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1. SEDAR PROCESS DESCRIPTION

SouthEast Data, Assessment, and Review (SEDAR) is a cooperative Fishery
Management Council process initiated in 2002 to improve the quality and reliability of fishery
stock assessments in the South Atlantic, Gulf of Mexico, and US Caribbean. SEDAR seeks
improvements in the scientific quality of stock assessments and the relevance of information
available to address fishery management issues. SEDAR emphasizes constituent and stakeholder
participation in assessment development, transparency in the assessment process, and a rigorous
and independent scientific review of completed stock assessments.

SEDAR is managed by the Caribbean, Gulf of Mexico, and South Atlantic Regional
Fishery Management Councils in coordination with NOAA Fisheries and the Atlantic and Gulf
States Marine Fisheries Commissions. Oversight is provided by a Steering Committee composed
of NOAA Fisheries representatives: Southeast Fisheries Science Center Director and the
Southeast Regional Administrator; Regional Council representatives: Executive Directors and
Chairs of the South Atlantic, Gulf of Mexico, and Caribbean Fishery Management Councils; and
Interstate Commission representatives: Executive Directors of the Atlantic States and Gulf States
Marine Fisheries Commissions.

SEDAR is organized around three workshops. First is the Data Workshop, during which
fisheries, monitoring, and life history data are reviewed and compiled. Second is the Assessment
workshop, during which assessment models are developed and population parameters are
estimated using the information provided from the Data Workshop. Third and final is the Review
Workshop, during which independent experts review the input data, assessment methods, and
assessment products. The completed assessment, including the reports of all 3 workshops and all
supporting documentation, is then forwarded to the Council SSC for certification as ‘appropriate
for management’ and development of specific management recommendations.

SEDAR workshops are public meetings organized by SEDAR staff and the lead Council.
Workshop participants are drawn from state and federal agencies, non-government organizations,
Council members, Council advisors, and the fishing industry with a goal of including a broad
range of disciplines and perspectives. All participants are expected to contribute to the process
by preparing working papers, contributing, providing assessment analyses, and completing the
workshop report.

SEDAR Review Workshop Panels consist of a chair, 3 reviewers appointed by the Center
for Independent Experts (CIE), and three reviewers appointed from the SSC of the Council
having jurisdiction over the stocks assessed. The Review Workshop Chair is appointed by the
Council from their SSC. Participating councils may appoint additional representatives of their
SSC, Advisory, and other panels as observers.

SEDAR 23 SER SECTION | INTRODUCTION



March 2011 South Atlantic and Gulf of Mexico Goliath Grouper

2. MANAGEMENT OVERVIEW

2.1 FISHERY MANAGEMENT PLAN AND AMENDMENTS

The following summary describes only those management actions that likely affect goliath

grouper fisheries and harvest

Original SAMFC FMP

The Fishery Management Plan (FMP), Regulatory Impact Review, and Final Environmental
Impact Statement for the Snapper-Grouper Fishery of the South Atlantic Region, approved in 1983 and
implemented in August of 1983, establishes a management regime for the fishery for snappers, groupers
and related demersal species of the Continental Shelf of the southeastern United States in the fishery
conservation zone (FCZ) under the area of authority of the South Atlantic Fishery Management Council
and the territorial seas of the states, extending from the North Carolina/Virginia border through the
Atlantic side of the Florida Keys to 830 W longitude. In the case of the sea basses, the management
regime applies only to south of Cape Hatteras, North Carolina. Regulations apply only to Federal

waters.

SAFMC FMP Amendments affecting goliath grouper

Description of Action FMP/Amendment Effective Date
4” Trawl mesh size and 12” TL minimum size limit | Snapper Grouper FMP 8/31/1983
Prohibited harvest of goliath grouper in SMZs Regulatory Amendment #1 3/27/1987
Prohibit trawls Snapper Grouper Amend 1 1/12/1989

Prohibited harvest/possession of goliath grouper in | Snapper Grouper Amend 2 10/30/1990
or from the EEZ

Established artificial reef at Key Biscayne, FL as Regulatory Amendment #3 11/2/1990
SMZ. Fish trapping, bottom longlining, spear
fishing, and harvesting of Goliath grouper
prohibited in SMZ.

Required permit to fish for, land or sell snapper Snapper Grouper Amend 3 1/31/1991
grouper species
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Prohibited gear: fish traps except bsb traps north of
Cape Canaveral, FL; entanglement nets; longline
gear inside 50 fathoms; bottom longlines to harvest
wreckfish; powerheads and bangsticks in
designated SMZs off S. Carolina. Established 20”
TL minimum size and a 10 snapper/person/day bag
limit, excluding vermilion snapper, and allowing no
more than 2 red snappers.

Snapper Grouper Amend 4

1/1/1992

Oculina Experimental Closed Area.

Snapper Grouper Amend 6

6/27/1994

Limited entry program; transferable permits and
225 b non-transferable permits.

Snapper Grouper Amend 8

12/14/1998

Vessels with longline gear aboard may only possess
snowy grouper, warsaw grouper, yellowedge
grouper, misty grouper, golden tilefish, blueline
tilefish, and sand tilefish.

Snapper Grouper Amend 9

2/24/1999

Approved definitions for overfished and
overfishing. MSST = [(1-M) or 0.5 whichever is
greater]*Busy.

MFMT = F|\/|5Y

MSY proxy for Goliath grouper is 40% static SPR;
QY proxy is 50% static SPR

Snapper Grouper Amend 11

12/2/1999

Extended for an indefinite period the regulation
prohibiting fishing for and possessing snapper
grouper species within the Oculina Experimental
Closed Area.

Snapper Grouper Amend
13A

4/26/2004

Original GMFMC FMP

The Fishery Management Plan for reef Fish Fisheries of the Gulf of Mexico was initially published in

1981 and implemented in 1984. Goliath grouper (then called jewfish) were included as a species in the

management unit; however, there were no specific goliath grouper regulations. General regulations

affecting reef fish included a stressed area within which the use of fish traps, roller trawls, and

powerheads for the taking of reef fish was prohibited, specifications for the construction and making of

SEDAR 23 SER SECTION |

INTRODUCTION




March 2011

South Atlantic and Gulf of Mexico Goliath Grouper

fish traps, and a prohibition on the use of poison or explosives for the taking of reef fish. The

amendment also established reporting requirements.

GMFMC FMP Amendments affecting goliath grouper

Description of Action

FMP/Amendment

Effective Date

Size limit =50 in TL, part of the recreational 5 grouper Amendment 1

bag limit; no commercial quota

February 21, 1990

Permanently prohibited harvest

Amendment 2

August 30, 1990

NMFS identified goliath grouper as a candidate under Endangered

ESA species

Species Act

July 11, 1991

Goliath grouper removed from species of concern

following a NMFS status review

February 10, 2006

2.2. Emergency and Interim Rules

Gulf of Mexico

Emergency Rule: March 2, 1990, Prevent harvest of goliath grouper in the Gulf EEZ

The Emergency Rule was extended in June 1990.

2.3. Management Program Specifications

Table 2.3.1. General Management Information

South Atlantic

Species

Goliath Grouper (Epinephelus itajara)

Management Unit

Southeastern US

Management Unit Definition

All waters within South Atlantic Fishery
Management Council Boundaries

Management Entity

South Atlantic Fishery Management Council

Management Contacts

SERO / Council

Jack McGovern/Myra Brouwer

Current stock exploitation status

Not Overfishing
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Current stock biomass status Unknown

Gulf of Mexico

Species Goliath Grouper (Epinephelus itajara)
Management Unit Gulf of Mexico
Management Unit Definition All waters within the Gulf of Mexico Fishery

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

Management Entity Gulf of Mexico Fishery Management Council
Management Contacts Peter Hood/Karen Burns

SERO / Council

Current stock exploitation status Not undergoing overfishing

Current stock biomass status Unknown

Table 2.3.2. Specific Management Criteria

South Atlantic

Criteria Current Results from SEDAR 23
Definition Value Definition Value
MSST MSST = [(1-M) or | Unknown MSST = [(1-M) or 0.5 TBD
0.5 whichever is whichever is
greater]*Busy greater]*B wmsy
MFMT Fumsy Not specified Fumsy TBD
MSY Yield at Fysy Not Specified Yield at Fysy TBD
FMSY F40%spR Not specified Fmax TBD
oYy Yield at Foy Not Specified Yield at Foy TBD
Fovy Fsovspr Not specified Foy = 65%,75%, 85% TBD
Fmsy
M n/a 0.061* M TBD
0.04-0.19 **

*Amendment 11 to the Fishery Management Plan for the Snapper Grouper Fishery of the South
Atlantic Region.

** Based on a 40-80 yr lifespan (1998 estimate) point estimate of 0.11 suggested

6
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Gulf of Mexico

Criteria Gulf of Mexico - Current Gulf of Mexico - Alternative
Definition Value Definition Value
MSST 0.8(Bmsy) MSST = [(1-M) or 0.5 SEDAR 23
whichever is greater]*Bmsy
MFMT Fmsy = F50%SPR Fmsy SEDAR 23
MSY Yield at Fysy SEDAR 23
Fmsy Fmsy SEDAR 23
oYy Yield at Foy SEDAR 23
Foy 0.75Fmsy No definition | Foy =65%, 75%, 85% Funsy SEDAR 23
M 0.04-0.19 * SEDAR 23

* Based on a 40-80 yr lifespan (1998 estimate) point estimate of 0.11 suggested

There has been no assessment of goliath grouper in the Gulf of Mexico EEZ since 2003. The
fishery was closed1990 due to concerns of overfishing. An MSY and Yield at 50%SPR were
proposed but were rejected in 1999 so there are no official definitions.

NOTE: “Proposed” columns are for indicating any definitions that may exist in FMPs or amendments that are
currently under development and should therefore be evaluated in the current assessment. “Current” is those
definitions in place now. Please clarify whether landings parameters are ‘landings’ or ‘catch’ (Landings + Discard).
If ‘landings’, please indicate how discards are addressed.

Stock Rebuilding Information
South Atlantic

In the past, goliath grouper was listed as overfished. As such, Amendment 4 (regulations
effective January 1992) implemented a 15-year rebuilding plan beginning in 1991. Amendment
2 (regulations effective October 1990) prohibited harvest and possession of goliath grouper in or
from the South Atlantic EEZ. The overfished determination of this stock has been changed to
unknown to better reflect the current knowledge of its status. The previous pre-SFA overfished
determination was based on qualitative data, not a biomass-based stock assessment. Although a
pre-SFA definition of overfished based on SPR was approved prior to the SFA amendments, it
has since been rejected by the Secretary of Commerce because it is not biomass-based and
therefore does not meet criteria specified in the SFA. A biomass-based assessment for goliath
grouper (Gulf and Atlantic) was completed in June 2004. A review of the assessment stated “In

the absence of biomass, it was not possible to estimate all standard stock benchmarks. MSY and
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other benchmarks referencing absolute biomass could not be estimated. A MSST relative to
pristine stock state could not be estimated.” The South Atlantic has defined MSST = 1-
M(0.5)Bwmsy for goliath grouper. Therefore, goliath grouper overfished status is unknown in the
South Atlantic.

Gulf of Mexico

Porch and Scott (2001) suggested a rebuilding time under F = 0 ranging from 20 — 95 years.

Table 2.3.3. Stock projection information.

(This provides the basic information necessary to bridge the gap between the terminal year of the assessment and
the year in which any changes may take place or specific alternative exploitation rates should be evaluated

South Atlantic

Requested Information Value

First Year of Management 2012

Projection Criteria during interim years should be | Fixed Exploitation; Modified
based on (e.g., exploitation or harvest) Exploitation; Fixed Harvest*

Projection criteria values for interim years should | Average of previous 3 years.
be determined from (e.g., terminal year, avg of X | Zero harvest in interim years.
years)

*Fixed Exploitation would be F=Fusy (or F<Fusy) that would rebuild overfished stock to Busy
in the allowable timeframe. Modified Exploitation would be allow for adjustment in F<=Fysy,

which would allow for the largest landings that would rebuild the stock to Bysy in the allowable
timeframe. Fixed harvest would be maximum fixed harvest with F<=Fysy that would allow the
stock to rebuild to Bysy in the allowable timeframe.

Gulf of Mexico

Requested Information Value

First Year of Management 2012

Projection Criteria during interim years should be | Fixed explotation rate at Frepyilg
or I:oy if I:oy<|:rebuild where I:rebuild
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based on (e.g., exploitation or harvest) time is either 10 years or Tyn +
1 generation time

Projection criteria values for interim years should | Zero harvest in interim years
be determined from (e.g., terminal year, avg of X
years)

First year of Management: Earliest year in which management changes resulting from this
assessment are expected to become effective

interim years: those between the terminal assessment year and the first year that any management
could realistically become effective.

Projection Criteria: The parameter which should be used to determine population removals,
typically either an exploitation rate or an average landings value or a
pre-specified landings target.

Table 2.3.4. Quota Calculation Details
If the stock is managed by quota, please provide the following information

South Atlantic

Quota Detail Value

Current Quota Value 0

Next Scheduled Quota Change Not scheduled
Annual or averaged quota ? 0

If averaged, number of years to average 0
Other? 0

Gulf of Mexico

Quota Detail Value

Current Quota Value 0

Next Scheduled Quota Change Not scheduled
Annual or averaged quota ? 0

If averaged, number of years to average 0

Does the quota include bycatch/discard ? 0

9
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2.4. Management and Regulatory Timeline

The following tables provide a timeline of Federal management actions by fishery.

10
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Table 2.4.1. Annual Goliath Grouper Regulatory Summary — South Atlantic

Commercial Fishery Regulations Recreational Fishery Regulations
Effective Size Trip Season Catch Size Possession Limit Season Catch Both/Other
Date Limit Limit Limit Limit Target
3/27/1987 Prohibited harvest of goliath grouper in SMZs

10/30/1990 | Commercial and recreational harvest and possession prohibited

11/2/1990 | Established artificial reef at Key Biscayne, FL as SMZ. Fish trapping, bottom longlining, spear fishing, and harvesting of
Goliath grouper prohibited in SMZ.

Table 2.4.2. Annual Goliath Grouper Regulatory Summary — Gulf of Mexico

Commercial Fishery Regulations Recreational Fishery Regulations
Effective Size Trip Season Catch Size Possession Limit Season Catch Both/Other
Date Limit Limit Limit Limit Target

2/21/1990 | Recreational and commercial size limit of 50 in TL; part of 5 grouper aggregate person/day for recreational

3/2/1990 Commercial and recreational harvest prohibited (via emergency rule)

6/1/1990 Extension of emergency rule harvest prohibition for both commercial and recreational

8/30/1990 | Permanently prohibited commercial and recreational harvest

11
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Table 5. State Regulatory History

Goliath Grouper minimum size limits - State of Florida
* Goliath grouper have a convex rounded tail, therefore fork length=total length
Measurement inches mm

FL 12 304.8
FL 18 457.2
Florida Florida
regulatory Commercial Recreational
date Year ATL Gulf ATL Gulf
7/1/1977° 1977 12" FL 12" FL 12" FL 12" FL
1978 12" FL 12" FL 12" FL 12" FL
1979 12" FL 12" FL 12" FL 12" FL
1980 12" FL 12" FL 12" FL 12" FL
1981 12" FL 12" FL 12" FL 12" FL
1982 12" FL 12" FL 12" FL 12" FL
1983 12" FL 12" FL 12" FL 12" FL
1984 12" FL 12" FL 12" FL 12" FL
7/29/1985° 1985 18" FL 18"FL  18"FL  18"FL
1986 18" FL 18"FL  18"FL  18"FL
1987 18" FL 18"FL  18"FL  18"FL
1988 18" FL 18"FL  18"FL  18"FL
1989 18" FL 18"FL  18"FL  18"FL
2/1/1990¢ 1990 * * * *

12
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® - Florida Statutes, 1977. Chapter 370.11 (2)8. Fish; regulation, effective 7/1/1977.
®_ Florida Administrative Code, Chapter 46-14, Reef Fish, effective 12/11/1986
‘- Florida Administrative Code, Chapter 46-14, Reef Fish, effective 2/1/1990

* - harvest prohibited

References:

Florida Administrative Code, 1986-2010. Chapter 46-14 Reef Fish (interlibrary loans by year, 1986-
1999). Chapter 68B-14 Reef Fish (1999-2009). Current regulations: https://www.flrules.org/default.asp

Florida Fish and Wildlife Conservation Commission, Division of Marine Fisheries Management. Evolution
of each saltwater regulation (1985-2010). Prepared by Lee Schlesinger (revised February 24, 2010).
http://www.MyFWC.com/RULESANDREGS/SaltwaterRules_history.htm

Florida Statutes, 1977-2009. Chapter 370.11 (2)8. Fish; regulation. (1997-2009 available online;
interlibrary loans by year, 1969-1985; note: these regulations superseded by Florida Marine Fisheries
Commission rules in F.A.C Chapter 46-14 in 1986). Current statutes (transferred to Chapter 379):
http://www.leg.state.fl.us/statutes/

All Gulf coast states currently prohibit harvest of goliath grouper.

Texas: verbatim message from Mark Fisher:

“Before the no-take rule was implemented September 1, 1991, there were no bag or size limits in
Texas waters for goliath grouper. They were unregulated.”

Louisiana: verbatim message from Harry Blanchet:

“The LA Wildlife and Fisheries Commission established the no-take rule for goliath in
December, 1990. Prior to that time, there were no state-specific rules for harvest of any grouper
species.”

Mississippi: verbatim message from Buck Buchanan:

13
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“We adopted a no possession limit in February of 1995. Before that there were no size and
possession limits in MS”

Alabama: waiting for response on past management practices

GA, SC, NC state regulations: Not provided

References

NMFS, 2006. Status Report on the Continental United States Distinct Population Segment of the
Goliath Grouper (Epinephelus itajara). January 12, 2006. 49 pp.

Porch, C.E., A.M. Eklund, and G.P. Scott. 2003. An Assessment of Rebuilding Times for
Goliath Grouper. Sustainable Fisheries Division Contribution No. SFD-2003-0018.
Southeast Fisheries Science Center, 75 Virginia Beach Drive, Miami, Florida 33149. 26
Pp.

Porch,C.E. and Scott, G. P. 2001. Rebuilding Times for Nassau Grouper and Goliath Grouper.
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SAFMC (South Atlantic Fishery Management Council). 1983. Fishery Management Plan,
Regulatory Impact Review and Final Environmental Impact Statement for the Snapper
Grouper Fishery of the South Atlantic Region. South Atlantic Fishery Management
Council, 1 Southpark Circle, Suite 306, Charleston, South Carolina, 29407-4699.
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63 pp.

SAFMC (South Atlantic Fishery Management Council). 1991. Amendment Number 4,
Regulatory Impact Review, Initial Regulatory Flexibility Analysis and Environmental
Assessment for the Fishery Management Plan for the Snapper Grouper Fishery of the
South Atlantic Region. South Atlantic Fishery Management Council, 1 Southpark Cir.,
Suite 306, Charleston, S.C. 29407-4699. 200 pp.

SAFMC (South Atlantic Fishery Management Council). 1993. Amendment Number 6,
Regulatory Impact Review, Initial Regulatory Flexibility Analysis and Environmental
Assessment for the Fishery Management Plan for the Snapper Grouper Fishery of the
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SAFMC (South Atlantic Fishery Management Council). 1997. Amendment Number 8,
Regulatory Impact Review, Social Impact Assessment, Initial Regulatory Flexibility
Analysis and Supplemental Environmental Impact Statement for the Fishery
Management Plan for the Snapper Grouper Fishery of the South Atlantic Region. South
Atlantic Fishery Management Council, 1 Southpark Cir., Ste 306, Charleston, S.C.
29407-4699. 124 pp.

SAFMC (South Atlantic Fishery Management Council). 1998a. Amendment Number 9, Final
Supplemental Environmental Impact Statement, Initial Regulatory Flexibility
Analysis/Regulatory Impact Review, and Social Impact Assessment/Fishery Impact
Statement for the Fishery Management Plan for the Snapper Grouper Fishery of the
South Atlantic Region. South Atlantic Fishery Management Council, 1 Southpark Cir.,
Suite 306, Charleston, S.C. 29407-4699. 246 pp.

SAFMC (South Atlantic Fishery Management Council). 1998b. Comprehensive Amendment
Addressing Sustainable Fishery Act Definitions and Other Required Provisions in Fishery
Management Plans of the South Atlantic Region (Amendment 11 to the Snapper Grouper
Fishery Management Plan). South Atlantic Fishery Management Council, 1 Southpark
Cir., Suite 306, Charleston, S.C. 29407-4699. 151 pp.

SAFMC (South Atlantic Fishery Management Council). 2007. Final Amendment Number 14,
Final Environmental Impact Statement, Initial Regulatory Flexibility Analysis/Regulatory
Impact Review, and Social Impact Assessment/Fishery Impact Statement for the Fishery
Management Plan for the Snapper Grouper Fishery of the South Atlantic Region. South
Atlantic Fishery Management Council, 4055 Faber Place, Ste 201, North Charleston, S.C.
29405.

SAFMC (South Atlantic Fishery Management Council). 2008. Amendment Number 16, Final
Environmental Impact Statement, Initial Regulatory Flexibility Analysis/Regulatory
Impact Review, and Social Impact Assessment/Fishery Impact Statement for the Fishery
Management Plan for the Snapper Grouper Fishery of the South Atlantic Region. South
Atlantic Fishery Management Council, 4055 Faber Place, Ste 201, North Charleston, S.C.
29405. 375 pp.

3. ASSESSMENT HISTORY AND REVIEW

Catches of goliath grouper in the Caribbean have been noted in various historical
accounts dating back at least to 1679 (Gould and Atz 1996), but information on the biology of
this species useful for stock assessment was published only recently by Bullock et al. (1992).
Some parameters were presented in that work, but catch information and parameters useful for
describing catches (e.g., catch-at-age, fishery selectivities, catch by sector and gear, etc.) were
deemed to be unreliable or poorly known (GMFMC 1990, SAFMC 1990) for typical assessment
models. The next attempt at assembling the data and other information for an assessment

occurred during SEDAR 3. The conclusion at the Data Workshop was that there was some
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information available that might be useful for a formal assessment to proceed (SEDAR 3, 2003).
Following that effort, Porch et al. (2003) constructed a “catch-free” stock assessment model for
SEDAR 6 which was based upon biological parameters derived from studies of goliath grouper,
meta-analyses of other species of fish with reasonably similar life histories, expert opinion on the
effectiveness of the moratorium on harvest in reducing fishing mortality since 1990, indices of
abundance drawn from catch surveys and underwater observations, and interviews with
fishermen who had fished in south Florida since the 1950’s, and some limited catch information
to derive vulnerability curves. The conclusions from SEDAR 6 were that the population of
goliath grouper in southern Florida waters was overfished and overfishing in the past had
occurred, but that a significant reduction in fishing mortality had been achieved with the
moratorium on harvest and the abundance of goliath grouper was increasing. Projections of the
population status were conditional on the incomplete knowledge of the maximum age of goliath
grouper and the effectiveness of the moratorium. The conclusions were that either the
population may surpass the spawning stock biomass (SSB) at the fishing mortality rate (F)
corresponding to the 50% spawning potential ratio (SPR) (the SAFMC’s optimum yield
definition at that time) sometime near 2005 (Porch 2004), or if more pessimistic assumptions

about the reductions in F were used, overfishing was still occurring and the population would
have less than a 50% chance of recovery to the SSBE 4 s0%spr benchmark before 2015 (Porch
2004). Porch et al. (2006), in a later set of analyses, estimated that F in their base model run
was reduced by more than 50% but less than 90% which lead to a prediction of less than a 40%
chance that the population would recover to the SSB 4t 5s00spr benchmark by 2020. The

conclusions of these analyses show how crucial the underlying assumption of the moratorium
effectiveness is to determining the current and projected population status for goliath grouper. If
the moratorium was more than 90% effective, the chances for recovery were relatively larger. If

the moratorium was less than 90% effective, the chances for recovery were relatively smaller.

References:

Bullock, L.H., Murphy, M.D., Godcharles, M.F., and Mitchell, M.E. 1992. Age, growth and
reproduction of jewfish Epinephelus itajara in the eastern Gulf of Mexico. Fishery Bulletin
90: 243-249.

Gould, R. G. and Atz, J. W. 1996. The trouble with “jewfish”, or what’s in a name? Tropical
Fish Hobbyist 44: 172-182.
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Porch, C. E. 2004. A reassessment of rebuilding times for goliath grouper with modifications
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Contribuition No. SFD-2004-0011. SEDAR 6-SARL1.

Porch, C.E., Eklund, A.M., and Scott, G.P. 2003. An assessment of rebuilding times for goliath
grouper. NOAA Fisheries, Sustainable Fisheries Division Contribuition No. SFD-2003-
0018. SEDAR 6-RW-3.

Porch, C.E., Eklund, A.M., and Scott, G.P. 2006. A catch-free stock assessment model with
application to goliath grouper (Epinephelus itajara) off southern Florida. Fishery Bulletin
104: 89-101.

SEDAR 3. 2003. Goliath grouper data workshop report. S3-DW-01 Goliath grouper data
report.

South Atlantic Fishery Management Council. 1990. Amendment 2 to the Fishery Management
Plan for the Snapper Grouper Fishery

4. REGIONAL MAPS
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Figure 4.1. Southeast Region including Council and EEZ Boundaries
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5. ASSESSMENT SUMMARY

The Summary Report provides a broad but concise view of the salient aspects of the
stock assessment. It recapitulates: (a) the information available to and prepared by the Data
Workshop; (b) the application of those data, development and execution of one or more
assessment models, and identification of the most reliable model configuration as the base run by
the Assessment Process (AP); and (c) the findings and advice determined during the Review
Workshop.

Review Panel Executive Summary

The stock assessment of goliath grouper presented by the SEDAR 23 Assessment Workshop
(AW) provided the Review Panel with thorough descriptions of the data available for assessing
goliath grouper, information about the life history of this species, as well as outputs and results
from the catch-free model developed for this stock by Porch et al. (2006). The panel felt the
proposed base model parameterization as presented was inappropriate to provide information on
goliath grouper stock status or benchmarks as it does not reflect appropriate stock dynamics.
Further, the panel felt that the output of the model is unlikely to represent real changes in the F
trajectories because some model assumptions were thought to be heavily influencing the model
output, and the recruitment pattern did not appear realistic with respect to expected patterns of

recruitment for a long-lived species.

Stock Identification and Management Unit:
Goliath grouper has been managed in the US as separate Atlantic and Gulf of Mexico stock units

with the boundary essentially being U.S. Highway 1 in the Florida Keys west to the Dry Tortugas.

Species Distribution:

In the US, goliath grouper are known from North Carolina to Texas and the US Caribbean (PR
and USVI), with the current center of abundance located in south Florida. Adult goliath grouper
have a patchy distribution related to high-relief habitat (artificial or natural), while juveniles have
a high affinity for estuarine and fringing red mangrove habitat.

Stock Life History:

e Goliaths groupers are aggregation spawners, with spawning occurring typically from
August to October.

18
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e Reproductive maturity is reached late (~5 — 7 years) and at a large size (1100 -1200 mm
TL) due to the slow growth rate of the species.

e Maximum validated age is 37 years for one female of 1,970 mm total length (TL); the
DW Life History Working Group agrees that maximum age for this species is probably

much older.

Assessment Methods:

The Review Panel felt the choice of the catch-free model is logical given the types of available
data as the catch is not fully known after the implementation of the moratorium and catch and
landings are highly uncertain prior to that. In addition, the available age data is too sparse to
develop an explicit age-based assessment to estimate cohort strength. However, its
appropriateness to management as currently implemented by the Council is questionable given
that it is essentially a method that only provides estimates of relative fishing mortality and
abundance. To obtain relative levels of abundance the model is scaled, in this case by assuming
the biomass at the beginning of the time series equaled the unexploited equilibrium biomass, an

assumption unlikely to be appropriate given the historical landings record of goliath grouper.

Catch Trends:

Preliminary commercial and recreational Goliath grouper catch information was compiled by the
Data Workshop (see Data Workshop Report) but it was deemed highly uncertain.

Fishing Mortality Trends:
Goliath grouper have been under a harvest moratorium since 1990. As such, fishing mortality

trends were not examined during this assessment.

Stock Abundance and Biomass Trends:

While it was not possible for the Review Panel to recommend abundance or biomass estimates, it
felt some qualitative statements could be made about abundance, biomass and exploitation, and
stock status, based solely on data. Whilst interpretation of indices is not straightforward, all
indices suggest that abundance and biomass have increased since 1990 when the moratorium was
implemented. The extent of that increase is difficult to gauge given the nature of the indices

which all suggest faster rates of increase, and in some cases variability, than seem plausible
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given the biology of the species. There are also clear indications from indices representative of
younger fish that recent recruitment may be less than in the preceding years. It is difficult to
interpret the degree of previous stock decline as the perceived status in 1990 is strongly driven

by the way the assessment must interpret the limited DeMaria index information.

Projections
Although the Review Panel believed the methods used to project future population status were
implemented correctly, due to the underlying issues in the assessment model, estimates of future

stock condition cannot be made at this time.

Scientific Uncertainty

This is a data-poor species, and there is much uncertainty over the most basic life history
parameters. Fishing mortality rates are difficult to estimate with any certainty, and the
effectiveness of the moratorium on harvest since 1990 is unknown but estimated with a prior.
The catch-free model uses Bayesian approaches to provide likely bounds on several parameters
to develop model estimates, and MCMC simulations were used to examine uncertainty in the
parameter estimates and projections. The impact on the perception of relative stock status of two
critical parameters (maximum age/natural mortality and moratorium effectiveness) was

examined using sensitivity runs.

Summary Comments:

Without a better understanding of longevity in goliath grouper, it may be prudent to treat the
current known maximum age (37 years) as an estimate that may be modified if older animals are
ever found. It would not be difficult to imagine that goliath grouper may live 40-50 years in
unfished or lightly fished populations. Likewise, without a better understanding of historical
harvests including recreational harvest (average sizes or weights, especially), it will be difficult
to develop management benchmarks for yields and F in any terms other than relative ones. A
fisheries-independent survey that is sufficiently designed to estimate absolute abundances
throughout the range of this species may allow the calculation of management benchmarks by
scaling the results from the catch-free model. An alternative would be the long-term monitoring
of an experimental fishery to detect changes in relative abundance. Lastly, it is important to

consider whether goliath groupers have increased sufficiently in population in all portions of
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their historical range. This assessment has focused on data from south Florida out of necessity
since there is very little information from other states in the southeastern U.S. There is a lack of

knowledge of historical abundances of goliath grouper throughout its historical range, so it will

be difficult to devise meaningful criteria for this aspect of population recovery.

Sources of Information:

All information was copied directly or generated from the information available in the final

Stock Assessment Report for SEDAR 23: South Atlantic and Gulf of Mexico Goliath Grouper.
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Figure 1: Indices of abundance included in SEDAR 23 proposed base model run and sensitivity

runs. (Figure 3.3.3b in the Assessment Workshop Report).

6. SEDAR ABBREVIATIONS

ABC
ACCSP
ADMB
ALS

Allowable Biological Catch
Atlantic Coastal Cooperative Statistics Program
AD Model Builder software program

Accumulated Landings System; SEFSC fisheries data collection program
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Atlantic States Marine Fisheries Commission

stock biomass level

value of B capable of producing MSY on a continuing basis
Caribbean Fishery Management Council

Center for Independent Experts

catch per unit of effort

fishing mortality (instantaneous)

fishing mortality that maximizes the average weight yield per fish recruited to the
fishery

fishing mortality to produce MSY under equilibrium conditions
fishing mortality rate to produce Optimum Yield under equilibrium

fishing mortality rate that will result in retaining XX% of the maximum spawning
production under equilibrium conditions

a fishing mortality close to, but slightly less than, Fmax
Florida Fish and Wildlife Conservation Commission
(State of) Florida Fisheries and Wildlife Research Institute
Georgia Department of Natural Resources

general linear model

Gulf of Mexico Fishery Management Council

Gulf States Marine Fisheries Commission

GSMFC Fisheries Information Network

natural mortality (instantaneous)

Marine Resources Monitoring, Assessment, and Prediction

maximum fishing mortality threshold, a value of F above which overfishing is
deemed to be occurring

Marine Recreational Fisheries Statistics Survey; combines a telephone survey of
households to estimate number of trips with creel surveys to estimate catch and
effort per trip

Marine Recreational Information Program

minimum stock size threshold, a value of B below which the stock is deemed to
be overfished

maximum sustainable yield
North Carolina Division of Marine Fisheries
National Marine Fisheries Service
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NOAA National Oceanographic and Atmospheric Administration
oYy optimum vyield
SAFMC South Atlantic Fishery Management Council
SAS Statistical Analysis Software, SAS Corporation
SC DNR South Carolina Department of Natural Resources
SEDAR Southeast Data, Assessment and Review
SEFSC Fisheries Southeast Fisheries Science Center, National Marine Fisheries Service
SERO Fisheries Southeast Regional Office, National Marine Fisheries Service
SPR spawning potential ratio, stock biomass relative to an unfished state of the stock
SSB Spawning Stock Biomass
SSC Science and Statistics Committee
TIP Trip Incident Program; biological data collection program of the SEFSC and
Southeast States.
Z total mortality, the sum of M and F
23
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1. INTRODUCTION

1.1.  WORKSHOP TIME AND PLACE

The SEDAR 23 Data Workshop was held April 26 - 29, 2010 in Tampa, Florida.
1.2. TERMS OF REFERNCE

1. Characterize stock structure and develop a unit stock definition. Provide maps of species and
stock distribution.

2. Review, discuss and tabulate available life history information (e.g., age, growth, natural
mortality, reproductive characteristics); provide appropriate models to describe growth,
maturation, and fecundity by age, sex, or length as applicable. Evaluate the adequacy of
available life-history information for conducting stock assessments and recommend life
history information for use in population modeling.

3. 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, addressing program objectives, methods,
coverage, sampling intensity, and other relevant characteristics. Provide maps of survey
coverage. Develop CPUE and index values by appropriate strata (e.g., age, size, area, and
fishery); provide measures of precision and accuracy. Evaluate 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.

4. Characterize commercial and recreational catch, including both landings and discard, in
pounds and number. Provide estimates of discard mortality rates by fishery and other strata
as appropriate or feasible. Evaluate and discuss the adequacy of available data for
accurately characterizing harvest and discard by species and fishery sector. Provide length
and age distributions if feasible. Provide maps of fishery effort and harvest.

5. 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.

6. Develop a spreadsheet of assessment model input data that reflects the decisions and
recommendations of the Data Workshop. Review and approve the contents of the input
spreadsheet by June 1.

7. Prepare the Data Workshop report providing complete documentation of workshop actions
and decisions (Section II. of the SEDAR assessment report). Develop a list of tasks to be
completed following the workshop.
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1.3. LIST OF PARTICIPANTS

Workshop Panel

Adam PolIACK........c.ccouiiiieiiisieciecteee ettt nreeras NMFS Pascagoula
ALCJANATO ACOSEA ...oeeiieiieiiieeiie ettt ettt ettt e et e et eebeesaee et e e aaeenreas FWRI
ANGEIA COLINS ..ottt et e e beebeeeabeesaeennean FWRI
Bill LindDerg....occuvieniiiiiieiiecteeeee ettt Univ. of Florida
Bob Zales IL.....ccooiiiiiiieieeeeee e GMFMC AP/ North Florida
CRIIS KOCIIZ ....veiiiiiieciie ettt ettt st s e e e aa e e s saee e sbaeessaeesseeensseennneas USF
Clay POTCR...cooiiii ettt e e e et e e e enes NMFS Miami
Don DEMATIa ..c..covuieiiiiiiiieiieicneeeeeeeee e SAFMC AP — Florida Keys
GTegE DEBTIaNZO ...c..eeeiiieiiiee et SAFMC AP
Jennifer SChUll .......coooiiiiii s NMFS
JOC O HOP ettt et ettt e et e aaeeen FWRI
JOSEPh MUNYANAOTEIO .....cuviiiiieiiieiieeiie ettt ettt ettt et e e be e s e e ebeeseseesseessseensaens FWRI
KeVIN MCCAINY......ccviiiiiiieiieiecte ettt v e vt b e staestaestbessseesseesbeessnenens NMFS Miami
LUIZ BAIDICTT ...ttt ettt et s b et s b et nbe et FWRI
1Y o) o ot I 1 OO RSOOSR FWRI
L 1] 10 1172 (o) RSP UPRTR
Sarah Frias-Torres.......cccocvveeeevveeeieeecrieeenn. Ocean Research & Conservation Association
Walter INGTAIM ....ocviiiiiiieeieee ettt sttt e eeeas NMFS Pascagoula

Council Representation

Ben HArtig ....oouieiiiieiieeie ettt ettt ettt SAFMC
B SaPD ettt et eb e et e e b e e taeenbaen GMFMC
Staff

JUIIE INECT ...ttt ettt et ebee e SEDAR
Karen BUIMS ....ooooiiiiiiecee ettt et e e e e aaae e e e GMFMC Staff
Rachael LindSay ......cc.cocuiriiiiiiiiniieieeeetees e SEDAR
TYTEE DAVIS ..utiiiiiiiieeie ettt et ettt et e st e e esnaeenseeees NMFS Miami

1.4. LIST OF DATA WORKSHOP WORKING PAPERS AND REFERNCE
DOCUMENTS

Document # Title Authors

Documents Prepared for the Data Workshop

SEDAR23-DW-01 | Bottom longline fishery bycatch of Goliath Loraine Hale
Grouper (Epinephelus itajara) from observer data
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SEDAR23-DW-02

Monitoring changes in the catch rates and
abundance of juvenile goliath grouper using the
ENP creel survey, 1973-2009

Shannon L. Cass-
Calay

SEDAR23-DW-03

Goliath grouper surveys and samples: A summary
of recent work by the Fish and Wildlife Research
Institute (2006 -2010)

Angela Collins &
Luiz Barbieri

SEDAR23-DW-04

Calculated Goliath grouper discards from
commercial vertical line and longline fishing
vessels in the Gulf of Mexico and US South
Atlantic

Kevin McCarthy

Reference Documents

SEDAR23-RDO01

Age, growth, and reproduction of jewfish,
Epinephelus itajara in the eastern Gulf of Mexico

L.H. Bullock, M.D.
Murphy, M.F.
Godcharies, and M.E.
Mitchell

SEDAR23-RD02

Monitoring changes in the catch rates and
abundance of juvenile goliath grouper using the
ENP creel survey, 1973-2006

Shannon L. Cass-
Calay and Thomas
W. Schmidt

SEDAR23-RD03

How many species of goliath grouper are there?
Cryptic genetic divergence in a threatened marine
fish and the resurrection of a geopolitical species

M. T. Craig, R. T.
Graham, R. A.
Torres, J. R. Hyde,
M. O. Freitas, B. P.
Ferreira, M. Hostim-
Silva, L. C.
Gerhardinger, A. A.
Bertoncini, D. R.
Robertson

SEDAR23-RD04

Habitat affinities of juvenile goliath grouper to
assess estuarine conditions

Anne-Marie Eklund

SEDAR23-RD05

A stepwise approach to investigating the
movement patterns and habitat utilization of
goliath grouper, Epinephelus itajara, using
conventional tagging, acoustic telemetry and
satellite tracking

Anne-Marie Eklund
and Jennifer Schull

SEDAR23-RD06

Activity patterns of three juvenile goliath grouper,
Epinephelus itajara, in a mangrove nursery

Sarah Frias-Torres,
Pedro Barroso, Anne-
Marie Eklund,
Jennifer Schull, and
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Joseph E. Serafy

SEDAR23-RDO07

Mangroves as essential nursery habitat for goliath
grouper (Epinephelus itajara)

Christopher C.
Koenig, Felicia C.
Coleman, Anne-
Marie Eklund,
Jennifer Schull, and
Jeffrey Ueland

SEDAR23-RDO08

Early life history stages of goliath grouper
Epinephelus itajara (Pisces: Serranidae) from Ten
Thousand Islands, Florida

Monica R. Lara,
Jennifer Schull,
David L. Jones,
Robert Allman

SEDAR23-RD09

Goliath grouper Epinephelus itajara sound
production and movement patterns on aggregation
sites

David A. Mann,
James V. Locascio,
Felicia C. Coleman,
Christopher C.
Koenig

SEDAR23-RD10

Documenting Loss of Large Trophy Fish from the
Florida Keys with Historical Photographs

Loren
McClenachan

SEDAR23-RD11

Status report on the continental United States
distinct population segment of the goliath grouper
(Epinephelus itajara)

NMFS

SEDAR23-RD12

A catch-free stock assessment model with
application to goliath grouper (Epinephelus
itajara) off southern Florida

Clay E. Porch, Anne-
Marie Eklund, and
Gerald P. Scott

SEDAR23-RD13

A Preliminary Discussion of Acceptable Harvest
Levels for Scientific Sampling of Goliath Grouper
in the U.S. South Atlantic and Gulf of Mexico

Clay E. Porch and
Luiz R. Barbieri

SEDAR23-RD14

Range-wide status and conservation of the goliath
grouper Epinephelus itajara: Introduction

Kevin L. Rhodes and
Rachel T. Graham

SEDAR23-RD15

Synopsis of biological data on the Nassau
grouper, Epinephelus striatus (Bloch, 1792), and
the jewfish, E. itajara (Lichtenstein, 1822)

Yvonne Sadovy and
Anne-Marie Eklund

SEDAR23-RD16

Complete Stock Assessment Report of SEDAR 6
- Goliath Grouper

SEDAR 3 DW
participants/ SEDAR
6 RW participants

SEDAR23-RD17

Habitat use of juvenile goliath grouper
Epinephelus itajara in the Florida Keys, USA

Sarah Frias-Torres

SEDAR23-RD18

Standardized visual counts of goliath grouper off
south Florida and their possible use as indices of

Clay E. Porch and
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abundance

Anne-Marie Eklund

SEDAR23-RD19

Population density, demographics, and predation
effects of adult goliath grouper
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2.1.1. 2.1.1. Group Membership

Bill Lindberg University of Florida, GMFMC SSC, WG Leader and Editor
Alejandro Acosta FWRI

Jennifer Schull NMFS

Angela Collins FWRI

Chris Koenig Florida State University

Sarah Frias-Torres ORCA

Monica Lara St. Petersburg College

Luiz Barbieri FWRI, GMFMC SSC

2.1.2. 2.1.2. Issues

Issues discussed by the Life History Working Group for Goliath grouper included: population
distribution and stock definition; known spawning aggregations, ontogenetic habitat shifts,
habitat quality/distribution, movements and geographic expansion from a center of abundance;
cautions about interpreting fish density without also incorporating habitat quality; growth
characteristics, new size-at-age data and uncertainty about maximum age; reproductive
characteristics; natural mortality, episodic mortality and poaching. Issues remaining at the end of
the Data Workshop were related to the write-up of natural mortality and release mortality, and

the editing and review of the Life History Working Group report.

2.2. REVIEW OF WORKINGPAPERS

Three working papers were submitted for the SEDAR 23 Data Workshop. Hale (S23-DW-01)
reported Goliath bycatch from the NMFS bottom longline observer program from 2005 to 2009;
of 47 Goliath incidentally caught, 46 were alive when captured of which 43 were released alive.
Such data are pertinent to Section 2.4.2 Release Mortality. Collins and Barbieri (S23-DW-03)
summarized 367 Goliath surveys (depths 7-48m) and opportunistic biological samples (105 for
DNA, 60 for otoliths, 23 for gonad histology) by the Florida Fish and Wildlife Research Institute
between May 2006 and April 2010. These data are pertinent to Section 2.5 Age and Growth and
Section 2.6 Reproduction. Cass-Calay (S23-DW-03) reviewed the results of an ongoing creel
survey within Everglades National Park (1973-2009), which indicate a strong increase in
juvenile abundance through 2007. These data are relevant to Section 2.7.1. EFH, Habitat Quality
and Ontogenetic Shifts.
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2.3. STOCK DEFINITION AND DESCRIPTION

The taxonomy of Goliath grouper is as follows:
Kingdom: Animalia (animals)
Phylum: Chordata (organisms with a notochord)
Subphylum: Vertebrata (animals with backbones)
Class: Actinopterygii (ray-finned fishes)
Order: Perciformes
Family: Serrranidae (sea basses and groupers)
Genus: Epinephelus
Species: itajara (Lichtenstein 1822)
Common name: Goliath Grouper (formerly Jewfish, English)

2.3.1. Population Genetics

There is empirical and anecdotal evidence that the South Atlantic and Gulf of Mexico stocks
should be treated as a unit. Documented range-wide stock differentiation exists between Belize
and SW Florida; and Brazil and Florida (Craig et al. 2009, Chapman pers. comm.). The

population structure of US Caribbean goliath grouper populations is unclear.

2.3.2. Tagging

Tagging studies show that goliath grouper are capable of long-distance movements but are
typically limited in their movements (Figure 1; Koenig and Coleman 2009). One juvenile goliath
grouper, tagged in the Ten Thousand Islands of southwest Florida, was recaptured off southeast
Florida near the Indian River Lagoon (Figure 2; Koenig and Coleman 2009). In the literature, the
maximum distance traveled by an adult was 203 km (Collins and Barbieri 2010). Most long-
distance movements by adults are thought to be to and from spawning sites and feeding sites

(Koenig and Coleman 2009).

2.3.3. Larval Transport/Connectivity
Florida populations of goliath grouper appear to be self-recruiting. The center of abundance for
goliath grouper is southwest Florida (Sadovy and Eklund 1999). Southern GOM spawning

aggregations are the major contributor of larval recruits into southwest Florida estuaries. The
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known oceanographic circulation patterns in the GOM are sufficient to explain the observed
distribution of goliath grouper (and their expansion) in Florida (Lee et al. 1994). The reformation
of spawning aggregations in the SA may be contributing larvae to the SA; however, limits to
settlement (e.g. timing of spawning coincident with favorable hydrographic conditions) and
availability of suitable nursery habitats (e.g. mangrove dominated estuaries with high quality
water) may be limiting factors. Extent and characterization of settlement and nursery habitat in

the SA are unknown outside of the Indian River Lagoon (Gilmore pers. comm.).

2.3.4. Distribution

In the US, goliath grouper are known from North Carolina to Texas and the US Caribbean (PR
and USVI). Based on historical catch data, Reef Environmental Education Foundation (REEF)
data, and anecdotal reports, it is likely that areas north and west of Florida represent the fringe of
the goliath grouper population (NMFS 2006). They are known to be very sensitive to low
temperatures (Sadovy and Eklund 1999; Koenig and Coleman 2009). Information used in the
early 1990s to describe the decline of goliath grouper stocks included region-wide declines in
distribution and abundance, a restriction in range, and the extirpation of known spawning

aggregations.

Adult goliath grouper have a patchy distribution related to high-relief habitat (artificial or
natural) in the southern region of Florida, including the Tortugas, with more sparse distribution
in the Florida Keys. This patchy distribution of adults is a contributing factor to the difficulty of
assessing the status of the stock. Additionally, adult goliath grouper move to participate in
spawning aggregations during the months of August — October, with the largest documented
distance being 175km (Koenig and Coleman 2009) (Figure 3). Recent observations (Collins
2009) indicate that smaller size classes of goliath grouper (<100cm TL) occupy presumed

“adult” habitat, which may be an indicator of ongoing recovery of the stock.

