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i. SEDAR Overview

SEDAR (Southeast Data, Assessment and Review), is a process developed by
the Southeast Fisheries Science Center and the South Atlantic Fishery Management
Council to improve the quality and reliability of stock assessments and to ensure a
robust and independent peer review of stock assessment products. SEDAR was
expanded in 2003 to address the assessment needs of all three Fishery Management
Council in the Southeast Region (South Atlantic, Gulf of Mexico, and Caribbean), and
to provide a platform for reviewing assessments developed through the Atlantic and
Gulf States Marine Fisheries Commissions and state agencies within the southeast.

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 and provide
management advice. The Data and Assessment Workshops are organized and chaired
by the SEDAR coordinator. Participants are drawn from the Council SEDAR Advisory
Panels, which include representatives of state and federal agencies, non-government
organizations, Council members and advisors, and the fishing industry, with a goal of
including a broad range of disciplines and perspectives. The Review Workshop is led by
a scientist selected by the Center for Independent Experts, an organization that provides
independent, expert review of stock assessments and related work. Reivew panels
typically include around 12 participants drawn from the Council SEDAR Panels,
regional NOAA Fisheries Science Centers, and the CIE.

This assessment, fifth in the SEDAR series, is charged with assessing the
Atlantic and Gulf of Mexico migratory groups of king mackerel and is the first SEDAR
assessment of king mackerel.

The Data Workshop convened at the SEFSC Laboratory in Miami FL,
December 1-5, 2003. Data and analyses prepared for the workshop are documented in
the SEDAR Working Papers Series (SEDAR5-DW-XX). Following the SEDAR
approach, working groups were convened to address specific data issues: Life History,
catch at age (CAA), and Indices. Groups were charged with developing preferred and
alternative solutions to each issue, and presenting these solutions to the group for
resolution. Groups were also charged with documenting all decisions and preparing
report sections according to the SEDARS assessment report outline. The Assessment
Workshop convened at the SEFSC Laboratory in Miami Florida, February 16-19, 2004.
Data and analyses are documented in the SEDAR Working Papers Series (SEDARS5-
AW-XX). Workshop participants considered several assessment analyses and
completed drafting the assessment report.

11
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ii. Terms of Reference
Terms of Reference for the Data Workshop

1. Evaluate stock structure, develop a unit stock definition, and estimate the rate of
Atlantic-Gulf stock mixing over time and area.

2. Evaluate the quality and reliability of life-history information (Age, growth, natural
mortality, reproductive characteristics); develop models to describe growth,
maturation, and fecundity by age, sex, or length as appropriate.

3. Evaluate the quality and reliability of fishery-independent measures of abundance;
develop indices by appropriate strata (e.g., age, size, and fishery) for use in
assessment modeling.

4. Evaluate the quality and reliability of fishery-dependent measures of abundance;
develop indices for use in assessment modeling.

5. Evaluate the quality and reliability of commercial and recreational fishery-dependent
data for determining harvest and discard by species; develop estimates of total
annual catch including both landings and discard removals by species

6. Evaluate the quality and reliability of data available for characterizing the size and
age distribution of the catch (landings and discard); characterize commercial,
recreational, and headboat landings and discard by size and age.

7. Evaluate the quality and reliability of available data for estimating the impacts of
management actions.

8. Recommend assessment methods and models that are appropriate given the quality
and scope of the data sets reviewed and management requirements.

9. Provide recommendations for future research (research, sampling, monitoring, and
assessment).

10. Prepare complete documentation of workshop actions and decisions, and generate
introductory, descriptive, and research needs sections (1-4, 9) of the stock
assessment report.

Terms of Reference for the Assessment Workshop

1. Select appropriate modeling approaches, based on data availability, management
requirements, and recommendations of the Data Workshop.
2. Estimate and provide tables of relevant stock parameters (abundance, biomass,

fishery selectivity, stock-recruitment relationship etc.).

Analyze uncertainty and provide measures of precision for stock estimates.

4. Evaluate current SFA benchmarks, estimate alternative SFA benchmarks if
appropriate, and develop stock control rules.

Provide declarations of stock status relative to SFA benchmarks.

6. Estimate the Allowable Biological Catch (ABC) for each stock.

w

o
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11.

12.
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Provide ABC estimates and SFA criteria based on the following alternative
mixing rates between the Gulf and Atlantic migratory groups: a) 100% Gulf; b)
50% Gulf/50% Atlantic; and c) 98% Atlantic.

if consensus is not reached on appropriate mixing rates, (1) provide estimates
based on assuming an even split of fish in the mixing zone (50% Gulf Migratory
Group, 50% Atlantic Migratory Group), and (2) provide a method by which
ABC rates may be estimated in the event alternative mixing rates are determined
at a later date by the Councils.

Estimate probable future stock conditions and develop rebuilding schedules if
warranted.

Evaluate the impacts of current management actions, with emphasis on
determining progress toward stated management goals.

Provide recommendations for future research and data collection (field and
assessment); be as specific as possible in describing sampling design and
sampling intensity.

Fully document all activities, and draft stock assessment model and results
sections of the stock assessment report (sections 5-9).

13
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Ili.  Workshop Schedule and Attendance

SEDARS5 Data Workshop

Location: December 1-5, 2003. SEFSC, Miami FL

John Carmichael SEDAR Clay Porch NMFS
Rick Leard GMFMC Liz Brooks NMFS
Bridgette Vergara ~ SAFMC Nancie Cummings  NMFS
Dave Donaldson GSMFC Patty Phares NMFS
Joey Shepherd LA DNR Alex Chester NMFS
Page Campbell TXPWD Mauricio Ortiz NMFS
Bob Muller FL FWCC Larry Massey NMFS
Terry Cody TX PWD George Geiger SAFMC
Steve Brown FL FWCC Myron Fisher GMFMC
Chris Palmer NMFS Greg DiDomenico  Monroe Co.
Bob Palmer FL FWCC Comm. Fishermens Inc.
Arnold Jones GMFMC/SSC Joe Powers NMFS
Doug Gregory GMFMC/FAP John Poffenberger  NMFS
Steve Turner NMFS Ben Hartig SAFMC/AP
Gerry Scott NMFS Joanne Lyczkowski-Shultz  NMFS
Guillermo Diaz NMFS
Doug DeVries NMFS

SEDARS5 Assessment Workshop
Location: February 16-19, 2004. SEFSC, Miami FL
John Carmichael SEDAR Rick Leard GMFMC
Jennifer Frapwell SEDAR Bahzad Mahmoudi  FMRI
Panayiota Apostolaki Univ. Mike Nugent Port Aransas

Miami Charterboat Assoc.

Harry Blanchet Penn Mauricio Ortiz NMFS/SEFSC

State Cooperative Extension Clay Porch NMFS/SEFSC
Steve Branstetter NMFS Jerry Scott SEFSC
Elizabeth Brooks SEFSC Steve Turner NMFS
Guillermo Diaz NMFS Monica Valle CIMAS Univ.
Barbara Dorf TPWD Miami
Myron Fisher GMFMC
George Geiger SAFMC
Doug Gregory FL

Seagrant

Randy Gregory NCDMF
Ben Hartig

SAFMC/AP
David Lavergne LDW&F
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1. Introduction
1.1. Management Unit

King mackerel in the Southeast United States are managed under the Fishery
Management Plan for the Coastal Migratory Pelagic Resources in the Gulf of Mexico and
South Atlantic Region. The management unit is defined as King mackerel in the Gulf of
Mexico and South Atlantic, specified as a single stock and managed as two independent
migratory groups: Gulf Migratory Group and Atlantic Migratory Group. The Atlantic
Migratory Group management area extends from New York to Florida, and the Gulf
Migratory Group management area extends from Florida to Texas. Management areas are
separated along the east coast of Florida by a boundary that moves seasonally, specified as
the Volusia\Flagler County border on the east coast in Winter (November 1 — March 31)
and the Monroe\Collier County border on the Southwest coast in Summer (April 1 —
October 31) (Figure 1). Delineation of stock management units does not impact council
regulatory boundaries, thus fish landed off the southeast coast of Florida during winter
(Nov. 1 — Mar. 31) are regulated under the South Atlantic Fishery Management Council
and counted against the Total Allowable Catch (TAC) for Gulf of Mexico Fishery
Management Council’s Gulf Migratory Group.

1.2. Regulatory history

King mackerel in the Southeast United States are managed under the Fishery
Management Plan for the Coastal Migratory Pelagic Resources in the Gulf of Mexico and
South Atlantic Region, approved in 1982. The FMP has been amended 14 times, with the
most recent being Amendment 14, approved in 2002, which extended the moratorium on
charter and headboat permits (GMFMC, 2003; SAFMC, 2002). King mackerel are
managed through TAC’s calculated for each migratory group and allocated to various user
groups according to FMP requirements. Commercial fisheries are typically managed
through quotas, possession and trip limits, size limits, and seasonal closures. Recreational
fisheries are typically managed through possession limits and size limits. Limited entry
restrictions are in effect for commercial and charter and headboat fisheries. Modifications
to TAC’s, updated MSY values, and framework adjustments such as trip limits, size
limits, and seasonal closures are addressed and documented through regulatory
amendments.

1.2.1. Gulf of Mexico Group

The most recent framework adjustment for the Gulf Migratory group of king
mackerel was approved in 2003. It maintained the status quo TAC of 10.2 million pounds,
allocated 6.94 million pounds to the recreational sector and 3.26 million pounds to the
commercial. Recreational fisheries are restricted by a 2 fish possession limit and 24” FL
minimum size. The commercial TAC is allocated by zones and gear types, and restricted
by trip limits and seasonal closures specific to each zone and gear.

1.2.2. Atlantic Migratory Group

The most recent framework adjustment for the Atlantic Migratory group of king
mackerel was approved in 2000. It increased the TAC to 10.0 million pounds, with 3.71
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million pounds (37.1%) allocated to the commercial fishery and 6.29 million pounds
(62.9%) allocated to the recreational fishery. Commercial fisheries are restricted by a
3,500 pound trip limit from NY to the Brevard\Volusia County, FL, line, 50 fish from that
line south to the Dade\Monroe County line, and 1,200 pounds in Monroe County.
Recreational fisheries are subject to a 20” TL minimum size and a possession limit of 3
fish from NY to GA and 2 fish off FL.

2. Life History
2.1. Stock Definitions

Current U.S. king mackerel management and stock assessments assume that 100
percent of the king mackerel south of the Volusia County boundary along southeast
Florida during November 1 through March 31 (i.e., the mixing zone) are Gulf Migratory
Group king mackerel. The group reviewed results of updated tagging analyses, otolith
shape analysis, and otolith elemental analysis at the workshops (SEDAR Documents
SEDAR-DW-5, 9, and 11. Tagging, otolith shape, and otolith elemental analysis all
indicate that some percentage of fish in the mixing zone, from November 1 through March
31, are from the Atlantic migratory group. No consistent stock allocation was evident
from the various studies. The group recommended these studies be continued for purposes
of providing additional information on mixing rates between the two groups and to
evaluate consistency between years in results.

Comparing tagging studies from the 1970’s through the 1990’s suggests a greater
proportion of Gulf migratory fish in the east coast mixing zone in the early years (up to
the mid 1980°s) than in the more recent years (SEDAR-DW-5, SEDAR-DW-9). This
could imply that migration patterns of the two groups have changed or that relative
abundances have changed. However, the group felt that tagging data need further
evaluation to see if the trend is consistent once short-term tag-recaptures are excluded
from analysis (the distribution of releases was quite different between the two time
periods and ample time needs to be allowed for the tagged animals to intermix with the
population as a whole).

For the upcoming stock assessment workshop the participants concluded that the
tagging data probably will be useful for use in modeling movement and mortality rates in
population analyses with multiple stocks. It is recommended that the tagging data be used
at least for sensitivity analyses, assuming that sufficient numbers of recaptures occurred
after three months at liberty.

The group recognized that it is difficult to interpret raw tagging data beyond
consideration of simple indicators such as relative fishing effort and recovery rates. The
Group recommends using an alternative model, such as the 2-box virtual population
analysis (VPA) model designed by Porch (SEDAR DOC DW-10), to estimate possible
mixing ratios. Such an approach, including simultaneous examination of catch, indices of
abundance and tagging data, may allow estimation of factors that would otherwise
confound the analysis. However, it is noted that results may be biased by short-term tag
recoveries, particularly since much of the tagging occurred over a relatively small fraction

16



SEDAR5-AR-1

of the stock range. The Group recommends estimating area specific growth curves for
estimating age composition for strata (year, quarter, stock) for which age-length keys are
not available. The group requests a comparison of length frequency data among the
Northern Gulf of Mexico, North Carolina, and the mixing zone during winter (November
1 — March 31), to evaluate whether movements and stock exchange rates are influenced by
fish size.

The group emphasized the need to consider management of the Gulf group in
relation to mixing between the eastern and western Gulf. The group recommended as a
long term research need the collection of required fishery catch statistics and biological
samples of length, age, and catch per unit of effort and in addition obtaining similar kinds
of data as being current collected to assess mixing of the Atlantic and eastern Gulf of
Mexico groups (e.g., otolith shape, elemental chemistry, tagging).

The working group concluded that preponderance of information suggested that
the overlap model was perhaps more applicable than the diffusion model.

2.2. Natural Mortality (M)

The life history subgroup discussed the level of natural mortality in relation the
values used in previous stock assessments and the supporting information associated with
these choices. It was noted that a range of 0.10 to 0.25 was used to determine upper and
lower limits of ABC and the value of 0.15 used for the deterministic VPA runs through
June 1996. At that time the panel revisited the selection of natural mortality rates for Gulf
group king mackerel. The life history parameters versus natural mortality relationships
were re-examined on the basis of additional knowledge of maximum age observed from
Gulf king ageing studies and examination of other scombroids. While the Panel was not
overly confident in the additional information, they agreed that very low natural mortality
rates are probably less likely than originally specified. Therefore, the Panel chose the
lower limit of the range to be 0.15 per year instead of the previous 0.10 per year. Thus, the
instantaneous natural mortality rates used for the June 1996 assessment ranged uniformly
between 0.15 and 0.25 per year. The median of this range is 0.2 per year.

During the SEDAR 5 workshop other information considered in establishing
reference value for M included observed values of longevity for this species. Current
information suggests a maximum age of about 26 for king mackerel (Devries and Grimes
1997) and although early growth studies reported differences for males and females,
DeVries and Grimes (1997) did not find differences in longevity between sexes. Estimates
of M based on life history parameters and the Hoenig (1983) method were calculated
during the workshop to provide additional information on M. This procedure gave values
of M ranging from 0.15 - .021 for maximum ages of 20 to 27. These results are consistent
the values of M used in the assessments. Empirical estimates of M from the Pauly (1980)
were calculated for the Atlantic and Gulf migratory groups separately by sex (Table 1).
Those estimates ranged from 0.26 - 0.38 (Atlantic) and 0.27 — 0.45 (Gulf of Mexico). The
group noted that these values were higher than those calculated from the Hoenig (1983)
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method. The group recommended that the range of natural mortality be 0.15-0.25 for both
groups with a mean at 0.2.

2.3. Age and Growth

Growth of king mackerel in the Gulf of Mexico and the Atlantic has been
documented in several studies. Early studies utilized age determinations from whole
otoliths to model growth (Beaumariage 1973, Johnson et al. 1983, Manooch et al. 1987).
Subsequent studies documented the underageing of older fish (>80 cm FL males, 90 cm FlI
females) from whole otoliths (Collins et al. 1988, Devries and Grimes 1997. The life
history group considered a report, SEDAR Doc.-6, which was a literature review of the
growth of king mackerel in the southeastern U.S. Information presented in this report
included a summary of available formulae for transforming from individual length to
weight, length to age and length to length.

The group noted that sexual dimorphism was very significant in the length to age
relationship, in the weight to length relationship and also the body size — otolith size
relationship, and should be taken into account when modeling growth of king mackerel. In
addition DeVries and Grimes (1997) documented spatial differences. The group noted that
the information on sex ratio at size currently used in the current assessment included
observations available through 1994 (Restrepo 1996). The group recommended the sex
ratio at length curves be updated to include data collected subsequent to the Restrepo
(1996) study. Currently the assessment assumes that the sex ratio of fish size 50 cm FL
and smaller is 1:1 however little data exist to verify this assumption. The group
recommended as a long term research object to conduct a histological study to evaluate
this assumption.

The group also reviewed a report providing a summary of the updated king
mackerel otolith observations through fishing year 2002/2003 (SEDAR 5 Doc-7).

The group reviewed the existing formulae for converting individual length to age

and felt that the von Bertalanffy growth equations of DeVries and Grimes (1997) were
most current (
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Table 2). These growth equations used data available through 1992 and the
group felt that as a research recommendation the update the growth curves to
incorporate age observations since the DeVries and Grimes (1997) study and further
evaluate changes in growth temporally and spatially.

2.4. Reproduction

Very few studies on reproduction of king mackerel in the U.S. have been
conducted - one in the Gulf and Atlantic (Finucane et al. 1986) and two in the Atlantic
only (Waltz 1986; Noble et al. 1992). Only Finucane et al. (1986) provide fecundity
estimates (by length, weight, and age). These estimates were derived from 65 fish 446-
1,489 mm FL, 0.681-25.610 kg, and ages 1-13 yrs. The spatial distribution of the
fecundity samples was: North Carolina, n=12; Texas, n=12; Louisiana, n=24; and
northwest Florida, n=17. One caveat with the Finucane et al. (1986) results is that the
fish were all aged with whole otoliths, which have been shown to underage older fish
(Collins et al. 1989; DeVries and Grimes 1997).

Recent assessments have used the fecundity — length relationship of Finucane et
al. (1986) and the age to length relationships of Collins et al. (1988) for the Atlantic and
Manooch (1987) for the Gulf (Table 3). The age specific fecundity values correspond to
millions of eggs. The group recommends that the most recent growth curves of DeVries
and Grimes (1997) be incorporated in calculating the fecundity at age estimates for both
groups. As a long term research recommendation the group suggest field studies be
conducted to develop estimates of batch fecundity and spawning frequency.

The relationship between recruitment and spawning stock fecundity is uncertain.
In past mackerel assessments there has not been sufficient contrast in the VPA estimates
of spawning stock fecundity to allow that relationship to be well-determined.
Management advice has therefore been based on a hockey-stick type model where
recruitment is constant for spawning fecundity levels greater than some threshold value
and declines linearly for levels below the threshold value. In terms of management
benchmarks such as MSY, this constant level is similar to prescribing a Beverton and
Holt model with a steepness values close to the upper limit of 1.0, which seems unlikely
based on the steepness estimates for other species with similar life history strategies
(Rose et al, 2003).

3. Fishery Descriptions and Data Sources
A fishery description and analysis of all available data were presented to the
group utilizing the document, Review of the Catch Sizing and Aging of King

(Scomberomorus cavalla) from U.S. Gulf of Mexico and South Atlantic Fisheries by
Ortiz, et. al., December 2003, SEDAR 5 DW/8.
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3.1. Commercial and Recreational Landings Data

3.1.1. Commercial Landings and Discards

Catch data from commercial fisheries have been collected by NMFS and
individual state programs for many years. For this workshop, data from 1981 — 2002
(data from 2002 was preliminary and only covered part of the year) was utilized. For the
assessment, landings data will be updated to include all of 2002 data. Table 3.1 shows
the catch for king mackerel Atlantic and Gulf stocks. Commercial catch inputs are in
weight units (Ibs), by month, state, county (FL only) and gear. Table 4, Table 5, and

Table 6 show the distribution of catch by gear for the commercial sector; all
landings were recorded in the data files as whole weight.

The group looked at the Terms of Reference item #5 (see Section ii) and
discussed the quality and reliability of commercial fishery-dependent harvest. The
group concluded that the data are adequate except for the lack of catch data off Mexico
and recommended NMFS explore the possibility of acquiring additional mackerel data
from Mexico.

The Data Workshop reviewed the data on commercial discards presented in
document SEDAR 5-DW-12 (Estimates of king mackerel discards for the Atlantic and
Gulf migratory groups). These data are contained in the Southeast Fisheries (SEFSC)
coastal fisheries logbook program database. Regulations requiring vessels that have a
king mackerel permit to report their catches were implemented in January 1998.
Beginning in August 2001 a 20% sample of the vessels with a Gulf of Mexico reef fish,
South Atlantic snapper-grouper, king mackerel, Spanish mackerel, or shark permit were
selected to also report information on their discards, including king mackerel. Thus,
discard information on king mackerel for this fishery is available for two fishing years
(August 2001-July 2002 and August 2002-July 2003). Data were stratified for three
gear types (handlines, trolling, and gill nets). Estimates were made of total numbers of
king mackerel discarded for these two survey years and also for the three preceding
survey years, 1998, 1999, and 2000, based on the later two years’ reported discard data.

For the two survey years, there were a total of 9,848 trips for which discard
forms were submitted. King mackerel discards were reported on 498 trips for the Gulf
and Atlantic migratory groups combined. Fishermen also were asked to give their best
estimate of the disposition of the fish and their condition, if released. The mean number
of king mackerel discarded per trip (for three gear types) ranged from 0 to 6.6 fish per
trip for the 503 vessels that reported king mackerel discards. When the other vessels
that reported no king mackerel discards are included, the average number of king
mackerel discarded ranged from 0 to 0.7 fish per trip. Using these numbers and the
reported total number of trips by all vessels with permits, estimates of total king
mackerel discards were made for the years 1998 to 2002. These estimates ranged from
4101 to 5285 fish for the Atlantic group and from 5138 to 6571 fish for the Gulf group.

These estimates of king mackerel discards by the commercial fleet are small

compared to the total recreational and commercial catches of king mackerel. Total
recreational catches of king mackerel in 1998-2002 ranged from 340,000 to 550,000
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fish per year (2002 data still incomplete) for the king Atlantic group and from 290,000
to 620,000 fish per year for the king Gulf group. Total commercial catches of king
mackerel in 1998-2002 were approximately one-third to one-half that of the recreational
catch in weight, and presumably roughly the same ratio in numbers. Condition of the
majority of the discards was reported as “all or most” alive and presumably released.
Commercial discards should be used in future assessments and be assigned as
undersized fish. In addition, the group recommended that shrimp trawl bycatch
estimates of the numbers of king mackerel be updated and be part of the available data
for the 2004 assessment.

3.1.2. Commercial Sampling Intensity for Developing a Catch-at-Age
Matrix

Size frequency sample data for commercial fisheries in the southeast states have
been provided since 1983 by the SEFSC Trip Interview Program (TIP). This
cooperative program receives data from state sampling programs as well as NMFS
samplers in some states. Before 1991, some samples of commercial landings collected
under the direction of the NMFS Panama City Laboratory, which were not submitted to
TIP were also available. Samples of commercial landings for states north of NC have
not been available. The group noted that king mackerel size data is now available from
the Fisheries Information Network (FIN) biological sampling activities, beginning in
2002. Table 7 shows the total number of king mackerel size samples by migratory
group and sector from 1981 to 2002.

The group identified deficiencies in size samples for various years, particularly
in the western Gulf. The group discussed methods for handling deficiencies of size data.
They recommended that NMFS look at existing length/frequency data to see which ones
would most closely represent the size frequencies of the catch from identified
deficiencies. The group also recommended that separate east/west size frequencies be
created due to significant differences of growth rate for female in the eastern and
western Gulf.

An important component of sizing the catch is the classification of catch by sex.
King mackerel shows dimorphic growth patterns, with females attaining larger size
compared to same age males, for both the Atlantic and Gulf migratory groups. For
assessments after 1994, sex ratios were assumed to be constant at the 1994 value. The
group recommends using current sex ratio data rather than assuming the ratio is
constant at the 1994 value. And if sex ratio information is not available for a given year,
then a separate prediction model should be developed for the eastern and western Gulf.

King mackerel otoliths have mainly been collected from recreational fisheries
via various state and federal data collection programs. However, sampling for age has
increased for the commercial fisheries in recent years. Review of the available fish-aged
observations, from king mackerel otoliths is summarized in Table 8. The group noted a
deficiency in otolith sampling in the western Gulf for 1993 to 2001. In the existing
assessment, a stochastic ageing method is used to assign an age to a length if age data
are insufficient. Also, if an age at length bin contains less than 10 observations, adjacent
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cells are combined to assign an age to a length. The group recommended that NMFS
determine the most robust process for assigning age to length in the event of insufficient
data. Possible scenarios include a stochastic method developed with growth equations
for eastern and western Gulf, combining years to develop an age/length key for the
eastern and western Gulf, or alternative grouping of adjacent length cells.

3.2. Recreational

3.2.1. Recreational Landings and Discards

Recreational catch estimates are provided by the Marine Recreational Fishery
Statistics Survey (MRFSS), NMFS Headboat Survey, and the Texas Parks and Wildlife
Coastal Creel Survey. Table 4 shows the catch for king mackerel Atlantic and Gulf
stocks (data for 2001-02 are partial; “year” is the calendar year). Recreational catch
inputs were the numbers of fish by state (i.e. Florida East and West as separate states),
mode (i.e. private, shore, charterboat, headboat, or charterboat and headboat combined),
month or groups of months. The MRFSS estimates of catch by mode are shown in
Table 9, Table 10. Information about discards is routinely collected through the existing
MRFSS methodology; however, the estimates of discards that are thrown back alive are
not used in the current assessment. The group concluded that the recreational catch data
for king mackerel are adequate. It was also recommended that fish thrown back alive be
utilized in the future assessments by assuming 0% or 100% mortality. The recreational
discards should assume that all sizes are released.

3.2.2. Recreational Sampling Intensity for Developing a Catch-at-Age
Matrix

Size frequency sample data for recreational fisheries were collected by the
MRFSS (southeast and northeast states), NMFS Headboat Survey (southeast states),
NMFS Charterboat Survey (1983?-1990). Alabama Charterboat Survey (1991-1995)
and Texas Parks and Wildlife coastal creel survey, which also provided the recreational
catch estimates. Table 11 shows the distribution of annual samples (number of fish size-
sampled) from recreational fisheries for both the Atlantic and the Gulf migratory
groups. The group concluded that the recreational size data for king mackerel are
adequate.

Sampling of king mackerel from the recreational fisheries has historically
(through 2002) been conducted opportunistically from charter boats, head boats and
tournaments. Sampling for sex and age in the MRFSS survey has been sparse until
recent years. The group concluded sex/age sampling for the recreational fisheries is
inadequate. Collection of these data should be made on a routine basis via a
supplemental sampling program (independent from the existing MRFSS). Sampling
should be Gulf-wide and collected through a cooperative and standardized program.
Estimation of catch at age of the recreational catch should be conducted using the same
procedures as utilized in the commercial fisheries.
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4. Measures of Abundance
4.1. Commercial Fishery Catch Rates

4.1.1. Gulf Commercial Catch Rates

Ortiz et al. (2002) used the two indices of commercial catch rates from the
Florida Fish and Wildlife Conservation Commission’s Marine Resources Information
System (FWC trip tickets) in the 2002 stock assessment of Gulf king mackerel based on
the MSAP’s recommendations in 1996. The trip ticket program began in late 1984 and
continues so the index used data from 1985-86 through 2000-01 fishing years. The first
index used trip tickets from Florida’s Panhandle (Escambia county east through Taylor
county) from the months of July through October. The index was applied to ages three
through six. The second index included trips with 3500 pounds or less from Southwest
Florida (Collier and Monroe counties) during November and December only and was
applied to ages three through eight. The indices provided by FWC were based on
successful trips only and were the mean pounds per trip by fishing year adjusted by
general linear models for month, and county.

The trip ticket data includes both gillnet and hook-and-line effort but gillnets
were banned in state waters in July 1995. Gear on individual trips became available in
late 1991 so the working group recommended investigating development of an index
using just hook-and-line data beginning in 1992 or perhaps 1995.

