 182 | 182
2012 0363 | 0363 | 0363 | 0363 | 0363 | 0363 | 408 | 408 | 408 | 408 | 408 | 408 | 158 | 158 | 158 | 158 | 158 | 158
2013 0000 | 028 | 0197 | 0148 | 0.114 | 0400 | 344 | 344 | 344 | 344 | 344 | 344 0.0 10.9 75 56 43 15.2
2014 0000 | 0242 | 0176 | 0135 | 0106 | 0312 | 411 | 328 | 354 | 368 | 378 | 295 0.0 8.9 6.9 55 44 104
2015 0000 | 0218 | 0164 | 0129 | 0103 | 0272 | 485 | 336 | 375 | 400 | 418 | 294 0.0 8.2 6.8 5.7 47 9.1
2016 0000 | 0216 | 0163 | 0130 | 0.104 | 0274 | 563 | 356 | 404 | 436 | 461 | 310 0.0 8.6 73 6.2 53 96
2017 0000 | 0226 | 0170 | 0135 | 0108 | 0292 | 644 | 378 | 434 | 473 | 504 | 327 0.0 95 8.1 7.0 5.9 108
2018 0000 | 0237 | 0177 | 0141 | 0113 | 0306 | 725 | 396 | 460 | 506 | 544 | 337 0.0 104 9.0 7.8 6.7 116
2019 0000 | 0245 | 0184 | 0146 | 0118 | 0312 | 806 | 408 | 481 | 535 | 579 | 341 0.0 11.0 9.7 85 7.4 11.9
2020 0000 | 0248 | 0188 | 0150 | 0121 | 0313 | 886 | 414 | 496 | 558 | 609 | 341 0.0 114 | 102 9.1 7.9 120
2021 0000 | 0250 | 0191 | 0153 | 0124 | 0312 | 93 | 418 | 507 | 576 | 634 | 341 0.0 115 | 105 95 8.4 11.9
2022 0000 | 0250 | 0193 | 0155 | 0126 | 0311 | 1038 | 420 | 515 | 589 | 654 | 341 0.0 116 | 108 9.9 838 11.9
2023 0000 | 0251 | 0194 | 0157 | 0.128 | 0311 | 1108 | 422 | 521 | 600 | 670 | 341 0.0 117 | 110 | 101 9.2 11.9
2024 0000 | 0251 | 0195 | 0158 | 0129 | 0311 | 1174 | 423 | 525 | 608 | 683 | 342 0.0 117 | 111 103 9.4 11.9
2025 0000 | 0251 | 0195 | 0158 | 0130 | 0312 | 1237 | 424 | 528 | 614 | 694 | 342 0.0 118 | 112 105 96 12,0
2026 0000 | 0251 | 0196 | 0159 | 0131 | 0312 | 1296 | 425 | 530 | 619 | 702 | 342 0.0 118 | 113 106 9.8 120
2027 0000 | 0252 | 0196 | 0160 | 0131 | 0312 | 1351 | 426 | 532 | 623 | 708 | 342 0.0 118 | 113 10.7 9.9 120
2028 0000 | 0252 | 0196 | 0160 | 0132 | 0312 | 1401 | 426 | 533 | 626 | 714 | 343 0.0 118 | 114 | 107 | 1200 | 120
2029 0000 | 0252 | 0196 | 0160 | 0132 | 0312 | 1448 | 427 | 534 | 628 | 718 | 343 0.0 118 | 114 | 108 | 101 | 120
2030 0000 | 0252 | 0196 | 0160 | 0132 | 0312 | 1492 | 427 | 535 | 630 | 721 | 343 0.0 119 | 114 | 108 | 102 | 120
2031 0000 | 0252 | 0197 | 0161 | 0132 | 0312 | 1533 | 427 | 536 | 631 | 724 | 343 0.0 119 | 114 | 109 | 102 | 120
2032 0000 | 0252 | 0197 | 0161 | 0133 | 0312 | 1570 | 427 | 536 | 632 | 726 | 343 0.0 119 | 114 | 109 | 1202 | 120
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11.7 Figures

Figure 11.1.3.4.1. Year-specific error estimatesifthe WFL stock for the recreational landings
comparing the original MRFSS estimates to thoskded to the MRIP time-series. Note: the
years 2004-2012 of the calibrated time seriest@etror estimates directly from the MRIP data.
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Figure 11.1.3.4.2. Year-specific error estimatesifthe FLK/EFL stock for the recreational
landings comparing the original MRFSS estimatethose calibrated to the MRIP time-series.

Note: the years 2004-2012 of the calibrated tinmeseare the error estimates directly from the
MRIP data.
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Figure 11.1.3.4.3. Year-specific error estimatesifthe GA-NC stock for the recreational
landings comparing the original MRFSS estimatethose calibrated to the MRIP time-series.
Note: the years 2004-2012 of the calibrated tinmeseare the error estimates directly from the

MRIP data.
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Figure 11.1.5.1. Total negative log-likelihoodyckt-recruitment parameters, derived quantities,
and stock-status reference points (curreny&/FSSB/SSRsst, and SPR) from the jitter
analysis to test for model convergence in the basgel of the WFL stock.
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Figure 11.1.5.2. Total negative log-likelihoodyckt-recruitment parameters, derived quantities,

and stock-status reference points (curreny&/FSSB/SSRsst, and SPR) from the jitter

analysis to test for model convergence in the basgel of the FLK/EFL stock.
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Figure 11.1.5.3. Total negative log-likelihoodyckt-recruitment parameters, derived quantities,
and stock-status reference points (curreny&/FSSB/SSRsst, and SPR) from the jitter
analysis to test for model convergence in the basgel of the GA-NC stock.
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Figure 11.2.1.1.1. Estimated and observed landorghe WFL stock base model configuration.
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Figure 11.2.1.1.2. Estimated and observed landomghe FLK/EFL stock base model
configuration.
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Figure 11.2.1.1.3. Estimated and observed landmghe GA-NC stock base model
configuration.
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Figure 11.2.1.2.1. Model fit to the standardizethowercial spear CPUE index for the WFL

stock base model configuration.
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Figure 11.2.1.2.2. Model fit to the standardizethomercial hook and line CPUE index for the

WEFL stock base model configuration.
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Figure 11.2.1.2.3. Model fit to the standardizezteational spear CPUE index for the WFL

stock base model configuration.
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Figure 11.2.1.2.4. Model fit to the standardizecteational hook and line CPUE index for the

WEFL stock base model configuration.
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Figure 11.2.1.2.5. Model fit to the standardizeitfisa trawl index for the WFL stock base

model configuration.
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Figure 11.2.1.2.6. Model fit to the standardized S trawl index for the WFL stock base

model configuration.
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Figure 11.2.1.2.7. Model fit to the standardizedla survey index for the WFL stock base
model configuration.
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Figure 11.2.1.2.8. Model fit to the standardized-8geagrass trawl index for the WFL stock
base model configuration.
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Figure 11.2.1.2.9. Model fit to the standardizethomercial spear CPUE index for the FLK/EFL

stock base model configuration.
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Figure 11.2.1.2.10. Model fit to the standardizethmercial hook and line CPUE index for the
FLK/EFL stock base model configuration.
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Figure 11.2.1.2.11. Model fit to the standardizecreational spear CPUE index for the
FLK/EFL stock base model configuration.
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Figure 11.2.1.2.12. Model fit to the standardizedreational hook and line CPUE index for the
FLK/EFL stock base model configuration.
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Figure 11.2.1.2.13. Model fit to the standardiz&dCRKeys index for the FLK/EFL stock base
model configuration.
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Figure 11.2.1.2.14. Time-varying catchability esttmfor the RVC-Keys index in the FLK/EFL
stock, used to represent changes to methodolotheifate 1990’s and early 2000’s as a result of
updated habitat maps (Smith et al. 2013).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.2.15. Model fit to the standardiz&dCRTortugas index for the FLK/EFL stock

base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.2.16. Model fit to the standardizethmercial spear CPUE index for the GA-NC

stock base model configuration.

Index Comm_HL

Index

1995 2000 2005 2010

Year

FWC Hogfish SA — SECTION 3 87



South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.1. Observed and predicted lengtposition of landings from the commercial
spear fishery of the WFL stock base model configoma Observed sampled sizes were capped
at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.2. Pearson residuals for the leogthposition fit to the commercial spear
fishery of the WFL stock base model configurati@olid blue circles are positive residuals (i.e.,
observed greater than predicted) and open circéesegative residuals (i.e., predicted greater
than observed).

Pearson residuals, sexes combined, whole catch, Comm_Spear (max=9.77)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.3. Observed and predicted lengtmposition of landings from the commercial
hook and line fishery of the WFL stock base modeifiguration. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.4. Pearson residuals for the leogthposition fit to the commercial hook and
line fishery of the WFL stock base model configimat Solid blue circles are positive residuals
(i.e., observed greater than predicted) and opetesiare negative residuals (i.e., predicted
greater than observed).

Pearson residuals, sexes combined, whole catch, Comm_HL (max=6.24)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.5. Observed and predicted lengtmposition of landings from the commercial
trap fishery of the WFL stock base model configiorat Observed sampled sizes were capped at
a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.6. Pearson residuals for the leogthposition fit to the commercial trap fishery
of the WFL stock base model configuration. Soligelxcircles are positive residuals (i.e.,
observed greater than predicted) and open circéesegative residuals (i.e., predicted greater
than observed).

Pearson residuals, sexes combined, whole catch, Comm_Trap (max=10.07)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.7. Observed and predicted lengtiposition of landings from the recreational
spear fishery of the WFL stock base model configoma Observed sampled sizes were capped
at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.8. Pearson residuals for the leagthposition fit to the recreational spear
fishery of the WFL stock base model configurati@olid blue circles are positive residuals (i.e.,
observed greater than predicted) and open circeeregative residuals (i.e., predicted greater
than observed).

Pearson residuals, sexes combined, whole catch, Rec_Spear (max=27.6)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.9. Observed and predicted lengtiposition of landings from the recreational
hook and line fishery of the WFL stock base modeifiguration. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.10. Pearson residuals for the keaginposition fit to the recreational hook and
line fishery of the WFL stock base model configimat Solid blue circles are positive residuals
(i.e., observed greater than predicted) and opetesiare negative residuals (i.e., predicted
greater than observed).

Pearson residuals, sexes combined, whole catch, Rec_HL (max=11.94)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.11. Observed and predicted lengtiposition of landings from the baitfish
trawl survey of the WFL stock base model configorat Observed sampled sizes were capped
at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.12. Pearson residuals for the keagiposition fit to the baitfish trawl survey of
the WFL stock base model configuration. Solid ldireles are positive residuals (i.e., observed
greater than predicted) and open circles are negegsiduals (i.e., predicted greater than
observed).

Pearson residuals, sexes combined, whole catch, Baitfish (max=9.62)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.13. Observed and predicted lengtiposition of landings from the SEAMAP
trawl survey of the WFL stock base model configorat Observed sampled sizes were capped
at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.14. Pearson residuals for the keaginposition fit to the SEAMAP trawl survey
of the WFL stock base model configuration. Soligelxcircles are positive residuals (i.e.,
observed greater than predicted) and open circéesegative residuals (i.e., predicted greater
than observed).

Pearson residuals, sexes combined, whole catch, SEAMAP (max=6.03)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.15. Observed and predicted lengpiposition from the video survey of the
WEFL stock base model configuration. Observed sathpizes were capped at a maximum of
200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.16. Pearson residuals for the keaginposition fit to the video survey of the
WEFL stock base model configuration. Solid blueleis are positive residuals (i.e., observed
greater than predicted) and open circles are negedsiduals (i.e., predicted greater than
observed).

Pearson residuals, sexes combined, whole catch, VideolOA (max=3.07)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.17. Observed and predicted lengphposition from the age-0 seagrass trawl
survey of the WFL stock base model configuratiQbserved sampled sizes were capped at a
maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.18. Pearson residuals for the keagimposition fit to the age-0 seagrass trawl
survey of the WFL stock base model configurati®olid blue circles are positive residuals (i.e.,
observed greater than predicted) and open circéesegative residuals (i.e., predicted greater
than observed).

Pearson residuals, sexes combined, whole catch, RecTrawllOA (max=39.39)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.19. Observed and predicted lengptposition from all fisheries and surveys
averaged across years of the WFL stock base modé&baration. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.20. Pearson residuals for the keagiposition from all fisheries and surveys
averaged across years of the WFL stock base modébaration. Solid blue circles are positive
residuals (i.e., observed greater than predicted)open circles are negative residuals (i.e.,
predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.20 (continued). Pearson residwalthe length composition from all fisheries
and surveys averaged across years of the WFL bz model configuration. Solid blue
circles are positive residuals (i.e., observedtgrehan predicted) and open circles are negative
residuals (i.e., predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.21. Observed and predicted lengtiposition of landings from the commercial
spear fishery of the FLK/EFL stock base model agunfation. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

(i.e., observed greater than predicted) and opetesiare negative residuals (i.e., predicted
Pearson residuals, sexes combined, whole catch, Comm_Spear (max=33.14)

fishery of the FLK/EFL stock base model configusati Solid blue circles are positive residuals
greater than observed).

Figure 11.2.1.3.22. Pearson residuals for the keagiposition fit to the commercial spear
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.23. Observed and predicted lengtiposition of landings from the commercial
hook and line fishery of the FLK/EFL stock base elozbnfiguration. Observed sampled sizes
were capped at a maximum of 200 fish.
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(max=57.61)

South Atlantic and Gulf of Mexico Hogfish
Comm_HL

Figure 11.2.1.3.24. Pearson residuals for the keagiposition fit to the commercial hook and
Pearson residuals, sexes combined, whole catch,

line fishery of the FLK/EFL stock base model configtion. Solid blue circles are positive
residuals (i.e., observed greater than predicted)open circles are negative residuals (i.e.,

predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.25. Observed and predicted lengtiposition of landings from the commercial
trap fishery of the FLK/EFL stock base model confggion. Observed sampled sizes were
capped at a maximum of 200 fish.

length comps, sexes combined, whole catch, Comm_Trap

0.8 41990 N=921996 N=152002 N=502010 N=24
effN=33.5 effN=14.9 effN=78.4 effN=10.6

0.6

0.4

0.2 @F h

0.0 —A—A

0.8 41991 N=381997 N=572003 N=512011 N
effN=33.7| effN=35.4] effN=16.2

0.6

0.4

0.2 1 ﬂ E

0.0

0.8 41992 N=1111998 N=1052004 =
effN=46.2 effN=81.8 effN=3.

42012 N
6 =5.
0.6

0.4
c
O 02
= .. N P . VO _L .__L_
O 0.0 e e e e |
Q 08 41993 N=123 1999 =82005 =9
9 effN=66.3 effN=5.9 effN=6.6/0 20 60
n 06

0.4 -

0.0 —| o Nvassummmomonss | eomoumonsb—toomosbommsssoneonons | enmmesed S ek —Simessssmsoss

0.8 {1994 22000 N=10012006 =g

effN= 182 effN=56.3) effN=4.3

0.6

0.4

0.2 §

0.0 ——A—

0.8 {1995 N=92001 N=23 2008 N=4

effN=10.4 effN=11.2 effN=2]

0.6

0.4

0.2 M

0.0 —

r 1 1 1 T T T T T T 1
0 20 60 0 20 60 0 20 60

Length (cm)

FWC Hogfish SA — SECTION 3 113



p (max=14.11)

South Atlantic and Gulf of Mexico Hogfish
Comm_Tra
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fishery of the FLK/EFL stock base model configusati Solid blue circles are positive residuals
greater than observed).

Figure 11.2.1.3.26. Pearson residuals for the keaginposition fit to the commercial trap
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.27. Observed and predicted lengtimposition of landings from the recreational
spear fishery of the FLK/EFL stock base model agunfation. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.28. Pearson residuals for the keaginposition fit to the recreational spear
fishery of the FLK/EFL stock base model configusati Solid blue circles are positive residuals
(i.e., observed greater than predicted) and opetesiare negative residuals (i.e., predicted
greater than observed).

Pearson residuals, sexes combined, whole catch, Rec_Spear (max=13.77)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.29. Observed and predicted lengtimposition of landings from the recreational
hook and line fishery of the FLK/EFL stock base elozbnfiguration. Observed sampled sizes
were capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.30. Pearson residuals for the keaginposition fit to the recreational hook and
line fishery of the FLK/EFL stock base model configtion. Solid blue circles are positive
residuals (i.e., observed greater than predicted)open circles are negative residuals (i.e.,
predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.31. Observed and predicted lengtimposition of landings from the RVC-Keys
survey of the FLK/EFL stock base model configunati@bserved sampled sizes were capped at
a maximum of 200 fish.

Proportion

length comps, sexes combined, whole catch, RVCKeys

s

g

N=69
effN=15.1

N=200|
effN=21.1

2000

N=200
effN=44.8

2006

8
g

g
-

N=200
effN=26.4

1998

A

N=200
effN=39.3

2004

A

1995 N=161/2001 N=20012007 N=200|
effN=40.7| effN=82.8 effN=43.7|

1996 N=57/2002 N=2002008 N=200
r effN=20.7| effN=44.1 effN=130.2
1997 N=1932003 N=2002009 N=200
effN=60.5 effN=65.2 effN=62.2

N=200
effN=58.3

2010

1999 N=2002005 N=20012011 N=200
effN=45.9 effN=33.2 effN=92.6

T 1 T 1 T T T 1 T T T 1

0 20 60 0 20 60 0 20 60

FWC Hogfish SA — SECTION 3

Length (cm)

2012

=20
effN=240.1

119



South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.32. Pearson residuals for the keaginposition fit to the RVC-Keys survey of
the FLK/EFL stock base model configuration. Sdlide circles are positive residuals (i.e.,
observed greater than predicted) and open circeeregative residuals (i.e., predicted greater
than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.33. Observed and predicted lengtiposition of landings from the RVC-
Tortugas survey of the FLK/EFL stock base modefigomation. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.34. Pearson residuals for the keaginposition fit to the RVC-Tortugas survey
of the FLK/EFL stock base model configuration. i@dlue circles are positive residuals (i.e.,
observed greater than predicted) and open circeregative residuals (i.e., predicted greater
than observed).

Pearson residuals, sexes combined, whole catch, RVCTortugas (max=21.06)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.35. Observed and predicted lengptposition from all fisheries and surveys

averaged across years of the FLK/EFL stock baseshwoahfiguration. Observed sampled sizes

were capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.36. Pearson residuals for the keagimposition from all fisheries and surveys
averaged across years of the FLK/EFL stock baseshwoahfiguration. Solid blue circles are
positive residuals (i.e., observed greater thadipted) and open circles are negative residuals
(i.e., predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.36 (continued). Pearson residwalthe length composition from all fisheries
and surveys averaged across years of the FLK/Edek $tase model configuration. Solid blue
circles are positive residuals (i.e., observedtgraaan predicted) and open circles are negative
residuals (i.e., predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.37. Observed and predicted lengtiposition of landings from the commercial
spear fishery of the GA-NC stock base model coméiian. Observed sampled sizes were
capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.38. Pearson residuals for the keagimposition fit to the commercial spear
fishery of the GA-NC stock base model configurati@olid blue circles are positive residuals
(i.e., observed greater than predicted) and opetesiare negative residuals (i.e., predicted
greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.39. Observed and predicted lengtiposition of landings from the commercial
hook and line fishery of the GA-NC stock base manbelfiguration. Observed sampled sizes
were capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish
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Figure 11.2.1.3.40. Pearson residuals for the keagiposition fit to the commercial hook and
100

line fishery of the GA-NC stock base model confegion. Solid blue circles are positive
residuals (i.e., observed greater than predicted)open circles are negative residuals (i.e.,

predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.41. Observed and predicted lengtiposition of landings from the recreational
hook and line fishery of the GA-NC stock base manbelfiguration. Observed sampled sizes
were capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.42. Pearson residuals for the keaginposition fit to the recreational hook and
line fishery of the GA-NC stock base model confegion. Solid blue circles are positive
residuals (i.e., observed greater than predicted)open circles are negative residuals (i.e.,
predicted greater than observed).

Pearson residuals, sexes combined, whole catch, Rec_HL (max=4.31)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.43. Observed and predicted lengptposition from all fisheries and surveys
averaged across years of the GA-NC stock base ncodéfuration. Observed sampled sizes
were capped at a maximum of 200 fish.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.3.44. Pearson residuals for the keagimposition from all fisheries and surveys
averaged across years of the GA-NC stock base ngsodéguration. Solid blue circles are
positive residuals (i.e., observed greater thadipted) and open circles are negative residuals
(i.e., predicted greater than observed).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.1. Observed and predicted agengthefor the commercial spear fishery of the
WEFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Comm_Spear
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.2. Observed and predicted agengthdor the recreational spear fishery of the
WEFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Rec_Spear
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.3. Observed and predicted agengtheor the recreational hook and line fishery
of the WFL stock base model configuration.

Andre’s conditional AAL plot, sexes combined, whole catch, Rec_HL

o
2003 o ®  Observed (with 90% interval)
e Expected
v v
s -
° @
2 ° < e
3
=
0 - 2o |
° o
[ ]
o
© T T T T T T T o T T T T T T T
15 20 25 30 35 40 45 15 20 25 30 35 40 45
2008
o
N
w |
N ° o |
2 o
o
% =- LS
>
8 <
a ~—
o -
o |
L o [ ]
° T T T T T T T 3 T T T T T T T
15 20 25 30 35 40 45 15 20 25 30 35 40 45
o |
2009 ™
o
n _| N
S
—~ o 7
® S
2 24 < 4
3
S o ]
(/5] ~
o -
o
o
o * *
e T T T T T T T o T T T T T T T
15 20 25 30 35 40 45 15 20 25 30 35 40 45
Length (cm)

FWC Hogfish SA — SECTION 3 136



South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.3 (continued). Observed and prediage-at-length for the recreational hook

and line fishery of the WFL stock base model camfigion.

Andre’s conditional AAL plot, sexes combined, whole catch, Rec_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.4. Observed and predicted agengthdor the baitfish trawl survey of the WFL
stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Baitfish
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.4 (continued). Observed and prediage-at-length for the baitfish trawl survey
of the WFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Baitfish
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.5. Observed and predicted agengthefor the SEAMAP trawl survey of the
WEFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, SEAMAP
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.5 (continued). Observed and prediage-at-length for the SEAMAP trawl
survey of the WFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, SEAMAP
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.6. Observed and predicted agengthefor the commercial spear fishery of the
FLK/EFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Comm_Spear
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.6 (continued). Observed and prediage-at-length for the commercial spear
fishery of the FLK/EFL stock base model configuvati

Andre's conditional AAL plot, sexes combined, whole catch, Comm_Spear
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.7. Observed and predicted agengthefor the commercial hook and line fishery
of the FLK/EFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Comm_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.7 (continued). Observed and prediage-at-length for the commercial hook
and line fishery of the FLK/EFL stock base modeifaguration.

Andre's conditional AAL plot, sexes combined, whole catch, Comm_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.8. Observed and predicted agengthefor the commercial trap fishery of the
FLK/EFL stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Comm_Trap
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.8 (continued). Observed and prediage-at-length for the commercial trap
fishery of the FLK/EFL stock base model configuvati

Andre's conditional AAL plot, sexes combined, whole catch, Comm_Trap
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.9. Observed and predicted agengthdor the recreational hook and line fishery
of the FLK/EFL stock base model configuration.

Andre’s conditional AAL plot, sexes combined, whole catch, Rec_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.9 (continued). Observed and prediage-at-length for the recreational hook
and line fishery of the FLK/EFL stock base modeifaguration.

Andre’s conditional AAL plot, sexes combined, whole catch, Rec_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.10. Observed and predicted ageraitt for the commercial spear fishery of the
GA-NC stock base model configuration.

Andre's conditional AAL plot, sexes combined, whole catch, Comm_Spear
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.11. Observed and predicted ageragftth for the commercial hook and line
fishery of the GA-NC stock base model configuration

Andre's conditional AAL plot, sexes combined, whole catch, Comm_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.12. Observed and predicted ageratth for the recreational hook and line
fishery of the GA-NC stock base model configuration

Andre’s conditional AAL plot, sexes combined, whole catch, Rec_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.1.4.12 (continued). Observed and prediage-at-length for the recreational hook
and line fishery of the GA-NC stock base model murtion.

Andre’s conditional AAL plot, sexes combined, whole catch, Rec_HL
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.1. Estimated length-based selectfuitgtions for the fisheries and surveys in the
WEFL stock.

Length-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.2. Age-based selectivity functions. (iages across which the length-base
selectivity functions apply for all fisheries/suygeexcept the age-0 seagrass trawl
(‘RecTrawllOA’), which was modeled with age for grdge-0 individuals.

Age-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.3. Derived age-based selectivity ions from the modeled length-base selectivity
functions for the fisheries in the WFL stock.

Derived age-based from length-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.4. Estimated length-based selectfuitgtions for the fisheries and surveys in the
FLK/EFL stock.

Length-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.5. Derived age-based selectivity tions from the modeled length-base selectivity
functions for the fisheries in the FLK/EFL stock.

Derived age-based from length-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.6. Estimated length-based selectfuitgtions for the fisheries in the GA-NC
stock.

Length-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.3.7. Derived age-based selectivity ions from the modeled length-base selectivity
functions for the fisheries in the GA-NC stock.

Derived age-based from length-based selectivity by fleet in 2012
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.1. Predicted stock-recruitment retathip for the WFL stock base model
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.2. Recruitment deviations and measoirencertainty for the WFL stock base
model configuration.

N p—
c ]
9
T
S
@
©
=
o)
E o 4 %¢e00999000099 i
S i
S i
o T
o2 :‘
o :
-~ T
s
C\Il —
[ I I [ I
1970 1980 1990 2000 2010
Year

FWC Hogfish SA — SECTION 3 162



South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.3. Recruitment deviation varianceckter the WFL stock base model
configuration.
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South Atlantic and Gulf of Mexico Hogfish

11.2.4.4. Likelihood profile of steepness for th&Mstock base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.5. Predicted stock-recruitment reteghip for the FLK/EFL stock base model
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.6. Recruitment deviations and measoirencertainty for the FLK/EFL stock base
model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.7. Recruitment deviation varianceckHer the FLK/EFL stock base model
configuration.

Recruitment deviation variance check
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.8. Likelihood profile of steepnesstfee FLK/EFL stock base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.9. Predicted stock-recruitment retathip for the GA-NC stock base model
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.10. Recruitment deviations and messof uncertainty for the GA-NC stock base
model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.11. Recruitment deviation varianceck&for the GA-NC stock base model
configuration.

Recruitment deviation variance check
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.4.12. Likelihood profile of steepnesisthe GA-NC stock base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.1. Predicted total biomass (mt) fierWFL stock base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.2. Predicted spawning biomass armateged 95% asymptotic error intervals for
the WFL stock base model configuration.

Spawning output (eggs) with ~95% asymptotic intervals
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.3. Predicted numbers-at-age (bubhleg)mean age (red line) of females for the
WEFL stock base model configuration.

Middle of year expected numbers at age of females in thousands (max=1332.54)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.4. Predicted numbers-at-age (bubhleg)mean age (red line) of males for the
WEFL stock base model configuration.

Middle of year expected numbers at age of males in thousands (max=38.8825)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.5. Predicted numbers-at-length (leg)ldnd mean length (red line) of females for

the WFL stock base model configuration.

Middle of year expected numbers at length of females in thousands (max=471.965)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.6. Predicted numbers-at-length (eg)ldnd mean length (red line) of males for

the WFL stock base model configuration.

Middle of year expected numbers at length of males in thousands (max=8.3625)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.7. Predicted total biomass (mt) ier ELK/EFL stock base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.8. Predicted spawning biomass armateged 95% asymptotic error intervals for
the FLK/EFL stock base model configuration.

Spawning output (eggs) with ~95% asymptotic intervals
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.9. Predicted numbers-at-age (bubhleg)mean age (red line) of females for the
FLK/EFL stock base model configuration.

Middle of year expected numbers at age of females in thousands (max=1110.74)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.10. Predicted numbers-at-age (buphte mean age (red line) of males for the
FLK/EFL stock base model configuration.

Middle of year expected numbers at age of males in thousands (max=4.63491)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.11. Predicted numbers-at-length (lms)land mean length (red line) of females

for the FLK/EFL stock base model configuration.

Middle of year expected numbers at length of females in thousands (max=393.036)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.12. Predicted numbers-at-length (lms)land mean length (red line) of males for

the FLK/EFL stock base model configuration.

Middle of year expected numbers at length of males in thousands (max=1.32873)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.13. Predicted total biomass (mt}lierGA-NC stock base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.14. Predicted spawning biomass aswtcaged 95% asymptotic error intervals the
GA-NC stock base model configuration.

Spawning output (eggs) with ~95% asymptotic intervals
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.15. Predicted numbers-at-age (bupbte mean age (red line) of females for the
GA-NC stock base model configuration.

Middle of year expected numbers at age of females in thousands (max=82.3857)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.16. Predicted numbers-at-age (bupbte mean age (red line) of males for the
GA-NC stock base model configuration.

Middle of year expected numbers at age of males in thousands (max=2.99037)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.17. Predicted numbers-at-length (lms)land mean length (red line) of females

for the GA-NC stock base model configuration.

Middle of year expected numbers at length of females in thousands (max=29.2505)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.5.18. Predicted numbers-at-length (lms)land mean length (red line) of males for

the GA-NC stock base model configuration.

Middle of year expected numbers at length of males in thousands (max=0.583243)
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.6.1Predicted annual exploitation rate, calculatechagtio of the total annual catch in
biomass to the summary biomass at the beginnitigeofear, for the WFL model base configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.6.2Predicted fleet specific continuous F rates forWfeL model base configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.6.3Predicted annual exploitation rate, calculatechagatio of the total annual catch in
biomass to the summary biomass at the beginnitigeofear, for the FLK/EFL model base
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.6.4Predicted fleet specific continuous F rates forkh&/EFL model base
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.6.5Predicted annual exploitation rate, calculatechagatio of the total annual catch in
biomass to the summary biomass at the beginnitigeofear, for the GA-NC model base
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.6.6Predicted fleet specific continuous F rates for@eNC model base configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.1. Density plots for derived gitéeg and stock-recruit parameters from the
bootstrap analysis to test for model uncertaintfhenbase model of the WFL stock. SPR is the
terminal year spawning potential ratio. Only F3@3%resented here for reference to MSY, but
terminal F35% and F40% were analyzed and presémtsairesponding tables.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.2. Density plots for biologicderence points from the bootstrap analysis to
test for model uncertainty in the base model ofMHeL stock. Four alternatives are presented
for maximum fishing mortality thresholds (MFMTWusy, Fso, Fsse, and Rog) and their
corresponding minimum stock size thresholds (MS8algulated as (1-M)*SSBrerence
(SSB?EFERENCE' SSBusy, SSBJ,O%’ SSBs, andSSB;o%). M=0.179 yl for the base model

configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.3. Density plots for stock stdtos the bootstrap analysis to test for model
uncertainty in the base model of the WFL stockurFaiternatives are presented with maximum
fishing mortality thresholds (MFMTEmsY, Fsou, Fss0 and Foe,) relative to the geometric mean
of the most recent three years (2010-2012), and ¢beresponding minimum stock size
thresholds (MSST), calculated as (l'M)*SQ%&RENCE(SSB?EFERENCE SSBusy, SSBg,o%,SSB%%,
andSSBigy). M=0.179 y* for the base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.4. Time-series of derived quaggifor the WFL stock for both the base model
run (solid darker lines) and the 500 bootstramtiens (lighter gray lines). SPR references
levels of 30%, 35%, and 40% are presented on tie .
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.5. Time-series of stock statue ts@ries for the WFL stock for the 500
bootstrap iterations (lighter gray lines) and thsdomodel configuration (solid darker lines).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.6. Density plots for derived qitéeg and stock-recruit parameters from the
bootstrap analysis to test for model uncertainthenbase model of the FLK-EFL stock. SPB is
the spawning biomass (SSB) and SPR is the term@aalspawning potential ratio. Only F30%
is presented here for reference to MSY, but F35eF0% were analyzed and presented in
corresponding tables.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.7. Density plots for biologicderence points from the bootstrap analysis to
test for model uncertainty in the base model ofRhK-EFL stock. Four alternatives are
presented for maximum fishing mortality threshqes-MT: Fmsy, Fso, Fss0, and oo and
their corresponding minimum stock size thresholS$T), calculated as (1-M)*SRBrerence
(SSB?EFERENCE' SSBusy, SSBJ,O%’ SSBs, andSSB;o%). M=0.179 yl for the base model
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.8. Density plots for stock stdtos the bootstrap analysis to test for model
uncertainty in the base model of the FLK-EFL stoElour alternatives are presented with
maximum fishing mortality thresholds (MFMFusy, Fsoe, Fsse, and By relative to the
geometric mean of the most recent three years ¢201Q), and their corresponding minimum
stock size thresholds (MSST), calculated as (1-MBSererence(SSBrererence SSBusy,
SSBso%, SSBisy, andSSByy). M=0.179 ¥* for the base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.9. Time-series of derived quagifor the FLK-EFL stock for both the base
model run (solid darker lines) and the 500 boogstierations (lighter gray lines). SPR
references levels of 30%, 35%, and 40% are pres@mé¢he SPR plot.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.10. Time-series of stock statme tseries for the FLK-EFL stock for the 500
bootstrap iterations (lighter gray lines) and thsdomodel configuration (solid darker lines).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.11. Density plots for derived diteas and stock-recruit parameters from the
bootstrap analysis to test for model uncertainthanbase model of the GA-NC stock. SPB is
the spawning biomass (SSB) and SPR is the term@aalspawning potential ratio. Only F30%
is presented here for reference to MSY, but F35eF0% were analyzed and presented in
corresponding tables.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.12. Density plots for biologicalarence points from the bootstrap analysis to
test for model uncertainty in the base model ofGAeNC stock. Four alternatives are presented
for maximum fishing mortality thresholds (MFMTWusy, Fso, Fsse, and Rog) and their
corresponding minimum stock size thresholds (MS8algulated as (1-M)*SSBrerence
(SSB?EFERENCE' SSBusy, SSBJ,O%’ SSBs, andSS&owo). M=0.179 yl for the base model
configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.13. Density plots for stock stdtam the bootstrap analysis to test for model
uncertainty in the base model of the GA-NC stoEkur alternatives are presented with
maximum fishing mortality thresholds (MFMTFusy, Fsoe, Fsso, and By relative to the
geometric mean of the most recent three years ¢201Q), and their corresponding minimum
stock size thresholds (MSST), calculated as (1-MBSererence(SSBrererence SSBusy,
SSBso%, SSBisy, andSSByy). M=0.179 ¥* for the base model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.14. Time-series of derived questitime series for the GA-NC stock for both
the base model run (solid darker lines) and thelds@strap iterations (lighter gray lines). SPR
references levels of 30%, 35%, and 40% are pres@mé¢he SPR plot.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.1.15. Time-series of stock statme tseries for the GA-NC stock for the 500
bootstrap iterations (lighter gray lines) and thsdomodel configuration (solid darker lines).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.1.1. Sensitivity of the start darethe WFL stock, showing those sensitivity

runs that successfully converged.
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Figure 11.2.7.2.1.2. Sensitivity of the start datethe FLK/EFL stock, showing those sensitivity

runs that successfully converged.

South Atlantic and Gulf of Mexico Hogfish

F SSB
1.00- 4 A
t 1000 7 i Aa
0757 ! (TR
H 800 — Y3 v
0504 | A £
007 v sy = A
i A 600 ye
0257 if 400 —
I x I I I I I I 200 I I I I I I I
& o o o & & 8 & o° o o & & &
3 N N N Y Dy Y ) N N N Y Y e
F/IFMSY SSB/MSSTMSY
100774 1.00
0.75 —
0.50 ~
A As
025- & a.
"-A*—A&‘AA““AA_‘AAA*A—AA‘AAA
T T T T T T T
& o o ° & & 4
P N N N Y Y P
F/F30% SSB/MSST30%
A 1.00
75—
: 0.75
LA
507 & /% 0.50 —
LA A A L4
257 025- X a
i ~~~A"i""f“‘_‘““A’A—AA‘A‘,“‘A
T T T T T T T T T T T T T T
& o o o & & 8 & o° o S & & 4
) N N N Y Y Y ) N N N Y Y e
Depletion SPR
05— 4
0.0757] 4 0.47 i
) 03— it
0.050— X A 02~ I:.
A ayAatha A P A A
- ) . 01— § N
0.025 &« Bay akh Aasha, L x "
T T T T T T T T T T T T T T
& o o o & & 8 & o° o S & & &
) N N N Y Y Y ) N N N > Y >
Year
Sensitivity —* Base ~& Start_1981
FWC Hogfish SA — SECTION 3 213



South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.1.3. Sensitivity of the start darethe GA-NC stock, showing those sensitivity
runs that successfully converged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.2.1. Sensitivity of removing indicd abundance for the WFL stock, showing
those sensitivity runs that successfully converged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.3.1. Sensitivity of including yesprecific recreational errors for the WFL stock,
showing those sensitivity runs that successfullyvenged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.3.2. Sensitivity of including yesgrecific recreational errors for the FLK/EFL
stock, showing those sensitivity runs that succsiystonverged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.3.3. Sensitivity of including yesrecific recreational errors for the GA-NC
stock, showing those sensitivity runs that succsiystonverged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.4.1. Sensitivity of removing theeginess prior for the WFL stock, showing
those sensitivity runs that successfully converged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.4.2. Sensitivity of removing theeginess prior for the FLK/EFL stock, showing
those sensitivity runs that successfully converged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.4.3. Sensitivity of removing theegtness prior for the GA-NC stock, showing
those sensitivity runs that successfully converged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.5.1. Sensitivity of removing for@symptotic selectivity for the WFL stock,
showing those sensitivity runs that successfuliyvenged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.5.2. Sensitivity of removing for@xymptotic selectivity for the FLK/EFL
stock, showing those sensitivity runs that succsiystonverged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.5.3. Sensitivity of removing for@xymptotic selectivity for the GA-NC stock,
showing those sensitivity runs that successfuliyvenged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.6.1. Sensitivity of alternativenahuctive characterizations for the WFL stock,
showing those sensitivity runs that successfullyvenged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.6.2. Sensitivity of alternativenmhuctive characterizations for the FLK/EFL
stock, showing those sensitivity runs that succgiystonverged.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.7.1. Sensitivity of alternative a$@age data for the WFL stock, showing those
sensitivity runs that successfully converged. He&geCompln’ refers to using the full length
range for age data input in the age comps, versing the conditional age-at-length approach

from the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.7.2. Sensitivity of alternative o$@age data for the FLK/EFL stock, showing
those sensitivity runs that successfully convergddre, ‘AgeCompln’ refers to using the full
length range for age data input in the age comgrsug using the conditional age-at-length
approach from the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.7.3. Sensitivity of alternative a$@age data for the GA-NC stock, showing
those sensitivity runs that successfully convergddre, ‘AgeCompln’ refers to using the full
length range for age data input in the age comgrsug using the conditional age-at-length
approach from the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.8.1. Sensitivity of alternative IHistory parameterizations for the WFL stock,
showing those sensitivity runs that successfullyenged. Here, ‘AgeCompln’ refers to using
the full length range for age data input in the egeps, versus using the conditional age-at-
length approach from the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.8.2. Sensitivity of alternative IHistory parameterizations for the FLK/EFL
stock, showing those sensitivity runs that succdlystonverged. Here, ‘AgeCompln’ refers to
using the full length range for age data inputi@ &ge comps, versus using the conditional age-
at-length approach from the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.2.8.3. Sensitivity of alternative IHistory parameterizations for the GA-NC stock,
showing those sensitivity runs that successfullyenged. Here, ‘AgeCompln’ refers to using
the full length range for age data input in the egeps, versus using the conditional age-at-
length approach from the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.3.1. Retrospective analysis foMHe. stock base model run. The 2012 model
run (solid red line) is the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.3.2. Retrospective analysis forRhK/EFL stock base model run. The 2012
model run (solid red line) is the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.7.3.3. Retrospective analysis forGAeNC stock base model run. The 2012 model
run (solid red line) is the base model.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.8.1. Equilibrium yield calculationsifin SS for Hogfish in the WFL stock base

model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.8.2. Equilibrium yield calculationsiin SS for Hogfish in the FLK/EFL stock base
model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.8.3. Equilibrium yield calculationsin SS for Hogfish in the GA-NC stock base
model configuration.
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.9.1. Projections from the WFL stockdtiernative MEMTS (fisy, Fsou, Fssu and
Fa0%), Fo, and Feurens Where kurentiS the geometric mean of the terminal three yg20%0-
2012).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.9.2. Projections from the FLK/EFL $tdar alternative MFMTs (FMSY, F30%,
F35%, and F40%), FO, and FCurrent, where FCursetiita geometric mean of the terminal three
years (2010-2012).
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South Atlantic and Gulf of Mexico Hogfish

Figure 11.2.9.3. Projections from the GA-NC stémkalternative MFMTs (FMSY, F30%,
F35%, and F40%), FO, and FCurrent, where FCursetiita geometric mean of the terminal three
years (2010-2012). Red lines are the correspontdnggts (FMFMT, SSBMSST).
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South Atlantic and Gulf of Mexico Hogfish

12 Appendices
12.1 SS ADMB Code
12.1.1 WFL Stock Model

12.1.1.1Starter File

hog37WFS.dat

hog37WFS.ctl

0 # O=use init values in control file; 1=use ssB.pa

0 # run display detail (0,1,2)

1 # detailed age-structured reports in REPORT.SE0 (

0 # write detailed checkup.sso file (0,1)

1 # write parm values to ParmTrace.sso (0=no,1=gamtide; 2=good,all; 3=every_iter,all_parms; 4=gvactive)
1 # write to cumreport.sso (0=no,1=like&timeserizsadd survey fits)

1 # Include prior_like for non-estimated parame(érs)

1 # Use Soft Boundaries to aid convergence (Ogbofnmended)

1 # Number of datafiles to produce: 1st is input] & estimates, 3rd and higher are bootstrap
10 # Turn off estimation for parameters enterirtgrathis phase

0 # MCeval burn interval

1 # MCeval thin interval

0 # jitter initial parm value by this fraction

-1 # min yr for sdreport outputs (-1 for styr)

-2 # max yr for sdreport outputs (-1 for endyrfe endyr+Nforecastyrs

0 # N individual STD years

#vector of year values

0.0001 # final convergence criteria (e.g. 1.0e-04)

0 # retrospective year relative to end year (€ly. -

1 # min age for calc of summary biomass

1 # Depletion basis: denom is: 0=skip; 1=rel X*B6yrel X*Bmsy; 3=rel X*B_styr

1 # Fraction (X) for Depletion denominator (e.g})0.