While adult goliath grouper appear to be more generalist with regards to habitat requirements,
juveniles have a high affinity for estuarine and fringing red mangrove (Rhizophora mangle)
habitat (Koenig et al. 2007). Within the mangrove habitat, juvenile goliath grouper show site
fidelity to high complexity sites, microhabitats within the larger mangrove shoreline (undercuts,
overhangs, solution holes and dead submersed trees) with a patchy distribution, resulting also in
a patchy occurrence of juveniles (Frias-Torres 2006). Quantifying the total juvenile population
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remains difficult. The lack of such high quality mangrove habitat may be a population bottleneck
for goliath grouper (Frias-Torres 2006; Koenig et al 2007). Furthermore, larval dispersal
potential may be governed by larval duration (~30-45 days) (Lara et al. 2009), and a limited
number of known, geographically isolated spawning aggregations centered in the SA and

southern GOM are potentially a source of these larvae.

24. MORTALITY

24.1. Natural Mortality (including episodic mortality)

Legault and Eklund (1998) suggested a plausible range of natural mortality (M) values for
goliath grouper of 0.04 yr'' to 0.19 yr'' (midpoint 0.11) based on an analysis of the fraction
surviving to various maximum ages. After evaluating a number of alternative methods the DW
Life History Working Group recommends the use of Hoenig’s method of estimating M based on
maximum age (Hoenig 1983). The oldest goliath grouper collected and aged to date was 37
years old (Bullock et al 1992) but this may underestimate maximum age for this species ( See
Section 2.5.2. Maximum Age, below). Using Hoenig's equation this corresponds to an average
lifetime M of approximately 0.12 yr'. Consistent with what was done in previous SEDAR
assessments [e.g., SEDAR 10 (South Atlantic and Gulf of Mexico gag), SEDARI12 (Gulf of
Mexico red grouper), and SEDAR19 (South Atlantic and Gulf of Mexico black grouper)] as well
as recommendations from the SEDAR 12 Review Panel this average lifetime M value (0.12 yr')
was scaled over goliath grouper ages 4-37 (ages fully-selected to the fisheries) to generate age-
specific M estimates (Tablel) using the Lorenzen method (Lorenzen 1996, 2005). Insufficient

information is available to estimate generation time (Sadovy & Eklund 1999).

Episodic natural mortality events (caused by red tides, cold kills, etc.) were also discussed.
Episodic events kill selectively determinate life history phases. Red tides caused by the
dinoglagellate Karenia brevis kill mostly adults (57 % of carcasses recovered during the 2003
and 2005 red tides were larger than 1200 mm TL; Frias-Torres unpub. data). Cold kills triggered
by weather fronts kill mostly juveniles (e.g. 2008 and 2010), as the inshore mangrove nursery
habitats are the first to experience low water temperatures for longer periods. It is recommended
that the Assessment Panel evaluate the potential role of these events on goliath grouper stocks in

the southeastern US by inspecting indices of abundance (e.g., ENP, MRFSS, REEF, etc.) and
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model fits (similar to what was done for the 2009 SEDAR Assessment Updates for Gulf of

Mexico gag and red grouper).

The LH Working Group acknowledges the high uncertainty in goliath grouper natural mortality
estimates and recommends that the assessment use a prior distribution for M (a lognormal prior

with a median of 0.12 and CV of 0.4) as described in Porch et al. (2006).

2.4.2. Release mortality

There are no experimental or field-based studies of goliath grouper release mortality. Several
Data Workshop participants observed that goliath grouper in the southeastern US (i.e., South
Atlantic and Gulf of Mexico waters) are subject to unknown but significant levels of release
mortality, especially adult specimens brought up from depth. Fishing mortality due to release
mortality also occurs when goliath grouper are caught as incidental catch (i.e., when other
species are targeted) and when fishers target (some repeatedly) goliath grouper for catch-and-

release fishing.

Since the catch-free model being considered as the base model for this assessment (Porch et al.
2006; the same model used for the last goliath grouper assessment) does not require a formal
release mortality estimate, the LH Working Group recommends that release mortality be treated
as part of the overall uncertainty in goliath grouper fishing mortality as described in Porch et al.

(2006).

2.5. AGE AND GROWTH

2.5.1. Available Age Data and Alternative Procedures

As mentioned during the previous SEDAR 6 (2004) and NMFS status report (2006), a large
number of juveniles were sampled for alternative hard parts for ageing comparison with
traditional otolith ageing methods. Non-lethal, alternative ageing methods have been validated
for both fin spines (Brusher and Schull 2009) and fin rays (Murie et al. 2009), at least for
younger fish (to 18 years). Annual annuli deposition has been confirmed experimentally (OTC
injection; Murie et al 2009; Brusher and Schull 2009). Brusher and Schull (2009) collected
dorsal fin spines and dorsal fin rays from fish ranging 180 — 1000 mm TL and 0 — 7 years. Murie
et al. (2009) collected fin rays from fish ranging 320 — 2070 mm and 0 — 18 years (n=22; 71%

overall agreement). Brusher and Schull found highest agreement between otoliths and fin spines
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(n=1207, 86% agreement vs. only 48% agreement for fin rays, n=66). Murie et al. (2009)
suggest that rays may be better than spines for older fish (> 7 y). Murie et al. (2009) recommend
more extensive age and growth studies to evaluate fin ray ageing in older fish due to concerns
regarding decreasing validity of fin rays and spines in old fish (erosion of annuli around the core,
particularly worrisome for fin spines). These two papers provide support for the application of
non-lethal techniques for ageing, at least for fish to 18 years. It is our opinion from these recent
projects that otoliths are still the most accurate method, followed by spines for young (0-7y) fish,
and rays for older fish (>7y). It has been concluded that scales are not an optimal ageing method.
Additionally, potential age information may be also available for goliath grouper in Belize (from

market samples; see Graham et al. 2009).

Opportunistic collection of otoliths (and other hard parts) has been ongoing since 2003 from
mortality events (red tides, cold kills, bridge explosions, etc.; n=81). Fish sizes ranged 112 —

2070 mm and ages 1 -16 years (Frias-Torres unpub. data, Collins and Barbieri, 2010).

The SEDAR23-DW-Life History Working Group recommends the Von Bertalanffy be re-run
with new age data since SEDAR 6 (Brusher and Schull 2009; Murie et al. 2009; FWC data, see
Collins and Barbieri 2010).

2.5.2. Maximum Age

Maximum validated age is 37 years for one female of 1,970 mm total length (TL) (Bullock et al.
1992); the group agrees that maximum age for this species is probably much older. Bullock et al.
used sectioned otoliths to age fish. Opaque rings were found to form once a year between April

and August.

Minimal data is available for large, old fish and no fish older than 37 years have been collected
and aged at this point. Bullock et al. 1992 samples were collected at a time when the fishery was
already undergoing overfishing towards commercial extinction, so their data likely do not
represent the oldest and largest potential growth range for this species. The maximum adult size
reported in the literature is 2500 mm TL (Heemstra & Randall 1993), and the age of this
specimen may be beyond the oldest reported in the published literature (37 years old; Bullock et
al. 1992) based on the asymptotic rate of growth present in teleost fish after they have reached

maturity. It is possible that the maximum age of 37 years reported in the Bullock study most
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likely represents a truncated maximum age (from a juvenesced population) since the species was
fished to commercial extinction in the 1980's, and that a majority of the population in US waters

now are likely a product of the fishing ban instituted in the 1990s (~20 years of age). Length data
for adults continues to be limited in quantity, but may provide some indication of size structure

of the stock. More data on distribution and abundance of size classes are necessary.

2.5.3. Growth
The existing parameter values from Bullock et al. (1992) are: L., = 2006 mm, K=0.126/y, t,=0.49

y (Figure 4)).

Bullock et al. (1992) estimated growth rate as > 100 mm/y until age 6; then reduces to 30 mm/y
by age 15, and levels off to < 10 mm/y after age 25. The growth rate established for younger fish
in Bullock et al. is similar to findings for fin spine ages in Brusher and Schull and fin rays in
Murie et al. (2009). Comparisons of early (< 6 y) growth rates (Koenig et al. 2007; Brusher and
Schull 2009; Koenig and Coleman 2009; Murie et al. 2009; Collins and Barbieri, 2010) should
be made to Bullock et al. (1992) to determine regional differences or changes in growth rates
since Bullock’s study. Koenig et al. (2007) found higher growth rates around mangrove islands
than in rivers, indicating habitat specific differences in growth rates. Koenig et al.’s growth rate
estimations for adults via laser measurement during underwater visual surveys (or recaptures)
may be available. Lara et al. (2009) also presents growth rates for larvae/new recruits to up 87
mm (100 days) that settle anywhere from 30 — 80 days of age. These data sets provide the most
recent information available for age and growth. Figure 6 in NMFS 2006 could be modified to
include new data (Brusher and Schull 2009, Koenig et al. 2009, Murie et al. 2009, FWC).

Detailed information is available for age/length/growth rates for juvenile and early adult fish (<

6y); however more detailed information is needed for large adults.

Additional review should be considered to compare growth rates calculated in Bullock et al.

1992 with growth rates available from new recapture data (Koenig et al. 2009; Brusher and

Schull 2009).

2.5.4. Additional Considerations
The growth performance index phi-prime (o) facilitates the intra and interspecific comparison of
growth performance (Pauly and Munro 1984). Estimates of this parameter for several large
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grouper species may provide useful comparisons considering the lack of data available for
Goliath grouper. This index was calculated by the equation of Pauly and Munro (1984): phi (o)
=Log 10 K+ 2 Log 19 (L) where K is the growth constant and L= is the asymptotic length

derived from the von Bertalanffy growth curve.

Population parameters from the von Bertalanffy growth curves for several grouper species are
listed in Table 2. Comparison of growth curves for Goliath grouper using phi (o) showed close
agreement with other species of grouper. Goliath grouper presented a phi (@) =3.705, versus a
mean phi (@) =3.121 other grouper species investigated. The growth rates of goliath grouper are
within the range of those estimated for other members of the family in tropical and temperate
waters. Even though differences can be observed between the population parameters, the
similarity of the phi (@) values indicates the existence of a similar growth pattern. This result
supports the statement of Sparre et al. (1989) that the phi (o) values must be similar in members
of the same family. Estimates of M for goliath grouper are in line with the trend for Serranids

which in general have low rates of natural mortality (e.g., Manooch, 1987).

Evers et al. (2009) indicate that mercury (Hg) may inhibit growth and reduce reproductive
success in Belize. Hg samples have been taken opportunistically by FWC and these data can be

made available for fish collected in Florida.

McClenachan (2009a) provides photographic size data from recreational charters in the Florida
Keys and these indicate significant declines in maximum size for fish catches over time (1923 -

1990). These data should be examined closely for additional information on maximum length.

Conversion criteria are available for weight/length relationships as well as length/age in Bullock
et al. (1992), but these are limited to relatively small sample sizes for the largest, oldest fish.
Brusher and Schull (2009) also have abundant raw data from which updated weight/length

relationships could be derived.

2.6. REPRODUCTION

2.6.1. Reproductive Characteristics

Goliaths are assumed to be gonochorists, however there is insufficient data to rule out
hermaphrodism (in both Bullock et al. 1992 and Collins and Barbieri S23-DW-03 the youngest

and oldest fish were female). Goliath grouper are aggregation spawners - there is no evidence of
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them spawning outside of the aggregations. While there is no external sexual dimorphism in
goliath grouper, changes in coloration during aggregation activity has been documented (Sadovy
and Eklund 1999). Reproductive data is available from Bullock et al 1992, and the Collins and
Barbieri report 2010.

Collins and Barbieri (2010) reported that sex was confirmed through gonad histology for 23 fish
(Table 3). Confirmed females (n=14) ranged 644-1650 mm TL and 2-11 years, and males (n=9)
ranged 790 — 1750 mm TL and 4 — 10 years (Figure 5). Three of the males exhibited primary
growth oocytes scattered throughout the gonad. This character is not a reliable feature for
discounting gonochorism (Shapiro, 1987; Bullock et al., 1992); however, together with the
presence of a central lumen and the lamellar structure of the testicular tissue, it does provide

further support for protogyny (Shapiro, 1987; H. Grier, pers. comm.).

2.6.2. Spawning Season

Goliath grouper are aggregation spawners known to spawn in the late summer through early fall
(Sadovy & Eklund 1999). Spawning in southern Florida is from August to October, as
determined from night-time chorusing by spawning adults (Mann et al. 2009), although Bullock
et al. 1992 reported collecting ripe fish as early as June.

2.6.3. Age/Size at Maturity

As stated in NMFS (2006), reproductive maturity is reached late (~5 — 6 years) and at a large
size (1100 -1200 mm TL) due to the slow growth rate of the species (Bullock et al., 1992).
Bullock et al. (1992) found that males mature at a smaller size and somewhat younger age than
females. Males mature between 1100 — 1150 mm TL (4-6 y). All males larger than 1155 mm TL
and older than 7 years are mature. Female goliath grouper mature between 1200-1350 mm TL

(6-7 y); all females larger than 1,225 mm TL and older than 6 years are mature.

2.6.4. Fecundity
Based on two females (1322 mm and 1397 mm), Bullock and Smith (1991) estimated batch
fecundities of 38,922,168 + 1,518,283 and 56,599,306 + 1,866,130 oocytes, respectively.

2.6.5. Sex ratio
In the eastern Gulf of Mexico, Bullock et al. (1992) observed a sex ratio of 1.75:1 (female:

male).
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2.6.6. Distribution and Characterization of Spawning Aggregations

Spawning aggregations were almost completely extirpated from US waters by the late 1980s.
Since the fishing moratorium in US waters (1990), a few confirmed spawning aggregations have
been located. These aggregations are on artificial structure in the GOM, and on a mix of artificial
and natural structure in the SA. One SA sight in Palm Beach County was a known SPAG in the
1970s and has recently reformed (Figure 6).

Goliath grouper do not follow the typical epinepheline aggregation strategy of -winter/spring
spawning, at dusk, on or directly following the full moon. Only recently, Koenig and Coleman
(MARFIN report) confirmed timing of spawning (~Midnight — 3AM) by collecting goliath
grouper eggs in the late evening and early morning downstream from spawning aggregations
during the last quarter moon in the Atlantic and during the new moon in the Gulf. Goliath

grouper spawn was confirmed from the SA and GOM using genetic verification of the collected

eggs.

Goliath grouper migrate over large distances to spawn. Koenig and Coleman (2009) confirmed a

175 km migration of a tagged fish to a known spawning aggregation.

2.7. HABITAT AND MOVEMENTS

2.7.1. EFH, Habitat Quality and Ontogenetic Shifts
The Magnuson-Stevens Act of 1996 mandates identification of essential fish habitat (EFH) for
managed species, and requires measures to conserve and enhance the habitat needed by fish to

carry out their life cycles (http://www.nmfs.noaa.gov/sfa/magact/magnuson_stevens2007.htm).

Goliath grouper have very specific habitat requirements throughout their life history, from
juvenile to adults. The availability of fringing red mangrove (Rhizophora mangle) nursery
habitat is a bottleneck for population recovery in goliath grouper; limited availability also limits
population recruitment and juvenile growth (Frias-Torres 2006; Koenig et al. 2007). The quality
of the mangrove habitat is also critical. Juvenile goliath grouper show a preference for highly
structured, erosional, old mangrove sites, specifically undercuts, overhangs, submerged dead
trees and limestone solution holes adjacent to fringing red mangrove shorelines (Frias-Torres
2006). After ontogenetic migration from the juvenile inshore habitat to the adult offshore habitat,

adult goliath grouper show a preference for high relief habitat, either reef ledges or artificial
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reefs, but rarely coral reefs (Figure 7, Koenig and Coleman 2009). Site fidelity is found in both
juveniles (Frias-Torres et al 2007) and adults (Sadovy and Eklund 1999) and for adult spawning
aggregation sites (Sadovy and Eklund 1999).

Microhabitat preferences and site attachment have major implications on population estimates,
because both juvenile and adult goliath grouper are not evenly distributed throughout mangrove
shorelines or reef habitat respectively. Instead they show a clumped or contagious distribution,
reflecting the landscape-level distribution of high quality mangrove habitat and high relief reef
habitat. Therefore, density values (as number of individuals per unit area or length of coastline)
should be used with caution in population estimates and modeling. It is essential to contrast
densities in high quality habitats versus low quality habitats, and not use a single density value

which could result in over-estimates of total population levels.

Habitat requirements are limited by water quality as well as structure. Preliminary research
shows goliath grouper are strongly affected by decreases in water quality, specifically low

dissolved oxygen (DO < 3 mg/L) (Koenig et al 2007).

Juveniles can tolerate a wide range of salinities (Smith 1971), but are limited by very low
salinities (< 5 ppt). Both juvenile and adult goliath groupers are extremely sensitive to low
temperatures, and will die during severe cold weather events (Gilmore et al. 1978). Due to the
nearshore life history of goliath grouper, knowledge of water quality in estuarine and coastal
waters is critical if we want to comply with all the EFH monitoring and protection requirements

of the Magnuson-Stevens Act.

Very little is known about the characteristics of the settlement habitat (nursery areas) of larvae
goliath grouper. No estimates of larval mortality are available nor is there an understanding of

conditions necessary for high settlement vs. low settlement rates.

The British Petroleum (BP) Deepwater Horizon oil spill has the potential to impact negatively
both juvenile and adult stages of goliath grouper. Through a combination of ocean currents
(Loop Current, Florida Current, frontal eddies) and cross-shelf transport, the oil spill (in the form
of surface or subsurface oil sheen, tar balls, oil+ dispersant) could contaminate all known
primary mangrove juvenile habitat of goliath grouper (Ten Thousand Islands in SW Florida,
mangroves of the Florida Keys, and mangroves along Florida’s east coast) and adult reef habitat.
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For example, studies of oil spills on Florida and Caribbean red mangrove shorelines (Burns and
Yelle-Simmons 1994, Burns et al. 1993, Burns et al. 1994; Garrity et al. 1994, Duke et al. 1997,
Proftitt and Devlin 1998) show that oil contact results in immediate death of sessile organisms
attached to the mangrove prop roots, killing about 30 % to 74 % of mangrove trees, and stunted
growth and seed deformities in almost 100 % of the remaining living mangroves. This results in
the elimination of filtering capabilities of mangrove shoreline (loss of sessile filter feeders),
elimination of food sources for fish and invertebrates that use mangroves as a nursery, and
destruction of the mangrove shoreline itself (collapse of dead trees). Further, low oxygen
conditions on most mangrove sediment delays natural microbial oxygen-dependent biochemical
reactions that digest and eliminate oil and its derivatives. Oil permanence in mangrove sediments
can last for 20 years or longer, allowing for continuous re-oiling and chronic death events.
Bioaccumulation of the whole range of alkylated polynuclear aromatic hydrocarbons (PAHs) is
detected even 5 years after oil contamination occurs. We can speculate that if the critical goliath
grouper mangrove nursery habitats are impacted by the BP oil spill, they will no longer fulfill
that role. This potential loss of essential fish habitat should be considered, if possible, when

evaluating the status of the goliath grouper population.

2.7.2. Movements and Migrations

Mangroves have been shown to be primary nursery habitat for goliath grouper (Koenig et al.
2007). Koenig et al. (2007) used both telemetry tags and internal anchor tags (~2500 tagged) in
their study of juvenile movement patterns within the Ten Thousand Islands of SW Florida.

Using telemetry tags they found over a 2-year period that movement was restricted in the
mangrove islands (mean home range = 170 m), but was considerably greater in the mangrove-
lined rivers (mean home range = 586 m), which they assumed was due to the more variable water
quality of the rivers, causing the fish to move in response to periodic lower salinity and dissolved
oxygen conditions. Some internal-anchor-tagged juveniles, observed over a much longer time
period, showed greater variability in distances travelled, both within and outside of the Ten
Thousand Islands. One moved northwest to an area off Tampa, over 200 km away from the
nursery. Most moved west or south, but one moved around the tip of the Florida peninsula and

was recaptured on the east coast near Indian River Lagoon (Figure 2).
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Goliath grouper adults move about very little (Koenig and Coleman 2009). Eighty-two percent
of recaptured adults (<170 out of 2100 tagged) moved less than 1 km in their time at liberty
(Figure 1). There was no clear pattern between time at liberty and distance traveled (Figure 8).
Some fish recaptured after years at liberty were either on the same site or not far from it. The
maximum distance traveled by an adult was 175 km. Movements greater than about 1 km appear
to be related mostly to migrations to and from spawning sites and a presumed feeding site in

Charlotte Harbor (Figure 3).

2.8. COMMENTS ON ADEQUACY OF DATA FOR ASSESSMENT ANAYLSES

The Life History Working Group judged the following data and information as adequate for use
in the assessment: stock definition; natural mortality estimation and release mortality; aging
criteria, characterization of growth and maximum age; the characterization of reproduction; and
habitat requirements. The LH Working Group deemed as inadequate the data available for age-
based or spatially explicit assessment approaches. While available information is adequate for
assessment, the LH Working Group recognized substantial room for improvement and makes

several recommendations in Section 3.1, below.
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Table 1: Lorenzen age-specific natural mortality (M) estimates scaled to Hoenig’s estimate (0.12
yr'!) over goliath grouper ages 4-37 (ages fully-selected to the fisheries).

TL (mm) W
Age mid-year (grams) M
0 2353 232.1 0.624
1 444.9 1627.0 0.387
2 629.7 4704.3 0.291
3 792.6 9504.2 0.239
4 936.3 15811.2 0.207
5 1062.9 23298.9 0.185
6 1174.6 31615.3 0.169
7 1273.0 40430.0 0.157
8 1359.8 49456.8 0.148
9 1436.3 58461.9 0.141
10 1503.7 67263.5 0.135
11 1563.2 75727.0 0.130
12 1615.6 83758.7 0.126
13 1661.8 91298.5 0.123
14 1702.6 98313.3 0.120
15 1738.5 104790.8 0.118
16 1770.2 110734.4 0.116
17 1798.1 116158.9 0.114
18 1822.7 121087.2 0.113
19 1844.4 125547.0 0.111
20 1863.5 129569.4 0.110
21 1880.4 133186.7 0.109
22 1895.3 136431.6 0.109
23 1908.4 139336.1 0.108
24 1919.9 141931.0 0.107
25 1930.1 144245.6 0.107
26 1939.1 146307.0 0.106
27 1947.0 148140.8 0.106
28 1954.0 149770.2 0.106
29 1960.2 151216.7 0.105
30 1965.6 152499.8 0.105
31 1970.4 153637.0 0.105
32 1974.6 154644.3 0.105
33 1978.3 155536.0 0.104
34 1981.6 156325.0 0.104
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35 1984.5 157022.9 0.104

36 1987.0 157639.8 0.104

37 1989.3 158185.1 0.104
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Table 2: Comparison of growth parameters and mortality rates for grouper species. * Note: as the model has been constrained through the
origin, ty = 0. SE: standard error

Species Area Method | Mortality Growth parameters Age/Size Source
yr'
to K Loo phi Max | Mean
(years) (cm) Age | Age
Epinephelus itajara (Goliath USA finrays 18 Murie, et al, 2009
grouper) USA otoliths -0.49 0.126 | 200.6 3.705 37 Bullock, et al, 1992
Hypothordus nigritus (Warsaw USA 3.616 0.115 | 153.2 3.431 41 Mannoch and Mason,
grouper, Craig and Hastings 2007) 1987.
Epin{aphelus_fuscoguttatus (Marble | Australia otoliths | 0.11 0.16 | 80.7 3.018 42 11.8 | Pears, 2005
grouper) Australia 0.14 0 0.20 | 76.7 3.071 Grandcourt, 2005
Hypothordus flavolimbatus Trinidad and | otoliths -0.08 0.099 | 96.3 2.963 35 Manickchand-Heileman,
(Yellowedge grouper Craig and Tobago S.C., and D.A. Phillip.
Hastings 2007) 2000
USA otoliths 0.191 | 83.1 3.120 27 Bullock et al 1996
USA otoliths 0.163 | 89.1 3.112 15 Keener, 1984
Mycteroperca interstitialis Trinidad and | otoliths -4.6 0.057 | 93.4(TL) | 2.619 41 Manickchand-Heileman,
(Yellowmouth grouper) Tobago 85.4 (FL) | 2.697 S.C., and D.A. Phillip.
2000
USA 0.076 | 82.2 2.711 28 Bullock and Murphy, 1994
Mycteroperca bonaci (Black USA otoliths | 0.13 -0.902 | 0.143 | 133.42 3.406 33 SEDAR19-DW-02.Data
grouper) workshop report
Mycteroperca microlepis (gag USA otoliths -0.62 0.166 | 119 3.371 22 Hood and Sclieder, 1992.
grouper) USA -1.127 ] 0.121 | 129 3.304 13 Manooch and Haimovici,
1978
Epinephelus morio (Red grouper) | USA otoliths -0.91 0.16 |854 3.067 29 7.53 | Lombardi-Carlson et al.,
2006
Epinephelus niveatus (Snowy USA (FL) otoliths -1.013 | 0.087 | 132 3.181 15 Moore and Labisky, 1984
grouper)
Epinephelus striatus Nassau Cayman 29 Bush, 1996
grouper) Islands
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Cuba otoliths -3.27 0.063 | 94 2.746 Claro, et al. 1990
Mean 3.121
SE:0.762
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Table 3: Number of specimens sampled by FWRI staff for DNA, otoliths, and/or gonads (2006-

2010). (Collins and Barbieri 2010).

year sample (n) aged (n)  gonad histology (n)
2006 7 7 0

2007 4 4 1

2008 17 17 2

2009 7 0 0

2010 70 32 20

Total 105 60 23

2.11. FIGURES
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Figure 1. Distance traveled by tagged adult goliath grouper recaptured off southwest Florida.
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Figure 2. Movement of juvenile goliath grouper from the Ten Thousand Island area to offshore
adult locations (Koenig and Coleman 2009)

Figure 3. Long-range movements of adult goliath grouper in the vicinity of a spawning site (SW
of Charlotte Harbor) and a feeding site in Charlotte Harbor off southwest Florida (Koenig and
Coleman 2009).
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Figure 4. Age and length data for goliath grouper (n=384). From Bullock et al. 1992.
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Figure 5. Size — age data for goliath grouper whose sex was confirmed through histology
(n=23). From Collins and Barbieri 2010.
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2009).
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Figure 8. Distance traveled by adult goliath grouper relative to days at liberty.

3. COMMERCIAL STATISTICS

3.1. OVERVIEW

3.1.1 Group Membership

Chair: Benjamin C. Hartig (SAFMC representative), Richard Taylor (St. Petersburg Dive Club),
Bob Zales (GMFMC AP), Gregg DeBrango (SAFMC AP), Don DeMaria (SAFMC AP), Joseph
Munyandorero (FWC; presenter and editor), Joe O’Hop (FWC, draft preparation). Additional
consultations on certain matters (frequency of catches noted in commercial log books, released
fish condition, depth of catches, general released fish condition, and recaptures of tagged fish)
occurred with Kevin McCarthy (NOAA SEFSC), Jennifer Schull (NOAA SEFSC), and Angela
Collins (FWC).

3.1.2. Issues

Historical commercial landings data for goliath grouper were explored to address issues such as
accuracy (non-reporting, over-reporting, under-reporting), potential for misidentification in the

landings records, commercial discards, discard mortality, and research needs.
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3.2.  REVIEW OF WORKING PAPERS
3.2.1. Bycatch of goliath grouper observed from the bottom longline fishery.

Title: Bottom longline fishery bycatch of goliath grouper (Epinephelus itajara) from observer
data. (Hale, L.F. 2010)
Author: Loraine Hale (NOAA Fisheries/SEFSC, Panama City)

Abstract: Observations of the shark-directed bottom longline fishery in the Atlantic Ocean and
Gulf of Mexico have been conducted since 1994 (e.g. Hale and Carlson 2007, Hale et al. 2007,
Morgan et al. 2009, Hale et al. 2009, Hale et al. 2010). From 1994 through 2001, observer
coverage was conducted on a voluntary basis. Beginning with the 2002 fishing season, observer
coverage of the shark directed bottom longline fishery became mandatory under the current
federal management plan for highly migratory species [S0 CFR 635.7, National Marine Fisheries
Service (NMFS) 2003]. Observer coverage from 1994 through the first trimester season of 2005
was coordinated by the Commercial Shark Fishery Observer Program (CSFOP), Florida Museum
of Natural History, University of Florida, Gainesville, FL. Starting with the 2nd trimester season
of 2005, responsibility for the fishery observer program was transferred to the NMFS, Southeast
Fisheries Science Center (SEFSC), Panama City Laboratory. This report describes the bycatch of
goliath grouper (Epinephelus itajara) on observed trips from 2005 through 2009.

There were 47 goliath grouper incidentally caught in 36 hauls on 32 trips. The majority
of the sets targeted sharks (95.7%) while the remainder (4.3%) targeted groupers and snappers.
Goliath groupers ranged in size from 57 to 219 cm total length (average 132.3 cm TL); however,
most lengths (68.1%) were estimated due to the difficulty of boating large goliath groupers. The
average depth of sets when groupers were caught was 57.3 m, ranging from 3.5 to 275 m deep.
The depths were recorded by the vessels’ depth finder and represent the depth at the beginning
and end of the set of gear, but may not reflect variations in depth between the two points.

Of the 47 goliath groupers, 46 (97.9 %) were alive when captured and of those, the
majority (93.5 %) were released alive. Goliath groupers were vented by the crew and were
coded as alive by the observer only if the fish swam down in the water column after release. The

one goliath grouper that came up dead was caught at 13 m average depth (no predation noted),
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while three goliath groupers that were released dead after being caught alive were caught at 203

m average depth (102.5 m to 275 m depth range).

3.2.2. Bycatch of goliath grouper reported in commercial fishermen’s logbooks from

the vertical line and bottom longline gears.

Title: Calculated goliath grouper discards from commercial vertical line and longline fishing
vessels in the Gulf of Mexico and US South Atlantic. (McCarthy, 2010)
Author: Kevin McCarthy (NOAA Fisheries/SEFSC, Miami)

Abstract: In August 2001, the Southeast Fisheries Science Center (SEFSC) initiated a program
to collect discard data from commercial fishing vessels landing federally managed species in the
Gulf of Mexico and US South Atlantic. A reporting form was developed as a supplement to the
mandatory coastal logbook forms for commercial vessels with Federal fishing permits
(Poffenberger and McCarthy, 2004). Discard data from the SEFSC coastal fisheries logbook
program were used to calculate the number of Goliath grouper that were discarded from
commercial fishing vessels during the period January 1, 2002 through December 31, 2009.

Data collection for the discard logbook program involves, each year, a 20% sample of
vessels with Federal fishing permits. To assure that the sample was representative of permitted
vessels, the universe of those vessels was stratified by region and gear fished. A random sample,
weighted by vessel effort reported the previous year, was selected from each stratum. Region
was defined as the Gulf of Mexico (Gulf-side of the Florida Keys-Dry Tortugas to the Texas-
Mexico border) and the South Atlantic (which extends from the North Carolina-Virginia border
to the ocean-side of the Florida Keys-Dry Tortugas). Fishing gear strata included handline,
electric reel (bandit rig), trolling, longline, trap, gillnet, and diving. The selected fishers were
instructed to complete a supplemental discard form for every fishing trip that they made. Trips
with no discards were reported as such.

Reported data included the numbers of discards by species, estimated condition of the
fish when released, reason for release (due to regulations or unmarketable/unwanted), and the
fishing area where the animal was discarded. There were six options for the condition of
released fish: all animals are dead, majority of the animals are dead, all animals are alive when

released, majority of animals are alive, the fish are kept but not sold, and the condition of the
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animals is unknown. To calculate species specific discard rates, discard data were matched to
the effort data reported to the coastal logbook program.

During this period (2002-2009), discard forms were submitted for 450 longline trips
fishing in areas 2-6 in the Gulf of Mexico (total in the filtered data set). There were 11,390
vertical line trips reported to the discard logbook program from the areas included in these
analyses. Goliath grouper discards were reported from 89 (0.8%) vertical line and 53 (11.8%)
longline trips during 2002-2009. There were 5,804 longline trips in areas 2-6 and 110,096
vertical line trips in the areas included in these analyses that reported to the coastal logbook
program during 2002-2009.

Calculated total discards for each gear and year (2002-2009) were provided for
commercial fishing trips deploying longline and vertical line gear, respectively. Calculated
discards (those developed using standardized discard rates from the delta-lognormal model) were
almost always lower than the median calculated discards estimated from bootstrapping. The
proportion of trips reporting goliath grouper discards was included in the calculation of discard
rate when using the delta-lognormal standardization model, accounting for the lower total
discards calculated using that method. Coefficients of variation of delta-lognormal calculated
discard rates were often high and ranged from 0.45-1.6 for longline discard rates and from 0.31-
1.17 for vertical line discard rates.

Vertical line calculated discards (using model generated standardized discard rates) were
usually below the 5th percentile of bootstapped total discards. Longline calculated discards were
higher than the 5th percentile of bootstrapped total discards. Longline calculated discards were
highest during the period 2002-2004 with another, smaller, peak in 2007. During the 2002-04
period, the highest variability (as defined by the 5th and 95th percentiles of bootstrapped values)
was also found. Total discards calculated from vertical line data was less than 1,000 fish per
year except for the years 2006-07 and 2009. Variability in the vertical line calculated discards
(as determined by bootstrap estimated discards) was generally consistent among years and did
not have the wide range found during the initial years of the longline time series.

The release condition of discarded goliath grouper is reported in the logbooks. There
were more than 261 longline and 110 vertical line goliath grouper discards reported to the coastal
logbook discard program. Overall, 30% of discarded goliath grouper from longline vessels were

reported as “all dead” or “majority dead” and 70% of discards were reported as “all alive” or
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“majority alive.” Greater than 95% of vertical line goliath grouper discards were reported as “all
alive” or “majority alive” during each year, 2002-2009. Nearly all goliath grouper discards were,
not surprisingly, reported as “due to regulatory restrictions”, except for a small percentage where
the reason for discarding the fish was unreported. No estimate of delayed mortality was possible
with these data.

The number of trips reporting goliath grouper discards in the US South Atlantic and Gulf
of Mexico was very low. Goliath grouper discards were reported on 15 or more trips during only
two years from either longline or vertical line vessels. During six years, five or fewer longline
trips reported Goliath grouper discards; however, five or fewer vertical line trips reporting
Goliath grouper occurred in only two years. Discard totals, calculated from such relatively rare

events, should be used cautiously.

3.3. COMMERCIAL LANDINGS
3.3.1. Historical perspective on U.S. commercial landings information.

Originally, Lichtenstein (1822) published a description of goliath grouper from a
Brazilian specimen and named it Serranus itajara, which in more recent years has been
reclassified as Epinephelus itajara (Lichtenstein 1822). Other ichthyologists, sometimes in
different parts of the world, described this species under names such as Serranus guasa, S.
galeus, S. mentzelii, Promicrops ditobo, and P. esonue which were later synonymized with E.
itajara [see Eschmeyer and Fricke 2010]. A misspelling of itajara occurred as itaiara, causing a
little more confusion. Goliath grouper [as P. guasa (Poey)] was listed in Jordan and Gilbert’s
(1882) treatise on fishes found in North America, Jordan (1884) used the name E. itaiara for
goliath grouper in the Florida Keys, Jordan’s (1887) catalogue of fishes in North America used
P. itaiara, and Jordan and Eigenmann (1890) applied the name P. guttatus to a goliath grouper
specimen from the St. John’s River, FL. Irrespective of the taxonomic uncertainty and litany of
scientific names used by different workers at different times, goliath grouper were known by
fishermen and scientists at that time under the common names (with or without hyphens)
“jewfish”, “spotted jewfish”, “gigantic jewfish”, “guasa”, “merou”, and “Jacob Evertzen.” S.
quiquefasciatus Bocourt 1868 was formerly considered a synonym of E. itajara, but is now a
synonym for E. quinquefasciatus (Bocourt 1868) and considered a valid name for goliath
groupers living in the Eastern Pacific based upon genetic analyses (Craig et al. 2009). Nelson et

al. (2001) recommended for immediate adoption the change in common name for E. itajara to
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goliath grouper and adopted this change for the American Fisheries Society’s sixth edition of the
Common and Scientific Names of Fishes from the United States, Canada, and Mexico (Nelson et
al. 2004).

The earliest descriptions of some U.S. commercial landings occurred in 1887 (U.S.
Bureau of Fisheries 1887) with a brief note on the printing of the results of the Fishery Census of
1880. These descriptions of U.S. fishery landings included all states in the southeastern U.S. and
Gulf of Mexico. The 1887 and 1888 surveys (U.S. Bureau of Fisheries, 1892) showed some
landings of goliath grouper in Texas but nowhere else from North Carolina (NC) to Louisiana
(LA). The surveys did not regularly include all southeastern and gulf states until the 1897 (U.S.
Bureau of Fisheries, 1900) and 1902 (U.S. Bureau of Fisheries, 1905) surveys, and it is possible
that those surveys did not include goliath grouper as a regular reporting category in all states
(unless there really were none caught, which was unlikely). For example, over several weeks in
1883, Jordan (1884) observed fishing in the Florida Keys and noted that goliath grouper (and
other large reef fishes) are caught by larger vessels and that most are usually taken alive to
Havana rather than sold in Key West. Stevenson (1893) mentioned a fish caught in Texas’ bays
and coastal fisheries during 1891 which Mexican fishermen called “guasa” that was of large size
(occasionally 500 pounds or more) and that came from Aransas Bay (where, in 1890, a jewfish
weighing 597 pounds was recorded). Stevenson (1893) thought that this fish was another large
grouper (Epinephelus nigritus or warsaw grouper) which was also called “jewfish” and “black

299

jewtish” at that time in Pensacola and noted that it was called *warsaw, doubtless a corruption

29

of “guasa.”” However, because of its large size and occurrence of large individuals near shore,
this fish was undoubtedly goliath grouper. In Texas, this fish was also known as “junefish”
because it was more plentiful at that time of the year.

Evermann and Bean (1897) in their 1895-1896 investigation of fish and fisheries in
Florida’s Indian River Lagoon and adjacent marine waters noted that four specimens of young
goliath grouper (as “Promicrops guttatus”, lengths from 1 5/87-3"") were captured, and that this
species was “probably not uncommon” to the Indian River area though Wilcox (1897) did not
list them as components of the commercial fishery there. Brice’s (1897) account of the coastal
fish and “principal fishing centers” of Florida (Indian River, Lake Worth, Biscayne Bay, Key

West, Tampa, Tarpon Springs, Apalachicola, Carrabelle, Pensacola, and others) conducted

during 1895-1896 noted that goliath grouper (as “P. guttatus”) caught are usually 100-250
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pounds, with a maximum of 400 or 500 pounds, but that those over 250 pounds “do not sell
well”. He also noted that, in 1895, dealers in Key West reported purchasing 10,000 pounds
($425) of goliath grouper from local fishermen. A separate reporting category for goliath
grouper in statistical reports by state did not appear until 1897, but may not have been reliably
used (possibly goliath groupers were lumped into a “grouper” category) by dealers for reporting
until the 1918 survey (U.S. Bureau of Fisheries, 1921) and continued to be used regularly in later
surveys.

Schroeder (1924) provided an updated description of Key West fisheries, and noted that
the first large-scale ice-making and cold-storage plant was built to store excess catches of fish.
In 1919, there were severe losses to the fishing industry when the one small ice-making plant in
the city became disabled. The fishing fleet consisted of small boats which had sails, gasoline
engines, or both, which seldom traveled very far from shore and fished at the numerous near-by
reefs, and a few locally-owned larger vessels along with “a number of [larger] vessels... from the
east and west coast of Florida [that came] to fish at Key West during the winter.” It was not
unusual for Cuban vessels to fish near Key West and sell their catch to Key West seafood
dealers. Fishing for reef fish, particularly the larger reef fish, required vessels to have live wells
since ice was only used to preserve species like mullet, kingfish, or Spanish mackerel. The
larger reef fish were usually fished farther offshore and by larger vessels (ranging from 30-75
feet in length) using hand lines. Schroeder (1924) noted that a portion of the catch was sold
locally in Key West, but that a much greater portion was sold in Cuba and to other U.S. cities.
Fish were brought in alive, and were packed in ice for shipment to Cuba or elsewhere.

Goliath grouper (as “Promicrops itaiara”) were not numerous in catches, but because of
their large size accounted for a little more commercial importance in Key West. Larger goliath
groupers were known to prefer “moderately deep water with rocky or coral bottom”, and smaller
ones (1-10 pounds) were “frequently taken in shallow water close to shore” (Schroeder 1924).
Schroeder (1924) wrote that “During the six weeks of July and August of 1918, 74 jewfish,
ranging in weight from 35 to 350 pounds, with a mean average of 125 pounds,” nearly all of

which were taken off Knight’s Key' (about 40 miles above Key West). Goliath grouper were

! Knight’s Key (near Marathon) was the site of a long, deep water dock built in 1906 to support the building of the
Seven Mile bridge for Henry Flagler’s Key West Extension of the Florida East Coast Rail System
(http://www.keyshistory.org/KKD-Knights-Key-Dock.html). It was burned to the waterline in 1912 leaving only
pilings. These structures provided habitat that may have attracted goliath grouper.
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brought to Key West’s market alive, and kept in live cars until sold, selling for about 20 cents per
pounds. Schroeder (1924) wrote that a catch of goliath grouper “always finds a ready sale, the
entire catch being consumed locally.”

There is little information available about the commercial landings of goliath grouper in
more recent years. Commercial harvests were generally by hand lines early in the century, and
more recently bandit rigs (hydraulic and electric reels) as well as traditional hand lines were
used. Divers used spearguns to harvest individuals, and long lines (GMFMC 1990; Hale 2010;
DeMaria 1989), gill nets, and trawls occasionally catch some individuals (DeMaria 1989). Most
goliath grouper were taken incidentally in the red snapper fishery at first, and later in the
grouper/snapper fishery in the Gulf of Mexico (GMFMC 1990). It is likely that some goliath
grouper landed from the snapper fishery came from the Campeche Bank (Fig. 3.1; Yucatan
Peninsula, Mexico) and show up in the Alabama landings during the 1960s (GMFMC 1990).
Landings of goliath groupers are not available in the FAO statistics data base, so the amount of
goliath grouper harvested in other countries is unknown. Goliath grouper were still harvested to
a small extent in the Mexican fishery on the Campeche Bank (Colas-Marrufo et al. 1998).

By at least the 1880s, U.S. fishermen knew that the Campeche Bank had abundant and
commercially valuable fish populations, particularly red snapper. Stevenson (1893) noted that
one schooner in December 1890 fished there and in two days with seven men harvested 22,000
pounds of red snapper weighing on average about 10 pounds. Commercial fishing operations to
these fishing grounds faced very challenging logistics, and the markets at that time in Galveston
were not ready for such large catches. As a result, the catch was not sold at a good price. In
January 1891, this schooner made another trip to the Campeche Bank, and caught 15,000 pounds
of fish. Another fisherman, with a market in Corpus Christi, told Stevenson (1893) that he had
fished the Campeche Banks and had caught 16,000 pounds of red snapper in five hours.
Stevenson (1893) noted in his report (for the 1889-1891 period) that he believed that the
Campeche Bank fishery could be developed and that they would be profitable.

Experimental fishing on the Campeche Bank occurred in 1892 (Smith 1895), and the
success of these trials led to a regular fishery there beginning in 1893. The “principal fishes”
taken there were red snapper, warsaw (and perhaps black grouper), and jewfish. Warsaw and
jewfish (specimens up to 300 pounds) “constantly figured in the catch, but were noted as being

of little commercial value (Smith 1895). The depths fished typically were 40 to 60 fathoms, and
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the fish harvested from these depths did not do well in live wells and were packed whole in ice.
The snapper fishery expanded to the Campeche Banks in 1895, and the highest production of red
snapper occurred over the 1895-1929 period (Bortone et al., 1997). With the low selling price of
goliath grouper compared to red snapper, lengthy transit time to the Campeche Banks and the
need for live wells or ice which was not in great supply (Bortone et al., 1997), it is unlikely that
goliath grouper were retained as part of the catches by snapper vessels fishing the Campeche
Banks in this earlier time period. Low commercial value would have kept goliath grouper from
being harvested and landed to any great extent from the Campeche Banks by commercial
fishermen from the southeastern U.S. during these early years, though there probably would have

been discards.

3.3.2. Preliminary landings and discussion of methods

The commercial landings statistics began including a reporting category for goliath
grouper in 1902, but it may not have been regularly used by seafood dealers until the 1918
survey (Table 3.1). Several agencies through the time period had the responsibility for collecting
and reporting these data, and often the process was a joint state-federal cooperative effort. The
U.S. Bureau of Fisheries collected landings data in the southeastern U.S. (NC-TX) using annual
surveys of seafood dealers in some years and regions from 1902 to 1936 after which the U.S.
Fish and Wildlife Service (USFWS) began collecting these data and publishing them in their
Statistical Digest series from 1939 to 1967. The Florida State Board of Conservation (FL SBC)
also collected commercial landings data using annual surveys of seafood dealers in Florida from
1939 to 1948, and these data are contained in their Biennial Report series. Beginning in 1949,
The FL SBC began using monthly surveys of seafood dealers to get information on commercial
landings, and these data were tabulated and shared with the USFWS. The Department of
Commerce’s NMFS took over the responsibility of collecting commercial fishery landings
information in 1970, publishing these data for 1968 to the present. Thompson (1984) reviewed
the relative completeness of the commercial landings data by region and year from 1880 to 1977.

The data for goliath grouper landings from 1902 to 1949 were obtained from the
aforementioned published (printed) reports. Data for 1950 to 2008 were retrieved from
commercial landings data found at NOAA Fisheries commercial fishery landings web page

(http://www.st.nmfs.noaa.gov/stl/commercial/) and from the Florida Fish and Wildlife

Conservation Commission’s web page containing commercial fishery data collected using trip
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tickets (http://research.myfwc.com/features/view_article.asp?id=19224) from 1986-2009 and

compared in Table 3.2. Electronic data were also available from NMFS Accumulated Landings
System (ALS; collected by port agents) by year, month, county for 1950-1977, and also by
dealer for the 1978-1986 period (Josh Bennett, SEFSC, personal communication). Comments
regarding commercial fishery landings data and the exaggerated reporting of goliath grouper
landings by one dealer for the 1978-1984 period from Amendment 2 to the Gulf of Mexico Reef
Fish Management Plan (GMFMC 1990) and Amendment 2 to the South Atlantic Snapper-
Grouper Fishery Management Plan (SAFMC 1990) were discussed during the data workshop. In
addition, comments from SEDAR 3 (Yellowtail Snapper and Goliath Grouper) regarding the
under-reporting of goliath grouper landings in Monroe County due to unreported direct sales of
this species to restaurants were discussed during the data workshop.