The Indices Working Group had concerns regarding the utility of the
commercial catch rates as indices of the population because of trip limits. While the
data were subset to minimize impacts from season closures, individual trips were
limited and, hence, the indices do not reflect the full range of trip landings. A possibility
of using the catch per time was discussed but catch per hour was considered to be
inaccurate because often fish house employees fill out the trip tickets not the fishers and
catch per day reflects the current situation because most trips are one-day trips.

A sub-group of the Indices Working Group will obtain the specific dates when
trip limits were adjusted and quotas filled and, within those time frames, examine the
distribution of trips to see what adjustments would be necessary to account for the
regulatory effects. As a first approximation, landings will be converted to numbers
caught using average lengths by time and location from TIP data. If most of the trips are
taking the trip limit, then the working group recommends using an index in catch per
hour developed from the NMFS logbook. Another possible improvement to the index
might be to include trips that landed associated species but not king mackerel as is done
with the MRFSS indices.

Because of short time series currently available, the group did not recommend
using either NMFS’s logbooks or the trip ticket programs of Louisiana and Alabama as
additional indices of commercial catch rates at this time but thought that they should be
investigated in the future.
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4.1.2. Atlantic Commercial Catch rates

SEFSC (2003) used two sources of commercial catch rates in the 2003 stock
assessment of Atlantic king mackerel: Florida’s trip tickets and fishers’ logbooks from
North Carolina . The Florida index used data from 1985-86 through 2001-02 fishing
years and the North Carolina logbook data was from 1981-82 through 1996-97 fishing
years. The MSAP (2003) recommended that an additional index from North Carolina’s
trip ticket program that began in 1994 (Ortiz and Sabo 2003) not be included “until the
properties of the new index could be evaluated more rigorously.” The Florida index
used successful trips from April through October from the Florida’s Atlantic coast
(Nassau through Monroe counties). The index provided by FWC was applied to ages 2
through 11+ and was the mean pounds per trip by fishing year adjusted by a general
linear model for month, and county. The North Carolina logbook index was the mean
number of pounds per trip by fishing year.

As noted earlier with the Gulf commercial catch rates, the group had concerns
regarding the effect of trip limits on the ability of the index to capture changes in the
underlying population abundance and thought that these data also should be examined
relative the dates when trip limits changed. Another concern had to do with the
possibility of different-sized king mackerels in different areas along the coast. This
could be addressed by splitting data into a northern section and a southern section
possibly at Brevard County. As with the Gulf indices, including associated species may
improve the resolution of the index.

4.2. Recreational Fishery Catch Rates
4.2.1. Gulf Recreational Catch Rates

Ortiz et al. (2002) used four sources of recreational catch rates in the 2002 stock
assessment for Gulf king mackerel: the Marine Recreational Fisheries Statistics Survey
(MRFESS), Texas Parks and Wildlife Department’s Recreational Angler Creel Survey
(TPWD), NMFS’s Beaufort Headboat Survey (Headboat), and the NMFS charterboat
survey. The recreational indices were updated for the 2003 MSAP meeting (Ortiz
2003).

The MRFSS catch rate analysis included only intercepts from July through
December, private/rental boat and charterboat modes, and hook-and-line gear if a king
mackerel was caught, targeted, or if an associated species was caught (Ortiz and Phares
2002). The associated species were included in an attempt to refine the actual effort
expended for king mackerel. Although MRFSS began earlier, the index only used data
from 1986-87 through 2001-02 fishing years because of more consistent regulations and
increased data availability in the Gulf. The index was the total number (Types
A+B1+B2) of king mackerel per thousand angler-hours fished standardized with a
delta-lognormal model for two-month wave, state-county of interview, and fishing
mode. The index was applied to ages two through eight. The Indices Working Group
had concerns about including intercepts from inshore but the workshop decided to retain
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those intercepts because the question in MRFSS asked where did you fish most of the
time. Another issue was whether the index should be restricted to July-October instead
of July-December based on the stock identification work. At this time, the working
group recommends using the existing indices for comparability with previous
assessments; however, other analytical models may require adjustments to the indices.
This caveat applies to all the indices.

The TPWD index included interviews from May through September, private and
charterboat modes, Gulf areas off major bay systems in nearshore and offshore waters
only. The index used data from 1983 through 2001. This index was applied to ages two
through eight. The index was the annual number of fish per thousand fishing hours
standardized with a delta-lognormal model for month, major bay, and area. The Indices
Working Group questioned why the Galveston region was excluded and the after
reviewing the landings, a new index was developed including data taken off the coast of
Galveston (Figure 2).

Although the headboat survey conducted by NMFS’s Beaufort Laboratory
began in 1974 off North Carolina, the Gulf was not included until 1981. The headboat
data used in the analyses included all trips of one day or less from the 1981-82 through
2001-02 fishing years for 100 vessels (out of 284) that caught 91% of the catch and
caught king mackerel in seven or more years. The index was the standardized mean
number of fish per trip adjusted with a delta-lognormal model for area, month, and
vessel and applied to ages two through six.

The Indices Working Group was concerned about the use of all months and all
areas in the index. The MSAP in 1996 recommended excluding the western Gulf data
because headboats in that area usually bottom-fished for reef fish. However, discussion
by the workshop thought that the catch rates in the peripheral areas may reflect the
condition of the stock better than focusing on more core areas.

Two additional recreational indices from NMFS’s charterboat survey in the Gulf
were included in Ortiz et al. (2002) stock assessment on Gulf king mackerel. The survey
was divided into Northwest Florida from 1988 through 1995 and Southwest Florida
from 1988 through 1994. The Indices Working Group recommended that these indices
be continue to be included.

4.2.2. Atlantic Recreational Catch Rates

SEFSC (2003) used two recreational indices in the 2003 stock assessment for
Atlantic king mackerel: MRFSS and headboat. Ortiz (2003) describes the
standardization process for these indices. Contrary to the MRFSS Gulf index, the
Atlantic index uses information from the 1981-82 through 2001-02 fishing years. The
MRFSS catch rate analysis included only intercepts from April through December,
private/rental boat and charterboat modes, and hook-and-line gear if a king mackerel
was caught, targeted, or if an associated species was caught. The index was the total
number of king mackerel per thousand angler-hours fished adjusted with a delta-
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lognormal model for two-month wave, state-county of interview, and fishing mode. The
index was applied to ages two through eleven.

The Indices Working Group was concerned about using a single index when the
area included expands in November-December to include Florida’s southeast counties.
Also, the index included the inshore area and most king mackerel are caught in the
nearshore and offshore areas. However, the feeling of the workshop was that these data
may improve the index by capturing the dynamics in peripheral areas.

The headboat index included all trips of one day or less from 1981-82 through
2001-02 fishing years for 69 vessels (out of 216) that caught 89% of the catch and
caught king mackerel in seven or more years. The index was the standardized mean
number of fish per trip adjusted with a delta-lognormal model for area, month, and
vessel and applied to ages two through eleven.

The Indices Working Group had the same concerns regarding using a single
index that could encompass different sized fish along the Atlantic index. The
recommendation is to investigate the size of king mackerel along the Atlantic coast. If
there are different sizes by area, then possible regions could be the Keys to Palm Beach
County, Palm Beach to the Georgia border, and Georgia through North Carolina
depending on the size data.

4.3. Fishery-Independent Survey Data

4.3.1. SEAMAP Larval Index Gulf of Mexico

This fishery-independent survey index is the percent occurrence of mackerel
larvae caught in bongo nets during two SEAMAP resource surveys per year since 1986:
the Summer Shrimp/Groundfish survey conducted during the months of June and July
from Brownsville, Texas to Mobile Bay, Alabama; and the Fall Plankton survey during
late August to mid October from Brownsville, Texas to south Florida (Gledhill and
Lyczkowski-Shultz 2000, Lyczkowski-Shultz and Hanisko 2003). Approximately 155
samples are conducted each year. This index is applied to ages one through eleven with
the partial selectivities by age being based on the maturity schedule.

The Indices Working Group questioned whether to include the summer surveys
since this survey only covers the shelf area west of Mobile Bay, unlike the fall survey,
that covers the entire Gulf continental shelf. The working group recommended retaining
the summer data in the index and including terms for survey type and/or time such as
month or season in developing the index. Another issue concerned the difficulties posed
by weather and/or ship related failures that have caused geographic differences in
sampling coverage during surveys. Since 1986 areas off northwest and southwest
Florida and central Texas have been under-sampled (relative to the standard SEAMAP
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survey grid) for those reasons. In 1998 sampling effort was reduced by one-quarter and
one-third during the summer and fall surveys, respectively. The group recommended
that analysts consider not using the 1998 survey results due to the greatly reduced
geographic coverage that year. The group recommended standardizing the index with
the delta method. Statistical standardization procedures will also adjust for the extra
sampling that has occurred in some years.

4.3.2. Bycatch Shrimp Fishery Index:

This index is based on the estimated bycatch of king mackerel from the U.S.
Gulf of Mexico Shrimp trawl fishery. The current stratification scheme for bycatch
estimation includes: three data set types, research, commercial and BRD; three seasons,
Jan-Apr, May-Aug, and Sep-Dec; four areas, Florida West coast and the Florida Keys,
Mississippi-Alabama, Louisiana and Texas coasts; two depth zones, less or equal to 10
fathoms, and more than 10 fathoms; and 21 years, from 1981 to 2002. Nominal bycatch
rates (numbers of king mackerel per one-hour tow time) were standardized with a GLM
adjusted for data type, season, area and depth zone (Ortiz 2002).

The working group inquired into the current status and future of bycatch data
collection for the index and analyses relative to the use of BRD’s in the U.S. shrimp
fishery.

4.3.3. SEAMAP South Atlantic Trawl Survey

The Southeast Area Monitoring and Assessment Program - South Atlantic
Shallow Water Trawl Survey is funded by NMFS and conducted by South Carolina
Department of Natural Resources beginning in 1986 (SEAMAP-SA 2002). After initial
development work by SEAMAP the survey stabilized and the index uses data from
1990-91 and later fishing years. The survey extends from Cape Hatteras to Cape
Canaveral and is divided into six regions and 4 m depth contours inshore and 10 m
depth contours offshore. Trawl sites randomly selected from a pool of trawlable stations
within a stratum with the number of stations in each stratum determined by optimal
allocation. Data from the paired tows were pooled. Fork lengths of king mackerel
ranged from 4 to 51 cm (mean = 14.9 cm) and represented two year classes. Originally,
the index was applied to age 0 fish. However due to model instability, the MSAP (2003)
asked that the VPA Dbe re-run without the age 0 fish with the trawl index offset one year
and assigned to age-1.

The Indices Working Group recommended keeping this index.

5. Stock Assessment Methods

5.1. Model
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5.1.1. Overview

The Gulf of Mexico Fishery Management Council’s Mackerel Stock
Assessment Panel (MSAP) has assessed the status of Gulf of Mexico and Atlantic king
mackerel since 1985. In the early 1980’s Gulf of Mexico king mackerel were
considered overfished and were subjected to a rebuilding plan. Recent assessments have
indicated that the stock is no longer overfished but not yet rebuilt to Bnsy. The MSAP
has attempted to maintain consistent assessment methods during the rebuilding period
so that changes in estimated status would reflect changes in the observed information
rather than changes in assessment methods. When new methods have been proposed the
MSAP has carefully reviewed them to ensure that they clearly provide improvements in
methodology.

Most recently the MSAP reviewed the status of Gulf of Mexico king mackerel
in 2000 and 2002 analyzing assessments by Legault et al (2000) and Ortiz et al. (2002)
The MSAP also reviewed the status of Atlantic king mackerel in 2003 based on an
assessment by Ortiz et al. (2003).

For the current assessment the SEDARS working groups were asked to consider
possible impacts of mixing between the Atlantic and Gulf of Mexico stocks on stock
status estimates and potential yield. At the SEDARS5 Data Workshop basic assessment
information and inputs were reviewed and some conclusions and recommendations for
further investigation were made. There was insufficient time in the brief intervening
period between the Data and Assessment Workshops to complete all recommended
analyses, but significant investigations were conducted into estimated growth rates of
king mackerel in the Atlantic and the Gulf of Mexico (Brooks and Ortiz 2004),
assignment of age to length (Ortiz 2004a) and the impact of mixing on resource status
(Ortiz 2004b, Porch and Diaz 2004). Additionally the assessment working group
reviewed the Gulf of Mexico single stock assessment updated through fishing year
2001/2002 (Ortiz 2004b) and a revision to the boot strap results and benchmark
estimates for the most recent Atlantic king mackerel assessment (Sustainable Fisheries
Division 2004).

Several additional investigations recommended by the Data Workshop could not
be fully completed in the available time, though progress was made on some of the
topics. The Data Workshop recommended further study of the sex ratio at size needed
to convert catch at size to catch at size by gender for subsequent ageing by gender. Ortiz
(personal communication) reviewed some of the available information on sex ratio at
size and noted that patterns in sex ratio at size did not appear to be markedly different
from the last investigation (using data through 1994). Recreational discard mortality
effects have not been investigated. Multiple recommendations were made concerning
indices of abundance including revision of the fishery independent SEAMAP index and
review of commercial fisheries and some recreational fishery indices. The SEAMAP
index was updated using the original proportion position methods; further research is
needed on alternative estimation approaches. Commercial fishery indices from Florida
were reviewed with special attention paid to trip limit effects on index utility; it was
concluded that only a small fraction of trips caught their limits (Muller personal
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communication). Additional progress and/or documentation was needed on the Florida
hand line and Atlantic recreational indices. During the SEDAR5 Data Workshop, the
index subgroup approved the North Carolina Commercial trip ticket index for use in the
assessment.

To provide advice concerning the mixing effects on stock status and allowable
biological catch (ABC) estimates, the Assessment Workshop reviewed the Data
Workshop conclusions with respect to mixing, a review of stock structure analyses by
DeVries (2003 SEDAR5-DWS5), and an additional draft report by Patterson et al. (2003
SEDAR5-DW11). Several methods have been used to attempt to discriminate Gulf and
Atlantic stocks of king mackerel. Available information comes from studies with
various goals, methods, and study durations. The Assessment Workshop concurred with
the Data Workshop that no consistent stock allocation was evident from the various
studies. The Assessment Workshop Panel also concurred with the Data Workshop that
studies should be continued to provide additional information on stock mixing rates,
and to evaluate consistency in results between years. The Assessment Workshop did
conclude that some mixing occurs, particularly during the November-March period
when catches from the mixing area (Collier/Monroe County to Volusia County) have
historically all been assigned to the Gulf stock. The assessment working group therefore
decided it was likely that (1) less than 100% of the mixing area fish in November-
March were from the Gulf stock and (2) less than 100% (and less than 98%) of those
fish were Atlantic stock.

The Assessment Workshop reviewed and discussed two types of analyses to
address the mixing effects. The primary set alternately assigned catches within the
mixing zone to Gulf or Atlantic stocks. The secondary set of analyses used
simultaneous virtual population analyses linked with tagging data; this set of analyses
was considered a sensitivity case.

5.1.2. Data Sources for Assessments

5.1.2.1. Growth

Otolith data from 1986-2002 were analyzed to estimate stock- and sex-specific
von Bertalanffy growth curves. Brooks and Ortiz (2004) estimated growth curves for
the Atlantic (12,159 otoliths) & Gulf of Mexico (17,813 otoliths) and compared them to
previous work by Collins et al. (1988; 683 otoliths in the Atlantic) and Manooch et al.
(1987; 210 otoliths in the Gulf of Mexico). Growth curves were used to assign ages to
harvest in the absence of an age-length key for the harvest stratum.

For both Atlantic and the Gulf of Mexico, sex-specific growth curves predicted
larger sizes at the youngest ages compared to earlier studies. There are many
methodological and sampling differences between the early studies and the present
study. Both of the early studies fit the growth model to average weighted back
calculated length at age, whereas this study fit the growth model to the recorded integer
age and fork length. For this study and Collins et al. (1988), age was determined from
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reading otolith sections, while Manooch et al. (1987) determined age from whole
otoliths, which has been shown to underestimate the age of older fish (Devries and
Grimes 1997). The distribution of sample ages was very different between the early
studies and the present study. The maximum ages sampled from the Gulf of Mexico
(Manooch et al. (1987) were 14 and 11 for females and males, respectively, compared
to 24 and 23 for females and males, respectively, in this study). Sample maximum ages
for the Atlantic (Collins et al. (1988) were 21 and 16 for females and males,
respectively, compared to ages 26 and 24 for females and males, respectively, in this
study). These data and methodology differences could influence the estimated growth
curves.

5.1.2.2. Gulf of Mexico Model Inputs

Inputs for the new Base04 Gulf assessment were primarily based on those used in the
2002 assessment (Ortiz et al. 2002). The following adjustments were made:

1. U.S. commercial landings, recreational catches, and size-frequency data for
calendar years 1997, 1998, 1999, 2000, 2001, and 2002 were updated.

2. Age-length keys for fishing year 2000/2001 and 2001/02 were added. Those
keys were derived using procedures described in Ortiz (2004a) with restrictions
on minimum sample size per bin but without the minimum overall sample size
used by Ortiz for that simulation study.

3. The age-length data base for 1997/98-1999/2001 was modified based on
corrections made to the age data base. These keys were also derived using
procedures described in Ortiz (2004a) with restrictions on minimum sample size
per bin but without the minimum overall sample size used by Ortiz for that
simulation study.

4. Indices of abundance were updated and components of the partial catch-at-age
were modified based on corrections made to the age data base.

Catches since 1981/82 range from a high of 12.3 million pounds in 1982/83 to a
low of 3.0 million pounds in 1987/88 Table 12 and Figure 3). Landings generally
increased after 1986/87 and exceeded TAC until recent years

Catch ages used for the single stock analyses included ages 0 through 11+. Both
catches from the directed fisheries and shrimp bycatch (age 0) were included.

For the Gulf of Mexico stock the natural mortality rate was assumed to be 0.2.
The ten standardized indices listed below were used to tune the analyses:

Fishery Independent Indices ichthyoplankton catch rates as an
indirect measure of spawning stock
= NMFS’s bycatch estimates as index biomass
of age 0O fish
= Southeast Area Monitoring and
Assessment Program’s (SEAMAP)
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Fishery Dependent Indices

Southeast Florida headboat catch
rates (ages 2-6)

2 Texas Parks and Wildlife catch
rates (ages 2-8, one for 1983-1985
and one for 1986-2001)

Marine Recreational Fishery
Statistics Survey (MRFSS, Florida)
total catch rates (ages 2-8)
Northwest Florida charterboat catch
rates (ages 2-6)

Southwest Florida charterboats
(ages 3-8)

Northwest Florida commercial (ages
3-6)

Southwest Florida commercial catch
rates (ages 3-8)
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5.1.2.3. Atlantic Model Inputs

Basic inputs to the Atlantic stock assessment used for these analyses were as
described in Ortiz et al. (2003) and modified by the MSAP (2003).

Catches since 1981/82 range from a high of 9.6 million pounds in 1985/86 to a low
of 5.7 million pounds in 1999/00 (Table 13 and Figure 4). In recent years, TAC has been
set at 10.0 million pounds, but landings have only been between 50 and 74% of TAC
since the 1999/00 fishing year.

Consistent with the conclusions of the MSAP in 2003, the catch at age included
ages 1-11+; small and variable catches of age 0 king mackerel from the directed fisheries
were excluded. Consistent with recent MSAP analyses the highly variable estimates of age
0 bycatch from the Atlantic shrimp fishery were not included.

For the Atlantic stock the natural mortality rate was assumed to be 0.15.

The five standardized relative abundance indices listed below were computed from
catch per unit effort (CPUE) data obtained from multiple sources and used as tuning
analyses in the base VPA model.

= One fishery independent index

e A standardized index was developed from the Southeast Area
Monitoring and Assessment Program’s (SEAMAP) shallow trawl
survey catch rates as a fishery-independent index of age O fish.
Since age 0 fish were excluded, this index was modified and used
as an index of age 1 abundance.

= Four fishery-dependent standardized indices

e Florida Fish and Wildlife Conservation Commission Marine
Fisheries Trip Ticket Program (ages 1-11)

e Marine Recreational Fishery Statistics Survey (MRFSS) (ages 1-
11)

e NMFS Beaufort Laboratory Headboat Survey (ages 1-11)
e NC Commercial CPUE 1981-1996

5.1.3. Single Stock Model Configuration

The Assessment Workshop adopted configurations for the Gulf of Mexico and
Atlantic king mackerel VPAs used in recent years.

For the Gulf King VPA tuning analyses, an ‘equal’ weighting option with normal
error assumption for all indices of abundance available, with the same age(s) coverage and
time of year application as presented in the indices section was adopted. The VPA model
estimated nine fishing mortality rates in the last year, corresponding to ages 2 through 10,
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with fixed F ratios for ages 0, 1 and 11+. F ratios were defined as: Fo/F, =1.7, F1/F,=0.33
and F11/F10 =1.0.

For this Gulf king 2004 stock assessment, updated commercial and recreational
catch data were available for calendar years 1997, 1998, 1999, 2000, 2001, and 2002 that
were unavailable for the year 2000 stock assessment. Thus, the catch at age (CAA) was
updated for fishing years 1997-98 through 2001-02. For fishing years 1981-82 to 1996-97
the CAA was the same as in the 2000 stock assessment. The corresponding Partial CAA
(1997-98 to 2001-02) was also updated for the following indices of abundance: the FL-
FWC_NW, FL-FWC_SW, Headboat, MRFSS, and TX-PWD. The proportion of directed
catch by age for the commercial and recreational sectors was also estimated from the
average of CAA by sector for fishing years 1997-2001.

For Atlantic king mackerel VPA tuning analyses, the 2003 MSAP adopted the
model with maximum likelihood (ML) estimates option and normal error assumption for
all five indices of abundance available, not including bycatch estimates, and for ages 1
through 11+. The 2003 VPA model estimated eight fishing mortality rates in the last year,
corresponding to the age classes 2 through 9, with fixed F ratios for Fy, Fip and Fpa4+. F
ratios were defined as: F; = 0.4716 of F,, F1o=1.0 of Fgand F1;+ = 1.0 of Fy. F ratio for age
1 was estimated using separable VPA algorithm (SVPA), with the 1997-2001 catch at age
as input.

5.1.4. Uncertainty and Measures of Precision

As in the past, the stock status estimates were sources of uncertainty. Management
benchmarks were derived using a mixed Monte Carlo-Bootstrap approach that accounted
for variability in natural mortality, tuning indices, and numbers of fish-at-age. For the
Gulf of Mexico stock the model used a uniform probability distribution for natural
mortality rates from 0.15 to 0.25 per year, centering on 0.2 per year while for the Atlantic
stock the model used a uniform probability distribution for natural mortality rates from
0.10 to 0.20 per year, centering on 0.15 per year.

6. Stock Assessment Results

6.1. Estimated Growth Curves

6.1.1. Atlantic Migratory Group

The approximate 95% confidence interval for predicted length at age encompassed
the growth curve of Collins et al. (1988) for both female and combined sex growth curves.
The male Collins et al. (1988) growth curve fell below the predicted 95% confidence
interval for ages 0-5, with the difference ranging from 3 - 29 mm FL.
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The male Collins et al. (1988) growth curve fell below the predicted 95%
confidence interval for ages 0-5, with the difference ranging from 3 - 29 mm FL below the
lower CI. The new male growth curve estimates that a 600 mm fish retained in the fishery
would average just over 1 year of age, while Collins’ growth model would estimate that
fish at about 3 years of age.

The female Collins et al. (1988) growth curve was contained within the 95% CI of
the new growth function. However, the new estimates of age at length also varied
remarkably from those of Collins et al (1988).

6.1.2. Gulf of Mexico Migratory Group

The approximate 95% confidence interval for predicted length at age contained the
combined sex growth curve of Manooch et al. (1987). However, the predicted length at
age O for the Manooch et al. (1987) female growth curve was 10 mm below the lower
95% confidence interval. For males, the predicted length at age 0 was 100 mm less, and at
age 1 was 40 mm less than the predicted lower 95% confidence interval.

The new female growth curve estimates that a 600 mm fish retained in the fishery
would average less than 1 year of age, while Manooch’s growth model would estimate
that fish at about 2 years of age. A similar difference (about 1 year) is also estimated for
the 1000 mm fish.

6.1.3. Comparison of Growth Between Migratory Groups

When the respective sex-specific growth curves from the Atlantic and Gulf of
Mexico were overlaid, the curves overlapped at the younger ages but diverged for the
older, larger individuals. Fish in the Gulf obtained larger maximum size. The 95%
confidence intervals for predicted size at age from each stock contained the mean
predicted size at age of the other stock. These confidence intervals contain the uncertainty
in the estimated growth parameters as well as the variance of the error. In assigning otolith
samples to stocks, the current seasonal/spatial rules were retained. Future research could
be aimed at examining what fraction of the sampled otoliths came from the mixing area,
and whether the stock assignment could be blurring distinctions between the two stock's
growth curves.

6.1.4. Further Evaluation of Alternative Growth Models

After the presentation of SEDAR5 AW-1 (Brooks and Ortiz 2004), the panel made
the following requests:

1. Intrying to explain why the growth curves of Manooch et al. (1987) and Collins et
al. (1988) predict a smaller size for the younger ages, it was suggested that perhaps
the change in minimum size was responsible. A minimum size of 20 inches fork
length was enacted in December 1992. Prior to that, a 12 inch minimum size was
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in effect. The panel requested that the data be split into periods before and after the
change in minimum size, and the resulting growth curves be compared.

2. To follow through on recommendations from the SEDARS Data Workshop, it was
recommended that a comparison of the new growth model be made to the growth
models estimated by DeVries and Grimes (1997).

The resulting plot of predicted length at age between the two time periods used to
analyze the effect of minimum size change showed that slightly smaller sizes were
predicted for the youngest ages using the time period before the 20 inch minimum size
(approximately 50 cm fork length) (Figure 5 and Figure 6). However, even the new
growth models for the time period prior to the change in minimum size predict a greater
size at age for the youngest age classes when compared to the earlier growth models of
Manooch et al. (1987) and Collins et al. (1988). It does not appear that the change in
minimum size explains why there are differences in predicted size at the youngest ages.
As noted in the discussion, both of the early studies fit the growth curve to back calculated
length at age. Thus, there is a methodological difference in how the curves were
calculated. As shown in Figure 7 and Figure 8 (Figures 6 and 8 in Brooks and Ortiz 2004),
the age composition of the data sets was different. It is not known what the year
distribution of samples is for the earlier studies and whether fractional ages were assigned
based on marginal increments. The current study used integer ages. The use of fractional
ages could be expected to shift the predicted size at age downward, but further study is
required to determine the most appropriate way of incorporating fractional ages.

The impact of applying the updated growth models on estimated catch at age was
also examined. The result was a shift towards greater numbers of the youngest age classes
(ages 0 — 2), and a decrease of about one year in the full selectivity age. In years and cells
where age-length keys were not applied, the use of the new growth equation increased the
estimate of fish harvested in the first couple years of life (SEDAR5-AW1 Figure 12,
SEDAR5-AWS3 Figures 1 and 2 show this most clearly for the years 1981-82 through
1985-86). However, the overall effect is to reduce total numbers of fish < age 4 harvested,
and increase the proportion of fish assigned older ages (Figure 8).

In response to the second request, the growth models estimated from the years
1986-1992 were plotted against the growth models of DeVries and Grimes (1997). The
early time period was selected because the data used by DeVries and Grimes (1997)
spanned the years 1986-1992. The DeVries and Grimes (1997) curves show a slightly
smaller predicted size at the youngest ages but otherwise the curves largely overlap
(Figure 11). The slight differences between the curves can probably be ascribed to
differences in the way age was treated—DeVries and Grimes (1997) used quarterly ages
whereas this study used integer age. There may be other differences between the two
studies, but a detailed discussion with the authors would be needed to determine this.
Further research is suggested to determine the most appropriate way to treat the otolith
data with regard to fractional age.
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6.1.5. Examination of Catch at Age (CAA) from Age Length Keys and
Growth Curves

The panel also made the following request:
For years where an age length key (ALK) was predominately applied, the
predicted CAA should be compared with the SAR method using the new growth model.