4 # SPR_report_basis: 0=skip; 1=(1-SPR)/(1-SPR _2¢g{1-SPR)/(1-SPR_MSY); 3=(1-SPR)/(1-SPR_Btarget)
4=rawSPR

1 # F_report_units: 0=skip; 1=exploitation(Bio);&ploitation(Num); 3=sum(Frates); 4=true F for ramg ages
# 20 23 #_min and max age over which average Fowiltalculated

0 # F_report_basis: O=raw; 1=F/Fspr; 2=F/Fmsy ;/Bbfgt

999 # check value for end of file

12.1.1.2 Data File

#hogfish SEDAR 37 - WFL stock data file
#C data file for simple example
# observed data:

1986 #_styr

2012 #_endyr

1# nseas

12 # months/season

1# spawn_seas

5# Nfleet

4 # Nsurveys

1# N_areas
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South Atlantic and Gulf of Mexico Hogfish

Comm_Spear%Comm_HL%Comm_Trap%Rec_Spear%Rec_HLYUBEHEEAMAP%VideolOA%RecTrawllOA
-1-1-1-1-10.30.50.50.5# surveytiming_irasm; Video/SEAMAP/RecTrawl=summer, baitfish=spring
111111111# area_assignments_for_each Yished survey

111 22# units of catch: 1=bio; 2=num

0.1 0.1 0.1 0.41 0.46 #_se of log(catch) only Usedhit_eq_catch and for Fmethod 2 and 3; userdfscard only
fleets

2 # Ngenders

20 #_Nages

1.654100353 0.772771972 0
63 # N_lines_of catch_to read
#_catch_biomass(mtons):_columns_are_fisheriesggzmon

45.52075804 2.7452640@6 équil_catch

#Comm_Spear Comm_HL Comm_Traps Rec_Spear Rec_HL Ye8eason
0 0.172531835 0 8.22450245 1.018312766 1950 1
0 6.047610991 0 8.480826074 1.05004935 1951 1
0 0.301759835 0 8.73718063 1.081789765 1952 1
0 2.274271969 0 8.993504255 1.11352635 1953 1
0 0.157559223 0 9.249827879 1.145262934 1954 1
0 2.122020435 0 9.506182435 1.177003349 1955 1
0 1.588103497 0 9.762506059 1.208739934 1956 1
0 4.241268325 0 10.01882968 1.240476518 1957 1
0 2.617737594 0 10.27518424 1.272216933 1958 1
0 1.752382293 0 11.31065497 1.400423238 1959 1
0 0.638519971 0 11.58597012 1.434511248 1960 1
0 0.508313736 0 12.82762563 1.588246221 1961 1
0 0.528492035 0 12.10010205 1.498168242 1962 1
0 0.45359237 0 12.36301393 1.53072055 1963 1
0 0.509142782 0 12.95864855 1.604468759 1964 1
0 0.353073652 0 13.68428535 1.694313127 1965 1
0 2.397755404 0 14.03698938 1.737983005 1966 1
0 1.633226264 0 15.26466417 1.889986961 1967 1
0 3.070777035 0 15.34446566 1.899867544 1968 1
0 2.184845908 0 16.12389115 1.996371731 1969 1
0 1.386261616 0 17.40637534 2.155161886 1970 1
0 1.600457405 0 21.82453228 2.702193836 1971 1
0 1.565522534 0 22.61673219 2.800279682 1972 1
0 0.597390429 0 23.90534068 2.959828115 1973 1
0 0.788523165 0 25.80842064 3.195457034 1974 1
0 1.726628044 0 26.93052857 3.334390281 1975 1
0 1.181140926 0 25.42497138 3.147980451 1976 1
0 3.583379723 0 22.87141648 2.831813294 1977 1
0 1.36077711 0 20.65704884 2.557642443 1978 1
0 2.313321087 0 22.15453309 2.743052726 1979 1
0 1.622046315 0 18.21459741 2.255231508 1980 1
0 0.667687969 0 0 5.29345646 1981 1

0 0.626411063 0 5.329090596 0 1982 1

0 1.110394122 0 20.58876015 0 1983 1
0.013101076 1.06075087 0 0 1984 1
1.339717036 1.012531343 0 0 1985 1

1.654100353

0.328158343 1.950679962 46.4689627 1.213332125 87 191
0.235831683 3.003674995 37.87690656 6.109542335988 1 1
0.486374198 12.28282779 38.0669843 3.985817436 89 191

3.300527941

0.772771972

14.01691142

cNeoNoNoNoNoNo]

45.52075804

6.116190398

2.745264696986 1 1

5.230400238990 1 1

10.40796149 6.009299712 0.011036363 113.3273081 940.01991
8.141350634 2.078835665 1.859598758 52.43263666 439438353
7.11784228 4.069465717 7.664929867 76.5992564 3196899

FWC Hogfish SA — SECTION 3

243



6.102551352
2.709434089
3.834561045
3.508713664
2.967150127
2.081123603
3.55639492
5.595680521
7.823852094
7.451163774
8.161338417
6.143546628
5.480641579
6.326637047
9.103291411
12.69346876
12.84852486
17.46885353
16.93367453
#

5.197526243
3.290924721
1.990595607
1.80883982

1.509598937
1.910716421
4.058439156
2.638597424
2.294815839
2.599423376
0.993593384
1.198015305
0.560836325
0.747790785
1.214200091
1.170414388
2.479031731
2.544264356
1.761752765

South Atlantic and Gulf of Mexico Hogfish

2.40857635 37.61065428 8048467 1994
1.529691072 32.70931061 59865469 1995
2.079260493 15.54517642 38BX3968 1996
3.086819527 24.28086346 7030996 1997
1.524791607 30.14540494 45129606 1998
1.963296557 40.0721825 929156 1999
0.826389343 11.57430194 4984319 2000
1.846791318 30.38600582 25853708 2001
1.873936651 14.18346362 42868508 2002
0.605819036 44.83882949 03288743 2003
0.356056577 41.64891792 82605638 2004
0.011262189 14.33886875 9327379 2005
0.000464268 15.12207256 42074993 2006
0 23.05202356 7.989183909007 2 1

0 71.90893607 8.842517893008 2 1

0 37.08368436 7.599534191009 2 1

0.06618774 76.89004881 6135293 2010
0.029506994 21.44584868 71809103 2011

0 44.23504369

111 #with baitfish 105 #_N_cpue_and_surveyabundarizgervations
# Units: O=numbers; 1=biomass; 2=F
# Errtype: -1=normal; O=lognormal; >0=T

14.65915885012 2 1

# Fleet Units  Errtype

1 1 0 #Comm_Spear

2 1 0 #Comm_HL

3 1 0 #Comm_Trap

4 0 0 #Rec_Spear

5 0 0 #Rec_HL

6 0 0 #BaitfishlOA

7 0 0 #SEAMAPIOA

8 0 0 #VideolOA

9 0 0 #RecTrawllOA

#iyear Seas Index ObsScaled LOG(SE)

1993 1 1 0.899900939 0.26598648 #Comm_Spear_Logbook
1994 1 1 0.75115147 0.244923625 #Comm_Spear_Logbook
1995 1 1 0.924176045 0.265204585 #Comm_Spear_Légboo
1996 1 1 0.495002101 0.235256925 #Comm_Spear_Légboo
1997 1 1 0.743263586 0.206864415 #Comm_Spear_Légboo
1998 1 1 0.776957835 0.231810447 #Comm_Spear_Légboo
1999 1 1 0.596117323 0.224099927 #Comm_Spear_Légboo
2000 1 1 1.154608488 0.189827785 #Comm_Spear_Légboo
2001 1 1 1.816105376 0.194906088 #Comm_Spear_Légboo
2002 1 1 1.527801002 0.197047714 #Comm_Spear_Légboo
2003 1 1 1.352185328 0.189230666 #Comm_Spear_Légboo
2004 1 1 0.767095964 0.207921739 #Comm_Spear_Légboo
2005 1 1 0.897373126 0.218137577 #Comm_Spear_Légboo
2006 1 1 0.450140957 0.212673403 #Comm_Spear_Légboo
2007 1 1 0.662014283 0.216160225 #Comm_Spear_Légboo
2008 1 1 0.932583648 0.181191844 #Comm_Spear_Légboo
2009 1 1 1.765629971 0.188301419 #Comm_Spear_Légboo
2010 1 1 0.988245674 0.180510303 #Comm_Spear_Légboo
2011 1 1 1.207250226 0.182017438 #Comm_Spear_Légboo
2012 1 1 1.292396656 0.174917361 #Comm_Spear_Légboo
1994 1 2 1.256405471 0.136485898 #Comm_HL

1995 1 2 1.188408189 0.177418633 #Comm_HL
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1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

PRRPRPRRPRPRRPRPRPRRPRPRRPRPRPRPRPRRPRPRPRREPRPRRPRPRPRPEPRPRRPRREPRPRREPRPREPRPRREPRPRPRPRREPRPRREPRRREPRLPRRERRRRERER

oo oahr,,r,rr,AA,AARARMDMDIMDIMDIMDRARELELESLEDREDEDIDDIDDINDNPNNDNDNNNNNNNNNNNDNDN

1.056670626
0.857464269
0.481548696
0.59152771
1.13510031
1.100434997
1.393987119
0.833102065
0.393470453
0.686326004
0.664976347
0.44124132
0.752004077
0.8369227
1.67098962
2.633660342
1.025759685
0.63334313
1.75480482
0.822295575
0.91208366
0.350237532
0.60660002
1.147655164
0.809992148
0.560710447
0.718872741
0.577853129
0.952632595
0.918518307
0.486867513
0.74223776
1.20432822
1.231927587
1.208652931
1.554515746
1.359086981
2.446783993
1.581128308
0.50425847
0.751075064
1.006565957
0.846951993
1.03532219
0.912879606
0.978342699
0.50194076
0.667133854
0.579046192
0.471512255
1.675464987
0.219317009
0.633365694
0.62228567
1.100257197
0.842712637

FWC Hogfish SA — SECTION 3

0.158785858
0.171895357
0.199215988
0.185050439
0.144519108
0.144864643
0.156524381
0.203812015
0.226613282
0.235596635
0.306330147
0.353963095
0.322360232
0.269459918
0.289631466
0.212888947
0.351486444
0.511022178
0.308935056
0.364846973
0.390183361
0.405850675
0.366498441
0.288062536
0.201521588
0.681131581
0.300782093
0.442452296
0.256091271
0.350013326
0.399642022
0.304290451
0.356623847
0.254035859
0.260015672
0.262140442
0.259119055
0.224776701
1.167498181
0.422081515
0.480244942
0.406978644
0.358607864
0.481731286
0.38823745

0.341086776
0.376379492
0.392365987
0.421105027
0.372140161
0.29124532

0.589608141
0.446246297
0.576783192
0.366742642
0.341386514

South Atlantic and Gulf of Mexico Hogfish

#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Comm_HL
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec_HL
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2009
2010
2011
2012
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2008
2009
2010
2011
2012
2005
2006
2007
2008
2009
2010
2011
2012
2008
2009
2010
2011
2012

PRRPRRPRRPRRPRRPRPRREPRPRRRPRPRPRPRREPRPRREPRREPRPRPREPRPRRRERERER
©OOOWOWOOWOVPOOVOONNNNTDODODOOD O OO O U U U U

0.867728262
3.303451139
2.076629354
0.822630703
0.158920954
1.439711945
1.506951509
0.936642216
0.244123789
1.320643929
0.91072799

2.036917064
0.683782192
0.618603987
1.142974425
2.016370977
0.742434905
0.715026482
0.438164376
1.088003259
0.968198513
0.783660306
0.050882379
1.237301801
1.358416196
1.016930933
0.878616859
1.705993013
1.346003983
0.267339164
0.443111958
0.640748117
2.302796779

0# N_fleets_with_discard

0 #N discard obs
#
0# N_meanbodywt obs

0.305867721
0.365250702
0.381156132
0.542393738
0.80172897

0.641483971
0.656704287
0.85506625

0.573771796
0.489048159
0.535996459
0.505268886
0.543404068
0.547651645
0.535431048
0.763668429
0.357197546
0.318638415
0.389187014
0.271139511
0.295715738
0.257283014
1.077057808
0.204057254
0.169475765
0.193961365
0.159971078
0.124911171
0.154375653
0.246889531
0.223191401
0.192502746
0.160657724

30 # _DF_for_meanbodywt_T-distribution_like

2 # length bin method: 1=use databins; 2=generate binwidth,min,max below; 3=read vector

2 # binwidth for population size comp
2 # minimum size in the population (lower edgeirstfbin and size at age 0.00)
90 # maximum size in the population (lower edgéasf bin)

-0.0001 # comp_tail_compression

0.0001 #_add_to_comp

0 #_combine males into females at or below thisnbimber

45 # N_LengthBins

246810121416 182022 24 26 28 30 32 3483460342 44 46 48 50 52 54 56 58 60 62 64 66 682/D4776 78

80 82 84 86 88 90
101 # N_Length_obs

#Yr Seas Flt/Svy Gender Part Nsamp datavector(femeile)

FWC Hogfish SA — SECTION 3

South Atlantic and Gulf of Mexico Hogfish

#Rec_HL
#Rec_HL
#Rec_HL
#Rec HL
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#Baitfish
#SEAMAP
#SEAMAP
#SEAMAP
#SEAMAP
#SEAMAP
#VideolOA
#VideolOA
#VideolOA
#VideolOA
#VideolOA
#VideolOA
#VideolOA
#VideolOA
#RecTrawllOA
#RecTrawllOA
#RecTrawllOA
#RecTrawllOA
#RecTrawllOA



South Atlantic and Gulf of Mexico Hogfish

#Year Seas Fleet Gender Part NsampRaw 2 4 6 8 1@ 18 18 20 22 24 26 28 30 32 34 36 38 40 42 448480
52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 826888 902 4 6 8 10 12 14 16 18 20 22 24 26 282384336 38
40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 704726 78 80 82 84 86 88 90
199111007000000000000000MAL10O00110010001001000000MMWO0O00000
00000000000000000000000MMWO0O0O0OO00O0
1997110038000000000000013228%532513010011001000000000W00000000
00000000000000000000000MMWO0O0O0OO000O0
199811001000000000000000mMMO0O0O0010000000000000000MMWO0O0O0000O0
00000000000000000000000MMWO0O0O0OO000O0
1999110011000000000000002692612216432320012000000000MW®DO0O0O00OO0
00000000000000000000000MMWO0O0O0O0O0O0O0O0O0O0
20001100140000000000000110VOH00000001011210120000000WOV0O00O0000000
00000000000000000000000MMWO0O0O0O00O0
2001110012000000000000000MW®210V020011001000100120000WX0W0O00O0000000
00000000000000000000000MMWO0O0O0O00O0
20021100180000000000000001M220200010000102011000000W00000000
00000000000000000000000MMWO0O0O0OO00O0
2003110011000000000000000®M1100100000121000120000000MW0O0000000
00000000000000000000000MMWO0O0O0OO000O0
200511001000000000000001M®MXDO0O0OO0O0O00O0O0000000000000MMO®LO0O0O0O000O0
00000000000000000000000MMWO0O0O0OO000O0
200711001400000000000000132200000000000000000000MMW0O0000000
00000000000000000000000MMWO0O0O0O00O0
200811001600000000000001122@211200000000200000000000OMOW 00000000
00000000000000000000000MMWO0O0O0O00O0
200911001000000000000000M®MIDO0O0100000000000000000MO®OO0O0O0OO00O0
00000000000000000000000MMWO0O0O0OO00O0
2010110032000000000000002231421002100000000000000MOMW0O0000000
00000000000000000000000MMWO0O0O0OO000O0
20111100101000000000000025461211179640000000000000MM®LO0O0O0O000
00000000000000000000000MMWO0O0O0O0O0O0O0O0OO0O0
20121100200000000000000069318226322112142333142201101@®®O0O0O00O0
00000000000000000000000MMWO0O0O0O0O0O0O0O00OO0OO00O0
199312001100000000000000011®10V0101111200000000000MW0WW0O0O000000O0
00000000000000000000000MMWO0O0O0O000O0
1994120014000000000115400M®®O000000000100001100M0WMW0O0O000000
00000000000000000000000MMWO0O0O0O00O0
199512001000000000001000MMXOO0O0O00000000000000000MMIVO0O0O0O000O0
00000000000000000000000MMWO0O0O0OO000O0
199612003000000000030000MMOO0O0O00000000000000000MMWO0O0O0000O0
00000000000000000000000MMWO0O0O0OO000O0
1998120029000000000244433241000000000000000000000M0MMW0O0000000
00000000000000000000000MMWO0O0O0OO000O0
1999120010000000000000000M®N1100220010110000000MW0WVO0O000000
00000000000000000000000MMWO0O0O0O00O0
2001120019000000000000233211101210000000010000000000WW0O00O0000000
00000000000000000000000MMWO0O0O0O000O0
200212002000000000000000MMXDO0O0O01000000010000000MMO®OO0O00000
00000000000000000000000MMWO0O0O0O000O0
2008120020000000000010120M®MXDO0O0OO0O0O00O0O000000000000MMMO™OO0O0O0O000O0
00000000000000000000000MMWO0O0O0OO000O0
2011120011000000000000000mM®B10V21100100101000000000MOWW0O0O0000000
00000000000000000000000MMWO0O0O0OO000O0
201212002000000000000000M®M0O00000000000000000000MM™WO0O00000
00000000000000000000000MMWO0O0O0OO000O0
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South Atlantic and Gulf of Mexico Hogfish

19931300180000000042211321000D0000000000000000000MMOWWO0O0O0O0000
00000000000000000000000MMWO0O0O0O0O0O
1996130020000000000001453492D100000000000000000000M0WOMO0O0O0O0000
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OOO
19981300230000000000344413102200000000000000000000000000000000
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
199913002000000010212341210D000000000000000000000000000000000
000000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
20001300650000000001276181423100000000000000000000CKOCD0000000
00000000000000000000000MWMWO0OO0O0O0OO0O0O0
2001130036000000000002277®R220000000000000000000000X0W00000000
00000000000000000000000MMWO0O0O0O0O0O0
20021300107000000000002482%21363411100000100000000MW®O0O0O00OO0
00000000000000000000000MMWMOOOO0O0O0O0OOOO0
200313002100000000120025133P11101000000000000000000DX0D0O0O0O0O000O0
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
198214002000000000000000MM®LO0110000000000000000MWIVO0O0O0000O0
00000000000000OC0OO0OOOOOOMMWOOOOOOODO
198914001600000000000010133®@212000000000000000000000000000000
000000000000O0O00OCOOOOOOOOMMWOOOOO0OODO
1993140013000000000001002331000010000000100000000000000000000
00000000000000000000000MMWO0O0O0O0O0O0
19941400170000000000000072®@®1010000000000000000MMOMO0O0O0O0000
00000000000000000000000MMWO0O0O0O0O0O0
199514003000000000000156741111100000000000000000MWOWMO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
199614007000000000000201®MN10O00000000000000000000MWIVOO0O0OOO0O
00000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
1997140021000000000100142422020020000000000000000000000000000
00000000000000O0O0O0OOOOOOMmMWOOOOO0OOO
19981400350000000000001235%897210100000000000000000000000000000
00000000000000OC0O0O0OOOOOOMmMWOOOOO0OOO
19991400340000000000000363A#6®1010000000000000000M0WOMWO0O0O0O0000
00000000000000000000000MMWO0O0O0O0O0O
2000140012000000000000000®B130010200000000000000000WXO0O0O000000
00000000000000000000000MMWO0O0O0O0O0O
20011400210000000000002241033#1000000000000000000000WXO0O0O0O00000
00000000000000000000000MMWO0O0O0OO0O0O
200214001500000000000001210228100000000000000000000WM0O0O000000
0000000000000O0OCOOOOOOOOMmMWOOOOOOOO
200314003200000000000011233420000000000000000000MMWOV0O0O00000O0
000000000000O0O00OOOOOOOOOMMWIOOOOOOOODO
2004140040000000000000396383813111001010000000000000WM0O00000000
00000000000000000000000MMWO0O0O0O0O0O
2005140024000000000000002495136000000000000000000000WXM0O0O000000
00000000000000000000000MMWO0O0O0O0O0O0
20061400180000000000000091240000000000000000000000WM0O0O000000
00000000000000000000000MMWO0O0O0O0O0O
200714001600000000000012451100000000000000000000000WXO0O0O000000
00000000000000OC0O0O0OOOOOOMmMWOOOOO0OOO
2008140057000000000000236087132000000000000000000MWOV0O0O00000O0
000000000000O0OCOOOOOOOOOMMWMOOOOOOOODO
2009140038000000000000004B®B6r1110000000000000000000MOMO0O0O0O0000
000000000000O0O0OCOOOOOOOOMMWOOOOOOODO
2010140066000000000000021112B76201000000000000000MMWO0O0O00000
00000000000000000000000MWWO0OO0O0O0OO0O0O0
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South Atlantic and Gulf of Mexico Hogfish

20111400500000000000011059%8%3120000000000000000000WXO0O0O0000000
00000000000000000000000MMWO0O0O0O0O0O
201214001220000000000000151922262810420002000000000Mm®WWMO0O0O000
00000000000O0O0OOOOOOOOOOMMWOOOOOOOOOOOOO
19931500700000000000000033®M00010000000000000000MWWVO0O0O00O00O0
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
19941500140000000000000143300001000000000000000000VXV0O00000000O0
000000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
19951500110000000000000314911000000000000000000000XOXV0O0O000000O0
00000000000000000000000MMWO0O0O0O0O0O0
19961500300000000000001011MXO0O0O0O0O00O000000000000000MWIVO0O0O0O0O0O0
00000000000000000000000MMWO0O0O0O0O0O
199715007000000000001000220000110000000000000000MWXVO0O0O0000
00000000000000000000000MMWO0O0O0O0O0O0
1998150014000000000002233®MIHOPOOO0OOO0O0OO00O00O00000000MMOIVO0O0OO0O0O0O0
00000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
199915009000000000100001210000000000000000000000MWWO0O0O0000
0000000000000000O0O0O0OOOOOMMWOOOOO0OOO
20001500110000000000001101111MM2010000000000000000MM0MOMO0O0O0O0000
00000000000000OOC0OO0OOOOOOMmMWOOOOOOOO
2001150070000000000000302211000000000000000000000MMWO0O0O000O0
00000000000000000000000MMWO0O0O0O0O0O
200215008000000000000001 M40 10000010000000000000MMO™OO0O0O0000
00000000000000000000000MMWO0O0O0O0O0O
200315002800000000000011238621000000000000000000000WM0O0O0000000
00000000000000000000000MMWO0O0O0O0O0O0
200415004000000000000001MPO1100000000000000000000MMWO0O0O00O0O0
0000000000000O0OC0OO0OOOOOOMmMWOOOOO0OOO
200515006000000000001000M3O0000100000000000000MMWWO0O0O000O0
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OODO
20061500300000000000000000100000000000000000000MMWO0O0000O0
000000000000O0OOCOOOOOOOOMMWOOOOOOOO
20071500110000000000000312D3D00000000000000000000WOWXO0O0O0O00000
00000000000000000000000MMWO0O0O0O0O0O
2008150080000000000000102210100000000000000000000MMW™OO0O00000
00000000000000000000000MMWO0O0O0O0O0O
20091500130000000000001214200100000000000000000000WO0O0O0000000
00000000000000000000000MMWO0O0O0O0O0O
201015007000000000000001®2010000000000000000000MMWO0O0O000O0
000000000000O0O0OCOOOOOOOOMMWOOOOO0OOO
2011150022000000000000113481320200000000000000000M0WM0O0000000
0000000000000O0OC0O0O0OOOOOOMMWOOOOO0OODO
20121500180000000000000110D601000000000000000000M0WM0O0O0O000000
00000000000000000000000MMWO0O0O0O0O0O0
2002160018001000203321021®MWM2A2000000000000000000000WXO0O0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
20031600190000001443410000®M10O0000000000000000000000OWXO0O0O0O00000O0
00000000000000000000000MMWO0O0O0O0O0O0
200416002600000000225423322M000000000000000000000000W00000000
0000000000000O0OC0OO0OOOOOOMWOOOOOOOO
2005160010000000013010210M®DOO0O0O0O0O0000000000000MMOIOOO0O0O0O00OO0
0000000000000O00OCOOOOOOOOMMWOOOOO0OODO
2006160015000000123450000Mm®M®OOO0OO0O0O0O0O0O0O0O0O0O00000OMMOIOOO0O0O0O0O00
000000000000O0OCOOOOOOOOOMmMWOOOOOOODO
200716007600000002229767113MMOOOO0O0O0O0O0O0O0O0O0O0O00O0O0O0OMGOOAOO0O0O0000
00000000000000000000000MWWO0O0O0O0O0OO0O0O0
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200816003300000000349425233®MW1D00000000000000000000MXO0OO0O00000
00000000000000000000000MMWO0O0O0O0O0O
2009160068000004867676753223100010000000000000000000000000000
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OOO
2010160038000000021686262200000000000000000000000WM0O0O000000
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
2011160034000000112001294723d1100000000000000000000MW0MOMO0O0O0O0O000
000000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
20121600820000000512151364231213110000000000000000MWO0O0O00000
00000000000000000000000MWMWO0O0O0O0O0OO0O0O0
20081700130000000001006032MW1O00000000000000000000MMOWXO0OO0O00000
00000000000000000000000MMWO0O0O0O0O0O0
2009170061000000024116101120®B301000000000000000000MPWOO0O00000
00000000000000000000000MWWO0OO0O0O0OO0O0O0
201017006400000210875710642M®110000000000000000000MM0MXV0O0O0O0000
00000000000O0OOCOOOOOOOOOMMWMOOOOOOOOOO
2011170046001000056114482103M10000000000000000000MMWOO0O0O0000O0
000000000000O0OC0OOOOOOOOOMMWMVOOOOOOODO
2012170012500121042318161711%2004111000000000000000M00000000000
000000000000O0O0OOOOOOOOOMMWOOOOOOOOOOOO
200918001400000001100320310MN110000000000000000000MW0M0MO0O0O0O0000
00000000000000000000000MMWO0O0O0O0O0O0
201018001500000000100205122100100100000000000000000WXO0O0O000000
00000000000000000000000MMWO0O0O0O0O0O0
201118002100000000001311521210011001000000000000000000W00000000
00000000000000000000000MMWO0O0O0O0O0O
2012180028000000000452312321100010000000000000000M0WM0O0O000000
00000000000000OC0O0O0OOOOOOMMWOOOOOOODO
200819001280619344916400000@@®O0O0O00000000000000000MMXO0O0O0000
0000000000000O00O0O0OOOOOOOMMWXOOOOOOOOOOOO
2009190028022696300000000MM®OOOOO0O0O0O0O0O0O0O0O0O0O0000OMMOIOOO0O0O0O0O0O0
00000000000000OC0O0O0OOOOOOMmMWOOOOO0OOO
2010190033811167000000000MMWMOOO0O0O0O0O00O00000000000MWIOO0OO0O0O0O0
00000000000000000000000MMWOOO0O0OOOO0
20111900655812201352000000@W®®MO0O0O00O0000000000000000MPOOO0O0O0O00O0
00000000000000000000000MWMWO0O0O0O0O0OO0O0O0
2012190014142039381819210000@@®O0O0O00O00000000000000MMMOO0O00000
00000000000000000000000MMWOOOO0O0O0O0O0OO0O0

19 # N_age_bins

01234567891011121314151617 18

1# N_ageerror_definitions; these define how S$asihvert true age into a distribution of expecaegs to
represent the effect of ageing bias and imprecision

#true_age=01 2 etc.,

-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-11-1-1-1

0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.0001000001 0.001 0.001 0.001 0.001 0.001 0.001 COCDAL
0.001 0.001 0.001

#

130 # N_Agecomp_obs

1# Lbin_method: 1=poplenbins; 2=datalenbins; 3gibs

1 #_combine males into females at or below thisrimber

#Yr Seas Flt/Svy Gender Part Ageerr Lbin_lo LbinNkamp datavector(female-male)

#Year Seas Fleet Gender Part AgeErr Lbin_lo LbilNgampRaw 0123456789 10111213 14 157183 0
1234567891011121314151617 18
2010110012020100001000000M®®WO0O0O000000000000000000
2012110011616200000110000M®®MO0O0O0O0O0O000000000000000
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2012110011717100000100000mMmWMO0O0O0O0O0O0O00000000000000
2012110011919100000010000mMmWMO0O0O0O0O0O0O00000000000000
2012110012020200000110000mMmMWMO0O0O0O0O0O0O00O000000000000
2003140011616100000010000MmM®®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2003140011717100001000000m®M®®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000OO
2003140011818100001000000m®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012140011616100000100000m®M®O0O0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012140011717100000010000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000OO
2012140011818200001100000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012140012020100000010000mMmMWMO0O0O0O0O0O0O00000000000000
2012140012121100001000000mMmWMO0O0O0O0O0O0O00O000000000000
2012140012424100000001000mMmWMO0O0O0O0O0O0O00000000000000
2003150011818100001000000mMWMWMO0O0O0O0O0O0O00000000000000
2008150012121100010000000mMmMWMOOO0O0O0O0O00O0O00000000000
2009150011616200002000000®mMWMWMO0O0O0O0O0O0O00000000000000
2009150012323100001000000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2010150011515100001000000m®M®®OO0O0O0O0O0O0O0O00O000O0O00000O0
200716001881100000000000MMOO0O0O00000000000000000

2007160011111303000000000Mm®M®OOO0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2007160011212804400000000m®m®O0O0O0O0O0O0O0O000000O0O00000O0
2007160011313500500000000mmM®O0O0O0O0O0O0O0O000000O0O00000O0
2007160011414100100000000mMmWDO0O0O0O0O0O000000000000000
2007160011515100100000000mMmMWMO0O0O0O0O0O0O00000000000000
2007160011616201100000000mMmMWMOO0O0O0O0O0O00000000000000
2007160011717200200000000®mMmMWMO0O0O0O0O0O0O000O00000000000
2007160011818200200000000mMWMWMOO0O0O0O0O0O00000000000000
2007160011919100000100000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
200916001663030000000000MMOO0O0O00000000000000000

200916001774040000000000mMMDOO0O000000000000000000

200916001881010000000000MMOO0O0O00000000000000000

200916001995040100000000mMMOO0O000000000000000000

2009160011010701330000000MmM®OOO0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2009160011111400310000000mMmWMO0O0O0O0O0O0O00O000000000000
2009160011212200200000000mMmMWMOO0O0O0O0O0O000O00000000000
2009160011313500320000000mMmMWMO0O0O0O0O0O000000000000000
2009160011414400040000000mMmWDO0O0O0O0O0000000000000000
2009160011616100010000000mMmMWMOO0O0O0O0O0O00000000000000
2009160011818100010000000mMmMWMOO0O0O0O0O0O00O0O00000000000
2009160012020100010000000MmM®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2009160012121100010000000MmM®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
201016001771010000000000MMOO0O0O00000000000000000O0

201016001881010000000000MMOO0O0O00000000000000000

201016001991010000000000MMOO0O0O00000000000000000

2010160011010902700000000mMWMWMO0O0O0O0O0O0O00000000000000
2010160011111700610000000mMmMWMOO0O0O0O0O0O00O0O00000000000
2010160011212200200000000mMmMWMOO0O0O0O0O0O00000000000000
2010160011313600033000000mMmMWMOO0O0O0O0O0O00O0O00000000000
2010160011414400103000000mMmWMO0O0O0O0O0O000000000000000
2010160011515100001000000®mMmMWMO0O0O0O0O0O000000000000000
2010160011616100001000000MmM®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2010160011717200002000000MmM®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2010160011818100010000000MmM®O0O0O0O0O0O0O0O0O0O0O00O0O0O00000O0
201116001772020000000000MMDOO0O0O00000000000000000

201116001881010000000000MMDOO0O0O00000000000000000

201116001991010000000000MMOO0O0O00000000000000000

2011160011111100010000000®mMmMWMOO0O0O0O0O0O00O0O00000000000
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2011160011313300030000000mMmMWMOO0O0O0O0O0O00000000000000
2011160011414800052100000mMmWMO0O0O0O0O0O0O00O000000000000
2011160011515400022000000mMmWMO0O0O0O0O0O0O00000000000000
2011160011616600001500000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2011160011717200010100000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2011160011818100001000000Mm®M®O0O0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2011160011919200001100000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2011160012121100000100000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
201216001888080000000000MMOO0O0O00000000000000000
2012160019913012100000000®mMmMWMO0O0O0O0O0O000000000000000
2012160011010908100000000mMWMWMO0O0O0O0O0O0O00000000000000
20121600111111004330000000@®O®MO0OOO0O0O0O0O0O0O0O000000000O0
2012160011212200110000000mMmMWMOO0O0O0O0O0O00O0O00000000000
2012160011313400211000000mMmDWMO0O0O0O0O0O0O00O000000000000
2012160011414500013100000mMmWMO0O0O0O0O0O0O00000000000000
2012160011515200001100000Mm®@®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2012160011616100001000000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2012160011717500012200000Mm@®O0O0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012160011818300001200000MmM®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012160012121100000010000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2012160012222100000100000Mm®@®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012160012323100000010000mMmMWMO0O0O0O0O0O0O00O000000000000
2008170011010202000000000mMWMWDO0O0O0O0O0O0O00000000000000
2008170011111401300000000mMmWMO0O0O0O0O0O0O00O0O00000000000
2008170011212601500000000mMmWMO0O0O0O0O0O0O000000000000000
2008170011313300300000000mMWMWDO0O0O0O0O0O0O000O00000000000
2008170011414300300000000mm®®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2008170011515100100000000m®M®O0O0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2008170011616200200000000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2008170011818200200000000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
200917001882110000000000MMDOO0O0O00000000000000000
200917001992020000000000MMOO0O0O00000000000000000
20091700110101201002000000MW®MO0O0O00O0O00000000000000000
20091700111112001252100000@W®®MO0O0O0O0O00000000000000000
20091700112121806111000000@W®®MO0O0O0O0O00000000000000000
20091700113131501680000000@@®®MO0OOO0O0O0O0O000000000000O0
2009170011414801250000000mMmWMO0O0O0O0O0O0O00000000000000
20091700115151100110000000@W®®MO0O0OO0O0O00O0O00O0O0O0000000000O0
2009170011616100010000000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2009170011717600051000000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2009170011818300020010000MmM®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2009170011919100100000000m®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2009170012020200010100000MmmM®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
201017001774040000000000mM@WMOO0O0O0O0000000000000000
2010170018812084000000000®mMWMO0O0O0O00O0O0O0000000000000
2010170019912011001000000mMmMWMO0O0O0O0O0O0O00000000000000
2010170011010600510000000®mMmMWMO0O0O0O0O0O000000000000000
2010170011111501220000000mMmMDWMOO0O0O0O0O0O00O0O00000000000
2010170011212500230000000mMmMWMO0O0O0O0O0O0O00000000000000
2010170011313700232000000Mm@®O0O0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2010170011717300012000000Mm®M®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
201117001886042000000000mMDOO0O000000000000000000
201117001993011100000000MMDOO0O000000000000000000
2011170011010904050000000mm®O0O0O0O0O0O0O0O000000O0O00000O0
2011170011111300030000000Mm®M®OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2011170011212400121000000mM®mDWM®OO0O0O0O0O0O00O0O00000000000
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2011170011313500023000000mMmWMO0O0O0O0O0O0O00000000000000
2011170011414300011100000mMmWMO0O0O0O0O0O0O00O0O00000000000
2011170011919100000100000mMmWMO0O0O0O0O0O0O00O000000000000
201217001773030000000000MMDIOO0O0O00000000000000000
2012170018810082000000000m®®OO0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2012170019919017101000000Mm®@®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
20121700110101701321100000M@®O0O0O0O0O00O0O0O0O0O00000000000O0
20121700111111409122000000@M®MO0O0O0O0O0O0O0O0O0O0O0O0O00000000
2012170011212704102000000m®@®O0O0O0O0O0O0O0O0O0000O0O0O00000O0
2012170011313400003100000mMmWMO0O0O0O0O0O0O00000000000000
2012170011414300010110000mMmWMO0O0O0O0O0O0O00O000000000000
2012170011515400012100000mM®mDWMO0O0O0O0O0O0O00O0O00000000000
2012170011616300003000000mMWMWMO0O0O0O0O0O0O00000000000000
2012170011919100000010000mMmMWMOO0O0O0O0O0O00000000000000
2012170012020300000030000mMWMWMO0O0O0O0O0O0O00000000000000
2012170012121300000030000Mm®@®OOO0O0O0O0O0O0O0O0O00O0O0O00000O0