Upon inspection of the printed commercial landings series” from the U.S. Bureau of
Commercial Fisheries from 1902 to 1936, the USFWS Statistical Digests for the years 1939-
1967, NOAA Fisheries commercial fisheries landings web page, and the FL. SBC Biennial
Reports, some decisions on which values for commercial landings in some years would have to
be made. There was some overlap between the USFWS landings series and the FL SBC for
1939-1959, and the FL SBC recorded commercial landings in more years than the USFWS
(Table 3.1). The FL SBC data were chosen to use in place of the USFWS data for the 1939-1949
period because it is more complete than landings compiled by the USFWS. During 1949, the FL
SBC began collecting commercial landings using monthly surveys of seafood dealers and
sharing those data with the USFWS, so it seems likely that starting in 1949, the FL SBC and the
USFWS printed landings should be similar since they were presumably based upon the same
surveys. There may be minor differences due to dates of printing and revisions to the data that
may have occurred after printing. Some minor differences between the NOAA web page
landings for 1950-2008 and the ALS data were noted in 1950 and 1958-1960, and those appeared
to be related to the adjustment between landed weight (most reef fish were gutted) and whole
weight (Table 3.2), though it is possible that there were revisions to the commercial landings
data after the ALS data were compiled and sent. A similar problem was noted in 1986 between

Florida trip ticket and ALS data, and it appeared that the ALS data were not corrected for the

2 See Figure 3.2 for an explanation of the division of Florida commercial landings by coast used in these published
reports.
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conversion between gutted weight and whole weight, but the NOAA web page was very similar
to the Florida trip ticket data beginning in 1986.

It was suspected that one southwest Florida seafood dealer, which was in business since
1937, had inflated landings of goliath grouper (and other reef fish) at least during 1978 to 1984
and possibly from 1965 to 1984. Both Amendment 2 to the GMFMC’s Reef Fish Management
Plan (GMFMC 1990) and Amendment 2 to the South Atlantic Snapper-Grouper Fishery
Management Plan (SAFMC 1990) addressed the over-reporting issue by deleting the commercial
landings reported by this southwest Florida seafood dealer (which was believed not to be a major
processor of reef fish) from the landings series for 1978-1984. Commercial landings by dealer
were not available for the 1950 to 1977 period, but landings at the county level were available
from the ALS (Josh Bennett, NOAA Fisheries SEFSC, personal communication).

An alternative approach is to adjust this dealer’s landings based upon an estimate of the
proportion of this dealer’s landings to the county landings of goliath grouper during a period of
time when the reported landings were likely to be more reliable. Landings of goliath grouper
reported by this dealer declined in June of 1984 and continued at a lower level through 1986 in
marked contrast to their reported landings of this species from 1978 to May of 1984. It may be
likely that the latter period represents a time of more reliable reporting than the former period.
The ratio of this dealer’s average monthly landings from June of 1984 to December 1986 to its
average monthly landings from January 1978 to May 1984 was 0.072 (i.e., the dealer’s reported
monthly purchases from the 6/84-12/86 period were 7.2% of the monthly purchases from 1/78-
5/84). The amounts reported by this dealer for January 1978- May 1984 were multiplied by
0.072 to produce a new landings series for this dealer for this period. The county landings
(Table 3.2) were recalculated by subtracting the originally reported landings for this dealer and
adding the adjusted landings. The FL West Coast and statewide landings were re-calculated by
subtracting the old values and adding the adjusted values (Table 3.2).

The 1965-1977 period was suspected to have been inflated also (GMFMC 1990,
SAFMC 1990), but the reported landings by dealer were not available for examination and
neither of the Council’s amendments addressed this time period. The average annual reported
landings of the dealer who inflated goliath grouper landings represented 98.0-98.9% (average
98.5%) of the county landings from 1978-1981 (other dealers in this county began purchasing

increasing amounts of goliath grouper in 1982, so it seemed reasonable to derive the ratio for the
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inflated reporting using only the 1978-1981 time period). The county landings for the 1968-
1977 were multiplied by 0.985 to estimate the fraction of the assumed inflated county landings
that may have been reported by this dealer for 1968-1977. The estimated inflated landings of
goliath grouper by this dealer were multiplied by 0.072 to obtain an adjusted amount of this
dealer based upon the proportion observed from June 1984 to December 1986 (see preceding
paragraph). To make a smoother transition of landings for years prior to 1968, the county
landings for 1965-1967 were multiplied by 0.823 (the proportion of county landings represented
by this dealer from January to May of 1984), and the estimated inflated landings were multiplied
by 0.072 to obtain the estimated landings for this dealer and the newly calculated county, FL
west coast and statewide values (Table 3.2). These are highly uncertain estimates of goliath
grouper landings for this dealer, and it is not known if there are data from which to make better
estimates because this seafood dealer went out of business in 2003 and the original owner passed
away over two decades ago. These adjustments greatly alter the reported commercial landings
time series in Florida for goliath grouper (Tables 3.2, 3.3, Figs. 3.3- 3.6) but may be more
reasonable than the reported landings series for 1965-1984 given the concerns over inflated
landings of goliath grouper regarding this seafood dealer.

Another concern with the commercial landings were the issues of unreported purchases
of goliath grouper by seafood dealers and direct sales to restaurants by commercial and sport
fishermen that were unreported. The issue of “backdoor sales” and non-reporting has existed
since the beginning of the commercial landings reports by the U.S. Bureau of Fisheries and
continues to the present day. In the Tenth Biennial Reports of the FL SBC for 1951-1952,
special mention was made regarding the lack of knowledge of the level of harvest by sport
fishermen, the ability of some sport fishermen to turn a profit from their “recreational” harvests
by selling to dealers and restaurants, and the potential of these activities to compete with
commercial fishing and result in increasing tensions between sport and commercial fishermen.
DeMaria (1989; see Appendix A) and comments made during SEDAR 3 mentioned this same
concern over unreported sales of goliath grouper in the Florida Keys. There was no consensus
by the DW Commercial and Recreational landings workgroup over potential adjustments that
could be made to the commercial landings for these unreported sales in a county or for Florida.
The recommendation of this workgroup was to leave the reported landings unadjusted for

unreported sales.
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With the adjustments (Tables 3.2, 3.3) made to the commercial landings series (primarily
to the 1965-1984 period, but also adding in the annual values for 1939-1949 from the FL SBC),
landings of goliath grouper in Florida likely reached the highest levels of harvest in the 1940s
and declined subsequently (Figs. 3.4, 3.6). An earlier peak and decline after 1927 (Figs. 3.4, 3.6)
may have been associated with the general decline in business activity during the Depression
years after 1929. Landings (as adjusted) along the Florida West Coast increased somewhat
during the 1980s (though not at the levels observed during the 1940s) and fell after the
prohibition on harvest enacted by the Florida Marine Fisheries Commission in state waters in

early 1990 and later in federal waters by the GMFMC and SAFMC.

3.3.3. Recommendations on commercial landings

At the time of the DW, commercial landings had not been compiled, nor had they been
compiled for SEDAR 3 (and, in fact, no assessment of goliath grouper was attempted) or
SEDAR 6, and in fact were unnecessary for the catch-free assessment model (Porch et al., 2006).
Documentation of the existing landings information and recommendations on aspects of the
landings series are appropriate, however, even if these data are unnecessary for the assessment
model. The commercial and recreational landings workgroup discussed the need for adjusting
the landings series for the inflated landings by a seafood dealer in Lee County and agreed in
principle that adjustments were necessary. The workgroup agreed not to adjust for unreported or
under-reported commercial landings in Monroe County because of the lack of an objective
criterion to make this adjustment. Following these recommendations, the landings data
(compiled after the DW) in Tables 3.2 and 3.3 are proposed as the recommended commercial
landings series for goliath grouper until such time that further improvements to the historical

landings can be made.

3.4. COMMERCIAL DISCARDS AND RELEASE MORTALITY
3.4.1. Logbook discards

The commercial and recreational catch workgroup discussed commercial observer
program discards (see Hale 2010) and commercial logbook discards that had been analyzed
using the commercial reef fish logbooks. There were very few trips (32 out of 273 observed
trips) on which goliath grouper were caught from 2005-2009, one of the forty-seven individuals
caught were dead when brought to the boat, and three of forty-seven (6.5%, including the fish
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that was dead when brought to the boat) goliath groupers were released dead. Most (32 of 47) of
these fish were caught in water depths less than 40 meters, though sets on which groupers were
caught ranged from 3.5 to 275 meters in water depth. The length of goliath groupers caught
averaged 132.3 cm (range 57 to 219 cm).

Similarly, Scott-Denton (1995) examined observer data from reef fish fishery trips in the
eastern Gulf of Mexico. No goliath groupers were observed from fish traps pulled from
December 1993 to February 1995 (13 trips), none were observed from long line gear during the
same period (12 trips), and two were noted from bandit gear used off of Florida (nine trips, both
goliath groupers released alive) from January through July of 1995. No goliath grouper were
observed from bandit gear trips off of Louisiana (seven trips) from January through July of 1995.
Goliath groupers were not observed in earlier studies using fish traps (Taylor and McMichael
1983, Sutherland and Harper 1983).

Limited observer studies of shrimp trawl bycatch noted no catches of goliath grouper
from roller frame trawls (for bait shrimp) over seagrass beds in Tampa Bay (Meyer et al. 1991),
and more extensive observer studies of shrimp trawl bycatch in the roller frame and otter trawl
shrimp fishery in and around several bay systems on Florida’s west and east coasts found no
bycatch of goliath grouper (Coleman et al. 1992, Steele and Levitt 1999a, Steele and Levitt
1999b). However, there have been several specimens of small (<100 mm TL) goliath grouper
taken in commercial bait shrimp trawls over seagrass beds during December and January from
Florida’s west coast (Bullock, personal communication). Commercial landings data notes a
small amount of goliath grouper from otter trawls for shrimp (NOAA Fisheries commercial
landings web page), so it is likely that the observer studies were conducted with trawls used over
bottom habitats or during a time of the year that goliath grouper were less likely to be
encountered, that sample sizes may have been insufficient for a species which is infrequently
encountered by this gear, or (for roller frame trawls only) that the fish were too large to enter
through the frame in the mouth of the net. It is also possible that some of the landings of goliath
grouper listed from commercial shrimp trawls may have resulted from hook and line fishing by
the crews during the day.

The commercial reef fish and shark long line discard logbook data were summarized and
verbally presented to the commercial and recreational catch workgroup by Kevin McCarthy

(NOAA Fisheries, SEFSC) and provided after the DW as SEDAR-DW-04. There were some
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observations of goliath grouper from these logbooks (McCarthy 2010 for an overview of the
methods), though too few vessels reported goliath grouper discards in 2004 (vertical line vessels)
and 2005 (bottom longline vessels) to allow for presentation of the results. The number of trips
on which goliath grouper were noted was low in both fisheries, and it is difficult to make a
precise estimate of the number of discarded fish (McCarthy 2010). The estimated median for
annual discards of goliath grouper from the longline fishery ranged from 47 to 4,514, and 976 to
10,435 fish in the vertical line fishery (McCarthy 2010). In five of the eight years of the discard
logs from the longline fishery and in seven of the eight years in the vertical line fishery, most of
the goliath grouper reported in the discard logbooks from both the vertical line fishery and the
longline fishery were reported to have been released alive. Over the 2002-2009 period, bottom
longline vessels reported that 30% of the goliath groupers were released dead (either all or the
majority were dead) from bottom longline gear. For the vertical hook and line vessels (e.g.,
bandit rigs, hydraulic or electric reels), 95% of the goliath groupers were reported to be released
alive (either all alive or the majority were alive). The observed mortality reported in these
logbooks is, of course, the “immediate or acute” mortality and no studies on delayed mortality or
total release mortality have been conducted for goliath groupers.

From the observer studies and the logbook program data, it appears that goliath grouper
are not frequently caught by commercial fishermen, and of the ones that are caught most are
released alive. Release mortality appears to be higher in the bottom longline fishery than from
the vertical line fishery. Research studies on juvenile goliath grouper in shallow water show that
those smaller fish encountering fishing gear have a reasonably good chance of survival if they
are released. Brusher and Schull (2009) used trot lines, blue crab traps, and fish traps to sample
and tagged 1,683 juvenile goliath grouper in the Ten Thousand Islands area of the Florida
Everglades. Of those individuals, they sampled 1,144 for hard parts (fin rays, spines, scales) and
of these they recaptured 667 fish with 275 recaptured two or more times. So it appears that for

juvenile goliath grouper, release mortality may be relatively low at least at shallow depths.

3.4.2. Recommendations on commercial discards and release mortality
The commercial and recreational catch statistics workgroup were presented with
information from the commercial reef fish and shark long line fishery logbooks which indicated

that the level of incidental bycatch was relatively low for long line and vertical hook and line
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commercial fisheries. The immediately observed release mortality of goliath grouper from the
logbooks varied by sector, with a 30% release mortality for long line fishery and 5% for the
vertical hook and line fishery. The release mortality rate from trips where observers were aboard
also supported a relatively low release mortality rate for goliath grouper. The workgroup
recommended that a 30% release mortality rate be used for the commercial long line fishery, and
a 5% release mortality rate be used for the commercial vertical hook and line fishery. These
point estimates could be bracketed for sensitivity runs. There were no specific recommendations
on the ranges for sensitivity runs for release mortality estimates from the commercial and
recreational catch workgroup. The behavior of the computer model to changes in assumptions
on release mortality could be important, and a suggested range on release mortalities should be
used to examine the sensitivity of the model to different levels of release mortalities. For
example, a range of release mortalities for the long line release mortality rate of 25-40% with a
mid-point of 30% could be used for sensitivity runs. Likewise, a range for the vertical hook and

line release mortality could be from 5% to 15%.

3.5, COMMERCIAL EFFORT
There was no separate analysis of commercial fishing effort for goliath grouper presented

during the DW.

3.6. BIOLOGICAL SAMPLING

There is little information available on sizes and weights of goliath grouper from
commercial catches prior to the prohibitions on harvest in 1990. The most information available
is from Bullock et al (1992), and some of those specimens, collected for age and growth
information, may not be appropriate for use in average weight and size calculations. A few
specimens are available from the Trip Interview Program (SEDAR 3 2003), but not enough to
generate size frequencies in the catch. Few otoliths or other structures appropriate for ageing
purposes have been collected from commercial catches other than those in the Bullock et al
(1992) study. With the prohibition on harvest of this species, nearly all size and age information
from any source (commercial, recreational, fishery independent) became unavailable after 1989.
Typically, data after 1989 on size and age of goliath grouper comes from specimens killed by red
tide or cold winter temperatures and from special studies such as those in the Ten Thousand

Islands of the Everglades (e.g., Brusher and Schull 2009).
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3.6.1. Adequacy for characterizing catch and for assessment analyses

Characterizing size and age frequency in commercial catches for goliath grouper will be
challenging and problematic both before and after 1990. The information on landings by gear is
minimal for the 1950-1990 period, and is probably only suitable for landings by sector
(commercial). There is no discard data for goliath grouper available for the commercial fishery
before 1994 (Scott-Denton 1995), and there were no discards of goliath grouper in that limited
data set. Some limited size information is available from commercial catches on observed trips
(Hale 2010). At present, the modeling approach (Porch et al 2006) does not require these types
of data inputs. The landings data may be suitable for Stock Reduction Analysis (see Quinn and
Deriso 1999) if some assumptions are made about release mortality and if commercial or
recreational catches can be converted to some common unit (either numbers or weight). Without
size frequency information for individuals in the catch by fishery and given that goliath groupers
can grow to very large size, it will be difficult to develop adequate conversions for commercial
catches in pounds to numbers of fish or to convert recreational catches in numbers to pounds.
Some of the data collected by Bullock et al. (1992) may be of use to develop conversions, but
because of the limited scope of these collections the conversions may not be representative of

year-to-year variations.
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Table 3.1. Commercial landings (pounds whole wt.) reported by state and year. Landings for 1890-1936 are from the U.S. Bureau of Commercial Fisheries. Landings
from 1939-1949 are from the USFWS’ Statistical Digest Series. Landings from 1950-2008 are from the NOAA Fisheries commercial fishery landings web
page. In addition, commercial landings reported to the Florida State Board of Conservation (FL SBC) are shown for the 1939-1959 period (landings for
1949-1959 were sent by the FL SBC to the USFWS). Gaps in years and blanks mean that those data were not collected or were unavailable.

Florida Florida FL
West Florida South North statewide | statewide

Year | Texas Louisiana Mississippi ~ Alabama Coast East Coast Georgia Carolina Carolina TX-NC  (federal) (FL SBC)
1890 9,500
1902 | 65,722 0 0 2,000 0 79,500 0 147,222
1923 | 13,450 0 5,200 0 109,188 250 2,767 0 0 130,855 109,438
1928 | 75,746 2,000 5,700 3,400 49,477 13,500 3,200 0 0 153,023 62,977
1929 | 43,859 10,000 1,353 150 74,003 13,500 1,473 0 0 144,338 87,503
1930 1,430 6,000 1,274 5,021 18,050 8,000 4,629 0 0 44,404 26,050
1931 275 7,050 690 0 7,314 2,250 0 0 0 17,579 9,564
1932 5,750 2,400 0 0 0 0 0 38,440
1936 2,900 21,000 0 0 10,000 28,800 0 0 0 62,700 38,800

__________ 183,111
1940 | 10,000 14,200 0 0 96,100 18,000 0 0 0 138,300 114,100 189,506
1941
1942
1943 424,141
1944 218,219
1945 | 12,500 2,500 0 2,700 206,500 216,300 0 0 0 440,500 422,800 475,859
1946 251,243
1947 202,961
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Florida Florida FL

West Florida South North statewide | statewide
Year | Texas Louisiana  Mississippi  Alabama Coast East Coast Georgia Carolina  Carolina TX-NC  (federal) | (FL SBC)
1948 7,600 0 0 5100 221,547
1949 5,300 0 0 3,600 177,900 177,900 | 196,048
1950 | 20,800 0 0 7,400 74,200 23,300 0 0 0 125,700 97,500
1951 | 73,900 500 500 0 65,200 54,400 0 0 0 194,500 119,600 | 120,563
1952 | 31,500 400 200 53,600 44,200 40,000 0 0 0 169,900 84,200 84,419
1953 | 24,600 3,400 0 123,000 97,500 35,700 0 0 0 284,200 133,200 | 132,744
1954 | 22,600 5,700 0 0 55,600 31,500 0 0 0 115,400 87,100 86,356
1955 3,500 0 0 2,000 53,200 24,100 0 0 0 82,800 77,300 77,187
1956 2,200 1,100 0 1,000 36,500 17,300 0 0 0 58,100 53,800
1957 1,000 0 0 5,600 27,200 24,300 0 0 3,400 61,500 51,500
1958 | 30,400 600 0 7,000 51,800 34,400 0 0 8,400 132,600 86,200 76,130
1959 | 20,200 18,300 0 18,500 65,100 9,000 0 0 600 131,700 74,100 62,076
1960 0 20,000 0 4,400 66,800 11,000 0 0 0 115,500 77,800
1961 0 9,500 0 24,900 50,600 16,200 0 0 700 101,900 66,800
1962 300 4,100 0 15,500 48,500 21,400 0 0 0 89,800 69,900
1963 7,800 8,300 0 41,400 65,500 16,700 0 0 0 139,700 82,200
1964 2,700 2,200 0 118,400 86,200 31,700 0 0 0 241,200 117,900
1965 0 1,300 0 134,200 61,400 40,100 0 0 0 237,000 101,500
1966 0 1,700 0 100,300 41,900 38,700 0 0 0 182,600 80,600
1967 200 200 0 76,500 67,400 55,800 0 0 0 200,100 123,200
1968 0 200 0 115,600 99,200 50,800 0 0 0 265,800 150,000
1969 0 2,900 0 49,900 101,900 46,100 0 0 0 200,800 148,000
1970 0 6,500 0 73,300 130,400 21,200 0 0 0 231,400 151,600
1971 0 2,400 0 41,500 148,900 3,300 0 0 0 196,100 152,200
1972 0 0 0 80,000 150,700 7,600 0 0 0 238,300 158,300
1973 0 5,500 0 59,400 161,500 15,800 0 0 0 242,200 177,300
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Table 3.1 (continued).

Florida Florida FL
West Florida South North statewide | statewide
Year Texas Louisiana  Mississippi Alabama Coast East Coast Georgia Carolina Carolina TX-NC  (federal) (FL SBC)
1974 0 300 0 29,200 160,700 46,400 0 0 0 236,600 207,100
1975 0 0 0 22,900 185,500 40,500 0 0 0 248,900 226,000
1976 0 0 0 15,900 184,900 53,200 0 0 0 254,000 238,100
1977 0 0 0 22,500 199,800 50,800 0 0 0 273,100 250,600
1978 0 32 0 4,551 192,249 17,185 0 0 0 214,017 209,434
1979 0 0 0 2,690 160,071 18,064 0 0 0 180,825 178,135
1980 0 0 0 2,887 201,875 19,423 0 0 0 224,185 221,298
1981 0 0 0 6,062 183,414 12,397 1,154 0 0 203,027 195,811
1982 0 0 0 12,827 156,836 6,131 0 0 0 175,794 162,967
1983 0 0 0 13,536 174,541 12,293 0 0 0 200,370 186,834
1984 0 0 0 7,240 89,377 11,440 0 0 0 108,057 100,817
1985 0 0 0 0 101,539 9,367 0 0 0 110,906 110,906
1986 0 0 0 0 108,952 10,492 0 0 0 119,444 119,444
1987 24 1,146 0 0 99,540 17,911 0 0 0 118,621 117,451
1988 491 0 0 0 135,715 12,931 0 0 0 149,137 148,646
1989 0 0 0 0 93,066 8,669 0 0 0 101,735 101,735
1990 0 2,272 0 0 7,488 1,814 0 0 0 11,574 9,302
1991 0 798 0 0 0 0 0 0 0 798 0
1992-
2009 0 0 0 0 0 0 0 0 0 0 0
4,286,96 1,019,41 6,969,89 5,306,38
Total | 255,515 99,348 700 1,293,693 3 7 1,154 0 13,100 0 0
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Table 3.2. Reported and adjusted commercial landings of goliath grouper in Florida, 1918-2009.

Reported commercial landings (pounds whole wt.)

Adjusted commercial landings (pounds whole wt)

FL FL
Monroe  Lee FL West  statewide | statewide Monroe Lee Co FL West  FL
Year | County  County Coast (federal) | (FL SBC) County landings  Coast statewide
1918 | 9,000 11,280 69,844 82,331 9,000 11,280 69,844 82,331
1923 109,188 109,438 109,188 109,438
1928 | 14,100 2,400 49,477 63,377 14,100 2,400 49,477 63,377
1929 | 34,950 0 74,003 87,503 34,950 0 74,003 87,503
1930 | 8,800 0 18,050 26,050 8,800 0 18,050 26,050
1931 | 1,200 0 7,314 9,564 1,200 0 7,314 9,564
1932 30,290 30,290
1936 | 3,900 4,100 10,000 38,800 3,900 4,100 10,000 38,800
1940 96,100 114,100 | 189,506 189,506
1944 218,219 218,219
1945 | 5,200 10,300 206,500 422,800 | 475,859 5,200 10,300 475,859
1946 251,243 251,243
1947 202,961 202,961
1948 221,547 221,547
1949 177,900 196,048 177,900 196,048
1950 | O 8,576 74,200 97,500 0 10,120 74,200 97,500
1951 | 5,690 13,617 65,200 119,600 | 120,563 5,690 13,617 65,200 119,600
1952 | 1,106 8,644 44,200 84,200 84,419 1,106 8,644 44,200 84,200
1953 | 9,033 17,657 97,500 133,200 | 132,744 9,033 17,657 97,500 133,200
1954 | 4,415 9,443 55,600 87,100 86,356 4,415 9,443 55,600 87,100
1955 | 12,395 17,371 53,200 77,300 77,187 12,395 17,371 53,200 77,300
1956 | 2,593 14,533 36,500 53,800 2,593 14,533 36,500 53,800
1957 | 4,235 8,264 27,200 51,500 4,235 8,264 27,200 51,500
1958 | 3,216 12,515 51,800 86,200 76,130 3,795 14,768 51,800 86,200
1959 | 31,317 4,987 65,100 74,100 62,076 36,954 5,885 65,100 74,100
1960 | 36,141 3,202 66,800 77,800 42,646 3,778 66,800 77,800
1961 | 36,042 3,016 50,600 66,800 36,042 3,016 50,600 66,800
1962 | 27,701 6,712 48,500 69,900 27,701 6,712 48,500 69,900
1963 | 40,800 5,500 65,500 82,200 40,800 5,500 65,500 82,200
1964 | 59,202 7,261 86,200 117,900 59,202 7,261 86,200 117,900
1965 | 27,250 15,028 61,400 101,500 27,250 3,807 50,179 90,279
1966 | 15,203 15,882 41,900 80,600 15,203 4,023 30,041 68,741
1967 | 21,295 27,951 67,400 123,200 21,295 7,081 46,530 102,330
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1968 | 24,376 60,592 99,200 150,000 24,376 6,478 45,086 95,386
1969 | 11,343 81,221 101,900 148,000 11,343 8,684 29,363 75,463
1970 | 13,994 103,694 130,400 151,600 13,994 8,983 35689 56,889
1971 | 19,055 119,015 148,900 152,200 19,055 10,310 40,195 43,495
1972 | 18,974 124,346 150,700 158,300 18,974 10,772 37,126 44,726
1973 | 22,307 127,139 161,500 177,300 22,307 11,014 45375 61,175
1974 | 23,785 119,335 160,700 207,100 23,785 10,338 51,703 98,103
1975 | 18,280 139,932 185,500 226,000 18,280 12,122 57,690 98,190
1976 | 8,982 160,936 184,900 238,100 8,982 13,942 37,906 91,106
1977 | 32,065 136,108 199,800 250,600 32,065 11,791 75,483 126,283
1978 | 32,646 143,099 192,249 209,434 32,646 13,001 62,151 79,336
1979 | 16,919 | 133,260 160,071 178,135 16,919 11,583 38,394 56,458
1980 | 13,359 | 168,401 201,875 221,298 13,359 13,829 47,303 66,726
1981 | 22,712 138,984 183,414 195,811 22,712 12,039 56,469 68,866
1982 | 18,651 123,246 156,836 162,967 18,651 16,981 50,571 56,702
1983 | 19,440 136,380 174,541 186,834 19,440 28,408 66,569 78,862
1984 | 12,306 48,630 89,377 100,817 12,306 26,680 67,427 78,867
1985 | 19,180 52,946 101,539 110,906 19,180 52,946 101,539 110,906
1986 | 22,894 61,165 108,952 119,444 22,894 61,165 108,952 119,444
1987 | 26,246 46,841 99,540 117,451 26,246 46,841 99,540 117,451
1988 | 24,329 86,337 135,715 148,646 24,329 86,337 135,715 148,646
1989 | 24,748 41,786 93,066 101,735 24,748 41,786 93,066 101,735
1990 | 1,312 972 7,488 9,302 1,312 972 7,488 9,302
1991-

2009 |0 0 0 0 0 0 0 0

Sources: unless noted, commercial landings from 1950-2008 are from the NOAA web page, 1939-1949 from the USFWS Statistical
Digests, and 1897-1938 from the U.S. Bureau of Fisheries. Reported county landings for Lee and Monroe for 1978-1985 were from
the Accumulated Landings System (Josh Bennett, NOAA Fisheries Southeast Fisheries Science Center, personal communication)

Adjustment to Lee County and Monroe County totals for gutted weight to whole weight conversion factor.
Landings suspected to be inflated by over-reporting by a dealer (GMFMC 1990, SAFMC 1990).

Annual totals (after adjustment) for over-reporting by a dealer.

Partial year (January-May only) adjustment needed.

Source: Florida trip ticket data, 1986-2009.

Source: State of Florida Board of Conservation (FL SBC).
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Table 3.3. Adjusted commercial landings (pounds whole wt.) of goliath grouper reported by state and year. Gaps in years and blanks

mean that those data were not collected or were unavailable.

Florida Florida South FL
West East Georgi Carolin North statewid
Year Texas Louisiana Mississippi Alabama  Coast Coast a a Carolina | TX-NC e
1890 | 9,500
1897 | 33,281
1918 | 39,965 0 8,800 2000 69,844 12,487 0 0 o| 133,006 | 82,331
1927 | 11,175 0 7,500 200 295159 15100 2,388 0 0| 331,522 | 310,259
1928 | 75,746 2,000 5,700 3,400 49477 13,500 3,200 0 0| 153,423 | 63,377
1929 | 43,859 10,000 1,353 150 74,003 13,500 1,473 0 0| 144338| 87,503
1930 | 1,430 6,000 1,274 5021 18050 8,000 4,629 0 0| 44404| 26,050
1931 275 7,050 690 0 7314 2250 0 0 0| 17,579 9,564
1932 | 5,750 2,400 0 0 0 0 0| 38440| 30290
1936 | 2,900 21,000 0 0 10,000 28,800 0 0 0| 62700| 383800
1940 | 10,000 14,200 0 0 18,000 0 0 0| 213,706 | 189,506
1941
1942
1943 424,141
1944 218,219
216,30
1945 | 12,500 2,500 0 2,700 0 0 0 0| 493559 | 4753859
1946 251,243
1947 202,961
1948 | 7,600 0 0 5100 221,547
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Table 3.3. (continued) Adjusted commercial landings (pounds whole wt.) of goliath grouper reported by state and year. Gaps in
years and blanks mean that those data were not collected or were unavailable.

Florida Florida South FL
West East Georgi Carolin North statewid
Year Texas Louisiana Mississippi Alabama  Coast Coast a a Carolina | TX-NC e
1949 5,300 0 0 3,600 177,900 196,048
1950 | 20,800 0 0 7,400 74,200 23,300 0 0 0| 125,700 97,500
1951 | 73,900 500 500 0 65,200 54,400 0 0 0| 194,500 | 119,600
1952 | 31,500 400 200 53,600 44,200 40,000 0 0 0| 169,900 84,200
1953 | 24,600 3,400 0 123,000 97,500 35,700 0 0 0| 284,200 | 133,200
1954 | 22,600 5,700 0 0 55,600 31,500 0 0 0| 115,400 87,100
1955 3,500 0 0 2,000 53,200 24,100 0 0 0 82,800 77,300
1956 2,200 1,100 0 1,000 36,500 17,300 0 0 0 58,100 53,800
1957 1,000 0 0 5,600 27,200 24,300 0 0 3,400 61,500 51,500
1958 | 30,400 600 0 7,000 51,800 34,400 0 0 8,400 | 132,600 86,200
1959 | 20,200 18,300 0 18,500 65,100 9,000 0 0 600 | 131,700 74,100
1960 0 20,000 0 4,400 66,800 11,000 0 0 0| 102,200 77,800
1961 0 9,500 0 24,900 50,600 16,200 0 0 700 | 101,900 66,800
1962 300 4,100 0 15,500 48,500 21,400 0 0 0 89,800 69,900
1963 7,800 8,300 0 41,400 65,500 16,700 0 0 0| 139,700 82,200
1964 2,700 2,200 0 118,400 86,200 31,700 0 0 0| 241,200 | 117,900
1965 0 1,300 0 134,200 50,179 40,100 0 0 0| 225,779 90,279
1966 0 1,700 0 100,300 30,041 38,700 0 0 0| 170,741 68,741
1967 200 200 0 76,500 46,530 55,800 0 0 0| 179,230 | 102,330
1968 0 200 0 115,600 45,086 50,800 0 0 0| 211,686 95,886
1969 0 2,900 0 49,900 29,363 46,100 0 0 0| 128,263 75,463
1970 0 6,500 0 73,300 35,689 21,200 0 0 0| 136,689 56,889
1971 0 2,400 0 41,500 40,195 3,300 0 0 0 87,395 43,495
1972 0 0 0 80,000 37,126 7,600 0 0 0| 124,726 44,726
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Table 3.3. (continued) Adjusted commercial landings (pounds whole wt.) of goliath grouper reported by state and year. Gaps in
years and blanks mean that those data were not collected or were unavailable.

Florida Florida South FL
West East Georgi Carolin North statewid
Year Texas Louisiana Mississippi Alabama  Coast Coast a a Carolina | TX-NC e

1973 0 5,500 0 59,400 45,375 15,800 0 0 0| 126,075 61,175
1974 0 300 0 29,200 51,703 46,400 0 0 0| 127,603 98,103
1975 0 0 0 22,900 57,690 40,500 0 0 0| 121,090 98,190
1976 0 0 0 15,900 37,906 53,200 0 0 0| 107,006 91,106
1977 0 0 0 22,500 75,483 50,800 0 0 0| 148,783 126,283
1978 0 32 0 4,551 62,151 17,185 0 0 0 83,919 79,336
1979 0 0 0 2,690 38,394 18,064 0 0 0 59,148 56,458
1980 0 0 0 2,887 47,303 19,423 0 0 0 69,613 66,726
1981 0 0 0 6,062 56,469 12,397 1,154 0 0 76,082 68,866
1982 0 0 0 12,827 50,571 6,131 0 0 0 69,529 56,702
1983 0 0 0 13,536 66,569 12,293 0 0 0 92,398 78,862
1984 0 0 0 7,240 67,427 11,440 0 0 0 86,107 78,867
1985 0 0 0 0 101,539 9,367 0 0 0| 110,906 110,906
1986 0 0 0 0 108,952 10,492 0 0 0| 119,444 119,444
1987 24 1,146 0 0 99,540 17,911 0 0 0| 118,621 117,451
1988 491 0 0 0 135,715 12,931 0 0 0| 149,137 148,646
1989 0 0 0 0 93,066 8,669 0 0 0| 101,735 101,735
1990 0 2,272 0 0 7,488 1,814 0 0 0 11,574 9,302
1991 0 798 0 0 0 0 0 0 0 798 0

1992-

2009 0 0 0 0 0 0 0 0 0 0 0

Source: State of Florida Board of Conservation.

Annual totals (after adjustment) for over-reporting by a dealer

Partial year (January-May only) adjustment needed.
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Figure 3.2. A map of Florida indicating the MRFSS For-Hire Survey (FHS) regions. Region 1
includes for-hire vessels based from Escambia County to Dixie County, Region 2 ranges from
Levy County to Collier County, Region 3 includes vessels from all of Monroe County including
the Florida Keys, Region 4 stretches from Miami-Dade County to Indian River County, and
Region 5 extends from Brevard County to Nassau County. Shore (SH) and private/rental boats
angler interviews were included in these regions based upon the county where the intercept
occurred. Commercial (and recreational) landings for Florida have typically included FHS
Regions 1-3 (Escambia County to Monroe County) in the Florida Gulf of Mexico region, and
FHS Regions 4-5 (Nassau County to Miami-Dade County) comprise the Florida Atlantic Coast
region.
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Figure 3.3. Reported and adjusted commercial landings of goliath grouper for Lee County,
1918-2009.
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Figure 3.4. Reported and adjusted commercial landings of goliath grouper for Florida, 1918-
2009. The adjustments were made to the reported landings from 1939-1949 and 1965-1984.
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Figure 3.5. Reported commercial landings of goliath grouper for Florida, Florida west coast,
and Lee County from 1918 to 2009.
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Figure 3.6 Reported and adjusted commercial landings of goliath grouper for Florida, Florida
west coast, and Lee County from 1918 to 2009. The adjustments were mainly to the reported
landings from 1939-1949 and 1965-1984.
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APPENDIX A. Letter from Mr. Don DeMaria to the Gulf of Mexico Fishery Management
Council, September 10, 1989, regarding goliath grouper.

Don DeMaria

P.0. Box 884

Key West, Fla. 33041
Sept. 10, 1989
305-745-3045

Chairman of the Gulf of Mexico Fishery Management Council
5401 West Kennedy Boulevard

Suite 881

Tampa, Fla. 33609

Dear Sir:

1 talked With Doug Gregory recently about the situation
we have with jewfish in the Gulf of Mexico. He informed me
of the procedure the Gulf Council must go thru to enact cer-
tain rules and regulations. I honestly feel these procedures
will take to long and the situation warrants emergency action
with émmediate protection for the jewfish.

I have written several letters in the past to the Council,
but have refraitmedfrom describing the gory details of the abuse
of this fishery. Maybe it is time.

Before I get into this I should tell you something about
myself and my involvement in this fishery. As you are probably
aware of I am on your reef fish advisory panel. I am a commercial
fisherman and a member of O.F.F. My main source of income for
the past 11 years has been spearfishing (mostly jewfish). I have
seen this fishery go from having spawning aggregations of jew-
fish in excess of 100 on a single wreck to having zero.

When I got my first boat built in the Keys I bought a Loran-C.
The old conch fishermen laughed at me. They claimed they did not
need a 2,000 dollar piece of equipment to catch fish (Loran-C
was fairly expensive when it first came out). No one else at
the fish house had a Loran. Now it is rare to find a boat with-
out one.

I spent alot of time talking with shrimpers about hangs
in the Gulf. Many shrimpers gave me Loran numbers where they
lost gear. We found alot of these hangs and retrieved some of
their gear (doors,nets, etc.). I also got numbers from bandit
boats for wrecks as far north as Tampa. They were more than
happy to give me numbers. They claimed there were so many
jewfish on these wrecks they could not fish for the high
priced grouper and snapper. At that time jewfish was a very
low priced fish in the Tampa/Ft. Myers area where most of
these boats docked and unloaded at. The fish were not even
worth wasting ice on.

The jewfish has always been something of a local delicacy
in Key West. I figured I could catch these jewfish in the Guilf
that no one seemed to want and bring them back to Key West where
there was a demand for them.

The first trip I made to the North was incredible. The least

amount of jewfish any one wreck had was about 50. I could have
stopped at the first wreck and loaded the boat and came home.
I did not do that., I only took 5 or 6 from each wreck and moved
on. I did it this way for a number of years and the fish seemed
to return every year with no noticable decrease in their numbers,
but I was the only one doing this back then.
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In all Fairness I should mention the netters. I did not
witness this one personally, but a good friend of mine Peter
Gladding did. A sink net was set in one of the cuts on the
north side of Marquesas. When this net was hauled in it had
400 pounds of small jewfish (20 inches) in it. They were all
sold on Stock Island to a fish house.

Last, but not least, are the hook and liners. I have lost
count of how many gut-hooked jewfish I have seen in an emaciated
state on these wrecks. 1 speared one that was hiding under
a barge. When I pulled him out I noticed a piece of stainless
cable hanging out of its mouth. The cable was about 400 to 500
pound test and attached to a mustad shark hook. The other end,
with the swivel, had a piece of monofilament tied to it that looked
to be about 30 1b. test, The shark hook was lodged deep in this
fishes stomach. This fish was so emaciated that we could not
sell it. What could this angler possibly be thinking when he
tied a rig like this to 30 1lb. test line., What do these anglers
think happens to these fish when they swallow these large hooks
and break the line off. Obviously they either do not think or
simply do not care. Certainly the man that stood on the back
deck of one of these large Marco Islandsrdive boats did neither
when he tdedi fishing between dives with a heavy handline with
two large hooks attached trying to pull two jewfish up at one
time from the spawning aggregation they were anchored over. The
jewfish kept breaking his line. What do you presume happened
to the jewfish that broke off trailing a baited hook from its
mouth? Maybe another jewfish grabbed it and both died or the one
swan into the wreck,,snagged thac trailing hook and died there.

For years I thought the jewfish went into deeper water
and there was a population of them out there that we would not
be able to touch with conventienal scuba gear. This is not so
I have been doing some extended deep dives (200 feet and over)
on mixed gas (tri-mix, helium-oxygen-nitrogen) this past summer,
and guess what? There are no jewfish in the deep water. Their
1limit seems to be about 150 feet.

If an immediate clousure is enacted will it affect any
commercial fishermen who target jewfish? To my knowledge there
are only two of us that target jewfish and have tlecapabilities
(large boat, ice, holding capacity, etc.) to properly care for
these fish., One is Todd Reynolds, who I talked with for the
first time on the phone the other day and seems to be a really
nice guy, the other is myself. I have seen this fish beat down
so low that I no longer feel comfortable with myself pursuing
this fish., Enough is enough!

The shrimpers catch a few in their nets as a bycatch off
Key West in the winter. Now that the rule making T.E.D.s
mandatory has gone into effect they will no longer catch any.

Longliners caught a few inshore, but they have been pushed
so far offshore that I seriously doubt they will catch any in
the deep water.

The other sector that hunts these fisb is the outboard
fleet and the large "sport" dive boats. These boats do not
have the means to properly take care of their catch, as I have
explained earlier in this letter. If theymsell their fish, and
they do, it is in violation of a Florida law to sell improperly
iced seafood,
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I have talked with several of these persons that target
jewfish from small fast boats. They boast that "if Florida
prohibits the harvest in state waters and the sale in the state
we will still take them. We know pleatyv of individuals that
will buy them. We will not take any under 50 inches and tell
the Marine Patrol they all came out of Federal waters beyond
the stressed area'and these fish are for our consumption."

How are you going to deal with these people?

The large "sport" dive boats that operate between the
South West Florida coast and Tortugas make trips on a regular
basis and ddive some of the wrecks in between., Todd claims he
dived a wredk recently that one of these boats just hit and
found only one jewfish and this fish was lying on the bottom
dying., It was shot in the side and its air bladder was broke.
They do not float when speared like this. I observed d=jewfish
in a condition similiar to this on this same wreck several years
ago.

So, who are we keeping this fishery open to and why?

;I am not alone in my feelings on this matter. Lew Bullock
(abiologist from D.N.R.) feels they are being overfished. He
hds been sampling my catches far the last 3 years. It was thought
that jewfish, like groupers, changed sex after they reached
a certain size. Starting 1life as a female and changing to male.
His data shows no such trend. Many of the larger fish I have
taken are female.

As you are well aware of the Florida Marine Fishery Commission
has proposed a tetal ban on the harvest of jewfish in state
waters and a prohibition on their sale in the state of Florida.

We have some very knowledgeable people claiming there is
a problem with this fishery that demands immediate action.

Can this be a cycle we are seeing this year in their spawning
activity? I do not think so. We are not dealing with a
migratory fish such as the mackerals and crawfish. These fish
we only hit as they move thru. Jew fish are large, relatively
long lived (the average age of the fish I catch is 12 years)
sedimentary reef dwellers that congregate in large numbers
to spawn over these artificial reefs and wrecks in the Gulf.

Most of the harvest occurs during these spawning aggregations
and almost all of these fish are over 50 inches.

This letter turned out to be a bit long winded. I am
distributing it to several different agencies. I have absolutely
nolhing to gain and much to lose from the stand I am taking on
this issue., It will certainly mean a decrease in my income if a
ban is imposed and I am sure 1 will make some enemies. Someone
has to speak out. I have had alot of experience with this fishery.
I do know what I am talking about on this topic.

N
" f\ -
£ \ff W[M/ﬁ

Don DeMaria

c.c., Organized Fishermen: of Florida
Florida Marine Fishery Commission
William Turner
Florida Marire Patrol Marathon Office
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4. RECREATIONAL STATISITCS

41. OVERVIEW

4.1.1. Group Membership

Chair: Benjamin C. Hartig (SAFMC representative), Richard Taylor (St. Petersburg Dive Club),
Bob Zales (GMFMC AP), Gregg DeBrango(SAFMC AP), Joseph Munyandorero (FWC; leader
and editor), Joe O’Hop (FWC, draft preparation). Additional consultations on certain matters
(released fish condition, depth of catches, general released fish condition, and recaptures of
tagged fish) occurred with Kevin McCarthy (NOAA SEFSC), Jennifer Schull (NOAA SEFSC),
Don DeMaria (SAFMC AP), and Angela Collins (FWC).

4.1.2. Issues

The commercial and recreational landings workgroup discussed issues such as accuracy
(survey coverage), inclusion of “recreational catch” that was sold commercially, potential for
misidentification in the landings records, recreational releases (discards), release (or discard)

mortality, and research needs.

4.2. REVIEW OF WORKING PAPERS

There were no working papers submitted to review.

4.3. RECREATIONAL LANDINGS
4.3.1. Historical perspective on U.S. recreational landings information.

Historical recreational landings data for goliath grouper begin relatively recently with the
NOAA Fisheries Southeast Fishery Science Center’s Southeast Head Boat Survey (HBS) in 1976
when that survey expanded to Florida’s Atlantic Coast and to the Florida Keys in 1979, and it
expanded again to sample head boats operating in the Gulf of Mexico from the Florida west
coast to Texas in 1986 (Fig. 4.1). The HBS began making landings estimates for Florida’s
Atlantic Coast in 1981 and for the Gulf of Mexico in 1986 (Tables 4.1, 4.2). The HBS can make
estimates of released fish by head boat anglers beginning with 2004. The NOAA Fisheries
Marine Recreational Fishery Statistics Survey (MRFSS) began collecting data on recreational
fishing (including harvested and released fish) in 1979, and catch and landings statistics are
available for the shore, private/rental vessels, and for-hire vessels (charters, guides, and head
boats for some early years) from 1981 (Tables 4.3, 4.4);

http://www.st.nmfs.noaa.gov/stl/recreational/index.html). Some improvements to the MRFSS
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methodology have been made over time. The methods for estimating catches and effort in the
charter boat mode use region definitions in Florida (Fig. 4.2) useful for sampling and estimation
purposes. Goliath groupers are not commonly observed in either the HBS or the MRFSS. The
Everglades National Park (ENP)Angler Creel Survey has conducted surveys of anglers fishing in
the Ten Thousand Islands and Florida Bay habitats since 1974 (e.g., Cass-Calay 2010). The
Texas Parks and Wildlife Department has had a creel survey collecting data on landed fish by
private boat anglers since 1974 and by party boat anglers since 1983. Goliath grouper are
uncommon in the reports for Texas anglers during 1983-1990 when they would still be legal to
harvest (see Green et al. 2002), and since no information is collected on released fish there are no
creel survey data from Texas after the prohibition on retention and harvest of goliath grouper
after 1990 except from the HBS. Additional comments on aspects of the recreational fishery up
to 1989 can be found in the federal amendments to the Fishery Management Plan for Reef Fish
(GMFMC 1990) and the Fishery Management Plan for the Snapper Grouper Fishery of the South
Atlantic Region (SAFMC 1990).

The recent trend for stock assessment models is to take landings back to the time when
there is little exploitation. The MRFSS provides recreational landings starting in 1981, well after
the exploitation of the snapper-grouper complex by recreational anglers began. Historical
recreational fishing data in the Southeast U.S. is very limited prior to MRFSS. Recreational
landings were recognized as a major source of removals from stocks and the National Survey of
Fishing and Hunting was expanded to estimate landings of saltwater species starting in 1960.
The Salt-water Angling Surveys of 1960 (Clark 1962), 1965 (Deuel and Clark 1968), and 1970
(Deuel 1973) provide estimates of recreational grouper landings but not specifically for goliath
grouper because few anglers listed this species on the survey forms that they returned. For
goliath grouper (and other species uncommon in catches), it would be very difficult to estimate
recreational landings from the Salt-water Angling Surveys and for this reason was not attempted.

McClenachan (2009) examined historical photographs of Key West head boat catches
from 1956-1960 and 1965-1985 for changes in the size of trophy fish and frequency of goliath
groupers in the catches. She also examined newspaper accounts of goliath grouper catches from
1923 to 1977 from the Florida Keys. There was a seven-fold decrease in the number of goliath
groupers per trip photographed from head boat catches of the 1956-1960 compared to the 1965-

1979 time series, and fewer goliath groupers were noted from shore in newspaper accounts
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perhaps beginning before 1950. McClenachan (2009) did not find a significant change in the
size frequency distribution of goliath grouper in head boat catches of the 1956-1960 compared to
the 1965-1979 time series, which may be at least partly due to fewer available photographs
showing goliath groupers in the catches. However, there was a decline in the size of fish caught
from shore in the newspaper accounts between 1923 and 1977 which may indicate a depletion of

larger goliath grouper living in nearshore habitats.