In response, predicted CAA between the ALK approach and the SAR approach
were compared with the new growth model using data from the years 1995-2000 in the
Gulf of Mexico. During this time period, the ALK was applied exclusively in years 1996-
1999, and in the years 1995 and 2000 a mixture of the ALK and the SAR (using Manooch
et al. growth parameters) was applied (Figure 9). When the SAR with the new growth
model was applied, the estimated age distribution included a higher fraction of age 0 and
age 1 fish compared to the CAA using existing methods. Although this result shows the
difference between the ALK and the SAR methods, it does not reflect the difference
between the growth models Figure 10 (Figure 11 in Brooks and Ortiz 2004).

6.2. Model Results (Estimates and Measures of Precision)

6.2.1. Base 2004 Gulf of Mexico Assessment

6.2.1.1. Comparison Between the 2002 and 2004 Assessments

The 2004 CAA input is listed in Table 14 (also Table 3 in Ortiz, 2004a) and the
relative proportion of CAA by year is depicted in Figure 12 (Figure 3 in Ortiz 2004a). The
2004 CAA show a catch distribution at age analogous to the 2000 CAA rather than the
2002 CAA distribution. The changes in proportion at age between the 2002 CAA and the
2004 CAA matrices are listed in Table 15.

6.2.1.2. Base 2004 Gulf of Mexico Estimated Abundance

The estimated historical abundances for ages 0-2, 3-6 and 7-11+ from Ortiz
(2004a) are shown in Figure 36.

6.2.1.3. Base 2004 Gulf of Mexico Estimated Selectivity

The selectivity patterns estimated from the 2000, 2002 and 2004 assessments as
shown in Ortiz (2004a) are compared in Figure 14.
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6.2.1.4. Base 2004 Gulf of Mexico Estimated Fishing Mortality Rates

The estimated historical fishing mortality rates from Ortiz (2004a) are shown in
Figure 37.

6.2.1.5. Base 2004 Gulf of Mexico Estimated Spawning Stock Biomass

The estimated historical spawning stock biomass estimates from Ortiz (2004a) are
shown in Figure 28.

6.2.1.6. Comparison of the 2002 and 2004 Estimates of Status in the
Gulf of Mexico

The above adjustments in the Base04 Gulf assessment resulted in an overall lower
F and higher spawning stock biomass when compared to the 2002 Gulf assessment
(Figure 13 (Figure 8 and Table 10 in the 2002 assessment). Changes in the bench marks
resulted from the above adjustments (Figure 15; Figure 18 in Ortiz 2004a).

6.2.1.7. Sensitivity of Gulf Assessment to Changes in Catch at Age
Matrix

When 286 fish (less than 1%) were added to the age-length keys during the 2002
stock assessment, the overall estimated age distribution changed because the size of these
“new” fish corresponded to the tails of the distribution. This change indicated that the
procedure for estimating the CAA matrix was sensitive to how the inputs were
constructed.

Additional evidence of CAA matrix input sensitivity was revealed during the
present assessment when other CAA construction criteria were used to develop an
automated approach to matching the ALK to catches. Application of those alternative
criteria resulted in even more changes to estimates of fishing mortality and spawning
stock biomass trends (SEDAR5-02).

The major changes explored in the alternative construction of the CAA matrix in
the 2004 stock assessment were 1) fish of both sexes were combined when determining
whether there were sufficient samples to develop sex specific age-length keys (since sex is
an unknown at time of sampling), 2) minimum number of age samples for use with the
ALK was set at 400 (both sexes combined; this resulted in all western Gulf fish in 1981-
1985 being aged with the stochastic algorithm), and 3) minimum bin size for including an
age sample in a sex specific ALK was increased from 10 fish to 15 fish for smaller sized
fish (bins of the oldest fish were not combined to due to greater inherent error created by
combining fish of a greater age range).
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Clearly the impact of criteria (e.g., minimum sample number and minimum fish
number for each size bin, etc.) chosen for construction of a CAA matrix need to be further
evaluated through sensitivity analyses using simulated data of known characteristics to
determine robustness of alternative CAA matrices on stock status estimates.

6.2.2. Base 2004 Atlantic Assessment

During revision and update of the 2003 Atlantic mackerel stock assessment it was
found that some bootstrap runs provided unreasonable solutions, as indicated by
extremely high fishing mortality estimates. Modifications were implemented in the
FADAPT bisection algorithm to ensure that diverging solutions (divergence from an
initial estimate toward unreasonably high F values at an upper limit boundary) were not
accepted. Results indicated that changes were marginal (not significantly different from
the existing benchmarks) and were located primarily in the upper tail of estimated ABC
and MSY distributions (Table 16 and Table 17 (or in SFD 2004--Tables 16, 16A, 17, and
17A respectively).

6.2.2.1. Base 2004 Atlantic Estimated Abundance

The estimated historical abundances of Atlantic king mackerel are shown in Figure
38. These were created from the revised base Atlantic assessment results presented in
SEDAR5-AWS.

6.2.2.2. Base 2004 Atlantic Estimated Fishing Mortality Rates

The estimated historical fishing mortality rates of Atlantic king mackerel are
shown in Figure 39. These were created from the revised base Atlantic assessment results
presented in SEDAR5-AWS.

6.2.2.3. Base 2004 Atlantic Estimated Abundance

The historical estimates of biomass of Atlantic king mackerel are shown in Figure
40. These were created from the revised base Atlantic assessment results presented in
SEDAR5-AWS.

6.2.3. Gulf and Atlantic Assessments Using Alternative Assumptions about
Catch Composition in the Mixing Area

The terms of reference for the Assessment Workshop required that the
implications of mixing on estimated resource status and management benchmarks should
be examined. One approach discussed by the panel suggested investigating the effects of
alternative assumptions about the catch proportion assigned to each stock in the mixing
area during November-March. Currently 100% of that catch is assigned to the Gulf of
Mexico stock.
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The geographic and monthly distributions of landings from the mixing area as
recorded in log books during November-March in 1998-2002 was reviewed (Figure 41).
The workshop noted that similar levels of catches were taken from most strata, and that
there appeared to be some indication of king mackerel moving in and out of the area.

Effects were examined assuming that 75%, 50%, 25% and 2% of fish in the
mixing area during November-March in 1998-2002 were Atlantic stock rather than Gulf
of Mexico stock. Historical abundance patterns and fishing mortality rates were not
examined for each treatment for each stock. Results with respect to management
benchmarks were examined and are presented below (Section 7).

6.2.4. Simultaneous Assessments with Mixing

The Assessment Workshop was requested to provide ABC estimates based on
alternative mixing rates between Gulf and Atlantic migratory groups. Several different
analyses were presented and discussed, with a variety of mixing rate estimates. Available
information includes a review of stock structure analyses by DeVries (2003 — SEDAR5-
DWS5), and an additional draft report by Patterson et al. (SEDAR5-DW11).

Several methods have been used to attempt to discriminate Gulf and Atlantic king
mackerel stocks. These studies have varied in goals, methods, and study duration. The
Assessment Workshop reviewed available information, and concurs with the Data
Workshop that no consistent stock allocation is evident from the various studies. The
Assessment Workshop also concurs with the Data Workshop that studies, especially
otolith microchemistry and shape analysis, should be continued to provide additional
information on stock mixing rates and to evaluate consistency in results between years.

Diaz (2003, SEDAR5-DW9) described the results of a long-term tag-recapture
project based on data recorded in the SEFSC Cooperative Tagging Center database
(Figure 16-Figure 19). Porch and Diaz (2004, SEDAR5-AWA4) further used the tag-
recapture data and a two-area VPA (VPA-2Box, Porch 2003b: Porch 2003a SEDAR5-
DW10) to estimate mixing magnitude, along with the effect of changes in mixing
proportions on Gulf and Atlantic management unit estimates. Based on Data Workshop
recommendations, Porch and Diaz (2004, SEDARS5-AWS4) utilized the overlap rather than
diffusion model, only used tag recoveries where anchor tags were used, and only used tags
from mackerel that were at liberty over 90 days. Some of these decisions could have
influenced VPA outcome, but the magnitude and direction of those potential influences is
unknown.

The two-area VPA was first run applying various overlaps to each stock using only
catch and abundance index data, without applying tag-recapture data. The best fits were
obtained when zero stock overlap was assumed (Figure 20 (Figure 3 in Porch and Diaz
2004, SEDAR5-AW4)). Moreover, estimated overlap rates were not significantly different
from zero when tagging data were not considered. However, indices of abundance alone
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did not generally provide much discriminatory power in regards to the magnitude of
overlap, particularly when the two stocks are similar in abundance, as in this case.

Tagging data suggested some degree of intermixing or problem in boundary line
placement, since fish tagged from one stock (Atlantic stock, for example) were often
recaptured in the other stock (Gulf stock) (See Figure 16-Figure 19). Many of the
recaptured fish that moved from one stock to the other were originally tagged in the
mixing zone (not distributed across the stock range).

The two-area VPA was also run with tagging data in addition to catch and
abundance indices. When overlap was set to zero, the model provided a poor fit to the tag-
recapture data (Figure 21; Figure 4 in Porch and Diaz 2004). When overlap was estimated,
the model predicted that about 12% of the 1-4 year old Gulf stock overlapped into the
Atlantic, and about 5% of the 1-4 year old Atlantic stock overlapped into the Gulf.
Approximately 5% of the 5-11 year old (spawning age) Gulf stock overlapped into the
Atlantic and 14 % of the 5-11 year old (spawning age) Atlantic stock overlapped into the
Gulf. It is possible that larger, older, northern Gulf of Mexico fish (> age 4) may be less
prone to seasonal movement between stocks, since a relatively large proportion are found
in the northern Gulf of Mexico during winter compared to summer.

The last four years of the two-area VPA (1998-2001) data were the most poorly
estimated. Excluding those years, the Assessment Panel agreed that the inclusion of
tagging data and estimates of degree of overlap has a relatively minor impact on the
assessment results. Nevertheless, it was pointed out that the estimates of overlap from this
analysis are not consistent with the hypothesis that 100% of the fish in the mixing area
belong to the Gulf migratory group. Given the similar estimates of abundance for the two
migratory groups, they are rather more consistent with the hypothesis that the Gulf group
fraction in the mixing area is between 25% and 75%.

It was recognized that the two-area model is a simple simulation that assumes
mixing occurs throughout the range of both stocks. Assessment Workshop participants
concurred that a more realistic approach would be a three-area model, in which the mixing
zone is modeled separately and mixing only occurs within its boundaries. This might best
be accomplished by developing a forward projecting statistical model.

7. Biological Reference Points

7.1. Existing Definitions and Standards

7.1.1. Overfished

Compatible with the Technical Guidelines, minimum stock size threshold (MSST)
recommended by the MSAP for mackerels is (1-M)*Bwsy (i.e., spawning stock biomass
that can support MSY but reduced by the natural mortality rate [M]). Both the SAFMC
and GMFMC have accepted this definition of MSST for Atlantic and Gulf king and
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Spanish mackerels. Thus, MSSTs for Gulf and Atlantic king mackerel migratory groups
are specified as 80% and 85%, respectively, of spawning stock biomass that will support
MSY. The determination of whether or not spawning stock size has fallen below MSST
(i.e., whether or not the stock is overfished) depends on the acceptable level of risk chosen
by the respective Council. The GMFMC has adopted a 50% (median) probability that a
given stock’s biomass is less than MSST as an acceptable risk level and that risk level is
used here to evaluate stock status relative to MSST for Gulf mackerel migratory groups.
The SAFMC has not specified an acceptable risk level, but a 50% probability was also
used to evaluate stock status relative to MSST for Atlantic mackerel migratory groups.

7.1.2. Overfishing

The GMFMC and SAFMC specified Fspuspr as a proxy for Fysy. Therefore, the
maximum fishing mortality threshold (MFMT) for both king mackerel migratory groups
is defined as Fsowspr. When a stock or migratory group is not overfished, the act of
overfishing is defined as harvesting at a rate that exceeds MFMT; however, the
determination of whether or not overfishing is occurring depends on the acceptable level
of risk chosen by the respective Council. The GMFMC has adopted a 50% (median)
probability that a fishing mortality for a given stock is greater than MFMT as an
acceptable risk level, and that risk level is used here to determine whether MFMT was
exceeded (i.e., overfishing occurred) for Gulf mackerel migratory groups. The SAFMC
has not specified an acceptable risk level, but a 50% probability was also used to evaluate
whether overfishing occurred for Atlantic mackerel migratory groups.

7.1.3. Target Optimum Yield (QY)

The SAFMC and GMFMC have established OY for Atlantic and Gulf king
mackerel as the long-term yield associated with Fsoyspr When a stock is at equilibrium.
The Assessment Workshop Panel recommended ABC for each of these stocks based on
the median probability of achieving this target level. For the Gulf mackerel migratory
group, the Assessment Workshop Panel also provided the GMFMC with an estimate of
the yield that would result in a 50% probability of not exceeding the yield at Fsoyspr.

7.1.4. Rebuilding Program

When a stock or migratory group is overfished, a rebuilding program that makes
consistent progress toward restoring stock condition must be implemented and continued
until the stock is rebuilt to a biomass level that supports MSY. The rebuilding program
must be designed to achieve recovery within an acceptable time frame specified by the
Councils. The Councils will continue to rebuild the stock until the stock biomass is
restored to greater than Bysy within an unspecified time frame (Amendment 8).

7.2. Estimation Methods, Uncertainty, Risk and Probability
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Virtual population analysis (VPA) (FADAPT 3.0; Restrepo 1996) was performed
for Atlantic and Gulf king mackerel migratory groups to evaluate stock status relative to
SFA benchmarks (Ortiz 2004a, b, SEDAR5-AW3; SEDAR5-AWS). As in past stock
status evaluations for these stocks, uncertainty was incorporated into assessment estimates
with a mixed Monte Carlo-Bootstrap approach that accounted for variability in natural
mortality, tuning indices, and numbers of fish-at-age in the catch. For the current
assessment of Gulf of Mexico king mackerel, the particular inputs and model assumptions
used (following prior recommendations of the MSAP) are described in Ortiz 2004a
(SEDAR5-AW3). For Atlantic king mackerel, a revised assessment was conducted using
the same inputs and assumptions as applied by MSAP 2003 (Sustainable Fisheries
Division 2003), but with a correction made to an algorithm used in the search method
designed to avoid estimation of highly unlikely outcomes. The estimate changes resulting
from the bootstrap procedures applied to the 2003 Atlantic king mackerel assessment were
described in SEDAR5-AWS (Sustainable Fisheries Division 2004). Outcomes from model
runs (bootstraps) were used to construct probability distributions of fishing mortality rate
(F) and spawning stock size (B) estimates for the most recent year in the assessments.
Estimates of F and B from each model run were expressed as ratios with Fysy and Busy,
and stock condition was evaluated based on the percentage of ratios that were greater that
MFMT and/or less than MSST. The Technical Guidelines (Restrepo et al. 1998)
recommended that managers (i.e., the Councils) choose low levels of risk as a
precautionary approach, such as allowing only 20-30% of outcomes to exceed MFMT or
fall below MSST. Following this logic, the MSAP recommended to the GMFMC in
March 2001 that the probability of B measuring less than MSST or F measuring greater
than MFMT should not exceed 30%. However, the GMFMC has adopted the 50%
probability level as acceptable risk and stock status is evaluated in this document based on
that risk level.

The Assessment Workshop Panel, following the MSAP practice, recommended
ABC for each mackerel migratory group based on the probability a given yield will
achieve a reference target (Foy) or exceed a reference threshold (Fusy) in a subsequent
fishing year. The inclusion of probability statements, although conditional to the particular
data-model set, is intended to portray the risk associated with a given conclusion or action,
reduce reliance on point estimates, and better represent the imprecision and uncertainty of
parameter estimates. The approach followed by the Assessment Workshop Panel, which is
consistent with Standard 1 of the SFA and the Technical Guidelines (Restrepo et al.,
1998), is to recommend an ABC for each stock that has a median probability of achieving
Foy.

The Assessment Workshop Panel noted that methods applied for estimation and
characterization of uncertainty do not capture total uncertainty in the assessment. Notably,
methods for incorporating uncertainty in estimates of catch at age, especially for the
historical part of the time-series, are not fully considered in stock status evaluations. Work
conducted by the Assessment Workshop Panel indicates that this source of uncertainty
could have additional measurable impact on projected ABC levels for these stocks.
Research is needed to further evaluate and more fully incorporate this uncertainty into
analytical methods for assessment and projections.
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7.3. Results

7.3.1. Atlantic Migratory Group

Bootstrap based estimates of stock status and productivity measures of interest for
the Atlantic stock of king mackerel are shown in Table 18.

7.3.1.1. Estimated F2002/03/Fumsy

The revised median estimate of F/Fysy for Atlantic king mackerel was 0.52 for
fishing year 2002/03 and the percentage of estimated Fpo203/Fmsy greater than 1.0 was
1% (3 of 500 boots) (Figure 22, Panel A). Based on the estimated low likelihood that
current F exceeds MFMT, the Assessment Workshop Panel’s estimation is that
overfishing did not occur in 2002/03 for Atlantic king mackerel.

7.3.1.2. Estimated Bygo3/Bmsy

The revised median estimate of Bygos/Bmsy for Atlantic king mackerel was 1.22
and the estimated percentage of Bygos less than MSST was 2% (12 of 500 boots) (Figure
22, Panel B). Based on the estimated low likelihood that current B is less than MSST, the
Assessment Workshop Panel estimates Atlantic king mackerel were not overfished in
2002/03.

7.3.1.3. Discussion of Stock Status

Landings of Atlantic king mackerel have been lower than TAC in every year but
two since the 1986/87 fishing year (Table 13; Figure 4). In recent years, TAC has been set
at 10.0 million pounds, but landings have only been between 50 and 74% of TAC since
the 1999/00 fishing year. Estimated Atlantic king mackerel stock size has increased since
the mid 1990s but not to the higher levels seen in the early 1980s. Recently, recruitment
has trended downward (Figure 23).

Current estimates indicate the fishing mortality rate of Atlantic king mackerel in
fishing year 2002/03 was below MFMT and the spawning biomass is above MSST at the
beginning of fishing year 2003 (i.e., less than 50% of Bgo3 estimates are less than MSST)
(Figure 24). Therefore, the Assessment Workshop Panel considers Atlantic kings were not
overfished and overfishing was not occurring in fishing year 2002/03.

7.3.1.4. Allowable Biological Catch (ABC)

The SAMFC's stated objective is to select a TAC for Atlantic king mackerel that
has a median probability of achieving its management target, OY, defined as the yield
associated with a fishing mortality rate of Fsspr. Therefore, the MSAP recommends
ABC for 2005/06 as the median estimate of catch at Fsospr, Which is 5.8 million pounds
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(20™ - 80™ percentile range = 4.5 — 7.7 million pounds) (Figure 25). Yields above 5.8
million pounds would exceed 50% probability of future F> Fsospr, conditional on
projection assumptions.

7.3.2. Gulf Migratory Group

7.3.2.1. Estimates of Fyoo/03/Fumsy

The median estimate of F/Fysy for Gulf king mackerel was 0.82 in 2002/03
(Figure 26) and the percentage of estimated Fagoz/03/Fmsy greater than 1.0 was 17% (86 of
500 boots). Based on the acceptable risk level chosen by the GMFMC, that there should
be no greater than a 50% probability that current F exceeds MFMT, the Assessment
Workshop Panel’s estimation is that overfishing did not occur in 2002/03 for Gulf king
mackerel.

7.3.2.2. Projections of Bygps/Bmsy

The median estimate of Bagos/Bmsy for Gulf king mackerel was 0.95 and the
estimated percentage of Bygos less than MSST was 18% (88 of 500 boots) (Figure 27).
Based on the acceptable risk level chosen by the GMFMC, which states that there should
be no greater than a 50% probability that current B is less than MSST, the Assessment
Workshop Panel estimates Gulf kings were not overfished at the start of the fishing year
2003. Although the stock is not estimated to be overfished, since 18% of B3 estimates
are below MSST it has yet to fully rebuild to Busy after being overfished. Currently, 61%
of the bootstrapped outcomes indicate B<Bwmsy. (Note: According to the criteria
recommended by the GMFMC, the stock would not be considered rebuilt to Busy until
there is at least a 50% probability of B > Busy.)

7.3.2.3. Discussion of Stock Status

Landings of Gulf king mackerel have been lower than TAC since 1997 (
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Table 12). This is due in part to the fact that the GMFMC increased TAC in 1997
from 7.8 to 10.6 million pounds; however, recent landings have declined regardless of the
TAC limit. Lower landings resulted in lower fishing mortality projections, hence
spawning biomass projections increased (Figure 28 (Taken from Figure 13 of Ortiz
2004a)). Increasing spawning stock biomass also reflects year classes with somewhat
higher than average recruitment moving through the fishery; however, as noted in the
MSAP’s 2002 Report, year classes with somewhat lower recruitment may now be entering
the fishery and subsequent spawning stock biomass may decline. The potential for this to
occur will increase if landings are approximately equal to current TAC. Current estimates
indicate the fishing mortality rate on Gulf king mackerel in fishing year 2002/03 was
below MFMT and the spawning biomass is above MSST at the beginning of fishing year
2003 (i.e., less than 50% of Baggs estimates are less than MSST) (Figure 29). Therefore,
the Assessment Workshop Panel considers Gulf kings were not overfished and overfishing
did not occur in fishing year 2002/03.

7.3.2.4. Allowable Biological Catch (ABC)

Given the GMFMC's objective not to exceed MFMT (Fsouspr), the Assessment
Workshop Panel recommends the Council select a TAC that is consistent with OY, which
is defined by the GMFMC as yield associated with a fishing mortality rate of Fsoxspr.
Therefore, for the 2005/2006 fishing year the Assessment Workshop Panel recommends
an ABC of 8.3 million pounds (20" - 80™ percentile range = 6.7 — 10.2 million pounds).
The rationale behind this recommendation is that an ABC of 8.3 million pounds has a
50% probability of achieving the OY target (yield at F4o0spr), but a low probability (about
12%) that it will exceed MFMT (Fsowspr) (Figure 30). This value is lower than current
TAC, but is consistent with recent landings (Table 12). Clearly, the lower TAC is set, the
lower the probability of overfishing during the 2005/06 fishing year.

7.3.3. Mixing Zone Alternatives

Available data on mixing combined with available assessment methodology are
insufficient to identify specific mixing rates most appropriate for estimating stock
abundance and projection of allowable catch levels. Joint analysis of tagging and catch-
effort data for the Gulf and Atlantic Migratory Groups (Porch and Diaz 2004, SEDAR5-
AW4) indicate that mixing could result in approximately equal catches from either stock
within the mixing zone. Considering the uncertainties associated with this form of
analysis, the Assessment Workshop Panel considers that the analysis and supporting
microconstituent and otolith shape analysis information could be consistent with a
relatively broad range of mixing scenarios. For the purpose of advising the Councils on
possible mixing scenario impacts on perceived stock productivity, status, and ABC
calculations, the Assessment Workshop Panel considered assessments assuming different
catch levels of Gulf stock fish from the mixing zone ranging from 100% (status quo) to
2%. However, attention was focused on scenarios for which 25% to 75% of catch within
the mixing area during November-March was assumed to be from the Gulf Migratory
Group. Methods used for this evaluation are based on VPA methodology used by the
MSAP to monitor rebuilding of Gulf king mackerel and to provide advice on Atlantic king
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mackerel management (see Ortiz 2004, SEDAR5-AWS53, Legault 1998, MSAP/98/10).
The current application of methods described by Porch and Diaz (2004, SEDAR5-AW-4)
was judged to be inappropriate for evaluations of recent stock status and for projecting
ABC due to the instability in recent abundance estimates, especially in the unrealistically
high recruitment estimates which may have impacted estimates of older age fish for the
most recent analysis years.

7.3.3.1. Stock Status and Productivity Implications

Bootstrapped stock status estimates for Gulf and Atlantic king mackerel stocks
under the mixing scenarios modeled are shown as phase plots in Figure 31. In general, the
results indicate that estimates of Gulf group stock status are more sensitive than the
Atlantic group with assumed lower proportions of mixing area catch indicating higher
probability of the stock undergoing overfishing and being in an overfished state (Table 19
— P(B<MSST), P(F>MFMT)).

Estimates of SFA-related parameters (proxies for MSY, Busy, Fusy, OY, Boy and
Fov) for the scenarios evaluated are provided in Table 18 and compared in Figure 32.
Considering the uncertainty in the estimates, fishing mortality rate benchmarks are
insensitive to mixing proportion assumptions. However, estimates of long-term
productivity (proxies for MSY, OY) and estimates of spawning abundance which could
support these yield levels (proxies for Busy, Boy) do change with reduction in assumed
proportion of Gulf group fish catch from the mixing zone. Considering the uncertainty in
the estimates (Figure 32), the sensitivity of these benchmarks for the Gulf group is more
apparent than for the Atlantic group. When all other variables are held constant, reduced
levels of historical catch for the Gulf group result in lower estimates of MSY, OY, and the
associated equilibrium biomasses (Figure 32).

The current king mackerel management regime (and recent recruitment estimates)
seems to be allowing Gulf stock biomass to increase, while Atlantic stocks remain
approximately stable. This condition may allow additional time to collect more
information, and if necessary conduct further studies to develop a more supportable
estimation of mixing rates.

7.3.3.2. ABC Implications

Cumulative probability plots for projected yields associated with MFMT (Fzo%spr)
and Foy (Faowuspr) for fishing year 2003 are shown in Figure 33 for the Atlantic and Gulf
groups under each of the mixing scenarios considered. As above, the projected ABC
levels for the Gulf group show somewhat greater sensitivity to the assumptions about
different assumed mixing levels than do those for the Atlantic group (Figure 34). Should
the Councils desire to account more directly for mixing in the TAC setting, these results
indicate the allowable catch levels should be more conservatively established for the Gulf
group than is implied solely on the basis of the status quo assessment and projection
method currently in use.
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While the Assessment Workshop Panel was unable to select the most appropriate
form of mixing analysis based on available data, the information available to the group
indicated that mixing scenarios within the range of 25% to 75% Gulf group catch from the
mixing zone appeared more consistent with the tagging data interpretation than either the
status quo assumption or the assumption of only 2% of the catch from the Gulf group
during the entire assessment time period. The Panel examined a range of ABC estimates
based on bootstrap results from the 25%, 50%, and 75% Gulf group catch scenarios,
combined. Bootstrap results from these 3 scenarios were combined by assigning the 50%
scenario to be twice as likely as either the 75% or 25% scenarios and computing the
associated cumulative probabilities over yields associated with Fsgespr and Faoespr fOr
fishing year 2003. Results of this calculation provide some qualitative guidance on the
degree of conservatism that might be employed in TAC setting for the Gulf group and are
shown in Figure 35. Alternatively, should the Councils later determine that alternatives to
the modeled scenarios are more appropriate, Figure 34 can be used to interpolate.

8. Research Recommendations

Currently, it is only possible to model two stocks using tagging data to model
mixing rates (Porch 2003). In the long term the Data Workshop and Assessment Panels
recommend that assessment models be developed which can model multiple stocks and/or
areas and which can use multiple types of data that enable mixing rate estimations
(including tagging data and biological tags including elemental and isotopic composition,
genetic information and morphological information).

8.1. Assessment Data Needs

= Available growth data needs to be evaluated for improved application to historical
catch at age.

= Available sex ratio at size data needs to be evaluated to determine how sex ratios
vary by size.

= Methods that allow for including error estimates in the catch at age matrix need to
be developed.

= Continued evaluation of tag data, ongoing otolith microchemistry and shape
analysis studies, and microsatellite genetic marker data to improve estimation of
stock structure and mixing proportions.

= Field studies are needed to develop or improve batch fecundity, spawning
frequency, and age specific fecundity estimates, including size and age at maturity.