0 # N_MeanSize-at-Age_obs

0 # N_environ_variables
0 # N_environ_obs
0 # N sizefreq methods to read

0 # no tag data
0 # no morphcomp data

999

12.1.1.3Control File

#hogfish SEDAR 37 - WFL stock control file

1 # N_Growth_Patterns

1# N_Morphs_Within_GrowthPattern

1# Nblock Patterns

# Cond 0 #_blocks_per_pattern

2

# begin and end years of blocks

1994 1998 1999 2012

#

1# fracfemale

3 # natM_type:_0=1Parm; 1=N_breakpoints;_2=LorenZ&ragespecific;_4=agespec_withseasinterpolate
# Age_natmort_by gender x growthpattern

#Lorenz05:

0.597 0.400 0.309 0.257 0.223 0.200 0.182 0.1689001150 0.144 0.138 0.134 0.130 0.126 0.123 001219
0.117 0.1150.114

0.597 0.400 0.309 0.257 0.223 0.200 0.182 0.1689001150 0.144 0.138 0.134 0.130 0.126 0.123 001219
0.117 0.1150.114

1 # GrowthModel: 1=vonBert with L1&L 2; 2=RichardstivL1&L2; 3=age_speciific_K; 4=not implemented
1# Growth_Age for L1

999 # Growth_Age_for_L2 (999 to use as Linf)

0# SD_add_to LAA (setto 0.1 for SS2 V1.x comghiyd

0# _CV_Growth_Pattern: 0 CV=f(LAA); 1 CV=F(A); ZZ&F(LAA); 3 SD=F(A); 4 logSD=F(A)
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1 # maturity_option: 1=length logistic; 2=age ktii; 3=read age-maturity matrix by growth_pattetaread age-
fecundity; 5=read fec and wt from wtatage.ss
# placeholder for empirical age-maturity by groytitern

1# First_Mature_Age

3 #_fecundity option:(1)eggs=Wt*(a+b*Wt);(2)eggstab;(3)eggs=a*Wi"b; (4)eggs=a+b*L; (5)eggs=a+b*W

1 #_ hermaphroditism option: 0=none; 1=age-spebific

-1 # season of transition (-1 at end of each sgason

1 #_include males in spawning biomass (0=no, 1=yes)

1 # parameter_offset_approach (1=none, 2= M, G,&¥Ss offset from female-GP1, 3=like SS2 V1.x)

2 # env/block/dev_adjust_method (1=standard; 2stagiransform keeps in base parm bounds; 3=stdnglano
bound check)

#

#_growth_parms

# LO HI INIT PRIOR PR_type SD PHASE env-var use_dev_minyr dev_maxyr dev_stddev Block Block_Fxn
#0.20.50.380401-30000000# NatM_gp-eln GP_1
72118541854-11-30000000#L_at AtRem_GP_1
7010084.8984.89-11-30000000#L_at Ark@m_GP_
0.050.80.1058 0.1058-11-3000000 0 # \ahB<_Fem_
0.050.250.20.2-10.05-30000000# _CVngplrem_GP
0.050.250.20.2-10.05-30000000# _CV_Bkin_GP_1
#0.20.50.380401-30000000# NatM_pdl GP_1
72118541854-11-30000000#L_at Arval GP_1
7010084.8984.89-11-30000000#L_at Anwal GP_1

0.050.80.1058 0.1058-11-3000000 0 # eahB_Mal_GP_1
0.050.250.20.2-10.05-30000000 # CVngpMal_GP_1
0.050.250.20.2-10.05-30000000# _CV_nld_GP_1

0.00002642 0.0001057 .00005284 .00005284 -1 0020-8 0 0 0 0 # Wtlen_1_Fem

1.373 4.118 2.745 2.745-10.2-3000 0 0 O OtkemV2_Fem

7.735 23.2 15.469570 15.469570 -1 0.2 -3 0 0 @®Gt Mat50%_Fem

-0.1472 -0.04907 -0.09815 -0.09815 -1 0.2 -3 000000 0 # Mat_slope_Fem
-1111-10.2-2000000 0 # Eg/kg_inter_Hema
0411-102-30000000#Eg/kg_slope_win#le

0.00002642 0.0001057 .00005284 .00005284 -1 0020-8 0 0 0 0 # Wtlen_1_Mal

1.373 4.118 2.745 2.745-10.2-300 0 0 0 O Otkenv2_Mal

1157575-10-400000 00 # herm_inflectiage

152.152.15-10-4000000 0 # herm_stdea@e)

01.999.999-10-40000000# herm_asymptadie
0000-10-40000000# RecrDist_ GP_1
-4400-11-40000000#RecrDist_Areal
0000-10-40000000#RecrDist_Seas_1
0011-10-4000000 0# CohortGrowDev

#

# Cond 0 #custom_MG-env_setup (0/1)

# Cond-2200-199-2# placeholder when no M@ren parameters

#

# Cond 0 #custom_MG-block_setup (0/1)

# Cond-2200-199-2# placeholder when no Ntggtbparameters

# Cond No MG parm trends

#

#_seasonal_effects_on_biology parms

0000000000# femwtlenl,femwtlen2,matldiatl,fec2,Malewtlenl,malewtlen2,L.1,K
# Cond-2200-199 -2 # placeholder when noseddVG parameters

#

# Cond -4 # MGparm_Dev_Phase

#

#_ Spawner-Recruitment

1
P 1
1
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3# SR_function: 2=Ricker; 3=std_B-H; 4=SCAA; 5=Heyg; 6=B-H_flattop; 7=survival_3Parm
# LO HI INIT PRIOR PR_type SD PHASE

1401010-10.41#SR_log(RO)

0.210.748 0.748 2 .146 1 # SR_steep #beta fooior Shertzer and Conn (2012)
020.60.6-150-4#SR_sigmaR

-5500-150-3#SR_envlink

-5500-1501# SR_R1_offset

00.500-150-2# SR_autocorr

0# SR _env_link

0# SR_env_target_0=none;1=devs; 2=R0;_3=steepness

1 #do_recdev: 0=none; 1=devvector; 2=simple deviati

1993 # first year of main recr_devs; early devsmateed this era

2012 # last year of main recr_devs; forecast d&ars is following year

2 # recdev phase

1 # (0/1) to read 13 advanced options

1950 #_recdev_early_start (O=none; neg value magatve to recdev_start)

3 # recdev_early_phase

0 #_forecast_recruitment phase (incl. late recyal0e resets to maxphase+1)

1 # lambda for Fcast_recr_like occurring beforéyenl

#from preliminary SS run based on Methot and Tagiat1

1985.0000 # last _early yr nobias_adj_in_MPD

1995.9387 # first_yr fullbias_adj_in_MPD

2012.5754 # last_yr fullbias_adj_in_MPD

2012.7038 # first_recent_yr_nobias_adj_in_MPD

0.8447 # _max_bias_adj_in_MPD (1.0 to mimic pre-206Qfiels)

0 #_period of cycles in recruitment (N parms reatblw)

-5 #min rec_dev

5 #max rec_dev

0 # read_recdevs

#_end of advanced SR options

#

#Fishing Mortality info

0.06 # F ballpark for tuning early phases #WTais from McBride MARFIN project catch curve; sange a
McBride and Murphy 2003

1998 # F ballpark year (neg value to disable)

3 # F_Method: 1=Pope; 2=instan. F; 3=hybrid (hglisirecommended)
3 # max F or harvest rate, depends on F_Method

### if Fmethod=3, then read number of tuning iteratiin hybrid method
4

#_initial_ F_parms - 1986 start
# LO HI INIT PRIOR PR_type SD PHASE

0.00001 .1 0.004 0.002 -3 A1 1 # InitF_1CommSpear
0.00001 .1 0.001 0.001 -3 A -1 # InitF_1CommHL

0 A 0 0.01 -1 A -1 # InitF_1CommTrap
0.00001 .5 0.067 0.067 -3 A1 1 # InitF_2RecSpear
0.00001 .1 0.004 0.004 -3 A 1 # InitF_2RecHL

#

#_Q_setup

# Q_type options: <0=mirror, O=float_nobiasadjfl@at_biasadj, 2=parm_nobiasadj, 3=parm_w_randam, d
4=parm_w_randwalk, 5=mean_unbiased_float_assigparon

# for_env-var:._enter_index_of the_env-var_to bdelih

# Den-dep env-var extra_se Q_type

FWC Hogfish SA — SECTION 3 255



FOOOOOOOOO
cNoNoloNoloNeoNoeNe]

aitfish

cNeololNoNolNoNoNeNe]
OO OO O0OO0OO0OO0OO0

#1C
#2 C
#3 C
# 4R
# 5 RecHL
# 6B
# 7S
#8YV
#9 R

EAMAP
ideolOA
ecTrawllOA

ommSpear
ommHL
ommTraps - no CPUE
ecSpear

South Atlantic and Gulf of Mexico Hogfish

#1 # Cond 0 #_If g has random component, then @~vea parm for each fleet with random q; 1=readrangfor
each year of index
##_Q_parms(if_any)

#

#_size_selex_types
#discard_options:_0=none;_1=define_retention;_2atete&mortality; 3=all_discarded_dead
#_ Pattern Discard Male Special

24 0 0 0 # 1 CommSpear
24 0 0 0 # 2 CommHL
24 0 0 0 #_3_CommTrap
24 0 0 0 # 1 RecSpear
24 0 0 0 #_2_RecHL

24 0 0 0 #_6_BaitfishIOA
5 0 0 6 #_7_SEAMAP
24 0 0 0 # 8 VideolOA

0 0 0 0 # 9 RecTrawllOA
#

# _age_selex_types

# Pattern __ Male Special

10 0 0 0 #_ 1 CommSpear
10 0 0 0 #_2_CommHL
10 0 0 0 # 3_CommTrap
10 0 0 0 # 4 RecSpear
10 0 0 0 #_5 RecHL

10 0 0 0 #_6_BaitfishIOA
10 0 0 0 #_7_SEAMAP
10 0 0 0 # 8 VldeoIOA
11 0 0 0 # 9 RecTrawllOA

#Selectivity parameters_to_be_estimated
# LO HI INIT PRIOR PR_type SD PHASE env-var use_dev_minyr dev_maxyr dev_stddev Block Block_Fxn
#Double Norm params: 1=peak start; 2=peak widtlxs8dimb width; 4=desc limb width; 5=start valuel(

6=end value (0-1)

15 40
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0

32 32 -1 99
# CommSpear_SizeSel pl
-5 -3 -1 99
# CommSpear_SizeSel_p2
5 5 -1 99
# CommSpear_SizeSel_p3
6 6 -1 99
# CommSpear_SizeSel_p4
-15 -15 -1 99

# CommSpear_SizeSel_p5

FWC Hogfish SA — SECTION 3

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
256



-15

15

-15

-15

-15

-15

-15

15

-15

-15

-15

-15

-15

15

-15

-15

-15

-15

-15

15

-15

-15

-15

-15

-15

80

15

15

15

15

15

40

15

15

15

15

15

40

15

15

15

15

15

40

15

15

15

15

15

0 0 -1 99
# CommSpear_SizeSel_p6
32 32 -1 99
# CommHL_SizeSel_pl

-5 -3 -1 99
# CommHL_SizeSel_p2

0 0 -1 99
# CommHL_SizeSel_p3

6 6 -1 99
# CommHL_SizeSel p4
-15 -15 -1 99
# CommHL_SizeSel p5

15 15 -1 99
# CommHL_SizeSel p6

32 32 -1 99
# CommTrap_SizeSel_pl
-5 -3 -1 99
# CommTrap_SizeSel_p2
5 5 -1 99
# CommTrap_SizeSel p3
6 6 -1 99
# CommTrap_SizeSel _p4
-15 -15 -1 99
# CommTrap_SizeSel _p5
-15 -15 -1 99
# CommTrap_SizeSel_p6
32 32 -1 99
# RecSpear_SizeSel_p1l

-5 -3 -1 99
# RecSpear_SizeSel p2

5 5 -1 99
# RecSpear_SizeSel p3

6 6 -1 99
# RecSpear_SizeSel p4
-15 -15 -1 99
# RecSpear_SizeSel_p5
-15 -15 -1 99
# RecSpear_SizeSel_p6
32 32 -1 99
# RecHL_SizeSel pl

-5 -3 -1 99
# RecHL_SizeSel p2

5 5 -1 99
# RecHL_SizeSel p3

6 6 -1 99
# RecHL_SizeSel_p4

-15 -15 -1 99
# RecHL_SizeSel_p5

-15 -15 -1 99

# RecHL_SizeSel_p6
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-15

-15

-15

-15

-15

-15

-15

-15

-15

-15

50 10 10 -1 99 3
0 # Baitfish_SizeSel pl

15 -9 -3 -1 99 -4
0 # Baitfish_SizeSel_p2

15 0 0 -1 99 4
0 # Baitfish_SizeSel_p3

15 6 6 -1 99 4
0 # Baitfish_SizeSel_p4

15 -15 -15 -1 99 -4
0 # Baitfish_SizeSel p5

15 -15 -15 -1 99 -4
0 # Baitfish_SizeSel p6

5 0 0 -1 99 -3
0 # SEAMAP_SizeSel pl

5 0 0 -1 99 -3
0 # SEAMAP_SizeSel _p2

50 21 21 -1 99 3
0 # VideolOA_SizeSel _p1

15 -5 -3 -1 99 4
0 # VideolOA_SizeSel p2

15 5 5 -1 99 4
0 # VideolOA_SizeSel p3

15 6 6 -1 99 4
0 # VideolOA_SizeSel p4

15 -15 -15 -1 99 -4
0 # VideolOA_SizeSel_p5

15 -15 -15 -1 99 -4
0 # VideolOA_SizeSel_p6

#Age -- set min-max age to just use size selegtivit

0.1

0.1

# Cond

# Cond -2200-199 -2 # placeholder when norerfxns

# Cond

# Cond
# Cond

#Turn next line on for change in selectivity 19@4ulations

0.9 0.1 0.1 -1 99 -1
0 # _RecTrawllOA_AgeSel pl
0.9 0.9 0.9 -1 99 -1
0 # _RecTrawllOA_AgeSel_p2

0 #_custom_sel-env_setup (0/1)

No selex parm trends
-4 # placeholder for selparm_Dev_Phase

South Atlantic and Gulf of Mexico Hogfish

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

0 0 0 0 0

0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

#2 # Cond 0 #_env/block/dev_adjust_method (1=stah@zlogistic trans to keep in base parm bounds;
3=standard w/ no bound check)

#

# Tag loss and Tag reporting parameters go next
0 # TG_custom: 0=no read; 1=read if tags exist
# Cond-661120.01-40000000 #_pladdrdf no parameters

#

1 # Variance_adjustments_to_input_values
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# fleet: 123

000000000# add to_survey CV

000000000# add to discard_stddev

000000000# add_to_bodywt CV

111111111# mult_ by lencomp_N

111111111# mult_ by agecomp_N

111111111# mult_by size-at-age_N

#

1 # maxlambdaphase

1# sd offset

#

0 # number of changes to make to default Lambdefa@it value is 1.0)

# Like_comp codes: 1=surv; 2=disc; 3=mnwt; 4=lengthage; 6=SizeFreq; 7=sizeage; 8=catch;
# 9=init_equ_catch; 10=recrdev; 11=parm_prior; 1&np dev; 13=CrashPen; 14=Morphcomp; 15=Tag-comp;
16=Tag-negbin

#like_comp fleet/survey phase value sizefreq_method

H#it

0 # (0/1) read specs for more stddev reporting

#01-15151-15# placeholder for selex typelage, year, N selex bins, Growth pattern, Nufncages,
NatAge_area(-1 for all), NatAge_yr, N Natages

# placeholder for vector of selex bins to be regubrt

# placeholder for vector of growth ages to be ragabr

# placeholder for vector of NatAges ages to benteplo

999

12.1.1.4Forecast File

# for all year entries except rebuilder; enteraitlactual year, -999 for styr, 0 for endyr, negnber for rel. endyr
1 # Benchmarks: O=skip; 1=calc F_spr,F_btgt,F_msy

2 # MSY: 1= set to F(SPR); 2=calc F(MSY); 3=seF(Btgt); 4=set to F(endyr)

0.3 # SPR target (e.g. 0.40)

0.3 # Biomass target (e.g. 0.40)

# Bmark_years: beg_bio, end_bio, beg_selex, enelxdetég_relF, end_relF (enter actual year, or watdé® or -
integer to be rel. endyr)

2010 2012 2010 2012 2010 2012

1 #Bmark_relF_Basis: 1 = use year range; 2 = $etsa@me as forecast below

#

2 # Forecast: 0=none; 1=F(SPR); 2=F(MSY) 3=F(B#jtAve F (uses first-last relF yrs); 5=input annkacalar
20 # N forecast years

0.2 # F scalar (only used for Do_Forecast==5)

# Fcast _years: beg_selex, end_selex, beg_relFredRd(enter actual year, or values of O or -iatelg be rel.
endyr)

2010 2012 2010 2012

2 # Control rule method (1=catch=f(SSB) west coasE=f(SSB) )

0.01 # Control rule Biomass level for constant &ftac of Bzero, e.g. 0.40)

0.001 # Control rule Biomass level for no F (as fohBzero, e.g. 0.10)

1.0 # Control rule target as fraction of Flimitge0.75)

3 #_ N forecast loops (1-3) (fixed at 3 for now)

3 #_First forecast loop with stochastic recruitment

0 #_ Forecast loop control #3 (reserved for futieksB.whistles)

0 #_ Forecast loop control #4 (reserved for futieksB.whistles)

0 #_ Forecast loop control #5 (reserved for futiesB.whistles)

2013 #FirstYear for caps and allocations (shouldfter years with fixed inputs)

0 # stddev of log(realized catch/target catchpneéast (set value>0.0 to cause active impl_error)
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0 # Do West Coast dfish rebuilder output (0/1)

2013 # Rebuilder: first year catch could have kmsrto zero (Ydecl)(-1 to set to 1999)

2012 # Rebuilder: year for current age structuriai)(-1 to set to endyear+1)

1 # fleet relative F: 1=use first-last alloc yezxread seas(row) x fleet(col) below

# Note that fleet allocation is used directly asrage F if Do_Forecast=4

# this will just give you retained biomass and wbave to back out the discards

3 # basis for fcast catch tuning and for fcastitatps and allocation (2=deadbio; 3=retainbio;
5=deadnum;6=retainnum)

# Conditional input if relative F choice = 2

# Fleet relative F: rows are seasons, columnslesésf

#_Fleet: FISHERY1

#1

# max totalcatch by fleet (-1 to have no max)

-1-1-1-1-1

# max totalcatch by area (-1 to have no max); reastr value for each fleet

-1

# fleet assignment to allocation group (enter griipfor each fleet, O for not included in an allgroup)
00000

#_ Conditional on >1 allocation group

# allocation fraction for each of: 0 allocation gps

# no allocation groups

0 # Number of forecast catch levels to input (elsie catch from forecast F)

-1 # basis for input Fcast catch: 2=dead catchetained catch; 99=input Hrate(F) (units are frémetunits; note
new codes in SSV3.20)

# Input fixed catch values

#Year Seas Fleet Catch(or_F)

#
999 # verify end of input
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12.1.2 FLK/EFL Stock Model

12.1.2.1Starter File

hog37SEF.dat

hog37SEF.ctl

0 # O=use init values in control file; 1=use ssB.pa

0 # run display detail (0,1,2)

1 # detailed age-structured reports in REPORT.SE0 (

0 # write detailed checkup.sso file (0,1)

1 # write parm values to ParmTrace.sso (0=no,1=gamtide; 2=good,all; 3=every_iter,all_parms; 4=gvactive)
1 # write to cumreport.sso (0=no,1=like&timeserizsadd survey fits)

1 # Include prior_like for non-estimated parame(érs)

1 # Use Soft Boundaries to aid convergence (Ogbofnmended)

1 # Number of datafiles to produce: 1st is inpuat] & estimates, 3rd and higher are bootstrap
10 # Turn off estimation for parameters enterirtgrathis phase

0 # MCeval burn interval

1 # MCeval thin interval

0 # jitter initial parm value by this fraction

-1 # min yr for sdreport outputs (-1 for styr)

-2 # max yr for sdreport outputs (-1 for endyrfe endyr+Nforecastyrs

0 # N individual STD years

#vector of year values

0.0001 # final convergence criteria (e.g. 1.0e-04)

0 # retrospective year relative to end year (€ly. -

1 # min age for calc of summary biomass

1 # Depletion basis: denom is: 0=skip; 1=rel X*B&yrel X*Bmsy; 3=rel X*B_styr

1 # Fraction (X) for Depletion denominator (e.g})0.

4 # SPR_report_basis: 0=skip; 1=(1-SPR)/(1-SPR _2¢g{1-SPR)/(1-SPR_MSY); 3=(1-SPR)/(1-SPR_Btarget)
4=rawSPR

1 # F_report_units: 0=skip; 1=exploitation(Bio);&ploitation(Num); 3=sum(Frates); 4=true F for ramg ages
# 20 23 #_min and max age over which average Fowiltalculated

0 # F_report_basis: O=raw; 1=F/Fspr; 2=F/Fmsy ;/Bbfgt

999 # check value for end of file

12.1.2.2 Data File

#hogfish SEDAR 37 - FLK/EFL stock data file

#C data file for simple example

# observed data:

1986 #_styr

2012 #_endyr

1# nseas

12 # months/season

1# spawn_seas

5# Nfleet

2 # Nsurveys

1# N_areas
Comm_Spear%Comm_HL%Comm_Trap%Rec_Spear%Rec_HL%RYKRVCTortugas
-1-1-1-1-10.50.5#_surveytiming_in_season
1111111# area assignments_for_each_fishedy sarvey
11122# units of catch: 1=bio; 2=num
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0.1 0.1 0.1 0.40 0.45 #_se of log(catch) only Useéhit_eq_catch and for Fmethod 2 and 3; userdfscard only
fleets

2 # Ngenders #WTC -- biostat data not sufficiergplit out sexes, very minimal age/length frecadat

20 #_Nages

11.87164212 7.340666453
63 # N_lines_of catch to read

3.755594867 131.5892327 10886911 #init_equil_catch

#_catch_biomass(mtons):_columns_are_fisheriesggsson

#Comm_Spear Comm_HL Comm_Traps Rec_Spear Rec_HL Ye&eason
0.352136063 6.969631719 0.512124196 136.7536033 523d3605 1950 1
0.529601679 10.4821092 0.770218853 141.0156458 0350054 1951 1
0.86762931 17.17250063 1.261824647 145.2782027 73B%I88 1952 1
0.612135943 12.11566362 0.890251414 149.5402452 75835937 1953 1
0.654892905 12.9619282 0.952434408 153.8022877 3B&XB86 1954 1
0.557010711 11.0246008 0.810080798 158.0648446 036182 1955 1
0.612399586 12.12088176 0.89063484 162.3268871 8363269 1956 1
0.62793307 12.42832729 0.913225746 166.5889297 5924718 1957 1
0.38543131 7.628625887 0.560546677 170.8514865 3834152 1958 1
0.317315343 6.28044472 0.461483165 188.0688629 8292003 1959 1
0.413640624 8.18695702 0.601572501 192.6466884 3881224 1960 1
0.740274682 14.65184186 1.076608211 213.2924195 85526887 1961 1
0.323485432 6.40256585 0.47045655 201.1954601 BO729 1962 1
0.411730846 8.149157857 0.598795042 205.5670496 906719648 1963 1
0.473335966 9.368473474 0.688389594 215.471014 0531221 1964 1
0.339762898 6.724736595 0.494129455 227.5366008 44838624 1965 1
0.358223509 7.090117133 0.520977389 233.4012166 92836241 1966 1
0.302060489 5.978513948 0.43929748 253.814482 BABD 7 1967 1
0.474423498 9.38999838 0.689971231 255.1413879 1%43921 1968 1
0.303796107 6.01286607 0.441821653 268.1013505 8622488 1969 1
0.468500383 9.272765496 0.681357031 289.4259637 07388012 1970 1
0.398729159 7.891822767 0.57988622 362.8892382 2091471 1971 1
0.398253666 7.882411598 0.579194693 376.0616086 9464223 1972 1
0.343101718 6.790820003 0.498985223 397.4880542 .3362908 1973 1
0.303348473 6.0040063 0.441170642 429.1316756 458535 1974 1
0.370215068 7.327459332 0.538417146 447.7896193 .036241 1975 1
0.270956759 5.362895263 0.394062203 422.755841 7358067 1976 1
0.479122691 16.27942453 0 380.296393 96.01580476 77 191
0.287473615 14.48592861 2.041165665 343.4768097 71863466 1978 1
0.862420844 17.70502386 2.177243376 368.3763544 00637819 1979 1
0.808759103 26.95624372 1.094064796 302.8647439 466865286 1980 1
2.566181134 23.61390312 1.964962147 1699.556359 44998703 1981 1
1.018913586 11.8804614 1.290936383 65.28561201 50.10982 1
0.726268883 14.97242238 0.229189746 384.7618465 8083872 1983 1
1.668277289 12.59647781 2.685137313 354.9407204 7233228 1984 1
1.193884281 9.695686108 8.288803726 0 236.2926015985 1 1
11.87164212 7.340666453 3.755594867 131.5892327 10836911 1986 1
7.03667636 10.65603652 13.6556736 210.0716883 309297 1987 1
7.885402175 8.270039402 15.34802294 149.3970304 588#7746 1988 1
3.204604931 11.10361151 22.70703582 20.81218842 31850063 1989 1
14.77623931 5.361841587 15.71350438 99.03156096 70851028 1990 1
15.14919576 7.044129579 11.11517044 49.95101281 69341136 1991 1
24.73780137 8.291813171 10.55182793 157.0211468 43881281 1992 1
19.60513636 8.733188285 15.28700963 80.95457884 .7338399 1993 1
15.88163344 6.862494221 6.627563349 148.9106827 48883705 1994 1
11.0286436 6.421662266 5.053246302 46.32839646 1862483 1995 1
11.84422658 3.526535101 4.916432445 52.3524997 9403%67 1996 1
7.976329056 8.704412207 5.539295602 47.02441703 89287609 1997 1

FWC Hogfish SA — SECTION 3

262



7.105535236
4.612275637
5.748339823
5.573319223
5.97899391
3.960535837
5.545151792
4.104705852
3.861409823
4.922521383
6.177453535
3.418626932
2.715654863
3.131288047
4.074060412
#

109 # N_cpue_and_surveyabundance_observations

4.703170817
3.404029523
3.452304026
3.86161784

4.002528643
6.362556647
6.021383087
2.898554061
1.849531762
2.503636253
2.252759043
2.461100694
2.488456748
2.219204863
1.814847747

4.201217987
8.027336663
5.247594334
1.687114202
1.235935954
1.588584517
1.427856536
0.842492067
0.926759225
0.735788943
0.801861778
0.789782928
0.520403786
0.694347639
0.987379328

#_Units: O=numbers; 1=biomass; 2=F
#_Errtype: -1=normal; O=lognormal; >0=T

# Fleet Units

~NOoO o~ WNPE

#year
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1994
1995
1996
1997
1998
1999
2000
2001

PRPRRPRPRRPRPRRPRPRPRPRRPRPRRPRPRPRRPRPRRPRPRPRRRPRRPrpHOOOCORER

Errtype

South Atlantic and Gulf of Mexico Hogfish

29.7602921

59.31138489
22.58707545
31.48805012
60.60062057
91.49532137
47.67822009
77.91401662
38.33439991
95.69726619
148.9267825
75.52113689
61.51609157
24.48757327
130.6370548

7282276
766@4242
738A723

08B9p4

5827659
50381541
52824454
79431547
24081976
493P0262
8328006
68383377
05961472
98321525
11982517

[cNeoNoNoNoNeoNe]

#Comm_Spear
#Comm_HL
#Comm_Trap
#Rec_Spear
#Rec_HL
#RVCKeys
#RVCTortugas

Index# ObsScaled

NNMNNNNNNNRRRPRRRRPRRPREPRRERPRREPRRERERRER

1.560918518
1.226234749
1.158057574
0.888489959
0.708869569
1.317245962
1.045294405
0.986721952
0.736817075
0.750791591
0.79091657

0.949358678
0.903994307
0.847060809
0.94364369

1.176428816
1.135318659
1.252324805
0.941090048
0.680422263
1.01951592

0.994549766
0.909817759
0.700075976
0.620593563
0.567999577
0.986281386
1.00621563
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LOG(SE)
0.236944667
0.233210635
0.236281893
0.276867868
0.238285003
0.230290382
0.252888339
0.229754151
0.225983497
0.225027671
0.249476039
0.224907264
0.233302623
0.256904621
0.243533417
0.245174055
0.26658385
0.280582623
0.261596067
0.248503866
0.107203252
0.088295629
0.091934402
0.105116956
0.105993602
0.145419807
0.109674368
0.100106675

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Logbook
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Logbook
#Comm_Spear_Légboo
#Comm_Spear_Logbook
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_Spear_Légboo
#Comm_HL_TripTicket
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicket

RPRRPRPRRRERRRPPRRPRP
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2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1994

PRRPRRPRRPRPRRRPRPRPRRPRPRRPRPRPRPRPRRPRPRPRREPRPRRPRPRPRRPEPRPRPRREPRPREPRPRREPRPRREPRPREPREPRREPRPRREPRRREPRPRERRRRERER

oo oaooaoaaoaoarrSARMRARAIMEDIMDIMDMDIEDIDMDIDMDEDIMIDEDIDDESLEADIDBEDINNDNNNNNDNNNODDN

1.157826887
1.445800751
1.10904956
0.773930997
0.976953372
0.798755927
1.055447213
1.256999774
1.418869147
1.045328522
1.15598827
0.914259801
1.31308939
1.177248353
1.168205605
0.945948603
0.856296112
0.883410607
0.88370392
1.250298412
0.91273549
1.085745699
1.15319348
1.227314589
0.961744882
0.998017617
0.738572652
1.169314237
1.092133964
0.985663182
0.762450163
0.784095745
0.7365575
1.477390058
1.420788254
1.568302182
1.253407204
1.771248395
1.917308883
0.880893895
0.955354778
0.937097033
0.384907273
0.890698735
0.498481597
1.058424021
0.926917064
0.738909809
0.798862764
0.93035501
0.772102097
0.688961762
0.60545071
0.700336259
0.823802217
0.355279059
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0.097409473
0.094365532
0.104647841
0.131353375
0.137321081
0.142569454
0.139444381
0.128700217
0.145035924
0.147245271
0.142106538
0.471467613
0.185922661
0.239894802
0.148682491
0.249357124
0.243141835
0.294589584
0.233488302
0.18172725

0.294632691
0.231856804
0.220357734
0.188732792
0.158449265
0.187071332
0.212150361
0.140197267
0.166042938
0.168593852
0.225724011
0.194343422
0.138042753
0.462226026
0.190236783
0.209476863
0.210145449
0.199457685
0.242026097
0.259037269
0.221905979
0.231069053
0.400189571
0.278061601
0.367142337
0.209998391
0.221416333
0.26016587

0.286720119
0.234037367
0.23515437

0.294848217
0.330231865
0.321673597
0.236579734
0.260224745
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#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicket
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicke
#Comm_HL_TripTicket

#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_Spear
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec_HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#Rec HL
#RVCKeys
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1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1999
2000
2004
2006
2008
2010
2012

PRRPRRPRPRRRPRPRRPRPRPRREPRPRREPRRREPRRERRRER
EVENENENENENENN. Ne We leo e We Neo Neleo Re Nel o Ne We Ne Wele We))

0.402592611
0.184629575
0.404041061
0.387453974
0.631991393
0.996049291
1.468059182
1.257171674
1.266672613
1.291347233
1.313562462
1.071471691
1.151415718
1.758520109
1.306863912
1.174524015
1.159517055
1.418837371
1.365669261
0.957177769
0.851160698
0.833257652
1.037229882
0.786022036
1.169482703

0# N_fleets with_discard

0 #N discard obs
#
0 # _N_meanbodywt_obs

0.191108689
0.359282329
0.211786303
0.158201353
0.102573288
0.097250096
0.091566598
0.08602481

0.119951724
0.121261956
0.105790105
0.085836936
0.104850797
0.064627098
0.062583702
0.074133478
0.076869822
0.06295639

0.128649769
0.096299993
0.106065122
0.091564868
0.138489158
0.090298436
0.077058974

30 # DF_for_meanbodywt_T-distribution_like

2 # length bin method: 1=use databins; 2=generate binwidth,min,max below; 3=read vector

2 # binwidth for population size comp
2 # minimum size in the population (lower edgeirsttbin and size at age 0.00)
90 # maximum size in the population (lower edgtasf bin)

-0.0001 # comp_tail_compression

0.0001 # add to_comp

0 #_combine males into females at or below thisnbimber

45 # N_LengthBins

246810121416 182022 24 26 28 30 32 348360342 44 46 48 50 52 54 56 58 60 62 64 66 68274776 78

80 82 84 86 88 90
141 # N_Length obs
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#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCKeys
#RVCTortugas
#RVCTortugas
#RVCTortugas
#RVCTortugas
#RVCTortugas
#RVCTortugas
#RVCTortugas



South Atlantic and Gulf of Mexico Hogfish

#Yr Seas Flt/Svy Gender Part Nsamp datavector(femeile)

#Year Seas Fleet Gender Part NsampRaw 2 4 6 8 1@ 18 18 20 22 24 26 28 30 32 34 36 38 40 42 448460
52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 902468101214 16 18 20 22 24 26 282384336 38
40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 704726 78 80 82 84 86 88 90
19881100700000000002012020MXO00000000000000000000MMWO0O0O0000
00000000000000000000000MMWO0O0O0OO000O0
199011006000000000001212®MMDXOO0O0O0O0O00O0O0000000000000MMWO0O0O0000O0
00000000000000000000000MMWO0O0O0OO000O0
1992110012800000000001181628414894416300010000000000MmMMO0O000000
00000000000000000000000MMWO0O0O0O0O0O0O0O0O0O0
1993110043000000000000338WB7NPY2010000000000000000MWOVO0O0O0O0000
00000000000000000000000MMWO0O0O0O00O0
19941100280000000000002372930000000011000000000MW0WMWO0O000000
00000000000000000000000MMWO0O0O0O00O0
199511002000000000000000mMAM0O00100000000000000000MMMWO0O0O0000
00000000000000000000000MMWO0O0O0OO000O0
1996110028000000000000043®x8B312031112000000000000MW0MMW0O0000000
00000000000000000000000MMWO0O0O0OO00O0
19971100240000000000011442330200200000000000000M0M0MMW0O0000000
00000000000000000000000MMWO0O0O0OO000O0
19981100320000000000001198320310000001000000001000MMW0O0000000
00000000000000000000000MMWO0O0O0O00O0
1999110045000000000000000QMN22023231433412321110010000000000
00000000000000000000000MMWO0O0O0O00O0
20001100190000000000000021322200000000010000110000WW0O0000000
00000000000000000000000MMWO0O0O0O000O0
200111006000000000000000MWHL0O00000000001000000000MMOLO0O0O0000
00000000000000000000000MMWO0O0O0OO000O0
2002110046000000000000021%%03201020000010000000MWO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0O0
200311002900000000000002123211103221000020111000000W00000000
00000000000000000000000MMWO0O0O0OO000O0
200411006000000000000010101101210000000000000000000MMW®WO0O00000
00000000000000000000000MMWO0O0O0O00O0
2005110032000000000000004288470000100000000000000MWW0O0O0000000
00000000000000000000000MMWO0O0O0O00O0
2006110020000000000000000MAM®M102111202303010000110000000000000
00000000000000000000000MMWO0O0O0O00O0
200711001000000000000000M®MXDO0O0O0O0001000000000000MMO®WO0O0O0000
00000000000000000000000MMWO0O0O0OO000O0
2008110015600000000010013445B692200000000000000000MWMV0O00000
00000000000000000000000MMWO0O0O0O0O0O0O0O0OO0O0
200911001100000000000003332M0000000000000000000MMMW0O0O000000O0
00000000000000000000000MMWO0O0O0O000O0
201011001340000000000009182291156111100000000000000MW®WO0O00000
00000000000000000000000MMWO0O0O0O0O0O0O0O0O0O0
20111100910000000000002172826222000000000000000000MW®MO0O0O000
00000000000000000000000MMWO0O0O0O0O0O0O0O0OO0O0
20121100260000000000005973DD00O00O000O00000000000000MOMOOO0O00000
00000000000000000000000MMWO0O0O0OO000O0
198912002000000000001010MMXOO0O0O00000000000000000MMWO0O0O0000O0
00000000000000000000000MMWO0O0O0OO000O0
19901200500000000000000210M2000000000000000000000MMWO0O00000
00000000000000000000000MMWO0O0O0OO00O0
199112003300000000000265482320D0000000000001000000MWOMW0O0O000000
00000000000000000000000MMWO0O0O0O00O0