4.3.2. Preliminary landings and discussion of methods

The commercial and recreational landings workgroup discussed issues of unreported
purchases of goliath grouper from sport fishermen by seafood dealers and unreported direct sales
to restaurants by sport fishermen. Landings made by recreational anglers which are subsequently
sold are, by definition, commercial landings. The issues of “backdoor sales” and non-reporting
have existed since the beginning of the commercial landings surveys by the U.S. Bureau of
Fisheries and continues to the present day. In the Tenth Biennial Reports of the Florida State
Board of Conservation for 1951-1952, special mention was made regarding the lack of
knowledge of the level of harvest by sport fishermen, of the ability of some sport fishermen to
turn a profit from their “recreational” harvests by selling to dealers and restaurants, and of the
potential for these activities to compete with commercial fishing resulting in increasing tensions
between sport and commercial fishermen. DeMaria (1989; Appendix A of the commercial
section) and comments made during SEDAR 3 mentioned the same concern over unreported
sales of goliath grouper in the Florida Keys. There was no consensus by the DW commercial
and recreational landings workgroup over potential adjustments that could be made to the
commercial or recreational landings for these unreported sales in a county or for Florida. The
recommendation of this workgroup was to leave the reported landings unadjusted for any
assumed level of unreported sales.

The amount of total recreational catch of goliath grouper reported in the MRFSS is
relatively low and imprecise (Table 4.6) especially during the 1981-1998 time period, and the
amount of goliath grouper that might have been sold from an MRFSS-intercepted trip is also
likely to be low. It is possible that the MRFSS goliath grouper recreational landings estimates
for 1981-1989 contain some fish that were sold, but it is likely that such sales represent only a
small and probably negligible portion of the MRFSS estimates. Beginning in February of 1990,

retention of goliath grouper was prohibited in Florida state waters and later in all federal waters
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of the southeast U.S. The amount of harvest of goliath groupers in 1990 and later reported in
both the HBS and the MRFSS is low and most if not all of the catch of goliath grouper was
reported in the MRFSS as released and usually reported as released alive. There are reports of
goliath grouper caught by head boat anglers during the 2004-2009 time period when the HBS
included discard reporting on the trip reports, and all were reported by the captains to have been

“released alive.”

4.3.3. Recommendations on recreational landings

At the time of the DW, recreational landings had not been compiled, nor had they been
compiled for SEDAR 3 or SEDAR 6, and in fact were unnecessary for the catch-free assessment
model used for SEDAR 6. A documentation of the existing landings information and
recommendations on aspects of the landings series are appropriate, however, even if these data
are unnecessary for the catch-free (Porch et al. 2006) assessment model. The recreational
landings data (compiled after the DW) in Tables 4.1, 4.3, and 4.5 are proposed as the
recommended preliminary recreational landings series for goliath grouper. The HBS estimates
(from trip reports by captains of head boats) were reviewed for coding problems during 1990 to
2009 and were revised (Ken Brennan, NOAA Fisheries, Beaufort Laboratory, personal
communication). There are estimation issues with the harvest weights from both the HBS (Table
4.2) and the MRFSS (Table 4.4) because relatively few goliath grouper were measured and
weighed. Additional discussion on estimating an “average individual weight” for this species is
warranted before generating a harvest estimate in terms of weight. There are some length
measurements of angler-caught goliath grouper available from the ENP Angler Creel Survey in
some years prior to regulation (Table 4.7) which may be useful for generating a size-frequency

distribution for goliath groupers in the catch from inshore areas (e.g., Fig. 4.3).

44. RECREATIONAL DISCARDS AND RELEASE MORTALITY
4.4.1. Discards

The commercial and recreational catch workgroup discussed releases of goliath grouper
by recreational anglers. All of the available information from the MRFSS and HBS suggest that
most anglers were abiding by the prohibition and were releasing goliath groupers. The levels of
total catch from the MRFSS (Table 4.5) show an increasing trend in the numbers of goliath
groupers caught by recreational anglers especially from 2000 to 2007. While the numbers of
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goliath groupers caught (and released) has declined somewhat in 2008 and 2009, the numbers of
goliaths caught by recreational anglers is above the number of goliaths caught during 1981 to

1999.

4.4.2. Recommendations on recreational discards and release mortality

The commercial and recreational catch statistics workgroup were presented with
information from the MRFSS total catch estimates, and the Brusher and Schull (2009) goliath
grouper study in the Ten Thousand Islands (Everglades National Park) involving capture-
recapture of immature fish (140 to ~1000 mm), releases of goliath grouper observed from
commercial bottom longline trips, and releases of goliath grouper from commercial vertical line
and bottom longline vessel logbooks.

The number of goliath grouper caught by recreational anglers has grown tremendously in
Florida during the 2000-2009 compared to previous years (Table 4.5). Nearly all of these
released fish were reported to have been released alive from 1990 to 2009. The MRFSS data on
the disposition of released fish indicate that the immediate release mortality of goliath grouper
appears to be low. In addition, most of the goliath grouper caught in Florida came from inshore
(rivers, enclosed bays) and nearshore (state waters) habitats (Table 4.8, 4.9) which are generally
shallower compared to offshore (federal waters) habitats.

Brusher and Schull (2009) used trot lines, blue crab traps, and fish traps to sample and tag
1,683 juvenile goliath grouper in the Ten Thousand Islands area of the Florida Everglades. Of
the individual fish sampled 1,144 were sampled for hard parts (fin rays, spines, scales) and of
these they recaptured 667 fish with 275 recaptured two or more times. So it appears that for
juvenile goliath grouper, release mortality may be relatively low at least at shallow depths.

On the basis of the MRFSS total recreational catch data, the distribution of catches (i.e.,
inshore, nearshore, and offshore), and the findings of Brusher and Schull (2009), the workgroup
concluded that the immediate release mortality of goliath grouper was probably low and
probably less, because of the depth at which fish were caught, than the mortality observed or
reported by commercial bottom longline and vertical line vessels. The workgroup recommended
that a 5% release mortality rate be used for the recreational vertical hook and line fishery.

This point estimate for the immediate release mortality of recreationally caught goliath
grouper could be bracketed for sensitivity runs. There were no specific recommendations on the

ranges for sensitivity runs for release mortality estimates from the commercial and recreational
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landings workgroup. The behavior of the computer model to changes in assumptions on release
mortality could be important, and a suggested range on release mortalities should be used to
examine the sensitivity of the model to different levels of release mortalities. For example, a

range for the recreational hook and line release mortality could be from 5% to 15%.

45. RECREATIONAL EFFORT

There was no separate analysis of recreational fishing effort for goliath grouper presented

during the DW.

46. BIOLOGICAL SAMPLING

There is little information available on sizes and weights of goliath grouper from
recreational catches prior to the prohibitions on harvest in 1990. The most information available
is from Bullock et al (1992), and some of those specimens, collected for age and growth
information, may not be appropriate for use in average weight and size calculations. Very few
specimens were measured by the MRFSS and HBS, and not enough to generate size frequencies
especially on an annual basis. Few otoliths or other structures appropriate for ageing purposes
have been collected from recreational catches other than those in the Bullock et al (1992) study.
With the prohibition on harvest of this species, nearly all size and age information from any
source (commercial, recreational, fishery independent) became unavailable after 1989.
Typically, data after 1989 on size and age of goliath grouper comes from specimens killed by red
tide or cold winter temperatures and from special studies such as those in the Ten Thousand

Islands of the Everglades National Park (e.g., Brusher and Schull 2009).

4.7. ADEQUACY FOR CHARACTERIZING CATCH FOR ASSESSMENT ANALYSES

Characterizing size and age in recreational catches of goliath grouper will be challenging
and problematic both before and after 1990. The information on landings by sector is non-
existent prior to 1981 or 1986 period. There is no discard data for goliath grouper available for
the recreational fishery before 1981 (MRFSS) or 2004 (HBS). Some limited size information is
available from recreational catches in the MRFSS and HBS, and additional size information in
angler catches is available from the ENP Angler Creel Survey. At present, the modeling
approach (Clay et al 2004) does not require these types of data inputs. The harvest (landings
plus any release mortality) data could possibly be suitable for Stock Reduction or Surplus

Production Analysis (see Quinn and DeRiso 1999) if some assumptions are made about release
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mortality to estimate harvests (due to release mortality) after the prohibition on take of goliath

grouper and to convert commercial or recreational catches to either numbers or weight.
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Table 4.1. Number of goliath grouper landed by head boat anglers by area (Figure 4.1.), 1981-2009. (The survey began sampling areas 18-27 in 1986.)

Head Boat Area

Year
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South
Padre
Island)

Total

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

[eNeoloNeNel-Nolo o Reo oo oo o o R RoReo - Ne - Neo o N o Ro N o N

[eNeoloNeNel-Nolo o oo o oo oo e EoReo = e - NoNo N e e k=

OO DO DD DO OO0 O OO~ PR ODODWNW—~IN

[«]

0
25
3
0
1
1
29
0
19

=NeloNolols oo o =Neo oo e o Ro e Re X =}

(e

25
11
10

DO D DO DD DD DO Oo—~ON

(e

28
47
38
13
13

SO DD O DD DO DD —~—ONDW

(e

SO OO O DD DD DD DD OO B

—
— NN W
W3 WwWuwon

SO OO OO oo~ OO O

(e

[=ReloloNeolclo o oo Re o oo o R ool = e BN =N

SO OO DD DD o000 0

SO DD OO DO DD OODOoOODOODDOoOODO WLV

55
88
54
17
17
94
57
32
140

W

Total

0

4

17

78

49

145

4

223

0

0

24

Ju—

—O OO OO OOV~

PO OO OO DD DD D DD O &

SO OO DD OO0 —~O—O

W
W

*The two fish (one in 1992 and one in 1994) reported in the landings during the moratorium may have been miscoded, and the biomass was set to 0 in this table for those entries.
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Table 4.2. Weight (pounds) of goliath grouper landed by head boat anglers by area (Figure 4.1.), 1981-2009. (The survey began sampling areas 18-27 in 1986.)

SOUTH ATLANTIC AND GULF OF MEXICO GOLIATH GROUPER

Head Boat Survey Area
1-6 7 8 11 12 17 18 21 22 23-24 25 26 27
Dry Dry NW FL - LA
NE FL NE FL SE FL Tortugas Tortugas SW FL (Carrabelle, NE TX SE TX (Port
(Fernandina (Daytona (Ft. Florida Keys (vessels (vessels (Naples- FL FL - Empire- (Sabine Port Isabelle -
NC - Beach-St. Beach - Pierce - (Key Largo- from Key from SW Cedar Middle Grand Isle, Pass - Aransas, South Padre

Year GA Augustine) Sebastian) Miami) Key West) West) FL) Key) Grounds LA) Freeport) X Island) Total
1981 0.0 0.0 126.1 0.0 1,576.3 3,1294 4,831.9
1982 0.0 60.1 15.0 625.6 473.4 6,387.8 7,561.9
1983 0.0 0.0 300.9 42.0 140.0 3,579.5 4,062.4
1984 0.0 0.0 188.0 0.0 188.0 1,222.0 1,598.0
1985 0.0 0.0 116.4 30.5 0.0 397.0 543.9
1986 0.0 0.0 0.0 4.9 4.9 14.6 481.7 7,752.5 0.0 0.0 1,749.3 595.5 297.7 | 10,901.0
1987 0.0 0.0 0.0 89.3 0.0 308.0 0.0 4,082.9 0.0 0.0 355.0 177.5 0.0 5,012.8
1988 0.0 0.0 54 0.0 0.0 0.0 0.0 3,562.3 0.0 0.0 810.0 0.0 0.0 4,377.7
1989 0.0 0.0 68.1 1,293.2 0.0 64.5 0.0 7,544.3 0.0 0.0 0.0 129.0 0.0 9,098.9
1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 228.8 0.0 0.0 0.0 0.0 0.0 228.8
1991 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
1992 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*
1993 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
1994 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*
1995 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
1996 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
1997 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
1998 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
1999 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
2000 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
2001 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
2002 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
2003 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 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 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
2006 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
2007 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
2008 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
2009 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
Total 0.0 60.1 819.9 2,085.4 2,382.6 15,102.8 481.7 | 23,170.8 0.0 0.0 2,914.4 902.0 297.7 | 48217.3

*The two fish (one in 1992 and one in 1994) reported in the landings during the moratorium may have been miscoded, and the biomass was set to 0 in this table for those entries
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Table 4.3. Recreational harvest of goliath grouper (in numbers of fish, types a+b1) in the southeast region of the United States, 1981-2009*.

West East South North Grand Florida Florida %
Year | Texas Louisiana Mississippi Alabama Florida Florida | Georgia Carolina Carolina Total Total of total
1981 0 0 0 0 22,871 1,173 0 0 0 24,044 24,044 100.0
1982 0 1,774 0 0 7,869 0 0 0 0 9,643 7,869 81.6
1983 0 0 0 0 0 0 0 0 0 0 ol -
1984 0 629 0 0 0 5,350 0 0 0 5,979 5,350 89.5
1985 0 0 0 0 7,238 0 0 0 0 7,238 7,238 100.0
1986 wx 4,988 0 0 944 0 0 0 0 5,932 944 15.9
1987 wx 120 0 0 3,090 1,260 0 0 0 4,469 4,349 97.3
1988 wx 0 0 0 2,316 896 0 0 0 3,212 3,212 100.0
1989 wx 0 0 0 1,717 403 0 0 0 2,120 2,120 100.0
1990 wx 0 0 0 0 0 0 0 0 0 ol -
1991 wx 0 0 0 0 0 0 0 0 0 ol -
1992 wx 0 0 0 0 0 0 0 0 0 ol -
1993 wx 0 0 0 0 0 0 0 0 0 ol -
1994 wx 0 0 0 0 0 0 0 0 0 ol -
1995 wx 0 0 0 0 0 0 0 0 0 ol -
1996 wx 0 0 0 0 0 0 0 0 0 ol -
1997 wox 0 0 0 0 0 0 0 0 0 ol -
1998 wx 0 0 0 0 0 0 0 0 0 ol -
1999 wx 0 0 0 0 0 0 0 0 0 ol -
2000 ** 0 0 0 0 0 0 0 0 0 ol -
2001 ** 0 0 0 0 0 0 0 0 0 ol -
2002 wox 0 0 0 729 0 0 0 0 729 729 100.0
2003 ** 0 0 0 0 0 0 0 0 0 ol -
2004 ** 0 0 0 0 0 0 0 0 0 ol -
2005 ** 0 0 0 0 0 0 0 0 0 ol -
2006 ** 0 0 0 0 0 0 0 0 0 ol -
2007 wx 0 0 0 0 0 0 0 0 0 ol -
2008 ** 0 0 0 1,542 631 0 0 0 2,174 2,174 100.0
2009 Hx 0 0 0 0 0 0 0 0 0 0| -
Total *x 7,511 0 0 48,316 9,713 0 0 0 65,540 58,029 88.5

* source: Personal communication from the National Marine Fisheries Service, Fisheries Statistics Division, April 26, 2010.
Marine Recreational Fishery Statistics Survey, catch types "a" (inspected, harvested catch), and "b1" (unavailable harvest or released dead)

http://www.st.nmfs.noaa.gov/st1/recreational/queries/index.html
** Texas recreational catch no longer included in the MRFSS. Texas Parks and Wildlife
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Table 4.4. Recreational harvest of goliath grouper (in pounds of fish, types a+b1) in the southeast region of the United States, 1981-2009*.

West East South North Grand Florida Florida %

Year | Texas | Louisiana Mississippi Alabama Florida Florida Georgia Carolina Carolina Total Total of total

1981 0 0 0 0 *xE 1,294 0 0 0 1,294 1,294 100.0
1982 0 50,611 0 0| 1,087,190 0 0 0 0] 1,137,801 1,087,190 95.6
1983 0 0 0 0 0 0 0 0 0 0 ol -
1984 0 57,952 0 0 0 21,230 0 0 0 79,182 21,230 26.8
1985 0 0 0 0 188,293 0 0 0 0 188,293 188,293 100.0
1986 ok 13,340 0 0 20,807 0 0 0 0 34,147 20,807 60.9
1987 ok 2,291 0 0 44,996 31,931 0 0 0 79,218 76,927 97.1
1988 ok 0 0 0 3,574 4,345 0 0 0 7,919 7,919 100.0
1989 ok 0 0 0 Rk *xE 0 0 0 *xE *kx 100.0
1990 ok 0 0 0 0 0 0 0 0 0 ol -
1991 ok 0 0 0 0 0 0 0 0 0 ol -
1992 ok 0 0 0 0 0 0 0 0 0 ol -
1993 ok 0 0 0 0 0 0 0 0 0 ol -
1994 ok 0 0 0 0 0 0 0 0 0 ol -
1995 ok 0 0 0 0 0 0 0 0 0 ol -
1996 ok 0 0 0 0 0 0 0 0 0 ol -
1997 ok 0 0 0 0 0 0 0 0 0 ol -
1998 ok 0 0 0 0 0 0 0 0 0 ol -
1999 ok 0 0 0 0 0 0 0 0 0 ol -
2000 ok 0 0 0 0 0 0 0 0 0 ol -
2001 ok 0 0 0 0 0 0 0 0 0 ol -
2002 ok 0 0 0 Hxx 0 0 0 0 Hxx *kx 100.0
2003 ok 0 0 0 0 0 0 0 0 0 ol -
2004 ok 0 0 0 0 0 0 0 0 0 ol -
2005 ok 0 0 0 0 0 0 0 0 0 ol -
2006 ok 0 0 0 0 0 0 0 0 0 ol -
2007 ok 0 0 0 0 0 0 0 0 0 ol -
2008 ok 0 0 0 Hxx 2,729 0 0 0 Rk *kx 100.0
2009 ok 0 0 0 0 0 0 0 0 0 0| -
Total ** 124,194 0 0 | 1,344,860 61,529 0 0 0] 1,530,583 1,406,389 91.9

* source: Personal communication from the National Marine Fisheries Service, Fisheries Statistics Division, April 26, 2010.
Marine Recreational Fishery Statistics Survey, catch types "a" (inspected, harvested catch), and "b1" (unavailable harvest or released dead).

http://www.st.nmfs.noaa.gov/st1/recreational/queries/index.html
** Texas recreational catch no longer included in the MRFSS. Texas Parks and Wildlife Division’s recreational catch estimates do not include released fish.

*#% average weights not available to estimate harvest.
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Table 4.5. Total recreational catch (in numbers of fish, including releases) of goliath grouper in the US southeast, 1981-2009*

West East South North Grand Florida Florida %
Year | Texas | Louisiana Mississippi Alabama Florida Florida Georgia Carolina Carolina Total Total of total

1981 0 0 0 0 22,871 1,173 0 0 0 24,044 24,044 100.0
1982 0 1,774 0 0 7,869 0 0 0 0 9,643 7,869 81.6
1983 0 0 0 0 0 120 0 0 0 120 120 100.0
1984 1,516 629 0 1,289 0 5,350 0 0 0 8,784 5,350 60.9
1985 0 0 0 0 8,992 0 0 0 0 8,992 8,992 100.0
1986 ** 4,988 0 0 1,339 0 0 0 0 6,327 1,339 21.2
1987 ** 120 0 0 3,090 1,260 0 0 0 4,469 4,349 97.3
1988 ** 0 0 0 2,316 896 0 0 0 3,212 3,212 100.0
1989 ** 0 0 0 7,977 403 0 0 0 8,380 8,380 100.0
1990 ** 0 0 0 1,928 0 0 0 0 1,928 1,928 100.0
1991 ** 0 0 0 4,426 1,296 0 0 0 5,722 5,722 100.0
1992 ** 0 0 0 3,062 0 0 0 0 3,062 3,062 100.0
1993 ** 0 0 0 5,316 0 0 0 0 5,316 5,316 100.0
1994 ** 0 0 0 4,404 0 0 0 0 4,404 4,404 100.0
1995 ** 0 0 0 12,979 904 0 0 0 13,883 13,883 100.0
1996 ** 159 0 0 1,752 690 0 0 0 2,601 2,442 93.9
1997 ** 0 0 0 4,879 3,363 0 0 0 8,242 8,242 100.0
1998 ** 0 0 0 6,245 1,622 0 438 0 8,305 7,867 94.7
1999 ** 0 0 171 5,417 2,638 0 0 0 8,226 8,055 97.9
2000 ** 0 0 0 22,663 10,630 0 0 0 33,294 33,294 100.0
2001 ** 0 0 0 31,443 9,951 0 0 0 41,393 41,393 100.0
2002 ** 0 0 0 14,861 16,034 0 0 87 30,982 30,895 99.7
2003 ** 0 0 0 38,705 10,649 0 0 0 49,354 49,354 100.0
2004 ** 0 0 0 42,185 12,532 964 0 0 55,680 54,716 98.3
2005 ** 0 0 734 83,185 17,734 0 0 0 101,653 100,919 99.3
2006 ** 0 0 0 95,809 26,584 0 0 0 122,394 122,394 100.0
2007 ** 0 0 0 114,534 40,329 0 0 0 154,863 154,863 100.0
2008 ** 0 0 0 35,805 14,991 0 0 0 50,796 50,796 100.0
2009 ** 0 0 0 31,013 15,098 0 0 0 46,111 46,111 100.0
Total K 7,670 0 2,194 615,065 194,247 964 438 87 822,180 809,311 98.4

* source: Personal communication from the National Marine Fisheries Service, Fisheries Statistics Division, April 26, 2010. Marine Recreational Fishery Statistics Survey
(MRFSS) http://www.st.nmfs.noaa.gov/stl/recreational/queries/index.html
MREFSS catch types: "a" (inspected, harvested catch), "b1" (unavailable for measurement or fish released dead),"b2" (caught, released alive).
** Texas recreational catch no longer included in the MRFSS. Texas Parks and Wildlife Division’s recreational catch estimates do not include released fish.
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Table 4.6. Estimated total recreational catch (numbers of fish including releases) of goliath
grouper by coast in Florida, and proportional standard errors (PSE) from the Marine Recreational
Fisheries Statistics Survey (MRFSS), 1981-2009.

West Florida East Florida Florida
Year | Total Catch PSE Total Catch PSE Total Catch PSE
1981 22,871 96.3 1,173 50 24,044 91.7
1982 7,869 65.9 0 0 7,869 65.9
1983 0 0 120 100.1 120 100.1
1984 0 0 5,350 72.4 5,350 72.4
1985 8,992 82.8 0 0 8,992 82.8
1986 1,339 76.4 0 0 1,339 76.4
1987 3,090 52.5 1,260 100 4,349 472
1988 2,316 57.6 896 100 3,212 50
1989 7,977 67.7 403 57.7 8,380 64.5
1990 1,928 100 0 0 1,928 100
1991 4,426 88.9 1,296 100 5,722 72.4
1992 3,062 78.4 0 0 3,062 78.4
1993 5,316 52.2 0 0 5,316 52.2
1994 4,404 41.8 0 0 4,404 41.8
1995 12,979 41.3 904  100.1 13,883 39.2
1996 1,752 70.8 690 100 2,442 58.1
1997 4,879 429 3,363 79.9 8,242 41.3
1998 6,245 26.6 1,622 63.6 7,867 24.8
1999 5,417 28.8 2,638 41.7 8,055 23.7
2000 22,663 24.8 10,630 29.8 33,294 19.4
2001 31,443 29.7 9,951 38.2 41,393 24.4
2002 14,861 26.6 16,034 31.1 30,895 20.6
2003 38,705 22.3 10,649 345 49,354 19
2004 42,185 17.3 12,532 28.3 54,716 14.8
2005 83,185 13.8 17,734 31.2 100,919 12.6
2006 95,809 12.4 26,584 28.5 122,394 11.5
2007 114,534 13.4 40,329 29.3 154,863 12.5
2008 35,805 22.6 14,991 26.2 50,796 17.7
2009 31,013 20 15,098 24.7 46,111 15.7
Total 615,065 194,247 809,312

* source: Personal communication from the National Marine Fisheries Service,
Fisheries Statistics Division, April 26, 2010.

Marine Recreational Fishery Statistics Survey, catch types "a" (inspected,
harvested catch), "b1" (unavailable for measurement or fish released dead), "b2"
(caught, released alive).

85
SEDAR 23 SAR SECTION 1l DATA WORKSHOP REPORT



AUGUST 2010 SOUTH ATLANTIC AND GULF OF MEXICO GOLIATH GROUPER

Table 4.7. Number of goliath grouper measured by year and length class from the Everglades
National Park Angler Creel Survey, 1974-1990.

Total

Length
(mm) 1974 1975 1976 1977 1978 1982 1983 1984 1986 1987 1988 1989 1990 Total
200-249 0 2 0 0 0 0 0 0 0 0 0 0 0 2
250-299 0 3 2 1 0 0 0 0 0 0 0 0 0 6
300-349 3 10 2 2 0 0 0 0 0 0 0 0 0 17
350-399 2 14 9 11 0 0 0 1 0 0 0 0 0 37
400-449 0 21 8 11 1 0 0 0 0 0 0 0 1 42
450-499 1 11 12 6 0 0 1 0 0 0 0 1 1 33
500-549 2 14 11 11 0 0 1 1 0 0 2 0 0 42
550-599 1 14 8 9 0 0 0 0 1 0 1 0 0 34
600-649 1 19 16 5 0 1 0 0 0 1 0 1 0 44
650-699 2 9 6 5 2 0 0 0 0 0 0 0 0 24
700-749 1 28 4 7 0 0 0 0 0 0 0 0 0 40
750-799 1 10 3 6 2 0 0 0 0 0 0 0 0 22
800-849 2 5 1 2 0 0 1 1 0 0 0 0 0 12
850-899 1 5 1 4 1 1 0 0 0 0 0 0 0 13
900-949 0 5 1 3 0 0 1 0 0 0 0 0 0 10
950+ 2 10 5 8 1 0 6 0 2 0 0 0 0 34
Total 19 180 89 91 7 2 10 3 3 1 3 2 2 412
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Table 4.8. Estimated total recreational catch (numbers of fish including releases) of goliath grouper on the West coast of Florida (Monroe -
Escambia counties) by water body and by mode of fishing from the MRFSS, 1981-2009.

a. by Water Body b. by Mode of Fishing
Nearshore
Estuarine/River (Ocean Federal Waters Charter Private/Rental ~ Shore

Year (Inland) <=10 miles) (Ocean>10mi) | Total Year (CH) (PR) (SH) Total

1981 0 22,871 0] 222871 1981 0 22,871 0] 222871
1982 0 7,869 0 7,869 1982 0 7,869 0 7,869
1983 0 0 0 0 1983 0 0 0 0
1984 0 0 0 0 1984 0 0 0 0
1985 0 1,754 7,238 8,992 1985 0 8,992 0 8,992
1986 0 0 1,339 1,339 1986 395 944 0 1,339
1987 0 1,193 1,897 3,090 1987 1,193 1,897 0 3,090
1988 0 0 2,316 2,316 1988 2,316 0 0 2,316
1989 6,260 0 1,717 7,977 1989 0 3,025 4,952 7,977
1990 0 0 1,928 1,928 1990 0 1,928 0 1,928
1991 0 3,897 528 4,425 1991 528 0 3,897 4,425
1992 799 2,263 0 3,062 1992 0 799 2,263 3,062
1993 2,135 3,181 0 5,316 1993 341 4,975 0 5,316
1994 539 2,406 1,459 4,404 1994 1,840 2,564 0 4,404
1995 10,297 811 1,871 | 12,979 1995 0 12,979 0 12,979
1996 1,752 0 0 1,752 1996 0 1,752 0 1,752
1997 1,716 1,316 1,847 4,879 1997 2,389 2,490 0 4,879
1998 2,427 2,243 1,576 6,246 1998 2,041 4,205 0 6,246
1999 4,404 611 402 5,417 1999 790 3,777 850 5,417
2000 18,826 2,918 920 | 22,664 2000 1,325 7,434 13,905 22,664
2001 26,953 4,425 66 | 31,444 2001 1,820 27,210 2414 | 31,444
2002 11,927 2,144 790 | 14,861 2002 876 12,998 987 14,861
2003 24,892 13,479 334 | 38,705 2003 2,423 31,345 4,937 38,705
2004 32,593 5,264 4,328 | 42,185 2004 5,750 33,524 2,911 42,185
2005 45,523 33,064 4,599 | 83,186 2005 5,270 61,819 16,097 83,186
2006 71,984 20,241 3,583 | 95,808 2006 9,123 70,266 16,419 | 95,808
2007 94,040 16,791 3,703 | 114,534 2007 10,307 90,072 14,155 | 114,534
2008 21,873 5,626 8,305 | 35,804 2008 6,277 26,606 2,921 35,804
2009 23,523 3,771 3,719 | 31,013 2009 3,368 16,135 11,510 | 31,013
Total 402,463 158,138 54,465 | 615,066 Total | 58,372 458,476 98,218 | 615,066
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Table 4.9. Estimated total recreational catch (numbers of fish including releases) of goliath grouper on the East coast of Florida (Nassau —
Miami-Dade counties) by water body and by mode of fishing from the MRFSS, 1981-2009.

b. by Water Body b. by Mode of Fishing
Nearshore
[Ocean
Estuarine/River <=10 Federal Waters Charter Private/Rental  Shore

Year (Inland) miles) (Ocean > 10 mi) | Total Year (CH) (PR) (SH) Total

1981 1,173 0 0 1,173 1981 0 1,173 0 1,173
1982 0 0 0 0 1982 0 0 0 0
1983 0 0 120 120 1983 120 0 0 120
1984 0 5,350 0 5,350 1984 0 5,350 0 5,350
1985 0 0 0 0 1985 0 0 0 0
1986 0 0 0 0 1986 0 0 0 0
1987 0 1,260 0 1,260 1987 0 1,260 0 1,260
1988 0 896 0 896 1988 0 896 0 896
1989 0 403 0 403 1989 403 0 0 403
1990 0 0 0 0 1990 0 0 0 0
1991 0 0 1,296 1,296 1991 0 1,296 0 1,296
1992 0 0 0 0 1992 0 0 0 0
1993 0 0 0 0 1993 0 0 0 0
1994 0 0 0 0 1994 0 0 0 0
1995 904 0 0 904 1995 0 904 0 904
1996 0 690 0 690 1996 0 690 0 690
1997 3,363 0 0 3,363 1997 0 3,363 0 3,363
1998 1,622 0 0 1,622 1998 0 1,622 0 1,622
1999 1,617 1,022 0 2,639 1999 0 2,639 0 2,639
2000 5,992 4,639 0| 10,631 2000 0 4,197 6,434 10,631
2001 7,065 2,177 709 9,951 2001 0 1,486 8,465 9,951
2002 13,202 1,935 896 | 16,033 2002 0 14,098 1,935 16,033
2003 9,100 1,549 0| 10,649 2003 54 7,994 2,601 10,649
2004 12,264 268 0| 12,532 2004 346 12,186 0 12,532
2005 15,241 1,577 915 17,733 2005 323 8,632 8,778 17,733
2006 24,560 2,025 0| 26,585 2006 394 17,055 9,136 26,585
2007 37,833 967 1,529 | 40,329 2007 0 19,198 21,131 40,329
2008 11,246 2,551 1,193 14,990 2008 348 8,745 5,897 14,990
2009 13,319 0 1,778 15,097 2009 455 9,689 4,953 15,097
Total 158,501 27,309 8,436 | 194,246 Total 2,443 122,473 69,330 194,246
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Figure 4.1. Map of the Southeastern U.S. showing area definitions used by the NMFS Southeast
Head Boat Survey.
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Figure 4.2. A map of Florida indicating the MRFSS For-Hire Survey (FHS) regions. Region 1 includes
for-hire vessels based from Escambia County to Dixie County, Region 2 ranges from Levy County to
Collier County, Region 3 includes vessels from all of Monroe County, Region 4 stretches from Miami-
Dade County to Indian River County, and Region 5 extends from Brevard County to Nassau County.
Shore (SH) and private/rental boats angler interviews were included in these regions based upon the
county where the intercept occurred.
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Figure 4.3. Measurements (by length class) of goliath grouper from the Everglades National Park
Angler Creel Survey, 1973-1990.

5. MEASURES OF POPULATION ABUNDANCE
51. OVERVIEW

Several indices of abundance were considered for use in the assessment model. The possible
indices came primarily from fishery dependent data sources. The DW recommends that all

indices be reviewed further at the assessment workshop.

511 Group Membership

Membership of this DW working group included Walter Ingram (leader), Kevin McCarthy,
Adam Pollack and Clay Porch.

5.2. REVIEW OF INDICES
The working group reviewed one working paper describing index construction:

SEDAR23-DW-02 (Everglades National Park Creel Survey)
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The working group also conducted analyses on several other data sources during and after the

data workshop. Therefore, the results of these analyses are described in the sections below.

5.3.  FISHERY DEPENDENT INDICES
5.3.1. Everglades National Park Creel Survey (SEDAR23-DW-02)

The historical center of abundance of goliath grouper is the Ten Thousand Islands area of
southwest Florida. Detailed catch and effort data are available from this region from 1973-2009.
The data were collected by Everglades National Park (ENP) during voluntary dockside
interviews of sport fishermen. Using this data, a standardized index of abundance was created
for juvenile goliath grouper through a delta-lognormal modeling approach. The variables tested
for inclusion included: year, angler skill, area, and season. The details concerning these variables
are contained in the document. The index (Table 5.1; Figure 5.1) shows a substantial decline in
abundance of juveniles during the late 1970s and early 1980s. Since that time, a strong increase
through 2007 and decline from 2008-2009 is evident, suggesting that strong year classes recently
occurred in ENP, but that as these animals matured and left the juvenile habitat, they may not

have been replaced with ongoing strong recruitment.

5.3.2. Headboat Survey

Headboat catch data was analyzed in order to develop abundance indices for Goliath grouper.
The time series was split into two time series: 1976-1985; and 1986-2009, with a data holiday
from 1990 to 2004. The reason for the split was the change in the sampling procedures where
prior to 1986 data was only collected in the Atlantic. In 1986, sampling started included the Gulf
of Mexico as well, which changed aerial coverage of sampling in and around the Florida Keys
and South Florida. A delta-lognormal approach was used in modeling these two time series,
with year and area included as variables in both the binomial and lognormal submodels. The
headboat data was limited to the following headboat survey areas, which served as categories in
the area variable: Northeast Florida (Section 1), Fernandina Beach through St. Augustine, FL;
Northeast Florida (Section 2), Daytona Beach through Sebastian, FL; Southeast Florida, Fort
Pierce through Miami, FL; Florida Keys, Key Largo through Key West, FL; Dry Tortugas,
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Florida, Fishing Area Around (Vessels docked in FL Keys) The Dry Tortugas, FL; Dry Tortugas,
Florida, Fishing Area Around (Vessels docked on west coast of FL), The Dry Tortugas, FL;
Southwest Florida, Naples through Cedar Key, FL. Due to the low frequency of Goliath in the
data, variance estimates of index values were calculated using a bootstrap approach. With this
approach 80% of the data were randomly selected from each time series and models were ran
1000. This provided a distribution of index values for each year. The standard deviation of the
index values was derived for each to provide an annual standard error estimate, by which the
coefficient of variation (CV) on the index value was derived. Figures 5.2 and 5.3. summarize the

results.

5.3.3. Two Visual Surveys

Introduction: Two visual surveys are examined for evidence that the number of goliath grouper
has increased in the waters off South Florida since a harvest moratorium was imposed in 1990.
Both surveys are standardized to account for the unbalanced design of the sampling procedure:
the personal observations of a professional spearfisher (DeMaria®) and a volunteer fish-
monitoring program administered by the Reef Education and Environmental Foundation (REEF
2010).

Field data collection: DeMaria Survey:

The protocol adopted by Mr. DeMaria was to count the total number of goliath grouper he
encountered on specific sites during SCUBA dives that would typically last 25 minutes (due to
diver-depth limitations). Prior to 1990, he was spearfishing and he recorded the number of fish
observed as well as the number speared. After the moratorium began in 1990, he continued to
visit these sites with researchers and recorded the number of fish seen on his dives. Due to the
size of the fish (1-2 m in length) and the discrete area of artificial sites (all of the reef fish,
including the goliath grouper, typically are concentrated at the structures and not found for the
most part in the adjacent sand areas), it was not difficult for him to count all fish on a particular
site, particularly if there were fewer than 50 individuals. Researchers diving with Mr. DeMaria

found that his counts differed little from their own. However, Mr. DeMaria has stated that the

3 DeMaria, Don. P.O. Box 420975, Summerland Key, FL 33042.
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numbers recorded during the early years may be underestimates since there were many more fish

to count at that time.

The specific locations included in Mr. DeMaria’s survey are indicated in Figure 5.4. They
include (1) the wreck of the Baja California, a WWII merchant marine ship sunk 40 miles north
of Key West in about 36 m of water, (2) the wreck of a small shrimp boat approximately 90
miles north of Key West at a depth of 34 m, (3-4) the stern and bow sections of a Patrol Boat
about 2 miles north of site 2 in 40 m and (5) a Navy navigation tower about 2 miles from site 1 in
30 m of water. Sites 1 and 5 are well known and frequently visited by divers and fishers. Sites
2, 3 and 4, on the other hand, were seldom visited by other fishers or divers. Several dives were

made on each site during most years, particularly early in the time series.

Field data collection: REEF Survey:

The REEF database has been constructed from a compilation of the observations of volunteer
divers trained in the roving diver technique (Pattengill-Semmens and Semmens 1998, Jeffrey et
al. 2001). Essentially, divers swim freely about a dive site within a 100 m radius of the starting
point, recording every species that they can positively identify. After the dive they assign an
abundance category to each species: (1) a single fish, (2) 2-10 fish, (3) 11-100 fish or (4) > 100
fish. The dive location, dive duration, depth, bottom temperature, visibility, habitat type and
experience level of the diver are also recorded.

The data covered 34,143 surveys conducted at about 1,700 dive sites from June 1993
through 2009. Sites where goliath grouper were never observed and sites visited in fewer than 6
different years were culled from the analysis, leaving a total of 11,668 surveys at 77 sites (see
Table 5.2). Most of the sites that made the cut are located in the Florida Keys (47), the rest being
located along the Florida east coast south of Cape Canaveral (13) or along the Florida west coast
off Pinellas and Lee counties (17). The majority of the 60 sites from southeast Florida were first
surveyed in 1994 or 1995, whereas few of the sites from southwest Florida were surveyed prior
to 1999. Accordingly, two separate analyses were conducted, one for the Florida Keys and east
coast (11,668 surveys at 60 sites since 1994) and another for southwest Florida (277 surveys at
17 sites since 1999). The former may be regarded as an update of the index developed in Porch

and Eklund (2004).
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The primary habitat types recorded for these sites were: (1) mixed, meaning a variety of
individual habitats; (2) high profile reef, where coral structures rise > 1.3 m off the bottom; (3)
low profile reef, where coral structures rise < 1.3 m off the bottom and (4) artificial structures,
including ship wrecks and other dumped debris. A few sites were also reported as rubble,
sloping dropoffs, ledges, or shear dropoffs. For this study, rubble and sloping dropoffs were

counted as mixed habitats while ledges and shear dropoffs were counted as high profile reefs.

Statistical modeling: DeMaria Survey:

The number of goliath grouper spotted on a given dive (N;) at location L during year Y and

season S was assumed to be lognormally distributed such that

(1) In(Ni+c) = at By +Bs + PL+ Pvs + Pve + PsL + &i

where C is a small constant (1.0) added to allow for occasional zero counts, € is a normally-
distributed error term, a is the intercept parameter, and the 3 are categorical variables that
represent the main effects and second-order interactions corresponding to each year, season and
location. There were insufficient data to estimate a third order interaction (Bys ). The
categorical variable for season included two levels; one for observations made during the warm
season (June — October) and the other for observations made during other times (there were
insufficient observations to subdivide this further and the designation June—October provided the

best fit to the data).

A stepwise approach was used to build a parsimonious statistical model. The procedure
was initiated by constructing competing GLM’s (SAS 1999) each consisting of a base model (the
year main effect alone) plus one of the remaining categorical variables. The variable that most
reduced the deviance per degree of freedom was then added to the original base model, provided
it was statistically significant according to the sample-size-corrected version of Akaike’s
information criteria (AIC., Hurvich and Tsai 1995). This process of adding factors one at a time
and updating the model with the categorical variable that most reduced the deviance per degree
of freedom was repeated until no factor (main effect or interaction) met the criteria for
incorporation into the final model. After the final model was identified, it was fit to the proper

response variables using the SAS macro GLIMMIX (c/o Russ Wolfinger, SAS Institute Inc.).
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All main effects and interactions were treated as fixed effects except year interactions.
There are two options for constructing annual indices of abundance when the data indicate
significant year/season or year/location interactions. The first is simply to standardize the data
for each season and location separately and then compute some form of weighted average, in
which case the difficulty lies in determining appropriate weighting factors. The second option is
to model the year-interactions as random effects, i.e., assume they are effectively random over
the temporal and spatial scales being examined. This allows indices of abundance to be
constructed in the usual way, but with variance estimates that appropriately reflect the added

uncertainty expected when significant year interactions are present.

Standardized measures of visual counts for year Y may be computed from the log-linear

predictor o + [ using the formula
Ny=exp{a+ B +s2/2} —c¢

where sg? is the residual variance. However, this formula is biased when the GLM estimates of

a and fy are used in place of the unknown true values. The equivalent unbiased measure is

(2)  Ny=exp{a+ B +@+])(sg?—s)2d}-¢

where d denotes the degrees of freedom for the residual variance and sy” is the estimated

variance of a + f (Bradu and Mundlak 1970, Gavaris 1980).

Statistical modeling: REEF Survey:

Porch and Eklund (2004) used a censored Poisson distribution to model the counts of goliath
grouper in the REEF samples. Their model is extended here to accommodate category “3”

(counts of 11-100 fish), which has occasionally been reported at some survey sites:

e N
N‘f N =0,1
10 eﬁuﬂk
O () S
k=2 .
10 a4 k
- A N=3
o k!
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where N is the reported abundance category and w is the expected count of goliath grouper (to be
estimated). Accordingly, maximum likelihood estimates for the parameters (o and 3, described
below) may be obtained by minimizing the negative loglikelihood expression

10

10 A4 , K —i Kk
LI 2 XIR IS O (e

Ni=2 \ k= k=0
The expectation for a given dive, y;, was modeled as

(5 Ingi =y, + ot By +Ps +PL+Pe+ Pv +Pu

where the 5 is the offset covariate (dive duration), a is the scaling coefficient (intercept) and the
[ are categorical variables representing the main effects of year, season, location, experience
level, visibility and habitat type, respectively. There were two levels for season (June—October,
November-April), three levels of visibility (poor, fair and good), two levels of experience
(novice or experienced) and four levels of habitat (described above). The most parsimonious
combination of main effects was identified by use of the AIC; criteria (Hurvich and Tsai 1995).

Interaction effects were not estimated owing to the limited data for many of the sites.

All model fits (negative loglikelihood minimizations) were accomplished using the
utilities provided in the software package AD Model Builder®. Standardized measures of visual

counts for each year were constructed as

(6) Cy=exp{ a+ fr}.

Confidence limits for Cy were obtained by the inverse-Hessian method.
Results and Discussion: The fit of the models was poor for both the east and the western coasts,
accounting for only a few percent of the variation in the data. Not surprisingly, the standardized
indices are similar to the time series of annual means (Table 5.2, Figure 5.1). The error bars are
wide owing to high variability and low replication at many sites. This is particularly true for the
west where there were only 277 surveys.

The most important factors in standardizing the REEF surveys from southeast Florida

were the year and location (geozone). The only important factor for southwest Florida was

4 AD Model Builder Version 6.0.2. Otter Research Ltd., Box 2040, Sidney, B.C. V8L 3S3, Canada.
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location, the year effect being insignificant. The effect of habitat type was statistically
significant for both regions, but explained little of the variation. There was no discernible
relationship between the number of goliath grouper counted and dive duration, visibility or
experience level in either the east or the west. The large size and generally unwary nature of
goliath grouper makes them easy to spot early in the dive, even under relatively poor visibility.

The REEF surveys from southeastern Florida indicate very low abundance from 1994 to
1996 with a substantial increasing trend thereafter (Figure 5.1). On the other hand, the REEF
surveys from southwestern Florida exhibit little trend other than a dip in 2005 (possibly due to
the 2005 red tide event) followed by a spike up in 2006. Porch and Eklund (2004) noted that the
increase in the REEF southeastern Florida survey does not begin until several years after the
1990 moratorium on harvest, whereas the DeMaria survey of five wrecks in Southwest Florida
exhibited a more immediate recovery and then fluctuated with no long term trend after the mid
1990s. They suggested that the delay in recovery along the east coast, relative to the increase in
the west coast, may be to a lack of nursery habitat along Atlantic shores or a concentration effect
on artificial structures in the Gulf of Mexico. The REEF data for the southwestern sites does not
extend early enough in time to corroborate this trend, but is consistent with DeMaria survey for
the overlapping time period in the sense that there is little trend (Figure 2).

The average number of goliath grouper seen on the western sites (about 2 per dive) was
much greater than for the eastern sites (about 0.05 per dive). The disparity may reflect a greater
abundance of goliath grouper in southwest Florida, but may also be attributed to the fact that
most of the sites surveyed in southwestern Florida are high relief artificial structures that attract
and hold more fish than the lower-relief natural sites surveyed in southeastern Florida.
Regardless of the cause, it is generally believed that the center of abundance of the goliath
population is along the southwest coast and it is important to develop an index that reflects this
part of the population. More surveys from more sites in the southwest are therefore encouraged

to improve the precision of this index.

5.4. CONSENSUS RECOMMENDATIONS AND SURVEY EVALUATIONS

The workshop group recommends that all indices be reviewed further at the assessment

workshop.
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Table 5.1. Abundance index statistics including nominal CPUE (goliath / 1000 angler hours),
number of trips interviewed, proportion positive trips (PPT), standardized CPUE, upper and
lower 95% confidence intervals and coefficients of variation (CV).