=  Western Gulf king mackerel catches need to be aged for use in age length key
analyses.

47



SEDAR5-AR-1

8.2. Assessment Modeling Needs

Sensitivity of CAA and management benchmarks to changes in the growth model
used in the stochastic ageing procedure need to be evaluated.

A three-area age structured model with forward projection formulation may result
in better estimation of the impact on stock status of mixing zone dynamics using existing
tagging data and most recent recruitment estimates.

Sensitivity runs considered in this assessment indicate two areas where additional
research is critically needed to improve stock status evaluation. The Assessment
Workshop Panel advises that stock assessment uncertainty will not be reduced until these
issues are resolved.

These two areas are:

1)

2)

Methods used to allocate catches to age class when samples are inadequate
for constructing age-length keys. Sensitivity runs based on alternative
growth models suggest that estimates of stock status are sensitive to
differences in growth models when they are used to estimate age from size
in the absence of an ALK. The raw data used to develop the historical
growth models (Manooch et al. 1987; Collins et al. 1988) are no longer
available, and thus it may not be possible to provide the type of identical
analyses of current and historic data that are necessary to evaluate whether
growth model differences are simply due to analytical technique or whether
the differences truly reflect changes in growth over time. The Panel
recommends that current growth data (1987 onward) be modeled with
increased resolution to refine growth model parameters. Specifically,
decimal rather than integer ages should be modeled, and attention should
be paid to collection date, birth date, and annulus formation date.

Sensitivity analyses of stock mixing impacts on stock status determination.
Results suggest that the assumed degree of stock mixing has relatively
equivalent impacts on the perceived productivity of each migratory units,
but divergent impacts on stock status determination. The estimated status
of the Gulf of Mexico Migratory Unit is strongly influenced by mixing
assumptions, while status determination of the Atlantic Migratory Unit
varies minimally. Both the Data and Assessment Workshop Panels devoted
significant discussion and effort toward resolving stock allocation within
the mixing zone. Based on Data Workshop recommendations, the SEFSC
reconsidered mixing rates through updated analyses of tag data, developed
an alternative assessment framework to incorporate tag-based stock mixing
estimates into a VPA framework, and developed stock estimates with the
base assessment configuration for a variety of mixing rates within the
mixing zone. However, none of these efforts have led to a consensus
recommendation on the actual level of stock mixing.
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The Assessment Workshop Panel believes that analyses of otolith shape and
microchemistry, as presented in the progress reports discussed at the Data Workshop,
offer a promising approach to resolving stock mixing. The Assessment Workshop Panel
strongly recommends that this work be continued for several additional years to increase
sample size, continually improve the resolution of the method, and better account for
potential annual variation in mixing. The Panel also recommends increased sampling
intensity within the mixing zone, with sample allocation that is representative of the fine-
scale geographic distribution of the catch within the mixing zone. Also an effective
tagging program designed specifically to address the mixing issue could increase the
quality and quantity of available data.
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Table 1: Estimated natural mortality parameters (M) for king mackerel based on the Pauly
method, by Migratory Unit and sex, for various temperature values.

Migratory Temperature (°Celsius) Expected M
Group L infinity k 20 22 20°C 22°C
Male Atlantic 94 0.19 -0.97257 -0.92841 0.366929 | 0.383499
127 0.15 -1.21119 -1.16702 0.289036 | 0.302088
Male Gulf 111 0.14 -1.21876 -1.1746 0.286855 | 0.299809
103 0.25 -0.81852 -0.77435 0.428043 | 0.447372
Female Atlantic 121 0.13 -1.29132 -1.24715 0.26678 | 0.278827
Female Gulf 142 0.14 -1.28748 -1.24331 0.267806 | 0.279899
138 0.17 -1.15247 -1.10831 0.306516 | 0.320357
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Table 2: Summary of weight to length and weight to weight transformations for king mackerel in the southeastern United States.

SEDAR5-AR-1

Geographic Study . Size Range
Study Location Period Fishery Sex n Length Weight. A B Notes
Beardsley and Richards Miami, Florida 1968 and commercial (troll, gnet, | Combined | 197 [68.5-150 2.701*10° 3.2300
(1970) 1969 purse seine) and 1.47-32.09
Units : FL (cm), Wt (kgs) recreational tournament
Length recorded to 1mm samples
Wt recorded to 0.1 pound
Beaumariage (1973) So Florida (east  [1968 and recreational and Males 237 1465-1,030 SI 1.330 * 10” 2.9372
Units: SL (mm), Wt and west coast) 1969 commercial (troll, purse | Females 293 B79-9.752 ¢ 3.907 * 10° 3.1256
(grams) seine, gnet Combined | 530 [390-1,590 SL
154-37,195 ¢
390-1,590 SL
454-37,195 ¢
Fischer (1980) SE Louisiana December | Recreational Males 38  |Not provided 1.922* 10 3.533 [Size range
Units: FL (mm), 11977 to Females 500 [11-27 1.002 * 10° 3.291  ((wgt)
\Wit(pounds) and converted November Not provided interpolated
to grams for estimation 30 1978 5-67 from Figure 16
of Fischer
Johnson et al. (1983) NC, SC, Tx, La, Pune 1977- | recreational hook and Males 701 K28-1,355 0.8064 * 10> |2.9928 =20 (or max if
Units: FL (mm), Wt FI August line, few small Females 202 |Not provided 0.8801* 10° | 2.9827 K20) per 50mm
(grams) 1979 individuals from Combined | 3 351-1,554 0.8464 * 10° | 2.9881 [length interval
shrimp trawls (cape 282 | Not provided used in
Canaveral) 1 351-1,554 regression
Not provided
Campbell et al. (1988). Galveston Bay, 1978- recreational creel Males 231 [95-1170 -5.641 3.114
Units: TL(mm),Wt(grams) [Matagorda/San 1983 surveys Females 386 |Not Provided -5.428 3.045
and Wt converted to grams |Antonio Bay, Combined | 133 614-1440 -5.495 3.070
for estimation Aransas/Corpus 1 Not Provided
Christi Bay and 573-1675
Relation fit was: lower Laguna Not Provided

log Wt=log a+b Log TL

Madre Bay
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Geographic Study . Size Range
Study Location Period Fishery Sex n Length Weight. A B Notes
Campbell et al. (1988). Galveston Bay, 1978-1983 | recreational creel Males 199 15-1050 -5.322 3.059
Units: TL(mm), Matagorda/San surveys Females 308 |Not Provided -4.910 2.921
\Wt(grams) and Wt Antonio Bay, Combined | 754 00-1323 -4.879 2911
converted to grams for Aransas/Corpus Not Provided
estimation Christi Bay and 500-1350
lower Laguna Not Provided
Relation fit was: Madre Bay
log Wt=loga+ b Log FL
\Waltz (1986) Cape Fear - Cape [May 1983 | commercial hook line, Males 418 |Not Provided 4.69 2.85
Units: Fork length mm Canaveral Fl - Dec. recreational Females 174 4.65 2.85
WT :grams 1985 tournaments, research Combined | 912 4.80 2.89
cruises (otter trawls, try
Relation fit was: nets, seam trawl,
log(WT)=b(log (FL mm) - gillnets, seines)
a commercial shrimp
trawls
\Waltz (1986) Cape Fear - Cape |[May 1983 | commercial hook line, | Males 164 [Not Provided 5.05 2.93
Units: Total length mm Canaveral FI - Dec. recreational Females 393 5.33 3.03
WT :grams 1985 tournaments, research Combined | 873 5.08 2.93
cruises (otter trawls, try
Relation fit was: nets, seam trawl,
log(WT)=b(log (TLL mm) gillnets, seines)
= commercial shrimp
trawls
\Waltz (1986) Cape Fear - Cape [May 1983 | commercial hook line, | combined | 15 |Not Provided 169.21 1.11 1.Relation fit:
Units: Wt 9grams) Canaveral FI - Dec. recreational log(whole
Relation fit was: 1985 tournaments, research \WT)=
log (whole cruises (otter trawls, try b(log(Gutted
\WT)=b(log(Gutted Wt)) - nets, seam trawl, Wit)) - a
a gillnets, seines)
commercial shrimp
trawls
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Table 3: Gulf of Mexico King Mackerel reproductive parameters at age.

AGE FL mm % Mature Female Population
Fecundity | Eggs 10°
0 335 0 47269 0.000
1 472 0.157 185947 0.015
2 592 0.529 457773 0.121
3 697 0.704 874959 0.308
4 789 0.856 1428538 0.612
5 869 0.989 2096139 1.037
6 938 1 2849046 1.425
7 999 1 3657394 1.829
8 1052 1 4493458 2.247
9 1099 1 5333418 2.667
10 1139 1 6158047 3.079
11 1174 1 6952705 3.476
12 1205 1 7706939 3.853
13 1232 1 8413894 4.207
14 1256 1 9069662 4.535
15 1276 1 9672663 4.836
16 1294 1 10223076 5.112
17 1310 1 10722368 5.361
18 1323 1 11172892 5.586
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Table 4: King mackerel landings (pounds) by migratory group and sector from 1981 to
2002. (2002 data is provisional, and 2001-02 recreational landings were provided in

numbers of fish, but not converted to weight units.)

Sum of LB{STOCK Sector
Atlantic Atlantic Total |[Gulf Gulf Total
YR Commercial Recreational Commercial Recreational
1981 2,399,459 3,813,916 6,213,375 6,714,600 5,581,753 12,296,353
1982 3,938,370 5,853,949 9,792,319 4,566,449 8,403,500 12,969,949
1983 2,386,021 6,231,916 8,617,937 4,751,722 2,440,391 7,192,113
1984 1,968,572 6,152,396 8,120,968 3,383,376 3,028,207 6,411,583
1985 2,456,228 7,034,836 9,491,064 3,072,275 1,910,715 4,982,990
1986 2,801,995 5,895,233 8,697,228 2,969,771 1,707,993 4,677,764
1987 3,392,485 4,036,602 7,429,087 1,822,192 3,951,485 5,773,677
1988 3,166,062 4,786,299 7,952,361 1,390,413 4,685,704 6,076,117
1989 2,480,843 3,336,627 5,817,470 1,190,061 2,677,376 3,867,437
1990 2,537,741 3,905,392 6,443,133 2,320,777 3,994,043 6,314,820
1991 2,567,902 5,338,859 7,906,761 1,654,709 4,773,681 6,428,390
1992 2,244,302 6,670,337 8,914,639 2,754,142 3,965,159 6,719,301
1993 2,141,263 4,284,508 6,425,771 3,606,441 7,045,373 10,651,814
1994 2,069,574 3,882,720 5,952,294 2,149,527 5,536,448 7,685,975
1995 2,011,811 4,142,416 6,154,227 2,616,933 7,424,592 10,041,525
1996 2,228,032 3,740,689 5,968,721 2,887,972 6,689,630 9,577,602
1997 3,045,909 5,281,571 8,327,480 3,212,639 7,798,919 11,011,558
1998 2,470,723 4,473,059 6,943,782 3,346,639 5,959,000 9,305,639
1999 2,345,625 3,413,082 5,758,707 3,724,817 4,654,630 8,379,447
2000 2,220,774 5,297,380 7,518,154 2,923,983 4,509,300 7,433,283
2001 1,934,857 4,095,440 6,030,297 2,991,040 2,991,040
2002 246,620 31,132 277,752 1,962,793 1,962,793

Table 5: King Atlantic commercial catch in weight units (pounds) by gear.

Year Hook & Line  Gillnet Trawl Unknown Haul seine Purse seine Drift gillnet
1981 2022794 328227 46446 1992
1982 2991221 920379 14460 12310
1983 2060285 305117 9564 11055
1984 1899448 58923 7533 2668
1985 2333475 26326 10239 599 85589
1986 2496660 19145 4469 3532 278189
1987 2610318 39295 15081 4354 250 723187
1988 1951661 300561 1816 15938 117577 778509
1989 1759303 13008 5772 1216 7569 693975
1990 2474517 52623 6987 3614
1991 2536791 25178 812 4393 728
1992 2205065 33094 1384 4759
1993 2104924 25797 10118 355 69
1994 2001024 62315 3489 2273 473
1995 1942059 62957 144 6651
1996 2168792 55928 1311 1889 112
1997 2638529 402616 1542 1960 237 1025
1998 2374174 89644 1453 5452
1999 2273268 68143 224 3905 85
2000 2081850 132957 826 5061 80
2001 1850966 73326 521 10044
2002 245527 592 501
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Table 6: King Gulf commercial catch in weight units (pounds) by gear.

Year Hook & Lin Gillnet Purse sein Trawl Unknown Haul seine Traps & po Other Beach sein
1981 3440404 3274196
1982 2325897 2240552

1983 2821326 1928100 2296
1984 2131263 1251630 200 283
1985 2013731 1058544

1986 1425903 1511421 32397 50
1987 1453271 367877 899 145
1988 934648 455259 375 131
1989 1189159 902

1990 1854028 465647 1102

1991 1426095 228614

1992 2754142

1993 2097317 1417378 91746
1994 2020016 2599 126912
1995 2243400 373533

1996 2395831 492141

1997 2720502 491836 301

1998 2683589 654720 6807 1523

1999 2711403 1009135 166 108 3936 69

2000 2448619 410097 1026 64158 83

2001 2466484 455726 22 11 68684 7 21 15
2002 1448876 330849 53462 71430 58016 160

Table 7: Number of fish size sampled for king mackerel by sector

Atlantic Atlantic Tote Gulf Gulf Total
Num Fish Commercl Recreatn Commercl Recreatn
Year EG WG EG WG
1981 980 2,141 3,121 15,479 84 386 530 16,479
1982 578 578 7,446 548 457 490 8,941
1983 858 902 1,760 7,199 7,961 710 645 16,515
1984 4,447 1,372 5,819 15,021 16,850 1,429 891 34,191
1985 5,059 2,918 7,977 11,840 5,851 690 3,155 21,536
1986 4,548 3,663 8,211 5,883 653 1,116 2,528 10,180
1987 6,785 6,168 12,953 1,872 2,338 3,202 2,399 9,811
1988 6,434 2,500 8,934 1,149 428 1,076 1,959 4,612
1989 5,917 2,131 8,048 1,680 1,389 1,160 1,784 6,013
1990 6,378 2,055 8,433 2,951 1,359 1,086 5,396

1991 8,334 1,959 10,293 3,018 1,789 2,621 1,710 9,138
1992 6,755 2,631 9,386 5,783 3,090 2,124 2,057 13,054

1993 4,401 1,511 5,912 6,671 849 1,475 1,099 10,094
1994 6,632 1,415 8,047 2,288 1,167 1,470 1,519 6,444
1995 2,405 1,583 3,988 4,003 620 923 1,509 7,055
1996 4,374 954 5,328 7,025 330 1,085 1,641 10,081
1997 1,746 2,662 4,408 4,266 370 2,353 1,510 8,499
1998 5,182 1,930 7,112 4,533 37 2,669 1,177 8,416
1999 6,891 1,463 8,354 7,310 2,504 1,338 11,152
2000 7,800 2,136 9,936 6,434 57 3,189 839 10,519
2001 6,313 1,776 8,089 4,315 6 2,506 823 7,650
2002 3,180 853 4,033 4,176 67 1,436 10 5,689

Grand Total 105,419 45,301 150,720 130,342 44,484 35,940 30,699 241,465
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Table 8: Sex distribution of king otolith samples for ALK input

ATL Eastern Gulf Western Gulf Grand Tot:
Year Fem Male Unk Fem Male Unk Fem Male Unk

1986 203 182 146 155 53 26 50 49 17 881

1987 293 205 2 427 164 7 203 131 2 1434

1988 250 196 7 268 97 2 220 99 7 1146

1989 497 339 319 171 31 245 110 1 1713

1990 576 350 41 298 158 5 148 88 1664

1991 527 279 4 849 374 8 252 125 2418

1992 799 478 5 733 319 6 221 140 2 2703

1993 551 353 1 774 379 9 72 68 2207

1994 483 408 4 657 263 6 49 31 1901

1995 353 295 10 728 298 1684

1996 701 267 1 1371 380 8 2728

1997 283 225 23 856 354 1741

1998 545 270 5 422 221 1 1464

1999 503 372 14 391 196 1476

2000 476 234 3 719 172 1 1605

2001 550 271 2 941 772 2536

2002 15 12 4 627 484 1142

rand Total 7605 4736 272 10535 4855 109 1460 841 30 30443

Table 9: Gulf of Mexico King Mackerel migratory unit recreational catch in numbers of
fish by mode and year.
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Year Shore Private Charter Headboat Prv-Chr Total
1981 81,084 368,506 - - 218,060 667,650
1982 23,100 680,164 21,476 3,218 183,768 911,726
1983 32,058 217,848 21,476 3,218 49,675 324,275
1984 828 340,458 3,862 7,558 48,006 400,712
1985 - 116,328 4,074 7,000 68,946 196,348
1986 5,862 155,077 43,365 17,228 - 221,532
1987 42,824 315,498 144,449 44,192 - 546,963
1988 23,838 268,402 171,220 11,642 - 475,102
1989 9,818 240,543 93,620 20,469 - 364,450
1990 124,216 264,791 141,068 32,870 - 562,945
1991 125,524 396,237 175,455 30,571 - 727,787
1992 54,086 244,205 163,978 30,079 - 492,348
1993 63,930 250,735 346,102 34,082 - 694,849
1994 67,512 193,908 356,936 35,836 - 654,192
1995 16,626 225,044 378,229 35,026 - 654,925
1996 7,704 177,114 508,931 39,338 - 733,087
1997 14,222 291,291 393,640 41,796 - 740,949
1998 6,504 197,695 387,682 31,126 - 623,007
1999 25,218 185,970 293,910 28,503 - 533,601
2000 31,034 230,857 240,278 28,503 - 530,672
2001 51,842 184,500 282,005 26,441 - 544,788
2002 33,578 103,737 142,419 10,161 - 289,895

61

SEDAR5-AR-1



SEDAR5-AR-1

Table 10: Atlantic migratory group king mackerel recreational catch by year and mode.

Year Shore Private Charter Headboat Prv-Chr Total
1981 - 153,400 - - 263,048 416,448
1982 - 401,126 - - 208,608 609,734
1983 - 442,928 - - 226,581 669,509
1984 2,814 403,206 - - 208,092 614,112
1985 - 269,152 - - 536,948 806,100
1986 23,232 441,559 189,615 28,183 1,484 684,073
1987 1,570 336,796 199,571 29,424 - 567,361
1988 8,470 307,732 207,668 22,066 304 546,240
1989 5,194 180,949 156,086 24,017 2,492 368,738
1990 17,350 266,131 152,732 27,861 220 464,294
1991 12,600 340,933 195,073 41,292 500 590,398
1992 1,620 400,023 289,246 23,172 1,752 715,813
1993 3,048 194,201 139,130 21,641 - 358,020
1994 10,418 183,700 177,766 25,079 838 397,801
1995 3,426 196,292 245,015 18,703 892 464,328
1996 1,714 166,814 162,999 31,573 1,824 364,924
1997 9,836 230,961 268,948 18,658 1,000 529,403
1998 74,056 187,731 169,136 16,260 1,964 449,147
1999 2,890 216,972 119,432 19,961 370 359,625
2000 2,408 395,354 132,313 19,988 - 550,063
2001 4,866 236,648 85,911 12,485 - 339,910
2002 - 801 1,144 71 - 2,016

Table 11: Number of size samples for king mackerel recreational fisheries by year and
mode, Atlantic and Gulf migratory groups

Stock Year Other Rec  Headboat Total Stock Year Other Rec Headboat Total

Atlantic 1981 2,141 2,141 Gulf 1981 916 916
1982 578 578 1982 947 947
1983 902 902 1983 1,355 1,355
1984 276 1,096 1,372 1984 1,856 464 2,320
1985 1,382 1,536 2,918 1985 3,451 394 3,845
1986 1,893 1,770 3,663 1986 2,964 680 3,644
1987 5,179 989 6,168 1987 3,951 1,650 5,601
1988 1,929 571 2,500 1988 2,488 547 3,035
1989 1,606 525 2,131 1989 1,623 1,321 2,944
1990 1,761 294 2,055 1990 1,714 731 2,445
1991 1,575 384 1,959 1991 3,518 813 4,331
1992 2,246 385 2,631 1992 3,213 968 4,181
1993 1,119 392 1,511 1993 1,793 781 2,574
1994 1,053 362 1,415 1994 2,060 929 2,989
1995 1,249 334 1,583 1995 1,475 957 2,432
1996 882 72 954 1996 1,966 760 2,726
1997 2,164 498 2,662 1997 2,647 1,216 3,863
1998 1,418 512 1,930 1998 3,052 794 3,846
1999 1,155 308 1,463 1999 3,297 545 3,842
2000 1,739 397 2,136 2000 3,642 386 4,028
2001 1,482 294 1,776 2001 2,975 354 3,329
2002 853 853 2002 1,446 1,446

Atlantic Total 34,582 10,719 45,301 Gulf Total 52,349 14,290 66,639
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Table 12: Gulf group king mackerel management regulations and harvest levels. Pounds are in millions.

Fishing ABC TAC Rec. Alloc./Quota® | Rec. Bag Commercial East/West-EC/WC- Annual Har els’”
Year | RANGE™ | (lIbs.) (Ibs. / numbers) Limit* Allocation North-South >¢
(Ibs.)
Com Rec Total
1986/87 1.2-2.9 2.9 1.97 2/3FL-TX | 0.93: 0.60/0.27 + PS=0.06 1.473 3.269 4.742
1987/88 0.6-2.7 2.2 1.50 2/3FL-TX | 0.70: 0.48/0.22 0.868 2.145 3.013
1988/89 0.5-4.3 3.4 231 2/3FL-TX | 1.09: 0.75/0.34 1.405 5.276 6.681
1989/90 2.7-5.8 425 | 2.89/298,000 2/3FL-TX | 1.36: 0.94/0.42 1.954 3.360 5.314
1990/91 3.2-54 425 | 2.89/301,000 2/3FL-TX | 1.36: 0.94/0.42 1.816 3.951 5.767
1991/92 4.0-7.0 575 | 3.91/574,000 2 FL; 2/3 1.84: 1.27/0.57 2.117 4,773 6.890
AL-TX
1992/93 | 4.0-10.79 7.80 | 5.30/715,000° 2 FL-TX 2.50+0.259 : | 1.73+0.259/0.77' 3.599 6.258 9.857
1993/94 1.9-8.1° 7.80 | 5.30/759,000 2 FL-TX 2.50: 1.73/0.77 2.572 6.146 8.718
1994/95 1.9-8.1° 7.80 | 5.30/768,000 2 FL-TX 2.05+0.300 : | 1.73+0.300/0.77" 2.901 7.948 10.849
1995/96 1.9-8.1° 7.80 | 5.30/629,000 2 FL-TX 2.50: 1.73/0.77 2.645 6.265 8.910
1996/97 4.7-8.8 7.80 | 5.30/629,000 2 FL-TX 2.50: 1.73/0.77 2.864 6.933 9.797
1997/98 6.0-13.7 106 |7.21 2 FL-TX 3.39: 2.34/1.05 3.445 6.634" 10.08
1998/99 7.1-10.8 106 |7.21 2 FL-TX 3.39 2.34/1.05 3.895 5.235 9.130
1999/00 | 8.0-12.5 106 |7.21 2 FL-TX 3.39 2.34/1.05 2.953 4.067 7.020
2000/01 5.5-8.8 10.2 | 6.94 2 FL-TX 3.26 3.25/1.01-1/04/1.21- 3.079 5.061 8.140
0.169/1.04
2001/02 | 5.3-96 10.2 | 6.94 2 FL-TX 3.26 3.25/1.01-1/04/1.21- 2.932 5.163 8.095
0.169/1.04
2002/03 | 5.3-9.6 10.2 | 6.94 2 FL-TX 3.26 3.25/1.01-1/04/1.21- 3.126 4,764 7.890
0.169/1.04

KM Gulf footnotes

! Fishing year 1979/80 begins on 1 July 1979 and ends on 30 June 1980.

2 Sums within rows may not appear to equal the total value shown due to rounding of numbers before printing.

® Recreational quota in numbers is the allocation divided by an estimate of annual average weight (not used prior to fishing year 1989).
“ Bag Limit “2/3" means 2 for private boats; for charterboats: 2 with, or 3 without, captain and crew.

® E/W com. allocations apply to all legal gears except purse seine in fishing year 1986 and are divided at the FL/AL Border (only H&L and runaround gillnet beginning 1990/91).

® East Zone allocations are divided into East Coast FL and West Coast FL, and West Coast FL is divided into North and South subzones.

70.250 million pounds added to com. allocation for FL east only, opened 2/18/93 - 3/26/93. ®Bag limit will not be reduced to zero when allocation reached, beginning in fishing year 1992/93.

®Panel recommended ABC range changed from 16%-84% to 16%-50% and Gulf Council selected TAC accepting greater than 50% risk level.
%90.300 million pounds added to hook-and-line quota for Florida West Coast subzone.
112002-03 Recreational landings, in pounds, were estimated from the average of 1999-2001 landings.
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Table 13: Atlantic group king mackerel management regulations and harvest. Pounds are in millions.

Fishing Year ABC TAC Rec. Alloc./Quota” Rec. Bag Commercial Annual HarW
RANGE" (lbs.) (Ibs. / numbers) Limit Allocation
(Ibs.)

Com Rec Total®
1986/87 6.9-15.4 9.68 3 3.59 (PS=0.40) 2.840 5.980 8.820
1987/88 6.9-15.4 9.68 6.09 3 3.59 (PS=0.40) 3.453 3.905 7.357
1988/89 5.5-10.7 7.00 4.40 2inFL, 3 GA-NC 2.60 (PS=0.40) 3.091 4.881 7.972
1989/90 6.9-15.4 9.00 5.66 / 666,000 2inFL, 3 GA-NC 3.34 2.635 3.400 6.036
1990/91 6.5-15.7 8.30 5.22 /601,000 2inFL, 3 GA-NY 3.08 2.676 3.718 6.394
1991/92 9.6 -15.5 10.50 | 6.60/ 735,000 5in FL-NY 3.90 2.516 5.822 8.338
1992/93 8.6 -12.0 10.50 | 6.60/834,000" 2inFL, 5 GA-NY 3.90 2.227 6.251 8.477
1993/94 9.9-146 10.50 | 6.60 /854,000 2inFL, 5 GA-NY 3.90 2.018 4.438 6.456
1994/95 7.6 -10.3 10.00 | 6.29/709,000 2inFL, 5 GA-NY 371 2.197 3.728 5.925
1995/96 7.3-155 7.30 4.60 / 454,000 2inFL, 3> GA-NY | 2.70 1.870 4.153 6.023
1996/97 41-6.8 6.80 4.28 /438,525 2inFL, 3 GA-NY 2.52 2.702 3.990 6.692
1997/98 41-6.8 6.80 4.28 /438,525 2in FL, 3 GA-NY 2.52 2.684 5.158 7.843
1998/99 8.4-11.9 8.40 5.28 /504,780 2inFL, 3 GA-NY 3.12 2.549 4.268 6.816
1999/00 8.9-133 10.0 6.3/601,338 2inFL, 3 GA-NY 3.7 2.238 3.424 5.662
2000/01 8.9-133 10.0 6.3/601,338 2inFL, 3 GA-NY 3.7 2.073 5.338 7.411
2001/02 8.9-133 10.0 6.3/601388 2inFL, 3 GA-NY 3.7 2.017 4.037 6.054
2002/03 8.9-133 10.0 6.3/601388 2inFL, 3 GA-NY 3.7 1.712 4.266' 5.978

Table 13 KM Atlantic footnotes

! The range has been defined in terms of acceptable risk of achieving the FMP’s fishing mortality rate target; the Panel’s best estimate of ABC has been

2 Recreational quota in numbers is the allocation divided by an estimate of annual average weight
% Sums within rows may not appear to equal the total value shown due to rounding of numbers before printing.
“ Bag limit will not be reduced to zero when allocation reached, beginning fishing year 1992.