QO QA
820338
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1992120012020000000000000®M10V1020110000000000000MMMMO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O
199312003500000000000005522344210021011000000000000WM0O0O000000
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OOO
19941200230000000000000001HBB531101110000000000000000000000000
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
199512004000000000000001 MMM 10000000000000000000MWWVO0O0O0O0O0O0
000000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
1996120090000000000001101010000000000001001000021MWWVO0O0O0O0O0O0
00000000000000000000000MMWO0O0O0O0O0O0
1997120073000000000001941186244212211000000000000001000000000
00000000000000000000000MWWO0O0O0O0O0OO0O0O0
19981200610000000000025912%0141101010110000100000000000000000
00000000000000000000000MWMWO0OO0O0O0OO0O0O0
199912004000000000000066101M20120000001000000000000000000000
000000000000O0O00OOOOOOOOOMMWIOOOOOOOOOO
200012002500000000000010142”623001101010000000000M0WMV0O00000000
00000000000000OC0OO0OOOOOOMMWOOOOOOODO
20011200210000000000011833MW®O0101000000000O000000OMOIOOO0O0O0O000
000000000000O0O00OCOOOOOOOOMMWOOOOO0OODO
2002120015100000000000000@3#2010100000100000000000WM0O0O000000
00000000000000000000000MMWO0O0O0O0O0O0
2003120013000000000000012211000001001100000000000000W00000000
00000000000000000000000MMWO0O0O0O0O0O0
20041200360000000000001454022000000000000000000000WM0O0000000
00000000000000000000000MMWO0O0O0O0O0O0
200512005000000000000003MXO0O0O100000000000000000MMWO0O0O00O0O0
00000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
2006120027000000000000032244211100000000000000000WM0O0O0000000
00000000000000O0O0O0OOOOOOMmMWOOOOO0OOO
200712005000000000000001MMIOO0010000001010000000MMWWO0O0O000O0
00000000000000OC0O0O0OOOOOOMmMWOOOOO0OOO
20081200300000000000000011MXMO1000000000000000000MODOO0O0O0O0O0OO0
00000000000000000000000MMWO0O0O0O0O0O
20091200320000000000000124599900100000000000000000MWOV0O0O0O0000
00000000000000000000000MMWOOO0O0O0OOO0
20101200160000000000001331AN220000000000000000000DXNV0O0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
2011120017000000000000001283@11002300000000000000M0WO0O0O0O00000
00000000000000OC0O0O0OOOOOOMmMWOOOOO0OODO
201212008000000000000001112000000000000000000000MMWO0O0000O0
00000000000000OC0O0O0OOOOOOMmMWOOOOO0OOO
19901300920000000000338478606784560101210010000000MWO0000000
00000000000000000000000MMWOOO0O0O0OOO0
199113003800000000000021581454210000000000000000MWOMO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O
1992130011100000000000004888109646810740000000000MMO®O0O0O0000
00000000000000000000000MMWOOOO0O0O0O0O0O
199313001230000000000003111820512931211000000000000mMXO®O0O0O0O00
000000000000O0O0OOOOOOOOOMMWOOOOOOOOOOOOO
199413005200000000000000028671501210000000000000MWO0O0O00000
000000000000O0OC0OOOOOOOOOMMWIVOOOOOOODO
199513009000000000001002210001000000000000000000MWWO0O0O0000
0000000000000O0OCOOOOOOOOMmMWOOOOOOOO
199613001500000000000000423200000000000000000000000000000000
00000000000000000000000MMWO0O0O0O0O0O0
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1997130057000000000000002872041122143100000000000mMWXO0O000000
00000000000000000000000MMWOOO0O0O0OOO0
19981300105000000000002251296131067103111200000000MWM®O0O0O0O0O0O0
0000000000000O00O0O0OOOOOOOMMWOOOOOOOOOOOO
1999130080000000000000322210000000000000000000000MWWO0O0O0000
000000000000O0OCOOOOOOOOOMMWOVOOOOOOO
200013001000000000000000612859119194601210000001000MW®OO0O0O00O0
000000000000000O0O0OOOOOOOMMOXOOOOOOOOOOOO
2001130023000000000000016200D000200010010000200000WM0O00000000
00000000000000000000000MMWO0O0O0O0O0O
2002130050000100000000036%B510111211222001010000000000000000
00000000000000000000000MMWO0O0O0O0O0O
2003130051000000000000011202211000001210001001000MPWOO0O00000
00000000000000000000000MWWO0OO0O0O0OO0O0O0
200413004000000000000001®0OOOOOO0O0O00O0O000000000000OMODOO0O0O0O0OO0OO
0000000000000O0OOOOOOOOOMmMWOOOOOOODO
200513009000000000010002mM3®M0O1110000000000000000MMWWO0O0O000O0
0000000000000O00OC0OOOOOOOOMmMWOOOOO0OODO
200613008000000000000004210100000000000000000000MMWO0O0O000O0
0000000000000O0OOOOOOOOOMmMWOOOOOOOO
2008130040000000000000103MXO0O0O0O0O00O00O00O0O0O00000000000MMLO0O0O0O0O0O0
00000000000000000000000MMWO0O0O0O0O0O0
2010130024000000000000047®200000000000000000000000WO0O0O000000
00000000000000000000000MMWO0O0O0O0O0O0
2011130010000000000000002®mMWMOOO0O00O0O0O00O0000000000MMOM™OOO0O00000
00000000000000000000000MMWO0O0O0O0O0O0
2012130022000000000000026100010000000000000000000MMWO0O0O00000O0
0000000000000O00O0OOOOOOOOMMWIVOOOOOOOO
198114008500000000003791414183410210100001000000000M®O0O0000000
0000000000000O0OCOOOOOOOOMIWMVOOOOOOOOOO
198214001300000000010022210D®00001000100000000000000000000000
0000000000000O0OCOOOOOOOOMMWOOOOOOOO
198914001100000000001000111220100000000000000000MMOMO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
1993140037000000000101245849410100100000000000000W0W®MO0O0O00000O0
00000000000000000000000MMWO0O0O0O0O0O0
199414006000000000000010818BB6¢10000000000000000000COV 0000000
00000000000000000000000MWWO0OO0O0O0OO0O0O0
19951400230000000000000114712210030001000000000000000000000000
00000000000000OC0O0O0OOOOOOMmMWOOOOOOOO
1996140044000000000001387684200010000000000000000000000000000
00000000000000OC0OO0OOOOOOMMWOOOOO0OODO
19971400260000000000001412M®M20302100001000000000MWO0O0O00000
00000000000000000000000MMWOOO0O0O0OOO0
19981400220000000000011484®M®10OD0200000000000000000MMOWO0O0O0O000O0
00000000000000000000000MMWO0O0O0O0O0O0
19991400290000000000000841024330011110000000000000MW0WMO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
200014001700000000000000132H4200000000000000000000WO0O0O0000000
0000000000000O0OC0OOOOOOOOMMWOOOOOOOO
20011400180000000000001103820101000100000000000000WOM0O0000000
00000000000000OC0OOOOOOOOMmMWOOOOO0OOO
200214002100000000000001159410100001000000000000m0WM0O0000000
0000000000000O0OCOOOOOOOOMmMWOOOOO0OOO
2003140028000000000000139@3310000000000000000000W0MOO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
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20041400110000000000000012@10101020000000000000000WXOV 00000000
00000000000000000000000MMWO0O0O0O0O0O
2005614009000000000000000M02101010000000000000000MMO™OO0O00000
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OOO
2006140019000000000000021283331111100000000000000000WOV0O0O0O000000
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
20071400480000000000000342B8370010000000000000000MMWOV0O0O00000O0
0000000000000O00O0OOOOOOOOMMWMOOOOOOOODO
2008140020000000000000122383200000000000000000000M0WMOO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O
20091400250000000000010286300000010000000000000000WXOM0O00000000
00000000000000000000000MMWO0O0O0O0O0O
20101400400000000000000122MHOLOO0O00O00000000000000000MPODOO0O0O0O0O0O0
00000000000000000000000MMWO0O0O0O0O0O
201114002500000000000012654230000100000000000000000WXO0O0O000000
0000000000000O00OC0OO0OOOOOOMmMWOOOOOOOO
20121400990000000000001102066541022132200000000000MW®O0O0O00O0
0000000000000O00O0O0OOOOOOOMMWXOOOOOOOOOOOO
198115006000000000101121MMO®MOOO0OOO0O0O000000O0O0O00000OMMWIVOO0O0O0O0O0
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OODO
198215001000000000000000mMMA00000000000000000000MWIVO0O0O0O0O00O0
00000000000000000000000MMWO0O0O0O0O0O
198515001000000000000000@MMXOO0100000000000000000MWIVO0O0O00O00
00000000000000000000000MMWO0O0O0O0O0O
19891500180000000002213352M0®M0000000000000000000MMOMO0O0O0O000O0
00000000000000000000000MMWO0O0O0O0O0O0
199315002800000000010277433000000000000000000000XKIO0O0000000O0
000000000000O0O00OOOOOOOOOMMWOOOOOOOO
19941500220000000000015433103100000100000000000000000000000000
000000000000O0O00OCOOOOOOOOMMWOVOOOOOODO
19951500160000000000020121BXVD00100110100000000000000000000000
000000000000O0O0OOOOOOOOOMMWOOOOOOODO
1996150013000000000000104123101000000000000000000MMOMO0O0O0O0000
00000000000000000000000MMWO0O0O0O0O0O0
199715008000000000010012@®1VIOLO0O0O0O00000000000000000MWIDO0O0O0O0O0O0
00000000000000000000000MMWO0O0O0O0O0O0
1998150090000000000002111011010000000000000000000MWXVO0O0O0000
00000000000000000000000MMWO0O0O0O0O0O
199915001600000000000112140H00000010000000000000000000000000
000000000000O0OCOCOOOOOOOOMWOOOOO0OOO
20001500400000000000001011M®OW00000000000000000000MMWOO0O0O0OO0OO0
0000000000000O00O0OOOOOOOOMMWOOOOOOOO
200115008000000000000023MA2D00000000000000000000MMWO0O0O000O0
00000000000000000000000MMWO0O0O0O0O0O0
200215004000000000000110MVHOLOOOO0O00O00O000000000000MPOIDLO0O0O0O0OO0OO
00000000000000000000000MMWO0O0O0OO0O0O
2003150011000000000000032DOM®OOO0O00OO0O0OO0O0O00O0O000000OMMOM™OOO0O0O0000
00000000000000000000000MMWO0O0O0O0O0O
2004150021000000000000123713H000000000000000000000OWXO0O0O0O00000O0
000000000000O0OCOCOOOOOOOOMmMWOOOOOOOO
20051500110000000000000013110011001000000000000000MM0O0O0O00000
000000000000O0OCOOOOOOOOOMMWOOOOOOOO
200615002000000000000000MWIO0O0100000000000000000MMWWO0O0O000O0
000000000000O0O00OOOOOOOOOMWOOOOO0OOO
200715005000000000000000103000000000000000000000MMWO0O0000O0
00000000000000000000000MMWO0O0O0O0O0O
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200815001100000000000031310DM10000000000000000000MMOWO0O0O0O00000
00000000000000000000000MMWO0O0O0O0O0O
200915001300000000000003233P1DO0OO0OOO0O0OO0O0O00O0O000000OMMOM™OOO0O0O0000
0000000000000O0OC0OO0OOOOOOMMWOOOOO0OOO
201015001200000000000004501M®00000000000000000000MMO0O0O0O0000
0000000000000O00OC0OOOOOOOOMMWOOOOOOOO
201115005000000000000001210000000000000000000000MMWWO0O0O000O0
000000000000000OC0O0O0OOOOOOMMWOOOOO0OOO
201215003800000000000106630D8%20000000000000000000M0WMOO0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
19941600690000111253211810839310000100000000000000MW™OWO0O00000
00000000000000000000000MWWO0O0O0O0O0OO0O0O0
199516001610010101119171311126872160020400000000000m0m0XO000000
00000000000000000000000MMWOOOOO0OO0O0O0OOO0O
199616005701011340316778031DMOOOOOO0O0O0O00O0O00000000MWMWOOO0O0O0O00
000000000000O0OCOCOOOOOOOOMMWIOOOOOOOODO
19971600193002602222141922132922600100000000000000000M0W®OM0O000000
000000000000000000O0OCOOOMMWAOOOOOOOOOOOOOO
19981600200001103736221439141312030010200000000000000M0W®OM0O000000
000000000000000O0O00O00OO0OOOOMMWOOOOOOOOOOOOOOO
199916002001001452828212717191434302030000100000000000W®0M000000
00000000000000000000000MMWOOOO0O0OO0O0O0OOO0O
200016002000110413382522275236262020000100000000000@0W®O0O0O0000
00000000000000000000000MMWOOOO0O0OO0O0O0OOO0O
2001160020000012616131728142626813335130010000000000mO®WO00000
00000000000000000000000MMWMOOOO0OOO0OO0O0O0OOO
20021600200000036221215261328285105210130220200000000m®0®0O0O0000
0000000000000O00O0O0O0OOOOOOMMWOOOOOOOOOOOOOOO
2003160020000114815131825143020%584260200001001000000m0O000000
0000000000000000000OCOOCOMMWXOOOOOOOOOOOOOO
20041600200000022111114281422286026019122120000100001mXOOO0O0O00O0
000000000000000O0O00O00OO0OOOOMMWOOOOOOOOOOOOOOO
2005160020000014142812143082224130340100000001000000m®0®O0O0O0O00
00000000000000000000000MMWOOOO0O0OO0O0O0OOO0O
2006160020000003725181925162293103263211200000000000M®®O0O0O0O0O0
00000000000000000000000MMWOOOOO0OO0OO0OOO0O
2007160020000005817141529922882334111300101000000000m®®O0O0O0O0O0
00000000000000000000000MMWOOOO0O0OO0O0O0OOO0O
200816002000001241813162925261806893342300101000000000m0XO0O000000
0000000000000000000OCOOOMMWOOOOOOOOOOOOOO
200916002000001211261816251526185743411001000000000000WX0O000000
000000000000000000O0OOOOMMWOOOOOOOOOOOOOOO
2010160020000004526191828173021181241110100000000000000M0WXO0O00000
00000000000000000000000MMWMOOOO0OOO0OO0O0O0OOO0
2011160020000012512171523183011221811322100000000000000®0M®M®D0O00O0O0
00000000000000000000000MMMO0OOO0OOO0OO0O0O0O0OOO
201216002000000241115182722294169187222110000000000000mO®LO0O0O000
00000000000000000000000MMWMOOOO0OOOOOOO0OOO
1999170020020100114191616121269117437351262100111000M®®MO0O0O0O0O
000000000000000O0O0O0OOOOOOMMWOOOOOOOOOOOOOOO
20001700200000104111071510181231202024123112040301100002M®DO0O0O0OO
00000000000O0O0OCOOOOOOOOOMMWMOOOOOOOOOOOOOOOOO
200417002000310122216716263462337160010110060100100mMM®OO0O0O0O0
000000000000O0OOOOOOOOOOMMWOOOOOOOOOOOOO
20061700200320513048818122017318212292141151100500000m®0®0O00000O0
00000000000000000000000MMWMOOOO0OOO0OO0O0O0OOO
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20081700200101010555912151211122267179112420200302001mMA®0O0O0000
00000000000000000000000MMWMOOOOOOO0OOOO0OOO
2010170020010000282888249923389144721915104000010000®0W0000000
000000000000O0O0O0OOOOOOOOMMWOOOOOOOOOOODO
2012170020000000152565141111828671761311913113120000@MW®W®MO0O0O00O0
0000000000000000000OCOOCOMMWAOOOOOOOOOOOOOO

19 # N_age_bins

01234567891011121314151617 18

1# N_ageerror_definitions; these define how S$agihvert true age into a distribution of expecéegs to
represent the effect of ageing bias and imprecision

#true_age=01 2 etc.,

1-1-1-1-1-1-1-12-1-1-1-1-1-1-1-1-11-1-1-1

0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.0011000001 0.001 0.001 0.001 0.001 0.001 0.001 CCODA1L
0.001 0.001 0.001

#

65 # N_Agecomp_obs

1# Lbin_method: 1=poplenbins; 2=datalenbins; 3gibs

1 #_combine males into females at or below thisrimber

#Yr Seas Flt/Svy Gender Part Ageerr Lbin_lo LbinNBamp datavector(female-male)

#Year Seas Fleet Gender Part AgeErr Lbin_lo LbitNgampRaw 0123456789 1011 121314 157183 0
1234567891011121314151617 18

2004 1 1 0 0 1 17 17 1 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2004 1 1 0 0 1 20 20 1 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2005 1 1 0 0 1 17 17 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2005 1 1 0 0 1 21 21 1 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2010 1 1 0 0 1 16 16 1 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2010 1 1 0 0 1 17 17 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2010 1 1 0 0 1 19 19 1 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2011 1 1 0 0 1 14 14 4 0 0 0 0
1 2 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

2011 1 1 0 0 1 15 15 11 0 0 6 1
2 0 0 1 1 0 0 0 0 0 0 0
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[oNe]
[eNe]

0 # N_MeanSize-at-Age_obs

0 # N_environ_variables
0 # N_environ_obs
0 # N sizefreq methods to read

0 # no tag data
0 # no morphcomp data

999

12.1.2.3Control File

#hogfish SEDAR 37 - FLK/EFL stock control file

1 # N_Growth_Patterns

1# N_Morphs_Within_GrowthPattern

2 # Nblock Patterns

# Cond 0 #_blocks_per_pattern

11

# begin and end years of blocks

1994 2012

1997 2012

#

1# fracfemale

3 # natM_type:_0=1Parm; 1=N_breakpoints;_2=L orenZ&ragespecific;,_4=agespec_withseasinterpolate
# Age_natmort_by gender x growthpattern

#Lorenz05:

0.597 0.400 0.309 0.257 0.223 0.200 0.182 0.1689001150 0.144 0.138 0.134 0.130 0.126 0.123 001219
0.117 0.1150.114

0.597 0.400 0.309 0.257 0.223 0.200 0.182 0.1689001150 0.144 0.138 0.134 0.130 0.126 0.123 001219
0.117 0.1150.114

1 # GrowthModel: 1=vonBert with L1&L 2; 2=RichardstivL1&L2; 3=age_speciific_K; 4=not implemented
1# Growth_Age for L1

999 # Growth_Age_for_L2 (999 to use as Linf)

0# SD_add_to LAA (setto 0.1 for SS2 V1.x comghiyd

0#_CV_Growth_Pattern: 0 CV=f(LAA); 1 CV=F(A); ZZ&F(LAA); 3 SD=F(A); 4 logSD=F(A)

1 # maturity_option: 1=length logistic; 2=age ktii; 3=read age-maturity matrix by growth_pattetnaread age-
fecundity; 5=read fec and wt from wtatage.ss

# placeholder for empirical age-maturity by groytitern

1# First Mature_Age

3 #_fecundity option:(1)eggs=Wt*(a+b*Wt);(2)eggstab;(3)eggs=a*Wit"b; (4)eggs=a+b*L; (5)eggs=a+b*W
1 # hermaphroditism option: 0=none; 1=age-spebific

-1 # season of transition (-1 at end of each sgason

1 #_include males in spawning biomass (0=no, 1=yes)

1 # parameter_offset_approach (1=none, 2= M, G,&¥s offset from female-GP1, 3=like SS2 V1.x)

2 #_env/block/dev_adjust_method (1=standard; 2stagiransform keeps in base parm bounds; 3=stdngano
bound check)

#
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#_growth_parms

# LO HI INIT PRIOR PR_type SD PHASE env-var use_dev_minyr dev_maxyr dev_stddev Block Block_Fxn
#0.20.50.380401-30000000# NatM_g-eln GP_1
72118541854-11-30000000#L_at AtRem_GP_1
7010084.8984.89-11-30000000#L_at Ark@m_GP_1

0.050.80.1058 0.1058-11-3000000 0 # anBEK_Fem_GP_1
0.050.250.20.2-10.05-30000000 # CVngptrem_GP_1
0.050.250.20.2-10.05-30000000# _CV_Bkin_GP_1
#0.20.50.380.401-30000000#NatM_pdl GP_1
72118541854-11-30000000#L_at ArMal GP_1
7010084.8984.89-11-30000000#L_at Anwal GP_1

0.050.80.1058 0.1058-11-3000000 0 # emB_Mal_GP_1
0.050.250.20.2-10.05-30000000 # CVngpMal_GP_1
0.050.250.20.2-10.05-30000000# _CV_mld_GP_1

0.00002642 0.0001057 .00005284 .00005284 -1 0020-8 0 0 0 0 # Wtlen_1_Fem
1.373 4.118 2.745 2.745-10.2-3000 0 0 O OtkemvV2_Fem

7.735 23.2 15.469570 15.469570 -1 0.2 -3 0 0 @®Gt Mat50%_Fem

-0.1472 -0.04907 -0.09815 -0.09815 -1 0.2 -3 000000 0 # Mat_slope_Fem
-1111-10.2-20000000# Eg/kg_inter_Hema
0411-102-30000000#Eg/kg_slope_win#le

0.00002642 0.0001057 .00005284 .00005284 -1 0020-8 0 0 0 0 # Wtlen_1_Mal
1.373 4.118 2.745 2.745-10.2-300 0 0 0 O Otkenv2_Mal
1157575-10-40000000# herm_inflectiage
152.152.15-10-4000000 0 # herm_stdea@e)
01.999.999-10-4000000 0# herm_asymptadie
0000-10-40000000# RecrDist_ GP_1
-4400-11-40000000#RecrDist_Areal
0000-10-40000000#RecrDist_Seas_1
0011-10-4000000 0# CohortGrowDev

#

# Cond 0 #custom_MG-env_setup (0/1)

# Cond-2200-199-2#_ placeholder when no Mé@ren parameters

#

# Cond 0 #custom_MG-block_setup (0/1)

# Cond-2200-199-2# placeholder when no Ntggtbparameters

# Cond No MG parm trends

#

# seasonal_effects_on_biology parms

0000000000# femwtlenl,femwtlen2,matidiatl,fec2,Malewtlenl,malewtlen2,L.1,K
# Cond-2200-199 -2 # placeholder when noseddVG parameters

#

# Cond -4 # MGparm_Dev_Phase

#

#_ Spawner-Recruitment

3# SR_function: 2=Ricker; 3=std_B-H; 4=SCAA; 5=Heyg; 6=B-H_flattop; 7=survival_3Parm
# LO HI INIT PRIOR PR_type SD PHASE

1401010-10.41#SR_log(RO)

0.210.748 0.748 2 .146 1 # SR_steep #beta fooor Shertzer and Conn (2012)
020.60.6-150-4#SR_sigmaR

-5500-150-3#SR_envlink

-5500-1501# SR_R1_offset

00.500-150 -2 # SR_autocorr

0# SR _env_link

0# SR_env_target_0O=none;1=devs; 2=R0;_3=steepness

1 #do_recdev: 0=none; 1=devvector; 2=simple deisti

1993 # first year of main recr_devs; early devsmateed this era
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2012 # last year of main recr_devs; forecast d&ars is following year

2 # recdev phase

1 # (0/1) to read 13 advanced options

1950 #_recdev_early_start (O=none; neg value magatve to recdev_start)
3 # _recdev_early phase

0 #_forecast_recruitment phase (incl. late recyal0e resets to maxphase+1)
1 # lambda for Fcast_recr_like occurring beforeyent!

#from preliminary SS run based on Methot and Tagiat1

1980.780 # last_early yr nobias_adj_in_MPD

1993.630 # first_yr fullbias_adj_in_MPD

2011.800 # last_yr_ fullbias_adj_in_MPD

2012.800 # first_recent_yr_nobias_adj_in_MPD

0.967 # _max_bias_adj_in_MPD (1.0 to mimic pre-26agiels)

0 #_period of cycles in recruitment (N parms reabbiw)

-5 #min rec_dev

5 #max rec_dev

0 # read_recdevs

#_end of advanced SR options

#

#Fishing Mortality info

0.16 # F ballpark for tuning early phases #WT@is from McBride MARFIN project catch curve; neaggme as
McBride and Murphy 2003 (0.17)

1998 # F ballpark year (neg value to disable)

3 # F_Method: 1=Pope; 2=instan. F; 3=hybrid (hglisirecommended)
3 # max F or harvest rate, depends on F_Method

# no additional F input needed for Fmethod 1

### if Fmethod=3, then read number of tuning iteratiin hybrid method
4

#_initial_F_parms
# LO HI INIT PRIOR PR_type SD PHASE
##version starting at 1986

0.000001 1 0.10 0.1 -1 A 1 # InitF_1CommSpear
0.000001 1 0.10 0.1 -1 A 1 # InitF_1CommHL

0.000001 1 0.008488 0.1 -1 A1 -1 # InitF_1CommTrap
0.000001 1 0.10 0.1 -1 A 1 # InitF_2RecSpear
0.000001 1 0.10 0.1 -1 A 1 # InitF_2RecHL

#

#_Q_setup

# Q_type options: <0=mirror, O=float_nobiasadjfl@at_biasadj, 2=parm_nobiasadj, 3=parm_w_randam, d
4=parm_w_randwalk, 5=mean_unbiased_float assigpaton

# for_env-var._enter_index_of the_env-var_to_belih

# Den-dep env-var extra_se Q_type

0 0 0 0 # 1 _CommSpear

0 0 0 0 # 2 CommHL

0 0 0 0 # 3_CommTraps - no CPUE
0 0 0 0 #_4 RecSpear

0 0 0 0 # 5 RecHL

0 0 0 4 # 6_RVCKeys

0 0 0 0 # 6_RVCTortugas

#

1# Cond 0 #_If g has random component, then O=oaacharm for each fleet with random q; 1=readrandar
each year of index
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# Q_parms(if_any)

# model change in catchability for comm/rec fisbsras a result of changing reef fish regulations
# LO HI INIT PRIOR PR_type SD PHASE
-10400-1991# 1 RVCKeys 1994
-10400-199-10#_1 RVCKeys_1995
-10400-199-10#_1 RVCKeys_1996
-10400-199-10#_1 RVCKeys_1997
-10400-199-10# 1 RVCKeys_1998
-10400-199-10#_1 RVCKeys_1999
-10400-1991# 1 RVCKeys 2000 #change im tstimation procedures
-10400-199-10#_1_RVCKeys_2001
-10400-199-10#_1_RVCKeys_2002
-10400-199-10#_1_RVCKeys_2003
-10400-199-10#_1_RVCKeys_2004
-10400-199-10#_1_RVCKeys_2005
-10400-199-10#_1 RVCKeys_2006
-10400-199-10#_1 RVCKeys_2007
-10400-199-10#_1 RVCKeys_2008
-10400-199-10#_1 RVCKeys_2009
-10400-199-10#_1 RVCKeys_2010
-10400-199-10#_1 RVCKeys_2011
-10400-199-10#_1_RVCKeys_2012

# size_selex_types
#discard_options:_0=none;_1=define_retention;_2atete&mortality; 3=all_discarded_dead
# Pattern Discard Male Special

24 0 0 0 # 1 CommSpear
24 0 0 0 # 2 CommHL

24 0 0 0 #_3_CommTrap
24 0 0 0 #_ 1 RecSpear
24 0 0 0 # 2 RecHL

#5 0 0 1 #_4 RecSpear
#5 0 0 2 #_5_ RecHL

24 0 0 0 #_6_RVCKeys

24 0 0 0 # 6_RVCTortugas
#

# age_selex_types

# Pattern __ Male Special

10 0 0 0 # 1 CommSpear
10 0 0 0 # 2 CommHL

10 0 0 0 #_3_CommTrap
10 0 0 0 #_4 RecSpear
10 0 0 0 #_5_RecHL

11 0 0 0 #_6_RVCKeys

11 0 0 0 # 6_RVCTortugas

#Selectivity parameters_to_be_estimated

# LO HI INIT PRIOR PR_type SD PHASE env-var use_dev_minyr dev_maxyr dev_stddev Block Block_Fxn
#Double Norm params: 1=peak start; 2=peak widtlxs8dimb width; 4=desc limb width; 5=start valuel()

6=end value (0-1)

15 40 32 32 -1 99 3 0 0 0 0 0 0
0 # CommSpear_SizeSel_pl

-15 15 -9 -3 -1 99 4 0 0 0 0 0 0
0 # CommSpear_SizeSel p2
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-15 15
0
-15 15
0
-15 15
0
-15 15
0
15 40
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0
15 40
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0
15 40
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0
-15 15
0
15 40
0
-15 15
0
-15 15
0
-15 15
0

5 5 -1 99
# CommSpear_SizeSel_p3
6 6 -1 99
# CommSpear_SizeSel_p4
-15 -15 -1 99
# CommSpear_SizeSel_p5
15 15 -1 99
# CommSpear_SizeSel_p6
32 32 -1 99
# CommHL_SizeSel pl

-9 -3 -1 99
# CommHL_SizeSel p2

5 5 -1 99
# CommHL_SizeSel p3

6 6 -1 99
# CommHL_SizeSel_p4
-15 -15 -1 99
# CommHL_SizeSel_p5

15 15 -1 99
# CommHL_SizeSel_p6

32 32 -1 99
# CommTrap_SizeSel pl
-9 -3 -1 99
# CommTrap_SizeSel p2
5 5 -1 99
# CommTrap_SizeSel_p3
6 6 -1 99
# CommTrap_SizeSel_p4
-15 -15 -1 99
# CommTrap_SizeSel_p5
15 15 -1 99
# CommTrap_SizeSel _p6
32 32 -1 99
# RecSpear_SizeSel pl

-9 -3 -1 99
# RecSpear_SizeSel_p2

5 5 -1 99
# RecSpear_SizeSel_p3

6 6 -1 99
# RecSpear_SizeSel_p4
-15 -15 -1 99
# RecSpear_SizeSel _p5
-15 -15 -1 99
# RecSpear_SizeSel _p6
32 32 -1 99
# RecHL_SizeSel_p1

-9 -3 -1 99
# RecHL_SizeSel_p2

5 5 -1 99
# RecHL_SizeSel_p3

6 6 -1 99

#_ RecHL_SizeSel_p4
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-15 15 -15 -15 -1 99 -4 0 0 0 0 0 0
0 # RecHL_SizeSel p5

-15 15 -15 -15 -1 99 -4 0 0 0 0 0 0
0 # RecHL_SizeSel_p6

6 50 16 16 -1 99 3 0 0 0 0 0 0
0 # RVCKeys_SizeSel p1

-15 15 -9 -3 -1 99 -4 0 0 0 0 0 0
0 # RVCKeys_SizeSel p2

-15 15 5 5 -1 99 4 0 0 0 0 0 0
0 # RVCKeys_ SizeSel p3 - set due to high SD

-15 15 6 6 -1 99 4 0 0 0 0 0 0
0 # RVCKeys_SizeSel p4

-15 15 -15 -15 -1 99 -4 0 0 0 0 0 0
0 # RVCKeys_SizeSel p5

-15 15 -15 -15 -1 99 -4 0 0 0 0 0 0
0 # RVCKeys_SizeSel p6

6 50 42 42 -1 99 3 0 0 0 0 0 0
0 # RVCTortugas_SizeSel_p1l

-15 15 -9 -3 -1 99 -4 0 0 0 0 0 0
0 # RVCTortugas_SizeSel p2

-15 15 6 6 -1 99 4 0 0 0 0 0 0
0 # RVCTortugas_SizeSel p3

-15 15 6 6 -1 99 -4 0 0 0 0 0 0
0 # RVCTortugas_SizeSel _p4

-15 15 -15 -15 -1 99 -4 0 0 0 0 0 0
0 # RVCTortugas_SizeSel_p5

-15 15 15 15 -1 99 -4 0 0 0 0 0 0
0 # RVCTortugas_SizeSel_p6

0.1 20 0.1 0.1 -1 99 -1 0 0 0 0 0 0
0 # _RVCKeys_AgeSel pl

20 20 20 20 -1 99 -1 0
0 # _RVCKeys_AgeSel p2

0.1 20 0.1 0.1 -1 99 -1 0
0 # _RVCTortugas_AgeSel_p1

20 20 20 20 -1 99 -1 0
0 # _RVCTortugas_AgeSel_p2

# Cond 0 #_custom_sel-env_setup (0/1)
# Cond-2200-199-2# placeholder when norerfxns
# Cond

#turn this block on for change in selectivity 19@gulations
#1 # custom_sel-blk_setup (0/1)

#_Cond No selex parm trends
#_Cond -4 # placeholder for selparm_Dev_Phase

#Turn next line on for change in selectivity 19@4ulations
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#2 # Cond 0 #_env/block/dev_adjust_method (1=stah@alogistic trans to keep in base parm bounds;
3=standard w/ no bound check)

#

# Tag loss and Tag reporting parameters go next

0 # TG_custom: 0=no read; 1=read if tags exist

# Cond-661120.01-40000000 #_pladsdrdf no parameters
#

1 # Variance_adjustments_to_input_values

# fleet: 123

0000000 # add_to_survey CV

0000000 # add to_discard_stddev

0000000 # add_to_bodywt_CV

1111111 # mult_by lencomp_N

1111111 # mult_ by agecomp_N

1111111 # mult_by size-at-age_N

#

1 # maxlambdaphase -- if >1, need row for each apbase below

1# sd_offset

#

0 # number of changes to make to default Lambdeafsugit value is 1.0)
# Like_comp codes: 1=surv; 2=disc; 3=mnwt; 4=lengthage; 6=SizeFreq; 7=sizeage; 8=catch;
# 9=init_equ_catch; 10=recrdev; 11=parm_prior; l&np dev; 13=CrashPen; 14=Morphcomp; 15=Tag-comp;
16=Tag-negbin

#like_comp fleet/survey phase value sizefreq_method

#

# lambdas (for info only; columns are phases)

0 # (0/1) read specs for more stddev reporting
#01-15151-15# placeholder for selex typelage, year, N selex bins, Growth pattern, Nufncages,
NatAge_area(-1 for all), NatAge_yr, N Natages

# placeholder for vector of selex bins to be regubrt

# placeholder for vector of growth ages to be regabr

# placeholder for vector of NatAges ages to benteplo

999

12.1.2.4Forecast File

# for all year entries except rebuilder; enteraitlactual year, -999 for styr, 0 for endyr, negnber for rel. endyr
1 # Benchmarks: O=skip; 1=calc F_spr,F_btgt,F_msy

2 # MSY: 1= set to F(SPR); 2=calc F(MSY); 3=seF(Btgt); 4=set to F(endyr)

0.3 # SPR target (e.g. 0.40)

0.3 # Biomass target (e.g. 0.40)

# Bmark_years: beg_bio, end_bio, beg_selex, enelx detég_relF, end_relF (enter actual year, or watdé® or -
integer to be rel. endyr)

2010 2012 2010 2012 2010 2012

1 #Bmark_relF_Basis: 1 = use year range; 2 = $etsame as forecast below

#

2 # Forecast: 0=none; 1=F(SPR); 2=F(MSY) 3=F(B#ftAve F (uses first-last relF yrs); 5=input annkacalar
20 # N forecast years

0.2 # F scalar (only used for Do_Forecast==5)

# Fcast _years: beg_selex, end_selex, beg_relFredRd(enter actual year, or values of O or -iatelg be rel.
endyr)

2010 2012 2010 2012

2 # Control rule method (1=catch=f(SSB) west coasE=f(SSB) )
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0.01 # Control rule Biomass level for constant §ftac of Bzero, e.g. 0.40)

0.001 # Control rule Biomass level for no F (as fohBzero, e.g. 0.10)

1.0 # Control rule target as fraction of Flimite0.75)

3 #_N forecast loops (1-3) (fixed at 3 for now)

3 #_First forecast loop with stochastic recruitment

0 #_Forecast loop control #3 (reserved for futueksBwhistles)

0 #_Forecast loop control #4 (reserved for futueksBwhistles)

0 #_Forecast loop control #5 (reserved for futueksBwhistles)

2013 #FirstYear for caps and allocations (shouldfter years with fixed inputs)

0 # stddev of log(realized catch/target catchpieéast (set value>0.0 to cause active impl_error)
0 # Do West Coast dfish rebuilder output (0/1)

2013 # Rebuilder: first year catch could have kmsrto zero (Ydecl)(-1 to set to 1999)

2012 # Rebuilder: year for current age structuriai)(-1 to set to endyear+1)

1 # fleet relative F: 1=use first-last alloc yezxread seas(row) x fleet(col) below

# Note that fleet allocation is used directly asrage F if Do_Forecast=4

# this will just give you retained biomass and wbave to back out the discards

3 # basis for fcast catch tuning and for fcastitatps and allocation (2=deadbio; 3=retainbio;
5=deadnum;6=retainnum)

# Conditional input if relative F choice = 2

# Fleet relative F: rows are seasons, columnslesésf

# Fleet: FISHERY1

#1

# max totalcatch by fleet (-1 to have no max)

-1-1-1-1-1

# max totalcatch by area (-1 to have no max); reastr value for each fleet

-1

# fleet assignment to allocation group (enter grii#pfor each fleet, O for not included in an allgroup)
00000

# Conditional on >1 allocation group

# allocation fraction for each of: 0 allocation gps

# no allocation groups

0 # Number of forecast catch levels to input (eksle catch from forecast F)

3 # basis for input Fcast catch: 2=dead catchetaimed catch; 99=input Hrate(F) (units are froeefinits; note
new codes in SSV3.20)

# Input fixed catch values

#Year Seas Fleet Catch(or_F)

#
999 # verify end of input
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12.1.3 GA-NC Stock Model

12.1.3.1Starter File

hog37GANC.dat

hog37GANC.ctl

0 # O=use init values in control file; 1=use ssB.pa

0 # run display detail (0,1,2)

1 # detailed age-structured reports in REPORT.SE0 (

0 # write detailed checkup.sso file (0,1)

1 # write parm values to ParmTrace.sso (0=no,1=gamtide; 2=good,all; 3=every_iter,all_parms; 4=gvactive)
1 # write to cumreport.sso (0=no,1=like&timeserizsadd survey fits)

1 # Include prior_like for non-estimated parame(érs)

1 # Use Soft Boundaries to aid convergence (Ogbofnmended)

1 # Number of datafiles to produce: 1st is inpuat] & estimates, 3rd and higher are bootstrap
10 # Turn off estimation for parameters enterirtgrathis phase

0 # MCeval burn interval

1 # MCeval thin interval

0 # jitter initial parm value by this fraction

-1 # min yr for sdreport outputs (-1 for styr)

-2 # max yr for sdreport outputs (-1 for endyrfe endyr+Nforecastyrs

0 # N individual STD years

#vector of year values

0.0001 # final convergence criteria (e.g. 1.0e-04)

0 # retrospective year relative to end year (€ly. -

1 # min age for calc of summary biomass

1 # Depletion basis: denom is: 0=skip; 1=rel X*B&yrel X*Bmsy; 3=rel X*B_styr

1 # Fraction (X) for Depletion denominator (e.g})0.