YEAR Nominal TRIPS PPT RelIndex | Lower Upper cv
CPUE 95% ClI 95% ClI

1973 2.461 3861| 0.02797| 0.78819| 0.49661| 1.25098( 0.23409
1974 0

1975 2.485 4467| 0.02373| 0.40779| 0.25116( 0.66211| 0.24593
1976 5.828 3552 0.05293| 1.27542| 0.85619| 1.89994( 0.20127
1977 4.801 4240 0.04363| 0.86734| 0.57974 1.2976( 0.20348
1978 5.333 3649| 0.04056( 0.91079| 0.59486 1.3945( 0.21543
1979 3.27 2296 0.02831| 0.61987| 0.35953| 1.06871| 0.27748
1980 3771 4161| 0.02788| 0.66362| 0.42088( 1.04637| 0.23067
1981 1.907 5787 0.01572] 0.38802| 0.23817| 0.63212 0.2477
1982 1.467 5440| 0.00956( 0.28677| 0.15993| 0.51418( 0.29829
1983 1.148 6233 0.01027| 0.26475| 0.15251| 0.45957( 0.28109
1984 0.861 7808 0.00768 0.2301| 0.13165| 0.40218| 0.28472
1985 0.615 6748 0.00519| 0.14015| 0.07111 0.2762( 0.34921
1986 0.543 7765 0.00489| 0.13479 0.0697| 0.26066( 0.33894
1987 0.459 6615| 0.00454( 0.10484 0.0512| 0.21469| 0.37019
1988 0.724 4123| 0.00752 0.1398| 0.06881| 0.28401| 0.36583
1989 1.567 3944 0.01851| 0.30095| 0.17773| 0.50961 0.26798
1990 0.996 6422 0.00934 0.1558| 0.08852| 0.27424| 0.28844
1991 1.006 5377 0.0093| 0.17418| 0.09567| 0.31712| 0.30645
1992 1.133 5816| 0.01118( 0.23787| 0.13642| 0.41477( 0.28347
1993 1.75 6100| 0.01623| 0.25947| 0.15983( 0.42124| 0.24588
1994 4.375 7076 0.03392| 0.68509| 0.46564| 1.00796( 0.19488
1995 7.29 5266 0.03988| 1.07861| 0.72533| 1.60395( 0.20037
1996 8.824 7084| 0.04644( 1.16931| 0.81348| 1.68078( 0.18292
1997 4.895 7854 0.03119| 0.71318| 0.48385| 1.05122( 0.19582
1998 3.537 6238 0.0234| 0.53169| 0.34502| 0.81936( 0.21878
1999 3.811 5766 0.02359| 0.55115| 0.35574 0.8539( 0.22156
2000 4.238 5540 0.0287] 0.79369| 0.52089| 1.20937| 0.21294
2001 4.755 5525| 0.03566( 0.71494| 0.47851| 1.06819 0.2028
2002 5.465 4588 0.04228| 0.73732| 0.49235 1.1042 0.204
2003 14.357 4177| 0.08906| 1.86283| 1.31286( 2.64319| 0.17629
2004 14.158 4319| 0.08984| 1.97697( 1.39912( 2.79347| 0.17416
2005 16.676 3352 0.10292( 2.31596| 1.63334| 3.28388( 0.17594
2006 28.377 3547 0.1497| 3.54136( 2.56247 4.8942| 0.16283
2007 36.405 3807 0.19359| 5.18082| 3.84717| 6.97679( 0.14964
2008 27.521 3197 0.14232 3.5495( 2.55093| 4.93898| 0.16631
2009 18.234 2943 0.0965| 2.24707| 1.56085| 3.23499( 0.18372
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Table 5.2. Sites in the Reef Education and Environmental Foundation database used for the “east coast” analysis, with the number of
years between 1994 and 2009 during which at least one survey was conducted and the number of surveys where 0, 1, 2-10 or more
than 10 goliath grouper were observed.

REEF Number Number of surveys

Location geozone of years 0 seen 1 seen 2-10 seen >10 seen
Southeast Florida

Esso Bonaire Wreck 32010006 7 14 3 8 3
Commercial Pier Reefs 33010001 13 954 1 0 0
Juno Ledge 33010005 13 28 3 7 0
Mizpah 33010007 9 6 3 4 1
Breakers Reef 33010009 16 250 1 0 0
Finks' Grouper Hole 33010022 14 44 0 1 0
Shark Reef 33010023 10 32 2 0 0
Amaryllis Wreck, West Palm 33010026 7 7 3 0 0
Scarface (Jupiter) 33010033 10 42 10 5 0
Opal Tower/HillsboroughDomes 33010038 12 64 0 2 0
Delray Ledge 33010042 13 64 1 1 0
Ancient Mariner 33010122 10 74 3 2 0
Rodeo 25 33010150 6 11 1 0 0
Anchor Chain E6 34030001 15 165 4 0 0
South Ledges/Undersea Hwy E3 34030003 14 125 1 0 0
Grecian Rocks 34030004 16 398 2 0 0
Key Largo Dry Rocks (Christ) 34030005 16 384 1 0 0
Carysfort Reef 34030006 15 217 1 0 0
South Carysfort Reef 34030007 15 109 2 0 0
French Reef 34030008 16 839 36 1 0
Molasses Reef 34030009 16 1630 56 18 0
Benwood Wreck 34030011 16 460 12 0 0
Mike's Wreck/Seneca E6/7 34030013 16 163 7 0 0
City of Washington Wreck 34030014 16 221 34 4 0
Train Wheel Wreck E4 34030017 11 60 2 1 0
Horseshoe Reef 34030018 16 104 9 1 0
Carysfort Deep Ledge 34030021 6 28 1 0 0
N. North Dry Rocks (Dble N.) 34030023 16 269 1 0 0
Wellwood Grounding Site M12 34030024 11 218 0 0 1
Duane Wreck 34030026 11 77 12 2 0
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Bibb Wreck 34030027 7 7 5 2 0
Minnow Caves/N. Dry Rocks 34030028 16 203 1 0 0
Sand Island 34030030 14 93 1 0 0
The Elbow Reef 34030031 16 113 4 2 0
Banana Reef 34030032 11 21 2 0 0
The Slab 34030033 7 4 5 0 0
Dixie Ledge 34030036 7 77 6 0 0
Alligator Reef 34040002 13 157 1 0 0
Conch Reef 34040004 16 252 6 9 0
Wreck of the Eagle 34040007 10 28 7 14 0
Tennessee Reef Research 34040008 12 123 2 0 0
Pleasure Reef 34040011 10 31 2 0 0
Sombrero Reef 34050001 16 284 10 3 0
Samantha's Ledge 34050002 14 148 0 1 0
Coffins Patch 34050004 14 175 3 0 0
Looe Key - East 34050005 13 232 13 2 0
Looe Key - Research 34050006 9 90 5 0 0
Western Sambo 34080001 16 407 19 1 0
Eastern Sambo 34080002 12 135 6 0 0
Rock Key 34080003 16 221 12 4 0
Sand Key 34080004 16 280 0 0
Middle Sambo 34080005 13 122 0 0
Eastern Dry Rocks 34080008 15 204 18 1 0
Nine Foot Stake 34080009 12 113 1 0 0
Trinity Cove 34080016 9 37 4 2 0
Western Dry Rocks 34080018 14 210 1 0 0
Texas Rock 34100004 12 127 8 1 0
Pulaski 34100005 8 87 2 0 0
Riley's Hump 34100008 10 87 17 9 0
Windjammer Site (French Wrk) 34100015 9 34 14 2 0
Southwest Florida

Clearwater Wreck 23010007 8 12 6 19 2
Rube Allen (Pinellas #1) 23010018 8 11 8 12 0
Veteran's Reef 23010043 7 6 3 5 0
Edison Artificial Reef 23050001 8 5 4 14 0
Charlie's Artificial Reef Pegasus 23050009 8 2 2 11 0
Boca Grande, Phosphate Pier 23050012 8 3 0 8 12
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Bay Ronto 23050013 6 1 3 3 4
Mary's Artificial Reef 23050014 6 6 3 5 0
Charlie's Reef Hopper Cars 23050024 8 0 1 13 0
Pace's Place Reef 23050028 6 0 2 9 0
ARC Reef Pilings 23050035 6 3 4 0 0
Pace's Place Barge & Crane 23050036 6 2 1 6 0
Doc Kline Pilings 23050037 6 1 2 5 0
ARC Rubble 23050038 6 0 2 6 0
ARC Tetrahedrons 23050039 6 8 4 1 0
ARC Towers 23050048 7 0 0 11 8
South Reef Rock 23050056 6 8 5 5 0
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Table 5.3. Relative standardized counts of goliath grouper from REEF surveys in southeast and
southwest Florida waters with 95% confidence limits (LC and UC) and coefficient of variation.

Relative (a\Y

Year index LC ue
Southeast survey
1994 0.15 0.04 0.26 0.39
1995 0.00 0.00 0.00 0.39
1996 0.06 -0.06 0.18 1.01
1997 0.47 0.18 0.76 0.32
1998 0.65 0.29 1.01 0.29
1999 0.58 0.28 0.89 0.27
2000 0.62 0.37 0.86 0.21
2001 0.57 0.40 0.74 0.15
2002 0.78 0.59 0.97 0.13
2003 1.65 1.32 1.98 0.10
2004 1.19 0.86 1.53 0.14
2005 1.36 0.92 1.80 0.16
2006 1.64 1.22 2.05 0.13
2007 2.42 1.95 2.88 0.10
2008 1.85 1.29 2.41 0.15
2009 2.02 1.58 2.45 0.11
Southwest survey
1999 0.74 0.07 1.41 0.46
2000 0.82 0.50 1.14 0.20
2001 0.84 0.54 1.14 0.18
2002 1.09 0.76 1.41 0.15
2003 1.12 0.77 1.46 0.16
2004 1.23 0.81 1.64 0.17
2005 0.88 0.49 1.28 0.23
2006 0.98 0.61 1.34 0.19
2007 0.53 0.31 0.75 0.21
2008 1.61 0.66 2.55 0.30
2009 1.17 0.44 1.91 0.32
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5.7.  FIGURES

ENP Goliath Grouper 1973—2009
Observed and Siandardized CPUE (95% CJ)

STDCPUE

1970 1980 1990 2000 2010

PLOT  *<+= STDCPUE  *=*- LC aadle] - obscpue

Figure 5.1. The nominal (red) and standardized catch per unit effort during 1973-2009 (solid
red). Nominal CPUE is the average annual catch per unit effort before standardization. Both
series have been scaled to their respective means. The dashed blue lines are the upper and lower

95% confidence limits for the standardized CPUE estimates.
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Year Modeled Frequency Modeled Non-zero CPUE Index  Scaled Index cv

1976 0.021126 1.836007 0.038787  2.78372341  0.348168
1977 0.020223 2.037252 0.041200  2.9569142  0.357341
1978 0.008159 2.135467 0.017422  1.25040206  0.370409
1979 0.007847 1.838026 0.014423  1.03515847  0.307089
1980 0.004488 0.134916 0.000606  0.04346123  9.798135
1981 0.004043 1.812455 0.007327  0.52585993  0.310760
1982 0.006990 2.118325 0.014806  1.06263963  0.324357
1983 0.005068 0.158117 0.000801  0.05750754  2.198148
1984 0.001886 2.015016 0.003801  0.27278837  0.342376
1985 0.001538 0.104614 0.000161  0.01154516  4.69872

Figure 5.2. Annual abundance indices and corresponding CVs of Goliath grouper encountered

by headboats from 1976 to 1985.
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Year Modeled Frequency Modeled Non-zero CPUE Index  Scaled Index cv

1986 0.052703 1.125377 0.059311 1.128921 0.411015
1987 0.033821 1.285895 0.04349 0.827795 0.431727
1988 0.044337 0.984593 0.043654 0.830904 0.410809
1989 0.039106 0.609011 0.023816 0.453318 0.390926
2005 0.02329 1.44092 0.033559 0.638765 0.394512
2006 0.008477 0.589809 0.005 0.095165 0.850289
2007 0.038214 3.753649 0.143443 2.730288 0.404272
2008 0.042032 2.096232 0.08811 1.677079 0.382234
2009 0.034445 0.942242 0.032456 0.617765 0.433994

Figure 5.3. Annual abundance indices and corresponding CVs of Goliath grouper encountered

by headboats from 1986 to 1989 and 2005 to 2009.
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Figure 5.4. Survey locations for two diver censuses: asterisks represent artificial structures in the

eastern Gulf of Mexico where goliath grouper were observed from 1982-2002; circles represent

locations where the Reef Education and Environmental Foundation’s volunteer divers observed

goliath grouper from 1994-2002.
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Figure 5.5. Relative standardized counts of goliath grouper (line) with approximate 95%
confidence intervals compared with the corresponding nominal indices (circles) from the REEF
database of diver observations of goliath grouper in Florida, U.S.A., from 1994-2009. The “East”
index is presented relative to the 1994-2002 mean to facilitate comparison with the result from
Porch and Eklund (2004). Nominal counts (dots) were computed as an average across all
observations in a year assuming abundance category 2 represented 2 fish and abundance
category 3 represented 11 fish.
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Figure 5.6. Comparison of REEF and DeMaria relative indices of goliath grouper abundance

(normalized to the 1994-2002 means).
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1. WORKSHOP PROCEEDINGS

1.1. INTRODUCTION
1.1.1 Workshop time and Place

The SEDAR 23 Assessment Workshop was held August 2 - 5, 2010 in Saint Petersburg, Florida.
Additionally, a webinar was held on 15 September 2010.

1.1.2 Terms 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.

2. Develop population assessment models that are compatible with available data and
recommend which model and configuration is deemed most reliable or useful for providing
advice. Document all input data, assumptions, and equations.

3. Provide estimates of stock population parameters (fishing mortality, abundance, biomass,
selectivity, stock-recruitment relationship, etc); include appropriate and representative
measures of precision for parameter estimates.

4. Characterize uncertainty in the assessment and estimated values, considering components
such as input data, modeling approach, and model configuration. Provide appropriate
measures of model performance, reliability, and ‘goodness of fit’.

5. Provide yield-per-recruit, spawner-per-recruit, and stock-recruitment evaluations, including
figures and tables of complete parameters.

6. Provide estimates for SFA criteria consistent with applicable FMPs, proposed FMPs and
Amendments, other ongoing or proposed management programs, and National Standards.
This may include: evaluating existing SFA benchmarks, estimating alternative SFA
benchmarks; and recommending proxy values.

7. Provide declarations of stock status relative to SFA benchmarks.

8. Perform a probabilistic analysis of proposed reference points and provide the probability of
overfishing at various harvest or exploitation levels.

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 (OY),
F=Frebuild (max that rebuild in allowed time)
B) If stock is overfishing
F=Fcurrent, F=Fmsy, F= Ftarget (OY)
C) If stock is neither overfished nor overfishing
F=Fcurrent, F=Fmsy, F=Ftarget (OY)

10. Provide recommendations for future research and data collection (field and assessment); be
as specific as practicable in describing sampling design and sampling intensity and
emphasize items which will improve future assessment capabilities and reliability.
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11. Prepare an accessible, documented, labeled, and formatted spreadsheet containing all
model parameter estimates and all relevant population information resulting from model
estimates and any projection and simulation exercises. Include all data included in
assessment report tables and all data that support assessment workshop figures.

12. Complete the Assessment Process Report (Section III of the SEDAR Stock Assessment
Report), prepare a first draft of the Summary Report, and develop a list of tasks to be
completed following the workshop.

1.1.3. List of Participants
Workshop Panel

ANNE LANZE .....oiiiiieiiiieciee ettt tee ettt e st e et eesbee s tae e sseesnsaeessseesnseeesseeanseeanns SAFMC SSC
BOD ZaIES, TL.....oiiiiieieeieceie ettt ettt sttt ettt seenaesesaeennen GMFMC AP
GIe@Z DEBIaNG@O ....c.vviiiiiiiieecie ettt ettt e e e e tb e e sab e e e taeeebeeeaeeenaaeas SAFMC AP
10T O a = (] o PSP FWC FWRI
JOSEPh MUNYANAOTETO ....c.veentiiieiiiiieiieterieetet ettt sttt sttt nees FWC FWRI
SEAN POWETS ...ttt ettt ettt et e bt sate st et e e b enbees GMFMC SSC

Council Representation

L2753 1T 5 5 SRS SAFMC
Bill TEENAN......cociiiiiiieeeeee et e et e et e e GMFMC
Observers

Chad HanSOMN ........ooeiiiiiiecciee ettt ettt e et e e e et e e taeeeteeeetseesabeeereeesseeesareeans Pew
DAVE CRAZATOS ... .veiieiieeiie ettt ettt tee e e et e e ta e e st eeestbeessbeesssaeessaessseeesssaessseeansseessseennses FWC
DUSHN AQGIS .ttt e et e e et e et e e et e et e e te e ete e e etee e FWC
DennisS O HEIM ....ooooiiiiiieeieie et e et eare e e e et e e eennes GMFMC AP
Luiz Barbieri.....c..coooeiiiiiiiiiieceeee e SAFMC and GMFMC SSC/FWC FWRI
WAAE COOPET ..vveeeiieiiesiieciie ettt et et e s e e tee st e ssbessbeenseesseesseessaessaessseasseanseanseensaessaessaesssennssensnes FWC
Staff

Karen BUIMS ........oooiiiiiiii et e GMFMC Staff
JUIIE NCOT ..ttt et e et e et e e ta e e e taeeeaaaeesasee e sseeenseeennnas SEDAR
TINA O HEIMN ...ttt e are e e aaee s GMFMC Staff
TYTEE DAVIS..uviiiiiiiiieiiieeeee ettt ettt ettt eteeesbeebeessbeeseeenaeenseennns NMFS Miami
Emily MUEKISEEIN....ccuviiiiiiiiiiiiiecie ettt e e ere e teestae b e esbeesreesaesreesenenes GMFMC Staff

1.1.4. List of Data Workshop Working and Reference Papers

Documents Prepared for the Assessment Workshop

SEDAR23-AW-01 | Standardized visual counts of goliath | Clay Porch
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grouper off south Florida

SEDAR23-AW-02 | Analysis of Headboat Data for Goliath | Walter Ingram
Grouper

SEDAR23-AW-03 | Standardized proportion of private Joe O’Hop
vessel trips with catches of goliath
grouper from the Marine Recreational
Fisheries Statistics Survey in south

Florida, 1991-2009

Reference Documents

SEDAR23-RD28 | Behavior, Habitat, and Abundance of Angela B. Collins and Luiz R.
the Goliath Grouper, Epinephelus Barbieri

itajara, in the Central Eastern Gulf of
Mexico

1.2. STATEMENTS ADDRESSING EACH TERMS OF REFERENCE

1. Changes to data after the Data Workshop (DW) and analyses suggested at the DW are
reviewed in Section 2 (Data Review and Update). The rationale for changes and additional
analyses conducted after the DW and AW are also presented in that section.

2. There was one population model that was considered suitable for this assessment, and it was
the “catch-free” stock assessment model as used in SEDAR 6 by Porch et al. (2003; 2006).
There were some adjustments to the SEDAR 6 configuration based upon the DW and AW
recommendations and follow-up analyses described in Section 2. A change in the calculation
of natural mortality from constant to age-specific was incorporated into the model based on
the DW recommendation. Additionally, exploratory analyses using stock-reduction analysis
was conducted and is described in a SEDAR 23 working paper. Input data, assumptions, and
equations are either documented in this document or are presented in Porch et al. (2003;
20006).

3. Estimates from the “catch-free” model are relative measures rather than equilibrium solutions
for F and SSB that are needed to meet fishery management needs. The relative status for F

and SSB in the current year and for projections provided by the model allow an assessment
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10.

11.

of population status, but not for levels of allowable catch to meet management targets or
goals.

Uncertainty for the relative F and SSB are addressed in part through the use of Markov Chain
Monte Carlo methods and through sensitivity runs examining the effects of assuming
different maximum ages for goliath grouper and different levels of the effectiveness of the
moratorium on reducing fishing mortality since 1990. However, implementation uncertainty
(because of compliance issues or natural events such as cold kills, red tides, and etc.) is not
addressed.

Only relative measures for yield-per-recruit, spawner-per-recruit, and stock-recruitment
evaluations are provided from the “catch-free” model and are of limited utility unless there
are additional data that can be used to scale the relative values. While these values are
calculated by the model, they are not tabulated.

Because only relative measures are computed by the “catch-free” model, they are not suitable
“as is” for SFA requirements. However, the relative SSB- and F- ratios are presented in
reference to the current SAFMC management benchmark for OY (Fsguspr).

Relative stock status is examined relative to the Fsoo,spr and SSBeats00spr management
benchmarks.

A probabilistic analysis (using the MCMC) outcomes is presented regarding the relative
benchmarks; however, because this assessment model does not use or estimate catches, there
is no analysis of proposed harvesting or exploitation levels.

Projections of relative SSByear/SSBF at so%spr 1n future years using the currently estimated
fishing mortality rate in 2009 are made. There is no actual estimate of fishing mortality rate
in this closed fishery. F is estimated using a Bayesian prior developed by the DW
participants.

Recommendations on future research and data collection were provided at the DW. An
additional recommendation for a “research fishery” was briefly discussed at the Assessment
Workshop (AW), but was never formalized.

Spreadsheets containing calculations for model parameters and containing results of model

runs are available for the Review Workshop (RW) participants.

DATA REVIEW AND UPDATE
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The SEDAR 23 Goliath Grouper Data Workshop (DW) was held on April 27-29, 2010 in St.
Petersburg, Florida. Participants reviewed the available information on goliath grouper in the
southeastern United States and made recommendations on the definition of the stock, age-specific
natural mortality, maturity, length-weight relationships, growth curve, and a modified prior
distribution for the potential effectiveness of the moratorium on harvest. New information on aging
from spines and additional research survey data were explored for possible use in the assessment,
commercial and recreational landings data were reviewed. The DW panel recommended that the
aging information for specimens collected by Brusher and Schull (2009) be combined with the
Bullock et al. (1992) data to form the basis for a new growth curve to be developed for the
Assessment Workshop (AW).

The SEDAR 23 AW was held on August 2-5, 2010 in St. Petersburg, Florida. Participants
reviewed the recommendations from the DW and the reports by the working groups. New indices of
abundance based on the REEF, MRFSS, and Head Boat Surveys were developed for potential
inclusion into the catch-free (Porch et al. 2006) model. Additional information on historical
commercial landings (and adjustments to landings) was presented, and new data from research
surveys of habitats in the West Florida shelf (Collins and Barbieri 2010) became available. The AW
panel was presented with some initial model runs using the lengthened (through 2009) index series
for the Everglades National Park (ENP) Angler Creel Survey and REEF (Atlantic Coast and Florida
Keys) consistent in configuration with previous runs made during SEDAR 6 as well as preliminary
runs made with the new growth curve parameters and priors on moratorium effectiveness.

The AW made several recommendations for preceding with the assessment including
revisions to the length-weight equation (omitting three observations from newspaper accounts),
revising the MRFSS catch index (proportion positives) to include all regions rather than just
southeast and southwest Florida, and revising the age distribution and vulnerability curve for goliath
grouper measured in the ENP Angler Creel Survey based upon the new growth curve. The AW
panel recommended dropping the interview index used in SEDAR 6, and not to use the newly
developed Head Boat Survey catch index because it covered only a relatively short portion of the
time series. Additionally, the AW recommended that the 1942-1950 portion of the commercial
landings series (not used in the catch-free model) should be smoothed to reduce the impact of an

apparently large increase in landings during the 1942-1945 years on analyses (e.g, stock-reduction
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analyses) which would make use of those data. There was some concern that the early portion of the
commercial landings may not have been reliably reported. The commercial landings series (and
recreational landings if possible) could be useful for a stock reduction analysis (SRA; e.g., Martell et
al. 2008), and was proposed as a further exploration of these data to examine potential management
benchmarks that may arise from such an analysis (SEDAR 23-RW-01).

Following the AW, a webinar was held on September 15, 2010 to discuss the revisions
recommended by the AW panel and progress on model parameters. The 1942-1950 commercial
landings were re-analyzed and loess estimates for this portion of the commercial landings (Figure
2.2.1) were presented. In addition, because it is beneficial for stock reduction analyses to use longer
time series, commercial landings data from 1918 to the present with loess smoothing applied to the
1918-1950 portion of the time series was proposed for use in the SRA. A revised length-weight
equation (Table 2.1.1) and the coefficient of variation for length measurements by age were
calculated for use in the catch-free and SRA models. A revised growth curve (Table 2.1.2, Figure
2.2.2) was also calculated. A revised MRFSS catch (proportion positives) index (Figure 2.2.3) was
presented. A revised age distribution and vulnerability curve for the ENP Angler Creel Survey
based on the revised growth curve and age-adjusted natural mortality were presented (Figure 2.2.4)
and compared to the results (Figure 2.2.5) from SEDAR 6 using a total mortality (fishing and natural
mortality) adjusted age-length key method (Porch et al., 2003). In addition, the vulnerability
relationship linking the diver surveys (DeMaria, REEF southeast and REEF southwest) and the
MREFSS index to age ranges in the model was developed using the lengths of goliath grouper
measured in offshore habitats (Collins and Barbieri, 2010) and the revised growth curve —natural
mortality age-adjusted probabilistic aging method and compared to the logistic equation used in
SEDAR 6 (Figure 2.2.6).

The remainder of the webinar was used to discuss a preliminary run of a SRA and a
preliminary run of the catch-free model showing the fits to the five indices recommended by the AW
panel and the resultant biomass trajectory. The webinar participants suggested that sensitivity runs
encompass a range of natural mortality values corresponding to maximum ages for goliath grouper
that were 25%, 50%, 75% and 100% older than the known maximum age (37 years).

Following the webinar, additional work was needed for computing model parameters that
were sensitive to the natural mortality estimates suggested for sensitivity runs. Both (juvenile for the

ENP index and adult for the offshore indices) of the vulnerability curves for the indices should
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depend upon natural mortality estimates for deriving the functional relationships between
vulnerability and age. A range of hypothetical maximum ages (40, 50, 60, 70, and 80 years) for
goliath grouper was chosen to represent the uncertainty in the knowledge of the maximum longevity
of this species. Natural mortality rates based on maximum age were estimated following Hewitt and
Hoenig (2005), and age-adjusted natural mortality rates were calculated (Table 2.1.3) following
Lorenzen (2005) and a spreadsheet solution supplied at a previous SEDAR by Dr. Paul Medley.
Coding and model configuration for incorporating age-adjusted natural mortalities internally
within the catch-free model was provided by Dr. Clay Porch (NOAA Fisheries, Southeast Fisheries
Science Center, personal communication). The coding for the age-specific natural mortality rates
used a biomass relationship (Table 2.1.4) rather than numbers as provided at the DW. Age-specific
natural mortality as a function of biomass is calculated following Lorenzen (1996) in the model as

follows:
_ b
MLa=M, - wy,

where a is age, My, is the natural mortality rate per year at unit weight, b is the allometric scaling
factor, wy is the weight at age (mid-year) in grams, and M| 5 is the age-specific mortality rate per
year at mean length at age. Values for M, and b were for “natural systems” from Lorenzen (1996),

and are equal to 3 and -0.288, respectively. If age-specific mortality rates are calculated over a

specific range of ages or weights are not in grams, this equation is modified as follows:
Mo =M, (EMc,/ EMi,r) - € - Wa',

where r is the number of ages over which the adjustment factor is calculated, XMc, is the
cumulative sum of constant natural mortality rates over the desired range of ages (i.e., r - M), XM ,,
is the cumulative sum of the age-specific natural mortality rates over that same range of ages, and ¢
is a scaling factor to convert the weight units to grams. [For example, if biomass units are

kilograms, ¢ = (1000g/kg) ****.] The values for “alpha” in Table 2.1.4 correspond to the maximum
ages used in calculating age-specific natural mortality are model input parameters and equal [M,
‘(EMc,/ ZMy,) - €].

After the webinar, Dr. Porch discussed the development of the age-length key used in

SEDAR 6 (Porch et al. 2003) which incorporated a constant natural mortality rate and a lower-

bounded estimate for fishing mortality. The proportions of lengths at age (binned in 20 mm or other

9
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desired increments) from the aged samples (Brusher and Schull 2009) were calculated. The sum of
lengths in each length category (binned in the same increments as the aged sample) from the ENP
Angler Creel Survey measurements were multiplied by the proportions of lengths at age from the
aged samples. The sum of the products of lengths at each age is an estimate of the expected number
(unadjusted for total mortality) at each age (e,) in the unaged sample. Four parameters (N, F, and
mode and cv for a gamma distribution) are given starting values and used for an iterative solution to
minimize a residual sum of squares at a given natural mortality estimate. A hypothetical population

is constructed by calculating:
Na=Ngi - e(M+D 55D

where Nj is the number of animals expected at age, M is the estimate of natural mortality (fixed for

an age), F is fishing mortality (iteratively solved for and bounded at some minimum value), and s5-1
is the vulnerability at age from the fitted distribution (in this case, a gamma distribution).

Vulnerability at age is calculated by:
sa=[(a/x) - et/ (1/(ev?)-1) 1

where x and cv are the trial mean and cv of a gamma function. The predicted number at age (pa)

adjusting for total mortality is calculated by:

Pa=F sa- Na- (1-e"™0 %)/ (M +F - 5,),
and the residual sum of squares (ry) is calculated as:

l'a=(13a'ea)2,

where the e; are the calculated number of animals expected from the numbers at age calculated from
the age-length key without adjusting for mortality, and these equations are solved iteratively to
minimize the residual sum of squares.

As a result of this discussion, the vulnerability curve for the ENP Angler Creel Survey Index
was re-examined with the age-length key technique used in SEDAR 6, adjusting for age-specific
natural mortality rates (Lorenzen, based on numbers) and using a bounded fishing mortality rate

(Figure 2.2.7). The fits appeared more satisfactory than the revised growth curve-age-adjusted

10
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natural mortality probabilistic method (Figure 2.2.4) proposed during the webinar, and the
parameters in Table 2.1.5 were derived using this age-length key method.

Logistic fits to the estimated offshore age distribution (adjusting for age-specific natural
mortality and the new growth curve) also were calculated using the total mortality adjusted age-
length key method (Table 2.1.6) and compared to the relationship assumed for SEDAR 6 (Figure
2.2.8). The SEDAR 6 parameters were chosen based upon the vulnerability curve derived for
inshore habitats (i.e., Everglades National Park) and the indications from research studies that larger
animals appeared to leave these habitats presumably for offshore areas. The data from the Bullock
et al. (1992) study were thought to be potentially biased towards larger animals and the animals
sampled and aged may not represent the true vulnerability of goliath grouper to fishing mortality in
offshore habitats. With the availability of the underwater measurements of goliath grouper in
offshore habitats, it seemed like an opportune time to examine the possible age structure of animals
in those habitats using an age-length key. Unfortunately, there is no sure way to test whether the
estimated age structure is close to the real age structure without some representative sampling for the
ages of those animals. The revised fits have very similar points of inflection (asy) ranging from 5.5
to 5.2 but are not as knife-edged in selectivity (slopes range from 1.02 to 1.06 depending upon the
natural mortality rate used) compared to fixed slope of 0.2 in SEDAR 6. The fits seem reasonable in
that there are smaller (and presumably younger) goliath groupers in offshore areas along with larger
(and presumably older) ones, so the vulnerability curve should allow for some interaction of the
offshore-derived indexes (DeMaria, REEF southeast, REEF southwest, and MRFSS) with younger
ages rather than being so “knife-edged” in vulnerability. Compared to the logistic fit from the new
growth curve and age-specific natural mortality rate probabilistic method (Figure 2.2.5), the age-
length key method produces a steeper curve (Figure 2.2.8), allows for some vulnerability of the
younger aged fish occurring in offshore areas, and as such is a little more conservative in its
implications for vulnerability at age. For these reasons, the vulnerability curve for the offshore
portions of the goliath grouper population was modeled using the total mortality adjusted age-length

key method.

11
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2.1. TABLES
Table Description
2.1.1 Revised goliath grouper length (TL, mm)-weight (whole, kg) conversion equations (power

function, log. transformed linear fit and non-linear fit).

2.1.2

Revised growth (von Bertalannfy) equation combining age data from Bullock et al. (1992) and
Brusher and Schull (2009).

Constant and age-adjusted natural mortality vectors (based on population numbers) for several
hypothetical maximum ages. Values are calculated for mid-year, and adjusted for target ages
starting at age 4 and ending at the maximum age. The target M value was derived following
Hewitt and Hoenig (2005). M. = constant natural mortality rate. M| =age-adjusted natural
mortality rate at mean length (L) at age.

Age-adjusted natural mortality vectors (based on population biomass) for several hypothetical
maximum ages. Values are calculated for mid-year, and adjusted for target ages starting at age
4 and ending at the maximum age. The target M value was derived following Hewitt and
Hoenig (2005). “Alpha” is a multiplier to adjust for ranges of target ages, and may be further
modified if biomass is not in grams. M, =age-adjusted natural mortality rate.

Parameters (mean, cv) of gamma fits for the vulnerability curve linked to the ENP Angler
Creel Survey Index. F is the fishing mortality rate, and N is numbers of fish. Both are
bounded at minimum values and are adjusted during the fitting process (minimizing a residual
sum of squares) to estimate the mean and cv of the gamma fit.

Parameters (aso,slope) of logistic fits for the vulnerability curve linked to the offshore (adult)
indices. F is the fishing mortality rate arbitrarily bounded at 0.1, and N is numbers of fish.
Both are bounded at minimum values and are adjusted during the fitting process (minimizing a
residual sum of squares) to estimate the asp value (inflection point for the curve, interpreted as
the age at 50% vulnerability) and slope of the logistic fit.

12
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Table 2.1.1. Revised goliath grouper length (TL, mm)-weight (whole, kg) conversion equations
(power function, log. transformed linear fit and non-linear fit).

Dependent vs.

independent model n In(a) a b MSE
Whole wt (kg) vs.

TL (mm) Wt=In(a)+b-In(TL) 1,211 -18.8530 6.490e-09 3.151 0.01526
Whole wt (kg) vs.

TL (mm) Wt =a-TL° 1,211 - 1.0113-08 3.090 6.0237

Table 2.1.2. Revised growth (von Bertalannfy) equation combining age data from Bullock et al.
(1992) and Brusher and Schull (2009).

Study Loo (mm) k (year™) to (years) n
SEDAR 23 2,221 0.0937 -0.6842 1,401
13
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Table 2.1.3. Constant and age-adjusted natural mortality vectors (based on population numbers) for several hypothetical
maximum ages. Values are calculated for mid-year, and adjusted for target ages starting at age 4 and ending at the
maximum age. The target M value was derived following Hewitt and Hoenig (2005). M, = constant natural mortality
rate. M, =age-adjusted natural mortality rate at mean length (L) at age.

max. age 37 40 50 60 70 80
start age 4 4 4 4 4 4
end age 37 40 50 60 70 80
Target M 0.1217 0.1128 0.0906 0.0757 0.0651 0.0571
Age M. M, M. M, M. M, M. M, M. M, M. M
0 0.660 0.623 0.523 0.452 0.397 0.355
1 0.941 0.425 0.945 0.401 0.956 0.337 0.963 0.291 0.968 0.256 0.972 0.229
2 0.833 0.322 0.844 0.304 0.873 0.256 0.893 0.221 0.907 0.194 0.918 0.173
3 0.738 0.264 0.754 0.249 0.797 0.209 0.828 0.181 0.850 0.159 0.867 0.142
4 0.653 0.227 0.674 0.214 0.728 0.180 0.767 0.155 0.796 0.137 0.819 0.122
5 0.578 0.201 0.602 0.190 0.665 0.160 0.711 0.138 0.746 0.121 0.773 0.108
6 0.512 0.183 0.538 0.172 0.608 0.145 0.659 0.125 0.699 0.110 0.731 0.098
7 0.453 0.168 0.480 0.159 0.555 0.133 0.611 0.115 0.655 0.101 0.690 0.090
8 0.401 0.157 0.429 0.148 0.507 0.124 0.567 0.107 0.614 0.095 0.652 0.084
9 0.355 0.148 0.383 0.140 0.463 0.117 0.525 0.101 0.575 0.089 0.616 0.080
10 0.315 0.141 0.343 0.133 0.423 0.112 0.487 0.096 0.539 0.085 0.581 0.076
11 0.279 0.135 0.306 0.127 0.386 0.107 0.452 0.092 0.505 0.081 0.549 0.072
12 0.247 0.130 0.273 0.122 0.353 0.103 0.419 0.089 0.473 0.078 0.519 0.070
13 0.218 0.125 0.244 0.118 0.322 0.099 0.388 0.086 0.443 0.075 0.490 0.067
14 0.193 0.122 0.218 0.115 0.294 0.096 0.360 0.083 0.415 0.073 0.463 0.065
15 0.171 0.118 0.195 0.112 0.269 0.094 0.334 0.081 0.389 0.071 0.437 0.064
16 0.152 0.116 0.174 0.109 0.246 0.092 0.309 0.079 0.365 0.070 0.413 0.062
17 0.134 0.113 0.156 0.107 0.224 0.090 0.287 0.078 0.342 0.068 0.390 0.061
18 0.119 0.111 0.139 0.105 0.205 0.088 0.266 0.076 0.320 0.067 0.368 0.060
19 0.105 0.109 0.124 0.103 0.187 0.087 0.246 0.075 0.300 0.066 0.348 0.059
20 0.093 0.108 0.111 0.102 0.171 0.085 0.228 0.074 0.281 0.065 0.328 0.058
21 0.082 0.106 0.099 0.100 0.156 0.084 0.212 0.073 0.263 0.064 0.310 0.057
22 0.073 0.105 0.089 0.099 0.143 0.083 0.196 0.072 0.247 0.063 0.293 0.056
23 0.065 0.104 0.079 0.098 0.130 0.082 0.182 0.071 0.231 0.063 0.277 0.056
24 0.057 0.103 0.071 0.097 0.119 0.082 0.169 0.070 0.217 0.062 0.261 0.055
25 0.051 0.102 0.063 0.096 0.109 0.081 0.156 0.070 0.203 0.061 0.247 0.055
26 0.045 0.101 0.056 0.095 0.099 0.080 0.145 0.069 0.190 0.061 0.233 0.054
27 0.040 0.101 0.050 0.095 0.091 0.080 0.134 0.069 0.178 0.061 0.220 0.054
28 0.035 0.100 0.045 0.094 0.083 0.079 0.125 0.068 0.167 0.060 0.208 0.054
29 0.031 0.099 0.040 0.094 0.076 0.079 0.116 0.068 0.156 0.060 0.197 0.053
30 0.028 0.099 0.036 0.093 0.069 0.078 0.107 0.068 0.147 0.059 0.186 0.053
31 0.024 0.098 0.032 0.093 0.063 0.078 0.099 0.067 0.137 0.059 0.175 0.053
32 0.022 0.098 0.029 0.092 0.058 0.078 0.092 0.067 0.129 0.059 0.166 0.053
33 0.019 0.098 0.026 0.092 0.053 0.077 0.085 0.067 0.121 0.059 0.156 0.052
34 0.017 0.097 0.023 0.092 0.048 0.077 0.079 0.066 0.113 0.058 0.148 0.052
35 0.015 0.097 0.020 0.091 0.044 0.077 0.073 0.066 0.106 0.058 0.140 0.052
36 0.013 0.097 0.018 0.091 0.040 0.077 0.068 0.066 0.099 0.058 0.132 0.052
37 0.012 0.096 0.016 0.091 0.037 0.076 0.063 0.066 0.093 0.058 0.124 0.052
38 0.010 0.096 0.015 0.091 0.033 0.076 0.058 0.066 0.087 0.058 0.118 0.052
39 0.009 0.096 0.013 0.090 0.031 0.076 0.054 0.066 0.082 0.058 0.111 0.051
40 0.008 0.096 0.012 0.090 0.028 0.076 0.050 0.065 0.076 0.058 0.105 0.051
14
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Table 2.1.4. Age-adjusted natural mortality vectors (based on population biomass) for several hypothetical maximum
ages. Values are calculated for mid-year, and adjusted for target ages starting at age 4 and ending at the maximum age.
The target M value was derived following Hewitt and Hoenig (2005). “Alpha” is a multiplier to adjust for ranges of
target ages, and may also be adjusted if biomass is not in grams. M| =age-adjusted natural mortality rate.

max. age 37 40 50 60 70 80
start age 4 4 4 4 4 4
end age 37 40 50 60 70 80
TargetM | 0.1217 0.1128 0.0906 0.0757 0.0651 0.0571
alpha* 0.453311 | 0.426729 | 0.357335 | 0.307574 | 0.270053 | 0.240728
Age M, M, M, M, M, M,
0 0.711 0.669 0.560 0.482 0.424 0.378
1 0.429 0.404 0.338 0.291 0.256 0.228
2 0.320 0.301 0.252 0.217 0.190 0.170
3 0.261 0.245 0.205 0.177 0.155 0.138
4 0.224 0.211 0.176 0.152 0.133 0.119
5 0.199 0.187 0.157 0.135 0.118 0.106
6 0.181 0.170 0.142 0.123 0.108 0.096
7 0.167 0.157 0.131 0.113 0.099 0.089
8 0.156 0.147 0.123 0.106 0.093 0.083
9 0.148 0.139 0.116 0.100 0.088 0.078
10 0.141 0.132 0.111 0.095 0.084 0.075
11 0.135 0.127 0.106 0.091 0.080 0.072
12 0.130 0.122 0.102 0.088 0.077 0.069
13 0.126 0.118 0.099 0.085 0.075 0.067
14 0.122 0.115 0.096 0.083 0.073 0.065
15 0.119 0.112 0.094 0.081 0.071 0.063
16 0.117 0.110 0.092 0.079 0.070 0.062
17 0.114 0.108 0.090 0.078 0.068 0.061
18 0.112 0.106 0.089 0.076 0.067 0.060
19 0.111 0.104 0.087 0.075 0.066 0.059
20 0.109 0.103 0.086 0.074 0.065 0.058
21 0.108 0.101 0.085 0.073 0.064 0.057
22 0.107 0.100 0.084 0.072 0.063 0.057
23 0.105 0.099 0.083 0.072 0.063 0.056
24 0.105 0.098 0.082 0.071 0.062 0.056
25 0.104 0.098 0.082 0.070 0.062 0.055
26 0.103 0.097 0.081 0.070 0.061 0.055
27 0.102 0.096 0.081 0.069 0.061 0.054
28 0.102 0.096 0.080 0.069 0.061 0.054
29 0.101 0.095 0.080 0.069 0.060 0.054
30 0.101 0.095 0.079 0.068 0.060 0.053
31 0.100 0.094 0.079 0.068 0.060 0.053
32 0.100 0.094 0.079 0.068 0.059 0.053
33 0.099 0.093 0.078 0.067 0.059 0.053
34 0.099 0.093 0.078 0.067 0.059 0.053
35 0.099 0.093 0.078 0.067 0.059 0.052
36 0.098 0.093 0.078 0.067 0.059 0.052
37 0.098 0.092 0.077 0.067 0.058 0.052
38 0.098 0.092 0.077 0.066 0.058 0.052
39 0.098 0.092 0.077 0.066 0.058 0.052
40 0.098 0.092 0.077 0.066 0.058 0.052
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Table 2.1.5. Parameters (mean, cv) of gamma fits for the vulnerability curve linked to the ENP
Angler Creel Survey Index. F is the fishing mortality rate, and N is numbers of fish. Both are
bounded at minimum values and are adjusted during the fitting process (minimizing a residual
sum of squares) to estimate the mean and cv of the gamma fit.

max.
age 37 40 50 60 70 80

Mc Iv'L Mc IVIL Mc IVIL Mc ML Mc IVIL Mc IVIL
F 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
N 2620.9 5589.6 2531.9 5204.4 | 2324.1 4318.4 | 2195.2 3776.8 | 2108.2 3413.5 | 2045.1 3154.1
mode 3.4903 3.6320 3.4756 3.6117 | 3.4394 3.5591 | 3.4156 3.5218 | 3.3989 3.4939 | 3.3864 3.4723
cv 0.3437 0.3395 0.3436 0.3396 | 0.3433 0.3400 | 0.3431 0.3403 | 0.3430 0.3405 | 0.3429 0.3407

Table 2.1.6. Parameters (aso,slope) of logistic fits for the vulnerability curve linked to the
offshore (adult) indices. F is the fishing mortality rate arbitrarily bounded at 0.1, and N is
numbers of fish. Both are bounded at minimum values and are adjusted during the fitting
process (minimizing a residual sum of squares) to estimate the asg value (inflection point for the
curve, interpreted as the age at 50% vulnerability) and slope of the logistic fit.

SEDAR 23 SAR - SECTION Il

max.
age 37 40 50 60 70 80
Mc ML Mc M,_ Mc IVIL Mc ML Mc ML Mc ML
F 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
N 19.52 51.26 18.45 45.98 15.51 34.56 13.81 28.11 12.72 24.04 11.95 21.27
asp 5.3862 5.5272 | 5.3509 5.4912 | 5.2384 5.3914 | 5.1601 5.3144 | 5.1029 5.2532 | 5.0589 5.2034
SIOpe 1.0895 1.0244 | 1.0907 1.0298 | 1.0930 1.0430 | 1.0934 1.0517 | 1.0930 1.0576 | 1.0924 1.0619
16
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2.2. FIGURES
Figure Description
2.2.1 Reconstructed historical commercial landings of goliath grouper reported in

Florida, 1918 to 2009. Loess smoothing was applied to the reported
commercial landings for 1918 to 1950, and linear interpolation between loess
estimates was used to fill gaps in the landings series.

222 Revised growth (von Bertalannfy model) curve combining the lengths and ages
from otoliths collected by Bullock et al. (1992), spine and otolith ages and
lengths from Brusher and Schull (2009), and ages and lengths from specimens
collected from cold kills and other sources.

2.2.3 Revised MRFSS catch index (proportion positives) using all regions of Florida.
Proportion postives for trips (n=153,355) with catch of goliath grouper.
Interviews from the same trip were pooled from MRFSS private/rental boat
trips from 1991-2009 even if there was no catch of any fish). Final model
variables : year, survey region, and water body.

224 Estimated age frequency of angler-caught goliath grouper in the Everglades
National Park (1974-1990) using the new growth curve and age-adjusted natural
mortality from specimens measured during 1997-2002 by Brusher and Schull
(2009). The vulnerability curve developed for SEDAR 6 (Porch et al. 2003) is
also shown

2.2.5 Length measurements of goliath grouper from inshore and offshore studies
show movement of larger animals to offshore habitats. Estimated age
frequency of goliath grouper in offshore habitats of the West Florida shelf using
length measurements by divers (Collins and Barbieri 2010). The resulting
vulnerability curve (logistic fit) is linked to the indices which apply to offshore
(adult) animals.

2.2.6 Estimated age frequency of angler-caught goliath grouper in the Everglades
National Park (1974-2001) using an age-length key developed for SEDAR 6
(Porch et al. 2003) from specimens measured during 1997-2002 by Brusher and
Schull (2009).

2.2.7 Estimated age frequency of angler-caught goliath grouper in the Everglades
National Park (1974-2001) using an age-length key developed for SEDAR 23
from specimens measuredd during 1997-2002 by Brusher and Schull (2009).

2.2.8 Vulnerability curve using estimates of ages from underwater measurements of
total length of goliath grouper in offshore habitats on the West Florida shelf
(Collins and Barbieri 2010) using an age-length key developed for SEDAR 23

17
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using age determinations from Bullock et al. (1992), Brusher and Schull (2009),
and additional specimens from cold kills and other sources that were aged.