® Bag limit reduced from 5 to 3 effective 1/1/96.
® Estimated catch equal to the recreational allocation of TAC.

72002-03 Recreational landings, in pounds, were estimated from the average 1999-2001 landings
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Table 14: Gulf of Mexico king mackerel commercial catch at age (CAA) matrix directed fisheries.

Fl"f?::llr:g Aga 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+
198182 65 1446 7242 B53TE 572111 187534 48128 32219 15491 T458 4108 11624
198283 9441 22522 183273 135947 224874 287056 91735 G4634 38302 73266 19877 20338
1983-84 a2 368 129346 258565 166109 43403 62101 28827 15842 5819 2097 5233
198485 34 GEGD 10386 183855 286885 127509 53807 35385 11628 1915 1946 4027
1985-86 497 10645 41627 39065 190830 150344 80569 17960 ATB9 G325 4700 9689
1986-47 3577 7665 178847 100524 132548 3B3TE 33590 20219 10150 G203 1207 11567
1987-48 1367 64736 167700 78833 43595 26985 15806 10627 328 1844 1620 4539
1988-89 771 39372 123181 81653 190716 57345 51996 29372 12207 9957 7529 23230
192990 2292 220569 191102 a7434 72016 ATEO2 15230 21013 12830 G204 BAZE 14648
1990-21 7005 78530 198413 223494 78530 39696 34648 14600 12055 14711 2929 13138
199192 2218 215542 307759 188532 124847 33281 34331 13481 5545 13850 5807 15702
199293 2239 89108 247546  3ETH3 123335 21130 4E5T0 248818 32853 15529 11428 36820
199394 5768 168104 212503 190773 162643 8023 30426 28361 25445 15776 4421 29790
199495 3389 170473 139494 148795 202540 228711 QG235 14868 47589 34205 12395 23399
199596 3722 126449 298994 177464 99129 BE306 G827 3E6T3 14235 TEED 10313 149086
199697 G649 139544 396921 187029 29113 53908 44443 34766 31014 16136 242 26210
199798 0 64013 268137 322665 170212 97593 43478 43526 40282 2763 10220 22100
199899 0 75355 69256 206142 257242 202066 72493 43155 32652 19203 9iE93 15245
199900 o 101882 168150 130783 169522 a7896 35710 27065 15657 28828 9467 17407
2000401 19547 70360 184544 215802 171502 101276 45749 39045 18066 17443 11411 28007
200102 0 27175 170035 250317 175475 23506 55249 50200 27313 13846 5774 27485

Table 15: Percent difference of the Catch at age (CAA) 2002 and CAA 2004 matrix distribution by age
and fishing year of Gulf king mackerel. Positive values (dark shade) indicate that the numbers at age-year
in 2004 CAA matrix were larger than the equivalent values in 2002 CAA. Difference numbers, reflect the
update total numbers of catch by fishing year for 1997-98 to 2000-01 compare to values of 2002 CAA
matrix.

Age Age Diff

F Year Age(d Age1 Age2 Age3 Aged Age5 Age6 Age7 AgeB Age9 10 11+ Numb

1997-98 -156% -1.06% 042% -032% -075% -2625.12
1998-99 -1.85%  -1.00% 0.83% -009% -0.52% 519
1999-00 069% D017% -186% 067% -009% 634605
2000-01 075% 07%% 017% -0652% -166% 3023534
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Table 16: (Old values as presented at the MSAP 2003) Maximum sustainable yield (MSY) and optimum
yield (OY) related values from the Base model and the Full index model for Atlantic king mackerel 2003
stock evaluation. SS is spawning stock biomass in trillions of yolked eggs, F values are associated with
the fully selected age, and yields are given in millions of pounds. 80% confidence intervals generated
from 500 bootstrap projections.

Old values as presented at the MSAP 2003

MODEL BASE
S5 MSY F msy MSY 55 Oy F oy QY
Median Z681 0,298 5.216 4180 0.213 5.534
o BI0%G 0.741 0.257 264 370 0.182 4115
Upp 80% 4.793 25 Q.080 9.890 0.256 11.6532
Deterministic 2,609 0.271 5,169 55 0,193 4776
MODEL Full Index
55 MSY F msy MSY 55 ay F oy [0}
Median 2573 0.200 5.021 3.901 0.211 5.304
lowy B0%G 0.8e9 0262 1.545 3.034 0186 4030
upp 80% 3.649 253 T7.338 6. 586 0.254 &8.121
Deterministic 2,507 0,268 4,953 3,242 0,189 4 598

Updated values from 2004 assessment

Model Base
SSMSY F MSY MSY S5 QY F OY oy
Median 2.937 0.294 5771 4122 0.207 5566
low 80% 1.713 0253 3.125 3.271 0178 4376
upp 80% 4.035 0.344 8.033 5.435 0.243 7.548
deterministic 2.744 D272 5.308 3.659 0,191 5.004

Model Full Index

SSMSY FMSY MSY SS OY F oY oY

Median 2.584 0.296 5.084 3.704 0.207 5.081
low 80% 1,344 0262 2,567 3.005 0.183 4.019
upp 80% 3.449 0,343 6.083 4.700 0.237 6544
deterministic 2511 0.269 4.957 3.347 0,189 4,601
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Table 17: Estimated allowable biological catch (ABC) in millions of pounds for the Atlantic king
mackerel 2003/04 fishing year under a projected F of F30%SPR or F40%SPR from the Base and Full
index models evaluated. Probability denotes the likelihood of exceeding the desired F mortality rates.

Old values as presented at the MSAP 2003

Ease Model Full Index Model

Probability Faouspr — Fapuser Fapwspr — Faouser
50% Median 6.378 4673 5.750 4164
10% lower CI 3.872 2.816 3.522 2 581
90% upper CI 16.161 12.151 11.805 B.764

Updated values from 2004 Assessment

Base Model Full Index Model

Probability Faguser Faonspr FaguseR Faouser
50% Median 6513 4.778 5.169 3746
10% lower CI 4.230 3.086 3.262 2.387
90% upper CI 10.693 7.606 7956 5.728
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Table 18: Estimates of SFA-related parameters (proxies for MSY, SSMSY, FMSY, OY, SSOY and
FOY) for the mixing scenarios evaluated. Yields (MSY, OY) are in million pounds, Spawning stock (SS)
is in trillion eggs.

Model

Model

Model

Model

Model

GIf 100%

Median
low 80%
upp 80%
deterministic

GIf 75%

Median
low 80%
upp 80%

deterministic
GIf 50%

Median
low 80%
upp 80%

deterministic
GIf 25%

Median
low 80%
upp 80%
deterministic

GIf 2%

Median
low 80%
upp 80%

deterministic

SS MSY  F MSY MSY SS oY FOY oYy
6.39 0.269 11.4 8.524 0.190 10.1
5.56 0.235 9.6 7.436 0.166 8.5
7.39 0.366 13.6 9.779 0.255 12.1
6.38 0.226 11.3 8.506 0.160 10.0

SS MSY F MSY MSY SS oY F oY oYy
5.86 0.267 10.4 7.852 0.188 9.2
5.11 0.233 8.8 6.826 0.164 7.8
6.82 0.364 12.2 9.044 0.253 10.8
5.94 0.232 10.5 7.920 0.164 9.3

SSMSY F MSY MSY SS oY F oY oYy
5.36 0.285 9.5 7.147 0.199 8.5
4.74 0.235 8.2 6.356 0.166 7.3
6.21 0.415 11.4 8.235 0.283 9.9
5.39 0.256 9.5 7.180 0.180 8.4

SS MSY F MSY MSY SS oY F oY oYy
4.97 0.293 8.8 6.635 0.203 7.8
4.36 0.239 7.4 5.831 0.167 6.6
5.65 0.429 10.3 7.568 0.294 9.0
4.95 0.267 8.7 6.603 0.187 7.7

SS MSY F MSY MSY SS oY F oY oYy
4.58 0.315 8.1 6.107 0.217 7.2
4.03 0.247 7.0 5.371 0.171 6.2
5.25 0.499 9.6 7.015 0.331 8.5
4.55 0.295 8.1 6.067 0.204 7.1

Model

Model

Model

Model

Model

Atl 0%

Median
low 80%
upp 80%
deterministic

Atl 25%

Median
low 80%
upp 80%

deterministic
Atl 50%

Median
low 80%
upp 80%

deterministic
Atl 75%

Median
low 80%
upp 80%
deterministic

Atl 98%

Median
low 80%
upp 80%

deterministic

SS MSY F MSY MSY SS oY F oY oY
2.92 0.288 5.6 4.354 0.205 5.8
1.50 0.252 2.7 3.396 0.180 4.4
4.38 0.335 8.5 6.053 0.237 8.2
3.05 0.262 5.9 4.072 0.187 5.4

SS MSY F MSY MSY SS oY F oY oYy
3.34 0.304 6.5 4.670 0.214 6.3
2.26 0.266 4.3 3.721 0.187 4.9
4.69 0.351 9.4 6.341 0.247 9.0
3.22 0.287 6.3 4.300 0.203 5.8

SS MSY F MSY MSY SS oY F oY oY
3.77 0.309 7.4 5.113 0.218 6.9
271 0.267 4.9 4.135 0.189 5.3
5.18 0.363 10.5 6.956 0.255 9.7
3.56 0.297 7.0 4.748 0.210 6.4

SS MSY F MSY MSY SS oY F oY oY
4.18 0.318 8.0 5.751 0.225 7.6
3.10 0.275 5.9 4.541 0.195 5.9
5.63 0.369 11.1 7.432 0.260 10.3
3.90 0.307 7.6 5.200 0.217 7.0

SS MSY F MSY MSY SS oY F oY oYy
4.16 0.312 8.3 5.609 0.218 7.7
3.34 0.269 6.5 4.601 0.191 6.2
5.66 0.369 11.5 7.602 0.256 10.5
3.91 0.284 7.9 5.210 0.197 7.3
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Table 19: Summary of stock status indicators (relative F and relative Spawning Stocks) for the mixing

scenarios considered from 500 bootstraps per scenario.

Stock Model

ATLANTIC 0% MixRun

ATLANTIC 25% MixRun

ATLANTIC 50% MixRun

ATLANTIC 75% MixRun

ATLANTIC 98% MixRun

Summary of Status Indicator Outcomes

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

MODEL 0% Atl fish

F/Fmsy F / Foy
0.53 0.74
0.2% 7.0%
1 35
2.0%
10
MODEL 25% Atl fish
F/Fmsy F / Foy
0.51 0.72
0.2% 5.0%
1 25
3.6%
18
MODEL 50% Atl fish
F/Fmsy F / Foy
0.46 0.65
0.0% 3.0%
0 15
3.8%
19
MODEL 75% Atl fish
F/Fmsy F / Foy
0.42 0.59
0.0% 0.8%
0 4
3.0%
15
MODEL 98% Atl fish
F/Fmsy F / Foy
0.45 0.66
0.0% 2.2%
0 11
9.2%
46

Stock Model

GULF 100% MixRun

GULF 75% MixRun

GULF 50% MixRun

GULF 25% MixRun

GULF 2% MixRun

Summary of Status Indicator Outcomes

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

Deterministic

Percent F2002> F ref

N boots F2002 > F ref
Percent SS2003< MSST ref
N boots SS2003 < SS ref

MODEL 100% Gulf fish

F/Fmsy F / Foy
0.82 1.16
17.2% 70.4%
86 352
17.6%
88
MODEL 75% Gulf fish
F/Fmsy F / Foy
0.89 1.26
36.4% 87.0%
182 435
30.2%
151
MODEL 50% Gulf fish
F/Fmsy F / Foy
1.04 1.48
56.0% 95.0%
280 475
43.6%
218
MODEL 25% Gullf fish
F/Fmsy F / Foy
1.17 1.68
74.0% 99.0%
370 495
49.4%
247
MODEL 2% Gulf fish
F/Fmsy F / Foy
131 1.90
87.6% 100.0%
438 500
59.8%
299
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11. Figures

King Mackerel

King Mackerel
(Nov 1 - March 31)

(April 1 - Oct 31)

Western Zone

See—— e

Figure 1: King Mackerel Migratory Groups and seasonal boundaries, and Gulf Migratory Group regional
zones

GULF KING TEXAS PWD STANDARDIZED CPUE

LE= standardized @ Nominal =E=2002 NoGalv Index

o
[}
1

Scaled CPUE (fish per 1000 hours)

Figure 2: Comparison of indices developed from Texas PWD data with (standardized) and without (2002
NoGalv Index) information from off the Galveston area. 95% confidence intervals about the index
including the Galveston area data.
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Gulf King Catch by sector and fishing year

Gulf King Catch by sector and fishing year

al landings by fishing sector in pounds and number of fish
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Panel A Panel B
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Figure 7: Age distribution of otolith samples from the ALK study versus Collins et al. (1989) for Atlantic
fish (Panel A) and versus Manooch et al. (1987) for Gulf fish (Panel B)
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Panel A Panel B
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Figure 8: Proportion of Atlantic and Gulf King Mackerel harvested in ages 0-3, 4-7, and 8-11+ for the
2002 CAA estimates (diamonds) and the 2004 CAA estimates with the new growth equation, additional
age-length key information, and revised binning criteria (boxes).
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Figure 9: Comparison of age distribution in the estimated CAA (bottom two panels) using existing
methods and growth curves or using the stochastic aging routine (SAR) exclusively with the new growth
parameters.
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Old Gulf King Catch by Age Percent Distribution
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Gulf - DeVries vs This study Atlantic - DeVries vs This study
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Figure 11: Comparison of predicted size at age between DeVries and Grimes (1997) (solid and broken
lines) and this study (open symbols).
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Gulf king CAA percent distribution Base 2004 wiupdated ALK
for 1997-2002

1981-82

1993.84 0
1985.86 mi
nz
198788 e
1989.90 uid
5
190192 "
3
199394 7
199595 e
'L
199798 .
1998-00 il

2001-02
0% W% 40% B0% 80% 100%

CAA 2002 Stock Assessment Gulf King

2
3
L}
L k3

| B
L=

1n
=i

0% s 40% % a0k 100

Figure 12: Gulf king catch-at-age (CAA) percent distribution by age and fishing year. Top panel
corresponds to the 2004 base 04 model, bottom panel corresponds to the 2002 CAA.
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Figure 14: Selectivity pattern results from SVPA models with a range of fixed F ratios for catch at age of
Gulf king mackerel. Topleft results of 2000 assessment, top-right results of 2002 assessment, bottom-left
results of 2004 assessment. Bottom-right panel compares the results of all three assessments, with
markers representing the mean value and the bars the minimum and maximum values per age class; solid
circles and shaded area are for 2000 results, solid diamonds and bars, 2002 results and open squares and
bars for 2004 results..(Figure 10 in Ortiz 2004).
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millions of pounds, and corresponding fishing mortality rates from the base-04 model (open circles). For
comparison, equivalent values are plotted from the 2000 (plus marker) and 2002 (solid triangle)
assessments. Bars represent 90% range of 500 bootstrap runs.
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Figure 16 though Figure 19 correspond to locations of internal anchor tag releases and recaptures from
1981 to 2001. Recaptures only include tags that were at large at least 90 days.

e = A
S e U - Figure 16: Location of releases in the KNM Atlantic stock
—i ;, (n=2,735).
y ot x —
g ' B T : JIL.W’“‘ g - L'
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i [,f— — ;‘E}’* " Figure 17: Location of recaptures of tags originally released in
>~ { J.’ VN A the KNM Atlantic stock. Blue circles indicate tags recovered in
! ;} [ ¢ }' the same stock where they were released (Atlantic, n=139), red
? %___t_l_-_',.e.;—L\M w o e | e | circles indicated tags recovered as part of the other stock
FIEEGS ik (GOM, n=14).

Figure 18: Location of releases in the KNM GOM stock
(n=10,381).

Figure 19: Location of recaptures of tags originally released
in the KNM GOM stock. Blue circles indicate tags recovered
! = | e ] in the same stock where they were released (GOM, n=254),
Y gl red circles indicate tags recovered as part of the other stock

: % Atarticreisases (ATL, n=148).

81



SEDAR5-AR-1

Atlantic Gulf
Age 1 -
10 4 10 =
_|.
8+ 8 -
: 2 61
2 2
= S 4
2 -
1980 1985 1990 1595 2000 1980 1985 1990 1995 2000
20 + spawners (4+) 20 - spawners (4+)
—0,0(230) +4 ‘,g’g 32?204}1}
15 + === 0.2,0 (241) + 15 - 51 S, e¥,
* 050 (269) + T+ & 050 (269) e % ot
2 +  0,0.1(287) + ® - 004(287)
2104 ®  estimated (236) 2 104+ W estimated (236)
= = .
= +++1 = o *e
5T ++ 71 5"...""
i"-l-llh..au.- saand L Ve
0 f } i ; 0 } } } }
1980 1985 1990 1595 2000 1980 1985 1990 1995 2000

Figure 20: Number of recruits and number of spawners estimated by the VPA without the use of tagging
data. The legend labels, e.g., “0.2, 0 (241)" refer to the assumed fraction of the Atlantic stock that resides
in Gulf, here 20%, and the fraction of the Gulf stock that resides in the Atlantic, here 0%. The numbers in
parentheses are the corresponding AlCc values (lower is better). The label “estimated” refers to the fact
that these overlap fractions were estimated (in this case they happen to be negligibly different from 0,0,
but the AICc value is higher because the overlap parameters are estimated rather than fixed).
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Figure 21: Number of recruits and number of spawners estimated by the VPA using the tagging data. The
run labeled “base” refers to the VPA results obtained without tagging data and assuming no overlap. The
run labeled “0,0, with tags” refers to the VPA results with tagging data and assuming no overlap. The
label “est. with tags” refers to the VPA results with tagging data and estimated overlap rates. The numbers
in parentheses are the corresponding AlCc values (lower is better).
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Figure 24: Atlantic king mackerel phase plot from the 2003 base model with the stock-recruit relationship
estimated with age-1 recruits.
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Figure 25: Atlantic king age 1-11+ cumulative probability with estimated median yield at F30% and
F40% with various confidence intervals for the 2005 fishing year.
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Figure 26: Bootstrapped distributions of estimated F2002/FMSY proxy (F2002/F30%SPR) for Gulf king

mackerel.
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Figure 27: Bootstrapped distributions of estimated B2003/BMSY proxy (SS/SS30%SPR) for Gulf king
mackerel.
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Figure 28: (Taken from Figure 13, Ortiz, 2004); Gulf king mackerel stock biomass trends with 80%
confidence intervals from the base-04 model (solid lines). For comparison, results from the 2000
assessment are shown (open square marker line).
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Figure 29: Phase plots of 500 bootstraps for the index scenarios. The red solid line denotes the MFMT,
the vertical dashed line denotes MSST, and the lower solid line denotes the OY control rule. The
deterministic run corresponds to the larger diamond marker.
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Figure 31: Bootstrapped estimates of stock status for the Gulf (left panels) and Atlantic (right panels)
king mackerel stocks under the mixing scenarios modeled (100% , 75%, 50%, 25%, and 2% Gulf Group
fish in the mixing area catch, upper to lower panels, respectively) are shown as phase plots. The
deterministic solution is indicated as the large diamond in each panel. The dashed vertical line represents
MSST and the hockey sticks represent default limit (upper) and target (lower) control rules.
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Figure 32: Estimates of SFA-related parameters (proxies for MSY, SSysy, Fmsy, OY, SSoy and Foy) for
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Figure 33: Cumulative probability plots of expected yield under F30%SPR (right-most curved line) and
F40%SPR (left-most curved line) fishing mortality rates in fishing year 2003 for the Atlantic (right) and
Gulf (left) groups under each of the mixing scenarios considered. Solid vertical lines represent medians
while dashed lines represent 80% confidence bounds from the 500 bootstraps. For graphical clarity, the

right-most tails of some distributions have been truncated in the display.
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Figure Figure 33 (cont.): Cumulative probability plots of expected yield under F30%SPR (right-most curved
line) and F40%SPR (left-most curved line) fishing mortality rates in fishing year 2003 for the Atlantic (right) and
Gulf (left) groups under each of the mixing scenarios considered. Solid vertical lines represent medians while
dashed lines represent 80% confidence bounds from the 500 bootstraps. For graphical clarity, the right-most tails of
some distributions have been truncated in the display.
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Figure 34: ABC for fishing year 2003 under either an F30%SPR (upper) or F40%SPR Fishing mortality
rate for the Gulf Group (left) and Atlantic Group (right) as a function of the presumed proportion of Gulf
Group fish in the annual catch taken from the mixing area. Open circles represent bootstrap medians and
crosses the upper and lower 80% confidence bounds based on 500 bootstrap results. Solid and dashed
lines premit interpolation should the Councils determine at a later date that alternatives to the specific
scenarios modeled herein are more appropriate.
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assuming from 25-75% of the catch in the mixing area was of Gulf group fish. For these calculations, the
likelihood of 50% mixing was assumed to be twice that of either 25% or 75% mixing. The right-most
curved line represents the cumulative probability distribution for F30%SPR and the left-most curved line,
the CPD for FA0%SPR fishing mortality. The percentiles of these distributions are based on 1500
bootstraps. The solid verticals represent the medians while the dashed verticals represent the 80%
confidence range (10th and 90th percentiles). For reasons of graphical clarity, the right-most tails of some
of the distributions were truncated.
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Figure 36: Estimated abundances of Gulf of Mexico king mackerel from the base case 2004 assessment
(solid lines). For comparison, results from the 2000 assessment are shown (open square marker line).
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Figure 37: Fishing mortality rates on Gulf of Mexico king mackerel from the base assessment (solid
lines). For comparison, results from the 2000 assessment are shown (open square marker line).
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Figure 38: Revised estimates of abundances of Atlantic king mackerel based on the 2003 assessment
(solid lines). For comparison, results from the 2000 assessment are shown (open square marker line).
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Figure 39: Revised estimates of historical fishing mortality rates of Atlantic king mackerel based on the
2003 assessment (solid lines). For comparison, results from the 2000 assessment are shown (open square
marker line).
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(solid lines). For comparison, results from the 2000 assessment are shown (open square marker line).
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Figure 41: NMFS king mackerel log book harvest statistical area from areas in and near the mixing zone,
for the November thru March time period.
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Appendix 1: Consensus Summary
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Appendix 2: Advisory Report
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Appendix 3: Abbreviations and Definitions

List of Acronyms and Abbreviations

B stock biomass level

Bmsy value of B capable of producing MSY on a continuing basis

CPUE catch per unit of effort

GMFMC Gulf of Mexico Fishery Management Council

F (instantaneous) fishing mortality

Frmsy fishing mortality to produce MSY under equilibrium conditions

Fs0% spr fishing mortality that will result in Bso, spr Under equilibrium conditions

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

Fo1 a fishing mortality close to, but slightly less than, Fmax

FMRI (State of) Florida Marine Research Institute

GLM general linear model

Lpar mean length

M (instantaneous) natural mortality

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

MRFSS 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

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

MSY maximum sustainable yield

NMFS National Marine Fisheries Service

NOAA National Oceanographic and Atmospheric Administration

oy optimum yield

RVC Reef Visual Census—a diver-operated survey of reef-fish numbers

SAFMC South Atlantic Fishery Management Council

SEDAR Southeast Data, Assessment and Review

SFA Sustainable Fisheries Act of 1996

SPR spawning potential ratio, stock biomass relative to an unfished state of
the stock

Z total mortality, the sum of M and F
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GLOSSARY OF ASSESSMENT TERMS
ADAPT. A commonly used form of
computer program used to optimally fit

a Virtual Population Assessment (VPA,

see below) to abundance data.

Availability. Refers to the distribution
of fishof different ages or sizes relative
to that taken in the fishery.

Biological reference points. Specific
values for the variables that describe the
state of a fishery system which are used
to evaluate its status. Reference points
are most often specified in terms of
fishing mortality rate and/or spawning
stock biomass. The reference points
may indicate 1) a desired state of the
fishery, such as a fishing mortality rate
that will achieve a high level of
sustainable yield, or 2) a state of the
fishery that should be avoided, such as a
high fishing mortality rate which risks a
stock collapse and long-term loss of
potential yield. The former type of
reference points are referred to as
“target reference points” and the latter
are referred to as “limit reference
points” or “thresholds”. Some common
examples of reference points are Fou,
Fmax, and Fmsy, which are defined later in
this glossary.

Bo. Virgin stock biomass, i.e., the long-
term average biomass value expected in
the absence of fishing mortality.

Bwmsy. Long-term average biomass that
would be achieved if fishing at a
constant fishing mortality rate equal to
Fwmsy.
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Biomass Dynamics Model. A simple
stock assessment model that tracks
changes in stock biomass rather than
numbers. Biomass dynamic models
employ assumptions about growth (in
weight) and can be tuned to abundance
data such as commercial catch rates,
research survey trends or biomass
estimates.

Catchability. Proportion of the stock
removed by one unit of effective fishing
effort (typically age-specific due to
differences in selectivity and
availability by age).

Control Rule. Describes a plan for pre-
agreed management actions as a
function of variables related to the
status of the stock. For example, a
control rule can specify how F or yield
should vary with biomass. In the
National Standard Guidelines (NSG),
the “MSY control rule” is used to
determine the limit fishing mortality, or
Maximum Fishing Mortality Threshold
(MFMT). Control rules are also known
as “decision rules” or “harvest control
laws” in some of the scientific
literature.

Catch per Unit of Effort (CPUE).
Measures the relative success of fishing
operations, but also can be used as a
proxy for relative abundance based on
the assumption that CPUE is linearly
related to stock size. The use of CPUE
that has not been properly standardized
for temporal-spatial changes in
catchability should be avoided.



Exploitation pattern: The fishing
mortality on each age (or group of
adjacent ages) of a stock relative to the
highest mortality on any age. The
exploitation pattern is expressed as a
series of values ranging from 0.0 to 1.0.
The pattern is referred to as “flat-
topped” when the values for all the
oldest ages are about 1.0, and “dome-
shaped” when the values for some
intermediate ages are about 1.0 and
those for the oldest ages are
significantly lower. This pattern often
varies by type of fishing gear, area, and
seasonal distribution of fishing, and the
growth and migration of the fish. The
pattern can be changed by modifications
to fishing gear, for example, increasing
mesh or hook size, or by changing the
proportion of harvest by gear type.

Mortality rates: Populations of
animals decline exponentially. This
means that the number of animals that
die in an "instant" is at all times
proportional to the number present. The
decline is defined by survival curves
such as:

Ntr1= Nee-

where Ntis the number of animals in the
population at time t and N1 is the
number present in the next time period,
Z is the total instantaneous mortality
rate which can be separated into deaths
due to fishing (fishing mortality or F)
and deaths due to all other causes
(natural mortality or M) and e is the
base of the natural logarithm (2.71828).
To better understand the concept of an
instantaneous mortality rate, consider
the following example. Suppose the
instantaneous total mortality rate is 2
(i.e., Z = 2) and we want to know how
many animals out of an initial
population of 1 million fish will be alive
at the end of one year. If the year is
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apportioned into 365 days (that is, the
‘instant’ of time is one day), then 2/365
or 0.548% of the population will die
each day. On the first day of the year,
5,480 fish will die (1,000,000 x
0.00548), leaving 994,520 alive. On day
2, another 5,450 fish die (994,520 x
0.00548) leaving 989,070 alive. At the
end of the year, 134,593 fish [1,000,000
X (1 - 0.00548)s365] remain alive. If, we
had instead selected a smaller ‘instant’
of time, say an hour, 0.0228% of the
population would have died by the end
of the first time interval (an hour),
leaving 135,304 fish alive at the end of
the year [1,000,000 x (1 - 0.00228)s760].
As the instant of time becomes shorter
and shorter, the exact answer to the
number of animals surviving is given by
the survival curve mentioned above,

or, in this example:

N1 =1,000,000e-> = 135,335 fish

Exploitation rate: The proportion of a
population alive at the beginning of the
year that is caught during the year. That
is, if 1 million fish were alive on
January 1 and 200,000 were caught
during the year, the exploitation rate is
0.20 (200,000 + 1,000,000) or 20%.