4 # SPR_report_basis: 0=skip; 1=(1-SPR)/(1-SPR _2¢g{1-SPR)/(1-SPR_MSY); 3=(1-SPR)/(1-SPR_Btarget)
4=rawSPR

1 # F_report_units: 0=skip; 1=exploitation(Bio);&ploitation(Num); 3=sum(Frates); 4=true F for ramg ages
# 20 23 #_min and max age over which average Fowiltalculated

0 # F_report_basis: O=raw; 1=F/Fspr; 2=F/Fmsy ;/Bbfgt

999 # check value for end of file

12.1.3.2Data File

#Hogfish SEDAR 37 - GA-NC Stock

# observed data:

1986 #_styr

2012 #_endyr

1# nseas

12 # months/season

1# spawn_seas

4 # Nfleet

0 #_Nsurveys

1# N_areas
Comm_Spear%Comm_HL%Comm_Trap%Rec_HL
-1-1-1-1 # surveytiming_in_season

1111 # area_assignments_for_each_fishery angysu
1112# units of catch: 1=bio; 2=num
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0.1 0.1 0.1 0.75 #_se of log(catch) only usedrfibreq_catch and for Fmethod 2 and 3; use -1 iratd only
fleets

2 # Ngenders

20 #_Nages

0.605685363 3.041771609 0
63 # N_lines_of catch to read
#_catch_biomass(mtons):_columns_are_fisheriesggsson

#Comm_Spear Comm_HL Comm_Traps Rec_HL Year  Season
1.995806428 0 4.047321526 1950 1

0.90718474 0 4.173465724 1951 1

4.299609922 1952
4.425754121 1953
4551898319 1954
4.678042519 1955
4.804186718 1956
4.930330916 1957
5.056475115 1958
4.475953258 1959
4.569570526 1960
5.381041291 1961
5.52620044 1962
5.881305595 1963
6.382378169 1964
7.064775959 1965
7.319810585 1966
7.816111654 1967
7.884201628 1968
8.302584551 1969
7.790317772 1970
8.089365081 1971
8.411881334 1972
8.984238256 1973
9.747585281 1974
10.00796349 1975
9.775000374 1976
9.056141769 1977

0.696780246 #init_eqalithc

lcNoNoNoNoNoloNcNoloNoloNoNoNooNoloNoNoNoNoNoNeoRoNa!
lcNoNoNoNoNoloNoNoloNoloNoNoNoNoRoloNeoNoNoNoloNeoRoNo!
PRRPRRPRRPRRPRPRRPRPRPRRPRRPREPRRRPEPRRRERRRERER

eNeoleolNololoNololeololololololololololNoloNoloNolololNoNoNoloNoNoNeoloNoNeNe)

0.236775217 0 8.708995213 1978 1

0.075749926 0 8.790659861 1979 1

0.438170229 0 8.549724086 1980 1

5.052565409 0 0 1981 1

7.339124547 0 47.83536408 1982 1

4.475142322 0 2.148780642 1983 1

1.348076524 0 0.06 1984 1

2.683708611 0.052360565 20.46107321 1985 1
0.605685363 3.041197291 0 11.39495536 1986 1
1.542565886 2.66061764 0.012957553 2.009251603 1987
0.908243733 3.701614876 0.010433271 0.122869383 8 198
0.559182746 6.257566113 0.06742254 0.363551379 1989
0 6.606510886 6.031479727 1.016506401 1990 1
0 5.665512476 5.168994874 0.236 1991 1
0.943134148 11.74808217 1.94802383 0.759646464 1992
0 14.35661049 0.039957738 0.891240035 1993 1
1.753177161 8.673853116 0.034170553 0.186269777 4 199
1.083039674 14.91339266 0.742486897 25.24725485 5 199
0.074389149 7.061979609 0.788343539 0.096884137 6 199
0.110676538 10.92023631 0.487611798 0.295914636 7 199
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0.03628739 9.695536909 0.228610554 0.429318875 1998
0.037648167 13.14828203 0.052616715 0.32791868 1999
0.030390689 10.76737568 0.135624119 0.239936907 0 200
0.870019796 5.493420719 0.074395992 0.15 2001 1
1.460537533 7.14549342 0.718467397 0.915748485 2002
1.272326598 2.942453704 0.006803886 0.157535919 3 200
4.339064611 4.413000168 0 0.375294513 2004 1
2.077906647 6.637870743 0.018143695 1.481007825 5 200
3.365655385 7.206221982 0.057152639 1.705336502 6 20Q
2.473439194 6.940416853 0 1.23600981 2007 1
3.863699808 9.942291158 0 1.380067273 2008 1
9.368621478 6.160989408 0.002299048 0.201072291 9 200
13.62288059 5.381732529 0 1.819242639 2010 1
10.12668765 6.184040387 0 0.393808329 2011 1
6.051585561 3.274727159 0 1.370338905 2012 1

20 # _N_cpue_and_surveyabundance_observations
# Units: O=numbers; 1=biomass; 2=F
#_Errtype: -1=normal; O=lognormal; >0=T

# Fleet Units  Errtype

1 1 0 #Comm_Spear

2 1 0 #Comm_HL

3 1 0 #Comm_Trap

4 0 0 #Rec_HL

#year Seas Index# ObsScaled LOG(SE)

1993 1 2 1.19020496 0.304602093 #Comm_HL_Logbook

1994 1 2 1.027162882 0.278951573 #Comm_HL_Logbook
19951 2 1.644173577 0.258990274 #Comm_HL_Logbook
1996 1 2 0.892087704 0.271736656 #Comm_HL_Logbook
1997 1 2 1.031187791 0.263604187 #Comm_HL_Logbook
1998 1 2 1.392884957 0.263802533 #Comm_HL_Logbook
1999 1 2 2.280760483 0.258574781 #Comm_HL_Logbook
2000 1 2 1.243956874 0.269266792 #Comm_HL_Logbook
2001 12 1.137274292 0.265754256 #Comm_HL_Logbook
2002 12 1.281618762 0.276610214 #Comm_HL_Logbook
2003 1 2 1.058466807 0.273640658 #Comm_HL_Logbook
2004 1 2 0.565300456 0.297246036 #Comm_HL_Logbook
2005 1 2 0.930505732 0.289194242 #Comm_HL_Logbook
2006 1 2 0.819445727 0.285013122 #Comm_HL_Logbook
2007 1 2 0.580378696 0.285322514 #Comm_HL_Logbook
2008 1 2 0.739368644 0.28693195 #Comm_HL_Logbook

2009 1 2 0.337883452 0.348696192 #Comm_HL_Logbook
2010 1 2 0.482724365 0.351146052 #Comm_HL_Logbook
201112 0.707657245 0.335806101 #Comm_HL_Logbook
2012 1 2 0.656956595 0.396402741 #Comm_HL_Logbook

0# N_fleets_with discard

0 #N discard obs

#

0 # _N_meanbodywt_obs

30 # DF_for_meanbodywt_T-distribution_like

2 # length bin method: 1=use databins; 2=generate binwidth,min,max below; 3=read vector
2 # binwidth for population size comp
2 # minimum size in the population (lower edgeirsttbin and size at age 0.00)
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90 # maximum size in the population (lower edgtasf bin)

-0.0001 # comp_tail_compression
0.0001 # add_to_comp

0 #_combine males into females at or below thisnbimber

45 # N_LengthBins

246810121416 1820 22 24 26 28 30 32 348380342 44 46 48 50 52 54 56 58 60 62 64 66 682704776 78
80 82 84 86 88 90

44 # N_Length_obs

#Yr Seas Flt/Svy Gender Part Nsamp datavector(femeile)

#Year Seas Fleet Gender Part NsampRaw 2 4 6 8 1@ 18 18 20 22 24 26 28 30 32 34 36 38 40 42 448460
52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 902468101214 16 18 20 22 24 26 282384336 38
40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 704726 78 80 82 84 86 88 90
199211007000000000000000MMXO101001011000100100000MWMWO0O00000
00000000000000000000000MMWO0O0O0OO000O0
199611005000000000000000®MMO0O00010000002010100000MMWO0O00000
00000000000000000000000MMWO0O0O0OO000O0
200411008000000000000000M®MXDO0O0O000010000110121000W0OOLO0O00000
00000000000000000000000MMWO0O0O0OO000O0
200511006000000000000000M®MM11001100001010000000MM®WO0O00000
00000000000000000000000MMWO0O0O0O00O0
2006110013000000000000000®M®MAL00100111100101123010000WOW0O00000000
00000000000000000000000MMWO0O0O0O00O0
200811007000000000000000M®MM10111010010010000000MMW®OO0O00000
00000000000000000000000MMWO0O0O0O00O0
2009110055000000000000000QM#1653522430444200010000000000000
00000000000000000000000MMWO0O0O0OO00O0
20101100114000000000000001®@®B4711116676366531045213MIO0000000
00000000000000000000000MMWO0O0O0O000000O0
2011110090000000000000000PN4852351561158435530001000000000
00000000000000000000000MMWO0O0O0O0O0O0O0
2012110045000000000000000®M®MA 02057342322321521000000000000000
00000000000000000000000MMWO0O0O0O00O0
1985120059000000000000000MMA 1262655632573401000000W00000000
00000000000000000000000MMWO0O0O0O00O0
1986120015000000000000000Q®MA0001100104131001000000WMW0O0000000
00000000000000000000000MMWO0O0O0O00O0
1987120032000000000000000MM®01233212522351000000000W00000000
00000000000000000000000MMWO0O0O0OO000O0
1988120043000000000000000Q®®M21441435302505100000000W00000000
00000000000000000000000MMWO0O0O0OO00O0
1989120087000000000000000BB266446962888411011000000W00000000
00000000000000000000000MMWO0O0O0O00O0
1990120091000000000000001 222200 23669757812442302210MWO0000000
00000000000000000000000MMWO0O0O0O00O0O0
1991120072000000000000000@BBH®2244485592671001000000000000000
00000000000000000000000MMWO0O0O0O00O0
1992120078000000000000000M®BAN36658642843210100010000W00000000
00000000000000000000000MMWO0O0O0OO00O0
1993120014100000000000000(G111487101012109813105322@®®0O00000O0
00000000000000000000000MMWO0O0O0O00O00000O00O0
1994120091000000000000000®®B3ANB8835277587236300000000W0O00000000
00000000000000000000000MMWO0O0O0OO000O0
1995120018100000000000000®(058141372413121017111483423DD00000O0
00000000000000000000000MMWO0O0O0O0O0O0O0O0O000O0O0

QCAO
6343
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1996120078000000000000000@B®B7445746773522020020000000000000
00000000000000000000000MMWO0O0O0O0O0O
1997120013600000000000100Q@®@®7881081291610812494211®OMO0O0O0O00O0
000000000000O0O0OOOOOOOOOMMWOOOOOOOOOOODO
19981200200000000000000000M1Y¥9913191826191821121377653DD0O00O0O0O0OO
000000000000000O0O00O00O0OOOOOMMWAOOOOOOOOOOOOOOO
19991200200000000000000000Q1016 132025313135303431282424158104100110
000000000000O0O0OOOOOOOOOMMMWMOOOOOOOOOOOOOOOOOO
20001200200000000000000003®AL5 16252930203526392724182017384901100
00000000000000000000000MMVMOOOO0OOO0OOO0OOO0OOOOO
2001120020000000000000000@MM® 8102114192829211114151012521800000
00000000000000000000000MWXMO0O0OO0O0O0O0O0O0O0O0O0OO0OO0O
2002120020000000000000000mMO1 4816131818151717131611116223 000030
00000000000000000000000MMMOOOO0O0OO0OO0O0OO0OOO
2003120015200000000000010M4223¥5513111412121315351082102D®000000
0000000000000000000OCOOOOMMWAOOOOOOOOOOOOOO
2004120011400000000000100@20234101010785758764331100MD0O000000O0
000000000000O0O0OCOOOOOOOOMMIWMVOOOOOOOOOO
2005120099000000000000000MA#12455119131055774321100mMOO0O0O00000
0000000000000O00OOOOOOOOOMMWIOOOOOOOOOO
2006120062000000000000000@1204324317756343210100000000000000
00000000000000000000000MMWO0O0O0O0O0O0
2007120056000000000000000®MAM0O0155532313784331100000000000000
00000000000000000000000MMWO0O0O0O0O0O
2008120078000000000000000MM®2114671076758521210000000000000
00000000000000000000000MMWOOO0O0O0OOO0
2009120016900000000000000@@k64144822111111610129458®E10D000000
0000000000000000000OCOOCOMMWOOOOOOOOOOOOOO
2010120033000000000000000MWM®O002223104062631000100000V0O00000000
000000000000O0OOOOOOOOOOMmMWOOOOOOODO
2011120013000000000000000®0M14667101211811610911834@®M®MO0O0O0O0O
00000000000O0O0OOOOOOOOOOMMWOOOOOOOOOOOOO
2012120093000000000000000@MM®32367573109757881000M0WMO0O0000O0
00000000000000000000000MMWOOO0O0O0OOO0
-199113003000000000000000MMAO0O0O0000200000000000000WO0O0O0O00000
00000000000000000000000MMWO0O0O0O0O0O0
200714004000000000000000M®M®M10000000101001000000MPOOO0O0O0O000
00000000000000000000000MMWO0O0O0O0O0O0
200814001000000000000000MMOO0O0O000000000100000000MMWWO0O0O00O0O0
0000000000000O0OCOOOOOOOOMmMWOOOOOOODO
201014006000000000000000MMXV10010000300010000000MMWWO0O0O000O0
0000000000000OOC0OOOOOOOOOMmMWOOOOOOOO
2011140012000000000000000M®M®O0O014021102010000000M00W0M0O0000000
00000000000000000000000MMWO0O0O0O0O0O0
2012140028000000000000000®MMWM0O0010512233122150000000000000000
00000000000000000000000MMWO0O0O0O0O0O0

19 # N_age_bins

01234567891011121314151617 18

1# N_ageerror_definitions; these define how S$asihvert true age into a distribution of expecéegs to
represent the effect of ageing bias and imprecision

#true_age=01 2 etc.,

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-11-1-1-1

0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.0011000001 0.001 0.001 0.001 0.001 0.001 0.001 00ODA1
0.001 0.001 0.001

#
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61 # N_Agecomp_obs

1# Lbin_method: 1=poplenbins; 2=datalenbins; 3glbs

1 # combine males into females at or below thisnimber

#Yr Seas Flt/Svy Gender Part Ageerr Lbin_lo LbinNBamp datavector(female-male)
#Year Seas Fleet Gender Part AgeErr Lbin_lo LbitNgampRaw 0123456789 10111213 14 157183 0
1234567891011121314151617 18
2011110012424100000100000M®®M0O0O0O000000000000000000
2011110012727100000001000M®®WO0O0O000000000000000000
201111001292940000000012010M®®M0O0O00O0O0O0000000000000000
2011110013030200000000020M®M®MOO0O0O0O0O0O00000000000000
2011110013131100000000010M®®MOO0O0O0O0O0O0O0O000000000000
201111001333340000000001110MQA000000000000000000000
2011110013434100000000000M®IO0O0O0O0O00000000000000000
2011110013636200000000011®M®®MOOO0OO0O0O0O0O0O00000000000
2011110013737100000000010M®®MOO0O0O0O0O0O00000000000000
201111001383830000000000122M®M0O00O00O0O000000000000000000
2012110012525100000000001®M®WO0O0O000000000000000000
2012110012626100000100000M®®WO0O0O0O00000000000000000
2012110012828100000001000M®®MO0O0O0O00000000000000000
2012110012929200000000002M®®MO0O0O0O00000000000000000
2012110013030200000001001®M®WO0O0O0O00000000000000000
2012110013232100000000001®M®®MOOO0O0O0O0O0O0O000000000000
201211001363630000000000210M®MO0OO0OO0O0O0O0O0O00000000000
2012110013838100000000001®M®®MOOO0O0O0O0O0O0O000000000000
2008120012828100000000000WMHOLM®OOOO0O0O0O0O0O0O0O0O0O00000000
2011120012323200000000011®M®®MOOO0O0O0O0O0O0O0O00000000000
2011120012626100000000010M®WO0O0O0O00000000000000000
2011120012727300000000030M®WO0O0O0O00000000000000000
2011120012828200000000002M®®MO0O0O0O00000000000000000
20111200129292000000000101H0M®®0O0O0O0O0O0O0O00O000000000000
2011120013030400000000112M®®MO0O0O0O00000000000000000
2011120013131200000000110M®®WO0O0O000000000000000000
2011120013232100000000010M®®MOO0O0O0O0O0O00000000000000
2011120013333200000000001®M®MAO0O0O0O00000000000000000
2011120013434300000000012mM®®MOO0O0O0O0O0O0O0O0O0O0O0O00000000
201112001353540000000000210M®M010000000000000000000
2011120013636100000000001@M®®MOOO0O0O0O0O0O0O000000000000O0
2011120013737200000000001®MAMO0O0O0O0O0000000000000000
20121200125252000010000001H0M®®0O0O00O00O000000000000000000
2012120012828100000000001®M®WO0O0O0O00000000000000000
2012120013131100000000001®M®WO0O0O0O00000000000000000
2007140012222100000010000M®®MO0O0O000000000000000000
2007140013030100000010000M®®MO0O0O0O00000000000000000
2007140013232100000000000M®IO0O0O0O0000000000000000000
2007140013535100000000000®MA®O0O0O0O00000000000000000
2008140013333100000000000Q®M®®O0O0O0O0O0O0O0O0O000000000000
2010140012525100000000100M®M®OO0O0O0O0O0O0O0000000000000
2010140013030300000000030M®M®M®OO0O0O0O0O0O0O0O0O00000000000O0
2010140013434100000000010M®®OO0O0O0O0O0O0O0O0O00000000000
2011140012525100000000010M®®MO0O0O000000000000000000
2011140012626300000000030M®WO0O0O0O00000000000000000
2011140012828100000000010M®®MO0O0O0O00000000000000000
2011140012929100000000001®M®WO0O0O0O00000000000000000
2011140013030100000000010M®®WO0O0O0O00000000000000000
2011140013232200000000101®M®®WO0O0O000000000000000000
2011140013434100000000001®M®®MOO0O0O0O0O0O0O0O0O0O0O00000000O0
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2012140012424100000010000®mMmWMO0O0O0O0O0O0O00000000000000
2012140012626500000000005MmWMO0O0O0O0O0O0O00000000000000
2012140012727100000000001®mMmMDWMOOO0O0O0O0O0O0O0O00000000000
2012140012828200000000002Mm®@®MOOO0O0O0O0O0O0O0O0O00O0O0O00000O0
2012140012929100000000001M®M®OOO0O0O0O0O0O0O0O0O0O0O0O0O00000O0
2012140013030200000000011M®M®OOO0O0O0O0O0O0O0O0O0O0O0O0O0O0000O0
2012140013131200000000011Mm®®OOO0O0O0O0O0O0O0O0O0O0O0O0O0O0000O0
2012140013333100000000001Mm®M®OOO0O0O0O0O0O0O0O0O0O0O0O0O00000O0
20121400134341000000000000M®®OO0O0O0O0O0O0O0O0O0O00O0O0O00000O0
2012140013535100000000000H0M®DO0O0O0O00O0O0O00O000000000000
201214001363630000000000110MA0O0O0O000000000000000000

0# N_MeanSize-at-Age_obs

0 #_N_environ_variables
0 # N_environ_obs
0 # N sizefreq methods to read

0 # no tag data
0 # no morphcomp data

999

12.1.3.3Control File

#Hogfish SEDAR 37 - GA-NC Stock

1 # N_Growth_Patterns

1# N_Morphs_Within_GrowthPattern

1# Nblock Patterns

# Cond 0 #_blocks_per_pattern

1

# begin and end years of blocks

1994 2012

#

1# fracfemale

3 # natM_type:_0=1Parm; 1=N_breakpoints;_2=LorenZ&ragespecific;,_4=agespec_withseasinterpolate
#_ Age_natmort_by gender x growthpattern

#Lorenz05:

0.597 0.400 0.309 0.257 0.223 0.200 0.182 0.1689001150 0.144 0.138 0.134 0.130 0.126 0.123 001219
0.117 0.1150.114

0.597 0.400 0.309 0.257 0.223 0.200 0.182 0.1689001150 0.144 0.138 0.134 0.130 0.126 0.123 001219
0.117 0.1150.114

1 # GrowthModel: 1=vonBert with L1&L2; 2=RichardstivL1&L2; 3=age_speciific_K; 4=not implemented
1# Growth_Age for L1

999 # Growth_Age for_L2 (999 to use as Linf)

0# SD_add_to LAA (setto 0.1 for SS2 V1.x comphiyd

0#_CV_Growth_Pattern: 0 CV=f(LAA); 1 CV=F(A); ZZ&F(LAA); 3 SD=F(A); 4 logSD=F(A)

1 # maturity_option: 1=length logistic; 2=age ktgi; 3=read age-maturity matrix by growth_pattetaread age-
fecundity; 5=read fec and wt from wtatage.ss

#_placeholder for empirical age-maturity by groytitern

1# First_Mature_Age

3 #_fecundity option:(1)eggs=Wt*(a+b*Wt);(2)eggstab;(3)eggs=a*Wi"b; (4)eggs=a+b*L; (5)eggs=a+b*W
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1 # hermaphroditism option: 0=none; 1=age-spebific

-1 # season of transition (-1 at end of each sgason

1 # include males in spawning biomass (0=no, 1=yes)

1 # parameter_offset_approach (1=none, 2= M, G,&¥s offset from female-GP1, 3=like SS2 V1.x)
2 #_env/block/dev_adjust_method (1=standard; 2stagiransform keeps in base parm bounds; 3=stdngano
bound check)

#

#_growth_parms

# LO HI INIT PRIOR PR_type SD PHASE env-var use_dev_minyr dev_maxyr dev_stddev Block Block_Fxn
#0.20.50.380401-30000000# NatM_gpeln GP_1
72118541854-11-30000000#L_at ArRiem_GP_1
7010084.8984.89-11-30000000#L_at Ark@m_GP_1

0.050.80.1058 0.1058-11-3000000 0 # eahB_Fem_GP_1
0.050.250.20.2-10.05-30000000 # CVmgplrem_GP_1
0.050.250.20.2-10.05-30000000# _CV_BEm_GP_1
#0.20.50.380401-30000000#NatM_pdl GP_1
72118541854-11-30000000#L_at Aral GP_1
7010084.8984.89-11-30000000#L_at Anval GP_1

0.050.80.1058 0.1058-11-3000000 0 # amBE_Mal GP_1
0.050.250.20.2-10.05-30000000# CVngpMal GP_1
0.050.250.20.2-10.05-30000000# _CV_nbld_GP_1

0.00002642 0.0001057 .00005284 .00005284 -1 0020-8 0 0 0 0 # Wtlen_1_Fem
1.373 4.118 2.745 2.745-10.2-3000 0 0 O Otkenwv2_Fem

7.735 23.2 15.469570 15.469570 -1 0.2 -3 0 0 ®®G* Mat50%_Fem

-0.1472 -0.04907 -0.09815 -0.09815 -1 0.2 -3 000000 O # Mat_slope_Fem
-1111-102-20000000# Eg/kg_inter_Hema
0411-102-30000000#Eg/kg_slope_win#le

0.00002642 0.0001057 .00005284 .00005284 -1 0020-8 0 0 0 0 # Wtlen_1_Mal
1.373 4.118 2.745 2.745-10.2-300 0 0 0 O Otkenwv2_Mal
1157575-10-40000 000 # herm_inflectage
152.152.15-10-4000000 0 # herm_stdea@e)
01.999.999-10-40000 00 0 # herm_asynptadie
0000-10-40000000# RecrDist GP_1
-4400-11-40000000#RecrDist_Areal
0000-10-40000000#RecrDist_Seas_1
0011-10-4000000 0 # CohortGrowDev

#

# Cond 0 #custom_MG-env_setup (0/1)

# Cond-2200-199-2#_ placeholder when no Mé@ren parameters

#

# Cond 0 #custom_MG-block_setup (0/1)

# Cond-2200-199 -2 # placeholder when no Ntggtbparameters

# _Cond No MG parm trends

#

# seasonal_effects_on_biology parms

0000000000# femwtlenl,femwtlen2,matlfatl,fec2,Malewtlenl,malewtlen2,L1,K
# Cond-2200-199-2# placeholder when noseddViG parameters

#

# Cond -4 # MGparm_Dev_Phase

#

#_Spawner-Recruitment

3 #_SR_function: 2=Ricker; 3=std_B-H; 4=SCAA; 5=Heyg; 6=B-H_flattop; 7=survival_3Parm
# LO HI INIT PRIOR PR_type SD PHASE

1401010-10.41#SR_log(RO)

0.210.748 0.748 2 .146 1 # SR_steep #beta fooior Shertzer and Conn (2012)
020.60.6-150-4#SR_sigmaR
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-5500-150 -3 # SR_envlink

-5500-1501# SR_R1_offset

00.500-150-2# SR_autocorr

0# SR _env_link

0# SR_env_target_0O=none;1=devs; 2=R0;_3=steepness

1 #do_recdev: 0=none; 1=devvector; 2=simple deisti

1993 # first year of main recr_devs; early devsmateed this era
2012 # last year of main recr_devs; forecast ders is following year

2 # recdev phase

1 # (0/1) to read 13 advanced options

1950 # recdev_early_start (O=none; neg value matatve to recdev_start)
3 # recdev_early phase

0 # forecast_recruitment phase (incl. late recpal0e resets to maxphase+1)
1 # lambda for Fcast_recr_like occurring beforeyentl

#from preliminary SS run based on Methot and Tagt1

1970.9 # last_early yr nobias_adj_in_MPD

2002.0 # _first_yr fullbias_adj_in_MPD

2008.1 # last_yr fullbias_adj_in_MPD

2012.4 # first_recent_yr_nobias_adj_in_MPD

0.6695 # max_bias_adj_in_MPD (1.0 to mimic pr@2fodels)

0 #_period of cycles in recruitment (N parms reatblw)

-5 #min rec_dev

5 #max rec_dev

0 # read_recdevs

#_end of advanced SR options

#

#Fishing Mortality info

0.0#

-1998 # F ballpark year (neg value to disable)

3 # F_Method: 1=Pope; 2=instan. F; 3=hybrid (hylisirecommended)
3 # max F or harvest rate, depends on F_Method

# no additional F input needed for Fmethod 1

## if Fmethod=3, then read number of tuning iteraiin hybrid method
4

# initial_ F_parms
# LO HI INIT PRIOR PR_type SD PHASE
##tversion starting at 1986

0.000001 1 0.01 0.1 -1 A -1 #_InitF_1CommSpeax tdfconverge
0.000001 1 0.1 0.1 -1 A 1 #_InitF_1CommHL

0.01 0.0 0.0 -1 A -1 #_InitF_1CommTrap

0.000001 1 0.1 0.1 -1 A 1 #_InitF_2RecHL

#

# Q_setup

# Q_type options: <0=mirror, O=float_nobiasadjfl@at_biasadj, 2=parm_nobiasadj, 3=parm_w_randaw, d
4=parm_w_randwalk, 5=mean_unbiased_float assigpaton

# for_env-var._enter_index_of the_env-var_to_b&elih

# Den-dep env-var extra_se Q_type

0 0 0 0 # 1 CommSpear - no CPUE
0 0 0 0 # 2 CommHL

0 0 0 0 # 3 _CommTraps - no CPUE
0 0 0 0 # 5 RecHL - no CPUE

#_size_selex_types
#discard_options:_0=none;_1=define_retention;_2ntete&mortality; 3=all_discarded_dead
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# Pattern Discard Male Special

24 0 0 0 # 1 _CommSpear
24 0 0 0 # 2 _CommHL

5 0 0 2 # 3

24 0 0 0 # 2 RecHL

#

# _age_selex_types
# Pattern __ Male Special

10 0 0 0 # 1 _CommSpear
10 0 0 0 # 2 _CommHL

10 0 0 0 # 3_CommTrap
10 0 0 0 # 5 RecHL

#Selectivity parameters_to_be_estimated

South Atlantic and Gulf of Mexico Hogfish

# LO HI INIT PRIOR PR_type SD PHASE env-var use_dev_minyr dev_maxyr dev_stddev Block Block_Fxn
#Double Norm params: 1=peak start; 2=peak widtlxs8dimb width; 4=desc limb width; 5=start valuel()

6=end value (0-1)

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

##Size selectivity for mirror pattern (rec of commj)se 0 and 0 for first and last bin, respectpg {1 Pattern 5)

15 80 32 32 -1 99 3
0 # CommSpear_SizeSel_pl

-15 15 0 0 -1 99 -4
0 # CommSpear_SizeSel p2

-15 15 5 5 -1 99 4
0 # CommSpear_SizeSel p3

-15 15 6 6 -1 99 -4
0 # CommSpear_SizeSel_p4

-15 15 -15 -15 -1 99 -4
0 # CommSpear_SizeSel_p5

-15 15 15 15 -1 99 -4
0 # CommSpear_SizeSel_p6

15 80 32 32 -1 99 3
0 # CommHL_SizeSel pl

-15 15 0 0 -1 99 -4
0 # CommHL_SizeSel p2

-15 15 5 5 -1 99 4
0 # CommHL_SizeSel p3

-15 15 6 6 -1 99 -4
0 # CommHL_SizeSel_p4

-15 15 -15 -15 -1 99 -4
0 # CommHL_SizeSel_p5

-15 15 15 15 -1 99 -4
0 # CommHL_SizeSel p6

-5 5 0 0 -1 99 -3
0 # CommTrap_SizeSel pl

-5 5 0 0 -1 99 -3
0 # CommTrap_SizeSel_p2

15 88 88 88 -1 99 3
0 # RecHL_SizeSel_p1

-15 15 0 0 -1 99 -4
0 # RecHL_SizeSel_p2
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-15 15 5 5 -1 99 4 0 0 0 0 0 0
0 # RecHL_SizeSel p3

-15 15 6 6 -1 99 -4 0 0 0 0 0 0
0 # RecHL_SizeSel_p4

-15 15 -15 -15 -1 99 -4 0 0 0 0 0 0
0 # RecHL_SizeSel_p5

-15 15 15 15 -1 99 -4 0 0 0 0 0 0
0 # RecHL_SizeSel_p6

# Tag loss and Tag reporting parameters go next

0 # TG_custom: 0=no read; 1=read if tags exist

# Cond-661120.01-40000000 #_pladdrdf no parameters

#

1 # Variance_adjustments_to_input_values

# fleet: 123

0000 # add_to_survey CV

0000 # _add to discard_stddev

0000 # _add_to _bodywt CV

1111 # mult_by lencomp_N

1111 # mult_by agecomp_N

1111 # mult by size-at-age_N

#

1 # maxlambdaphase

1# sd offset

#

0 # number of changes to make to default Lambdafsugit value is 1.0)

# Like_comp codes: 1=surv; 2=disc; 3=mnwt; 4=len§thage; 6=SizeFreq; 7=sizeage; 8=catch;
# 9=init_equ_catch; 10=recrdev; 11=parm_prior; 1&ap dev; 13=CrashPen; 14=Morphcomp; 15=Tag-comp;
16=Tag-negbin

#like_comp fleet/survey phase value sizefreq_method

#

# lambdas (for info only; columns are phases)

0 # (0/1) read specs for more stddev reporting

#01-15151-15 # placeholder for selex typelage, year, N selex bins, Growth pattern, Nugincages,
NatAge area(-1 for all), NatAge_yr, N Natages

# placeholder for vector of selex bins to be regubrt

# placeholder for vector of growth ages to be ragabr

# placeholder for vector of NatAges ages to be nteplo

999

12.1.3.4Forecast File

# for all year entries except rebuilder; enteresitlactual year, -999 for styr, 0 for endyr, negnber for rel. endyr
1 # Benchmarks: O=skip; 1=calc F_spr,F_btgt,F_msy

2 # MSY: 1= set to F(SPR); 2=calc F(MSY); 3=seE(8tgt); 4=set to F(endyr)

0.3 # SPR target (e.g. 0.40)

0.3 # Biomass target (e.g. 0.40)

# Bmark years: beg_bio, end_bio, beg_selex, enelx detg relF, end_relF (enter actual year, or watdé® or -

integer to be rel. endyr)

2010 2012 2010 2012 2010 2012

1 #Bmark_relF_Basis: 1 = use year range; 2 = $iétsa@me as forecast below

#

2 # Forecast: 0=none; 1=F(SPR); 2=F(MSY) 3=F(Bit)Ave F (uses first-last relF yrs); 5=input annkacalar
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20 # N forecast years

0.2 # F scalar (only used for Do_Forecast==5)

# Fcast _years: beg_selex, end_selex, beg_relFredRd(enter actual year, or values of O or -iatelg be rel.
endyr)

2010 2012 2010 2012

2 # Control rule method (1=catch=f(SSB) west coasE=f(SSB) )

0.01 # Control rule Biomass level for constant &ftac of Bzero, e.g. 0.40)

0.001 # Control rule Biomass level for no F (as fohBzero, e.g. 0.10)

1.0 # Control rule target as fraction of Flimitge0.75)

3 # N forecast loops (1-3) (fixed at 3 for now)le#ve alone

3 #_First forecast loop with stochastic recruitment # leave alone

0 # Forecast loop control #3 (reserved for futiesB.whistles)

0 # Forecast loop control #4 (reserved for futielsB.whistles)

0 # Forecast loop control #5 (reserved for futieksB.whistles)

2013 #FirstYear for caps and allocations (shouldfter years with fixed inputs)

0 # stddev of log(realized catch/target catchpneéast (set value>0.0 to cause active impl_error)
0 # Do West Coast gfish rebuilder output (0/1)

2013 # Rebuilder: first year catch could have bwsdrto zero (Ydecl)(-1 to set to 1999)

2012 # Rebuilder: year for current age structuriai)(-1 to set to endyear+1)

1 # fleet relative F: 1=use first-last alloc yezxread seas(row) x fleet(col) below

# Note that fleet allocation is used directly asrage F if Do_Forecast=4

# this will just give you retained biomass and wbave to back out the discards

3 # basis for fcast catch tuning and for fcastitatps and allocation (2=deadbio; 3=retainbio;
5=deadnum;6=retainnum)

# Conditional input if relative F choice = 2

# Fleet relative F: rows are seasons, columnsleeesf

# Fleet: FISHERY1

#1

# max totalcatch by fleet (-1 to have no max)

-1-1-1-1

# max totalcatch by area (-1 to have no max); reostr value for each fleet

-1

# fleet assignment to allocation group (enter grii#p for each fleet, O for not included in an allgroup)
0000

#_ Conditional on >1 allocation group

# allocation fraction for each of: 0 allocation gps

# no allocation groups

0 # Number of forecast catch levels to input (eksie catch from forecast F)

3 # basis for input Fcast catch: 2=dead catchetdined catch; 99=input Hrate(F) (units are froeetlinits; note
new codes in SSV3.20)

# Input fixed catch values

#Year Seas Fleet Catch(or_F)

#
999 # verify end of input
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1. INTRODUCTION
1.1 WORKSHOP TIME AND PLACE

The SEDAR 37 Peer Review Process was conducted via a CIE (Center for Independent Experts)
Desk Review in lieu of a Panel Review Workshop. Three reviewers were selected by provided
the CIE and provided with the assessment report and background materials. Each reviewer
conducted a review of the material and produced an independent review report. Those reports
are included below.

1.2 TERMS OF REFERENCE

1. Evaluate the data used in the assessment, addressing the following:
a) Are data decisions made by the assessment panel sound and robust?
b) Are data uncertainties acknowledged, reported, and within normal or expected levels?
c) Are data applied properly within the assessment model?

d) Are input data series reliable and sufficient to support the assessment approach and
findings?

2. Evaluate the methods used to assess the stock, taking into account the available data.
a) Are methods scientifically sound and robust?

b) Are assessment models configured properly and used consistent with standard
practices?

c) Are the methods appropriate for the available data?
3. Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent with input data
and population biological characteristics, and useful to support status inferences?

b) Is the stock overfished? What information helps you reach this conclusion?

c) Is the stock undergoing overfishing? What information helps you reach this
conclusion?
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d) Is there an informative stock recruitment relationship? Is the stock recruitment curve
reliable and useful for evaluation of productivity and future stock conditions?

e) Are the quantitative estimates of the status determination criteria for this stock
reliable? If not, are there other indicators that may be used to inform managers about
stock trends and conditions?

. Evaluate the stock projections, rebuilding timeframes, and generation times, addressing the

following:
a) Are the methods consistent with accepted practices and available data?
b) Are the methods appropriate for the assessment model and outputs?

c) Are the results informative and robust, and useful to support inferences of probable
future conditions?

d) Are key uncertainties acknowledged, discussed, and reflected in the projection results?

5. Consider how uncertainties in the assessment, and their potential consequences, are

addressed.

* Comment on the degree to which methods used to evaluate uncertainty reflect and
capture the significant sources of uncertainty in the population, data sources, and
assessment methods

* Ensure that the implications of uncertainty in technical conclusions are clearly stated.

6. Consider the research recommendations provided and make any additional

recommendations or prioritizations warranted.

* C(learly denote research and monitoring that could improve the reliability of, and
information provided by, future assessments.

* Provide recommendations on possible ways to improve the SEDAR process.

Provide guidance on key improvements in data or modeling approaches which should be
considered when scheduling the next assessment.

Prepare a Peer Review Report summarizing the Reviewer’s evaluation of the stock
assessment and addressing each Term of Reference.

1.3 LIST OF PARTICIPANTS

CIE Reviewers

RLI.C. CRITS FTANCIS oveveveeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeeeeneeeneeesenenennnn CIE Reviewer
Paul A. MEAICY .....oouiieiiieiieciiee et CIE Reviewer
GO TINGICY ..ottt ettt CIE Reviewer
2. CIE REVIEWER REPORTS
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Executive Summary

This is a desk review of the 2013 stock assessment report for hogfish in the south Atlantic
and Gulf of Mexico. The computer program Stock Synthesis was used to assess three stocks:
West Florida (WFL), East Florida including the Florida Keys and Dry Tortugas (FLK/EFL),
and Georgia through North Carolina (GA-NC).

The hogfish assessment team had a daunting task. The available data are weak, which made
the assessment particularly sensitive to the many assumptions used in compiling the data and
structuring the model. Moreover, a big proportion of the changes in stock abundance may
have occurred in the years preceding the period with data. Also, Stock Synthesis is rather
complex, with many options and structures, some of which are easily misunderstood because
they are not well documented. Although the assessment team generally did a good job in
setting up this first hogfish assessment in Stock Synthesis I found sufficiently many causes
for concern that I could not be confident that the assessment results were robust, and thus that
the assessments constitute the best scientific information available.

Issues of concern for all three stocks include the construction and weighting of length
compositions; the choice of initial equilibrium catches and growth CVs (coefficients of
variation); and the treatment of uncertainty in recreational catches. It is not yet determined
how serious these issues are for the hogfish assessments, but collectively they certainly have
the potential to be serious. For the FLK/ELF stock, I was concerned about the assumption,
which has profound implications for the assessment, that growth was the same as in WFL.
The basis and support for a default selectivity assumption also have important consequences.

In considering future research I recommend that
* Priority be given to
o 1mproving age and length sampling of hogfish fisheries (with an emphasis on
ages), and
o fishery-independent surveys for GA-NC
* Consideration also be given to
o rationalizing the calculation of biomass indices, and
o better identifying the location of the stock boundary between east Florida and
North Carolina

For the next hogfish assessment I recommend

* That particular attention be paid to three data sets:
o length compositions (their construction, selection, and weighting),
o initial equilibrium catches, and
o (the treatment of uncertainty in) recreational catches;

* That two hypotheses be reconsidered:
o default selectivities, and
o the choice of growth parameters by stock;

* The use of
o alikelihood profile on RO,
o a sensitivity analysis for steepness, and
o the incorporation of uncertainty in the projection results.
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1. Background

This report reviews, at the request of Northern Taiga Ventures, Inc. (see Appendix 2), the 2013
assessment for hogfish (Lachnolaimus maximus) in the south Atlantic and Gulf of Mexico using the
Assessment Report and other supporting documents (Appendix 1). This review, part of the SEDAR
37 process (http://www.sefsc.noaa.gov/sedar/Index.jsp), is “responsible for ensuring that the best
possible assessment is provided”, and is intended to “provide guidance” to the Southeast Fisheries
Science Center (see Appendix 2).

2. Reviewer’s Role

The role of the present reviewer was to read the documents provided (listed in Appendix 1), as well as
some associated documents (e.g., Stock Synthesis documentation and some papers referred to in the
provided documents), and write an independent peer review report in accordance with his Terms of
Reference (given in Annex 2 of Appendix 2).

3. Findings

I will first discuss four matters that seemed to me to be of particular importance in these assessments,
and then present my findings in relationship to each of the eight Terms of References (TORs) for the
review, as given in Annex 2 of Appendix 2. In some cases I found it difficult to decide to which part
of the TORs I should attach a comment, because several parts seemed equally appropriate. Rather
than repeat comments in several places I have usually arbitrarily assigned each comment to one place.
In what follows, the initials “AR” will be used to identify references to parts (e.g., sections, tables,
figures) of the Assessment Report.