18
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Figure 2.2.1. Reconstructed historical commercial landings of goliath grouper reported in Florida,
1918 to 2009. Loess smoothing was applied to the reported commercial landings for 1918 to 1950,
and linear interpolation between loess estimates was used to fill gaps in the landings series.
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Figure 2.2.2. Revised growth (von Bertalannfy model) curve combining the lengths and ages from
otoliths collected by Bullock et al. (1992), spine and otolith ages and lengths from Brusher and
Schull (2009), and ages and lengths from specimens collected from cold kills and other sources.
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Figure 2.2.3. Revised MRFSS catch index (proportion positives) using all regions of Florida.
Proportion postives for trips (n=153,355) with catch of goliath grouper. Interviews from the same
trip were pooled from MRFSS private/rental boat trips from 1991-2009 even if there was no catch of
any fish). Final model variables : year, survey region, and water body.
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a. Goliath grouper lengths measured in the ENP b. Goliath grouper predicted ages in the ENP
Angler Creel Survey, 1974-1990. Goliath Angler Creel Survey using the new growth curve
grouper: Fork Lengths (= Total Length) were and age-adjusted natural mortality developed
binned in 50 mm increments. from Brusher and Schull’s (2009) data.
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c. Goliath grouper lengths measured in the d. Ages of goliath grouper caught in mangroves
Everglades National Park, 1997-2002 (Brusher and other habitats in the ENP, 1997-2002
and Schull 2009) from all gears and binned in 50 (Brusher and Schull 2009) from all gears.
mm increments.

gamma fit, mode=1.767, cv=0.6059 gamma fit, mode=3.47, cv=0.343
1.0 1.0 (SEDAR 6)
2 2z
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e. Alternative gamma fit to estimated ages of f. Gamma fit for ages estimated by a total
goliath grouper from angler creels in the ENP mortality-adjusted age-length key for ENP
using the new growth curve and age-adjusted angler creels used for the vulnerability curve
natural mortality. linked to the ENP catch index used in SEDAR 6.

Figure 2.2.4. Estimated age frequency of angler-caught goliath grouper in the Everglades National
Park (1974-1990) using the new growth curve and age-adjusted natural mortality from specimens
measured during 1997-2002 by Brusher and Schull (2009). The vulnerability curve fit to the
estimated ages for the ENP creel data using this method is shown in e), and the curve developed for
SEDAR 6 (Porch et al. 2003) using a total mortality adjusted age-length key is shown in f).
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a. Goliath grouper lengths (binned in 20 cm b. Goliath grouper lengths (binned in 20 cm
increments) measured in the Everglades increments) measured in the Everglades
National Park (Brusher and Schull 2009). National Park (Koenig et al. 2007)..
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c. Goliath grouper lengths (binned in 20 cm d. Estimated ages of goliath grouper in West
increments) measured by divers in offshore Florida shelf offshore habitats using a revised
habitats of the West Florida Shelf (Collins and growth curve and age-adjusted natural mortality
Barbieri 2010). method.
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e. Vulnerability curve for goliath grouper in f.  Vulnerability curve for goliath grouper in

offshore habitats from a logistic fit to the ages offshore habitats used in SEDAR 6.

estimated using the revised growth curve and
age-adjusted natural mortality method from the
lengths in Collins and Barbieri (2010).
Figure 2.2.5. Length measurements of goliath grouper from inshore and offshore studies show movement of

larger animals to offshore habitats. Estimated age frequency of goliath grouper in offshore habitats of the
West Florida shelf using length measurements by divers (Collins and Barbieri 2010). The resulting
vulnerability curve (logistic fit) is linked to the indices which apply to offshore (adult) animals.
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a. Angler-caught goliath grouper lengths (fork b. Goliath grouper predicted ages in the ENP Angler
length=total length) measured in the Creel Survey using a total mortality adjusted age-
Everglades National Park Angler Creel Survey, length key developed from Brusher and Schull’s
1974-2001. (2009) data for SEDAR 6. A constant natural

mortality rate (M=0.11) was used.
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c. Goliath grouper lengths measured (binned in d. Goliath grouper ages measured in the ENP, 1997-
50 mm increments) in the ENP, 1997-2002 2002 (Brusher and Schull 2009) from all gears
(Brusher and Schull 2009) from all gears except blue crab traps.

except blue crab traps.

Figure 2.2.6. Estimated age frequency of angler-caught goliath grouper in the Everglades National
Park (1974-2001) using an age-length key developed for SEDAR 6 (Porch et al. 2003) from
specimens caught by all gears except blue crab traps measured during 1997-2002 by Brusher and
Schull (2009).
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a. Goliath grouper predicted ages in the ENP
Angler Creel Survey using an age-length key
developed from Brusher and Schull’s (2009)
data for SEDAR 6, constant natural mortality

b. Goliath grouper predicted ages in the ENP Angler

Creel Survey using an age-length key developed
from Brusher and Schull’s (2009) data for SEDAR
23, age-adjusted natural mortality for M=0.12..
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c. Comparison of vulnerability curves derived using a gamma fit to predicted ages from a total mortality
adjusted age-length key either with a constant natural mortality rate (M=0.12) or age-adjusted natural
mortality rates for SEDAR 23.

Figure 2.2.7. Estimated age frequency of angler-caught goliath grouper in the Everglades National
Park (1974-2001) using an age-length key developed for SEDAR 6 and SEDAR 23 from specimens
measured during 1997-2002 by Brusher and Schull (2009).
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a. Vulnerability curve (logistic fit) for estimated ages of goliath grouper measured by divers in offshore
areas of the West Florida shelf (Collins and Barbieri 2010). This example shows the curve obtained for
M=0.12 (age-specific natural mortality rate, max. age=37 years). ag=5.527, slope=1.024 (see Table 2.1.6
for parameters at other maximum ages.)
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b. SEDAR 6 vulnerability curve for goliath grouper assumed for offshore areas compared to a curve derived
from underwater measurements of goliath grouper in offshore areas of the west Florida shelf.
Figure 2.2.8. Vulnerability curve using estimates of ages from underwater measurements of total length of
goliath grouper in offshore habitats on the West Florida shelf (Collins and Barbieri 2010) using an age-length
key developed for SEDAR 23 using age determinations from Bullock et al. (1992), Brusher and Schull
(2009), and additional specimens from cold kills and other sources that were aged.
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3. STOCK ASSESSMENT MODELS AND RESULTS

One model (the catch-free model by Porch et al. 2006) was developed for the assessment of goliath
grouper. Another model [stock reduction analysis (SRA)] was explored for the potential to produce
other management benchmarks from the highly reconstructed but incomplete (i.e., no recreational
harvest in terms of biomass was available) catch series. The results from the SRA are preliminary
and need further refinement, and are provided as a working paper to this SEDAR (SEDAR23-RW-
01).

3.1. CATCH-FREE STOCK ASSESSMENT MODEL

The only assessment of goliath grouper in U.S. waters prior to this SEDAR endeavor utilized the
catch-free assessment model (Porch et al. 2003, 2006). This model is an age-structured
production model and utilizes known biological information regarding a species, incorporates
indices of abundance and effort (if known, or a proxy) and other auxiliary information from
meta-analyses of stocks with similar life history characteristics allowing for informative priors
on parameters such as fishing mortality (F) and natural mortality (M) rates, growth curve
parameters and vulnerabilities. The catch-free model has a flexible model structure, and
provides management benchmarks relative to pre-exploitation levels and projections for future
years. There is no dependence upon harvest estimates as inputs for the model. The results and
benchmarks are derived from a reconstruction of a population based upon biological parameters
and abundance indices and the results are relative to a population assumed to be at “near virgin”
levels. Benchmarks in this assessment model are relative based on spawning potential ratio
(SPR) assuming a Beverton-Holt spawner-recruit function. Porch et al. (2003, 2006) provide the
theoretical and practical development for this model and inputs as well as assessment results
through 2002, and the analyses were based upon interviews with long-time fishermen in southern
Florida and upon indices of abundance for the Everglades National Park Angler Creel Survey
(through 1999), and for the DeMaria and REEF diver surveys (through 2002) of some offshore
sites in southern Florida waters.

The previous assessment estimated that the potential for spawning stock biomass (SSB)
in a future year exceeding SSBFr at s0%spr (the current benchmark for management of this species
in the southeastern US) might occur as early as 2006 (50% chance) and that there was a 95%

chance that the population might recover by 2012 (Porch et al. 2003). Under more conservative
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assumptions on the effectiveness of the moratorium on preventing harvest, recovery would not
have occurred by 2017 (Porch et al. 2006). Or, under more optimistic assumptions on
selectivities reducing fishing pressure on younger ages, there was a 70-80% chance that recovery

might occur by 2017 (Porch et al. 2006).

3.1.1. Catch-free Assessment Model Methods

3.1.1.1. Overview of Data and Sources

The catch-free model utilizes known or estimated biological parameters (growth, length-
weight, fecundity, maximum lifetime reproductive rate, maximum age, etc.), indices of
abundance and fishing effort (or a proxy for effort), functions for fishing mortality that are
defined to operate over several defined time periods, an estimate of natural mortality (M), and
functions for catchability and vulnerability at age that are linked to each of the indices of
abundance. The model uses no catch, harvest, or landings information other than those data used
to develop the vulnerability curves and indices of abundance. The model currently addresses the
population dynamics of a single stock only, but this is not an issue with this assessment. The
Data Workshop (DW) panel recommended that goliath grouper in the southeastern U.S. and U.S.
Gulf of Mexico be treated as a single stock based upon genetics work on this species (Craig et al.
2009).

A refinement to the catch-free model for this assessment incorporated coding for age-
specific M (Dr. Clay Porch, NOAA Fisheries, Southeastern Fisheries Science Center, personal
communication) based upon Lorenzen (1996) rather than treating M as constant as in the
previous assessment (Porch et al. 2003, 2006). This refinement (see Section 2) used the
relationship developed by Lorenzen (1996) and is based upon biomass rather than the age-
specific M based upon population numbers (Lorenzen 2005) recommended for use during the
DW. The catch-free model estimates biomass at the mid-year point in its calculations, and the
age-specific M based upon biomass generated by the model also is calculated at mid-year. The
age-specific M based upon population numbers recommended by the DW was used for
generating the vulnerability curves that were linked to the indices of abundance.

Additional refinements to the input data (see Section 2) were to the growth curve, length-
weight relationship, and the vulnerability curves linked to the ENP Angler Creel Survey Index
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and for the offshore abundance indices (DeMaria REEF southeast, REEF southwest, MRFSS).
There was also a difference in the calculation of the target M between SEDAR 6 and this
assessment (Figure 3.3.1). In SEDAR 6, M was calculated using the regression equation
established for fish (Hoenig 1983), whereas in this assessment M was calculated using the
regression equation drawn from all taxa following the recommendation by Hewitt and Hoenig
(2005). Natural mortality based upon maximum ages of other reef fish species have been
calculated using either equation in previous SEDAR assessments (Figure 3.3.1). No additional
information on the maximum age of goliath grouper has been published since Bullock et al.
(1992), so this assessment relied upon the oldest specimen (37 years old) found in that study.
Because the age-length keys utilize an estimate for M (either constant as in SEDAR 6 or age-
specific as in this assessment) and the AW panel recommended a range of maximum ages to
consider for sensitivity runs, additional hypothetical maximum ages of 40, 50, 60, 70, and 80
years were used to calculate values for M and for age-specific M (Tables 2.1.3 and 2.1.4). The
age-specific M in numbers at age (Table 2.1.3) were used for the age-length keys to develop the
vulnerability curves for the juvenile (Table 2.1.5) and adult (Table 2.1.6) portions of the goliath
grouper population that were linked to specific indices of abundance. The age-specific M based
upon biomass (Table 2.1.4) is calculated internally in the catch-free model. Model input
parameters for M are the slope (-0.288) and intercept (3) from Lorenzen (1996), however the
intercept (Table 2.1.4 “alpha”) was modified (see Section 2) to take into account the adjustments
for the ranges of ages (4-37) over which the DW recommended that M be adjusted, and also for

the units of biomass from the length-weight relationship that was also an input to the model.

3.1.1.2. Model Configuration and Equations

The catch-free model and parameter (“.prm”) and data (“.dat”) configuration files used in
SEDAR 6 were obtained from Dr. Clay Porch (NOAA Fisheries, Southeast Fishery Science

Center, personal communication). AD-Model Builder (http://admb-project.org/) version 9.0.0

was used to implement the model, and code was compiled and linked using Borland C++
(version 5.5). The population modeling equations were thoroughly presented in Porch et al.
(2003) and Porch et al. (2006). A refinement to the model used in SEDAR 6 which permitted
age-specific natural mortality to be used in the calculations was added by Dr. Porch in

September, 2010, and the formulas for these computations are discussed in Section 2.
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The parameters for the continuity run were configured using the .prm file received from
Dr. Porch, and modified slightly after conferring with him regarding some of the parameters
(Table 3.2.1) in relation to SEDAR 6. The parameters for model runs for SEDAR 23 used some
of the same settings as in SEDAR 6, and modifications for SEDAR 23 are in Table 3.2.2.

Abundance and effort indices used during SEDAR 6, SEDAR 23 continuity run, and
SEDAR 23 model runs are in Table 3.2.3. The model used in SEDAR 23 was configured
similarly to that used in SEDAR 6, and used indices of abundance derived from the DeMaria
observations (Porch et al. 2003) at specific wrecks in southwest Florida, observations by
recreational divers at sites in southeast Florida and the Florida Keys (REEF southeast; Porch
2010), and a catch index developed from the Everglades National Park (ENP) Angler Creel
Survey from 1974-2009 (Cass-Calay 2010). Two indices of abundance [REEF southwest (Porch
2010) and MRFSS (O’Hop 2010) were added to the model, and the interview index from
SEDAR 6 was dropped from the model at the request of the AW panel. Data (.dat) files showing
the values for the indices of abundance and effort for the continuity and proposed base run are

included in Appendix A.

3.1.13. Parameters Estimated

The catch-free model is very flexible, and parameter estimation may be turned on (i.e.,
allowing the model to solve for a parameter) or off (i.e., treating the value in the parameter file as
fixed). The configurations used in the SEDAR 23 continuity and model runs are in Tables 3.2.1
and 3.2.2. There were a total of 304 estimated values in the continuity model, and 305 values
estimated in the proposed base model and each of the sensitivity runs. Parameters were

estimated for fishing mortalities in the historical period (¢;), modern period (¢.), and post-

moratorium period (¢3), lifetime reproductive rate (a), lifetime reproductive rate-1 (a-1),

asymptotic length (L., ), catchabilities linked to each of the indices (except for the interview
index in the continuity run), selectivity for the modern era, overall variance, fishing mortality
deviations (1980-1989), recruitment deviations (1980-2009), Faowspr, F30%spr, Fa0%spr, F50%spPr,
Fsowspr, , natural mortality (M — only for constant M in the continuity run, not for the age-
specific M in the other SEDAR 23 model runs), moratorium effectiveness (1- ¢3), Fusy,
Frnature,Fmax,F0.1, Beurrent, Feurrent, Beurrent/BF at 20%sPr, Beurrent/ BF at 30%sPr, Beurrent/B F at 40%sPR,

Bcurrent/B F at 50%SPR, Bcurrent/BFatGO%SPR, Bcurrent/BMSY, Bcurrent/Bmature, Bcurrent/Bmax, Bcurrent/BF at 0.1,
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Feurrent/F200espr, Feurrent/F30vser, Feurrent/Fa0%spr, Feurrent/Fso%spr, Feurrent/Feooespr, Byear for 1950-2029,
Byear/Bret (Where year = 1950-2029, and ref= B r ars0%spr in SEDAR 23 configurations),
log(Fapical, year) for 1950-1989 (Fapical was fixed to Feyrrent for 1990-2029), and for the projections
Byear/Bret for 2004-2009 and projections for 2010-2024. The current year used for these runs was
2009. A comparison of the components incorporated into the negative log likelihood function

for the continuity and other runs is in Table 3.2.4.

3.1.14. Uncertainty and Measures of Precision

There is a great deal of uncertainty with many of the life history and population
parameters for goliath grouper. Porch et al. (2003, 2006) incorporated the use of Bayesian priors
for many of these parameters that were based upon meta-analyses of fish with similarities in their
life history traits. Other parameters for which prior distributions were constructed were based
upon length-at-age and length in catches for juvenile goliath grouper in the ENP Angler Creel
Survey and underwater measurements of goliath grouper (Collins and Barbieri 2010). Still other
priors were constructed, for example, based upon consensus opinion given by DW participants
on a prior distribution covering the plausible range of values for the effectiveness of the
moratorium on harvest (i.e., a percentage reduction in fishing mortality rates; Figure 3.3.2) since
this quantity is unmeasured nor likely to be known with any certainty. The potential for
introducing bias into the analyses exists with priors constructed from expert opinion, and it also
can be introduced when running sensitivity analyses where the unknown values are fixed to
values selected by analysts (Porch et al. 2006). However, when unbiased data are not available
or are inadequate for the task, analyses depending upon uninformative priors will probably not
yield useful advice because the range in plausible outcomes may be too large. By using a
subjective prior such as for the effectiveness of the moratorium, perhaps more realistic limits
may be placed on the uncertainty for this parameter.

By allowing the catch-free model to estimate parameters using priors (i.e., turning on
phase-estimation for the parameter), the model uses the parameter “best estimate” and
distributional shape (function type, variance or coefficient of variation, and probability density
function) to adjust the parameter estimate within the bounds provided by the prior distribution
during the model convergence process. When a valid convergence is achieved, the model
generates a variance-covariance matrix for the parameters that are estimated. To explore the

precision on these parameter estimates, either likelihood profiles can be generated using the
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routines provided by ADMB, or ADMB’s Markov Chain Monte Carlo simulations (MCMC) that
use the variance-covariance matrix to start the Metropolis-Hastings method algorithm can be
used. Likelihood profiling was not successful to date with model configurations used in SEDAR
23, so uncertainty was examined using MCMC. The initial runs used approximately 10 million
MCMC trials designed to yield approximately 2.5 million accepted samples. “Burn-in” and
autocorrelation among samples were assessed using the R (version 2.11.0; http://www.r-
project.org/) package ‘boa’ diagnostics. Most parameters of interest appeared to have a burn-in
period of less than 500,000 accepted samples, so a burn-in period of 500,000 was chosen.
Autocorrelation among samples became non-significant for most parameters of interest between
lags of 400 and 500, so a thinning rate of 500 was chosen for sample selection.

In addition to the MCMC runs, the DW recommended sensitivity runs for alternative
values of natural mortality corresponding to ages of 25%, 50%, 75%, and 100% older than the
known maximum age of goliath grouper. To make reasonable increments for ages, natural
mortality rates corresponding to 40, 50, 60, 70, and 80 years were calculated (Table 2.1.3). Age-
specific natural mortality rates based on biomass were generated from these target rates for M
using Lorenzen (1996) for the model, and age-specific M based on numbers were used to
generate the parameters for vulnerability curves using age-specific total mortality adjusted age-
length keys (see Sections 2 and 3.1.1.1). Additional sensitivity runs included using the SEDAR
6 prior on the percentage reduction in F due to the moratorium on harvest, and an additional prior

for that parameter that had a slightly lower mean than that recommended by the DW participants.

3.1.15. Benchmark / Reference Points Methods

The South Atlantic Fishery Management Council (SAFMC) adopted benchmark proxies
for the snappers and most of the groupers in 1998 (Amendment 11) of F3gyspr as their Maximum
Fishing Mortality Threshold (MFMT, now called the overfishing limit, OFL) and the Minimum
Stock Size Threshold (MSST) is (1 — M) SSBE at 3006spr 01 0.88 SSB £ at 3006spr. However, for
goliath grouper, the MSY proxy for MFMT is the F at 40% static SPR. In the same amendment,
the SAFMC chose the yield corresponding to Fssespr as their optimum yield (OY) goal for most
groupers except for goliath grouper, for which the OY proxy is set to 50% static SPR. The Gulf
of Mexico Fishery Management Council (GMFMC) also has adopted Fspuspr as their OFL for
reef fish and they chose 0.8 SSB  at 30%spr as their MSST. The GMFMC’s amendment that
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contained their optimum yield definition (Amendment 18B) was not accepted and the council is
considering OY alternatives at this time.

The catch-free model produces relative benchmarks rather than direct estimates of the
equilibrium catch levels associated with particular catch levels (e.g., MSY; Porch et al. 2006).
Therefore, the model results may be used to examine the relative level of recovery in the stock,
but not provide the typical advice to fisheries managers on levels of catch that may be
sustainable. The OY definition for goliath grouper from the SAFMC was the most conservative
benchmark and because the model benchmarks are relative, the MCMC results were analyzed to
examine the outcomes for the relative SSBE at s00spr and relative Fsoospr more thoroughly as
these relative benchmarks will likely determine whether the stock is considered to be overfished

and whether overfishing may still be occurring.

3.1.1.6. Projection methods

The catch-free assessment model, as in SEDAR 6, was configured to produce projections
based upon the state of the population in the final year of the assessment (in this case, 2009) and
projects relative levels of spawning stock biomass based upon the relative fishing mortality rate
in the current year (Fcyrrent). At present, any implementation uncertainty is not included in the
projections. The uncertainty in the projections results from the optimized solution from the
model’s variance-covariance matrix, and uncertainty in the attainment of the relative benchmarks

in the projections was examined using MCMC analyses.

3.1.2. Catch-free Assessment Model Results

3.1.2.1. Measures of Overall Model Fit

Fits of the catch-free model to the indices of abundance were reasonable overall. The
ENP index is an index geared toward the immature portion of the population (primarly ages
under 6 years old), whereas the DeMaria, REEF Southeast, REEF Southwest, and MRFSS
indices are linked to the adult portion of the population. In the continuity run, the longer time
series for the ENP and REEF Southeast indices and similarity in trends provided more model
guidance than the DeMaria index which ends in 2002 (Figure 3.3.3). There were some
conflicting trends between the DeMaria index and the ENP and REEF Southeast indices during
the years in which they overlap. The coverage (4 sites) of the DeMaria index is less than that of
the ENP and REEF Southeast indices, so it may well be that conditions at the DeMaria sites
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during some years may have been different than those at REEF sites or anglers’ catch rates of
juveniles in the ENP. No new observations at the DeMaria sites have been made after 2002, so it
is not known how trends at those sites compared to sites comprising the other indices. The index
fits from the proposed base run are similar to those of the continuity run (Figure 3.3.4) for the
DeMaria, REEF Southeast, and ENP indices. In both the continuity run and the proposed base
run, the predicted fit increases only slightly in 2007 and shows a downward trend in 2008 and
2009 compared to the ENP index. Because this is mainly an index for juvenile recruitment, both
the upward trend after 2002 and the downward trend after 2007 have large implications for

guiding model behavior through the calculations involving recruitment.

3.1.2.2. Parameter estimates and associated measures of uncertainty

Proper convergence of the model runs was confirmed by checking that the eigenvalues
from the ADMB matrix inversion were positive which yielded a valid variance-covariance
matrix. Parameter estimates for relative fishing mortality rate ratios are in Table 3.2.5, relative
spawning stock biomass ratios are in Table 3.2.6, and population parameter estimates from the
model runs are presented in Table 3.2.7.

A comparison of the continuity run which used the same model configuration (constant
M, same growth curve, same priors on F and vulnerabilities, same indices) as used during
SEDAR 6 except that the REEF Southeast and ENP Angler Creel Survey indices were extended
through 2009 showed some similarities in relative fishing mortality rates spawning stock
biomass (SSB) trajectories and projections (Figure 3.3.6). Relative fishing mortality rates (Fapical
for age 6) were somewhat higher in the continuity run prior to the moratorium on harvest in
1990, and SSB decreased more quickly from 1950 than in the SEDAR 6. Conversely, relative F
was estimated to be lower in the post-moratorium period and SSB recovered a bit more slowly
than projected in SEDAR 6 to 2007. Even so, the continuity run surpassed the level of recovery
projected in SEDAR 6 after 2007 (Figure 3.3.6) probably as a result of the strong increasing
trends in both the REEF Southeast and ENP indices (Figure 3.3.3a) after 2002. SSB is projected
to level off after 2012 probably as a result of the decreasing trends in these indices in 2008-2009.
The percentage reduction in F is estimated to exceed 98% using the same prior on moratorium
effectiveness as used in SEDAR 6. For the continuity run, the goliath grouper population
modeled with these parameters and indices of abundance would have recovered from being

overfished at least by 2009 (Figure 3.3.6 c) using the criteria that more than 50% of MCMC
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outcomes for Fogoe/ Fsouspr are less than one, and more than 50% of MCMC outcomes for

SSB200s/ SSBE at s0%spr are greater than MSST.

3.1.2.3. Relative Spawning Stock Biomass and Fishing Mortality Rates

Trajectories for relative SSB and F for the proposed base run and other sensitivity runs
are presented in Figure 3.3.7, and model results for the runs are presented in Tables 3.2.5, 3.2.6,
and 3.2.7. The model was configured to use Feyrrent for the projected years, and to use the current
OY definition (Fsoespr) as the reference benchmark. There were notable differences between the
continuity run and the base model and sensitivity runs. The SEDAR 23 model runs used an
updated growth curve developed after the DW, age-specific natural mortality was incorporated
into the model after the AW and webinar, a new prior was developed for the moratorium
effectiveness on reducing F after 1990 at the DW, a new length-weight relationship was
developed after the AW, and new vulnerability curves were developed incorporating the new
growth curve and age-specific M after the AW and webinar.

Three levels for the percentage reduction in F due to the moratorium (or, moratorium
effectiveness) corresponding to the prior used in SEDAR 6, the prior developed by the DW
participants during SEDAR 23, and a prior with a slightly lower mean were used for sensitivity
runs. In addition, natural mortality rates corresponding to the known maximum age of 37 years
and for hypothetical maximum ages of 40, 50, 60, 70, and 80 years were used also for these
sensitivity runs. [An additional set of runs was configured to use a starting year of 1918 for later
comparisons with a stock-reduction analysis described in a SEDAR 23 working paper. ]

In all runs, relative F was estimated to have increased sharply in 1980 and reached a peak
during 1985, falling rapidly until 1990 when the moratorium was implemented. This result is a
from the general lack of information provided to the model prior to 1974 except for the index of
effort derived from the population estimates for south Florida from the U.S. Census Bureau.
There is a downward trend in the ENP Angler Creel Survey data from 1974-1980, and the only
other index of abundance for the time period (DeMaria) beginning in 1983 also shows declines
during the early portion of its time series through 1985 (Figure 3.3.3). Since the former is a
juvenile (ages under 6 years, primarily) index, and the latter is an adult index, the declines in the
latter index affect a greater portion of the population and probably account for more of the
steeper rise in relative F and greater declines in relative SSB during this time period. The four

indices (REEF Southeast, REEF Southwest, ENP, and MRFSS) that cover the time period from
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2003-2009 show similarities in their trend information — an upward trend to 2007, and a
subsequent decline in 2008. These trends at the end of the time series appear to have had an
impact in guiding the relative SSB trajectory a little more sharply upwards than seen for relative
SSB from SEDAR 6. In addition, the downward trend in the indices appears to lead to a plateau
or slight downward trend in relative SSB within a few years after 2009 (for maximum ages of 50
years or less) or at least a slower rise in relative SSB (for maximum ages of 60 years or more)
depending upon the value of M used.

Using the prior on the moratorium effectiveness developed by the DW for SEDAR 23,
less than 50% of the MCMC outcomes only for the model run using the M corresponding to the
known maximum age (37 years) fell below the relative Fapo9/Fs00spr benchmark, meaning that
the overfishing was not occurring. Using the hypothetical maximum ages in the sensitivity runs,
overfishing was not being prevented based upon the estimate of the posterior distribution for the
percentage reduction in F due to the moratorium (i.e., F would need to be reduced if meet this
benchmark based upon the SEDAR 23 prior for this parameter). If the moratorium effectiveness
was higher (e.g., using the SEDAR 6 prior), overfishing would probably not be occurring.

Generally for the relative SSB trajectories, the runs using the prior developed for SEDAR
6 for moratorium effectiveness show a faster rise in SSB after 1990 and plateau at a higher level
(Figure 3.3.7) for runs with this configuration (Table 3.2.6) compared to the SEDAR 23 prior
and the prior set to a slightly lower mean value. The model estimates the value for the prior used
the SEDAR 6 moratorium effectiveness around 98% regardless of the target value of M used.
For the prior on the moratorium effectiveness developed for SEDAR 23, the model estimates the
value at 90-91%, and for the slightly lower prior 89-90%. For the effect these priors have on
relative SSB: the more the moratorium was effective in reducing fishing mortality, the greater

were the gains in relative SSB after 2009 (Figure 3.3.8).

3.1.24. Stock-Recruitment Parameters

Little is known directly about the fecundity of goliath grouper. The model estimates
recruitment with a Beverton-Holt stock-recruitment relationship based on a meta-analysis of data
from Myers et al. (1999) by Porch et al. (2003, 2006). The distribution for the maximum
lifetime fecundity parameter (o) for “large, highly fecund fish with long life spans” (which also
corresponds to periodic strategists of Rose et al. 2001) was used to describe a lognormal prior for

use in the model. The same prior for this parameter as used in SEDAR 6 (Porch et al. 2003,
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2006) was adopted for use in SEDAR 23. Fecundity at age is unknown and was modeled as a
function of weight-at-age. Steepness (h) is another (and perhaps more familiar to SEDAR
assessments) parameter to characterize stock-recruit relationships, but it is not estimated by the

catch-free model. However, it can be calculated with the following formula:
h=a/{4+a).
Steepness calculated from the a estimates from the model runs are in Table 3.2.7.

3.1.25. Evaluation of Uncertainty

Uncertainty was approached through the use of priors on selected parameters (fishing
mortality rates during some time periods, recruitment/reproductive rate, growth (L), selectivity,
catchabilities (though these were uninformative priors), and overall variance, and through the use
of MCMC simulations. Additionally, sensitivity runs using different target M for age-specific
natural mortality rates were used to examine the question “What if goliath grouper can live
longer than the known maximum age of 37 years?” Finally, one of the parameters (moratorium
effectiveness) that had a relatively large impact on whether goliath grouper are estimated to have
recovered from being overfished is difficult to know with any certainty. This parameter was
modeled using a prior distribution based on consensus opinions at SEDAR 6 and revisited during
SEDAR 23. Model runs using these different prior distributions should prove informative
regarding model behavior, and a slightly lower prior for this parameter was created to further
explore model response.

Uncertainty in the model estimates for attaining the relative SSB and F benchmarks was
examined using MCMC simulations. Phase plots of MCMC outcomes for Fagoe/ Fsoospr and
SSB2oos/ SSB E at s00spr Were used for presenting the scattering of points around the benchmarks
for F- and SSB-ratios. MCMC outcomes were binned, and the percentage of Fapo9/ Fsouespr
outcomes which exceeded one and the percentage of SSB2goe/ SSB F at so%spr Which fell at or
below MSST (= 1-M) were assessed. If 50% or more of the F-ratios exceeded one, the
population was defined to be experiencing overfishing. If 50% or less of the SSB-ratios were
below MSST, the population was defined to be overfished.

There is additional uncertainty about the relationship of fecundity at age and whether the
goliath grouper population is fully occupying its historical range (Porch et al. 2006). While the

indices of abundance used in this model are showing generally increasing trends compared to

37
SEDAR 23 SAR - SECTION Il ASSESSMENT WORKSHOP REPORT



November 2010 South Atlantic and Gulf of Mexico Goliath Grouper

pre-2002 values, the numbers of animals noted by divers and researchers have increased in some
areas, and recreational anglers are reporting more catch (and release) of goliath grouper, this
species is not commonly seen in the Florida Keys Reef Fish Visual Census though they are noted
in records of cold kills in the Florida Keys in January of 2010 and in some canals and channels
there (Don DeMaria, personal communication). So, whether the population has expanded
throughout its historical range in the southeastern U.S. is still unknown.

The phase plot for SSB20s/SSBE at s0%spr VS. F2000/Fso0espr (Figure 3.3.8 a; proposed base
run B-1) shows that the point estimate for these ratios have exceeded the benchmark values, and
that 55% of the MCMC outcomes have exceeded the SSB-ratio benchmark (Figure 3.3.9 a) and
53% of the MCMC outcomes have not exceeded the F-ratio benchmark. Point estimates from
other model configurations for 2009 at higher maximum ages (lower M values) are below MSST
and most exceed one for the F-ratio. At least for the prior on ¢3 chosen by the DW participants
for model configurations for SEDAR 23 (and at the growth rate, maturity and vulnerability
schedules used in the model), only the proposed base run (B-1) is at the relative benchmarks (i.e.,
neither overfished nor is overfishing occurring) for 2009. If goliath grouper live longer than 37

years, recovery at least to the current F and SSB relative benchmarks will take more time.

3.1.2.6. Benchmarks / Reference Points / ABC values

The catch-free model does not require knowledge of the total removals (harvest) from the
population (Porch et al. 2006), and in fact, knowledge of the harvest of goliath grouper is
incompletely known and there are questions about the validity of the reported commercial
landings over at least a portion of time period. And, recreational landings are not well-described
by either the Marine Recreational Fishery Statistics Survey or the Southeast Head Boat Survey in
that goliath groupers are not frequently caught nor is their average size or weight from these
surveys adequately known. Therefore, it will be difficult to describe the amount of harvest
(recreational or commercial) of these animals from the southeastern U.S. The fishery
management benchmarks, reference points, and ABC values cannot be determined using this
model without additional information such as an estimate of the absolute abundance from
surveys covering the range of the species (Porch et al. 2006).

However, this assessment model does estimate a population’s relative abundance, and
can provide a measure of population status relative to an assumed unfished population. The

SAFMC’s optimum yield (OY) definition (Foy = Fso0 spr) Was chosen to provide a benchmark or
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reference point for this assessment for assessing recovery at least in the context of the waters of

south Florida.

3.1.2.7. Projections

Projections were made with the catch-free model using the F calculated in the current
year. Since there is no harvest allowed at this time, Feyrrent 1 derived from the model’s estimate
of the posterior distribution for ¢; [note: 100*(1- ¢ ) is the percentage reduction of F due to
effectiveness of the moratorium]. Relative SSB by year for the projections are made using
Feurrent, and uncertainty in the projections was assessed using MCMC simulations for 2010-2014.
The proportions of MCMC trials with (SSByear/SSBF at so%spr) < MSST were calculated to
estimate in which year would the population be expected to have recovered (if at all).
Implementation uncertainty (i.e., compliance with regulations), sources of episodic mortality
(e.g., cold kills, red tides, diseases, unusual weather events, etc.), good or bad recruitment years,
and other potential factors which affect natural populations are not taken into account in these
projections.

One of the model configurations (B-1 to B-6) for the current year (2009) had MCMC
outcomes that met the benchmark criteria of SSB20ogs/SSBE at s0%spr less than MSST (Figure 3.3.9
a-c, s-u), and that was proposed base run B-1. Only one other run (B-2 in 2010) surpassed the
relative SSB benchmark in the projected years using the SEDAR 23 priors. The relative SSB-
ratio for runs B-3, B-4, B-5, and B-6 did not exceed the MSST benchmark during the five years
simulated, and only B-3 would be projected to do so in the 20 years for which projections were
made (see biomass trajectories for these runs in Figure 3.1.5.6 “SEDAR 23 column). The
implications of these projections are that, if M is too high (i.e., goliath grouper live longer than is
currently known and their longevity is older than 50 years), recovery from being overfished will
be significantly longer (if at all) than thought. Also, the percentage reduction in F (i.e., at a 90-
91% reduction in fishing mortality rate after the moratorium) would not be enough stop
overfishing for hypothetical maximum ages of 40 years or older. Using the old prior on F from
SEDAR 6 (i.e. the moratorium was over 98% effective in reducing the fishing mortality rate), the
relative SSB-ratio for even the hypothetical ages for goliath grouper of 70 and 80 years would be
projected to exceed one in under 20 years (Figure 3.3.6 “SEDAR 6” column). With a percent
reduction in F that is slightly less than the configuration chosen for SEDAR 23 (89-90%
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reduction in F after the moratorium), the rate of recovery in biomass is noticeably slower (Figure
3.3.6 “lower” column).

MCMC samples for the percent reduction in F after the moratorium (Figure 3.3.11),
steepness (calculated from a; Figure 3.3.12), and the age-specific natural mortality for age 1
animals (Figure 3.3.13) show no surprising results. The posterior distribution for the percent
reduction in F as represented by the MCMC samples is, not surprisingly, of similar shape to the
prior even though it is shifted to a higher mean. Lower values for M led to lower values in the
estimate of this parameter, while slightly greater reductions in F were seen in model runs with
higher M. The lifetime reproductive rate (a) is another one of the parameters that was assigned a
prior distribution and solved for in the model. The MCMC samples (in terms of steepness)
should represent a meaningful population parameter in terms of the model configuration.
Steepness values were perhaps a little high for periodic strategists (e.g., Rose et al. 2001) but not
beyond the realm of possibility and certainly values of this magnitude are presented in other reef
fish stock assessments in the southeast U.S. The samples of M at Age 1 were centered close to
the point estimates entered into the model, and this parameter was not used in the negative log

likelihood calculations during the minimization process.

3.1.3. Discussion

Without a better understanding of longevity in goliath grouper, it may be prudent to treat
the current known maximum age (37 years) as an estimate that may be modified if older animals
are ever found. This has happened recently with some other reef fish in the southeastern region
as we have gained more insight through increased sampling of hard parts for aging. It would not
be difficult to imagine that goliath grouper may live 40-50 years in unfished or lightly fished
populations. Likewise, without a better understanding of historical harvests including
recreational harvest (average sizes or weights, especially), it will be difficult to develop
management benchmarks for yields and F in any terms other than relative ones. A fisheries-
independent survey as suggested by Porch et al. (2006) that is sufficiently designed to estimate
absolute abundances throughout the range of this species may allow the calculation of
management benchmarks by scaling the results from the catch-free model. An alternative would
be the long-term monitoring of an experimental fishery to detect changes in relative abundance

(Porch et al. 2006). [There was discussion at the SEDAR 23 AW regarding the perceived need
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for additional population data for goliath groupers using a rigorously controlled research fishery,
but it was never finalized as a research recommendation.] Lastly, it is important to consider
whether goliath groupers have increased sufficiently in population in all portions of their
historical range. This assessment has focused on data from south Florida out of necessity since
there is very little information from other states in the southeastern U.S. There is a lack of
knowledge of historical abundances of goliath grouper throughout its historical range, so it will

be difficult to devise meaningful criteria for this aspect of population recovery.
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3.2. TABLES
Table Description
3.2.1 List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and

coefficient of variation or standard error used in SEDAR 23 for continuity run.

3.2.2 List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and
coefficient of variation or standard error used in SEDAR 23 for proposed base run.

3.2.3 Comparison of catch-free model indices and other data used in SEDAR 6, SEDAR 23
continuity run, and SEDAR 23 model runs.

3.24 Comparison of the components included in the negative log-likelihood calculations
used in the continuity run and other model runs.

3.2.5 Relative fishing mortality rate ratios estimated by model runs in SEDAR 23.

3.2.6 Relative spawning stock biomass ratios estimated by model runs in SEDAR 23.

3.2.7 Selected population parameters estimated or calculated from model runs in SEDAR 23.
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Table 3.2.1. List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and coefficient of variation (cv) or standard
error (se) used in SEDAR 23 for continuity run.

cv (-) or
Function Best lower upper phase of SE of
Parameters Description Type estimate  bound bound estimation pdf* prior SEDAR
Fh (historical expected Fapical, fixed starting
value) constant 2 0 -0.01 0.5 -2 2 -1 6
Fo1 (historical Fapical, estimated) constant 2 0.3 -0.01 0.5 1 2 -1 6
F . average with
¢2 (modern era Fapical, before previous year
moratorium) before change -1 1 0.02 10 1 2 -1 6
average over
F¢3 (Fapical after moratorium on harvest) ~ previous 10 years -10 0.16 0.01 0.9 3 5 -0.88 6
M (constant, slope) constant 1 0.09677 0.01 0.7 3 1 -0.4 6
Beverton-Holt
stock-
A-1 (maximum lifetime fecundity-1) recruitment 10 2.64809 0.01 150 2 1 1.310438 6
Loo (growth curve, asymptotic length in von Bertalannfy
cm) growth curve 8  200.600 150.000 300 5 2 -0.1 6
von Bertalannfy
K (growth curve, exponent) growth curve 8 0.126 0.000 10 -6 0 0.0204 6
von Bertalannfy
to (growth curve, intercept) growth curve 8 -4.900 -5.000 10 -1 0 0.1 6
growth curve parameter (1= von von Bertalannfy
Bertalannfy, other=Chapman-Richards) growth curve 8 1.000 0.000 10 -1 0 0.1 6
von Bertalannfy
a (length-weight, intercept in g/cm) growth curve 8 1.31E-05 0.00E+00 10 -1 0 0.1 6
von Bertalannfy
b (length-weight, slope) growth curve 8 3.056 0.000 10 -1 0 0.1 6
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Table 3.2.1. (continued) List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and coefficient of variation (cv) or
standard error (se) used in SEDAR 23 for continuity run.

cv (-)or
Function Best lower upper phase of SE of

Parameters Description Type estimate bound bound estimation pdf* prior SEDAR
A1 (catchability, index 1) constant 1 0.5000 0.01 10 1 2 -2 6
92 (catchability, index 2) constant 1 0.5000 0.01 10 1 2 -2 6
03 (catchability, index 3) constant 1 0.5000 0.01 10 1 2 -2 6
94 (catchability, index 4) constant 1 0.5000 0.01 10 -1 0 -0.1 6
s L S .

1 (selectivity for historical period, a50, for fh logistic selectivity
and f1) function 6 2.5100 0 10 -4 2 -0.1 6
s . S .

1 (selectivity for historical period, slope, for logistic selectivity
fh and f¢1) function 6 0.5250 0 10 -1 0 0.1 6
s .. .

2 (selectivity for modern period, a50, for f$2 logistic selectivity
and f$3) function 6 2.5100 2 10 4 2 -0.1 6
s L )

2 (selectivity for modern period, slope, for logistic selectivity
fd2 and fPp3) function 6 0.525 0 10 -1 0 0.1 6
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Table 3.2.1. (continued) List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and coefficient of variation (cv) or
standard error (se) used in SEDAR 23 for continuity run.

cv(-) or
Function Best lower upper phase of SE of

Parameters Description Type estimate bound bound estimation pdf* prior SEDAR
logistic selectivity

V1 (vulnerability, a50, for index 1) function 6 6.0000 4 10 -4 2 -0.1 6
logistic selectivity

V1 (vulnerability, slope, for index 1) function 6 0.2000 0 10 -1 0 0.1 6
logistic selectivity

V2 (vulnerability, a50,for index 2) function 6 6.0000 4 10 -4 2 -0.1 6
logistic selectivity

V2 (vulnerability, slope, for index 2) function 6 0.2000 0 10 -1 0 0.1 6
gamma selectivity

V3 (vulnerability, mode, for index 3) function 7 3.4700 0 10 -4 2 -0.1 6
gamma selectivity

V3 (vulnerability, cv, for index 3) function 7 0.3430 0 10 -1 0 0.1 6
logistic selectivity

V4 (vulnerability, a50, for index 4) function 6 6.0000 4 10 -4 2 -0.1 6
logistic selectivity

V4 (vulnerability, slope, for index 4) function 6 0.2000 0 10 -1 0 0.1 6

idV (not used) constant 14 1.00 0 10 -1 0 0.1 6

overall cv constant 1 -0.2 -1 -0.01 5 2 -0.5 6

*probability density function: 0=none, 1=autocorrelated lognormal, 2=autocorrelated normal, 3=uniform, 4=uniform (log-scale), 5=gamma, 6=beta

30 parameters (not all are estimated), 4 catchabilities, 6 selectivities, 1 overall cv.

Phase of estimation: the phase when model will begin estimating this parameter. If negative, model estimation is turned off.
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Table 3.2.2. List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and coefficient of variation (cv) or standard
error (se) used in SEDAR 23 for proposed base run.

Function Best lower upper phase of cv (-) or SE

Parameters Description Type estimate bound bound estimation pdf* of prior SEDAR

fh (historical expected Fapical, fixed starting

value) constant 2 0 -0.01 0.5 -2 2 -1 6

f1 (historical Fapical, estimated) constant 2 03 -0.01 0.5 1 2 -1 6

¢ _ average with

$2 (modern era Fapical, before previous year

moratorium) before change -1 1 0.02 10 1 2 -1 6
average over

f$3 (Fapical after moratorium on harvest)  previous 10 years -10 0.14 0.01 0.9 3 5 -0.4 23

M (age-specific, intercept) power 12 0.45331 0.01 0.7 -3 0 -0.4 23

M (age-specific, slope) power 12 -0.288 -1 -0.1 -3 0 -0.4 23
Beverton-Holt

a-1 (maximum lifetime fecundity-1) stock-recruitment 10 2.64809 0.01 150 2 1 1.310438 6

Loo (growth curve, asymptotic length in von Bertalannfy

mm) growth curve 8 2221 150 3000 5 2 -0.11 23
von Bertalannfy

k (growth curve, exponent) growth curve 8 0.0937 0 10 -6 0 0.00295 23
von Bertalannfy

to (growth curve, intercept) growth curve 8 -0.6842 -5 10 -1 0 0.1 23

growth curve parameter (1= von von Bertalannfy

Bertalannfy, other=Chapman-Richards) growth curve 8 1.0000 0 10 -1 0 0.1 6
von Bertalannfy 1.01E-

a (length-weight, intercept in kg/mm) growth curve 8 08 0 10 -1 0 0.1 23
von Bertalannfy

b (length-weight, slope) growth curve 8 3.09 0 10 -1 0 0.1 23
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Function Best lower upper phase of cv (-) or SE
Parameters Description Type estimate bound bound estimation pdf* of prior SEDAR
a1 (catchability, index 1) constant 1 0.5000 0.01 10 1 2 -2 6
42 (catchability, index 2) constant 1 0.5000 0.01 10 1 2 -2 6
03 (catchability, index 3) constant 1 05000 0.01 10 1 2 -2 6
a4 (catchability, index 4) constant 1 0.5000 0.01 10 1 2 -2 6
a5 (catchability, index 5) constant 1 0.5000 0.01 10 1 2 -2 6
S .. . . . a f
1 (selectivity for historical period, 450, for Th logistic selectivity
and fo1) function 6  2.5100 0 10 -4 2 -0.1 6
s L . .
1 (selectivity for historical period, slope, for logistic selectivity
fh and 1) function 6  0.5250 0 10 -1 0 0.1 6
s L 3
2 (selectivity for modern period, 950, for logistic selectivity
fb2 and fp3) function 6  2.5100 2 10 4 2 -0.1 6
s L .
2 (selectivity for modern period, slope, for logistic selectivity
f2 and fp3) function 6  0.5250 0 10 10 0.1 6
logistic selectivity
V1 (vulnerability, 950, for index 1) function 6 5.5272 4 10 -4 2 -0.1 23
logistic selectivity
V1 (vulnerability, slope, for index 1) function 6 1.0244 0 10 -1 0 0.1 23
logistic selectivity
V2 (vulnerability, 950, for index 2) function 6 5.5272 4 10 -4 2 -0.1 23
logistic selectivity
V2 (vulnerability, slope, for index 2) function 6 1.0244 0 10 -1 0 0.1 23
gamma selectivity
V3 (vulnerability, mean, for index 3) function 7 3.6320 0 10 -4 2 -0.1 23

Table 3.2.4.2. (continued) List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and coefficient of variation (cv) or standard
error (se) used in SEDAR 23 for proposed base run
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Table 3.2.2. (continued) List of catch-free model parameters, estimates, bounds, phase of estimation, pdf, and coefficient of variation (cv) or
standard error (se) used in SEDAR 23 for proposed base run.

cv(-) or
Function Best lower upper phase of SE of

Parameters Description Type estimate bound bound estimation pdf* prior SEDAR
gamma selectivity

V3 (vulnerability, €V, for index 3) function 7 0.3395 0 10 -1 0 0.1 23
logistic selectivity

V4 (vulnerability, @50, for index 4) function 6 5.5272 0 10 -4 2 -0.1 23
logistic selectivity

V4 (vulnerability, slope, for index 4) function 6 1.0244 0 10 -1 0 0.1 23
logistic selectivity

Vs (vulnerability, @50, for index 5) function 6 5.5272 0 10 -4 2 -0.1 23
logistic selectivity

Vs (vulnerability, slope, for index 5) function 6 1.0244 0 10 -1 0 0.1 23

Index variances (not used for these runs)  constant 14 1.00 0 10 -1 0 0.1 6

overall cv constant 1 -0.2 -1 -0.01 5 2 -0.5 6

*probability density function: 0=none, 1=autocorrelated lognormal, 2=autocorrelated normal, 3=uniform, 4=uniform (log-scale), 5=gamma, 6=beta
34 parameters (not all are estimated), 5 catchabilities, 7 selectivities, 1 overall cv.
Phase of estimation: the phase when model will begin estimating this parameter. If negative, model estimation is turned off.
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SEDAR 6 configuration (indices)

South Atlantic and Gulf of Mexico Goliath Grouper

SEDAR 23 continuity (indices)

Table 3.2.3. Comparison of catch-free model indices and other data used in SEDAR 6, SEDAR 23 continuity run, and SEDAR 23 model runs.