Fwmax: The rate of fishing mortality that
produces the maximum level of yield
per recruit. This is the point beyond
which growth overfishing begins.

Foa: The fishing mortality rate where
the increase in yield per recruit for an
increase in a unit of effort is only 10%
of the yield per recruit produced by the
first unit of effort on the unexploited
stock (i.e., the slope of the yield-per-
recruit curve for the Foarate is only one-
tenth the slope of the curve at its
origin).



Fio%: The fishing mortality rate which
reduces the spawning stock biomass per
recruit (SSB/R) to 10% of the amount
present in the absence of fishing. More
generally, Fx%, is the fishing mortality
rate that reduces the SSB/R to x% of the
level that would exist in the absence of
fishing.

Fwmsy: The fishing mortality rate that
produces the maximum sustainable
yield.

Fishery Management Plan (FMP).
Plan containing conservation and
management measures for fishery
resources, and other provisions required
by the MSFCMA, developed by the
Fishery Management Councils or the
Secretary of Commerce.

Generation Time. In the context of the
National Standard Guidelines,
generation time is a measure of the time
required for a female to produce a
reproductively-active female offspring
for use in setting maximum allowable
rebuilding time periods.

Growth overfishing: The situation
existing when the rate of fishing
mortality is above Fuaxand when the
loss in fish weight due to mortality
exceeds the gain in fish weight due to
growth.

Limit Reference Points. Benchmarks
used to indicate when harvests should
be constrained substantially so that the
stock remains within safe biological
limits. The probability of exceeding
limits should be low. In the National
Standard Guidelines, limits are referred
to as thresholds. In much of the
international literature (e.g., FAO
documents),
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“thresholds” are used as buffer points
that signal when a limit is being
approached.

Landings per Unit of Effort (LPUE).
Analogous to CPUE and measures the
relative success of fishing operations,
but is also sometimes used a proxy for
relative abundance based on the
assumption that CPUE is linearly
related to stock size.

MSFCMA. (Magnuson-Stevens
Fishery Conservation and Management
Act). U.S. Public Law 94-265, as
amended through October 11, 1996.
Available as NOAA Technical
Memorandum NMFS-F/SPO-23, 1996.

Maximum Fishing Mortality
Threshold (MFMT, Ftnreshoid). One of
the Status Determination Criteria (SDC)
for determining if overfishing is
occurring. It will usually be equivalent
to the F corresponding to the MSY
Control Rule. If current fishing
mortality rates are above Finreshold
overfishing is occurring.

Minimum Stock Size Threshold
(MSST, Bithreshold). Another of the Status
Determination Criteria. The greater of
(a) ¥%2Bwsy, or (b) the minimum stock
size at which rebuilding to Bwmsy will
occur within 10 years of fishing at the
MFMT. MSST should be measured in
terms of spawning biomass or other
appropriate measures of productive
capacity. If current stock size is below
Bihreshold, the stock is overfished.

Maximum Spawning Potential
(MSP). This type of reference point is
used in some fishery management plans
to define overfishing. The MSP is the
spawning stock biomass per recruit



(SSB/ R) when fishing mortality is zero.
The degree to which fishing reduces the
SSB/R is expressed as a percentage of
the MSP (i.e., %MSP). A stock is
considered overfished when the fishery
reduces the %MSP below the level
specified in the overfishing definition.
The values of %MSP used to define
overfishing can be derived from stock
recruitment data or chosen by analogy
using available information on the level
required to sustain the stock.

Maximum Sustainable Yield (MSY).
The largest average catch that can be
taken from a stock under existing
environmental conditions. Overfishing.
According to the National Standard
Guidelines, “overfishing occurs
whenever a stock or stock complex is
subjected to a rate or level of fishing
mortality that jeopardizes the capacity
of a stock or stock complex to produce
MSY on a continuing basis.”
Overfishing is occurring if the MFMT
is exceeded for 1 year or more.

Optimum Yield (OY). The amount of
fish that will provide the greatest
overall benefit to the Nation,
particularly with respect to food
production and recreational
opportunities and taking into account
the protection of marine ecosystems.
MSY constitutes a “ceiling” for OY.
OY may be lower than MSY, depending
on relevant economic, social, or
ecological factors. In the case of an
overfished fishery, OY should provide
for rebuilding to Bwmsv.

Partial Recruitment. Patterns of
relative vulnerability of fish of different
sizes or ages due to the combined
effects of selectivity and availability.
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Rebuilding Plan. A plan that must be
designed to recover stocks to the Bmsy
level within 10 years when they are
overfished (i.e. when B < MSST).
Normally, the 10 years would refer to
an expected time to rebuilding in a
probabilistic sense.

Recruitment: This is the number of
young fish that survive (from birth) to a
specific age or grow to a specific size.
The specific age or size at which
recruitment is measured may
correspond to when the young fish
become vulnerable to capture in a
fishery or when the number of fish in a
cohort can be reliably estimated by a
stock assessment.

Recruitment overfishing: The
situation existing when the fishing
mortality rate reaches a level that causes
a significant reduction in recruitment to
the spawning stock. This is caused by a
greatly reduced spawning stock and is
characterized by a decreasing
proportion of older fish in the catch and
generally very low recruitment year
after year.

Recruitment per spawning stock
biomass (R/ SSB): The number of
fishery recruits (usually age 1 or 2)
produced from a given weight of
spawners, usually expressed as numbers
of recruits per kilogram of mature fish
in the stock. This ratio can be computed
for each year class and is often used as
an index of pre-recruit survival, since a
high R/SSB ratio in one year indicates
above-average numbers resulting from a
given spawning biomass for a particular
year class, and vice versa.



Reference Points. Values of parameters
(e.g. Bwsy, Fwmsy, Fo1) that are useful
benchmarks for guiding management
decisions. Biological reference points
are typically limits that should not be
exceeded with significant probability
(e.g., MSST) or targets for management
(e.g., OY).

Risk. The probability of an event times
the cost associated with the event (loss
function). Sometimes “risk” is simply
used to denote the probability of an
undesirable result (e.g. the risk of
biomass falling below MSST).

Status Determination Criteria (SDC).
Obijective and measurable criteria used
to determine if a stock is being
overfished or is in an overfished state
according to the National Standard
Guidelines.

Selectivity. Measures the relative
vulnerability of different age (size)
classes to the fishing gears(s).

Spawning stock biomass. The total
weight of all sexually mature fish in a
stock.

Spawning stock biomass per recruit
(SSB/R): The expected lifetime
contribution to the spawning stock
biomass for each recruit. SSB/R is
calculated assuming that F is constant
over the life span of a year class. The
calculated value is also dependent on
the exploitation pattern and rates of
growth and natural mortality, all of
which are also assumed to be constant.

Survival Ratios. Ratios of recruits to
spawners (or spawning biomass) in a
stock-recruitment analysis.
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TAC. Total allowable catch is the total
regulated catch from a stock in a given
time period, usually a year.

Target Reference Points. Benchmarks
used to guide management objectives
for achieving a desirable outcome (e.g.,
QY). Target reference points should not
be exceeded on average.

Uncertainty. Uncertainty results from a
lack of perfect knowledge of many
factors that affect stock assessments,
estimation of reference points, and
management. Rosenberg and Restrepo
(1994) identify 5 types: measurement
error (in observed quantities), process
error (or natural population variability),
model error (mis-specification of
assumed values or model structure),
estimation error (in population
parameters or reference points, due to
any of the preceding types of errors),
and implementation error (or the
inability to achieve targets exactly for
whatever reason).

Virtual population analysis (VPA) (or
cohort analysis): A retrospective
analysis of the catches from a given
year class which provides estimates of
fishing mortality and stock size at each
age over its life in the fishery. This
technique is used extensively in fishery
assessments.

Year class (or cohort): Fish born in a
given year. For example, the 1987 year
class of cod includes all cod born in
1987. This year class would be age 1 in
1988, age 2 in 1989, and so on.



Yield per recruit (Y/R or YPR): The
average expected yield in weight from a
single recruit. Y/R is calculated
assuming that

F is constant over the life span of a year
class. The calculated value is also de-
pendent on the exploitation pattern, rate
of growth, and

natural mortality rate, all of which are
also assumed to be constant.
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National Marine Fisheries Service
Southeast Fisheries Science Center
Sustainable Fisheries Division
75 Virginia Beach Drive
Miami, FL 33149

Introduction

During the SEDARS-AW the committee reviewed and discussed “new” estimated von Bertalanffy
growth parameters based on the otolith-aged king mackerel database (Brooks and Ortiz 2004), although
serious concern was raised by the Committee regarding the use of integer ages for estimating growth
parameters. A request from the working group was to extend the analysis of the alternative growth
parameters to the assessment of Gulf king mackerel using the base case VPA model adopted during the
meeting (See Report SEDARS-AW) to investigate sensitivity of stock status evaluations to potentially large
change in predictions of size at age implied by these growth parameters. Due to time constraints this
recommendation was not completed during the meeting, this report describes the analysis and results of the
stock assessment of Gulf king mackerel using the “new” growth parameters.

Methods

Brooks and Ortiz (2004) described the input data and procedures to estimate the von Bertalanffy
growth parameters for Gulf and Atlantic king mackerel by sex groups and combined sexes. This document
also specified the protocols and results of the ageing of the catch-at-size input matrix for Gulf and Atlantic
king, especially when Age-length keys were not available and the ageing is done by the Stochastic Ageing
Routine (SAR) method using the asymptotic length, growth rate and size at spawning parameters from the
von Bertalanffy equations by sex (Brooks and Ortiz 2004, Ortiz et al 2003).

For Gulf king mackerel, the “new” growth parameters for asymptotic size (L,,) and growth rate (K)
were similar to those estimated by Monooch et al (1987) which are the one’s currently used in the stock
assessment VPA and stock projection models (see table 3 Sedar5-AW/1). Overall, asymptotic size (L.,)
and growth rate (K) were closer but there were major differences in the estimates of the parameter to
compared to the Manooch et.al values . Predicted size at age plots showed that with the “new” growth
parameters, predicted size of younger age classes increased substantially for males, females and combined
sex groups (Table 1, Fig 1). For example for age 0, the Manooch estimated sizes of age 1 class were 45, 47
and 47.5 cm for males, females and combined sex, respectively. With the “new” growth parameters the
estimated size of age 1 class were 60, 63, and 62 cm for males, females and combined sex, respectively,
roughly a 33% increase. In the case of males, the “new” growth parameters estimated larger size for ages



SEDAR5-AR-2

0 to 5 and smaller size for ages 6 and above, for females all ages the estimated size at age is larger than
those estimated by Manooch et al (1987).

Applying the logic used in the assessment for computation of reference points, these differences in
predicted size at age also extend to other biological parameters such as predicted weight at age, maturity at
age and fecundity at age, since these are functions of size. For Gulf king mackerel, size-weight
relationship were estimated by Johnson et al (1982) and Finucane et al (1986), both using samples from the
South Atlantic and Gulf of Mexico region. In the current assessment of Gulf king mackerel, the Finucane
size-weight relationship is used

wgt (gr) =1.5- 1075 * ForkLength(mm)2-89284

The estimated weight at age with the “new” growth parameters show an increase in the mean weight by age
class (Fig 2). Weight-at-age is an input in the VPA-FADAPT model needed to predict population biomass
from abundance, as some of the tuning indices are in biomass units and as future landings in biomass units
are management quantities of concern. The VPA model uses the weight-at-age times the selectivity curve
for tuning indices of biomass. Weight at age is also an input in the stock projection model, to estimate
biomass related reference point values. Application of the “new” growth parameters increased predicted
weight at age especially for younger age classes: 98% for age 1, 56% for age 2 and 35% for age 3. The
weight at age for the plus group, in this case agel 1+, is estimated as the mean weight of ages 11 to 25
taking into account the exponential decline of a non-exploited cohort.

In terms of fecundity at age, for Gulf king mackerel Finucane et al (1986) estimated maturity and
fecundity of females as a function of their size (fork length). They estimated that fish below 42.5 cm were
immature, and fish between 43 cm and 87 cm showed a linear relationship of probability mature as size
increased. Fish greater than 87cm were considered all mature (Fig 3) and 50% maturity was estimated
about 55-60 cm. However, when translated to maturity proportions by age and fecundity by age, the
“new” growth parameters predict that Gulf King mackerel females mature at younger ages and have higher
fecundity output. For example, for age 0 the “new” growth parameters predict that 30% of females are
mature and at age 1 59% of the females are mature compared to 0% and 16% mature at ages 0 and 1 with
the Manooch growth parameters.  Figure 4 shows the estimated fecundity and egg production for both
growth parameter models. With the “new” growth parameters on average fecundity of Gulf king mackerel
females’ increased by 62% overall on ages 0 to 18+, while total predicted egg production was
approximately doubled (raised by 98%) for a un-exploited cohort.

In addition to changing the growth curves, the analyses presented here used an alternative method
of developing the catch at age from the historical approach (Ortiz 2004a). That method used alternative
criteria for determining when there were sufficient samples for developing an age length key and used
alternative methods for aggregating size bins within each key. The single application of this approach
resulted in management benchmarks which were similar to those estimated from the comparable base case.
The committee noted that Gulf king mackerel assessments were sensitive to changes in the basic data used
for developing the catch at age and recommended that the criteria for developing the CAA be further
examined to determine the robustness of the assessment to those criteria.

Application of the “new” growth parameters change the Catch at Age (CAA) matrix for those
years where the stochastic method (SAR) of ageing was applied (Brooks and Ortiz 2004). The Partial
Catches at age associated with several indices of abundance were consequently modified for consistency in
logic. The P-CAAs were estimated from the CAA for the following indices: Florida FWC commercial
indices of Northwest and Southwest, the MRFSS index, the HeadBoat index, and the Texas PWD index.
Also, in projections of stock status, the program used as an input the average of catch by age for each sector
(commercial and recreational) which was also estimated from the CAA input. Table 3 presents a summary
of the indices of abundance used, including the ages for which the index was applied based on the review
of the estimated P-CAA. Table 3 also show whether the index was estimated in numbers or biomass, and
the time of the year to which the index was fit within the VPA model.
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Virtual Population Analysis

As in the base case 2004 stock assessment, a tuned VPA (FADAPT) model (Powers and Restrepo
1992, Restrepo 1996) was used to obtain statistical estimates of population parameters. For this analysis
each index was given equal weight in the minimization process.

In this analysis, the fishing mortality rates at age in the 2001-02 fishing year (terminal year) were
the parameters estimated. As in the base case it was assumed that the fishing mortality rate was the same in
the plus group (Age 11+) and the previous age (Age 10) for all years. A Separable VPA (SVPA) indicated
that the average of mean selectivity for age O relative to age 2 was 1.4 (F¢/F,=1.4), while the average of
mean selectivity for age 1 relative to age 2 was 0.33 (F,/F,=0.33). The F for the plus group (F;,) in the
terminal year was set equal to the F at age 10.

Selectivity at age for each index by year was computed based on the partial catch at age (PCAA)
associated with the index during that year. The catch at age for a particular index year was first used to
find the proportion of total fishing mortality due to that amount of catch as

Fy.i=Fy, * Catchy,; / Catchy,

where y, a and I denote year, age and index, respectively. The selectivity at age was then formed by
dividing each Fy ,; by the maximum value over age for that year and index.

Characterization of Uncertainty

The uncertainty in the assessment estimation was characterized by mixed Monte Carlo/bootstrap
simulations of the tuned VPA. The simulation method repeated the VPA a number of times (500) randomly
selecting from 1) a uniform distribution of natural mortality rate for each age and year; 2) a lognormal
distribution of directed catch at age assuming the point estimate represented the mean and the variance was
characterized by a CV of 25%; 3) a lognormal distribution of bycatch at age assuming the point estimate
represented the mean and the variance was characterized by a CV of 25%; and 4) the observed deviations
between the indices of abundance and the predicted population model from the original VPA fit. The
results were accumulated and sorted to provide probability statements of relevant statistics. Projections
were made using each bootstrap iteration such that benchmarks, stock trends and ABC could be evaluated
on an absolute or relative scale. Probability distributions from these observations were used to construct
80% pseudo-confidence intervals (removing the 10% lowest and highest observations).

Projections

Population abundances at age in the terminal year of the VPA (2001-02 fishing year) are projected
into the 2002/03 fishing year according to the estimated F and M at age values in the terminal year.
Recruitment in the projection years came from a stock recruitment model specific within each bootstrap.
The point estimate was projected deterministically following this stock recruitment model while the
bootstraps used the estimated variability about the model to create a lognormal distribution from which
recruitment was randomly chosen. This simulation used the stock recruitment model developed during the
1998 MSAP meeting according to the following rules. Only years in which both the stock and recruitment
values have tuning information present were used to create the relationship, excluding the last 2 years as
they were highly variable, resulting in a time-series of SR estimates for use from 1987-1999. The
maximum recruitment was set at the average recruitment estimated during these years and declines linearly
to the origin when the spawning stock size drops below a “break point”. The “break point” was determined
by the average of the five lowest spawning stock sizes within the years 1987-1999.

The bycatch fishing mortality rate for the projection years was computed as the average of the F at
age due to bycatch during the period 1993-1997, modified by the expected bycatch reduction due to full
implementation of BRDs as in the base case 2004. The directed fishing mortality rates at age were
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assumed separable by sector (commercial and recreational) with the selectivity at age pattern for each
sector computed as the average over the last five fishing years (1997-98 to 2001-02) and the year
multipliers specific to each sector. For the 2002-03 fishing year, the two fishing mortality rate multipliers
were estimated simultaneously such that the observed total catch in weight for the commercial sector' and
the 2002-03 total catch in numbers for the recreational sector® were achieved. The total fishing mortality
rate at age was computed as the sum of the bycatch F at age, the product of the commercial multiplier and
selectivity at age, and the product of the recreational multiplier and selectivity at age. The two multipliers
were unique values assuming both catches are smaller than the estimated population.

The population abundances were then projected into the 2003-04 fishing year according to the
total fishing mortality rate at age and the natural mortality rate at age. The two fishing mortality rate
multipliers (commercial and recreational) for the 2003-04 fishing year were estimated simultaneously such
that a desired spawning potential ratio (SPR transitional unweighted) was achieved and the ratio of catches
in weight by the two sectors (commercial and recreational) equaled the allocation for the specific migratory
group. These F multipliers were again unique assuming the SPR could be achieved in that year. The yield
resulting from application of the directed fishing mortality rates on the estimated population abundance
generated the ABC value. This approach of treating separately the commercial and recreational sectors was
used in previous assessments.

Following the decisions of the Council, the proxy for Fyy is F3ge,spr and the proxy for Bys, was
the spawning stock that resulted in equilibrium under the F,;5, proxy according to the stock recruitment
relationship. The default control rule of Restrepo et al (1998) was recommended by the MSAP; this
default sets the minimum stock size threshold (MSST) to (1-M)*B,,sy and the maximum fishing mortality
threshold (MFMT) to F,;s, for SS>MSST and decreasing linearly to the origin for SS<MSST. Risks
associated with overfishing, P(F>MFMT), and being overfished, P(SS<MSST), could be calculated from
the results of the bootstraps for two year constant catch projections.

Results and Discussion

For the present sensitivity analysis, an ‘equal’ weighting option with the normal error assumption
was assumed for all indices of abundance available, with the same time of year application as in the base
case 2004 model. The VPA model failed to converge to a solution when all 10 indices of abundance were
included. However the VPA model converged when one index of abundance was removed: the Florida
Charter Northwest index (1988-1995). The VPA model estimated nine fishing mortality rates in the last
year, corresponding to the ages 2 through 10, with fixed F ratios for ages 0, 1 and 11+. F ratios were
defined as: Fo/F,=1.4, F1/F>=0.33, and F;,,/F;;=1.0. Alternative model structures which could have
admitted the full range of tuning data were not examined.

For this sensitivity run, the following input data were modified compared to the base case 2004:
Updated CAA matrix for the fishing years 1981/82 through 2001/02, specifically for those years when no
Age Length Keys where available. Updated corresponding Partial CAA [1981/82 to 2001/02] for the
following indices of abundance: the Florida FWC commercial Northwest and Southwest indices, the
Headboat index, the MRFSS, the Texas PWD, and the Charter Florida Southwest index. Note that the age
coverage for several indices changed after the revision of the historical Partial CAA derived from the
updated CAA matrix. The age distribution of the Florida commercial catch for the northern region [Jul-
Oct] indicated that significant proportion of ages 1 and 2 king were consistently caught in this fishery from
1985 to 2001 (the years of available index), in prior assessments, for this particular index only ages 3 to 6

1 The commercial catch for Gulf king mackerel fishing year 2002-03 was set to 3,125,555 Ibs. From the
Preliminary Quota Monitoring Report No. 22 on April 28 2003.

2 The recreational catch for Gulf king mackerel fishing year 2002-03 was set to 594,343 fish. From the
recreational landings MRFSS FY02/03 with substitutions for HeadBoat and Tx-PWD estimates of 2003.
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were included. Therefore the age coverage for the FL-FWC Northwest was extended from age 1 to Age 6.
For the Florida commercial southwest fishery [Nov-Dec] from 1985-2001 the updated Partial-CAA
indicated that age 2 was consistently present in the catch, thus age coverage for this index was extended
from ages 2 to 8. The recreational MRFSS index was also modified in terms of age coverage (previously
it included only ages 2 to 8): the age distribution of the updated Partial-CAA indicated that age 1 was also
an important component on this fishery. Therefore, for the MRFSS index age coverage was extended to
include ages 1 through 8. Partial CAAs for the Charter Florida indices (north and south) were also revised.
For the Charter Northwest [May-Oct] age coverage was extended to include ages 1 to 7, and for the Charter
Southwest [Nov-Apr] age coverage included ages 1 to 8. The proportion of directed catch by age for the
commercial and recreational sectors was also estimated from the average of CAA by sector for the fishing
years 1997-2001. Other input data updated for the VPA model was the mean weight at age (Age 0 to Age
11+) as explained in the methods section.

Table 4 presents the results of the deterministic VPA run “new” growth parameters including
parameter estimates for Ages 2 through 10, residuals of the indices fit, and estimated selectivity at age for
each index (for all purposes this run was labeled New-GP model). Figure 5 shows the distribution pattern
of the indices residuals, and Figure 6 shows the plots of observed vs. predicted values for all nine indices
from the deterministic run.

Table 5 presents the estimated stock size at age by year, and the fishing mortality at age-year
matrix. Figure 7 shows the stock size trends by age and the total stock size estimates. For comparison
results of the base case 2004 model are shown (solid diamond lines). Figure 8 shows the corresponding
fishing mortality trends by age. Figure 9 shows also estimates of stock size, fishing mortality and stock
biomass by groups of ages including 80% pseudo-confidence intervals as estimated from 500 bootstrap
runs. For comparison in Figure 9 equivalent results from the base case 2004 model are presented (open
squares lines). The estimates of recruits (age 0) from the New-GP and base case 2004 were similar in
trend and values, smaller recruitment was predicted by the base case in the 1994-1997 period, and 1981-
1982 years. For ages 1 and 2, the New-GP model estimated larger stock size from 1983 to 1991, and again
for 1993 to 1999. Similar trends were observed for stock size of ages 3 to 6, but the New-GP model
estimated larger stock sizes from 1994 through the last year 2001. These larger stock sizes estimated by
the New-GP model translated into a much larger estimated stock biomass also. Stock biomass of ages 0-2
was about twice or greater the biomass estimated in the base case 2004, throughout the whole time series
(1981-2001), similarly the biomass of ages 3-6 was consistently greater from the New-GP model.
Estimates of stock size for older ages (age7-11+) were comparable between the base case 2004 and the
New-GP models. This is a joint effect of the increased predicted weight at age and the increase in
estimated stock size in the New-GP model formulation. At the moment, it is assumed that the New-GP
model predictions of weight at age represent the underlying population and the harvested population and
does not account for potential differences due to fishery selectivity.

The New-GP model estimated larger stock size for age7-10 from 1988 through 2001. Overall, the New-GP
estimated larger Gulf king mackerel stocks from 1981 to 2001, following the same trend as the base case
2004 but consistently greater numbers at age, specifically for ages 3 to 6. In terms of fishing mortality F,
no consistent trends were observed between the base case 2004 and the New-GP models, total F was
similar in early years, with some higher mortality estimates by the New-GP model in the early 1990s and
lower F estimates in the latest years (1997-2001) compared to the base case 2004 estimates (Fig 8 and 9).

The estimates of spawning potential ratios (SPR) are shown in Figure 10. The unweighted SPR
trend showed an increase from 1983 to a peak in 1993, followed by a decrease until 1995 and an upward
trend since 1997. Compared with the base case 2004 model estimates the New-GP unweighted SPR values
were higher, the median 2002 unweighted SPR was estimated well above 30% (39.3%). Static SPR also
show an overall increasing trend from the New-GP model, with an estimated static SPR value of 51% in the
2001 year. In general, the New-GP estimated SPR ratios being above 30% for most of the time series for
Gulf king mackerel (Fig 10).

The proxies for stock status are based upon F3gy,spr and the two-line model of stock recruitment
relationship described previously. These proxies were computed by projecting each bootstrap to the year
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2070 under constant recruitment and estimated F mortality of F5q,spr both specific to each bootstrap run.
Similarly, proxies for the optimum yield (OY) were computed using F4g,spr- The median and 80%
confidence intervals for these MSY and OY related benchmarks are given in Table 6. The base case 2004
model and the New-GP model scenarios estimates of median and the deterministic run were different for
most of the benchmarks. Figure 11 shows a comparison of the benchmarks estimates for the 2004 base
case 2004 model, and New-GP model. In comparison, the New-GP model estimated higher values for
MSY and OY. Estimates of fishing mortality (F) bench marks were higher for the New-GP model but
confidence intervals overlap between the base case 2004 and New-GP models.

Using the bootstrap specific estimates of MFMT and MSST, the probability of being classified as
undergoing overfishing or being overfished in fishing year 2002/03 were calculated. For the New-GP
model, 3 of the 500 bootstraps (1%) estimated Fyy0, > MFMT (Fig 12), while 4 of the 500 bootstraps (1%)
estimated a SS,p03 < MSST (Fig 13). In addition, the New-GP model estimated Fy0, > Foy for 27 (5%) out
of 500 bootstraps. Since currently, the acceptable resource risk of being overfished or undergoing
overfishing is not defined, no definite statement about stock status can be made. However, the Technical
Guidelines (Restrepo et al 1998) recommend lower risk of exceeding threshold levels, suggesting that a
value not be greater than 20-30% and certainly less than 50%. Phase plots for the Gulf king mackerel
stock status in fishing year 2002/03 are shown in Figure 14.

The fishing year 2003/2004 acceptable biological catch (ABC) for the New-GP using an F3q,
criterion had a median value of 20.3 million pounds, and estimated 80% pseudo confidence interval
between 14.8 and 27.2 million pounds (Table 7 and Fig 15). It is noteworthy that historical removals of
yields somewhat less than this level led to strict management actions by the Gulf Council, due to concern
over stock status, thus limiting removals to much lower levels in the 1980°s.