In reading these findings it is important to understand that the Assessment Report treated hogfish in
the south Atlantic and Gulf of Mexico as consisting of three stocks: West Florida (WFL), East Florida
including the Florida Keys and Dry Tortugas (FLK/EFL), and Georgia through North Carolina (GA-
NC). These stocks were assessed separately, using very similar model configurations, but different
data, for each stock.

3.0 Four matters of importance
3.0.1 Initial depletion

For all three stocks, the SSB (spawning stock biomass) is estimated to have changed more before the
assessment period (1986—2012) than during it (Table 1). Thus it is important to understand how the
assessment models estimate initial depletion (SSBiss as a percentage of SSByiwgin), and how robust
these estimates are. If these estimates are badly wrong then the whole assessment is undermined.

Table 1: Base model estimates of depletion at the beginning (1986) and end (2012) of the period covered
by the assessment models (tabulated figures were calculated from AR Tables 11.2.4.1-3 and 11.2.7.1-3).
Depletion (SSB as % of virgin SSB)

Stock 1986 2012
WFL 34 50
FLK/EFL 9 8
GA-NC 43 21

The assessment models’ calculation of initial depletion is rather complex, but five main groups of
estimated parameters are involved. The first three — (log)RO, the InitF parameters (one for each
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fishery), and the selectivity parameters — are used to set up an equilibrium age structure for 1986, and
this structure is then perturbed using the other parameters — SR_R1 offset and the Early InitAge
parameters (for ages 1-20). In these assessments these last two groups had little influence (because
they were almost all close to zero — see AR Tables 11.1.4.1-3). Further, given RO and the
selectivities, the InitF parameters are pretty much determined by the user-provided initial equilibrium
catches. Thus it seems that, roughly speaking, amongst the estimated parameters, it is RO and the
selectivity parameters that determine the estimated initial depletion. As to the data sets that will most
influence estimates of these parameters, clearly the initial equilibrium catches will be important and
so, I assume, will be the length compositions (these will obviously affect the selectivities, and for
fisheries with asymptotic selectivity the smaller the proportion of large fish in early catches, the
greater the initial depletion). A likelihood profile on RO would help to identify the relative influences
of each data set on this parameter, and thus on initial depletion.

3.0.2 Default selectivity assumptions

In all three assessments some fishery or survey selectivities were either forced to be domed (by setting
parameter 6 of the double normal selectivity to -15), and some were forced to be asymptotic (by
setting the same parameter to +15). In deciding what selectivity shape to use, the authors of the
Assessment Report seem to have taken the view that the default assumption is that it be asymptotic.
That is, we should assume a selectivity is asymptotic unless we have information to the contrary. This
assumption is not explicitly stated, but I infer it from text like “no evidence exists to support a dome-
shaped relationship” (AR Section 11.1.3.6) and the suggestion that the sensitivity analyses in which
no selectivities were forced to be asymptotic are presented “for reference only” (AR Section
11.2.7.2.5) (I take this last comment to mean that these sensitivities should be excluded from those
defining the range of uncertainty in the assessments).

I think it is important to be absolutely clear in the Assessment Report about whether the basis for this
default selectivity assumption is meant to be scientific or precautionary. My view (explained in the
next two paragraphs) is that it has little scientific support but could plausibly be adopted as
precautionary.

From a scientific point of view, it is clear that a fishery which does not catch the largest fish in a
population (either because of the characteristics of the gear or the spatio-temporal location of the
fishery) must have a domed selectivity. However, it does not follow that a fishery that does catch
these largest fish must have an asymptotic selectivity. All we can say is that this selectivity must be
non-zero for these fish, and the selectivity may be asymptotic. In the information presented in the
Assessment Report I could see no scientific justification for forcing any selectivity to be asymptotic
(and I note the relevance of a recent paper by Waterhouse et (2014)). Further, this forcing was
unsupported by the data. This can be seen in two ways: (a) an examination of the residuals for length
compositions associated with forced-asymptotic selectivities shows that those for the largest length
bins are mostly negative (e.g., consider plots for the commercial hook and line fisheries — AR Figures
11.2.1.3.4, 24, & 40); and (b) removal of the asymptotic restriction in some sensitivity analyses “In all
cases ... led to estimation of a fully dome-shaped function” (AR Section 11.2.7.2.5).

It is often the case in stock assessments that allowing the model to determine whether or not
selectivities are asymptotic will produce a less conservative (i.e., more optimistic) estimate of
depletion than if at least one selectivity is forced-asymptotic. This was certainly true for the present
assessments (Table 2). Some people argue that these less conservative assessments are unsound
because some of the stock biomass is “cryptic” (i.e., theoretically present, but unselected by the
fisheries and surveys). The view is taken that the appropriate, precautionary, approach is to avoid this
so-called cryptic biomass by forcing at least one selectivity to be asymptotic. If this view is the basis
of the authors’ decision to force some selectivities to be asymptotic then this should be explicitly
stated, both when the assumption is made (AR Section 11.1.3.6) and also when results are presented
(to alert readers to the possibility that actual stock status may be more optimistic than is estimated).
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Table 2: The effect on estimates of initial depletion of removing (in sensitivity analyses No_flattop) the
base model restriction that some selectivities were forced to be asymptotic (base values from Table 1;
No_flattop values from AR Figures 11.2.7.5.1-3).

Initial depletion (SSBogs as % of virgin SSB)

Stock Base No_flattop
WFL 34 47
FLK/EFL 9 21
GA-NC 43 66

3.0.3 The role of the growth parameters

The same growth parameters (describing mean growth [i.e., mean length at age] and its variability)
were used for all three stocks. To understand the implications of this decision we need to consider (a)
the extent to which it is consistent with the available data, and (b) the roles played by the growth
parameters in the stock assessment models.

The mean growth function was calculated using only WFL data. This function also seems reasonable
for GA-NC, for which the limited data available are not obviously inconsistent with the WFL
function, but it looks obviously wrong for FLK/EFL, where observed mean lengths at age are
substantially less than those for WFL (AR Figure 5.5.4.1). The decision to use the WFL growth
function for FLK/EFL was based on the assumption that the substantially lower lengths at age in
FLK/EFL are simply a result of a higher exploitation rate, rather than any real (“genetic”) differences
in growth (AR Section 5.5.4). Here it seems that a distinction is being made between what one might
call the “real” (or perhaps “intrinsic”’) growth function for FLK/EFL (that which would occur without
fishing) and the “current” growth function (which is different because of fishing), and the argument is
that we should use the “real” function (assumed equal to the WFL function) in the assessment model.
As to variability in growth, it was assumed that the CV (coefficient of variation) of length at age was
equal to 0.2 for all ages and stocks. Where this value came from is not explained. It appears only in
the assessment Control Files (AR Section 12) and is clearly inconsistent with the data plotted for
WFL and GA-NC in AR Figure 5.5.4.1 (for example, it implies that 95% of 15 year old fish would lie
between about 42 cm and 98 cm, whereas the plotted data appear more consistent with a CV of 0.1 or
less). Note that these CVs can, and should, be estimated by the software used to estimate the mean
growth curve.

The growth parameters have two distinct roles in the assessment models. One obvious role is to
convert from numbers at age (the models' accounting system) to biomass (the weight-length
relationship is also used in this conversion). In this role they have an effect on the estimated
productivity of the stock, as measured by various biological reference points (BRPs) such as Fjp. I
can appreciate that an argument may be made that BRPs should be based on “real”, rather than
“current” growth. However, compared to natural mortality and steepness, the influence of growth
parameters on BRPs is typically small. A second, and much less obvious, role for growth parameters
is in the fitting of length compositions. The likelihood of observed length compositions is calculated
by comparing them to expected length compositions, which are obtained by converting the model's
expected numbers at age using the growth parameters. For the FLK/EFL assessment this conversion
will have been badly wrong, because the WFL growth function is inconsistent with the relationship
between age and length at the time that the length composition data were collected. This inconsistency
will also badly affect the likelihoods for the conditional age-at-length data. I note that the FLK/EFL
assessment results changed substantially — initial depletion changed from 9% to 80% — in the
sensitivity run that used mean growth based on data from this stock (see run AltGrowthFx in AR
Figure 11.2.7.2.8.2). [As an aside, I note that the estimate of 80% initial depletion is inconsistent with
the view that this stock has long been “severely overfished” (AR Section 3) but suggest that, rather
than being a reason to avoid using stock-specific growth, it is evidence of the difficulty of obtaining a
robust estimate of initial depletion from this model.] I’'m guessing that when the assessment team
decided to use WFL growth parameters in the FLK/EFL model they were focussing on the first of the
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above two roles for these parameters and overlooked the negative consequences associated with the
second role.

The fact that the growth CV parameters were too high will adversely affect the fitting of both the
length composition and conditional age-at-length data for WFL and GA-NC, though I am not sure by
how much. It will make the expected length compositions (and the expected conditional distributions
of age at length) markedly wider than they should be.

3.0.4 Data weighting

The weight given to each data point in a stock assessment model is determined by a measure of the
assumed size of the error associated with that point: typically a CV for biomass indices, and a sample
size for composition data. These weightings are important because they can substantially affect both
model outputs and all statistical inference from the model (Francis 2011). Likelihood profiles
illustrate how different data sets favour higher or lower estimates of the parameter being profiled
(e.g., AR Figure 11.2.4.8 shows that the length data favour a higher estimate of steepness than did the
age data; Francis 2011 gives another example of this phenomenon in his figure 1). If we change the
data weighting, we change the balance between the different data sets, and thus change the parameter
estimate. Statistical inferences from assessment models (e.g., estimation of standard errors [SEs],
whether from the inverse Hessian, a bootstrap, or a likelihood profile) are valid only if the assumed
CVs and sample sizes are consistent with the actual error in the data.

I was concerned by the lack of discussion of data weighting in the Assessment Report. My concern is
primarily that the length composition data are probably over-weighted. The sample sizes used for
these data appear to be actual sample sizes (with a maximum of 200). But effective sample sizes for
length compositions (i.e., those consistent with the error in the data) are known to be smaller, often
much smaller, than actual sample sizes because of what Pennington & Velstad (1994) called intra-
haul correlation (i.e., fish caught in the same haul are typically more alike in length than those caught
in different hauls). Stock Synthesis provides a method for calculating effective sample sizes (using
the ‘effN’ values in plots like AR Figure 11.2.1.3.1), though this seems not to have been used in the
present assessments (e.g., I note that effN < N in all 7 composition data sets for FLK/EFL [see AR
Figure 11.2.1.3.35]). However, this method ignores the correlations in composition data and
consequently overestimates effective sample sizes (this is illustrated in table 4 of Francis (2011), in
which sample sizes based on ‘effN’ values [method TAIl.1] are 5-24 times higher than those
calculated following Pennington & Velstad (1994) [method TA1.8]).

3.1 TOR 1: The Data
Evaluate the data used in the assessment.

The information provided to me was insufficient for a thorough evaluation of the data used in the
assessment.

With regard to the fishery data, I imagine the Assessment Report was written with a local audience in
mind, and so no need was felt to describe the various data collection systems. I am now aware that
there are two parallel systems for collecting recreational data (MRFSS and MRIP) but I have no idea
as to how they differ in terms of the data they collect, and their collection methods, and so find it
impossible to assess their absolute or relative reliability. Similar comments apply to two systems for
collecting commercial fisheries data: by trip ticket and logbook. Having said this I should note that
fishery data collection systems are usually, in my experience, rather complex, often containing many
spatial, temporal, and data-type anomalies, so it is difficult for an outsider to fully understand their
strengths and weaknesses.

All the abundance index data series were documented to some degree in the Background Documents,
though the level of detail provided was very variable. Only the Reef Visual Census surveys were

Report on the 2013 Assessments of Hogfishes 6



SEPTEMBER 2014

thoroughly documented (via Smith et al., 2011). One thing lacking from the documentation of the
model-based estimates was an exploration of the factors/variables deemed to be significant (see, e.g.,
Bentley et al. 2012). If, for example, area is found to be significant, it is useful background
information to know which areas have higher or lower catch rates, and how strong the effect is (do
mean catch rates in different areas differ by 10% or 100%7?). The plausibility of these effects is
sometimes a useful diagnostic. I would have liked more information about the treatment of year x
factor interactions in Background Document 37-12. Often such interactions are avoided because of
the difficulty of devising an overall year effect. How that difficulty was avoided is of great interest,
but was unclear to me.

a) Are data decisions made by the assessment panel sound and robust?

I agreed with many of the data decisions made by the assessment panel. However, there are some
decisions that I think were unsound. Moreover, I do not agree with the common point of view,
apparently shared by the panel, that (almost) all available data should be presented to the model,
regardless of how sound they are. I realise that it can be politically difficult to omit inadequate data,
because this may offend those who collected the data, and the institutions that funded them.
However, it is my fear that unrepresentative data can easily mislead stock assessment models, whose
ability to distinguish signal from noise is not great, particularly in assessments like these where the
signals are so weak. (When it is impossible to resist the pressure to include inadequate/suspect data I
have found that a good strategy is to include them only in sensitivity analyses, or model runs that
provide an alternative to the base assessment.)

For reasons given in Section 3.0.3 I think it was a serious mistake to use the WFL mean growth
parameters in the FLK/EFL assessment, and also to use growth CVs that were inconsistent with the
available data for at least two of the stocks (WFL and GA-NC).

A much more minor growth-related matter that caught my attention was the decision to include only
data from the life history studies in the estimation of growth parameters, apparently because the
otolith readings for all other available data were not made using the validated methodology of
McBride & Richardson (2007) [Supplementary Document S37 RDO04]. This decision would be
standard, and sound, in an age and growth study, but it seemed odd in the context of this stock
assessment because the excluded data apparently included all the conditional ages at length that were
used in the assessment. Surely if the ages in these data were not sound enough to estimate a growth
curve for use in the assessment then they should not have been included as observations in the
assessment model. A simple qualitative check of the quality of these data is to plot residuals
(observed length minus the growth curve mean length at age) against age using different plotting
symbols for the two data sets (the life history data used to estimate the growth curve, and the
assessment observations).

I was concerned about all of the length compositions used in the assessments, except for those from
the Reef Visual Census (RVC) surveys. It was only for these surveys that I could find any description
of how the length compositions were constructed. Without this information I am left with the strong
suspicion that these compositions were simply raw data. This is inappropriate for fishery
compositions because fishery catches are typically very heterogeneous. In particular, the length
compositions of individual catches often vary in systematic ways, depending on factors such as the
area fished, time of year, or vessel type. Thus a common way to obtain a length composition that
might be representative of the catch for a given year is to (a) find out which factors most affect catch
length compositions, (b) make sure to sample across these factors (i.e., stratify the catch), and (c) use
these factors to scale up the length samples (e.g., if samples are collected for each quarter of the year,
they should be weighted by the proportion of the total catch that comes from each quarter). Such a
scheme highlights the necessity of discarding as unrepresentative data from years in which there was
not adequate sampling in all strata. The sample sizes for many of the individual length compositions
in these assessments were clearly too small to be considered representative. With stratified surveys it
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is conventional to use stratum area in weighting the compositions, but I saw no reference to such
weighting in the documents provided (except for the RVC surveys).

Too little attention appears to have been paid to the initial equilibrium catches provided for each
fishery. These are important because they affect the calculation of the initial (1986) age structure, and
thus the estimation of initial depletion (see Section 3.0.1). In essence, the model assumes that the
effect on the stock of all pre-1986 fishing is the same as if these initial equilibrium catches had been
taken every year before 1986 for as long as it would take for the population to reach an equilibrium.
Thus I was surprised to find that, with no discussion in the text, all but one of the initial equilibrium
catches were set equal to the 1986 catch, rather than being based on the pre-1986 catches (the
exception was Rec HL in the GA-NC assessment). The 1986 catches were sometimes markedly less
than most preceding ones (e.g., both recreational fisheries for FLK/EFL), and sometimes markedly
more (e.g., Rec_Spear for WFL).

I am doubtful about the inclusion of three of the abundance indices — Video and SEAMAP for WFL,
and RVCKeys for FLK/EFL — though I acknowledge that excluding them may not have much effect
on the assessments. For the Video surveys my concerns are (a) the many changes over time in the
equipment deployed and (b) doubt about whether the quantity measured (maximum number of
hogfish in a single video frame) is proportional to abundance. For SEAMAP I was concerned that of
the 5 zones used in the analysis, all were occupied in only three of the five years. For RVCKeys, I
was unconvinced about the assumption that there was a step change in catchability in 2000. This is
explained in AR Section 11.1.4 as being “to model a change in catchability reflecting updates to the
RVC methodology and increases in precision”. In Smith et al. (2011) I noted that the survey
design/methodology was altered several times in different years, but I found no suggestion that the
changes in 2000 could have more than doubled the survey catchability. The postulated change in
catchability in 2000 might have been more convincing if evidence were presented of other species
whose abundance index had jumped up in 2000. As to the reference to “increases in precision”, (a)
the undoubted improvement in precision over time seems to me to have been caused by a gradual
increase in sampling intensity (I found that a plot of log(CV) vs n from table 1 of SEDAR37-09 is
fairly linear), and (b) why should there be a connection between changes in catchability and
precision?

b) Are data uncertainties acknowledged, reported, and within normal or expected levels?

The Assessment Report acknowledged major data uncertainties associated with recreational catches,
stock structure, and, for FLK/EFL, growth rates and conflicting abundance index trends. These sorts
of uncertainties are common in stock assessments, and their levels in the present assessments are not
out of the ordinary.

One source of uncertainty that did not seem to be explored or acknowledged concerns the distinction
between hogfish and non-hogfish habitat, which was used in the construction of the commercial and
recreational CPUE (catch per unit effort) indices. Records from non-hogfish habitat were excluded
from the index calculations. It is sensible and reasonable to make this distinction, but it seems to me
that the boundary between the two habitats is essentially arbitrary. What remains uncertain is the
degree to which the CPUE indices might change if the arbitrary definition of the boundary were
changed. It could well be that the CPUE indices are relatively insensitive to this boundary definition,
but we won’t know that until the sensitivity has been explored.

¢) Are data applied properly within the assessment model?

The data were generally well applied within the assessment model, with two exceptions.
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First, I was concerned about the weighting of the length composition data: this was not discussed in
the Assessment Report, and I am concerned that these data appear to have been over-weighted, which
could have substantial effects on the assessment results (see Section 3.0.4).

My second concern relates to the treatment of the undoubtedly high uncertainty about the recreational
catches. I think it is almost always a mistake to assign high SEs to any catches in assessment models.
To do so is to say to the model “we don’t really know what the catches from this fishery were, please
estimate them for us”. This is a mistake because I can’t see what information the model has to make
these estimates. I was particularly concerned to see that the model’s estimates of recreational hook
and line catches for the GA-NC assessment were substantially higher than the “observed” catches
(AR Figure 11.2.1.1.3). Thus this model assesses the stock using catches that were much higher than
the data indicate. On what basis? I suggest that a better way to deal with uncertainty in catch histories
is to use best-estimate catches in the base model and then run sensitivity analyses with alternative
high and low catch histories. This approach provides an explicit measure (lacking in the current
assessments) of the effect of catch uncertainty on all assessment outputs. Note that by assigning low
SEs to the catches we are not intending to assert that these catches are well known; we are simply
trying to find out what the stock status would likely be if these catches were correct.  [Technical
note. The “hybrid F” option used in these assessments is recommended in Stock Synthesis, as stated
in the Assessment report (see AR Section 11.1.4), but not for the case when catch SEs are high (see
section 9.3.14 in Methot 2012).]

The best way to construct alternative high and low recreational catch histories depends on the nature
of the errors in the catches. If this is purely sampling error (arising because a small number of trips
has been sampled) then we can assume the errors are independent between years and calculate a
variance, and thus 95% confidence interval, for the total catch (for a given stock and fishing method)
by summing the catch variances across years. Then the low and high catch histories could be
constructed by scaling the base catch history so that its total spanned the 95% confidence interval. If
the catch errors involve bias (e.g., biased low because some sectors of the fishery are never sampled)
then we must try to put bounds on the likely size of that bias, and use these (as well as the sampling
error) in constructing low and high catch histories.

The two extreme spikes in the recreational hook and line catch history for GA-NC (AR Figure
11.2.1.1.3) are also of concern. I am surprised that these were included despite the authors’
acknowledgments (in paragraph three of AR Section 11.2.5) that (a) “such drastic year-to-year
changes in landings” are “unlikely”, and (b) the first spike caused the model to estimate an
implausible biomass trajectory (AR Section 11.2.5). An important point about the effect of catches in
assessment models is that, in most assessments, all that matters is that the total historical catch from
each fishery, and any broad trends in that catch, are approximately correct. An error in the catch for a
specific year is usually unimportant, as long as the total catch from all nearby years is about right.
This is a good reason, when catches are highly uncertain, to present catch histories that are reasonably
smooth.

d) Are input data series reliable and sufficient to support the assessment approach and
findings?

For reasons given above (see beginning of Section 3.1) it is difficult for me to fully evaluate the
reliability of the input data series in these assessments. However, my general impression is that, with
one exception, these data series are, on balance, no less reliable than those used in many acceptable
stock assessments for small stocks in other parts of the world. The exception is the length
composition data sets with very low sample sizes. It’s not possible to specify a minimum acceptable
sample size because the sample structure is important too (e.g., a sample of 200 fish would not be
acceptable if they all came from one trip, which contributed only a small percentage of the catch for
that fishery). However, it is hard to believe that the many compositions with sample sizes less than 20
could be representative of the catch for a year.
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3.2 TOR 2: Assessment methods
Evaluate the methods used to assess the stock, taking into account the available data.

Evaluation of the methods used in the base assessments was greatly facilitated by the use of Stock
Synthesis. I commend the authors for providing (a) the Stock Synthesis input files (AR Section 12),
(b) tables of parameter estimates (AR Tables 11.1.4.1-3), and (c¢) many standard plots of outputs
generated by the r4ss software. These allowed me to understand, in considerable detail, aspects of the
data and model assumptions that were not clear from the text.

a) Are methods scientifically sound and robust?

The stock assessment program Stock Synthesis used in these assessments is widely used, well tested,
and has a strong reputation, as evidenced by the recent special issue of the journal Fisheries Research
(volume 142, 2013) that was dedicated to it. To use such a program is wise because it protects against
coding errors and ensures that state of the art approaches to stock assessment are available. However,
it does not imply that an assessment will be scientifically sound and robust, because this depends on
the quality of the available data and many decisions made by the assessment team. Some decisions
that have, or may have, undermined the present assessments are discussed under TOR 1 and the rest
of TOR 2.

b) Are assessment models configured properly and used consistent with standard practices?

The assessment models are generally well configured, though it’s difficult to comment in relation to
“standard practices” because, in my experience, what is “standard” in stock assessments varies widely
amongst institutions. There was one aspect of model configuration that I thought had a particularly
strong bearing on these assessments.

The decision to force some selectivities in each assessment to be asymptotic was of key importance.
In my view, this decision was “proper” if and only if (a) its basis was precautionary, rather than
scientific, and (b) it is appropriate within the SEDAR system for a stock assessment team to make
precautionary decisions (see Section 3.0.2). I make this latter point because in New Zealand (where I
have worked) the invocation of precautionary arguments is explicitly outside the domain of
assessment scientists.

¢) Are the methods appropriate for the available data?

In general the methods used were appropriate for the available data. The only comment I would make
is that more parameters were estimated than could be justified by the available data. In particular, I
am sure that there was no point in estimating SR_R1 offset, and am dubious about most of the
Early InitAge parameters (as noted above, in Section 3.0.1, almost all these parameters differed only
insignificantly from zero). Although estimating these parameters violates the principle of Occam’s
Razor, it does little other harm. However, I think it was definitely a mistake to try to estimate
steepness (parameter SR_BH_steep), which is notoriously difficult, even in assessments with much
better quality data than the present ones (Lee et al. 2012). In Section 3.5 I suggest a better way to deal
with steepness.
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3.3 TOR 3: Assessment findings
Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent with input data and
population biological characteristics, and useful to support status inferences?

b) Is the stock overfished? What information helps you reach this conclusion?

¢) Is the stock undergoing overfishing? What information helps you reach this conclusion?

For all stocks I am not confident of the reliability of estimates of abundance, exploitation, and
biomass, or of estimates of the status with regard to overfished and overfishing thresholds.

Much of my lack of confidence is associated with the length compositions. Abundance indices are
not very informative in stock assessments unless they show a strong trend, which was not the case for
any of the indices used in these assessments. Therefore much of the inference in these assessments
must depend on the length compositions (I discount the third type of observation — conditional ages at
length — because of small sample sizes for almost all years). However, I am dubious about both the
construction and weighting of the compositions (see Section 3.1a,c). Further, inferences based on
length compositions require sound growth parameters (see Section 3.0.3), which I think were arguably
lacking for all three stocks, but particularly for FLK/EFL (see Section 3.1a). I note also the link
between the compositions and initial depletion, which is important in all three stocks (see Section
3.0.1). Another concern is the initial equilibrium catches, some of which were clearly inappropriate
(see Section 3.1.a). I don’t know how much effect a different treatment of the composition data and
more appropriate initial equilibrium catches would have on the estimates from these assessments, but
I think it quite possible that they could cause a substantial change.

The GA-NC assessment is particularly problematic because there was only one abundance index and
this was not well fitted by the model (AR Figure 11.2.1.2.16). I suggest that either the abundance
index is reliable, in which case the stock assessment (with which it is inconsistent) is not; or it is not
reliable, in which case an assessment of this stock is not possible. I note however, that better
weighting of the composition data (see Section 3.1¢) might allow a good fit to the abundance index.

d) Is there an informative stock recruitment relationship? Is the stock recruitment curve
reliable and useful for evaluation of productivity and future stock conditions?

The stock recruit relationship was not well determined for any of the three stocks because the
assessment period covered a relatively limited range of spawning biomass (AR Figures 11.2.4.1, 5, 9).
This markedly limits the precision of estimates of steepness, and thus productivity and future stock
conditions. However, I note that it is possible, via sensitivity analyses, to explore how uncertainty in
the steepness of the stock-recruit relationship affects these estimates (see Section 3.5).

e) Are the quantitative estimates of the status determination criteria for this stock reliable? If
not, are there other indicators that may be used to inform managers about stock trends and
conditions?

I presume that “status determination criteria” refers to the F- and biomass-ratios in AR Tables
11.2.7.1-3 associated with the reference points of AR Section 11.2.8. I am not confident of the
reliability of estimates of these ratios (for reasons given at the beginning of Section 3.3), and I am not
aware of other indicators that are likely to be more useful.
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3.4 TOR 4: Stock projections, rebuilding timeframes, and generation times
Evaluate the stock projections, rebuilding timeframes, and generation times, addressing the
following:

For these assessments, projections were carried out and rebuilding timeframes were discussed, but
generation times were not mentioned.

a) Are the methods consistent with accepted practices and available data?

In the realm of stock projections, what constitutes “accepted practice” varies greatly from place to
place. The methods used here were those provided by Stock Synthesis, which I am sure reflect
accepted practice on the west coast of the U.S.A. (though not in New Zealand), and are certainly not
inconsistent with the available data. I don’t know whether they are considered to be accepted practice
within SEDAR.

b) Are the methods appropriate for the assessment model and outputs?

I am not aware of any aspect of the assessment model or its outputs that would make the Stock
Synthesis projection methods inappropriate.

¢) Are the results informative and robust, and useful to support inferences of probable future
conditions?

I found the projection results hard to interpret. This is no fault of the assessment team (although it
didn’t help that the columns in some of the tabular output seem to have been mislabelled [e.g., I think
the columns labelled F40 in AR Tables 11.2.9.1-2 should have been FCurr] — I assumed that the
labelling in the associated plots [AR Figures 11.2.9.1-3] was correct). It is simply a consequence of
the rather complex multiple-pass projection methodology (see appendix B of Methot 2012), which
differs substantially from what I am accustomed to and produces some counter-intuitive results (e.g.,
see the first paragraph of AR Section 11.2.9, and note that for GA-NC, projected SSBs were higher
with FCurr than with FMSY [AR Figure 11.2.9.3] despite FCurr being higher than FMSY [according
to AR Table 11.2.7.1.3]). It may be that the projections also confused the assessment team because
the text discussing them seemed sometimes to be inconsistent with the associated plots (e.g., I think
“within 5 yrs” in the last paragraph of AR Section 11.2.9 should read something like “in 6-8 yrs”;
also, in the preceding paragraph, “9 yr” in last sentence seemed inconsistent with “15-20 yrs” in the
third sentence). However, if the Stock Synthesis projection methodology is accepted practice within
SEDAR then I must assume that those who need to be able to interpret outputs such as those
presented here have developed sufficient familiarity with them to find them informative.

As to robustness and utility in inferring probable future conditions, no projection results can be more
robust than the associated assessment, and, as explained in Section 3.3, I am not convinced that the
assessment results are robust.

d) Are key uncertainties acknowledged, discussed, and reflected in the projection results?

The projection results (as presented in AR Section 11.2.9 and associated tables and figures) included
no presentation or discussion of uncertainty. For me, one of the weaknesses of the Stock Synthesis
projection outputs (at least those presented in the Assessment Report) is that, although the calculations
include some uncertainty (in the form of stochastic recruitment and catch implementation error), this
is not reflected in the outputs. However, I would acknowledge that for many assessments (and
certainly for the present ones) the uncertainty included in the projection calculations for a base model
run is small compared to that between the base and plausible alternative models.
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3.5 TOR 5: Uncertainties
Consider how uncertainties in the assessment, and their potential consequences, are addressed.

Five methods of addressing (various types of) uncertainty were considered in the Assessment Report:
bootstrap simulation results (AR Figures 11.2.7.1.1-15); asymptotic (i.e., inverse Hessian) estimates
of parameter SEs (AR Tables 11.1.4.1-3); likelihood profiles on steepness (AR Figures 11.2.4.4, 8,
12); sensitivity analyses (AR Figures 11.2.7.2.1.1-8.3); and retrospective analyses (AR Figures
11.2.7.3.1-3).

a) Comment on the degree to which methods used to evaluate uncertainty reflect and capture
the significant sources of uncertainty in the population, data sources, and assessment methods

For me, the least informative of the five methods were the likelihood profiles on steepness and
retrospective analyses. The former were uninformative because (a) the data contain very little
information about steepness (see Section 3.3d), and (b) the profiles are meaningless unless the data
weightings are correct, which I don’t think was true (see Section 3.0.4). For reasons given in Section
3.0.1 I think a much better choice for a parameter to profile would have been RO, with the aim being
to understand which data sets were influencing the estimation of this parameter, and thus how robust
the estimates of both RO and initial depletion are. ~As to retrospective analyses, the problem with
these is that when retrospective trends are found (as they were for WFL and GA-NC), it is very
difficult to determine whether they are of concern (i.e., indicating some sort of model miss-
specification) or simply arising from random patterns in observation error. Further, very similar
trends can be caused by completely different types of model miss-specification (Mohn 1999).

I am dubious about asymptotic errors because I don’t think the stock assessment situation is anything
like asymptotic (what is meant by large sample size in an assessment with many sets of observations,
some from complex sampling schemes?), and was surprised by the conclusion that “the asymptotic
errors ... tended to produce similar estimates to the bootstrap parameter estimates” (AR Section
11.2.7.1) because my very limited comparison showed that these often differed by a factor of more
than 2 (and not always in the same direction).

I think that a well-chosen set of sensitivity analyses usually provides the best description of
uncertainty for stock assessments. A bootstrap approach is theoretically appealing but (a) as with a
likelihood profile, the present results are probably misleading because composition data weightings
(i.e., assumed observation errors) are wrong, and (b) my experience is that alternative model
assumptions often cause a bigger change in model outputs than could be attributed to observation
error (consider, e.g., the effect in the present sensitivity analyses of dropping the assumption that
some selectivities must be asymptotic).

I offer some brief comments on the choice of sensitivity analyses and their interpretation:

— just removing 1 of the 8 biomass indices for WFL is unlikely to make much difference (AR Section
11.1.7.2);

— it would have been more informative to use alternative recreational catch histories (as suggested
above, see Section 3.1c) rather than fiddling with SEs (AR Section 11.1.7.3);

— it would have been more informative to treat steepness in the same way as natural mortality — i.e.,
fix it in the base model and use bracketing values in the sensitivity analyses (the fixed and bracketing
values could be taken as the 50th, 5th, and 95th percentiles of the prior) (AR Section 11.1.7.4);

— dropping the forcing of asymptotic selectivity (AR Section 11.1.7.5) is a key sensitivity;

— simply changing the conditional length at age data to unconditional makes sense only in the unlikely
case that the fish can be considered a simple random sample from the catch; and are otolith sample
sizes really big enough to estimate growth in FLK/EFL and GA-NC? (AR Section 11.1.7.7);

— the sensitivity analysis using stock-specific growth for FLK/EFL is a key result; for reasons given
in Section 3.0.3 I don’t agree with the suggestion that it “should not be viewed as a reasonable
alternative, but useful for illustrative purposes” (AR Section 11.2.7.2.8).
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A useful way to incorporate the uncertainty that was lacking from the projection outputs (see Section
3.4d) would have been to repeat the projections for a selected few of the sensitivity analyses.

b) Ensure that the implications of uncertainty in technical conclusions are clearly stated.

I am not sure that readers will appreciate the true range of uncertainty in the results from these
assessments because (a) discussions of uncertainty seemed to focus mostly on the bootstraps results,
with comparatively little attention paid to key sensitivity analyses, (b) there was no quantitative
summary of the likely overall uncertainty (from bootstraps and sensitivity analyses) in key outputs
and (c) no uncertainty was presented in the projection results.

3.6 TOR 6: Research recommendations

Consider the research recommendations provided and make any additional recommendations
or prioritizations warranted.

a) Clearly denote research and monitoring that could improve the reliability of, and
information provided by, future assessments.

The Assessment Report presented four research recommendations, which can be summarised as
follows.

1. More growth, maturity, and fecundity information for FLK/EFL and GA-NC
2. Fishery-independent surveys for GA-NC

3. Improve age and length sampling of hogfish fisheries

4. Contribution of males to spawning reproductive potential

Of these, I think 3 and 2 are most likely to improve future assessments. With regard to 3, I would
strongly emphasize the age data (age compositions are much more informative in a stock assessment
model than length compositions) and comment that doubling the number of trips sampled has a much
greater effect on precision than doubling the number of fish sampled per trip. There is a need to
check that the ageing of the sampled fish is consistent with the validated method (see Section 3.1a)
and to develop reliable methods to construct length compositions from these data (see Section 3.1a).
With regard to 2, I note that GA-NC was the weakest of the three assessments because there was only
one biomass index, and this was not well fitted by the model (see AR Figure 11.2.1.2.16).

I think that 4 is important, but perhaps more to inform fishery management (e.g., are special measures
needed to protect males?) than to improve the stock assessment.

A comparative study of alternative methods of biomass index calculation would be useful. 1 was
startled by the array of different methods used for indices in these assessments (markedly different
methods are described in Background Documents 37-02, 37-05, 37-09, and 37-12) and wondered
whether it was either necessary or desirable to use so many different methods. Perhaps some
rationalization of methods would be possible. The study should include an investigation of
sensitivity to habitat classification (see Section 3.1b) and the desirability of including year interactions
(see beginning of Section 3.1) and, for the survey data, design-based methods (because they require
fewer assumptions I think these methods are preferable unless demonstrated to be markedly less
precise than the model-based methods).

Background Document 37-01 showed that fish from east Florida waters were genetically distinct from
those from North Carolina waters, but was unable to be specific about the location of the boundary
between these stocks. Samples from Georgia and South Carolina would be useful to check the stock
assessment assumption that this boundary lies at the Florida-Georgia border.
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b) Provide recommendations on possible ways to improve the SEDAR process.

I have no recommendations to make but would like to comment that I think the present review would
have been much better informed, and thus more useful, had it involved participation in an assessment
review meeting, during which both discussions with the assessment team and some additional model
runs could have resolved some important uncertainties for me.

3.7 TOR 7: Improvements for next assessment
Provide guidance on key improvements in data or modeling approaches which should be
considered when scheduling the next assessment.

Three sets of data merit particular attention in the next assessment. For length compositions, improve
their construction (Section 3.1a), and selections (i.e., dropping years with small [unrepresentative]
sample sizes — see Section 3.1d), and improve their weighting (Section 3.1¢). Initial equilibrium
catches need to be better related to pre-1986 catches (Section 3.1.a). For recreational catches, use
small SEs, smooth spikes, and construct alternative low and high catch histories (Section 3.1c¢) to use
in sensitivity analyses.

Two other model assumptions are worth reconsidering: the default selectivity (Section 3.0.2), and the
growth parameters (including CVs) used for each stock (Section 3.0.3).

Some other suggestions that might improve the next assessment are as follows.

* Use a likelihood profile on RO to help understand the data sets affecting the estimation of this
parameter, and thus the robustness of the assessments’ estimates of initial depletion (Section
3.0.1).

* Use sensitivity analyses to investigate the effect of uncertainty in steepness, just as was done
for natural mortality (Section 3.5a).

* Characterize uncertainty in the projections by repeating them for selected sensitivity analyses
(Section 3.5a).

3.8 TOR 8: Review report
Prepare a Peer Review Report summarizing the Reviewer’s evaluation of the stock assessment
and addressing each Term of Reference.

You are reading the peer review report.

4. Conclusions and recommendations

The hogfish assessment team had a daunting task. The available data are weak: the abundance indices
failed to show any strong trend; age data (often the second most informative data set) were very
slight; and even the length data (typically a poor third in order of information content) were quite
patchy. Moreover, a big proportion of the changes in stock abundance may have occurred in the years
preceding the period with data (see Section 3.0.1). When the data are weak, assessments are more
sensitive to the many assumptions that are made in compiling the data and structuring the model. The
possibility of making an unfortunate assumption was particularly high in these assessments because
they were the first for hogfish using Stock Synthesis, so the assessment team often could not rely on
assumptions made, and ratified, in previous assessments. Furthermore, Stock Synthesis is rather
complex, with many options, some of which are easily misunderstood (e.g., the assessment team’s
choice of initial equilibrium catches (see Section 3.1a) suggests that they may not have fully
appreciated the role these played; this role is not well described in the Stock Synthesis User Manual).
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Another complexity easily overlooked is the important role played by growth parameters in the fitting
of length composition data (see Section 3.0.3).

Although the assessment team generally did a good job in setting up this first hogfish assessment in
Stock Synthesis, I found sufficiently many causes for concern that I could not be confident that the
assessment results were robust. This is particularly true for the FLK/ELF stock because of the
profound implications of assuming the same growth as in WFL (see Section 3.0.3). For all stocks, I
found reason for concern in issues such as the construction and weighting of length compositions (see
Section 3.1a,c), the choice of initial equilibrium catches (see Section 3.1a) and growth CVs (Section
3.0.3), and the treatment of uncertainty in recreational catches (Section 3.1¢). It could be that some or
all of these issues turn out not to be important for the present assessments (e.g., I have found that
changing the weighting of composition data makes a big difference to some assessments, but very
little to others). It is their potential to cause substantial changes that makes me lack confidence in the
robustness of these assessments.