SEDAR 23 configuration (indices)

Abundance Index 1

Abundance Index 2

Abundance Index 3
Abundance Index 4
Abundance Index 5
Effort Index

DeMaria (1982-1991, 1993-2002)
REEF SE (1994, 1996-2002)

ENP Angler Creel Survey, 1973, 1975-

1999

Interviews (1950, 1990)

n.a.

proxy, U.S. census (1950-2002)

time periods applied to fishing mortality rates

fh

fp1

fb2

fp3

projections

ages

spawning season
maturity

benchmark

1950

1951-1979

1980-1989

1990-2002

2003-2020 (using Feyrrent)
1-20+

June

ages 1-5 (immature), 6-20 (mature)

F 50%sPr

SEDAR 23 SAR - SECTION 111

DeMaria (1982-1991, 1993-2002)
REEF SE (1994, 1996-2009)

ENP Angler Creel Survey, 1973, 1975-
2009

Interviews (1950, 1990)

n.a.

proxy, U.S. census (1950-2002)

1950

1951-1979

1980-1989

1990-2009

2010-2029 (using Feyrrent)
1-20+

June

ages 1-5 (immature), 6-20 (mature)

F 50%sPr
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DeMaria (1982-1991, 1993-2002)
REEF SE (1994, 1996-2009)

ENP Angler Creel Survey, 1973, 1975-2009
MRFSS, 1991-2009

REEF SW, 1999-2009

proxy, U.S. census (1950-2009)

1950

1951-1979

1980-1989

1990-2009

2010-2029 (using Feyrrent)
1-20+

June

ages 1-5 (immature), 6-20 (mature)

F 50%sPr
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components of negative log likelihood proposed base and
function continuity run sensitivity runs
Abundance indices | 3 of 4 (1 not estimated) 5
process errors
fishing mortality (F) v Vv
recruitment V4 V4
priors
F historical V4 V4
F modern V4 V4
M (natural mortality) 1 (constant) not estimated
r (recruitment) Vv v
k (growth, Loo) V4 Vv
g (catchabilities) | 3 of 4 (1 not estimated) 5
s (selectivities) 1 (modern period) 1 (modern period)
overall variance V4 V4
penalties
equilibrium stats V4 V4
projections V4 V4

Table 3.2.4. Comparison of the components included in the negative log-likelihood calculations used in the
continuity run and other model run.
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Model configuration Model Results

e | T g | on | | P e Fe T e
Age ) (relative) | /Fusyadut [Fmaxve  [Foi ’ ’ ) ) ’

inF fleet SPR SPR SPR SPR SPR
Base B-1 37 0.12 S23 91.0% 0.034 0.256 0.389 0.267 0.451 0.275 0.404 0.572 0.811 1.190
B-2 (40) 40 0.11 S23 91.0% 0.035 0.274 0.411 0.289 0.482 0.292 0.429 0.610 0.868 1.280
B-3 (50) 50 0.09 S23 90.5% 0.036 0.326 0.471 0.349 0.568 0.339 0.503 0.721 1.040 1.561
B-4 (60) 60 0.076 S23 90.4% 0.036 0.368 0.517 0.396 0.635 0.379 0.567 0.820 1.198 1.833
B-5 (70) 70 0.065 S23 90.2% 0.036 0.403 0.556 0.437 0.695 0.417 0.628 0.917 1.355 2.112
B-6 (80) 80 0.057 S23 90.1% 0.036 0.434 0.589 0.473 0.748 0.453 0.687 1.012 1.512 2.402
S-1(37) 37 0.12 S6 98.0% 0.006 0.046 0.068 0.044 0.074 0.045 0.066 0.093 0.132 0.193
S-2 (40) 40 0.11 S6 98.0% 0.006 0.050 0.074 0.048 0.081 0.049 0.071 0.101 0.144 0.212
S-3 (50) 50 0.09 S6 98.2% 0.006 0.062 0.088 0.061 0.099 0.059 0.088 0.125 0.180 0.270
S-4 (60) 60 0.076 S6 98.1% 0.006 0.072 0.100 0.072 0.116 0.069 0.102 0.148 0.215 0.328
S-5 (70) 70 0.065 S6 98.0% 0.007 0.081 0.110 0.082 0.130 0.078 0.117 0.170 0.250 0.387
S-6 (80) 80 0.057 S6 98.0% 0.007 0.089 0.119 0.090 0.143 0.086 0.130 0.191 0.284 0.448
L-1(37) 37 0.12 lower 90.0% 0.038 0.286 0.435 0.302 0.510 0.311 0.456 0.646 0.917 1.345
L-2 (40) 40 0.11 lower 90.0% 0.039 0.306 0.460 0.326 0.545 0.330 0.485 0.690 0.983 1.449
L-3 (50) 50 0.09 lower 89.3% 0.040 0.366 0.530 0.396 0.645 0.386 0.572 0.820 1.183 1.777
L-4 (60) 60 0.076  lower 89.1% 0.041 0.414 0.584 0.451 0.723 0.432 0.646 0936 1.366 2.092
L-5 (70) 70 0.065 lower 88.9% 0.041 0.455 0.629 0.498 0.793 0.476 0.717 1.048 1.549 2.418
L-6 (80) 80 0.057 lower 88.8% 0.041 0.491 0.668 0.540 0.856 0.518 0.787 1.159 1.733  2.756
Continuity 37 0.11 S6 98.1% 0.006 0.042 0.067 0.017 0.048 0.038 0.055 0.076 0.106 0.151
B1918 (37) 37 0.12 S23 90.8% 0.034 0.256 0.389 0.267 0.451 0.275 0.403 0.571 0.811 1.189
$1918 (37) 37 0.12 S6 98.4% 0.006 0.046 0.068 0.044 0.074 0.045 0.066 0.093 0.132 0.193
L1918 (37) 37 0.12 lower 89.7% 0.038 0.286 0.435 0.302 0.509 0.311 0.456 0.645 0.916 1.344

Table 3.2.5. Relative fishing mortality rate ratios estimated by model runs in SEDAR 23.
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Table 3.2.6. Relative spawning stock biomass ratios estimated by model runs in SEDAR 23.

Model configuration

Model Results

Max 3 % SSB,oos SSB2oog  SSB2opg  SSB2009  SSB2oog  SSBzopg  SSBaoos  SSBaoos  SSBaoos  SSBaoos
Type M . reduction . /SSBumsy  /SSBumsy  /SSBmax  /SSBrar  /SSBr  /SSBrar  /SSBra  /SSBr  /SSBf
Age prior (relative)

inF adult fleet v/R 0.1 at20%SPR  30%SPR 40%SPR at50%SPR  at 60% SPR

Base B-1 37 0.12 S23 91% 0.448 1.889 1.783 2.953 1.522 2.818 1.711 1.229 0.958 0.786
B-2 (40) 40 0.11 S23 91% 0.412 1.712 1.613 2.564 1.364 2.521 1.538 1.106 0.864 0.709
B-3 (50) 50 0.09 S23 91% 0.298 1.256 1.178 1.714 0.975 1.783 1.099 0.795 0.622 0.511
B-4 (60) 60 0.076 S23 90% 0.224 0.960 0.898 1.238 0.732 1.313 0.816 0.592 0.465 0.382
B-5 (70) 70 0.065 S23 90% 0.176 0.773 0.721 0.957 0.580 1.017 0.637 0.464 0.365 0.300
B-6 (80) 80 0.057 S23 90% 0.144 0.648 0.603 0.777 0.479 0.820 0.517 0.378 0.298 0.245
S-1(37) 37 0.12 S6 98% 0.542 2.131 2.028 3.787 1.862 3.604 2.113 1.495 1.157 0.943
S-2 (40) 40 0.11 S6 98% 0.492 1.941 1.844 3.287 1.674 3.236 1.908 1.352 1.047 0.855
S-3 (50) 50 0.09 S6 98% 0.361 1.446 1.368 2.192 1.208 2.303 1.377 0.982 0.763 0.624
S-4 (60) 60 0.076 S6 98% 0.274 1.121 1.057 1.584 0.913 1.702 1.030 0.739 0.576 0.472
S-5 (70) 70 0.065 S6 98% 0.217 0.911 0.857 1.224 0.726 1.319 0.807 0.582 0.455 0.373
S-6 (80) 80 0.057 S6 98% 0.179 0.769 0.721 0.995 0.601 1.065 0.657 0.476 0.373 0.306
L-1(37) 37 0.12 lower 90% 0.445 1.855 1.749 2.855 1.479 2.723 1.661 1.194 0.933 0.765
L-2 (40) 40 0.11 lower 90% 0.401 1.679 1.581 2.479 1.323 2.434 1.491 1.074 0.840 0.689
L-3 (50) 50 0.09 lower 89% 0.290 1.228 1.151 1.652 0.944 1.717 1.062 0.769 0.603 0.496
L-4 (60) 60 0.076 lower 89% 0.217 0.936 0.874 1.191 0.707 1.262 0.787 0.572 0.449 0.370
L-5 (70) 70 0.065 lower 89% 0.170 0.752 0.701 0.920 0.559 0.976 0.613 0.447 0.352 0.290
L-6 (80) 80 0.057 lower 89% 0.139 0.629 0.585 0.747 0.461 0.787 0.497 0.364 0.287 0.236
Continuity* 37 0.11 S6 98% 0.659 2.371 2371 - 3.859 6.776 3.138 2.042 1.513 1.202
B1918 (37) 37 0.12 S23 91% 0.455 1.882 1.777 2.945 1.518 2.810 1.706 1.225 0.956 0.783
$1918 (37) 37 0.12 S6 98% 0.540 2.122 2.019 3.770 1.855 3.591 2.105 1.489 1.152 0.939
L1918 (37) 37 0.12 lower 90% 0.444 1.849 1.744 2.845 1.475 2.717 1.656 1.191 0.930 0.763
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Table 3.2.7. Selected population parameters estimated or calculated from model runs in SEDAR 23.

South Atlantic and Gulf of Mexico Goliath Grouper

Model configuration

Model Results

Lifetime
Reproductive % reductionin  Growth
Rate Steepness Mage 1 F Curve
Type Miax . 1
Age M 3 prior o a/(4+ a) (year™) (1-$3)*100%  Loo (mm)

Base B-1 37 0.12 S23 22.0 0.846 0.403 90.9 2383
B-2 (40) 40 0.11 S23 229 0.851 0.384 90.8 2353
B-3 (50) 50 0.09 S23 25.5 0.864 0.329 90.6 2290
B-4 (60) 60 0.076 S23 28.0 0.875 0.287 90.4 2255
B-5 (70) 70 0.065 S23 31.0 0.886 0.255 90.3 2232
B-6 (80) 80 0.057 S23 34.1 0.895 0.229 90.2 2215
S-1(37) 37 0.12 S6 17.2 0.811 0.405 98.4 2370
S-2 (40) 40 0.11 S6 17.7 0.816 0.386 98.4 2341
S-3 (50) 50 0.09 S6 19.5 0.830 0.331 98.2 2280
S-4 (60) 60 0.076 S6 21.4 0.843 0.288 98.1 2247
S-5(70) 70 0.065 S6 23.6 0.855 0.255 98.1 2225
S-6 (80) 80 0.057 S6 26.0 0.867 0.229 98.0 2209
L-1(37) 37 0.12 lower 229 0.851 0.403 89.8 2385
L-2 (40) 40 011 lower 23.8 0.856 0.384 89.7 2355
L-3 (50) 50 0.09 lower 26.5 0.869 0.329 89.4 2291
L-4 (60) 60 0.076 lower 29.3 0.880 0.287 89.2 2257
L-5 (70) 70 0.065 lower 323 0.890 0.255 89.0 2233
L-6 (80) 80 0.057 lower 35.7 0.899 0.228 88.9 2216
Continuity* 37 011 S6 8.8 0.687 0.113 98.1 2006
B1918 (37) 37  0.12 S23 22.0 0.846 0.403 90.9 2384
$1918 (37) 37  0.12 S6 17.1 0.811 0.405 98.4 2371
L1918 (37) 37 012 lower 22.8 0.851 0.403 89.8 2386

®3 priors (see Figure 3.3.2):

SEDAR 6 (S6) p=0.16, cv=0.88
SEDAR 23 (S23) p=0.14, cv=0.4
"lower" p=0.16, cv=0.4

* Continuity model used a constant rate of natural mortality across all ages.
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3.3. FIGURES
Figure Description
3.3.1

Natural mortality rates (M - year ') based on longevity in reef fish species from SEDAR assessments
and M calculated using relationships developed by Hoenig (1983). RedG=red grouper,
SnowyG=snowy grouper, Goliath G=Goliath grouper, BlackG=black grouper, MuttonS=Mutton
snapper, RedS=red snapper, G=Gulf of Mexico, SA=South Atlantic.

3.3.2 Prior distribution for the percentage reduction in fishing mortality in the years after the moratorium
on harvest went into effect in 1990 (moratorium effectiveness) based upon the DW participants
opinions. The solid line represents the opinions expressed during the SEDAR 23 DW, the dashed
line represents the prior distribution used in SEDAR 6, and the dotted line represents a slightly
lower prior distribution used some sensitivity runs.

3.33 Indices of abundance in continuity (a) and proposed base model and sensitivity runs (b).

3354 Index fits and standardized residuals for SEDAR 23 continuity run.

3.3.5.5 Index fits and standardized residuals for SEDAR 23 proposed base model run.

3.3.6 Relative fishing mortality rates and spawning stock biomass trajectories for the continuity run
compared with results from SEDAR 6.

3.3.7 Comparison of ratios of biomass and fishing mortality rates by year for catch-free model simulations
based on different maximum ages and priors for F (®3) from 1990-2009.

338 Phase plots of the relative F-ratio against the relative SSB-ratio at the F5pgspg reference point for
catch-free model simulations based on different maximum ages using the SEDAR 23 prior for F (®3).

3.3.9 MCMC outcomes for relative SSB,0g9/SSBF gt 50%spr during the current year and 5 projected years
based on different maximum ages using the SEDAR 23 prior for F (®3).

3.3.10 MCMC outcomes for relative Fogpg/F50%spr based on different maximum ages using the SEDAR 23
prior for F (®3).

3.3.11 MCMC outcomes for the percentage reduction in F [100*(1-¢$3)] since 1990 based on different
maximum ages using the SEDAR 23 prior for F (®3).

3.3.12 MCMC outcomes for steepness calculated from the a parameter.

3.3.13 MCMC outcomes for M at age 1 (age-specific natural mortality rates).
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Figure 3.3.1. Natural mortality rates (M - year™) based on longevity in reef fish species from
SEDAR assessments and M calculated using relationships developed by Hoenig (1983).
RedG=red grouper, SnowyG=snowy grouper, GoliathG=Goliath grouper, BlackG=black
grouper, MuttonS=Mutton snapper, RedS=red snapper, G=Gulf of Mexico, SA=South Atlantic.
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Figure 3.3.2. Prior distribution for the percentage reduction in fishing mortality in the years
after the moratorium on harvest went into effect in 1990 (moratorium effectiveness) based upon
the DW participants opinions. The solid line represents the opinions expressed during the
SEDAR 23 DW, the dashed line represents the prior distribution used in SEDAR 6, and the
dotted line represents a slightly lower prior distribution used in some sensitivity runs.
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Figure 3.3.4. Index fits and standardized residuals for SEDAR 23 continuity run.
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Figure 3.3.5. Index fits and standardized residuals for SEDAR 23 proposed base model run.
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Figure 3.3.6. Relative fishing mortality rates, spawning stock biomass trajectories, and phase plot for

the continuity run compared with results from SEDAR 6.
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Figure 3.3.7. Comparison of ratios of biomass and fishing mortality rates by year for catch-free model simulations based on different maximum

ages and priors for F (®3) from 1990-2009.
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Figure 3.3.7. (continued) Comparison of ratios of biomass and fishing mortality rates by year for catch-free model simulations based on

different maximum ages and priors for F (®3) from 1990-2009.
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Figure 3.3.7. (continued) Comparison of ratios of biomass and fishing mortality rates by year for catch-free model simulations based on

different maximum ages and priors for F (®3) from 1990-2009.
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Figure 3.3.7. (continued) Comparison of ratios of biomass and fishing mortality rates by year for catch-free model simulations based on

different maximum ages and priors for F (®3) from 1990-2009.
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Figure 3.3.8. Phase plots of the relative F-ratio against the relative SSB-ratio at the F5g9spg reference point for catch-free model simulations

based on different maximum ages using the SEDAR 23 prior for F (®3).
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Figure 3.3.9. MCMC outcomes for relative SSB2gog/SSBF ot 50%spr during the current year and 5 projected years based on different maximum

ages using the SEDAR 23 prior for F (®3).

SEDAR 23 SAR - SECTION 111

66

ASSESSMENT WORKSHOP REPORT




November 2010

South Atlantic and Gulf of Mexico Goliath Grouper

0.08 1 * 0.14 *
0.07 ***PROJECTION 2011 *** ***PROJECTION 2011 *** 012 - ***PROJECTION 2011 ***
M=0.12, 3 p=0.14, cv=0.4 5 M=0.11, ¢p3 p=0.14, cv=0.4 5 M=0.09, 3 1=0.14, cv=0.4 s
0.06 1 (B2011/Brsowser S1-MSST) = 19% g (B2011/Besowspr S1-MSST) = 30% g 0.10 - (B2011/Brsouser S1-MSST) = 76% g
§ 0.05 (B2011/Brsoxser $1) = 33% 2 H (B2011/Brsonspr $1) = 46% 3 H (B2011/Brsoxspr 1) = 88% g
] Point estimate =1.204 e Point estimate =1.090 & | g 008 Point estimate =0.794 I~
S 004 059 | 8 059 | § 05%
g 2|8 2| g 006 - 2
a 0.03 1 - S la =
5 5 F]
| 0.04 -
0.02 § g §
0.01 0.02 7
0.00 ekannnay . : —- 0.0 " . . : — 0.0 0.00 - L.y T T T r T —- 0.0
0.0 0.4 0.8 12 16 2.0 24 2.8 3.2 36 0.0 0.6 11 1.7 22 2.8 33 39 4.4 5.0 0.0 0.6 11 1.7 23 2.8 34 4.0 4.5 51
B011/Brsowser B1011/Brsouser B2011/Brsouser
W B2011/B50%SPRratio 4 average —— cumulative % N B2011/B50%SPRratio 4 average —— cumulative % BN B2011/B50%SPRratio 4 average cumulative %
g. MCMC outcomes for the relative h. MCMC outcomes for the relative i. MCMC outcomes for the relative SSB
SSB ratio for 2011 (second SSB ratio for 2011 (second ratio for 2011 (second projected year),
projected year), proposed base run projected year), run B-2. run B-3.
0.08 1 * 0.12 L 2 0.14 1 *
0.07 ***PROJECTION 2012 *** ***PROJECTION 2012 *** 012 - ***PROJECTION 2012 ***
M=0.12, 3 p=0.14, cv=0.4 5 0.10 M=0.11, b p=0.14, cv=0.4 ] : M=0.09, $3 p=0.14, cv=0.4 5
0.06 1 (Bao12/Brsoxser S1-MSST) = 14% g (Bao12/Brsoxser S1-MSST) = 24% .g 0.10 - (B2012/Besoxser S1-MSST) = 69% -g
5 0.05 - (Bao12/Brsoxser <1) = 26% 2|5 008 (Bo12/Brsowser <1) = 38% 25 (B2012/Brsonser <1) = 82% 2
] Point estimate =1.276 &llE Point estimate =1.159 s e 0.08 1 Point estimate =0.853 &
6 0.04 05 || 6006 05 G|| 6 05 3
[-% > Q > =3 >
3 5|9 S| | 9006 - 2
a 003 - S|a g0 5 la &
2 |*e 2% ooe | :
002 - E 3 ]
001 - b 0.02 0.02 - o
0.00 - - 0.0 0.00 - - T T T T T 0.0 0.00 - — T T T T T T 0.0
0.0 0.4 0.8 12 1.6 2.0 24 2.8 32 36 0.0 0.6 11 17 22 28 33 39 4.4 5.0 0.0 0.6 1.1 1.7 23 2.8 3.4 4.0 4.5 5.1
B012/Besoxser B012/Brsoxser B2012/Brsowser
N B2012/B50%SPRratio ¢ average —— cumulative % N B2012/B50%SPRratio 4 average — cumulative % N B2012/B50%SPR ratio ¢ average —cumulative %
j. MCMC outcomes for the relative k. MCMC outcomes for the relative 1.  MCMC outcomes for the relative SSB

SSB ratio for 2012 (third projected
year), proposed base run B-1.

SSB ratio for 2012 (third projected
year), run B-2.

ratio for 2012 (third projected year), run
B-3.

Figure 3.3.9. (continued) MCMC outcomes for relative SSB00g/SSBF at 50%spr during the current year and 5 projected years based on

different maximum ages using the SEDAR 23 prior for F (®3).
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Figure 3.3.9. (continued) MCMC outcomes for relative SSB,009/SSBF 4t 50%spr during the current year and 5 projected years based on

different maximum ages using the SEDAR 23 prior for F (®3).
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Figure 3.3.9. (continued) MCMC outcomes for relative SSB00g/SSBF at 50%spr during the current year and 5 projected years based on

different maximum ages using the SEDAR 23 prior for F (®3).
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Figure 3.3.9. (continued) MCMC outcomes for relative SSB00g/SSBF at 50%spr during the current year and 5 projected years based on

different maximum ages using the SEDAR 23 prior for F (P3).
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Figure 3.3.9. (continued) MCMC outcomes for relative SSB00g/SSBF at 50%spr during the current year and 5 projected years based on

different maximum ages using the SEDAR 23 prior for F (®3).
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Figure 3.3.10. MCMC outcomes for relative Foggo/Fso%spr based on different maximum ages using the SEDAR 23 prior for F (P3).
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Figure 3.3.11. MCMC outcomes for the percentage reduction in F [100*(1-¢3)] since 1990 based on different maximum ages using the SEDAR

23 prior for F (®3).
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Figure 3.3.12. MCMC outcomes for steepness calculated from the a-parameter.
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Figure 3.3.13. MCMC outcomes for M at age 1 (age-specific natural mortality rates).
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3.5. APPENDIX A

This appendix contains the input parameter and data files for the continuity run for SEDAR 23 Goliath
grouper. That configuration was with constant natural mortality curve with an average of 0.11 per year
for ages 4-33, four indices of abundance: DeMaria, REEF Southeast, ENP Angler Creel Survey, and
Interviews.

BIIIITTTTTTT70000 0007777770000 7 0 0P P TP TP PP T T T T T TP T TP
BIIIITTTTT0770000 0007707777000 7 0 00T TP PP E T EETEEET P TTETTETTIEr0r i1y
#// INPUT DATA FILE FOR PROGRAM AP-MODEL

#//

#// Important notes:

#// (1) Comments may be placed BEFORE or AFTER any line of data, however they MUST begin

#// with a # symbol in the first column.

#// (2) No comments of any kind may appear on the same line as the data (the #
#// symbol will not save you here)

#// (3) Blank lines without a # symbol are not allowed.

#//

#// Manufactured data
BIIII1111700777777777777777777707777777777777777777777777777777777777777777177717777771177117
BIIII1111700777777707777077777770777777707777777777777777777777777777777777777777777717771177717
#
A
# GENERAL INFORMATION
SR A R
# first year in simulation (beginning of historical period)
| last year of historical period
| | last year when data are available
| | | end of simulation (year to project to)
| | | I
1950 1979 2009 2029
# year when fishing mortality rate in modern period becomes relatively constant so that no f_devs are
estimated from that point on
# (enter negative value if no such period exists)
1990
# first and last age in the simulation
1 20
# scale of variance parameters (1 = log scale variance, 2 = observation scale variance, @=force equal
weighting)
1
# method of modifying variance parameters (0= do not modify, 1 = add annual values to variance, -1 =
multiply annual values by variance)
1
# spawning season (integer representing number of months elapsed when spawning occurs)
6
# maturity schedue (fraction m of each age class that is sexually mature
©P0OOLO111111111111111
# fecundity schedule (index of per capita fecundity of each age class)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
HH#F
# INDICES OF ABUNDANCE (e.g., CPUE) If there are no series, there should be no entries between the comment
lines.

H H OH H

# number of index data series
4
# pdf of observation error for each series (1) lognormal, (2) normal
1111
# units (1=numbers, 2=weight, 1@=number relative to virgin levels, 20=weight relative to virgin levels (in
case of 10 or 20, you should fix the corresponding q to 1)

78
SEDAR 23 SAR - SECTION Il ASSESSMENT WORKSHOP REPORT



November 2010 South Atlantic and Gulf of Mexico Goliath Grouper

111 10
# months elapsed at time index observed
6660
# option to (1) scale or (@) not to scale index observations
0000
# set of index variance parameters each series is linked to
1111
# set of q parameters each series is linked to
1234
# set of s parameters each series is linked to
3456
# observed indices by series )
# DeMaria
#| REEF
#| | ENP (juv)
#| | | Interviews
#] | I | year
-1 -1 -1 1.000 1950
-1 -1 -1 -1 1951
-1 -1 -1 -1 1952
-1 -1 -1 -1 1953
-1 -1 -1 -1 1954
-1 -1 -1 -1 1955
-1 -1 -1 -1 1956
-1 -1 -1 -1 1957
-1 -1 -1 -1 1958
-1 -1 -1 -1 1959
-1 -1 -1 -1 1960
-1 -1 -1 -1 1961
-1 -1 -1 -1 1962
-1 -1 -1 -1 1963
-1 -1 -1 -1 1964
-1 -1 -1 -1 1965
-1 -1 -1 -1 1966
-1 -1 -1 -1 1967
-1 -1 -1 -1 1968
-1 -1 -1 -1 1969
-1 -1 -1 -1 1970
-1 -1 -1 -1 1971
-1 -1 -1 -1 1972
-1 -1 0.788 -1 1973
-1 -1 -1 -1 1974
-1 -1 0.408 -1 1975
-1 -1 1.275 -1 1976
-1 -1 0.867 -1 1977
-1 -1 0.911 -1 1978
-1 -1 0.620 -1 1979
-1 -1 0.664 -1 1980
-1 -1 0.388 -1 1981
-6.42 -1 0.287 -1 1982
1.42 -1 0.265 -1 1983
0.88 -1 0.230 -1 1984
0.424 -1 0.140 -1 1985
0.214 -1 0.135 -1 1986
0.177 -1 0.105 -1 1987
0.331 -1 0.140 -1 1988
0.110 -1 0.301 -1 1989
0.198 -1 0.156 .1444 1990
0.261 -1 0.174 -1 1991
-1 -1 0.238 -1 1992
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0.755 -1 0.259 -1 1993
0.974 0.15 0.685 -1 1994
0.761 -1 1.079 -1 1995
0.615 0.06 1.169 -1 1996
1.419 0.47 0.713 -1 1997
1.431 0.65 0.532 -1 1998
0.691 0.58 0.551 -1 1999
0.342 0.62 0.794 -1 2000
1.421 0.57 0.715 -1 2001
1.161 0.78 0.737 -1 2002
-1 1.65 1.863 -1 2003
-1 1.19 1.977 -1 2004
-1 1.36 2.316 -1 2005
-1 1.64 3.541 -1 2006
-1 2.42 5.181 -1 2007
-1 1.85 3.550 -1 2008
-1 2.02 2.247 -1 2009

# annual scaling factors for variance (use this option to account for annual differences in the variance,
e.g., to down-weight observations based on very little data)

# DeMaria

#|  REEF

#| | ENP (juv)

#| | | Interviews

#] | | | year
-1 -1 -1 1.000 1950
0.000 0.000 0.000 0.000 1951
0.000 0.000 0.000 0.000 1952
0.000 0.000 0.000 0.000 1953
0.000 0.000 0.000 0.000 1954
0.000 0.000 0.000 0.000 1955
0.000 0.000 0.000 0.000 1956
0.000 0.000 0.000 0.000 1957
0.000 0.000 0.000 0.000 1958
0.000 0.000 0.000 0.000 1959
0.000 0.000 0.000 0.000 1960
0.000 0.000 0.000 0.000 1961
0.000 0.000 0.000 0.000 1962
0.000 0.000 0.000 0.000 1963
0.000 0.000 0.000 0.000 1964
0.000 0.000 0.000 0.000 1965
0.000 0.000 0.000 0.000 1966
0.000 0.000 0.000 0.000 1967
0.000 0.000 0.000 0.000 1968
0.000 0.000 0.000 0.000 1969
0.000 0.000 0.000 0.000 1970
0.000 0.000 0.000 0.000 1971
0.000 0.000 0.000 0.000 1972
0.000 0.000 0.234 0.000 1973
0.000 0.000 0.000 0.000 1974
0.000 0.000 0.246 0.000 1975
0.000 0.000 0.201 0.000 1976
0.000 0.000 0.203 0.000 1977
0.000 0.000 0.215 0.000 1978
0.000 0.000 0.277 0.000 1979
0.000 0.000 0.231 0.000 1980
0.000 0.000 0.248 0.000 1981
0.089 0.000 0.298 0.000 1982
0.066 0.000 0.281 0.000 1983
0.046 0.000 0.285 0.000 1984
0.031 0.000 0.349 0.000 1985
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0.047 0.000 0.339 0.000 1986
0.067 0.000 0.370 0.000 1987
0.059 0.000 0.366 0.000 1988
0.090 0.000 0.268 0.000 1989
0.114 0.000 0.288 0.693 1990
0.078 0.000 0.306 0.000 1991
0.000 0.000 0.283 0.000 1992
0.249 0.000 0.246 0.000 1993
0.113 0.39 0.195 0.000 1994
0.077 0.00 0.200 0.000 1995
0.055 1.01 0.183 0.000 1996
0.092 0.32 0.196 0.000 1997
0.133 0.29 0.219 0.000 1998
0.075 0.27 0.222 0.000 1999
0.215 0.21 0.213 0.000 2000
0.082 0.15 0.203 0.000 2001
0.110 0.13 0.204 0.000 2002
0.000 0.10 0.176 0.000 2003
0.000 0.14 0.174 0.000 2004
0.000 0.16 0.176 0.000 2005
0.000 0.13 0.163 0.000 2006
0.000 0.10 0.150 0.000 2007
0.000 0.15 0.166 0.000 2008
0.000 0.11 0.184 0.000 2009

HHH R

# INDEX OF RELATIVE EFFORT (you must enter values for each year, even if they are only dummy values)
HH#F

# how to treat effort data (@) do not use values below, instead replace with a default of 1.0 for all

years
# | (1) use values below
# | (-1)use values below, then rescale relative to maximum value
1

# value year
0.207 1950
0.231 1951
0.255 1952
0.278 1953
0.302 1954
0.326 1955
0.350 1956
0.373 1957
0.397 1958
0.421 1959
0.445 1960
0.468 1961
0.490 1962
0.513 1963
0.536 1964
0.559 1965
0.582 1966
0.604 1967
0.627 1968
0.650 1969
0.673 1970
0.706 1971
0.738 1972
0.771 1973
0.804 1974
0.836 1975
0.869 1976
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0.902 1977
0.935 1978
0.967 1979
1.000 1980
1.000 1981
1.000 1982
1.000 1983
1.000 1984
1.000 1985
1.000 1986
1.000 1987
1.000 1988
1.000 1989
1.000 1990
1.000 1991
1.000 1992
1.000 1993
1.000 1994
1.000 1995
1.000 1996
1.000 1997
1.000 1998
1.000 1999
1.000 2000
1.000 2001
1.000 2002
1.000 2003
1.000 2004
1.000 2005
1.000 2006
1.000 2007
1.000 2008
1.000 2009

B R R e S R s s 2
# Projection specifications
B e e e e e
# selectivity for reference points (1=fishery, 2=use maturity vector)
1
# non-negative=input reference (should have value between @ and 1)
# otherwise, -0.1=B at F@.1, -1=B at msy, -2=B at Fmax, -20=Bspr20, -30=Bspr30, -40=Bspr40, -50=Bspr50, -
60=Bspr60, -999=Bcurrent)
-50
# control for recruitment deviations (@=none, + = variance, - = -cv)
-0.40
# projected F values (non-negative=input F, -0.1=F@.1, -1=Fmsy, -2=Fmax, -20=Fspr20, -30=Fspr3e, -
40=Fspr40, -50=Fspr50, -60=Fspr60, -999=Fcurrent)

# | Std. error (or negative CV) of implementation uncertainty (not being used at present)
# | | year
# | | |

-999 -0.01 2010

-999 -0.01 2011

-999 -0.01 2012

-999 -0.01 2013

-999 -0.01 2014

-999 -0.01 2015

-999 -0.01 2016

-999 -0.01 2017

-999 -0.01 2018

-999 -0.01 2019

-999 -0.01 2020
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-999 -0.01 2021
-999 -0.01 2022
-999 -0.01 2023
-999 -0.01 2024
-999 -0.01 2025
-999 -0.01 2026
-999 -0.01 2027
-999 -0.01 2028
-999 -0.01 2029

BIIII1117000777777077777777777777777777177777777777777777777777777777777770777777777777717771717717
BIIII111700777777707777777777777777777717777777777777777777777777777777777777777777777777717777
#// PARAMETER FILE FOR PROGRAM DATAPOOR

#//

#//  Important notes:

#// (1) Comments may be placed BEFORE or AFTER any line of data, however they MUST begin

#// with a # symbol in the first column.

#// (2) No comments of any kind may appear on the same line as the data (the #
#// symbol will not save you here)

#// (3) Blank lines without a # symbol are not allowed.

#//

#1170 077777777777777777777777777777777777777777777777777777777777777717771777117771717717
#ILIIIIT17077777777777777777777777777777777777777777777777777777777777777777177717771771717117
#
B S R S S R s s 2
# DIMENSION ARRAYS
HH#F A
# total number of process parameters
30
# number of sets of each parameter type
# catchabilities q selectivity vectors index variances
4 6 1
B R S S S s s 2
# SPECIFICATIONS FOR PROCESS PARAMETERS
A

# nature of function (1=constant, 2-3=polynomials, 13=process correlation, 14=process variance
scaling parameter

# | best guess of parameter value (median of prior)

# | | lower bound for parameter

# | | | upper bound for parameter

# | | | | phase of estimation (enter -1 to fix at best guess and not
estimate)

# | | | | | probability density function of prior (@=none,
1=lognormal, 2=normal)

# | | | | | | negative value is read as CV, positive value is

read as standard error (must be on logscale if overall pdf=1, aritmetic scale otherwise) of prior

# I I I I I | I

#f_ph parameters for expected F during prehistoric era (SEDAR 6)

2 0.0 -0.010 0.5 -2 2 -1.0

2 0.3 -0.010 0.5 1 2 -1.0
#f parameters for expected F during modern era before change in regulations- note if nature=-1 then
F=parameter*F(last year of historical period)) (SEDAR 6)

-1 1.0 0.02 10.0 1 2 -1.0

#f2  parameters for expected F during modern era after change in regulations- note if nature=-1 then
F=parameter*F(last year before change)) (SEDAR 6)

-10 0.16 0.01 0.9 3 5 -0.88
#m natural mortality rate (per Clay Porch - from max age 37 years, Hoenig's M=0.11 (fish only), ©.09677
is the mode of the distribution) (SEDAR 6)

1 0.09677 0.01 0.7 3 1 -0.4
#r  parameter alpha minus 1 (SEDAR 6)
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10 2.648087 0.01 150.0 21 1.310438
#w  parameters (by record) for vonBertalannfy equation (Linf, k, t@, cv) and length-weight equation
(intercept in grams, slope) (SEDAR 6)

8 0.2006E+03 150 300 5 2 -0.1
8 1.2600E-01 © 10 -6 ] 0.0204
8 -4.9000E+00 -5.00 10 -1 ] 0.1
8 0.1000E+01 © 10 -1 %] 0.1
8 1.3100E-05 © 10 -1 %] 0.1
8 0.3056E+01 © 10 -1 0 0.1
#q (SEDAR 6)
1 ©.5000E+00 .01 10 1 2 -2
1 ©.5000E+00 .01 10 1 2 -2
1 ©.5000E+00 .01 10 1 2 -2
1 1.0000E+00 .01 10 -1 0 0.1
#s_prehistic (SEDAR 6)
6 2.5100E+00 © 10 -4 2 -0.1
6 ©.5250E+00 © 10 -1 %] 0.1
#s_modern (SEDAR 6)
6 2.5100E+00 2 10 4 2 -0.1
6 ©.5250E+00 ©O 10 -1 ] 0.1
# s survey 1 (SEDAR 6)
6 6.0000E+00 4 10 -4 2 -0.1
6 ©0.200E+00 © 10 -1 0 0.1
# s_survey 2 (SEDAR 6)
6 6.0000E+00 4 10 -4 2 -0.1
6 ©.200E+00 © 10 -1 0 0.1
# s_survey 3 (SEDAR 6)
7 3.4700E+00 ©O 10 -4 2 -0.1
7 ©.3430E+00 ©O 10 -1 ] 0.1
# s _survey 4 (SEDAR 6)
6 6.0000E+00 ©O 10 -4 2 -0.1
6 ©0.200E+00 © 10 -1 0 0.1
#idv (SEDAR 6)
14 1.0000E+00 © 10 -1 0 0.1
#overall var (SEDAR 6)
1 -0.2 -1 -0.01 5 2 -0.5

A
# SPECIFICATIONS FOR PROCESS DEVIATION PARAMETERS

best guess of parameter value (central tendency of prior)

#
# | lower bound for parameter
# | | upper bound for parameter
# | | | phase of estimation (enter -1 to fix at best guess and not estimate)
# | | | | probability density function of prior
# | | | | | standard error or negative CV of prior (superfluous in
case of deviations)
#_f__ | | | | | | (SEDAR 6)
0.50 -0.001 1.0 -1 0 0.1
0.15 0 1000. -1 0 0.1
0.000 -5 5 5 1 0.1
#r__ | [ | | | (SEDAR 6)
0.5 -0.001 1.0 -1 0 0.1
0.15 0 100.0 -1 %] 0.1
0.0000 -5 5 4 1 0.1
#.q__| | | | | | (SEDAR 6)
0.0 -0.001 1.0 -1 0 0.1
0.10 ] 100.0 -1 0 0.1
0.0000 -5 5 -1 1 0.1

# End of file #
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3.6. APPENDIX B

This appendix contains the input parameter and data files for the proposed base model run for SEDAR
23 Goliath grouper. That configuration was with age-specific natural mortality curve with an average of
0.1217 per year for ages 4-37, and five indices of abundance: DeMaria, REEF Southeast, ENP Angler
Creel Survey, MRFSS, and REEF Southwest.

HILIITTI100000077707000 07770777777 777777777777777777777777777177177771777771111771111111771717
HILITI000000077707700 077707077777 777777777777777777777777777177177771777771111771111111771711
#// INPUT DATA FILE FOR PROGRAM AP-MODEL

#// * rev - months elapsed for the MRFSS index set to mid-year (6)

#// Important notes:

#// (1) Comments may be placed BEFORE or AFTER any line of data, however they MUST begin

#// with a # symbol in the first column.

#// (2) No comments of any kind may appear on the same line as the data (the #
#// symbol will not save you here)

#// (3) Blank lines without a # symbol are not allowed.

#//

#// Manufactured data - updated indices
BIIII11117007777777777707777777077777777777777777777777777777777777777777771777177717771177717
BIIII111170077777777777077777770777777777777777777777777777777777777777777717771777117711777717
#
R
# GENERAL INFORMATION
A A
# first year in simulation (beginning of historical period)
| last year of historical period
| | last year when data are available
| | | end of simulation (year to project to)
| | | I
1950 1979 2009 2029
# year when fishing mortality rate in modern period becomes relatively constant so that no f_devs are
estimated from that point on
# (enter negative value if no such period exists)
1990
# first and last age in the simulation
1 20
# scale of variance parameters (1 = log scale variance, 2 = observation scale variance, @=force equal
weighting)
1
# method of modifying variance parameters (0= do not modify, 1 = add annual values to variance, -1 =
multiply annual values by variance)
1
# spawning season (integer representing number of months elapsed when spawning occurs)
6
# maturity schedue (fraction m of each age class that is sexually mature
P0POOLO111111111111111
# fecundity schedule (index of per capita fecundity of each age class)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
HH#F A
# INDICES OF ABUNDANCE (e.g., CPUE) If there are no series, there should be no entries between the comment
lines.

H H O H H

# number of index data series

5
# pdf of observation error for each series (1) lognormal, (2) normal
11111

# units (1=numbers, 2=weight, 1@=number relative to virgin levels, 20=weight relative to virgin levels (in
case of 10 or 20, you should fix the corresponding q to 1)

85
SEDAR 23 SAR - SECTION Il ASSESSMENT WORKSHOP REPORT



November 2010 South Atlantic and Gulf of Mexico Goliath Grouper

11111
# months elapsed at time index observed
66666
# option to (1) scale or (@) not to scale index observations
00000
# set of index variance parameters each series is linked to
11111
# set of q parameters each series is linked to
12345
# set of s parameters each series is linked to
34567
# observed indices by series )
# DeMaria
#| REEF SE
#| | ENP (juv)
#| | | MRFSS (PR,FHS regions 1-5)
#| | | | REEF SW year
-1 -1 -1 -1 -1 1950
-1 -1 -1 -1 -1 1951
-1 -1 -1 -1 -1 1952
-1 -1 -1 -1 -1 1953
-1 -1 -1 -1 -1 1954
-1 -1 -1 -1 -1 1955
-1 -1 -1 -1 -1 1956
-1 -1 -1 -1 -1 1957
-1 -1 -1 -1 -1 1958
-1 -1 -1 -1 -1 1959
-1 -1 -1 -1 -1 1960
-1 -1 -1 -1 -1 1961
-1 -1 -1 -1 -1 1962
-1 -1 -1 -1 -1 1963
-1 -1 -1 -1 -1 1964
-1 -1 -1 -1 -1 1965
-1 -1 -1 -1 -1 1966
-1 -1 -1 -1 -1 1967
-1 -1 -1 -1 -1 1968
-1 -1 -1 -1 -1 1969
-1 -1 -1 -1 -1 1970
-1 -1 -1 -1 -1 1971
-1 -1 -1 -1 -1 1972
-1 -1 0.788 -1 -1 1973
-1 -1 -1 -1 -1 1974
-1 -1 0.408 -1 -1 1975
-1 -1 1.275 -1 -1 1976
-1 -1 0.867 -1 -1 1977
-1 -1 0.911 -1 -1 1978
-1 -1 0.620 -1 -1 1979
-1 -1 0.664 -1 -1 1980
-1 -1 0.388 -1 -1 1981
-6.42 -1 0.287 -1 -1 1982
1.42 -1 0.265 -1 -1 1983
0.88 -1 0.230 -1 -1 1984
0.424 -1 0.140 -1 -1 1985
0.214 -1 0.135 -1 -1 1986
0.177 -1 0.105 -1 -1 1987
0.331 -1 0.140 -1 -1 1988
0.110 -1 0.301 -1 -1 1989
0.198 -1 0.156 -1 -1 1990
0.261 -1 0.174 0.1740 -1 1991
-1 -1 0.238 0.0801 -1 1992

86
SEDAR 23 SAR - SECTION Il ASSESSMENT WORKSHOP REPORT



November 2010 South Atlantic and Gulf of Mexico Goliath Grouper

0.755 -1 0.259 0.2048 -1 1993
0.974 0.15 0.685 0.1921 -1 1994
0.761 -1 1.079 0.5260 -1 1995
0.615 0.06 1.169 0.1811 -1 1996
1.419 0.47 0.713 0.2562 -1 1997
1.431 0.65 0.532 0.3353 -1 1998
0.691 0.58 0.551 0.4196 0.74 1999
0.342 0.62 0.794 0.5639 0.82 2000
1.421 0.57 0.715 0.5842 0.84 2001
1.161 0.78 0.737 0.8878 1.09 2002
-1 1.65 1.863 0.9373 1.12 2003
-1 1.19 1.977 1.5691 1.23 2004
-1 1.36 2.316 2.4613 0.88 2005
-1 1.64 3.541 2.5165 ©0.98 2006
-1 2.42 5.181 2.6744 0.53 2007
-1 1.85 3.550 1.2335 1.61 2008
-1 2.02 2.247 1.1251 1.17 2009

# annual scaling factors for variance (use this option to account for annual differences in the variance,
e.g., to down-weight observations based on very little data)

# DeMaria

#| REEF (SE)

#| | ENP (juv)

#| | | MRFSS (PR,FHS regions 2,4)
#| | | | REEF(SW) year
-1 -1 -1 0.000 -1 1950
0.000 0.000 0.000 0.000 -1 1951
0.000 0.000 0.000 0.000 -1 1952
0.000 0.000 0.000 0.000 -1 1953
0.000 0.000 0.000 0.000 -1 1954
0.000 0.000 0.000 0.000 -1 1955
0.000 0.000 0.000 0.000 -1 1956
0.000 0.000 0.000 0.000 -1 1957
0.000 0.000 0.000 0.000 -1 1958
0.000 0.000 0.000 0.000 -1 1959
0.000 0.000 0.000 0.000 -1 1960
0.000 0.000 0.000 0.000 -1 1961
0.000 0.000 0.000 0.000 -1 1962
0.000 0.000 0.000 0.000 -1 1963
0.000 0.000 0.000 0.000 -1 1964
0.000 0.000 0.000 0.000 -1 1965
0.000 0.000 0.000 0.000 -1 1966
0.000 0.000 0.000 0.000 -1 1967
0.000 0.000 0.000 0.000 -1 1968
0.000 0.000 0.000 0.000 -1 1969
0.000 0.000 0.000 0.000 -1 1970
0.000 0.000 0.000 0.000 -1 1971
0.000 0.000 0.000 0.000 -1 1972
0.000 0.000 0.234 0.000 -1 1973
0.000 0.000 0.000 0.000 -1 1974
0.000 0.000 0.246 0.000 -1 1975
0.000 0.000 0.201 0.000 -1 1976
0.000 0.000 0.203 0.000 -1 1977
0.000 0.000 0.215 0.000 -1 1978
0.000 0.000 0.277 0.000 -1 1979
0.000 0.000 0.231 0.000 -1 1980
0.000 0.000 0.248 0.000 -1 1981
0.089 0.000 0.298 0.000 -1 1982
0.066 0.000 0.281 0.000 -1 1983
0.046 0.000 0.285 0.000 -1 1984
0.031 0.000 0.349 0.000 -1 1985
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0.047 0.000 0.339 0.000 -1 1986
0.067 0.000 0.370 0.000 -1 1987
0.059 0.000 0.366 0.000 -1 1988
0.090 0.000 0.268 0.000 -1 1989
0.114 0.000 0.288 0.000 -1 1990
0.078 0.000 0.306 1.388 -1 1991
0.000 0.000 0.283 1.385 -1 1992
0.249 0.000 0.246 0.652 -1 1993
0.113 0.39 0.195 0.630 -1 1994
0.077 0.00 0.200 0.383 -1 1995
0.055 1.01 0.183 0.641 -1 1996
0.092 0.32 0.196 0.475 -1 1997
0.133 0.29 0.219 0.381 -1 1998
0.075 0.27 0.222 0.294 0.46 1999
0.215 0.21 0.213 0.295 0.20 2000
0.082 0.15 0.203 0.277 0.18 2001
0.110 0.13 0.204 0.220 0.15 2002
0.000 0.10 0.176 0.221 0.16 2003
0.000 0.14 0.174 0.184 0.17 2004
0.000 0.16 0.176 0.165 0.23 2005
0.000 0.13 0.163 0.160 0.19 2006
0.000 0.10 0.150 0.155 0.21 2007
0.000 0.15 0.166 0.202 0.30 2008
0.000 0.11 0.184 0.203 0.32 2009

HHH R

# INDEX OF RELATIVE EFFORT (you must enter values for each year, even if they are only dummy values)
A

# how to treat effort data (@) do not use values below, instead replace with a default of 1.0 for all

years
# | (1) use values below
# | (-1)use values below, then rescale relative to maximum value
1

# value year
0.207 1950
0.231 1951
0.255 1952
0.278 1953
0.302 1954
0.326 1955
0.350 1956
0.373 1957
0.397 1958
0.421 1959
0.445 1960
0.468 1961
0.490 1962
0.513 1963
0.536 1964
0.559 1965
0.582 1966
0.604 1967
0.627 1968
0.650 1969
0.673 1970
0.706 1971
0.738 1972
0.771 1973
0.804 1974
0.836 1975
0.869 1976
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0.902 1977
0.935 1978
0.967 1979
1.000 1980
1.000 1981
1.000 1982
1.000 1983
1.000 1984
1.000 1985
1.000 1986
1.000 1987
1.000 1988
1.000 1989
1.000 1990
1.000 1991
1.000 1992
1.000 1993
1.000 1994
1.000 1995
1.000 1996
1.000 1997
1.000 1998
1.000 1999
1.000 2000
1.000 2001
1.000 2002
1.000 2003
1.000 2004
1.000 2005
1.000 2006
1.000 2007
1.000 2008
1.000 2009

B R R e S R s s 2
# Projection specifications
B e e e e e
# selectivity for reference points (1=fishery, 2=use maturity vector)
1
# non-negative=input reference (should have value between @ and 1)
# otherwise, -0.1=B at F@.1, -1=B at msy, -2=B at Fmax, -20=Bspr20, -30=Bspr30, -40=Bspr40, -50=Bspr50, -
60=Bspr60, -999=Bcurrent)
-50
# control for recruitment deviations (@=none, + = variance, - = -cv)
-0.40
# projected F values (non-negative=input F, -0.1=F@.1, -1=Fmsy, -2=Fmax, -20=Fspr20, -30=Fspr3e, -
40=Fspr40, -50=Fspr50, -60=Fspr60, -999=Fcurrent)

# | Std. error (or negative CV) of implementation uncertainty (not being used at present)
# | | year
# | | |

-999 -0.01 2010

-999 -0.01 2011

-999 -0.01 2012

-999 -0.01 2013

-999 -0.01 2014

-999 -0.01 2015

-999 -0.01 2016

-999 -0.01 2017

-999 -0.01 2018

-999 -0.01 2019

-999 -0.01 2020
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-999 -0.01 2021
-999 -0.01 2022
-999 -0.01 2023
-999 -0.01 2024
-999 -0.01 2025
-999 -0.01 2026
-999 -0.01 2027
-999 -0.01 2028
-999 -0.01 2029

#IIIIT11T77707777777777777777770777777777777777777777777777777777777777777777777777717771771717
#ILIIIITT70077777777777777777777777777777777777777777777777777777777777777717771177117711177117
#// PARAMETER FILE FOR PROGRAM DATAPOOR - Lorenzen M, max age=37, M=0.1217, new ENP and offshore
vulnerability vectors

#// * rev g5 - turned it on.