In conclusion using the “new” von Bertalanffy growth parameters of Gulf king, the stock
assessment indicated that Gulf king mackerel is not over-exploited. In this sensitivity, estimated stock
spawning biomass is above spawning biomass at MSY, and at or above spawning biomass at OY. Fishing
mortality is well below Fysy or Foy , and the results imply that, should the assumptions of the formulation
prove true, projected allowable biological catch should significantly be raised (perhaps to twice the current
quotas). So why such as different stock assessments of Gulf king mackerel when only growth parameters
were updated? This is likely a result of magnifying the weights at age, maturity at age, and fecundity at
age effects implied by the growth parameters. To the degree these misrepresent the underlying population
characteristics, the assessment results would be biased. It should be emphasized that the new growth curves
are based on fishery data collected whilst a minimum size limit was in effect. Accordingly, they reflect a
selection bias towards larger animals, particularly for the younger age classes. The fitted growth curve will
tend to have a more negative t0 (and lower K) than the curve for the overall population, with the result that
the predicted size of younger fish will be biased in comparison with the overall population. This size-biased
curve is appropriate for ageing the size-biased catch, but not for modelling the productivity of the overall
stock. If, for example, the size-biased growth curve is used to convert fecundity at length to fecundity at
age, the relative fecundity of younger fish will likely be overestimated, making the stock appear more
productive than it actually is. It is suggested that future analyses develop separate growth curves for ageing
the overall population and ageing the catch, i.e., one that attempts to tease out the effects of selection and
one that does not. A review of the implications and effects that the growth parameters have on the stock
assessment models follows.

1. The first input of the Gulf king growth parameters was at the conversion of catch-at size to catch-
at age data. The stochastic ageing method (SAR) uses growth parameters to assign age by sex for
the catch-at size matrix (Ortiz et al 2003). The SAR procedure is used when no Age-length keys
are available, in the case of Gulf king primarily this happened for the early years, 1981-1985 when
no hard parts were collected. However, there are also some year-quarter-area combinations where
no ALK were applied between 1986 and 2001 (Ortiz et al 2003). The effects on the CAA matrix
distribution from the “new” growth parameters in the SAR method were described by Brooks and
Ortiz (2004). In summary, for years where the SAR is the predominant ageing method, the CAA
matrix tends to allocate more catch towards the younger age classes, 0 to 2, reducing the
proportion of catch from older ages. Figure 16 shows the age distribution of the CAA input
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matrix for the base case 2004 and the New-GP model. The “new” growth parameters estimated a
CAA matrix with predominant catch of ages 1 and 2, even age 0 was more common in the directed
catch, while ages 4, 5, and 6 were reduced in proportion, and older ages 7+ had much less
presence in the directed catch particularly in the early years 1981-1985. This was basically as
result that the “new” growth parameters estimate larger average size for male ages 0, 1, 2, and 4,
as well for females in all ages (Table 1).

2. Modification of the CAA matrix also implied a change in the Partial CAA. The VPA-FADAPT
model used Partial CAA as input for selectivity patterns associated with the indices of abundance
from commercial (FL-FWC NW, FL-FWC SW), and recreational (Headboat, MRFSS, Tx-PWD,
Charter FL-SW, Charter FL-NW) fisheries. The update Partial CAA indicated in several cases
that associated fisheries were catching proportional a higher percent of younger age classes,
compared to the base case or prior assessments. Here also the effect of alternative criteria for the
use of the SAR or Age-length key can affect the resulted CAA matrix (Ortiz 2004a).

3. Inthe VPA-model, other modification associated with the growth parameters is the weight-at age
relationship. Weight at size relationship has not been updated, thus for this scenario the weight at
age increased as expected for combined sex even at higher proportion than the size increases. For
example for age 0 mean weight doubles compare to prior assessments or the base case scenario,
for ages 1, 2, 3 and 4 on average mean weight increased by 53% ! These changes of mean weight
at age were also translated in the stock projection model.

4. Other important effect of growth parameters change was in the estimates of Fecundity at age.
Gulf king mackerel assessments had used the estimates of maturity and fecundity from Finucane
et al (1986) which were in function of female size (fork length). When the functions were
translated into age vectors using the “new” growth parameters, the net effect was to increase the
maturity and fecundity of the young age classes. With the “new” growth parameters age 0 fish
had a 30% probability of maturity, with females age 0 producing about 0.04 million eggs per
female annually. 50% maturity was reach before age 2, and full maturity was reach at age 4 while
in the prior assessments, full maturity was only reach at age 6. In summary, combining the “new”
growth parameters and Finucane’s maturity-fecundity models indicated that Gulf king mackerel
mature and spawn a much younger age, and as they weight more at age, potential maximum yield
per recruit was consequently pushed toward younger age classes.

In conclusion what was perceived as a minor difference in terms of growth parameter estimates, it had
translated into significant differences for the Gulf king input of size at age, weight at age, and maturity-
fecundity at age. In addition, the SAR ageing method modified the CAA matrix of directed fisheries by
allocating proportionally high catches to the younger ages.

There is no evidence that Gulf king mackerel age 0 reach maturity, or even have a successful
spawning capacity. Similarly is unlikely that 50% of the fish reach maturity at age 1. These results could
be attributed to two non-mutually exclusive alternatives; A) Incorrect fit of the “new” growth parameters
particularly for the younger age classes. Although the number of samples for the “new” growth parameters
is sufficiently larger than the number of samples used in the Manooch’s growth estimation, there were still
few observations of age 0 fish (less than 1%). As discussed in Brooks and Ortiz (2004) the main
differences on growth parameters were for the intercept parameter (tp) which explained the increase size at
age particularly for younger age classes although asymptotic length and growth rate parameters were
similar between the Manooch et al (1986) estimates and the “new” growth parameters. This effect could at
least be partially moderated by use of more precise information on the fractional age of fish in growth
modeling, although larger sample sizes for the youngest fish. And B) The ‘new’ growth parameters reflect
the selectivity bias of the aged-samples for king mackerel, particularly related with minimum size
implementations. The minimum size regulations could have bias towards selecting fast growing fish, on
the younger age classes mainly which were not fully selected to the gears. Thus the ‘new’ growth curves
reflect the fishery available stock, but not the population growth which should be used for stock projection
assessment.
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Table 1. Comparison of estimated size at age for Gulf king mackerel by sex group from the Manooch et al
(1986) and Brooks and Ortiz (2004) von Bertalanffy growth parameters. Percent increase refers to the size
comparison between models; positive values indicated larger size for the Brooks and Ortiz parameters

(B&O).
Males size(mm) Females size (mm) Combined Sex (mm)
New GP % New GP % New GP %

Age Manooch B&O increase  Manooch B&O increase  Manooch B&O increase
0 295 506 71% 334 513 54% 352 517 A7%
1 449 598 33% 472 628 33% 475 621 31%
2 573 675 18% 592 728 23% 584 711 22%
3 675 739 10% 697 816 17% 682 790 16%
4 757 792 5% 788 892 13% 769 858 12%
5 824 836 1% 868 959 10% 846 917 8%
6 878 873 -1% 938 1017 8% 915 968 6%
7 922 903 -2% 999 1068 7% 976 1012 4%
8 958 928 -3% 1052 1112 6% 1031 1051 2%
9 987 949 -4% 1098 1151 5% 1080 1084 0%
10 1011 966 -4% 1139 1184 4% 1123 1113 -1%
11 1030 981 -5% 1174 1214 3% 1162 1138 -2%
12 1046 993 -5% 1205 1239 3% 1196 1160 -3%
13 1058 1003 -5% 1232 1262 2% 1227 1179 -4%
14 1069 1011 -5% 1256 1282 2% 1254 1196 -5%
15 1077 1018 -6% 1276 1299 2% 1279 1210 -5%
16 1084 1023 -6% 1294 1314 2% 1300 1222 -6%
17 1089 1028 -6% 1310 1327 1% 1320 1233 -7%
18 1094 1032 -6% 1323 1338 1% 1337 1242 -7%
19 1097 1035 -6% 1335 1348 1% 1352 1250 -8%
20 1100 1038 -6% 1346 1357 1% 1366 1257 -8%

Table 2. Comparison of fecundity at age for Gulf king mackerel females using the Manooch et al (1986)
and Brooks and Ortiz (2004) von Bertalanffy growth parameters. Maturity at age relationship, female
fecundity and egg production was estimated by Finucane et al (1986) as a function of size (fork length).

Comparison King Gulf Fecundity at Age

Female size (Fork) mm Probability Mature Fecundity Fem Eggs Millions
Age Manooch NewGP B&O Manooch NewGP B&O Manooch NewGP B&O Manooch NewGP B&O
0 335 513 0 0.2941 47269 259018 0.000 0.038
1 472 628 0.1572 0.5884 185947 577712 0.015 0.170
2 592 728 0.5288 0.7550 457773 1040375 0.121 0.393
3 697 816 0.7036 0.9011 874959 1632794 0.308 0.736
4 789 892 0.8562 1 1428538 2329878 0.612 1.165
5 869 959 0.9893 1 2096139 3102141 1.037 1.551
6 938 1017 1 1 2849046 3920225 1.425 1.960
7 999 1068 1 1 3657394 4757634 1.829 2.379
8 1052 1112 1 1 4493458 5592090 2.247 2.796
9 1099 1151 1 1 5333418 6405953 2.667 3.203
10 1139 1184 1 1 6158047 7186057 3.079 3.593
11 1174 1214 1 1 6952705 7923232 3.476 3.962
12 1205 1239 1 1 7706939 8611682 3.853 4.306
13 1232 1262 1 1 8413894 9248342 4.207 4.624
14 1256 1282 1 1 9069662 9832272 4.535 4,916
15 1276 1299 1 1 9672663 10364124 4.836 5.182
16 1294 1314 1 1 10223076 10845690 5.112 5.423
17 1310 1327 1 1 10722368 11279537 5.361 5.640
18 1323 1338 1 1 11172892 11668720 5.586 5.834
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Table 3. Tuning indices for the New-growth parameters sensitivity run (New-GP) of Gulf of Mexico king
mackerel. Time of comparison between observed and predicted values is either mid-year (MID) or at the
start of the year (BEG), and the index reflects the stock measurement in units of biomass, numbers or eggs,
Age correspond to the coverage of ages by each index.

o~ Florida Florida Charter Charter Bycatch
F:?Q;:g FwcC FwC MRFSS '||'Dev>:,e|135 HeadBoat  No rthWest SouthWes S%;m rimp Offlﬁ":/le?li a
NorthWest _ SouthWes Florida t Florida Fishery
1981/82 1.1929 2.1547
1982/83 0.8230 2.0945 0.0921
1983/84 0.8489 1.8108 1.9198 0.0169
1984/85 0.8586 0.6202 2.6963 0.1781
1985/86 17.753 36.787 0.6849 0.4126 2.5305 0.0659
1986/87 21.755 35.696 0.2028 0.4854 0.5926 1.6932 0.1031
1987/88 22.838 48.300 0.4842 0.5674 0.4020 3.4250 0.1157
1988/89 18.690 69.571 0.4741 0.5112 0.3407 0.4480 0.4160 2.9394 0.1111
1989/90 19.880 65.726 0.3153 0.5698 0.6599 0.4425 0.5500 6.0170 0.1860
1990/91 26.707 84.943 0.8954 0.4411 0.5241 0.4417 0.4700 4.2740 0.2031
1991/92 29.515 82.456 1.0000 1.0000 0.8671 0.4772 0.3850 4.9805 0.1783
1992/93 38.750 167.154 0.7526 0.6968 1.0862 0.5012 0.4960 2.4888 0.2814
1993/94 32.521 103.767 0.5165 0.6746 1.1565 0.4669 0.5600 5.1361 0.2971
1994/95 39.116 56.904 0.4913 0.7039 1.1859 0.6025 0.8030 4.8192 0.2614
1995/96 34.617 83.851 0.3896 0.8485 1.1611 0.6341 6.3063 0.3268
1996/97 55.880 109.332 0.7036 0.8415 1.4964 3.1842 0.2400
1997/98 75.432 85.442 0.8336 0.6831 1.4625 3.7494 0.3034
1998/99 46.696 104.764 0.4938 0.7668 1.3016 3.9712 0.2667
1999/00 64.776 57.090 0.5651 0.6181 1.4863 3.9894 0.2581
2000/01 57.088 96.376 0.6915 0.5254 1.0371 4.9200 0.1923
2001/02 0.5048 0.5066 1.2314 0.3017
Timing BEG MID BEG BEG MID BEG MID BEG BEG
Units Biomass Biomass Number Number Number Number Number Number Eggs

Ages 1-6 2-8 1-8 2-8 2-6 1-7 1-8 0 1-11
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INDEX RESULTS 97/98 0.743 1.000 0.602 0.596 0.387 0.416 0.274
98/99 0.341 1.000 0.689 0.454 0.511 0.505 0.449
99/00 0.201 0.360 0.806 1.000 0.406 0.678 0.784
Equal weighting for indices 00/01 1.000 0.587 0.733 0.487 0.288 0.293 0.308
ML estimate of variance (all indices): 0.1343
Fit results for index = MRFSS
Fit results for index = FL_FWC_NW Index Fitted to Beginning Stock Size in NUMBERS
Index Fitted to Beginning Stock Size in BIOMASS Scaled Obj.Function Predicted Residual Scaled resid
Scaled Obj.Function Predicted Residual Scaled resid 86/87 0.3484 0.3484 0.7088 -0.3604 -0.9833
85/86 0.4718 0.4718 0.8345 -0.3627 -0.9897 87/88 0.8318 0.8318 0.8780 -0.0462 -0.1262
86/87 0.5782 0.5782 0.4591 0.1191 0.3250 88/89 0.8144 0.8144 1.0609 -0.2465 -0.6727
87/88 0.6070 0.6070 0.5742 0.0328 0.0894 89/90 0.5416 0.5416 0.7543 -0.2127 -0.5804
88/89 0.4967 0.4967 0.5963 -0.0996 -0.2718 90/91 1.5380 1.5380 1.2711 0.2670 0.7285
89/90 0.5284 0.5284 0.5802 -0.0518 -0.1414 91/92 1.7178 1.7178 0.9870 0.7308 1.9941
90/91 0.7098 0.7098 0.9641 -0.2543 -0.6940 92/93 1.2929 1.2929 0.5209 0.7719 2.1064
91/92 0.7844 0.7844 1.3659 -0.5814 -1.5865 93/94 0.8873 0.8873 1.3108 -0.4235 -1.1555
92/93 1.0299 1.0299 0.8451 0.1848 0.5041 94/95 0.8439 0.8439 0.4436 0.4003 1.0924
93/94 0.8643 0.8643 1.2586 -0.3943 -1.0758 95/96 0.6693 0.6693 1.1196 -0.4503 -1.2288
94/95 1.0396 1.0396 1.3794 -0.3398 -0.9273 96/97 1.2087 1.2087 1.0494 0.1593 0.4346
95/96 0.9200 0.9200 0.8361 0.0840 0.2292 97/98 1.4320 1.4320 1.0338 0.3982 1.0866
96/97 1.4852 1.4852 1.2731 0.2121 0.5787 98/99 0.8483 0.8483 0.9443 -0.0960 -0.2620
97/98 2.0048 2.0048 1.2008 0.8040 2.1940 99/00 0.9707 0.9707 1.8550 -0.3843 -1.0487
98/99 1.2411 1.2411 1.2823 -0.0413 -0.1126 00/01 1.1879 1.1879 1.0727 0.1152 0.3143
99/00 1.7216 1.7216 1.0931 0.6285 1.7149 01/02 0.8672 0.8672 0.8104 0.0568 0.1551
00/01 1.5172 1.5172 1.3489 0.1684 0.4594
ML estimate of catchability: 0.19640E-06
ML estimate of catchability: 0.24202E-07 Pearsons (parametric) correlation: 0.263 P= 0.0991
Pearsons (parametric) correlation: 0.637 P= 0.0000 Kendalls (nonparametric) Tau: 0.183 P= 0.1140
Kendalls (nonparametric) Tau: 0.417 P= 0.0010
Selectivity at age from Partial Catches
Selectivity at age from Partial Catches year 1 2 3 4 5 6 7 8
year 1 2 3 4 5 6 86/87 0.570 1.000 0.474 0.168 0.364 0.341 0.231 0.158
85/86 0.094 0.979 0.885 1.000 0.335 0.697 87/88 0.402 0.837 1.000 0.778 0.623 0.229 0.672 0.837
86/87 1.000 0.096 0.414 0.152 0.143 0.646 88/89 1.000 0.594 0.868 0.918 0.996 0.087 0.700 0.294
87/88 0.587 1.000 0.228 0.453 0.119 0.114 89/90 0.289 1.000 0.465 0.288 0.330 0.721 0.089 0.240
88/89 0.411 0.687 0.382 0.386 1.000 0.078 90/91 0.580 1.000 0.727 0.396 0.259 0.310 0.487 0.028
89/90 0.562 0.200 1.000 0.070 0.044 0.049 91/92 0.213 0.740 0.548 0.495 0.354 0.413 0.423 1.000
90/91 0.292 1.000 0.575 0.305 0.400 0.487 92/93 0.217 0.276 0.259 0.264 0.313 0.341 0.345 1.000
91/92 0.677 1.000 0.478 0.676 0.921 0.473 93/94 0.787 1.000 0.640 0.710 0.630 0.678 0.719 0.773
92/93 0.425 1.000 0.464 0.149 0.118 0.452 94/95 0.081 0.280 0.377 0.367 0.165 0.318 0.397 1.000
93/94 0.232 0.883 1.000 0.803 0.510 0.565 95/96 0.178 0.621 1.000 0.874 0.590 0.754 0.611 0.834
94/95 0.426 0.641 0.870 1.000 0.838 0.619 96/97 0.071 0.733 0.618 1.000 0.787 0.363 0.474 0.644
95/96 0.045 0.214 0.433 1.000 0.669 0.837 97/98 0.167 0.330 1.000 0.534 0.977 0.708 0.426 0.524
96/97 0.203 1.000 0.793 0.714 0.635 0.627 98/99 0.265 0.311 0.417 1.000 0.537 0.769 0.600 0.456
97/98 0.041 0.552 1.000 0.732 0.861 0.537 99/00 0.532 0.875 0.672 0.782 1.000 0.240 0.885 0.344
98/99 0.336 0.465 1.000 0.736 0.486 0.624 00/01 0.123 0.840 1.000 0.522 0.369 0.563 0.368 0.706
99/00 0.216 0.260 0.443 0.892 1.000 0.448 01/02 0.098 0.212 1.000 0.558 0.461 0.335 0.996 0.611
00/01 0.060 0.783 0.638 1.000 0.986 0.592
Fit results for index = TX_PWD_83-85
Fit results for index = FL_FWC_SW Index Fitted to Beginning Stock Size in NUMBERS
Index Fitted to Mid-Year Stock Size in BIOMASS Scaled Obj.Function Predicted Residual Scaled resid
Scaled Obj.Function Predicted Residual Scaled resid 83/84 1.0645 1.0645 0.8181 0.2464 0.6724
85/86 0.4569 0.4569 0.5987 -0.1418 -0.3869 84/85 1.0767 1.0767 1.2236 -0.1470 -0.4011
86/87 0.4434 0.4434 0.4829 -0.0396 -0.1080 85/86 0.8589 0.8589 0.8835 -0.0246 -0.0671
87/88 0.5999 0.5999 0.3707 0.2292 0.6255
88/89 0.8641 0.8641 0.7995 0.0647 0.1764
89/90 0.8164 0.8164 0.4736 0.3428 0.9353 ML estimate of catchability: 0.38067E-06
90/91 1.0551 1.0551 0.9207 0.1343 0.3666 Pearsons (parametr‘ic) correlation: 0.410 P= 0.2711
91/92 1.0242 1.0242 1.1257 -0.1016 -0.2772 Kendalls (nonparametric) Tau: 0.333 P= 0.3254
92/93 2.0762 2.0762 1.0198 1.0564 2.8825
93/94 1.2889 1.2889 0.8835 0.4054 1.1061 Selectivity at age from Partial Catches
94/95 0.7068 0.7068 0.5525 0.1543 0.4210 year 2 3 4 5 6 7 8
95/96 1.0415 1.0415 1.1660 .0.1245 .0.3398 83/84 0.326 0.411 0.708 0.085 1.000 0.494 0.218
96/97 1.3580 1.3580 1.3574 0.0006 0.0016 84/85 0.607 0.483 0.968 0.906 0.472 0.015 1.000
97/98 1.0613 1.0613 1.4903 -0.4291 -1.1708 85/86 0.670 0.267 0.709 0.878 0.159 1.000 0.662
98/99 1.3013 1.3013 1.3839 -0.0826 -0.2255
99/00 0.7091 0.7091 1.2593 -0.5502 -1.5014
00/01 1.1971 1.1971 1.3000 -0.1030 -0.2810 Fit results for index = TX_PWD_86-01
Index Fitted to Beginning Stock Size in NUMBERS
Scaled Obj.Function Predicted Residual Scaled resid
ML estimate of catchability: 0.33308E-07 86/87  0.7439 0.7439 0.5424 0.2015 0.5499
Pearsons (parametric) correlation: 0.560 P= 0.0004 87/88 0.8695 0.8695 0.6520 0.2175 0.5935
Kendalls (nonparametric) Tau: 0.500 P= 0.0001 88/89 0.7834 0.7834 0.4986 0.2848 0.7771
89/90  0.8733 0.8733 0.3230 0.5503 1.5017
Selectivity at age from Partial Catches 90/91 0.6760 0.6760 0.5542 0.1217 0.3321
year 2 3 4 5 6 7 8 91/92 1.5325 1.5325 1.1529 0.3796 1.0358
85/86 0.074 0.143 1.000 0.659 0.956 0.726 0.111 92/93 1.0679 1.0679 1.4728 -0.4049 -1.1048
86/87 0.281 1.000 0.157 0.607 0.196 0.000 0.089 93/94 1.0339 1.0339 1.2280 -0.1942 -0.5298
87/88 0.141 1.000 0.139 0.025 0.025 0.195 0.032 94/95 1.0788 1.0788 0.4578 0.6210 1.6945
88/89 0.225 0.952 1.000 0.761 0.293 0.010 0.025 95/96 1.3004 1.3004 1.2620 0.0384 0.1047
89/90 0.379 0.366 0.420 0.251 1.000 0.001 0.000 96/97 1.2896 1.2896 1.1652 0.1244 0.3396
90/91 0.693 1.000 0.302 0.341 0.394 0.069 0.008 97/98 1.0468 1.0468 1.2830 -0.2362 -0.6446
91/92 0.547 0.451 0.664 1.000 0.535 0.416 0.339 98/99 1.1751 1.1751 1.1070 0.0682 0.1860
92/93 0.531 0.614 0.285 0.233 1.000 0.196 0.645 99/00 0.9473 0.9473 0.6274 0.3199 0.8728
93/94 0.367 0.483 0.487 0.329 0.301 1.000 0.251 00/01 0.8052 0.8052 0.8829 -0.0777 -0.2119
94/95 0.224 0.460 0.436 0.241 0.126 0.049 1.000 01/02 0.7764 0.7764 1.2680 -0.4916 -1.3415
95/96 0.576 0.762 1.000 0.488 0.424 0.261 0.284
96/97 1.000 0.831 0.632 0.419 0.398 0.248 0.086
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ML estimate of catchability: 0.29527E-06 Pearsons (parametric) correlation: 0.257 P= 0.2559
Pearsons (parametric) correlation: 0.542 P= 0.0006 Kendalls (nonparametric) Tau: 0.333 P= 0.0969
Kendalls (nonparametric) Tau: 0.267 P= 0.0294
Selectivity at age from Partial Catches
Selectivity at age from Partial Catches year 1 2 3 4 5 6 7 8
year 2 3 4 5 6 7 8 88/89 0.247 0.278 0.636 1.000 0.952 0.006 0.740 0.160
86/87 0.304 0.683 0.198 0.651 0.149 1.000 0.456 89/90 0.263 1.000 0.624 0.224 0.403 0.434 0.054 0.238
87/88 0.380 0.706 0.755 0.086 0.382 0.769 1.000 90/91 0.048 0.104 0.118 0.206 0.056 0.555 1.000 0.011
88/89 0.372 0.392 0.138 1.000 0.114 0.236 0.003 91/92 0.074 0.256 0.259 0.324 0.218 0.358 0.380 1.000
89/90 0.230 0.181 0.257 0.141 1.000 0.022 0.074 92/93 0.049 0.149 0.132 0.166 0.117 0.275 0.335 1.000
90/91 0.190 0.332 0.690 0.140 0.497 1.000 0.027 93/94 0.183 0.555 0.720 0.485 0.674 0.484 1.000 0.247
91/92 0.752 0.229 1.000 0.315 0.231 0.135 0.194 94/95 0.055 0.199 0.725 0.503 0.177 0.455 1.000 0.883
92/93 1.000 0.447 0.464 0.828 0.050 0.763 0.786
93/94 1.000 0.671 0.269 0.567 0.647 0.501 0.418
94/95 0.310 0.423 0.147 0.194 0.098 0.045 1.000 Fit results for index = Bycatch_GLM
95/96 0.405 0.894 1.000 0.871 0.475 0.238 0.615 Index Fitted to Beginning Stock Size in NUMBERS
96/97 0.548 0.397 0.715 1.000 0.650 0.388 0.134 Scaled Obj.Function Predicted Residual Scaled resid
97/98 0.460 0.614 0.431 0.604 1.000 0.735 0.544 81/82 0.5880 0.5880 0.6392 -0.0512 -0.1397
98/99 0.512 0.361 0.577 0.306 0.611 1.000 0.659 82/83 0.5716 0.5716 0.8480 -0.2765 -0.7544
99/00 0.155 0.377 0.284 0.277 0.134 0.401 1.000 83/84 0.5239 0.5239 0.4586 0.0653 0.1782
00/01 0.450 0.454 0.495 0.208 0.493 0.141 1.000 84/85 0.7358 0.7358 0.7282 0.0076 0.0206
01/02 0.361 1.000 0.531 0.454 0.549 0.620 0.224 85/86 0.6906 0.6906 0.7651 -0.0746 -0.2035
86/87 0.4620 0.4620 0.6900 -0.2279 -0.6220
87/88 0.9346 0.9346 0.8571 0.0775 0.2116
Fit results for index = HeadBoat 88/89 0.8021 0.8021 1.2580 -0.4558 -1.2439
Index Fitted to Mid-Year Stock Size in NUMBERS 89/90 1.6420 1.6420 1.4969 0.1451 0.3959
Scaled Obj.Function Predicted Residual Scaled resid 90/91 1.1663 1.1663 1.1723 -0.0060 -0.0164
81/82 1.2014 1.2014 0.2245 0.9769 2.6657 91/92 1.3591 1.3591 0.8824 0.4767 1.3007
82/83 0.8289 0.8289 0.7189 0.1100 0.3002 92/93 0.6792 0.6792 0.7948 -0.1156 -0.3155
83/84 1.8238 1.8238 0.4817 1.3421 3.6622 93/94 1.4016 1.4016 1.3921 0.0095 0.0258
84/85 0.6247 0.6247 0.4402 0.1845 0.5033 94/95 1.3151 1.3151 1.2313 0.0838 0.2287
85/86 0.4156 0.4156 0.6127 -0.1971 -0.5378 95/96 1.7209 1.7209 1.4629 0.2580 0.7040
86/87 0.5969 0.5969 0.6208 -0.0239 -0.0653 96/97 0.8689 0.8689 1.1135 -0.2446 -0.6674
87/88 0.4048 0.4048 0.7500 -0.3452 -0.9420 97/98 1.0232 1.0232 1.1288 -0.1057 -0.2883
88/89 0.3432 0.3432 0.7300 -0.3869 -1.0557 98/99 1.0837 1.0837 0.7225 0.3612 0.9856
89/90 0.6647 0.6647 0.8561 -0.1914 -0.5224 99/00 1.0887 1.0887 1.3774 -0.2887 -0.7878
90/91 0.5279 0.5279 1.5094 -0.9815 -2.6783 00/01 1.3426 1.3426 0.6266 0.7160 1.9538
91/92 0.8733 0.8733 1.2799 -0.4066 -1.1095
92/93 1.0939 1.0939 0.6024 0.4915 1.3411
93/94 1.1648 1.1648 0.6921 0.4726 1.2897 ML estimate of catchability: 0.25072E-06
94/95 1.1944 1.1944 0.8873 0.3071 0.8380 Pearsons (parametric) correlation: 0.686 P= 0.0000
95/96 1.1694 1.1694 0.8746 0.2948 0.8044 Kendalls (nonparametric) Tau: 0.516 P= 0.0000
96/97 1.5071 1.5071 1.1549 0.3521 0.9609
97/98 1.4730 1.4730 1.4701 0.0028 0.0078 Selectivities set to 1.0
98/99 1.3109 1.3109 1.4958 -0.1849 -0.5045 year 0
99/00 1.4969 1.4969 1.5101 -0.0131 -0.0359 81/82 1.000
00/01 1.0445 1.0445 0.8485 0.1960 0.5349 82/83 1.000
01/02 1.2402 1.2402 0.5742 0.6660 1.8172 83/84 1.000
84/85 1.000
85/86 1.000
ML estimate of catchability: 0.23669E-06 86/87 1.000
Pearsons (parametric) correlation: 0.193 P= 0.1533 87/88 1.000
Kendalls (nonparametric) Tau: 0.124 P= 0.1887 88/89 1.000
89/90 1.000
Selectivity at age from Partial Catches 90/91 1.000
year 1 2 3 4 5 6 91/92 1.000
81/82 0.018 0.057 1.000 0.000 0.038 0.062 92/93 1.000
82/83 0.490 1.000 0.529 0.353 0.075 0.171 93/94 1.000
83/84 0.018 1.000 0.413 0.361 0.117 0.117 94/95 1.000
84/85 0.054 0.119 1.000 0.511 0.383 0.734 95/96 1.000
85/86 0.317 1.000 0.328 0.788 0.657 0.042 96/97 1.000
86/87 0.399 1.000 0.415 0.147 0.269 0.287 97/98 1.000
87/88 1.000 0.393 0.611 0.477 0.098 0.136 98/99 1.000
88/89 0.385 0.511 0.751 1.000 0.792 0.062 99/00 1.000
89/90 0.446 1.000 0.549 0.206 0.228 0.134 00/01 1.000
90/91 0.838 0.967 1.000 0.085 0.071 0.376
91/92 0.419 1.000 0.538 0.537 0.484 0.306
92/93 0.371 0.594 0.167 0.032 0.239 1.000 Fit results for index = SEAMAP
93/94 0.400 1.000 0.316 0.237 0.141 0.074 Index Fitted to Beginning Stock Size in NUMBERS
94/95 0.366 1.000 0.403 0.562 0.182 0.133 Scaled Obj.Function Predicted Residual Scaled resid
95/96 0.174 0.636 1.000 0.589 0.211 0.234 82/83 0.4629 0.4629 0.9320 -0.4690 -1.2799
96/97 0.106 1.000 0.725 0.874 0.638 0.468 83/84 0.0852 0.0852 0.7285 -0.6433 -1.7555
97/98 0.646 1.000 0.875 0.300 0.282 0.164 84/85 0.8950 0.8950 0.7450 0.1501 0.4095
98/99 0.740 0.588 0.810 1.000 0.457 0.515 85/86 0.3314 0.3314 0.7319 -0.4005 -1.0930
99/00 0.972 1.000 0.662 0.686 0.652 0.195 86/87 0.5184 0.5184 0.7432 -0.2248 -0.6135
00/01 0.158 1.000 0.586 0.362 0.238 0.192 87/88 0.5817 0.5817 0.7913 -0.2096 -0.5720
01/02 0.042 0.208 1.000 0.458 0.281 0.158 88/89 0.5584 0.5584 0.8598 -0.3014 -0.8224
89/90 0.9351 0.9351 0.8533 0.0817 0.2230
90/91 1.0209 1.0209 0.9226 0.0983 0.2683
Fit results for index = Charter_FL_SW 91/92 0.8961 0.8961 0.9962 -0.1001 -0.2732
Index Fitted to Mid-Year Stock Size in NUMBERS 92/93 1.4145 1.4145 1.0987 0.3158 0.8616
Scaled Obj.Function Predicted Residual Scaled resid 93/94 1.4934 1.4934 1.1388 0.3546 0.9677
88/89 0.7913 0.7913 0.9833 -0.1920 -0.5238 94/95 1.3136 1.3136 1.1482 0.1654 0.4512
89/90 1.0462 1.0462 1.2564 -0.2102 -0.5737 95/96 1.6425 1.6425 1.1116 0.5309 1.4486
90/91 0.8940 0.8940 0.3574 0.5366 1.4643 96/97 1.2062 1.2062 1.1521 0.0541 0.1476
91/92 0.7323 0.7323 0.7435 -0.0112 -0.0305 97/98 1.5247 1.5247 1.1947 0.3300 0.9005
92/93 0.9435 0.9435 0.4736 0.4698 1.2821 98/99 1.3403 1.3403 1.2512 0.0891 0.2431
93/94 1.0652 1.0652 1.4276 -0.3624 -0.9888 99/00 1.2970 1.2970 1.3053 -0.0083 -0.0226
94/95 1.5274 1.5274 0.9018 0.6257 1.7073 00/01 0.9665 0.9665 1.3836 -0.4171 -1.1380
01/02 1.5162 1.5162 1.4416 0.0747 0.2037
ML estimate of catchability: 0.37964E-06