Another issue that has the potential to undermine these assessments is the assessment team’s default
selectivity assumption (Section 3.0.2). Should this assumption not be deemed “proper” (see
discussion in Section 3.2b) then all three assessments will be too pessimistic.

4.1 Recommendations

Amongst the Assessment Report’s four suggestions for future research I recommend giving priority to
the two concerning improve age and length sampling of hogfish fisheries (the focus should be on
ages) and fishery-independent surveys for GA-NC. In addition, I recommend (a) research to
rationalize the calculation of biomass indices, and (b) genetic sampling to better identify the location
of the stock boundary between east Florida and North Carolina. (See Section 3.6a for more details).

For the next hogfish assessment I recommend that particular attention be paid to three data sets:
length compositions (construction, selection, and weighting), initial equilibrium catches; and the
treatment of uncertainty in recreational catches. Two hypotheses that should be reconsidered are
those concerning default selectivities and growth. Other recommendations include a likelihood
profile on RO, a sensitivity analysis for steepness, and a way of characterizing uncertainty in the
projection results. (See Section 3.7 for more details).
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Appendix 2: Statement of Work

This appendix contains the Statement of Work, including two annexes, that formed part of the
consulting agreement between Northern Taiga Ventures Inc. and the author. Note that the dates in the
Tentative Schedule of Milestones and Deliverables therein were not revised when the timing of the
review was changed.

External Independent Peer Review by the Center for Independent Experts

SEDAR 37: South Atlantic and Gulf of Mexico Hogfish Assessment Desk Review

Scope of Work and CIE Process: The National Marine Fisheries Service’s (NMFS) Office of
Science and Technology coordinates and manages a contract providing external expertise through the
Center for Independent Experts (CIE) to conduct independent peer reviews of NMFS scientific
projects. The Statement of Work (SoW) described herein was established by the NMFS Project
Contact and Contracting Officer’s Representative (COR), and reviewed by CIE for compliance with
their policy for providing independent expertise that can provide impartial and independent peer
review without conflicts of interest. CIE reviewers are selected by the CIE Steering Committee and
CIE Coordination Team to conduct the independent peer review of NMFS science in compliance the
predetermined Terms of Reference (ToRs) of the peer review. Each CIE reviewer is contracted to
deliver an independent peer review report to be approved by the CIE Steering Committee and the
report is to be formatted with content requirements as specified in Annex 1. This SoW describes the
work tasks and deliverables of the CIE reviewer for conducting an independent peer review of the
following NMFS project.  Further information on the CIE process can be obtained from
WWW.Clereviews.org.

Project Description SEDAR 37 will be a compilation of data, a benchmark assessment of the stock,
and CIE assessment review conducted for South Atlantic and Gulf of Mexico hogfish. The desk
review provides an independent peer review of SEDAR stock assessments. The review is responsible
for ensuring that the best possible assessment is provided through the SEDAR process and will
provide guidance to the SEFSC to aid in their review and determination of best available science, and
when determining if the assessment is useful for management. The stocks assessed through SEDAR
37 are within the jurisdiction of the South Atlantic and Gulf of Mexico Fishery Management
Councils, and the states of Texas, Louisiana, Mississippi, Alabama, Florida, Georgia, South Carolina,
and North Carolina. The Terms of Reference (ToRs) of the peer review are attached in Annex 2.

Requirements for CIE Reviewers: Three CIE reviewers shall have the necessary qualifications to
complete an impartial and independent peer review in accordance with the statement of work (SoW)
tasks and terms of reference (ToRs) specified herein. The CIE reviewers shall have expertise in stock
assessment, statistics, fisheries science, and marine biology sufficient to complete the tasks of the
peer-review described herein. Each CIE reviewer’s duties shall not exceed a maximum of 10 days to
complete all work tasks of the peer review described herein.

Location of Peer Review: Each CIE reviewer shall participate and conduct an independent peer
review as a desk review; therefore travel will not be required.

Statement of Tasks: Each CIE reviewer shall complete the following tasks in accordance with the
SoW and Schedule of Milestones and Deliverables herein.

Prior to the Peer Review: Upon completion of the CIE reviewer selection by the CIE Steering
Committee, the CIE shall provide the CIE reviewer contact information to the COR, who forwards
this information to the NMFS Project Contact no later the date specified in the Schedule of Milestones
and Deliverables. The CIE is responsible for providing the SoW and ToRs to the CIE reviewers. The
NMFS Project Contact is responsible for providing the CIE reviewers with the assessment and other
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pertinent background documents for the peer review. Any changes to the SoW or ToRs must be made
through the COR prior to the commencement of the peer review.

Pre-review Background Documents: Two weeks before the peer review, the NMFS Project Contact
will send (by electronic mail or make available at an FTP site) to the CIE reviewers the necessary
background information and reports for the peer review. In the case where the documents need to be
mailed, the NMFS Project Contact will consult with the CIE Lead Coordinator on where to send
documents. CIE reviewers are responsible only for the pre-review documents that are delivered to the
reviewer in accordance to the SoW scheduled deadlines specified herein. The CIE reviewers shall
read all documents in preparation for the peer review.

Desk Review: Each CIE reviewer shall conduct the independent peer review in accordance with the
SoW and ToRs, and shall not serve in any other role unless specified herein. Modifications to the
SoW and ToRs shall not be made during the peer review, and any SoW or ToRs modifications prior to
the peer review shall be approved by the COR and CIE Lead Coordinator. The CIE Lead Coordinator
can contact the Project Contact to confirm any peer review arrangements.

Contract Deliverables - Independent CIE Peer Review Reports: Each CIE reviewer shall complete an
independent peer review report in accordance with the SoW. Each CIE reviewer shall complete the
independent peer review according to required format and content as described in Annex 1. Each CIE
reviewer shall complete the independent peer review addressing each ToR as described in Annex 2.

Specific Tasks for CIE Reviewers: The following chronological list of tasks shall be completed by
each CIE reviewer in a timely manner as specified in the Schedule of Milestones and Deliverables.

1) Conduct necessary pre-review preparations, including the review of background material and
reports provided by the NMFS Project Contact in advance of the peer review.

2) Conduct an impartial and independent peer review in accordance with the tasks and ToRs
specified herein, and each ToRs must be addressed (Annex 2).

3) No later than June 30, 2014, each CIE reviewer shall submit an independent peer review
report addressed to the “Center for Independent Experts,” and sent to Dr. Manoj Shivlani, CIE
Lead Coordinator, via email to shivlanim@bellsouth.net, and Dr. David Sampson, CIE
Regional Coordinator, via email to david.sampson@oregonstate.edu. Each CIE report shall
be written using the format and content requirements specified in Annex 1, and address each
ToR in Annex 2.

Tentative Schedule of Milestones and Deliverables: CIE shall complete the tasks and deliverables
described in this SoW in accordance with the following schedule.

CIE sends reviewer contact information to the COR, who then sends this

15 May 2014 to the NMFS Project Contact

NMES Project Contact sends the stock assessment report and background

I June 2014 documents to the CIE reviewers.

9-20 June 2014 | Each reviewer shall conduct an independent desk peer review

CIE reviewers submit draft CIE independent peer review reports to the

30 June 2014 CIE Lead Coordinator and CIE Regional Coordinator

13 July 2014 | CIE submits CIE independent peer review reports to the COR

Report on the 2013 Assessments of Hogfishes 21




SEPTEMBER 2014

The COR distributes the final CIE reports to the NMFS Project Contact

20 July 2014 and regional Center Director

Modifications to the Statement of Work: This ‘Time and Materials’ task order may require an
update or modification due to possible changes to the terms of reference or schedule of milestones
resulting from the fishery management decision process of the NOAA Leadership, Fishery
Management Council, and Council’s SSC advisory committee. A request to modify this SoW must be
approved by the Contracting Officer at least 15 working days prior to making any permanent changes.
The Contracting Officer will notify the COR within 10 working days after receipt of all required
information of the decision on changes. The COR can approve changes to the milestone dates, list of
pre-review documents, and ToRs within the SoW as long as the role and ability of the CIE reviewers
to complete the deliverable in accordance with the SoW is not adversely impacted. The SoW and
ToRs shall not be changed once the peer review has begun.

Acceptance of Deliverables: Upon review and acceptance of the CIE independent peer review
reports by the CIE Lead Coordinator, Regional Coordinator, and Steering Committee, these reports
shall be sent to the COR for final approval as contract deliverables based on compliance with the SoW
and ToRs. As specified in the Schedule of Milestones and Deliverables, the CIE shall send via e-mail
the contract deliverables (CIE independent peer review reports) to the COR (William Michaels, via
William.Michaels@noaa.gov).

Applicable Performance Standards: The contract is successfully completed when the COR
provides final approval of the contract deliverables. The acceptance of the contract deliverables shall
be based on three performance standards:

(1) The CIE report shall completed with the format and content in accordance with Annex 1,

(2) The CIE report shall address each ToR as specified in Annex 2,

(3) The CIE reports shall be delivered in a timely manner as specified in the schedule of milestones
and deliverables.

Distribution of Approved Deliverables: Upon acceptance by the COR, the CIE Lead Coordinator
shall send via e-mail the final CIE reports in *.PDF format to the COR. The COR will distribute the
CIE reports to the NMFS Project Contact and Center Director.

Support Personnel:

William Michaels, Program Manager, COR

NMES Office of Science and Technology

1315 East West Hwy, SSMC3, F/ST4, Silver Spring, MD 20910
William.Michaels@noaa.gov  Phone: 301-427-8155

Allen Shimada

NMES Office of Science and Technology

1315 East West Hwy, SSMC3, F/ST4, Silver Spring, MD 20910
Allen.Shimada@noaa.gov Phone: 301-427-8174

Manoj Shivlani, CIE Lead Coordinator

Northern Taiga Ventures, Inc.

10600 SW 131* Court, Miami, FL 33186
shivlanim@bellsouth.net Phone: 305-383-4229
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Key Personnel:

NMFS Project Contact:

Julie Neer, SEDAR Coordinator

4055 Faber Place Drive, Suite 201

North Charleston, SC 29405

Julie.Neer@safmc.net Phone: 843-571-4366
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Appendix 2, Annex 1: Format and Contents of CIE Independent Peer Review Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a concise
summary of the findings and recommendations, and specify whether the science reviewed is the
best scientific information available.

2. The main body of the reviewer report shall consist of a Background, Description of the Individual
Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in which the
weaknesses and strengths are described, and Conclusions and Recommendations in accordance
with the ToRs.

The CIE independent report shall be a stand-alone document for others to understand the
weaknesses and strengths of the science reviewed, regardless of whether or not they read the
summary report. The CIE independent report shall be an independent peer review of each ToRs,
and shall not simply repeat the contents of the summary report.

3. The reviewer report shall include the following appendices:

Appendix 1: Bibliography of materials provided for review
Appendix 2: A copy of the CIE Statement of Work
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Appendix 2, Annex 2 — Terms of Reference
SEDAR 37: South Atlantic and Gulf of Mexico Hogfish Assessment Desk Review

1. Evaluate the data used in the assessment, addressing the following:
a) Are data decisions made by the assessment panel sound and robust?
b) Are data uncertainties acknowledged, reported, and within normal or expected levels?
c) Are data applied properly within the assessment model?

d) Are input data series reliable and sufficient to support the assessment approach and
findings?

2. Evaluate the methods used to assess the stock, taking into account the available data.
a) Are methods scientifically sound and robust?
b) Are assessment models configured properly and used consistent with standard practices?
c) Are the methods appropriate for the available data?

3. Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent with input data and
population biological characteristics, and useful to support status inferences?

b) Is the stock overfished? What information helps you reach this conclusion?
¢) Is the stock undergoing overfishing? What information helps you reach this conclusion?

d) Is there an informative stock recruitment relationship? Is the stock recruitment curve
reliable and useful for evaluation of productivity and future stock conditions?

e) Are the quantitative estimates of the status determination criteria for this stock reliable? If
not, are there other indicators that may be used to inform managers about stock trends and
conditions?

4. Evaluate the stock projections, rebuilding timeframes, and generation times, addressing the
following:

a) Are the methods consistent with accepted practices and available data?
b) Are the methods appropriate for the assessment model and outputs?

¢) Are the results informative and robust, and useful to support inferences of probable future
conditions?

d) Are key uncertainties acknowledged, discussed, and reflected in the projection results?
5. Consider how uncertainties in the assessment, and their potential consequences, are addressed.

* Comment on the degree to which methods used to evaluate uncertainty reflect and capture
the significant sources of uncertainty in the population, data sources, and assessment
methods

* Ensure that the implications of uncertainty in technical conclusions are clearly stated.

6. Consider the research recommendations provided and make any additional recommendations
or prioritizations warranted.

* C(Clearly denote research and monitoring that could improve the reliability of, and
information provided by, future assessments.

* Provide recommendations on possible ways to improve the SEDAR process.
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7. Provide guidance on key improvements in data or modeling approaches which should be
considered when scheduling the next assessment.

8. Prepare a Peer Review Report summarizing the Reviewer’s evaluation of the stock assessment
and addressing each Term of Reference.

Report on the 2013 Assessments of Hogfishes 26



SEDAR 37 South Atlantic and Gulf of
Mexico Hogfish Assessment

Center for Independent Experts (CIE)
Independent Peer Review Report

Paul A Medley
paulahmedley(@yahoo.co.uk
September 2014




Executive Summary

This is one of three independent reports that describes the findings and conclusions of a desk
peer review for the SEDAR 37 South Atlantic and Gulf of Mexico Hogfish (Lachnolaimus
maximus) 2013 Stock Assessment.

The data inputs were well founded and represent the best science available. The stock
assessment is based on reliable and well-tested software, and the assessment methodology
is fundamentally sound.

For the Eastern Gulf of Mexico (WFL) stock, the stock is not overfished and overfishing is not
occurring. The stock assessment model fits the available data reasonably well, but diagnostics
suggest results remain uncertain.

For the Florida Keys and southeast Florida (FLK/EFL) stock, the stock is overfished and
overfishing is occurring. Of the three stock assessments, this one fits the data best and its
results are probably most reliable.

For the Carolinas (GA-NC) stock, the stock status is not reliably determined and conflicts in
the available information have not yet been adequately resolved. Specifically, the model does
not fit the abundance index.

Uncertainty in the assessment has been generally underestimated, and as currently reported,
will not be easily incorporated in scientific advice. Errors in the estimates of recreational
catches are a particular problem. The assessment and treatment of this uncertainty could be
better in the stock assessment and projections.

Background

This is one of three independent reports that describes the findings and conclusions of this
review for the SEDAR 37 South Atlantic and Gulf of Mexico Hogfish (Lachnolaimus maximus)
2013 Stock Assessment in accordance with the Center for Independent Experts (CIE)
statement of work (Appendix 2). The National Marine Fisheries Service’s (NMFS) Office of
Science and Technology coordinates and manages a contract providing external expertise to
conduct independent peer reviews of NMFS scientific projects without conflicts of interest.
Each reviewer contracted by the CIE glprovides an independent peer review report to be
approved by the CIE Steering Committee (www.ciereviews.org).

SEDAR 37 will be a compilation of the data, a benchmark assessment, and the CIE review.
The CIE review in this case is a desk review with the objective of ensuring that the best
possible assessment is provided through the SEDAR process. The outputs from the SEDAR 37
will provide guidance to the SEFSC to aid in their review and determination of best available
science, and when determining if the assessment is useful for management. The hogfish
stock is within the jurisdiction of the South Atlantic and Gulf of Mexico Fishery Management
Councils, and the states of Texas, Louisiana, Mississippi, Alabama, Florida, Georgia, South
Carolina, and North Carolina.

Description of the Individual Reviewer’s Role in the Review Activities

The Center for Independent Experts (CIE) provided the SoW and ToRs. The NMFS Project
Contact provided the link to the assessment and background documents on 30" June 2014,
which were downloaded for the desk review. All available documents were read. The review



primarily covers the main assessment document, but the background material was used to
check assessment decisions as well as provide the scientific context.

The review addressed each ToR as described in Appendix 2 Annex 2. The report is designed to
be read independently, and therefore references to specific parts of the assessment report
have been minimized.

This report fulfils the final term of reference for the SEDAR 37 review (8. Prepare a Peer
Review Report summarizing the Reviewer’s evaluation of the stock assessment and
addressing each Term of Reference.), and therefore this ToR has no further reference in this
report.

1 Evaluate the data used in the assessment, addressing the following:

a) Are data decisions made by the assessment panel sound and robust?

Hogfish has a short planktonic larval phase, nearshore settlement, and is predominantly
found as adults on reef coral to a maximum depth of 65m. They tend to occupy home ranges
and movements of adults are not thought to be very great.

Based on what is known of the life history and recent genetic research, the division of data
into the three stock areas appears sound. Seyoum et al. (SEDAR37-WP-01) demonstrated
three distinct stocks through analysis of population genetics: the eastern Gulf of Mexico
(WFL), the Florida Keys and southeast Florida (FLK/EFL), and the Carolinas (GA-NC). These
therefore make appropriate stock divisions, bearing in mind that this leaves some areas with
limited data, and given the species occupies home-ranges, it may still be possible to cause
local population depletions of adults even if the overall SSB remains high.

Qualitative information and some quantitative information on life history and biology of the
species is good, and raises confidence that main structural assumptions for the model are
sound. Assumptions regarding the low discard mortality seem reasonable, and the
morphometric conversion models clearly fit the data well. Natural mortality was estimated
through a range of methods and has been well-described. Decisions made on sex, growth,
maturity and calculation of SSB are well-founded and well-explored.

The small number of age observations justify the decision to estimate growth separate to the
assessment model (although age data were included for sensitivity runs). It is necessary to
assume a constant growth model and this is most easily enforced by fitting this model to the
available age and length data separately. The decision to use the WFL data, which covers the
greatest range over ages and lengths, seems reasonable, although there is clearly a risk of
bias, since separate stocks need not show the same growth rates. Nevertheless, for this
assessment, this is not the most critical source of error.

Abundance indices are developed and reported on. Full reports on the indices are not
provided, but information is sufficient to make appropriate choices in the validity of indices.
Some are excluded and good reasons are provided for this. Most are retained, and are
explored as part of the assessment, which is good practice.

For the WFL stock, the available abundances indices are fairly flat from the 1990s, but most
show an increasing trend for 2005-2012. However, this final trend is not strongly supported
by the fishery independent indices. The decisions to include these all indices except the REEF
visual survey is well justified.



For the FLK/EFL stock, the hook and line commercial indices show a slight upward trend for
2000-2012, while the commercial spear and both recreational indices and fishery
independent indices are flat over the same period. Decisions on which indices to include
seem well reasoned overall.

For the GA/NC stock, the hook and line logbook index shows a downward trend for 2000-
2012. The two trip ticket indices are highly variable and show no overall trend. The hook and
line logbook data create the most reliable and consistent index and was used for this stock.

Where they are available, the fishery independent abundance indices provide valuable
information on stock size. These indices include fish size information, which improves their
accuracy. They are shorter time series than the fishery dependent data, but as they build in
length, they should improve the assessments significantly.

In some cases, the reasoning on indices included reference to trends (e.g. “REEF visual
index... was the only index that did not show the consistent pattern of an increase in
abundance in the last year.”). This should be avoided as it presupposes that other indices,
which are possibly related, are correct. These are reasons to exclude or include indices in
sensitivity runs, but criteria to use or not use an index should depend on other information
(coverage, consistency etc.).

Catches form an important part of any assessment as they measure the relative impact of
fishing on the stock. Catches have been estimated independently of the assessment model
and are provided as estimates with a standard error. This is standard practice and done
appropriately. However, where catches are poorly estimated, as is arguably the case for the
recreational catch, errors may not be fully taken into account. An alternative approach to this
is outlined as a recommendation and further comment is made in discussing the modeling.

The assessment report states that “Given the paucity of age information, use of stock-, gear-,
and/or year-specific age-length information (e.g. age-length keys) would introduce
substantial uncertainty, particularly if one was to attempt to estimate growth parameters
within a model.” However, the point of stock assessment is to obtain not only the best
estimates of parameters of interest, but also to correctly assess the uncertainty. The
tendency in this assessment has been to avoid uncertainty by making more assumptions than
are probably warranted. There is some justification for this to ensure the model is aligned
within reasonable bounds based on knowledge of the species and history of the fishery, but
in this case some decisions over development of data sets and their analysis may have led to
an underestimate of the uncertainty. Some recommendations have been made to deal with
this.

Overall decisions that had to be made are justified and appear sound and robust, although
some decisions may have led to underestimates of uncertainty. Perhaps the most significant
problem for all these stock assessments is the poor estimates of catch data and the lack of
length data.

b) Are data uncertainties acknowledged, reported, and within normal or
expected levels?

Data uncertainties are acknowledged and reported. The report and supporting documents
provide information on uncertainties and how they have been dealt with. Estimates of error,
such as PSE or SE, are provided.



Commercial catch data (discards and landings) appear relatively well estimated. These
estimates come from standard monitoring in commercial fisheries, and errors are within
acceptable levels.

Recreational catch uncertainties are outside normal levels, albeit high errors are expected for
recreational fisheries. The problem does not arise from discarding, which does not appear to
increase uncertainty significantly in this fishery and has been well accounted for, but from
the estimates of the landings. These total landings estimates rely on MFRSS/MRIP intercept
data since the majority of landings are from private vessels. There is nothing fundamentally
wrong with these data as far as | can see, apart from the very limited size of the sampling in
each year. This leads to some very large changes in catch estimates from year to year. Given
that recreational fishing effort exhibits much lower year to year variation, this suggests
catchability changes dramatically for some of these gears, which seems unlikely. This problem
is recognized in the text, but no adjustment has been made to the data, except in one
extreme case, because no justification has been found for any change.

Considerable work has been put into developing abundance indices for these stocks. The
standardization process was objective and should have improved the indices, reducing error.
The standardization process and associated errors were reported and are within expected
levels.

Although there are limited amounts of length data for many gears, this is not an unusual
problem. Length and age data are often over-weighted in stock assessments because they
are usually not random samples, but are selected based on availability and often samples are
correlated. Information on potential bias in sampling was not provided. Length sampling
errors are dealt with in the assessment by using effective sample size rather than nominal
ones.

Age data are even more limited. These have been combined to produce a growth model
which is incorporated into the assessment. While this does introduce limitations in modelling
changes in growth dynamics over time, it is probably not the most significant source of error.

c) Are data applied properly within the assessment model?

The model structure and assumptions are appropriate for these data, except errors have not
necessarily been well accounted for in the catch data. Most of the “data” are derived
estimates. The model is not fitted, with the exception of the length compositions, to raw
observations. This builds greater complexity into the model which may not be immediately
apparent, and can make it harder to trace and correct structural errors.

The use of derived abundance indices is standard practice, and the assessment model should
be able to account for index errors. The significant errors associated with catches are more
difficult to account for as catches determine the exploitation level which the assessment is
trying to detect in other information.

For the FLK/EFL and WFL stocks, catches may be sufficiently well estimated for the
assessment approach. It is less clear that estimated catches are adequately estimated for the
GA-NC stock, which contains some outliers. The Stock Synthesis software (SS3), using the
hybrid-F fitting method, will be forced to fit catch estimates well. However, trying to estimate
catches within an assessment generally leads to excessive smoothing, so it is unclear whether
much improvement can be achieved within SS3. Alternatives are suggested as
recommendations for the next assessment (ToR 7).



d) Are input data series reliable and sufficient to support the assessment
approach and findings?

In general, the assessment makes good use of the limited data available. Considerable work
has been put into developing data series suitable for assessment. Where weaknesses have
been identified, these indicate that this process is perhaps unfinished rather the methods are
incorrect.

All commercial landings appear reasonably accurate, with consistent data collection
throughout the time series. The assumptions made, including the allocation of landings
among stocks, were justified. While discards are reported and therefore may be uncertain,
there is a good attempt to account for discard mortality and no reason to suspect discards
are a significant problem for this assessment. Spearing has become the dominant gear.

Recreational harvest of hogfish forms a significant proportion of catches in all stocks and all
have significant errors. These data are dependent on intercepts within the Marine
Recreational Fishery Statistical Survey (MRFSS) and the Marine Recreational Information
Program (MRIP) data collection systems. For the GA-NC stock for example, data were based
on less than ten total intercepts per year across states for 1981-2012 except 1995. The small
samples have resulted in high standard errors in catches. Within the assessment model,
catches are not treated as a time series, and there is no conditioning between sequential
catches. This can change the catch estimate observation errors to process errors within the
assessment. Whether this is a problem depends on the relative size of the various errors.

The historical reconstruction of landings before 1981 could be important in helping to
determine Bg and hence appropriate reference points. The methodology applied and
resulting time series of catches seem reasonable, albeit very different to the time series
based on MRFFS/MRIP data. The catches are much smoother than the later series. The
historical catches were not used except in sensitivity runs.

While the method to estimate discarding is reasonable, it probably exacerbates errors in the
landings time series as it is based on broadly the same information. Discard rates and
mortality are low, so the effect of this error is small.

Estimates of total effort were not used directly in the assessment model. Effort information
was used in CPUE calculations and in raising the total catch from the recreational sampling
data.

Use of affinity propagation clustering (APC) to identify species clusters and subsequently
fitting a delta-lognormal GLM to standardize the CPUE seems a reasonable and relatively
simple approach. The number and type of independent variables used in the standardization
were limited, and are unlikely to account for all changes to catchability. The approach is,
importantly, objective and should allow corrections for independent effects on catch rates.
Nevertheless, any procedure selecting zero catch trips increases errors, and the diagnostics
for the binomial part of the model are less secure than log-normal for the positive trips.
There was some, but limited adjustment to the nominal indices.

Overall, the abundance indices were well developed using consistent methods. The
standardization methodologies to deal with zero catch trips for the CPUE indices were
objective and justified. Fishery independent surveys are useful, but for many of them the
time series are too short to have much impact on this assessment. Nominal indices and
indices based only on non-zero trips were not explored.
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2 Evaluate the methods used to assess the stock, taking into account the
available data.

a) Are methods scientifically sound and robust?

Stock Synthesis (SS3) is a well-known, robust platform for catch-at-age modelling. It is well
tested, accurate and flexible. The methods applied by the model are scientifically sound and
robust. The main problem with Stock Synthesis is the lack of flexibility in modelling data,
where such models may benefit from non-standard approaches.

Information on life history, including growth and natural mortality, is adequate for stock
assessment. Hogfish are monandric, protogynous hermaphrodites that form harems. This is
not modelled explicitly, except in considering how to calculate SSB. | agree with the decision
that SSB should be calculated as the sum of males and females together. Separate modelling
of each sex’s contribution to reproduction would require explicit modelling of the effect of
fishing mortality on each sex and the effect of transition. The impact of disrupting harems
through higher mortalities is a concern for this fishery as it is not taken explicitly into account.

Without explicit modelling of harems and resultant effects on reproductive success as a
function of mortality rates with explicit sex-linked growth and reproductive success, it seems
unlikely that separate sexes in the model would make any difference. In this context, the best
approach is to consider the stock as effectively a single sex and calculate the SSB as the sum
of all mature fish above a particular age/size. Information on the sex ratio in the catches
would seem to be a pre-requisite for any improvement on this approach.

Given the model and data limitations, the method applied is robust. The assessment should
produce good scientific advice where configured properly, subject to the limited data
available. Improvements in the modelling are possible, but would probably need to be
implemented outside Stock Synthesis.

b) Are assessment models configured properly and used consistent with
standard practices?

In general, the assessment models have been configured properly and are used consistent
with standard practice. However, the assessment is data-limited, and therefore the models
are more susceptible to structural error, and these errors are more difficult to detect.

Given the lack of data, where possible simpler model configurations were chosen. Combining
discards with catches and avoiding seasonality simplify the model with little likely loss in
assessment accuracy. The numbers of parameters fitted were not excessive, although the
“hybrid-F” fitting configuration for the model hides the fishing mortality parameter fits.

The variation in natural mortality with age used in this assessment is an approach consistent
with similar assessments in the region. This should have only a small effect, but probably
describes natural mortality more accurately.

The two sex model was not used except for sensitivity runs. Without more extensive
biological sampling covering sex as well as length, weight and age, it will be difficult to fit a 2-
sex model.

The Beverton and Holt stock-recruitment function is appropriate for this species. The Ricker
function may fit the data better, but more evidence to support this function would be
required from the life history research.



The historical catch reconstruction for hogfish was considered unreliable and not used in the
base run. Because of the start of the model at 1986, initial fishing mortality rates were
estimated for those fisheries that had measured catches during 1986 for both the WFL and
FLK/EFL stocks. Although it is better to estimate the starting state for the model where
historical catches are unreliable, this degrades the likely model accuracy and can lead to
dramatic revisions in stock status should more accurate historical data become available.

The choices made in indices of abundance were justified and reasonable. The only potential
issue is the exclusion of the index from the commercial logbook hook and line data for the
FLK/EFL stock, which showed an increasing trend in contrast to the other indices. While a
justification is given, there is always the chance that this is following abundance trends more
accurately than the other indices, so this should be considered for a sensitivity run.

The basis for the choices made for the abundance indices selectivity functions and catches
appear sound. | agree with the selectivity configurations based on length and decisions made
with respect to whether they are domed or logistic shape. The basic decision is whether to
use a domed-shaped selectivity or a logistic function. Domed selectivity is difficult to estimate
well, is likely to change from year to year and generally leads to less precautionary results
(e.g. higher Fysy). Given the data limitations, length compositions appear reasonably well
fitted in this model.

The model uses fixed errors for the landings data. This is appropriate where catches are well
estimated, but may lead to underestimates of uncertainty in the assessment in this case.

The “hybrid F” fitting method in SS3 binds the fishing mortality estimates closely to the catch.
This is reasonable where the catches are well estimated or exact. However, in this case the
catches are themselves estimates with high error. The greater flexibility offered by estimating
fishing mortality as separate parameters (“continuous F”) may be a better theoretical option,
although it was noted that when this alternative approach was used, similar results were
obtained.

Methods to test the model and map out the uncertainty apply good practice, including
random starts for parameters to show that the maximum likelihood results are effectively
global, a parametric bootstrap to estimate observation error, a wide number of sensitivity
analyses to estimate structure error, and retrospective analyses. Implementation of these
methods has not accounted for all errors.

c) Are the methods appropriate for the available data?

The methods applied are not wholly suitable for data limited assessments. While SS3 has
been adapted to cope with a wide range of types of data, like all modelling approaches, it is
dependent on quality of data and appropriate interpretation. In this case, the way data are
treated could be improved, although this might require moving the assessment out of the
SS3 framework. There are significant advantages with continuing SS3, as once an acceptable
configuration is developed, updates become straightforward. To achieve this, more robust
catches need to be estimated, perhaps linked to methods used to develop the CPUE index.

For the parametric bootstrap procedure, SS3 creates a new data set with the same variance
properties that were estimated when analyzing the original data. This suggests that in this
case the catch uncertainty will be underestimated. The model fits the catches almost exactly
and therefore the estimated error will be lower than the input errors. No account is taken of
the true sampling errors in estimating catches. A better bootstrap could be based on
simulating the MRFSS/MRIP data used for these estimates (Manly 2006).



The model fits the commercial and recreational catch estimates well. The exception to the
fitted landings are the 1986 and 1995 recreational hook and line landings for the GA-NC
stock, which appear to be estimated to be even higher than the observed values, which |
suspect are already over-estimated.

The fits to the abundance indices are generally poor, and the assessments should seek to
improve these fits if possible. For the WFL stock, although the assessment report points out
that all indices increased in 2012, the model predicts a decrease. The fits to the FLK/EFL
abundance indices, judged by eye, seem a little better than the WFL indices. The model does
not fit the commercial hook and line GA-NC abundance index at all, showing almost
completely opposite trends.

The length compositions show reasonable fits for WFL gears and surveys, suggesting that the
selectivity functions are broadly consistent with the available information. Time varying
selectivity could improve the WFL and FLK/EFL commercial spear, although sampling is too
limited to justify this. For the GA-NC commercial hook and line, the length compositions are
fitted relatively well, in contrast to the abundance index fit. There is a strong argument for a
change in RVC Keys selectivity before and after 2000, coinciding with the catchability change.
This essentially means the index should be split into two separate series. Given this, it may be
sensible to drop the index to the start in 2000 or 2001, because splitting the series probably
makes the early period uninformative.

3 Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent
with input data and population biological characteristics, and useful to
support status inferences?

For the Eastern Gulf of Mexico (WFL) and Florida Keys and Southeast Florida (FLK/EFL), the
estimates of abundance are probably good enough to support status inferences. The model
results are broadly consistent with all data sources. Improvements are possible that could
improve accuracy. More and better data could lead to revisions of stock status, but in my
opinion these would not be large unless historical catch data became available.

The WFL exhibits strong retrospective patterns, which suggest changes over time, which are
not being accounted for. These problems stem from unrecorded changes in mortality (e.g.
unrecorded catches or changing natural mortality) or changing catchability in the abundance
indices. Retrospective patterns can also result from changes in the selectivity pattern. Some
effort has been made in exploring the causes of these patterns, but this has so far been
unsuccessful.

For the Carolinas (GA-NC), estimates are not reliable and the status of this stock remains
uncertain. The reported results are not wholly consistent with input data. The results
reported for this stock are not, at this stage, useful for scientific advice.

b) Is the stock overfished? What information helps you reach this
conclusion?
Eastern Gulf of Mexico (WFL)

The WFL stock is not overfished. The available evidence suggests that the spawning stock
biomass is greater than that which would achieve maximum sustainable yield (SSB >



MSSTMSY). Trends in the abundance indices, catches and sizes suggest the stock is stable and
are compatible with this conclusion. This result should be treated with caution, but the
retrospective bias suggests SSB may be underestimated.

Florida Keys and southeast Florida (FLK/EFL)

The stock is overfished. The estimate of stock size relative to reference points suggests that
the current estimated SSB is lower than key benchmarks (SSB < MSSTMSY). The bootstraps
which account for observation error, support this. In addition, some estimates of steepness
and of the mean recruitment for the unexploited stock from the sensitivity runs suggest a
lower productivity and therefore the stock may be even more depleted than the base run.

This interpretation of stock status is dependent on the estimates for the stock status at the
start of the time series, since the decline in stock size has not been large over the assessment
period. With the lack of historical catch time series, this is uncertain, although it is worth
noting that the sensitivity extending the time series back to 1981 did not improve the
perceived status of the stock. Nevertheless, the current level of depletion implies relatively
large catches prior to 1986.

Carolinas (GA-NC)

In my opinion, the GA-NC stock status is not reliably estimated in this assessment. It is not
possible to determine from the available information whether the stock is overfished or not.
However, with a significant declining trend in the abundance index, there is a significant risk
that the stock is below the maximum sustainable yield level.

c) Is the stock undergoing overfishing? What information helps you reach
this conclusion?

Eastern Gulf of Mexico (WFL)

The WFL stock is not undergoing overfishing. While the model results remain uncertain, the
available evidence suggests that fishing mortality is less than that which would achieve
maximum sustainable yield (F < Fysy). Trends in the abundance indices, catches and sizes
suggest the stock is stable and are compatible with this conclusion. Although this result
should be treated with caution, the retrospective bias suggests fishing mortality may be
overestimated. The F estimate is well below its benchmarks and below the lower 95% limit
generated from the bootstrap.

Florida Keys and southeast Florida (FLK/EFL)

The stock is undergoing overfishing. The estimate of fishing mortality relative to reference
points suggests the current estimated catch is too high. The bootstraps, which account for
observation error, confirm this. In addition, some estimates of steepness and of the mean
recruitment for the unexploited stock from the sensitivity runs, suggest lower productivity
and a higher risk of overfishing.

Carolinas (GA-NC)

Fishing mortality is not reliably estimated in this assessment. The abundance index suggests
that the stock may have been increasing or has been stable 2009-1012, although the lowest
index value was in 2009. There has been a slightly increasing trend in the mean length of the
commercial hook and line landings since 1990. Landings have fluctuated with apparent peaks
in the mid-1990s and in recent years 2005-2012. These conflicting patterns could be
consistent with shifting selectivity and changes in recruitment as well as the effects of
depletion.
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d) Is there an informative stock recruitment relationship? Is the stock
recruitment curve reliable and useful for evaluation of productivity and
future stock conditions?

Where the data are uninformative on steepness in the models, the prior is suitable for use
not only in setting the value but also in projections. More precautionary steepness levels
should also be considered in sensitivities, and could be chosen for more precautionary
scientific advice. While the assessment considered the effect of sensitivities in estimates, this
was not taken forward in the management advice.

For the Eastern Gulf of Mexico (WFL), the stock-recruitment relationship is flat and estimates
of steepness are poorly determined from the data, but the values obtained remain
reasonable and appropriate for the determination of reference points (benchmarks) and for
the projections.

For the Florida Keys and southeast Florida (FLK/EFL), there is an apparent negative
relationship between estimated spawning stock size and subsequent recruitment which
makes the model informative on steepness. While there is considerable uncertainty in
projecting individual recruitments, it is reasonable to use the steepness estimate from the
model in this case. The final estimate (h=0.83) is not very different from the prior mode
(h=0.84).

In the case of the Carolinas (GA-NC) stock, for the reasons given above, the stock recruitment
is not useful for evaluation of productivity and future stock conditions.

e) Are the quantitative estimates of the status determination criteria for this
stock reliable? If not, are there other indicators that may be used to
inform managers about stock trends and conditions?

Eastern Gulf of Mexico (WFL)

The diagnostics for the fitted model suggest some inconsistencies between the model and
data. There is a retrospective pattern, which suggests structural bias in the model and
significant increases in uncertainty. However, the estimates are likely negatively biased and
taking into account observation error within the model, the parameter estimates are still
within key benchmarks (MSSTMSY, FMSY, F30%) with high probability. Therefore, the
accuracy of estimates is acceptable for precautionary decision-making.

Florida Keys and southeast Florida (FLK/EFL)

The diagnostics suggest the fitted model is consistent with the data and therefore the
reported results are reliable.

Carolinas (GA-NC)

The quantitative estimates of status are not reliable and evidence is conflicting. The
abundance index suggests that the stock may have been increasing or has been stable during
2009-2012, while there has been a slightly increasing trend in the mean length of the
commercial hook and line landings since 1990. Landings have fluctuated with apparent peaks
in the mid-1990s and in recent years 2005-2012. The task of stock assessment is to balance
or explain conflicting information to draw out a conclusion. This has not yet been achieved
for this stock.



4 Evaluate the stock projections, rebuilding timeframes, and generation
times, addressing the following:

a) Are the methods consistent with accepted practices and available data?

The methods used for projections are integral to SS3, and consistent with accepted practices
and the available data.

b) Are the methods appropriate for the assessment model and outputs?

The SS3 assessment model incorporates the ability to make projections that are consistent
with the fitted model. The performance of the different fishing mortality controls have been
reported for the best fit and bootstrapped data sets. This approach is appropriate for the
model and outputs.

c) Are the results informative and robust, and useful to support inferences of
probable future conditions?

For the Eastern Gulf of Mexico (WFL) stock, the retrospective pattern suggests that the
performance of the projections in predicting outcomes may be poor. Although, they
represent the best science available, the results should be treated with caution.

For the Florida Keys and southeast Florida (FLK/EFL), the projections are most likely reliable
over a 5-10 year time frame. However, the lack of contrast in past stock conditions make the
projections based on much lower or higher catches extrapolations rather than interpolations,
and would therefore be much more sensitive to model errors.