#// Important notes:

#// (1) Comments may be placed BEFORE or AFTER any line of data, however they MUST begin

#// with a # symbol in the first column.

#// (2) No comments of any kind may appear on the same line as the data (the #

#// symbol will not save you here)

#// (3) Blank lines without a # symbol are not allowed.

#// Updated growth curve, f2 (moratorium effectiveness), survey index distribution parms adjusted
for Lorenzen M and F, Clay's method,

#// new length-weight, Clay's new Lorenzen parms,

®LI1T11777700777777777777777777777777777777777777777777777777777777777771777777711777717711
®/I11111777770777777777777777771777777777777777777777777777777777777777771777777711177717711
#

A

# DIMENSION ARRAYS

# total number of process parameters - count the number of entries in the process parameter section
34
# number of sets of each parameter type
# catchabilities q selectivity vectors index variances
5 7 1
HEHERHE A A
# SPECIFICATIONS FOR PROCESS PARAMETERS

# nature of function (1=constant, 2-3=polynomials, 12=power, 13=process correlation, l4=process

variance scaling parameter

# | best guess of parameter value (median of prior)

# | | lower bound for parameter
I
I

# | | upper bound for parameter

# | | | phase of estimation (enter -1 to fix at best guess and not
estimate)

# | | | | | probability density function of prior (@=none,
1=lognormal, 2=normal)

# | | | | | | negative value is read as CV, positive value is

read as standard error (must be on logscale if overall_pdf=1, aritmetic scale otherwise) of prior

# I I I I I I |

#f_ph parameters for expected F during prehistoric era

2 0.0 -0.010 0.5 -2 2 -1.0

2 0.3 -0.010 0.5 1 2 -1.0
#f parameters for expected F during modern era before change in regulations- note if nature=-1 then
F=parameter*F(last year of historical period))

-1 1.0 0.02 10.0 1 2 -1.0

#f2  parameters for expected F during modern era after change in regulations- note if nature=-1 then
F=parameter*F(last year before change))
-10 0.14 0.01 0.9 3 5 -0.40
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#m natural mortality rate - Lorenzen M parameters modified for ages 4-37 in terms of weight (Lorenzen
1996, eqn for "Natural", M=alpha*wt(grams)”~-0.288, alpha=3)
# length-wt equation is in kg, so M(Lorenzen) = (1000 grams/kilogram)”-0.288 * adjustment factor for
target ages * 3 * wt[kg]~(-0.288)

12 0.453311 0.01 0.7 -3 [ -0.4

12 -0.288 -1 -.1 -3 0 -0.4
#r  parameter alpha minus 1

10 2.648087 ©0.01 150.0 2 1 1.310438

#w (by record) for vonBertalannfy equation (Linf, k, t@, cv) and length-weight equation (intercept in
kilograms, slope)

8 0.2221E+04 150 3000 5 2 -0.11
8 0.0937E-00 ] 10 -6 ] 0.00295
8 -0.6842E+00 -5.00 10 -1 0 0.1
8 0.1000E+01 0 10 -1 0 0.1
8 1.0110E-08 0 10 -1 0 0.1
8 3.0900E+00 2] 10 -1 2] 0.1
#q (linked to survey indices 1-DeMaria, 2-REEF (SE), 3-ENP, 4-MRFSS (PR, FHS regions 2 and 4), 5-REEF
(SW)
1 ©.5000E+00 .01 10 1 2 -2
1 ©.5000E+00 .01 10 1 2 -2
1 ©.5000E+00 .01 10 1 2 -2
1 ©.5000E+00 .01 10 1 2 -2
1 ©.5000E+00 .01 10 1 2 -2
#s_prehistic
6 2.5100E+00 2] 10 -4 2 -0.1
6 ©.5250E+00 0 10 -1 4] 0.1
#s_modern
6 2.5100E+00 2 10 4 2 -0.1
6 ©.5250E+00 4] 10 -1 ] 0.1
# s _survey 1 DeMaria Lorenzen M adjusted, WFL offshore diver measurements, age-length key
6 5.5272E+00 4 10 -4 2 -0.1
6 1.0244E+00 © 10 -1 (] 0.1
# s_survey 2 REEF Southeast Lorenzen M adjusted, WFL offshore diver measurements, age-length key
6 5.5272E+00 4 10 -4 2 -0.1
6 1.0244E+00 © 10 -1 0 0.1

# s_survey 3 ENP Angler Creel Survey, Lorenzen M adjusted, ENP angler creel survey, Brusher and Schull
ages, age-length key

7 3.6320E+00 © 10 -4 2 -0.1
7 ©.3395E+00 ©O 10 -1 (] 0.1
# s_survey 4 MRFSS Lorenzen M adjusted, WFL offshore diver measurements, age-length key
6 5.5272E+00 © 10 -4 2 -0.1
6 1.0244E+00 © 10 -1 0 0.1
# s_survey 5 REEF Southwest Lorenzen M adjusted, WFL offshore diver measurements, age-length key
6 5.5272E+00 © 10 -4 2 -0.1
6 1.0244E+00 © 10 -1 0 0.1
#idv
14 1.0000E+00 ] 10 -1 ] 0.1
#overall var
1 -0.2 -1 -0.01 5 2 -0.5

B R S S S s s 2
# SPECIFICATIONS FOR PROCESS DEVIATION PARAMETERS
S R
best guess of parameter value (central tendency of prior)
lower bound for parameter
| upper bound for parameter
| | phase of estimation (enter -1 to fix at best guess and not estimate)
| | | probability density function of prior
| | | | standard error or negative CV of prior (superfluous in

H OH OH O OH

case of deviations)
#f_ | | | | | |
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0.50 -0.001 1.0 -1 (] 0.1
0.15 0 1000. -1 (] 0.1
0.000 -5 5 5 1 0.1
#_r I I I I I I
0.5 -0.001 1.0 -1 (4 0.1
0.15 0 100.9 -1 (4 0.1
0.0000 -5 5 4 1 0.1
#aq__ | I | I | |
0.0 -0.001 1.0 -1 (] 0.1
0.10 0 100.0 -1 (] 0.1
0.0000 -5 5 -1 1 0.1

# End of file #
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1. DATA WORKSHOP RESEARCH RECOMMENDATIONS

1.1 LIFE HISTORY WORKING GROUP
Stock Definition:

e D. Jones has new MARFIN funding to use otolith microchemistry (laser ablation) to
determine if there are distinct subpopulations based on geographic differences in
chemical signatures. Juvenile habitat would be represented at the origin of otolith, adult
habitat at the margins (SA and/or Gulf) **goliath grouper were not originally considered
in this MARFIN proposal, but could easily be added with availability of otoliths and
moderate time resources.

e Koenig referenced the availability of goliath grouper eggs from the SA and GOM which
could be used for genetic population structure analysis. Eggs will be sampled for Dr
Matthew Craig (U Puerto Rico) who has done the most extensive work on goliath
grouper population genetics (Craig et al. 2009)

e Description of larval stages of goliath grouper is part of an ongoing MARFIN project by
Koenig and Coleman.

e Limited recent drifter studies along the US South Atlantic coast have shown the potential
for wide distribution patterns along the coast from Cape Hatteras to the Florida Keys
(Lesher and Sedberry, SEDAR 10-DW-06). With location and timing of spawning now
known, it would be a good opportunity to initiate additional drifter studies in the SA and
GOM.

e Ongoing research (Koenig and Coleman) will verify known SPAGS and suspected
SPAGS. It will also determine the size structure of spawning fish, their residency time on
the SPAGS, and size-related fecundity. With more known SPAGS, there is the potential
to assess the abundance of reproductive adults based on numbers present at SPAGS and
knowing the geographical range of the participating spawners.

Age and Growth:

e A directed effort to collect hard parts from large, old fish to validate these methods for
old individuals.

e More detailed information on maximum age and size is needed. There are no new data
available for maximum age or maximum size since Bullock et al. 1992. There is reason
to suspect that maximum age is a low estimate due to the small number of large, old fish
sampled. Additionally, there is concern over whether or not the asymptote is fully
represented due to the low number of samples represented at the oldest ages (Fig.1).
However, this maximum age does fall within the values observed for other epinephelines
[i.e., E. fuscoguttatus (42 y for females and 40y for males; Pears, 2006), E. morio (29 y;
Lombardi-Carlson et al., 2006), E.), H. nigitus (41 y; Manooch, 1987), E. striatus (29 y;
Sadovy and Ecklund 1999)]. However, the best species for comparison (due to similar
size, tropical/subtropical distribution and ecological role) are the Indo-Pacific E.
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lanceolatus and E. tukula; data on maximum size, age and growth rate are still being
sought at the time of writing the present report.

e Assuggested during the last SEDAR (SEDARG, 2004): “The panel recommended
continued work on ageing. Ages should be standardized to a calendar year, so that
information on a year class is treated consistently throughout the year.”

Reproduction

e Ongoing research (Koenig and Coleman, MARFIN) will evaluate fecundity, sexual
pattern, SPAG distribution, size structure and sex ratio within SPAGS, and mating
system using non-lethal methods.

Habitat and Movement:

e We need spatially-explicit models. Due to microhabitat preferences and site attachment in
both juvenile and adult goliath groupers, density values (as number of individuals per unit
area or length of coastline) should be used with caution in population estimates and
modeling; it is essential to contrast densities in high quality habitats versus low quality
habitats, and not use a single density value which could results in over-estimates of total
population levels. Future modeling efforts should also account for the known (or
unknown) statewide spatial distribution of both juveniles and adults.

e We need a state-wide evaluation of habitat quality integrating habitat structure and water
quality. Including this knowledge in our goliath grouper assessments will allow us to
expand population models into ecosystem-based management.

e What is the extent of high quality mangrove habitat, and where is it located in Florida?
There is a need for a state-wide assessment of mangroves as fish habitat, to evaluate
potential high quality sites that are the nurseries, not only for juvenile goliath grouper but
also for juveniles of a diverse group of other fish and invertebrate species.

e When evaluating high quality habitat (both in mangroves and reefs), in addition to
evaluating the structural characteristics, what is the water quality of each habitat? There
is a need to quantify, state-wide in real time and 24/7 the water quality (salinity,
temperature, dissolved oxygen) of mangroves, and coastal reefs. This research question
applies not only to goliath grouper but also to all estuarine and coastal species that use
mangroves and reefs (coral reefs, reef ledges) during their life history.

e What are the biological corridors used during the ontogenetic migrations (from juvenile
mangrove habitat to reef adult habitat) and the spawning migrations (from resident
habitat to spawning aggregation sites)? We don’t know if goliath grouper use a specific
path or network (=biological corridor) during their two major migratory events
(ontogenetic and reproductive).

e What are the maximum distances that can be covered by juveniles in ontogenetic
migrations towards the adult habitat, and by adults in their spawning migrations? These
data are needed to understand the ontogenetic and spawning connectivity within the
goliath grouper population.
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1.2 COMMERCIAL AND RECREATIONAL STATISTICS WORKING GROUP

The prohibition on any harvest of goliath grouper precludes any fishery dependent research other
than that conducted by on-board observers or recorded in fishermen’s logbooks. Continued
collection of size, frequency in the catches by gear, and observed release condition is important
for obtaining release mortality estimates and possibly an estimate of numbers caught by gear,
fishing area, and depth. It is expected that as the abundance of this species increases, so too will
the frequency of encounter with fishing gears. Brusher and Schull’s (2009) study that goliath
grouper have a reasonably good chance of surviving the encounter with fishing gear at least in
shallower waters. Capture-recapture studies could be designed to examine the effects of releases
from the recreational fishery. With the apparent increase in numbers of goliath grouper reported
by anglers, it is inevitable that more encounters with fishing gear will occur and this seems to be
borne out by reports from angler surveys such as the ENP Angler Creel Survey and the MRFSS.
Surveys of spawning aggregations are needed to extend the usefulness of Don DeMaria’s earlier

surveys and to monitor population trends of adults.

13 INDICES OF ABUNDANCE WORKING GROUP

No research recommendations were provided by the Working Group.

2. ASSESSMENT WORKSHOP RESEARCH RECOMMENDATIONS
Recommendations on future research and data collection were provided at the DW. An
additional recommendation for a “research fishery” was briefly discussed at the Assessment
Workshop (AW), but was never formalized.

3. REVIEW PANEL RESEARCH RECOMMENDATIONS

Although results were unsatisfactory for this stock assessment, they did serve to clarify
additional research necessary for future assessment efforts. The next benchmark assessment
cannot be successfully completed without data from the research recommended by the Data,

Assessment, and Review Panels.

Stock Definition:
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e Goliath grouper should be genetically sampled from as many areas in the South Atlantic
and Gulf of Mexico as possible to allow for a more thorough examination of the current
single stock definition.

e Examination of spawning aggregations over the entire distribution range should include

seasonality, sex ratios, and individual fidelity.

Long-term monitoring:

e Basic reproductive data are lacking throughout the species distribution, including: size
and age at maturity for each sex, sexual sequence with size and age for each sex, and
fecundity.

e Asdescribed in the above research recommendations by the Life History Working
Group, research on age structure, and locations of suitable juvenile and adult habitat,
discard and discard mortality rates should be accomplished throughout the species

distribution

Economic impact:

e Because of the relatively small size of a potentially reopened consumptive fishery for
goliath grouper, a socio-economic evaluation of the relative benefits of consumptive
versus non-consumptive uses would be beneficial. There may be greater long-term
economic benefit to development of sustainable non-consumptive eco-tourism venues

than would be possible from a consumptive fishery.
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1. INTRODUCTION

1.1 WORKSHOP TIME AND PLACE

The SEDAR 23 Review Workshop was held November 15-17, 2010 in Key West, Florida.

1.2 TERMS OF REFERENCE

1. Evaluate the adequacy, appropriateness, and application of data used in the assessment.

2. Evaluate the adequacy, appropriateness, and application of methods used to assess the
stock.

Recommend appropriate estimates of stock abundance, biomass, and exploitation.

Evaluate the methods used to estimate population benchmarks and management parameters
(e.g., MSY, Fmsy, Bmsy, MSST, MFMT, or their proxies); recommend appropriate
management benchmarks and provide estimated values for management benchmarks, and
declarations of stock status.

5. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status; recommend appropriate estimates of future stock condition (e.g.,
exploitation, abundance, biomass).

6. Evaluate the adequacy, appropriateness, and application of methods used to characterize
uncertainty in estimated parameters. Provide measures of uncertainty for estimated
parameters. Ensure that the implications of uncertainty in technical conclusions are clearly
stated.

7. Ensure that stock assessment results are clearly and accurately presented in the Stock
Assessment Report and that reported results are consistent with Review Panel
recommendations.

8. Evaluate the SEDAR Process as applied to the reviewed assessments and identify any
Terms of Reference which were inadequately addressed by the Data or Assessment
Workshops.
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9. Consider the research recommendations provided by the Data and Assessment workshops
and make any additional recommendations or prioritizations warranted. Clearly denote
research and monitoring needs that could improve the reliability of future assessments.
Recommend an appropriate interval for the next assessment, and whether a benchmark or
update assessment is warranted.

10. Prepare a Peer Review Summary summarizing the Panel’s evaluation of the stock
assessment and addressing each Term of Reference. Develop a list of tasks to be completed
following the workshop. Complete and submit the Summary Report within 3 weeks of
workshop conclusion.

The review panel may request additional sensitivity analyses, evaluation of alternative assumptions, and
correction of errors identified in the assessments provided by the assessment workshop panel; the review
panel may not request a new assessment. Additional details regarding the latitude given the review panel
to deviate from assessments provided by the assessment workshop panel are provided in the SEDAR
Guidelines and the SEDAR Review Panel Overview and Instructions.

** The panel shall ensure that corrected estimates are provided by addenda to the assessment
report in the event corrections are made in the assessment, alternative model configurations are
recommended, or additional analyses are prepared as a result of review panel findings regarding

the TORs above.**

1.3 LIST OF PARTICIPANTS

Workshop Panel

Luiz Barbieri, Chair .........ccccovvineiieeece e SAFMC and GMFMC SSC/FWC FWRI
ShanNON CasS-Cala@Y ..........cooeiiiiiieiiis s GMFMC SSC
BarDara DOIT ..ottt GMFMC SSC
JAMIE GIDSON.......oiiiiiiiccce e CIE Reviewer
JONN HOBNIG .. e SAFMC SSC
SVEN KUPSCIUS ... CIE Reviewer
KEVIN STOKES ...ttt CIE Reviewer

Analytic Representation
JOB OTHOP -t FWC FWRI
JOSEPN MUNYANAOTEIO ...t FWC FWRI

Council Representation
2= N o =T 1 o USSR SAFMC
KAy WIHAMS ...ttt rae e GMFMC

Official Observers
BN FAITY ... ettt ettt ene e e GMFMC AP

Other Observers
AN T T=1 =T o 1 T3 TSR FWRI
Bl CAUSBY ...ttt ettt r ettt e et et r et e nteen e bente e nrenren NOS
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D10 A B L1 =TT USRI
Sarah Frias-TOrITeS.......ccccovveevieeveecireesiee e, Ocean Research & Conservation Association
D o100 [ €] ¢=To (o] VAR R TR UPTOPROURPRIN FL SeaGrant
Y T aTo] IS aTAYZ - o TSR CIE/RAMAS
BIll TEENAN ...ttt s et e et e e st e s e sbb e e st e e s eaee e sabe e e ateeesaeeeans FWC
Staff

KArEN BUIMS ...t e e e e earre e e GMFMC Staff
PAtFICK GHIES ...ttt e bee e NMFS Miami
RACNAET LINUSAY ...ttt SEDAR
JUEE NI .ottt et e s b et e e s be e s ate e sbeesare e raesnne e e SEDAR

1.4 LIST OF REVIEW WORKSHOP WORKING PAPERS AND DOCUMENTS

Documents Prepared for the Review Workshop

SEDAR23-RW-01 | Application of Stock Reduction Joseph Munyandorero
Analysis to goliath grouper
(Epinephelus itajara) off southeastern
U.S.A, 1918 - 2009

SEDAR23-RW-02 | Working paper for the review panel Sarah Frias-Torres

2. REVIEW PANEL REPORT
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1. SEDAR 23 Review Panel Summary Report

The stock assessment of goliath grouper presented by the SEDAR 23 Assessment Workshop
(AW) provided the Review Panel with thorough descriptions of the data available for assessing
goliath grouper, information about the life history of this species, as well as outputs and results
from the catch-free model developed for this stock by Porch et al. (2006). The panel felt the
proposed base model parameterization as presented was inappropriate to provide information on
goliath grouper stock status or benchmarks as it does not reflect appropriate stock dynamics.
Further, the panel felt that the output of the model is unlikely to represent real changes in the F
trajectories because some model assumptions were thought to be heavily influencing the model
output, and the recruitment pattern did not appear realistic with respect to expected patterns of
recruitment for a long-lived species. A stochastic stock reduction analysis (SSRA) was also
presented for exploratory purposes. In principle, with appropriate attention to better quantifying
removals and to sensitivity testing the SSRA could be used in the future to provide more relevant
information for management purposes. The Review Panel briefly considered the SSRA but
could not review it to draw conclusions as it had not already been considered by the AW. In any
case, results from the SSRA would critically depend on credible inputs on removals, which are
difficult to derive given some uncertainties in the historical commercial landings and recreational
catch. These uncertainties were well described by the data workshop (DW). The catch-free
model did not require such an input.

2. Terms of Reference:
1. Evaluate the adequacy, appropriateness, and application of data used in the assessment.

The Review Panel comments, concerns, and recommendations on the adequacy,
appropriateness, and application of the data used in the SEDAR 23 assessment is listed below
in itemized format.

Stock structure: Genetic data were used by the data working group to examine stock structure.
The panel feels it is safe to say that stocks don’t extend to other countries. However, within
the United States the resolution of the data is not fine enough to determine spatial structure of
stocks. Tagging data demonstrate site fidelity but also long distance movements (~175 km).

A single stock within US waters was assumed for the assessment for convenience. This may
be reasonable but there are some potential problems with this approach. Management actions
may need to be made on a finer spatial scale to prevent localized depletion but the data and
models used do not allow for this. Interpretation of indices with varying spatial coverage may
be complicated by fish movement patterns which are poorly understood.

The Review Panel thought it might be helpful to evaluate the indices of abundance at a finer
temporal and spatial scales. This may shed some light on stock structure and is important for
assessing how the indices can be incorporated in an assessment model (see discussion under
Indices).

Indices: Multiple indices were developed covering both juvenile and adult life stages.
Standard, credible statistical modelling was thoroughly used. Nevertheless, there are some
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issues of note. The panel felt it needed more information on the indices, specifically more
background on their nature and construction, the conclusions of the DW on the quality of the
data, as well as technical details including maps and diagnostics (residuals). The SEDAR
criteria for standardizing indices should be followed (the panel did not find this information in
the DW report). The panel accepted the indices at face value as other issues already
suggested likely rejection of the catch-free assessment model. However, if the assessment
had been viewed more positively the panel would have needed to consider the indices in
greater detail to advise on their utility. Specific comments and recommendations are
presented below.

o ENP creel survey: This is the index with the longest time series and the only index
spanning the implementation of the moratorium. It covers fish ranging in size from
200mm to 1000mm (predominantly ages 2-8). It only covers part of the juvenile
geographic range (though when it was started it was believed to cover the core of the
distribution; since the moratorium the distribution has expanded). Itis a fishery index
based on intercept interviews and there is uncertainty about fishery changes through
time. In recent years the index has shown a strong increase but the index declined
significantly in 2008 and 20009.

e REEF: Positive aspects of the reef survey are that it is not fishery based and it has broad
spatial coverage. The panel had concerns over the logarithmic nature of the index
(observations are binned in intervals of unequal size) and noted that DW panels for
several other SEDAR assessments have rejected REEF for this reason. The panel did
not discuss this at length but rather accepted the index at face value. The panel believed
the index (both SE and SW subsets) showed increases in stock size over time though the
rates of increase is not likely plausible in terms of the assessment. It might be possible
to handle the binning using a Poisson model to get an index of abundance but in the
extreme, if all observations are in the largest bin then one could not detect even large
changes. Simulation might be used to investigate how to use these data—but this would
need to be in the context of an assessment model (and may therefore not be useful at this
time).

The panel noted that the SW and SE REEF indices show different behavior. There is a
problem with including indices in a model without an explanation or description of the
mechanisms giving rise to the discrepancies. A possible explanation is a range
expansion or redistribution of fish, or it may be indicative of differing demographics in
the two areas. In either case, it needs to be determined how to weight the two indices.
(See comments on ‘Stock Structure’ above.)

e MRFFS: This index is important but there are three issues. First, the index is highly
variable. Second, there may have been changes in recreational targeting and reporting.
Third, this is a proportion positive index for private boats only. It may have been more
appropriate to consider trips only in areas where goliath grouper are likely targeted. As
a proportion positive index the steep increase may be appropriately structured.
However, the panel had concern about how the assessment model treats the index (with
errors treated as log-normal instead of binomial).

e DeMaria: This index is critical to the assessment because it drives the little bits of
variability being estimated by the model (all else is fixed by assumption and the
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DeMaria index is the only information presented in that time period). The very rapid
declining of this index drives the estimated decline prior to the moratorium. The index
represents observations on 4 artificial reefs, in the same general area which is difficult to
access. Thus, it could be indicative of a local depletion, potentially after depletion in
other areas had occurred. Such a sharp decline during a period of relatively constant
catches (adjusted) or slow fall off (non-adjusted) suggests need for care in interpretation.
The assessment model output suggests a trebling of F in the period of the DeMaria
decline despite constant catch and (presumably) effort. Although this index is
potentially important—because it includes information on older fish and is the only
information for that time period, the review panel questioned whether it was indicative
of the abundance decline of the entire stock and whether the resulting F estimates were
realistic.

Reproduction: Although the panel believed the reproductive parameters used in the model
were based on the best available information, they questioned their sufficiency because they
came from early studies or from proxy species. Specifically, age-at-maturity, and spawning
frequency are needed for deriving SPR. The panel notes that information suggests an earlier
age-at-maturity for males than females which seems to contradict the assumption of
protogyny (as observed in other members of the family). Spawning frequency is not known.
Thus, there is a need to determine the basic reproductive characteristics of the species.

Natural Mortality: The panel notes that there was a lot of effort devoted to modelling age-
specific M, a parameter that does influence the current stock status and estimated recovery
times. Note that if a different assessment model is adopted the value of natural mortality rate
may be very important so there is value in trying to improve the estimation of M.

The panel notes that the value of Tyax (longevity) is what determines the natural mortality
rate in the Hoenig model and an underestimate of Tuax results in an overestimate of natural
mortality. The maximum recorded age (37 years) may be low because the older fish were
fished down and there has only been 20 years since the fishery was closed. Therefore, it was
appropriate for the assessment to consider higher values of longevity. It would be appropriate
to consider the suite of alternative estimators of natural mortality based on life history
correlates. This was apparently done, but the results do not appear in the DW report.

The panel had some concerns about the adjustment of the natural mortality rate, based on
Lorenzen’s model, to obtain age-specific natural mortality. The panel felt that Hoenig’s
method describes natural mortality of most of the exploited phase of the life history and there
is no reason to contradict this model; Lorenzen’s model can be used to adjust Hoenig’s M
upward for younger ages. In the goliath grouper assessment, mortality rates for all ages were
apparently modified so that the overall mortality rate matched Hoenig’s M. This methodology
should be justified. It was also noted that adjusting Hoenig’s M by the Lorenzen method has
not been tested and there are some species for which this is likely inappropriate because
natural mortality may be lower for at least some younger ages.

Growth: The panel felt the data used were the best available and most appropriate to use.
However, it was also noted that this is a primary aspect of the catch-free assessment model
and errors in the growth estimates and in the estimates of variability in growth has impacts on
the estimated recruitment. If this model were to be used in the future it would be important to
look at improving the estimates of growth.
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Selectivity: Two methods were used to estimate selectivity. The Panel considered one of the
methods inappropriate because it does not take account of cohort sizes. The other method uses
a value of F to adjust for unequal cohort sizes but, as this is a parameter that needs to be
estimated the Panel felt this procedure leads to some circular reasoning. (See section on
selectivity under TOR # 2).

Removals: Information on removals is not needed for the catch-free model but it could still be
useful diagnostically. For the alternative model presented, Stock Reduction Analysis (SRA),
information on removals is of key importance. The Panel agreed with the AW that there are
major concerns about the removal data, including uncertainties in the treatment of
questionable records from one dealer and the smoothing of the data. If a model is used that
requires removal data then there is a critical need to find the best method for reconstruction of
the time series of landings as well as exploration of a variety of scenarios encompassing
plausible landings values. In particular, the data should be considered both with and without
the adjustments. For recreational removals, the MRFSS figures by number suggest there
could be very high catches—possibly equal or greater than historical commercial landings.
There is a need to explore methods of constructing historical series.

Discards: The Panel discussed whether discards should be modelled as constant catch versus
constant exploitation rate. This issue should be further explored in the next assessment and a
clear justification of the decision included in the stock assessment report.

2. Evaluate the adequacy, appropriateness, and application of methods used to assess the
stock.

The Review Panel were presented with an assessment of the stock dynamics of goliath
grouper using the catch-free method developed by Porch et al. (2006), which had previously
been used to assess the stock. The AW presented a model run employed the settings
previously adopted by SEDAR 6 to assess the stock updated with current data (a continuity
run); as well as a proposed base run, which differed in the indices used, dropping the fisher
interview index, adding the MRFSS and the REEF SW index, and with a different prior as to
the effectiveness of the moratorium. In addition, the constant natural mortality at age used in
the continuity run was replaced by age dependent natural mortality (see TOR #1 above), and
selectivities were reassessed. Full MCMC runs were presented to assess model uncertainty
for both runs and the uncertainty in some key parameters such as the maximum age and the
effectiveness of the moratorium were explored for the proposed base run.

Both runs indicated that there had been a sharp decline in SSB since 1950 reaching a low
around 1990, the time at which the moratorium was established for this stock. Both runs also
indicated that a reduction in F and an increase in SSB associated with the moratorium. SSB
since that time is estimated to have reached higher relative levels in 2009 in the continuity run
than in the proposed base run (1.4 x B50%SPR instead of 1 x B50%SPR). Fishing mortality
is estimated to have risen slowly from 1950 to 1980 after which it increased, and subsequently
decreased five-fold to 1989 when it dropped away to residual levels associated with the
effectiveness of the moratorium, although this pattern may have been largely influenced by
some model assumptions (see below).
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The choice of the catch-free model is logical given the types of available data as the catch is
unknown since the implementation of the moratorium and highly uncertain prior to that. In
addition, the available age data is too sparse to develop an explicit age-based assessment to
estimate cohort strength. However, its appropriateness to management as currently
implemented by the Council is questionable given that it is essentially a method that only
provides estimates of relative fishing mortality and abundance. To obtain relative levels of
abundance the model is scaled, in this case by assuming the biomass at the beginning of the
time series equaled the unexploited equilibrium biomass, an assumption unlikely to be
appropriate given the historical landings record of goliath grouper. The model does not
provide estimates of the value of the unexploited equilibrium biomass. Because the model
does not provide estimates of the actual abundance or biomass, the assessment is unable to
provide information on catch limits and hence stock status projections other than under a zero
catch scenario.

The review panel examined the proposed base model run and voiced the following concerns:

Moratorium Effectiveness: fishing mortality although nominally estimated within the
assessment is essentially fixed or at least highly constrained. At the end of the time series
(post moratorium) F is largely governed by the choice of the prior on moratorium
effectiveness as the parameters would otherwise be highly correlated to recent recruitment
levels. Additional runs performed at the request of the panel using alternative priors suggest
that the most parsimonious solution points to an unrealistic 100% effectiveness of the
moratorium, mainly because the recent rate of SSB increase suggested by the indices is
greater than that deemed realistic by the implemented stock-recruitment relationship.

Historic levels of F: relative changes in F during 1950-1978 are guided by the proxy index of
historical fishing pressure based on the US census indicating a mildly exponential increase in
F over the period where no index information exists. Available landings data for that period,
although not used in the assessment, appears to be inconsistent with this assumption.

Selectivities: in the following period, F is less constrained and spikes dramatically with a five-
fold increase in 5 years. Fluctuations of this magnitude are considered to be unlikely over
such a short time frame and are not anecdotally supported. Industry representatives at the
meeting indicated that this was a serial depletion over a longer time period under a spatially
expanding fishery, rather than a short-term high intensity depletion. Even in this period, the
model F is still effectively constrained externally by the methodology of determining
selectivities, which require a priory estimate of total mortality to develop age length-keys—
which the Panel considered a circular argument.

In other words, the model is being supplied with a predetermined F trajectory, such that the
output from the model closely reflects these input parameters. The Panel felt that at least in
some instances these constraints seemed to be unnecessary in the sense that the model
converged—suggesting that there is sufficient information to determine the required
parameters in the absence of such constraints.

The model diagnostics in the form of the residual patterns on the indices generally suggest
temporally autocorrelated residual patterns, particularly for those indices providing
information in recent years. All indices indicate strong increases in biomass from 1990 to
2008 (where available), so that the serial autocorrelation in opposing directions suggests that
the implied rate of increase is different for different indices.
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Prior to 1990 only two indices are effective in guiding the assessment. The residual pattern
suggest that most of the information of the decline of the stock in the early period is driven by
the ENP index modified by the DeMaria index altering the rate of the decline to a more recent
and much sharper decline. Nevertheless, the low point of the series is entirely independent of
the inclusion of the index and hence is most likely driven by the overly sharp increase in the
indices in conjunction with the fixed mortality rates. The sharp rate of decline seems
unrealistic and may be associated with the small spatial scale over which the DeMaria index is
derived.

Residual patterns suggest relatively little influence of individual tuning series (robust to the
inputs) implying consistency of the information. However, the residuals suggest a failure of
the model to represent realistic stock dynamics possibly due to the strong constraints in the
model regarding F.

Given these caveats the panel felt the proposed base model parameterization as presented here
is inappropriate in providing information on stock status or benchmarks as it does not reflect
appropriate stock dynamics. The output of the model is unlikely to represent real changes in
the F trajectory as described above. Furthermore, the panel questioned whether the
recruitment estimates are realistic with respect to expected recruitment relationship for a long-
lived species. In order to fit the rapid, recent increases in some abundance indices, the model
produced estimates of the maximum reproductive rate that were high relative to the prior
(considered to be reasonable) used for this parameter in the model, as well as a series of
positive recruitment deviates in recent years, potentially implying that the stock-recruitment
dynamics were not well characterized by the model. These dynamics would largely determine
the reference levels against which relative status is evaluated.

3. Recommend appropriate estimates of stock abundance, biomass, and exploitation.

The assessment runs presented by the AW utilize a catch-free model with limited data input
and a wide range of assumptions and constraints. By definition, the model used can only
provide estimates of relative abundance, biomass and exploitation (and related benchmarks)—
there is no information provided to the model to allow scaling to absolute values.

At SEDAR 6 the catch-free model was adopted to provide relative estimates and to provide
guidance on the possible recovery time of goliath grouper. At SEDAR 23 the same model
was employed but the context has changed with a management need for information to guide
possible OFL/ABC setting. The catch-free model cannot provide this information as it does
not use data on removals to scale necessary estimates and because it cannot take account of
possible future exploitation patterns.

At the SEDAR 23 RW a stochastic stock reduction analysis (SSRA) was also presented for
exploratory purposes. In principle, with appropriate attention to better quantifying removals
and to sensitivity testing the SSRA could be used to provide more relevant information for
management purposes. The Review Panel briefly considered the SSRA but could not review
it to draw conclusions as it had not already been considered by the AW. In any case, results
from the SSRA would critically depend on credible inputs on removals, which are presently
considered uncertain by the DW as the catch-free model did not require such an input (see
TOR #1).
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4. Evaluate the methods used to estimate population benchmarks and management
parameters (e.g., MSY, Fmsy, Bmsy, MSST, MFMT, or their proxies); recommend
appropriate management benchmarks and provide estimated values for management
benchmarks, and declarations of stock status.

In principle, use of the catch-free model to estimate F and SSB relative to SPR-based
benchmarks is appropriate given the uncertainty in the landings data, but is limited in its
capacity to provide catch advice. The AW did assess status relative to population benchmarks
for continuity and proposed runs of the catch-free model (Fig 3.3.8 of the AW Report).
Interpretation of the estimated ratios is, however, problematic for reasons outlined in ToR #2.

The review workshop (RW) did not discuss the use of the Fsoospr proxy as a Busy-related
reference point (as opposed to alternative %SPR values or for the species generally given
uncertain life-history). However, even if the F and SSB ratios were accepted at face value,
estimation of current (and projected) status is highly dependent on the assumed level of
natural mortality (see Fig 3.3.8 of the AW Report) and the assumed level of moratorium
efficacy. This latter point was not investigated by the AW but limited runs during the RW
demonstrated the dependency.

The issue of sensitivity to natural mortality is significant. At an assumed Tax Of 37 years, the
point estimate of Fpoo/Fsovspr 1S 0.821. As Tmax increases, the point estimate exceeds 1 at
Tmax = 50 years and rises linearly to greater than 1.5 at T = 80 years. The ratio of

SSB200s/ SSBrso%spr declines exponentially from over 0.9 to less than 0.3 over the same range
of Thax. As noted in ToR 1, the exploration of sensitivity to Tmax in the range 37 (maximum
observed age) to 80 years was deemed appropriate (based on comparison of other grouper
species).

It is not possible, therefore, for the RW to recommend appropriate benchmarks or to provide
estimates. Nevertheless, some qualitative statements can be made about abundance, biomass
and exploitation, and stock status, based solely on data. Whilst interpretation of indices is not
straightforward (see ToR 1), all indices suggest that abundance and biomass have increased
since 1990 when the moratorium was implemented. The extent of that increase is difficult to
gauge given the nature of the indices which all suggest faster rates of increase, and in some
cases variability, than seem plausible given the biology of the species. There are also clear
indications from indices representative of younger fish that recent recruitment may be less
than in the preceding years. It is difficult to interpret the degree of previous stock decline as
the perceived status in 1990 is strongly driven by the way the assessment must interpret the
limited DeMaria index information (see ToR 1 and ToR 2).

5. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status; recommend appropriate estimates of future stock condition (e.qg.,
exploitation, abundance, biomass).

Notwithstanding the issues with the underlying assessment model, the panel agreed that the
methods used by the AW to project future population status were adequate. Projections of the
relative levels of spawning stock biomass were made based upon the state of the population
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and the relative fishing mortality rate in the final year of the assessment (2009). Uncertainty
in the projections was assessed using MCMC simulations for the projection time period. This
method ensures that the uncertainty in the current stock biomass and current fishing mortality,
including covariance in the estimated model parameters, is carried forward throughout the
projections. However, as stated in the assessment report, the projection methods did not
include other sources of potential variability, such as implementation uncertainty, episodic
sources of mortality (e.g. cold kills, red tide mortalities, etc.) or good and bad recruitment
years. Uncertainty in the projections is not fully quantified as a result. While these other
factors could theoretically be incorporated into the projection model via Monte Carlo
simulation within the MCMC runs , given that the underlying sampling distributions for these
other sources of variability are not known, the panel considered the methods as implemented
were appropriate for this assessment.

Although the methods used to project future population status were implemented correctly,
due to the underlying issues in the assessment model, estimates of future stock condition
cannot be made at this time.

6. Evaluate the adequacy, appropriateness, and application of methods used to characterize
uncertainty in estimated parameters. Provide measures of uncertainty for estimated
parameters. Ensure that the implications of uncertainty in technical conclusions are
clearly stated.

The Review Panel believed that the methods used to characterize uncertainty in the estimated
parameters were appropriate for this assessment and that the methods were correctly applied.

The AW used two methods within ADMB to characterize uncertainty: the calculation of
asymptotic standard errors and covariances for parameter estimates, as well as the use of
Bayesian Markov Chain Monte Carlo (MCMC) methods implemented with this software. The
use of two methods allowed the uncertainty of the resulting estimates to be evaluated. Of
these methods, MCMC has two advantages: it produces estimates of the marginal posterior
probability distributions that constrain the resulting confidence intervals to be within the
parameter bounds and that parameter covariance is preserved during the simulations. The AW
used cumulative probability distributions, based on the MCMC runs, to evaluate the
probability that management benchmarks had been met or exceeded, an approach the panel
considered to be appropriate for carrying forward the uncertainty in an individual model run.
The methods used by the AW to select an appropriate burn-in period and an appropriate level
of thinning of the MCMC chain to reduce autocorrelation were considered appropriate.

In addition to assessing the uncertainty in the model output, the AW used informative priors
on some input parameters (e.g. the maximum lifetime reproductive rate and the effectiveness
of the fishery closure) to input uncertainty in these values into the model. Although this
approach can strongly influence model output, its influence can be less than fixing the
parameter at a constant value, an approach at times used when data are not sufficient to
provide a parameter estimate.

The AW also evaluated the effects of assumed parameter values on the model output. As an
example, they thoroughly evaluated the influence of the maximum age of goliath grouper by
repeating the analysis using several assumed values, clearly illustrating how uncertainty in
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this life history characteristic influenced the model output. The panel agreed with the AW that
maximum age was a key source of uncertainty in the assessment. At the review meeting, the
assessment team also evaluated the effect of the prior on the effectiveness of the fishery
closure by using a less informative prior for this parameter, thereby demonstrating that the
model would converge with less information being provided to the model about the value for
this parameter. Additionally, the assessment team carried out a retrospective analysis and ran
the assessment model using subsets of the survey indices to characterize the sensitivity of the
model output to both recent data and the influence of the individual surveys.

Overall, the methods used by the AW to characterize uncertainty aided the Panel in its
evaluation of the assessment. Although the methods used to characterize the uncertainty in the
estimated parameters were considered appropriate, due to the underlying issues in the
assessment model (parameter estimates from the model were not accepted), measures of the
uncertainty for the estimated parameters cannot be provided at this time.

7. Ensure that stock assessment results are clearly and accurately presented in the Stock
Assessment Report and that reported results are consistent with Review Panel
recommendations.

The Review Panel ensured that the stock assessment results were clearly and accurately
presented in the SEDAR 23 Summary Report and that the results were consistent with the
Review Panel recommendations.

8. Evaluate the SEDAR Process as applied to the reviewed assessments and identify any
Terms of Reference which were inadequately addressed by the Data or Assessment
Workshops.

The Review Panel had no specific comments about the SEDAR process in regard to the
review of the goliath grouper stock assessment. However, issues of relevance to the overall
SEDAR process were discussed. The international members of the panel noted that a short
summary of US management regulations and benchmarks would have provided a useful
reminder of the legislative and management framework in which the panel is expected to
operate.

9. Consider the research recommendations provided by the Data and Assessment workshops
and make any additional recommendations or prioritizations warranted. Clearly denote
research and monitoring needs that could improve the reliability of future assessments.
Recommend an appropriate interval for the next assessment, and whether a benchmark or
update assessment is warranted.

Although results were unsatisfactory for this stock assessment, they did serve to clarify
additional research necessary for future assessment efforts. The next benchmark assessment
cannot be successfully completed without data from the research recommended by the Data,
Assessment, and Review Panels.
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Stock Definition:

e Goliath grouper should be genetically sampled from as many areas in the South Atlantic
and Gulf of Mexico as possible to allow for a more thorough examination of the current
single stock definition.

e Examination of spawning aggregations over the entire distribution range should include
seasonality, sex ratios, and individual fidelity.

Long-term monitoring:

¢ Basic reproductive data are lacking throughout the species distribution, including: size
and age at maturity for each sex, sexual sequence with size and age for each sex, and
fecundity.

e As described in the above research recommendations by the Life History Working
Group, research on age structure, and locations of suitable juvenile and adult habitat,
discard and discard mortality rates should be accomplished throughout the species
distribution

Economic impact:

e Because of the relatively small size of a potentially reopened consumptive fishery for
goliath grouper, a socio-economic evaluation of the relative benefits of consumptive
versus non-consumptive uses would be beneficial. There may be greater long-term
economic benefit to development of sustainable non-consumptive eco-tourism venues
than would be possible from a consumptive fishery.

10. Prepare a Peer Review Summary summarizing the Panel’s evaluation of the stock
assessment and addressing each Term of Reference. Develop a list of tasks to be
completed following the workshop. Complete and submit the Summary Report within 3
weeks of workshop conclusion.

This report constitutes the Review Panel’s summary evaluation of the stock assessment and

discussion of the Terms of Reference. The Review Panel will complete edits to its report and
submit to SEDAR for inclusion in the full set of documents associated with SEDAR 23.
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