For the Carolinas (GA-NC) stock, the projections are not useful and highly unlikely to
accurately describe the response of the stock to changing catch levels.

d) Are key uncertainties acknowledged, discussed, and reflected in the
projection results?

All key uncertainties are acknowledged, and discussed. These stem from uncertainties in the
model and data, and are primarily due to uncertain catch and possible changes in selectivity
or catchability over time. Although the uncertainties on management decisions can be
inferred from the information presented, it is not explicit. Specifically, uncertainties
associated with the sensitivity analyses and bootstrap simulation are not reflected in
projections.

The retrospective bias is also not accounted for in the projections. This is difficult to do,
however, without carrying out a full management strategy evaluation. A better approach
would be to identify possible causes of the retrospective bias, account for them in the
sensitivity analyses and see how that might affect the determination of current and projected
status.

The result is that the projections do not account for uncertainty and overestimate the
accuracy of the predicted results.



5 Consider how uncertainties in the assessment, and their potential
consequences, are addressed.

a) Comment on the degree to which methods used to evaluate uncertainty
reflect and capture the significant sources of uncertainty in the
population, data sources, and assessment methods

Parametric bootstraps can provide a good basis for assessing uncertainty, but the bootstrap
simulations need to genuinely reflect the sampling process. In this case, this would be
alternate catch time series, length compositions and abundance indices that could have been
obtained from the sampling program. A parametric rather than non-parametric bootstrap is
probably the best approach with small data sets, as in this case, but it is not clear that SS3’s
bootstrap implementation is entirely appropriate in this case. The SS3 bootstrap is based on
the internal variance estimates, which are likely to have underestimated the true error.

Bootstrap simulated data could be generated for each data source, although this would
require more work. Of the data used, it is likely the recreational catch data might benefit
most from simulating the sampling program to generate alternate series. The delta-normal
GLMs used to standardise the abundance indices could be used as the basis to provide
alternative simulated abundance indices, whereas length compositions might be obtained
from fitted densities (smoothed non-parametric bootstrap).

Sensitivity analysis is a good way to explore assumptions and structural uncertainty. A large
number of sensitivity analyses were conducted, and some more are suggested for future
assessments (ToR 7). However, while the effect of the sensitivity changes is reported, the
results are not developed or taken forward in the management advice. A process is required
to select one or two representative sensitivities as states of nature to include with the base
case for further evaluation.

b) Ensure that the implications of uncertainty in technical conclusions are
clearly stated.

Uncertainty is addressed in reporting data inputs, and for key outputs for the assessment,
such as stock status, reference points. These are clearly stated in the technical conclusions.

The parametric bootstrap provides a robust way to assess observation error, but in this case
it is not clear that all sampling errors are accounted for. Importantly, sampling errors
associated with the recreational catch have not been fully addressed.

A large number of sensitivity analyses were conducted and described. Although extensive,
these are not necessarily complete. Apart from indicating the range of results, no further
decisions are made on which sensitivities might be used to represent structural uncertainty in
the model.

Uncertainty in results were not carried forward into the management advice. As a result, it is
difficult to see how the assessment of the uncertainty can be properly carried forward in
scientific advice. Management guidance on acceptable risk and level of precaution would be
useful in improving evaluations of possible management actions. This might be developed by
reporting probabilities of falling above or below the different benchmarks in the projections
under different levels of fishing mortality.



6 Consider the research recommendations provided and make any
additional recommendations or prioritizations warranted.

a) Clearly denote research and monitoring that could improve the reliability
of, and information provided by, future assessments.

The assessment document provides useful recommendations for further research, covering
research on hogfish biology and improved monitoring data. Research on life history and
growth has provided a good basis for the stock assessment modelling. While on-going
research on hogfish biology will be useful, it is not a critical area for reducing uncertainty in
the assessment at this stage. Improvements in monitoring data are more important.

Good stock assessments will not be possible without good estimates of catches and
abundance indices. The assessment recommendations consist of improvements in biological
sampling for lengths and age across all fisheries, and development of a fishery independent
abundance index for the GA-NC stock.

While the assessment report recommendations are important, other areas of the assessment
will also require improvement. The most valuable improvement would likely be better
recreational catch data reporting. The proportional standard errors are very high for all
estimated landings and it seems unlikely that catches will vary so significantly year by year as
currently estimated. Some of these problems are historical, and recent years’ catches appear
more accurate. Dealing with past errors is an issue of improved robust estimation only,
whereas ongoing improved sampling and estimation procedures could reduce errors in
future. With recreational catches being so high in many Florida fisheries, improvement in
monitoring recreational catches should provide benefits to a wide number of fishery
assessments.

b) Provide recommendations on possible ways to improve the SEDAR
process.

The SEDAR process would benefit from greater guidance on assessment output and greater
focus on assessing uncertainty. It is recommended that the SEDAR process include:

* The stock assessment should identify a pair of sensitivities to bracket the uncertainty
and bootstrap or MCMC simulations should be applied to these as well as the base
case. These uncertainties should be included in the projections.

* Sensitivities should report changes in stock and fishing status, not only changes in
parameter estimates. Parameter estimates may be correlated, so important
indicators (e.g. Fa012/Fmsy, SSB2012/SSBwmsy) may change very little.

* The assessment should report the breakdown of negative likelihood contributions for
each of the main data components.

* |tis useful to provide the input data and results in spreadsheet or text form if
possible, so that additional graphs and tables can be made if necessary as part of the
review. Although in most, but not all cases, tables are provided in the report and data
can be extracted from these with some effort, it would be easier if original
information was provided. Further diagnostic plots, such as observed vs expected
values, residual plots and so on would have been useful and some of the presented
graphs were unclear. Information provided in text or spreadsheets allows reviewers



to examine what they want while avoiding unnecessary work for the assessment
team.

Terms of reference for the stock assessment and this review might be improved and better
aligned. Specifically, the stock assessment ToRs should require that uncertainty is included in
the projections, which is implied in the Review ToR 4.

The assessment should be given more guidance on practical management interventions so
that the projection can be based on real options. In this case, it is also unclear how the fishing
mortality targets used in the projections might be implemented where catches are so poorly
monitored.

7 Provide guidance on key improvements in data or modeling approaches
which should be considered when scheduling the next assessment.

It may be better to fit the model to the total recreational fishing effort (angler days) rather
than the catch directly (e.g. Porch et al. 2006). The year-to-year variation in effort is much
lower than the estimated catches and probably provides a better estimate of the variation in
fishing mortality. An explicit likelihood linking the intercept samples and the total catch can
be included in the stock assessment. This would account for the sampling error explicitly, and
allow the model to smooth through the catches providing more accurate estimates.
Currently, with no other information, the catch in the model is likely to follow the input
estimate, while the implied catchability is not consistent with the abundance indices. If
estimated within the model, the catches would be smoothed, but probably more accurate.

Including the catch estimation within the stock assessment is desirable, but may be too
onerous as it would probably require developing a bespoke model. An alternative might be to
link catch estimation to the development of abundance indices, which would limit the year to
year variation in catch rates. Linear models could be used to build catch estimates conditional
on observations across years consistent with the abundance indices implied catch rates
rather than as independent samples.

Whereas parametric bootstraps provide an excellent tool for estimating uncertainty, the
method used here does not account for much of the known uncertainty in input values. It
would probably be better to simulate bootstrap datasets externally to SS3 where uncertainty
in the dataset could be more accurately modelled. For example, the MRIP/MRFSS derived
catch estimates could themselves be bootstrapped to generate alternative catch time series.

Identifying ways to remove the retrospective bias for the GA-NC and WFL stock assessments
should help identify primary sources of structural error. Estimating time varying catchability is
difficult within the model, but external adjustments to input data based on likely changes in
catchability as well as adjusting catches (e.g. applying a smoothed catch time series) could at
least identify possible causes for the bias as well as provide alternative sensitivities.

The purpose of sensitivity runs should not be so much to determine possible ranges for
parameter estimates, but to try to incorporate uncertainty in key assumptions into
management advice. The aim should be to identify a reasonable range from the sensitivities
to capture this uncertainty and include the additional model configurations in projections.

Future additional sensitivities should be considered and include:

* Apply more changes on data component weights (lambdas) to explore how they
affect the assessment outcome. Specifically for the GA-NC stock, weights to force fits



alternately to the abundance index, landings and length frequency data (use the
“continuous Fs” option) should help elucidate problems in this model.

¢ Time varying selectivity could improve abundance indices, including the WFL and
FLK/EFL commercial spear, and the GA-NC commercial hook and line. The RVC Keys
index selectivity should be split into two separate series before and after 2000, or
possibly drop the earlier period from the assessment.

* Nominal indices and indices based only on non-zero trips were not tried. It is not clear
from the information presented how much influence the APC / binomial model has on
the final index. It may be useful to consider the positives trips model alone (hogfish
caught >= 1) as this could avoid bias in the trip selection procedure which is always
very uncertain. If these alternative abundance indices give different indications of
stock trends, they could form the basis for additional sensitivities.

Conclusions

The data preparation and stock assessment shows considerable work and progress in
developing assessments for hogfish stocks in the US South Atlantic and Gulf of Mexico. For
the WFL and FLK/EFL stocks, the assessment provides a good basis for determining stock
status and developing management advice. The assessment of the GA-NC stock assessment
requires more work.

The assessments suggest that the WFL stock is not overfished, whereas the FLK/EFL stock is
overfished. The status of the GA-NC stock cannot yet be determined.

The stock assessments are data limited, and have significant problems, particularly with
estimated catches. Catches are effectively assumed to be well estimated without bias in the
stock assessment model used. An alternative model which estimates catches internally may
provide a better solution in this case.

Uncertainty has been underestimated in the stock assessments and not fully taken into
account in the management advice. Improvements in the assessment of uncertainty could
not only improve the management advice, but also lead to better stock assessments.

As well as the assessment being data limited, there is a lack of contrast in data over the
available period (1986-2012). Abundance indices, sizes and, most likely, catches have not

changed much. This will limit the ability of the assessment to predict outcomes for
management actions accurately.
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Annex 2 — Terms of Reference
SEDAR 37: South Atlantic and Gulf of Mexico Hogfish Assessment Desk Review

1. Evaluate the data used in the assessment, addressing the following:
a) Are data decisions made by the assessment panel sound and robust?

b) Are data uncertainties acknowledged, reported, and within normal or expected
levels?

c) Are data applied properly within the assessment model?

d) Are input data series reliable and sufficient to support the assessment approach and
findings?

2. Evaluate the methods used to assess the stock, taking into account the available data.
a) Are methods scientifically sound and robust?

b) Are assessment models configured properly and used consistent with standard
practices?

c) Are the methods appropriate for the available data?
3. Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent with input
data and population biological characteristics, and useful to support status
inferences?

b) Is the stock overfished? What information helps you reach this conclusion?

c) Is the stock undergoing overfishing? What information helps you reach this
conclusion?

d) Is there an informative stock recruitment relationship? Is the stock recruitment
curve reliable and useful for evaluation of productivity and future stock conditions?

e) Are the quantitative estimates of the status determination criteria for this stock
reliable? If not, are there other indicators that may be used to inform managers
about stock trends and conditions?

4. Evaluate the stock projections, rebuilding timeframes, and generation times, addressing
the following:

a) Are the methods consistent with accepted practices and available data?
b) Are the methods appropriate for the assessment model and outputs?

c) Are the results informative and robust, and useful to support inferences of probable
future conditions?

d) Are key uncertainties acknowledged, discussed, and reflected in the projection
results?

5. Consider how uncertainties in the assessment, and their potential consequences, are
addressed.

* Comment on the degree to which methods used to evaluate uncertainty reflect and
capture the significant sources of uncertainty in the population, data sources, and
assessment methods
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* Ensure that the implications of uncertainty in technical conclusions are clearly
stated.

6. Consider the research recommendations provided and make any additional
recommendations or prioritizations warranted.

* (learly denote research and monitoring that could improve the reliability of, and
information provided by, future assessments.

* Provide recommendations on possible ways to improve the SEDAR process.

7. Provide guidance on key improvements in data or modeling approaches which should
be considered when scheduling the next assessment.

8. Prepare a Peer Review Report summarizing the Reviewer’s evaluation of the stock
assessment and addressing each Term of Reference.
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Executive Summary

This document is the individual CIE Reviewer Report of the SEDAR 37 South Atlantic
and Gulf of Mexico hogfish (Lachnolaimus maximus) desk-based CIE review. The
review was conducted during July 2014 and solely represents the views of the
independent reviewer (Geoff Tingley).

Assessments for each of three hogfish stocks (WFL, EFL/FLK and GA-NC)' were
clearly presented and documented, including detailed descriptions of the input data and
an appropriate level of coverage of the uncertainties.

The assessments presented all include time-series of data described as indices of
abundance; however, some of these are extremely unlikely to index abundance. This
issue is sufficiently important that this reviewer does not believe that these assessments
should be accepted as ‘best science’ until this issue is rectified.

Recent advances in stock discrimination incorporating genetic analyses greatly improved
the understanding of the stock structure for this species and materially assisted in
developing these stock assessments.

The 2013 assessment for South Atlantic and Gulf of Mexico hogfish stocks shows
considerable improvement over the previous assessment conducted in 2004. This appears
to be principally due to some focused research and additional data collection, both
identified as required in the earlier assessment process.

All three of the hogfish stocks have significant data limitations that impact on the
provision of good quality stock assessments but continuing improvements to address this
should be possible and should be attempted.

Re-examining aspects of the data inputs, especially the approach to developing and
retaining abundance indices in the assessment, are likely to yield improved model fits.

The assessment team recognized shortcomings in the analyses for these stocks and made
some appropriate recommendations aimed at improving the current approach to the
hogfish stock assessments through additional research.

Specific recommendations aimed at improving the stock assessment approach for these
stocks are made by the reviewer under Term of Reference 7 (page 12).

' WFL= Western Florida; EFL/FLK = Eastern Florida/Florida Keys; and GA-NC = Georgia to North Carolina.
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Background

This desk-based review of the 2013 Stock Assessment Report for Hogfish (Lachnolaimus
maximus) in the South Atlantic and Gulf of Mexico was conducted as part of an independent
review of the overall assessment process under the Center for Independent Experts (CIE).

Documents were clearly presented and contained few omissions or typographical errors. The
support provided by the SEDAR staff was excellent.

All views expressed in this report are solely those of the independent reviewer.

The fisheries for hogfish in the South Atlantic and Gulf of Mexico are complex,
encompassing a number of different fishing methods, most of which are difficult to monitor
consistently or effectively. These difficulties are exacerbated by a complex spatial distribution
of habitat and thus fish abundance and also by the majority of the fishery being recreational.

It is of note that considerable improvements in input data have been achieved since the
previous assessment for hogfish was conducted in the early 2000s (see SEDAR 6, 2004). It
will be important to build upon these improvements in future.

Description of Review Activities

This review was undertaken by Geoff Tingley between the 7™ and 28™ July 2014 as part of
the SEDAR 37 review of the 2013 Stock Assessment Report for Hogfish in the South Atlantic
and Gulf of Mexico. This review was delayed by approximately one month, as instructed by
email, from the originally scheduled dates. The final submission date for this review report
was changed to reflect the overall change in the review dates from 30™ June to 28™ July 2014.

The supporting documents (see Bibliography, Appendix 1) for the assessment were provided
to the reviewer in electronic format adequately in advance of the review date. The assessment
and supporting documentation were reviewed against the specific Terms of Reference (ToR)
provided by the CIE (see Appendix 2). In order to understand more of the background and
some details of the input data, the reviewer also accessed publicly available reports from the
previous hogfish assessment (SEDAR 6).

Background information relevant to this review is presented in appendices to this review
report, as required by the ToR for this review. These are Appendix 1: Bibliography of
documents; and Appendix 2: CIE Statement of Work (which includes background
information and Annexes describing (i) the Format and Contents of the CIE Peer Review
Report, and (i1) Terms of Reference for the Peer Review, for SEDAR 37 South Atlantic and
Gulf of Mexico hogfish review.

Comments are provided against the specific ToR given in Annex 2 of Appendix 2 and are
solely those of the reviewer.



Summary of Findings

The South Atlantic and Gulf of Mexico hogfish assessment team should be commended for
their thorough and professional approach to processing the basic data and developing and
applying the models for a complex of stocks and fisheries to provide advice to managers, with
the exception of how time-series of data were included as indices of abundance. A summary
of findings and recommendations from this reviewer is presented below.

The findings of this reviewer are reported within relevant sections, addressing each of the
ToR as set out in Annex 2 of Appendix 2.

Overall findings

The approaches to stock definition and modeling were thorough and sound, with the modeling
appropriately addressing uncertainty through a wide range of sensitivities to the principle
assumptions. The input data were clearly described and prepared for use. However, the lack
of critical quality selection criteria in the selection of some of the input data, especially for
time-series presented as indices of abundance, is considered a significant weakness of these
assessments.

These fisheries have a general paucity of data that increases uncertainty in any stock
assessment. While many of these uncertainties have been fully addressed, others remain
unaddressed and intractable, and raise doubts about the robustness of the assessment outputs.

Summary

* The use of recent genetic studies to better define hogfish stock structure enabled all data
to be appropriately spatially defined for use as inputs to the assessments for the different
hogfish stocks.

* The majority of uncertainties in the input data, parameter assumptions and model
structure were appropriately explored in the treatment of the input data and in sensitivity
runs to the base case models.

* Two areas where uncertainty was not deemed to have been adequately addressed are (i)
with respect to developing and selecting indices of abundance, and (ii) in the implicit
assumptions made about the representativeness of the biostatistical data sampled from
the various fisheries (e.g. length frequency and age data).

* The assessments presented all include time-series of data that are described as indices of
abundance but are unlikely to be so. This issue is sufficiently important that this
reviewer does not believe that these assessments should be accepted as 'best science',
raising doubts about the validity of the assessment outputs.

* Development of an approach and subsequent application to quality-test the various
time-series of data as possible indices of abundance prior to their inclusion in these
assessments is required. This may yield improved model fits to key indices of
abundance as well as improvements in the robustness of and confidence in the
assessment results.

¢ The assessment team did a thorough job of preparing the various data sets and in
developing and applying the models.



Comments on Individual Terms of Reference

1. Evaluate the data used in the assessment, addressing the following:
a) Are data decisions made by the assessment panel sound and robust?
b) Are data uncertainties acknowledged, reported, and within normal or expected
levels?
¢) Are data applied properly within the assessment model?
d) Are input data series reliable and sufficient to support the assessment approach and
findings?

It is clear from the types and amount of data available to assess hogfish, that it would be
appropriate to describe these fisheries as data poor or data limited. The quantities and
quality of the data available, much of it coming from recreational fisheries, are borderline
in terms of being able to adequately support stock assessments. The best quality data have
been collected for specific purposes (genetic discrimination) or through specific programs
(life history data) to address previously defined data gaps relevant to assessments. Such
limitations in the basic data available would be expected to create some difficult issues for
an assessment team to address. These issues have generally been addressed in a sound,
appropriate and robust manner by the hogfish assessment team.

The uncertainties in the data are reported and mostly acknowledged. This included clear
descriptions of the uncertainties in the catch history, the patchiness in the spatial and
temporal distribution of length frequency and age data from the three stock areas, and
uncertainties in the estimated selectivity and natural mortality parameters. The
uncertainties in the data used to derive the catch-per-unit-effort (CPUE) and fishery-
independent survey time-series are also appropriately addressed. However, this was not
followed through to an evaluation of the likelihood of the various time-series actually
indexing stock abundance, which is an important omission.

A number of unusual variations in data presented are neither commented on nor
explained. For example, effort levels in some of the fisheries were highly variable to a
level that warrants further investigation, especially as there was no discussion of why this
should occur and whether the data were usable (see FLK/EFL hook-and-line effort in
Table 6.4.1. and WFL hook-and-line effort for 2009 in Table).

Appropriate biological data for hogfish were considered, analysed, reported on and used
in the assessment. The genetic information was used to good effect in defining stock
boundaries that were then consistently applied to all other datasets throughout the
assessments. The other data considered included catch distribution (temporal, spatial and
depth), length frequency, age, maturity (age, sex and size), sexual transition (age, size,
depth, location), growth and natural mortality (M).

Information on catches (i.e. landings and discards) is fairly uncertain but this has been
appropriately highlighted and dealt with, especially for the earlier years of the fishery.
Length frequency and age data are very patchily available in time and space and in low
numbers from most of the fisheries. Given the known difficulties of collecting appropriate
data from small scale, mostly recreational fisheries, the uncertainties are within expected
levels.



In the absence of detailed discard mortality data, the assumed discard mortalities appear
reasonable but would bear further explanation of why particular values were selected, and
the scale of potential impacts of error in the assumptions could be further explored.

To improve future assessments, the collection of the spatially and temporally patchy
biological data from the fisheries, especially length frequency and age data, needs to be
made more consistent in future.

The majority of the input data series are adequately reliable, and, with uncertainty taken
into account, have been properly used within the assessments. There are two areas of
concern where this does not appear to be the case and that merit further consideration. In
particular, all three stocks have multiple time-series of what are described as indices of
abundance, including both fishery-dependent and fishery-independent indices.

Having options to develop multiple time-series that could be used as indices of abundance
is really useful in assessments of otherwise data poor fisheries. However, unquestioning
acceptance that a time-series of CPUE or a fisheries independent survey does index
abundance can introduce substantive problems in an assessment if it is not an index. This
can downgrade the model fit to some or all of the other data sets, including other, genuine
indices of abundance. In these assessments, all of the time-series presented were included,
with no reported review about whether the time-series were likely to index stock
abundance or not, or whether they were in opposition to other putative indices for the
same stock.

For example, there is no consideration of the spatial coverage of data in SEDAR37-01
beyond the accepted stock boundaries and some habitat differences in the FLK/SEFL area.
The model implicitly assumes that each group of trips are (i) representative of the fishery
and (i1) covering the same spatial area in each time period (month, year). It may be that
this 1s the case but there is no consideration or analysis of this and it is not possible for the
reviewer to judge based on evidence, whether this assumption is likely to be correct or
not. Given the length of some of the time-series of CPUE, it is difficult to believe, a
priori, that the spatial distribution of the fishery is the same in each year. It is even more
unlikely that the spatial coverage of the different fisheries by the often limited sampling
effort will be either representative or adequately similar between years to enable a derived
CPUE series to be considered a good index of abundance.

Reasons for doubting the validity of some of the time-series, requiring specific
sensitivities to justify inclusion of an index in the assessment, or for fully rejecting some
of the time-series used in these assessments, can be made based on one or more criteria.

The following examples explore this.

(1) It is implausible that the two-fold change in abundance in the WFL stock indicated by
hook-and-line index between 2011 and 2012 is valid (Figure 8.2.1.2); similarly, the
near four-fold increase between 2009 and 2010 for the WFL hook-and-line index is
even harder to accept as real (Figure 8.2.2.2).

(i1) The very low value for the WFL video surveys in 2007 compared to the years either
side (a 15-fold drop from 2006 followed by a 24-fold increase to 2008) makes this
extremely unlikely to be a valid index as it stands. At least possible reasons for the



low value of 2007 data point should have been explored and, if justified, the point
could have been removed from the standardization (Figure 8.2.4.1).

(iii) There is a clear issue with the quality of the standardization of the FLK/SEFL’
commercial Florida trip tickets hook-and-line index, where 13 of the 19 data points
are below the standardized index. There is also a clear trend in the residuals (early
years above, later years below) (Figure 8.2.1.4).

(iv) Some of the time-series used as indices of abundance in the assessment are clearly in
opposition, which is recognized in the report by the assessment team. For example,
for the FLK/EFL” fisheries the CPUE time-series from the commercial logbooks from
the hook-and-line fishery has an increasing trend, while that from the spear fishery
has a decreasing trend and are in such stark opposition that is difficult to justify the
inclusion of both within the assessment (Figure 8.2.10.1). These measures cannot
both be indexing the whole stock (or even the same component); therefore, one or
other should be excluded from the assessment. If no justifiable case for exclusion can
be made for either time-series, then this should be addressed through sensitivities that
exclude first one and then the other, testing the overall goodness of fit of the model to
all datasets to help define the most appropriate course of action.

(v) The coefficients of variation (CVs) on the baitfish index for the WFL stock are so
large that this index is unlikely to add much to the assessment and it could be omitted
from the base case of future assessments, possibly functioning as a sensitivity only.

Sensitivities to test the impact of different indices on the stock assessments (Sections
11.1.7.2 and 11.2.7.2.2) only removed time-series one at a time. While this should have
identified issues due to particularly influential time-series, it is unlikely to have adequately
addressed issues in the assessments caused by pairs of indices in opposition, as described
in (iv) above (Figure 8.2.10.1).

The modelling package Stock Synthesis (SS) is designed to permit use of multiple input
data sets such as abundance indices. However, getting an acceptable outcome relies on the
ability of SS to ‘balance’ its fits to the input data. Where there are good data (quality and
quantity) this may work, as those datasets that match will work together to override those
that may be erroneous. However, where the other data (e.g. length frequency data or age
data) are of poor quality due to lack of temporal or spatial coverage or low and variable
sample sizes, it becomes considerably less likely that the model will be able to find the
‘correct’, i.e. real world, outcome.

It is recommended that there should be a specific requirement for assessment teams to
consider the quality of the time-series being considered as abundance indices. This
consideration should take account of evidence, or if evidence is lacking, logical argument,
that supports or opposes the likelihood of the time-series indexing the stock in question.
Where time-series are found to be unlikely or highly unlikely to index abundance they
should be omitted from the assessment. Where the evidence or logical argument is
inconclusive, the value of the time-series can be addressed through running sensitivities.
One specific objective of this approach should be to eliminate the inclusion of multiple
times series that show opposing trends in abundance within the same model run. Where

2 FLK/SEFL = Florida Keys/Southeast Florida.
* FLK/EFL = Florida Keys/Eastern Florida.



opposing indices exist, their impacts upon the fits and outcomes of the assessments should
be explored using sensitivity runs.

The only other area where it is arguable that uncertainties were not adequately addressed
in the assessment relates to those input data sampled from the various fisheries. The
assessment team notes that spatial and temporal coverage are important (in terms of
abundance indices) and go on to note that this is rarely achieved in practice (Section
8.1.1). The issue of spatial and temporal coverage of the abundance indices has been dealt
with above; however, it is also true that the sampling of the length frequency and age data
from fisheries should also be adequately representative, to be of most use in assessments.
In relatively small and complex fisheries, such as these for hogfish (multiple fleets; mostly
recreational effort; spatially structured habitat; sexual transition based on size, age and
location; etc.), obtaining sufficient length and age data is an achievement in itself.
However, it should be recognised that the spatial and temporal coverage of these data
sampled from the fisheries are more likely to be unrepresentative of the fisheries from
which they sampled than will be the case is less structured, often larger scale and less
complex fisheries, unless specific efforts have been made to ensure that representativeness
is achieved.

The assessment report is silent on whether the length and age data from the different
fisheries are representative or not. Given the structure of the fisheries, and the low level of
and temporal variability in sampling, it is the reviewer’s opinion that these datasets are
unlikely to be representative of the fisheries from which they were sampled. The
assessments under review did not address this possible lack of representativeness in the
fisheries sampled data.

Ideally, future stock assessments should define whether or not any of these datasets are
representative of the fisheries that they come from. If found to be unrepresentative, the
relative scale of divergence from representativeness should be explored and the impacts of
this evaluated as an uncertainty in the assessment. In the absence of such definition,
assessments should still seek to explore the impacts of lack of representativeness on the fit
of the model to the data and the robustness of the model outcomes (e.g. stock status).

With the exceptions of the lack of understanding about the representativeness of the
fisheries sampling and the lack of critical evaluation of the value of the various putative
indices of abundance, given a fairly difficult set of data to work with, the assessment team
have done a thorough job of preparing the data for assessment. The data are adequately
reliable and sufficient to support the modelling approach and are applied properly within
the assessment. The apparent lack of critical review of the validity of the abundance
indices could be serious issue in terms of potential error in the estimation of stock status
for these stocks and does not meet the thresholds of proper application and reliability.



2. Evaluate the methods used to assess the stock, taking into account the available data.
a) Are methods scientifically sound and robust?
b) Are assessment models configured properly and used consistent with standard
practices?
c) Are the methods appropriate for the available data?

The methods used to develop the stock assessments for the three stocks are scientifically
sound and robust. As far as is possible to ascertain in a desk-based review, the assessment
models have been configured properly and used in a manner consistent with standard
practices. The methods applied are appropriate for the available data.

For example, Stock Synthesis assumes that landings are precisely known and there is
uncertainty about landings for most of the fisheries harvesting hogfish from the three
stocks. These uncertainties have, however, been appropriately addressed, especially
through the use of sensitivity model runs.

3. Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent with input
data and population biological characteristics, and useful to support status
inferences?

b) Is the stock overfished? What information helps you reach this conclusion?

c) Is the stock undergoing overfishing? What information helps you reach this
conclusion?

d) Is there an informative stock recruitment relationship? Is the stock recruitment
curve reliable and useful for evaluation of productivity and future stock conditions?

e) Are the quantitative estimates of the status determination criteria for this stock
reliable? If not, are there other indicators that may be used to inform managers
about stock trends and conditions?

The use of the model to produce population benchmarks and management information for
the three stocks are appropriate. However, the reliability of the abundance, exploitation,
and biomass estimates are compromised by the appropriateness of aspects of the data
input decisions, specifically the inclusion of time-series expected to index stock
abundance where there is evidence that they are probably not reliable indices.

The extent to which the assessment results been compromised, in terms of stock status and
performance against management quantities such as the overfished and overfishing
thresholds, is not possible to determine without additional assessment work. It is,
therefore, not possible to be explicit about the stock status or performance of the stocks
against management thresholds until the issue of the inclusion of inappropriate ‘indices of
abundance’ is appropriately addressed.



4. Evaluate the stock projections, rebuilding timeframes, and generation times,

addressing the following:

a) Are the methods consistent with accepted practices and available data?

b) Are the methods appropriate for the assessment model and outputs?

c) Are the results informative and robust, and useful to support inferences of
probable future conditions?

d) Are key uncertainties acknowledged, discussed, and reflected in the projection
results?

The approaches used to develop projections, rebuild timeframes and generation times are
appropriate. The use of projections that extend to two decades exceeds what would
normally be accepted as robust even for a high quality assessment. In this case, given the
quality of the input data, running projections over such long timeframes is likely to be
unreliable and is also unnecessary. A table of three or five year projections would be
useful for a range of realistic fishing mortalities (F), including current F. In terms of
defining rebuild time-scales, a maximum projection period of about 10 years would be
sufficient.

All projections were developed from the base case model (Section 11.1.10) and so did not
address uncertainty in either data inputs, assumed values or model structure. Running
projections from a base model only is not that unusual, although where assessments have
high uncertainty, using selected sensitivity runs to explore the impact of projected stock
status against management targets and a range of catch scenarios, is common. Given the
overall quality of the input data (patchy length frequencies and age data in time and space;
difficulties in defining the fisheries selectivities and issues with the inclusion of dubious
abundance indices), these assessments could reasonably be described as having higher
than normal uncertainty. It would, therefore, have been expected that key uncertainties
would have been explored through to the projections.

Evaluating the information content and robustness of the results suffers from the same
issue of needing to remove unreliable ‘index’ data series before such an evaluation can
reliably be conducted. As such, the results cannot really be described as robust, although
they probably do retain an ability to inform on broad aspects of future performance, but
with a higher level of associated uncertainty than would be desirable.

5. Consider how uncertainties in the assessment, and their potential consequences, are
addressed.

a) Comment on the degree to which methods used to evaluate uncertainty reflect and
capture the significant sources of uncertainty in the population, data sources, and
assessment methods

b) Ensure that the implications of uncertainty in technical conclusions are clearly
stated.

A key uncertainty in many stock assessments where there are multiple stocks is the quality
and robustness of the knowledge about stock structure. Through some targeted genetic
research, prioritised through the assessment process, this uncertainty has been
substantially reduced for hogfish in the South Atlantic and Gulf of Mexico.
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The majority of other uncertainties have been clearly expressed and addressed through the
wide range of sensitivities to variability and uncertainty in the different input data, model
structure, and parameter assumptions.

More effort to address uncertainties could and perhaps should have been directed to the
quality and representativeness of, for example, the length frequency and age sampling
from the various fisheries.

6. Consider the research recommendations provided and make any additional
recommendations or prioritizations warranted.
a) Clearly denote research and monitoring that could improve the reliability of, and
information provided by, future assessments.
b) Provide recommendations on possible ways to improve the SEDAR process.

a) Research and monitoring recommendations:

* In a fishery with multiple data deficiencies, one of the potential objects of modeling is
to identify those datasets that, by their inadequacy, associated uncertainties or
absence, have a disproportionate impact on the outcomes of the assessment that
managers have a particular interest in. This can then provide a coherent input to the
prioritization of future research effort aimed at improving the assessment most
effectively. More effective progress may be made by using the model outputs to
review the immediate future research focus and prioritization.

Four recommendations are made in the assessment document but are not prioritized. The
prioritization recommended by the reviewer of these, is as follows:

1) Improve the biostatistical sampling of hogfish.

2) Develop/ improve the fishery-independent surveys for the GA-NC stock and fisheries.

3) Conduct focused life history studies for the FLK/EFL and GA-NC stocks.

4) Develop a life-history study to address male contribution to spawning reproductive
potential.

The first two of these recommendations are by far the more important, as these sit right at the
heart of delivering acceptable stock assessments for these stocks.

b) SEDAR process improvement recommendations:

The organizational approach, provision of clear ToR and provision of documents for the
SEDAR process is of a very high standard. The recommendation that follows addresses minor
issues that particularly address the needs of external reviewers and general readers alike in
understanding these fisheries and the complex assessments in a relatively short space of time.
It is recommended that the following issues be considered for inclusion in future SEDAR
assessment reports.

* A report structure with fully consecutive page numbering would have made the
reading and reviewing the report easier.

* A list of acronyms should be included in the report. There was no list of acronyms in
the assessment report which, given the number of acronyms used, would have been
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very useful and would have expedited the work of the review (see for example

http://sero.nmfs.noaa.gov/sustainable fisheries/more info/documents/pdfs/, glossaryiofiﬁsheryiterms.pdf).

Tables in assessment reports need to be appropriately formatted to enable effective
interpretation of their information content: in a number of key tables in the assessment
report, the columns of figures were neither right-justified nor aligned at the decimal
point and the numbers had variable decimal places. The numbers in some of the tables
were overly precise (i.e. there are too many places of decimals). While minor in
themselves, these make reading the tables for scale, errors, outliers and areas of
transition, both slower and harder.

A map describing the key stock areas, locations and boundaries referred to, would
have aided the reader’s understanding of the spatial context of the fisheries, the stock
structure, and sampling locations referred to.

Provide guidance on key improvements in data or modeling approaches which should
be considered when scheduling the next assessment.

It 1s recommended that there should be a specific requirement for assessment teams to
consider and report on the quality of all time-series being considered as abundance
indices. This consideration should take account of evidence, or if evidence is lacking,
logical arguments that support or oppose the likelihood of each time-series indexing
the stock in question. Where time-series are found to be unlikely or highly unlikely to
index abundance they should be omitted from the assessment. Where evidence and/or
logical arguments are inconclusive, the value of the time-series may be addressed
through running sensitivities. Specific objectives of this approach should be to (i)
raise the quality standard of the input data to help improve the fit of the model to the
data and increase the robustness of the assessment; and (i1) to eliminate the inclusion
of times-series that show opposing trends in abundance within the same model run
where the time-series relate to the whole stock or the same stock components.

Length frequency and age samples from these fisheries are of borderline quality for
enabling adequate stock assessments for the three hogfish stocks to be developed.
Sampling in more recent years has been better than that from earlier years but ideally
should be improved further. It is recommended that a more consistent approach to
obtaining sufficient samples that are representative of each fishery in each year be
developed. An approach that aims to obtain a balance of samples from the different
fisheries and stocks should be developed and implemented. This will help enable
stock assessments of adequate quality to be developed in future. This is essentially the
same as the recommendation to ‘improve the biostatistical sampling of hogfish’ made
by the assessment team (see section 6 above).
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Annex 1: Format and Contents of CIE Independent Peer Review Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a concise
summary of the findings and recommendations, and specify whether the science reviewed is the
best scientific information available.

2. The main body of the reviewer report shall consist of a Background, Description of the Individual
Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in which the
weaknesses and strengths are described, and Conclusions and Recommendations in accordance with
the ToRs.

The CIE independent report shall be a stand-alone document for others to understand the
weaknesses and strengths of the science reviewed, regardless of whether or not they read the
summary report. The CIE independent report shall be an independent peer review of each ToRs,
and shall not simply repeat the contents of the summary report.

3. The reviewer report shall include the following appendices:

Appendix 1: Bibliography of materials provided for review
Appendix 2: A copy of the CIE Statement of Work
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Annex 2 — Terms of Reference
SEDAR 37: South Atlantic and Gulf of Mexico Hogfish Assessment Desk Review

1. Evaluate the data used in the assessment, addressing the following:
a) Are data decisions made by the assessment panel sound and robust?
b) Are data uncertainties acknowledged, reported, and within normal or expected levels?
c) Are data applied properly within the assessment model?
d) Are input data series reliable and sufficient to support the assessment approach and
findings?
2. Evaluate the methods used to assess the stock, taking into account the available data.
Are methods scientifically sound and robust?

a) Are assessment models configured properly and used consistent with standard practices?
b) Are the methods appropriate for the available data?
3. Evaluate the assessment findings with respect to the following:

a) Are abundance, exploitation, and biomass estimates reliable, consistent with input data and
population biological characteristics, and useful to support status inferences?

b) Is the stock overfished? What information helps you reach this conclusion?
c) Is the stock undergoing overfishing? What information helps you reach this conclusion?

d) Is there an informative stock recruitment relationship? Is the stock recruitment curve
reliable and useful for evaluation of productivity and future stock conditions?

e) Are the quantitative estimates of the status determination criteria for this stock reliable? If
not, are there other indicators that may be used to inform managers about stock trends and
conditions?

4. Evaluate the stock projections, rebuilding timeframes, and generation times, addressing the
following:

a) Are the methods consistent with accepted practices and available data?
b) Are the methods appropriate for the assessment model and outputs?

c) Are the results informative and robust, and useful to support inferences of probable future
conditions?

d) Are key uncertainties acknowledged, discussed, and reflected in the projection results?
5. Consider how uncertainties in the assessment, and their potential consequences, are addressed.

¢ Comment on the degree to which methods used to evaluate uncertainty reflect and capture
the significant sources of uncertainty in the population, data sources, and assessment
methods

* Ensure that the implications of uncertainty in technical conclusions are clearly stated.

6. Consider the research recommendations provided and make any additional recommendations or
prioritizations warranted.

* C(Clearly denote research and monitoring that could improve the reliability of, and
information provided by, future assessments.

* Provide recommendations on possible ways to improve the SEDAR process.

7. Provide guidance on key improvements in data or modeling approaches which should be
considered when scheduling the next assessment.

8. Prepare a Peer Review Report summarizing the Reviewer’s evaluation of the stock assessment
and addressing each Term of Reference.
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