ML estimate of catchability:
Pearsons (parametric) correlation

0.18382E-06
0.778 P= 0.0000

Kendalls (nonparametric) Tau:
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Table 5. Gulf king mackerel tuned VPA results from the New-GP model.

Stock at Age at beginning of year.

Age 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92
0 2549397 3382360 1829103 2904589 3051684 2752018 3418538 5017474 5970380 4675890 3519630
1 1975618 1756303 2440817 1192003 1916663 2061378 1906181 2028016 3529142 3710079 3023275
2 1649856 1593767 1403228 1975391 930992 1545055 1630886 1528487 1603686 2786190 2993360
3 882565 1324557 1251155 1126639 1578174 741963 1083351 1264194 1206633 1163430 2175575
4 1433540 700956 890132 753898 881743 1236670 503793 760175 986137 846133 828451
5 808376 819979 382721 552027 359663 570974 953658 363338 494406 736399 500300
6 418395 374389 390608 265729 308118 193081 404912 726335 156384 334045 553050
7 292169 291459 163152 262853 176531 164170 121702 312240 543856 97159 229156
8 125651 191325 195625 110559 164211 111729 113675 90105 198797 423926 61986
9 44389 82788 108208 139712 73543 124702 80774 89386 56393 148462 322546
10 120177 29245 44515 81117 108935 52720 97551 58192 64957 38048 111867

11+ 329921 351998 184190 177718 202230 240451 227707 260759 231704 225003 198534

Age 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00 00/01 01/02 02/03
0 3170096 5552502 4911021 5834863 4441133 4502300 2881642 5493709 2499204 6434932 0
1 1896958 2061103 3606063 3164498 3768962 3078405 3019871 1994288 4264731 1630487 4869667
2 2307217 1453670 1589314 2834257 2528707 3024806 2462583 2398053 1546878 3428127 1310390
3 2149876 1714873 1072879 1193643 2091395 1762435 2234699 1889001 1835814 1100162 2653259
4 1637355 1603631 1257758 746265 808757 1509461 1152573 1605315 1422490 1308545 675695
5 596954 1116882 1136039 821908 508282 556032 1082423 746455 1144670 1010079 913255
6 347517 394312 775915 730804 596451 353972 367395 776339 519899 845847 742667
7 416043 207240 273886 548994 519070 440340 250628 247903 596908 383501 642044
8 168483 311912 111700 193067 403507 383560 321277 176639 178726 453480 268754
9 44438 122640 233753 41717 138430 288904 277719 231588 130010 130041 346634
10 242390 17185 90952 157492 24656 96563 211621 193939 165276 90728 93987

11+ 230153 337080 249386 234807 282398 208811 220884 329922 405652 431876 397865

F at Age during year.

Age 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92
0 0.1726 0.1262 0.2282 0.2157 0.1923 0.1672 0.3222 0.1519 0.2758 0.2361 0.4181
1 0.0148 0.0244 0.0116 0.0471 0.0155 0.0343 0.0208 0.0348 0.0364 0.0147 0.0703
2 0.0196 0.042 0.0195 0.0245 0.027 0.155 0.0547 0.0364 0.1209 0.0474 0.131
3 0.0304 0.1975 0.3066 0.0451 0.0438 0.1871 0.1543 0.0484 0.1549 0.1396 0.0842
4 0.3586 0.4051 0.2778 0.5401 0.2346 0.0599 0.1268 0.2302 0.092 0.3255 0.1277
5 0.5697 0.5416 0.1648 0.3831 0.4221 0.1437 0.0723 0.643 0.1921 0.0863 0.1644
6 0.1615 0.6306 0.1961 0.209 0.4296 0.2615 0.0599 0.0893 0.276 0.1769 0.0847
7 0.2234 0.1987 0.1891 0.2704 0.2574 0.1676 0.1006 0.2515 0.0491 0.2494 0.1076
8 0.2172 0.3699 0.1366 0.2077 0.0752 0.1244 0.0404 0.2686 0.092 0.0733 0.1328
9 0.2173 0.4205 0.0882 0.0488 0.1329 0.0456 0.1279 0.1192 0.1935 0.083 0.0857
10 0.0458 0.5275 0.0522 0.0468 0.0578 0.0527 0.021 0.1196 0.0765 0.0814 0.0991

11+ 0.0458 0.5275 0.0522 0.0468 0.0578 0.0527 0.021 0.1196 0.0765 0.0814 0.0991

Age 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00 00/01 01/02
0 0.2305 0.2316 0.2395 0.2371 0.1665 0.1994 0.1681 0.0532 0.2271 0.0787
1 0.0662 0.0599 0.0408 0.0243 0.02 0.0232 0.0306 0.054 0.0184 0.0186
2 0.0967 0.1037 0.0863 0.1039 0.161 0.1027 0.0652 0.0672 0.1408 0.0562
3 0.0931 0.11 0.163 0.1893 0.1261 0.2247 0.1308 0.0836 0.1386 0.2875
4 0.1825 0.1447 0.2255 0.184 0.1747 0.1326 0.2344 0.1382 0.1424 0.1597
5 0.2147 0.1643 0.2412 0.1206 0.1618 0.2144 0.1324 0.1617 0.1025 0.1075
6 0.3169 0.1644 0.146 0.1421 0.1034 0.1452 0.1934 0.0628 0.1043 0.0757
7 0.0881 0.4181 0.1497 0.1079 0.1025 0.1152 0.1499 0.1272 0.0748 0.1555
8 0.1176 0.0885 0.7849 0.1327 0.1341 0.1229 0.1273 0.1065 0.118 0.0687
9 0.7501 0.0989 0.1949 0.3259 0.1602 0.1113 0.1591 0.1373 0.1597 0.1247
10 0.1378 0.151 0.1712 0.1287 0.1856 0.1239 0.0707 0.0557 0.0791 0.0727

11+ 0.1378 0.151 0.1712 0.1287 0.1856 0.1239 0.0707 0.0557 0.0791 0.0727
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Table 6. Maximum sustainable yield (MSY) and optimum yield (OY) related bench mark values for the
base case 2004 case and the New-GP scenarios. SS is spawning stock biomass in trillions of eggs, F values
are associated with the fully selected age, and yields are given in millions of pounds.

Model Base case 04
SS MSY F MSY MSY SS oY F OY (0)%
Median 6.385 0.269 11.417 8.524 0.190 10.113
low 80% 5.556 0.235 9.609 7.436 0.166 8.522
upp 80% 7.387 0.366 13.606 9.779 0.255 12.098
deterministic 6.380 0.226 11.286 8.506 0.160 9.974
Model New-GP
SS MSY F MSY MSY SS oY F oY (0)%
Median 9.320 0.326 16.092 12.527 0.222 14.381
low 80% 7.872 0.291 13.169 10.861 0.199 12.029
upp 80% 10.908 0.380 19.313 14.609 0.259 17.207
deterministic 9.368 0.304 16.180 12.490 0.209 14.284

Table 7. Fishing year 2003/04 acceptable biological match (ABC) in millions of pounds for the base case
2004 case and the New-GP scenarios for two levels of F mortality. Probability denotes likelihood of
exceeding the desired F mortality rate.

Base 04 New-GP
Probability F30%SPR  Fi0%SPR  F306SPR  F 400SPR
50% Median 10.322 7.442 20.281 14.270
10 % Lower CI 7.544 5.421 14.812 10.403

90%  Upper ClI 13.504 9.836 27.217 19.320
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King Mackerel Gulf Growth curves
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Figure 1. Predicted size (fork length cm) at age for Gulf King mackerel by sex group from Manooch et
al (1986) and combined sex from Brooks and Ortiz (2004) growth parameter estimates.
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Figure 2. Estimated weight-at-age (mid of the year) from size-weight relationship of Johnson et al
(1982) and Finucane et al (1986). Conversion to age used the Manooch et al (1986) (Fadapt02) or
Brooks and Ortiz (2004) growth parameters.
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Estimated Maturity Gulf King Mackerel (Finucane et al
1986)
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Figure 3. Estimated maturity proportion by size for Gulf
king mackerel (Finucane et al 1986)

Comparison king Gulf Fecundity at Age Comparison king Gulf Fecundity at Age
1600 12
1400 +
1] .
1200
0.8 4
E 1000 )
E 5
< 2
S 800 S o6
L o
o
& 600 &
? —e— Manooch 041 —&— Manooch
400 4 —=— NewGP B&O 1 —=— NewGP B&O
0.2
200
0 0 ¢
0 5 10 15 20| 0 5 10 15 20|
Age Age
Comparison king Gulf Fecundity at Age Comparison king Gulf Fecundity at Age
14,000,000 7
12,000,000 64
10,000,000 54
5 2
< 8,000,000 S 4
i s
3 6,000,000 o 34
3 >
w w
4,000,000 24
—e— Manooch —e— Manooch
2,000,000 —=— New GP B&O 1 —#— New GP B&O
0 + t t 0 t t t
0 5 10 15 20| 0 5 10 15 20
Age Age

Figure 4. Comparison of maturity and fecundity at age for Gulf king females estimated from the
maturity/fecundity size relationship of Finucane et al (1986) and the growth parameters of Manooch et
al (1986) or Brooks and Ortiz (2004) (New-GP B&O)
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Figure 5. VPA-Fadapt residual distributions from the new growth parameters (New-GP) deterministic
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Figure 6. Gulf king mackerel predicted (solid line) and standardized indices of abundance (diamonds) from the

tuned VPA New-GP model.
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Figure 1. Gulf king mackerel estimated stock size by age trends from the VPA results of the New-GP model

(solid line) and corresponding estimates from the base case 2004 model (diamond line).
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Figure 2. Gulf king mackerel estimated fishing mortality (F) by age trends from the VPA results of the New-GP
model (solid line) and corresponding estimates from the base case 2004 model (diamond line).
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Figure 3. Gulf king mackerel population trends with 80% confidence intervals from the New-GP model (solid
lines). For comparison results from the base case 2004 model are shown (open square marker line).
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Figure 4. Trends of spawning stock, total yield, directed fishing mortality (F) and spawning potential
ratios (weighted, unweighted and static) SPR from the New-GP VPA model. Thin lines represent
approximated 80% confidence intervals based on 500 bootstrap runs.
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Figure 6. Distribution of Gulf king F,0,/Fusy (left) and Fyy/Foy (right) ratios from 500 bootstrap

runs for the New-GP model.
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Figure 15. Frequency distribution of 500 bootstrap range of
allowable biological catch (ABC) based on probability of F
exceeding Fsgyspr and Fyoospr in the 2003/04 fishing year for Gulf
king mackerel estimated by the New-GP model. The vertical solid
lines represent 0.5 percentiles; broken lines represent 0.1 and 0.9
percentiles of the cumulative distributions.
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I. Workshop Information

SEDAR Review Workshops provide an independent peer review of the input data, methods, and results of
stock assessments. This Review Workshop Panel (RW Panel) considered an assessment of south Atlantic
and Gulf of Mexico (hereafter Gulf) migratory groups of king mackerel developed through the SEDAR
process, including both data and assessment workshops. The Southeast Fisheries Science Center, Miami
Laboratory, served as the lead assessment agency for this assessment.

The SEDAR 5 Review Workshop was held at the Southeast Fisheries Science Center, Miami Florida,
between April 5 and 8, 2004. The Review Panel consisted of regional and international assessment
scientists, fisheries researchers, and commercial and recreational fishermen.

SEDAR 5 Review Panel Composition:

Henrik Sparholt CIE Chair

Jon Volstad CIE Reviewer

Rick Hart SEFSC Galveston
Mark Terceiro NEFSC Woods Hole
Will Patterson University of West Florida, GMFMC SSC
Andy Strelcheck SERO, GMFMC FAP
Albert Jones GMFMC SSC

Joe Grist NC DMF, SAFMC SSC
Bob Zales 11 GMFMC AP

William Gibson Jr. GMFMC AP

Ben Hartig SAFMC AP.

II. Terms of Reference

1. Evaluate the adequacy and appropriateness of all data used in the assessment. State whether or not
the data are scientifically sound and the best available.

2. Evaluate the adequacy, appropriateness, and application of the methods used to estimate
population parameters such as abundance, biomass, and exploitation. State whether or not the
methods are scientifically sound and the best available, and recommend appropriate values of
population parameters.

3. Evaluate the adequacy, appropriateness, and application of the methods used to estimate
population benchmarks (MSY, Fusy, Bumsy, MSST, MFMT, etc.). State whether or not the
methods are scientifically sound and the best available, and recommend appropriate values for
benchmark criteria.

4. Evaluate the adequacy, appropriateness, and application of the methods used to project future
population status and, if appropriate, evaluate stock rebuilding. State whether or not the methods
are scientifically sound and the best available, and recommend probable values of future
population condition and status.

5. Provide a recommended range and best point estimate of the mixing rate of Atlantic and Gulf
Migratory Groups in the mixing zone.
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6. Develop recommendations for improving data collection and assessment and future research (both
field and assessment).

7. Prepare a Consensus Summary addressing the Terms of Reference and documenting the Panel’s
discussion of the assessment.

8. Prepare an Advisory Report summarizing stock status, future condition, and management
benchmarks.

9. Submit final Consensus Summary and Advisory Report documents within 3 weeks of the

conclusion of the Review Workshop. Reports should be submitted on or before April 30, 2004.

III Review
The review covered Terms of Reference 1-6.
Term of Reference 1

The Data Workshop Panel (DW Panel) for the SEDARS: Atlantic and Gulf of Mexico King Mackerel
Assessment was provided with documents (SEDARS5-DW1-15) which summarized data and gave
overviews on stock structure; growth; catches; discards; catch sizing, sexing and ageing; fishery
dependent and fishery independent indices; tagging results; and methods of discriminating between and
analyzing mixed stocks.

The DW Panel members evaluated these documents and summarized their conclusions and
recommendations concerning use of the data in assessments under three categories (life history, catch-at-
age, and indices). In addition to reviewing the data, the DW Panel made recommendations for additional
work to be done in preparation for the Assessment Workshop. The stock assessments made at the
Assessment Workshop and later reviewed at the Review Workshop took note of and used the results of
the Data Workshop and the subsequent work that was carried out.

In the opinion of the RW Panel the data used in the assessments for king mackerel are appropriate and
adequate for offering management advice. The RW Panel recognized and discussed the uncertainty and
incompleteness of certain data sets. Recognizing that these limitations were considered in the
assessments through sensitivity analyses and statistical procedures, the RW Panel determined that the data
as used, are scientifically sound and the best available.

In general, catch and landings data are adequate for assessment purposes; life history information on
fecundity and natural mortality is limited but not result-restricting; new growth information for the Gulf
of Mexico was reanalyzed for the Assessment Workshop and shown to impact analytical results; and
tagging, otolith shape, and microchemistry data were shown to impact assessment results with respect to
mixing rate and consequent predicted stock status.

Stock Distribution

The Management unit is defined as King Mackerel in the Gulf and south Atlantic specified as a single
stock and managed as two independent migratory groups. Current stock assessments for king mackerel
assume separate Atlantic and Gulf of Mexico stocks, with a “mixing zone” off south Florida that has
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boundaries defined by season. The RW Panel recognized that other assumptions on stock distribution
have been proposed (separate groups in eastern and western Gulf). Limited data up to this time has not
allowed carrying these assumptions into a modeling approach. For example, a need to consider
management of the Gulf migratory group in relation to mixing between the eastern and western Gulf has
been limited by the paucity of information from the western Gulf (catches are smaller there than in the
eastern Gulf) and the lack of information on fisheries in Mexico, which possibly interact with western
Gulf fish. Likewise, information on mixing between Atlantic and Gulf migratory groups presented to the
RW Panel was considered inconclusive or preliminary. Tagging data from early tagging studies were
used to test a new modeling approach. Recent data on otolith shape and microchemistry was presented.
These data provided qualitative indications that there are fish from both Atlantic and Gulf groups in the
mixing zone, but quantitative estimates of the ratios were imprecise. Microsatellite DNA data indicated
mixing in the zone, but at present the information could not be used to quantify mixing rates.

Catch and Landings

King mackerel catch and landings information from 1981-2002 was utilized in the assessments.
Commercial landings data are collected by trip tickets and logbook programs, which give a nearly
complete census of total landings. Recreational catch data are collected under the Marine Recreational
Fishery Statistics Survey (MRFSS), NMFS Headboat Survey, and Texas Parks and Wildlife Coastal Creel
Survey, which give sample estimates of recreational catch based on creel and telephone surveys. The
Panel noted that the precision of MRFSS estimates has improved over time (figures reported during the
meeting indicated percentage standard errors of 21-64% in the years 1981-85 decreased to 6-8% in years
1992-2002 for the GOM king mackerel).

Discards

Discards of king mackerel in the directed commercial fishery were measured by a self-reporting logbook
program carried out by a 20% sample of permit holders over a survey period of two years. Results were
used to estimate discards in 1998-2002 for both Atlantic and Gulf migratory groups. Results indicated
discards represented only a small percentage of total landings. The RW Panel agreed with the decision
not to include this estimate in the assessment on the basis that inclusion would not significantly improve
the assessment results. The Panel did note that new estimates of discards might be appropriate to include
in future analyses.

The RW Panel noted that recreational data (MRFSS) included estimates of live releases and that the
declining recreational catches in more recent years probably indicated higher release rates due to
management action, mercury concerns, angler ethics and other possibilities. However, because discards
are poorly estimated and the underlying age distribution of discards is unknown the RW Panel supported
not including recreational discards in the assessment.

Indices of Abundance

Six indices of abundance were used for the Atlantic assessment and nine abundance indices were used for
the Gulf assessment. Procedures for deriving indices of abundance were similar to those of previous
assessments and took into consideration technical decisions made during former Mackerel Stock
Assessment Panel (MSAP) reviews of Gulf and Atlantic king mackerel migratory groups. A general linear
model approach was used to standardize CPUE series in order to account for variability in CPUE that is
independent of abundance.
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The RW Panel agreed that indices of abundance were the best available. Several recommendations were
made to potentially improve indices, including: 1) pre-smoothing within indices to reduce variability
related to sampling, 2) combining indices where appropriate to reduce the number of indices, and 3)
accounting for changes in fishing power (“technical creeping”). The panel recognized that some indices
could not be combined because they are applied to different age groups or to different harvest areas (e.g.
Florida Charter NW index). It was also discussed that fishing power is not likely to have changed over
the time series, at least for commercial fisheries, because the primary gear used in the fishery is hook-and-
line. For the recreational fishery, GPS technology may have contributed to increases in fishing power, but
it was recognized that the change in fishing power would be difficult to quantify.

The RW Panel discussed the recreational MRFSS index for the Gulf of Mexico, which included only trips
targeting or successfully catching king mackerel during July-December. One RW Panel member noted
that this index did not account for a substantial recreational fishery in the Panhandle of Florida from April
— June. The RW Panel also recommended that recreational indices should consider changes over time in
fishing seasons.

Life History Parameters

Natural Mortality

Estimates of natural mortality are 0.15 for the Atlantic migratory group and 0.20 for the Gulf migratory
group. The DW Panel recommended a range of 0.15-0.25 be used for both subgroups, with a mean
natural mortality of 0.20. The RW Panel did not support this recommendation because there was no
evidence to support this change and the change would affect the continuity of results between the current
assessment and previous assessments.

Age and Growth

Estimates of growth are used to calculate production parameters and the catch at age and affect stock
assessment analyses in several ways (e.g., relation of length, weight, and fecundity to age; recruitment
size; differences between sexes, areas). The RW Panel reviewed older growth curves used for the
Atlantic (Collins et al. 1989) and for the Gulf (Manooch 1987), based on 683 and 210 fish, respectively.
These studies relied on whole otoliths for ageing, which have been determined to underestimate ages of
older fish (Collins et al. 1989; Devries and Grimes 1997). As was recommended by the DW Panel Brooks
and Ortiz (2004) estimated updated migratory group- and sex-specific growth functions based on 12,159
(Atlantic) and 17,813 (Gulf) sectioned otoliths from currently available samples. The RW Panel
examined the impact of applying the updated growth models on catch at age, which resulted in a shift
towards greater numbers of the youngest age groups (ages 0-2) and a decrease of about one year in the
age of full selectivity. The RW Panel, however, decided to retain the earlier growth curve information for
the BASE model. The RW Panel rejected the new growth parameters based on the most recent data
because MSY was estimated to be higher than levels that drove down the size of the stock and because of
suspect impacts of the updated curves on a fecundity at age relationship. Additionally, the estimate of t,
was larger for the new growth model when compared to the older growth models. The RW Panel
discussed the lack of small fish (< 24 inches) in the new growth model, which likely inflated the estimate
of typ and increased the size/biomass at age for younger fishes. The new growth information also reduced
the age at maturity and indicated that some fish were mature by age 0. The RW Panel recommends
independent sampling of sub-legal fish (< 24 inches) to obtain a more accurate fit of ty for the growth
curve.
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Fecundity

Estimates of fecundity at age vectors were the same as used in previous assessments. Age-specific
fecundity values were estimated in millions of eggs. Fecundity at age was derived from age-length
relationships (Gulf — Manooch et al. 1987; Atlantic - Collins et al. 1989), a linear spline fit of maturity at
age (data from Finucane et al. 1986), and an egg-length relationship (Finucane et al. 1986).

The RW Panel agreed that the data used for estimating fecundity were the best available. The RW Panel
noted that reproductive biology data are nearly 20 years old and need updating. Several recommendations
were made, including: 1) updating fecundity estimates and 2) updating maturity at age estimates. In
addition, the egg-length relationship is derived from a small sample size (n = 65) that covered a wide
spatial distribution. The RW Panel discussed whether differences existed in fecundity at age between
subgroups, as has been demonstrated for growth among subgroups. The RW Panel believed that a direct
relationship of fecundity at age, which accounts for spatial variability, needed to be developed for future
assessments.

Term of Reference 2.

Assessment Workshop Panel members for the SEDARS were provided with documents (SEDARS5-AW1-
8, MARFIN NAS57-FF-0295, Fisheries Research 57(2002): 51-62, MSAP/98/10), which summarized data
and gave overviews on growth curve models, stock assessment analyses, alternative assessment models,
sensitivity runs, and mixing proportions. At the Review Workshop, panelists were provided these same
documents and one additional document (SEDAR-AR-1), which reviewed decisions and
recommendations made during the Data and Assessment Workshops.

The RW Panel considered the FADAPT VPA method employed to be appropriate given the available
data, although it is suggested that alternative methods, that potentially are more stable when dealing with
VPA type situations like here where F is not much larger than M, should be tested. Discussions of
modeling methods and results focused on potential bias and precision in the input parameters and tuning
indices, and did not evaluate model fits in great detail. Residual plots of the model fits, for example, were
not provided for this review. The RW Panel recommends that such model diagnostics information be
provided in future reviews. For instance, inspection of the residuals of the VPA model fits can reveal bias
in the catch-at-age data, for example resulting from significant discards not accounted for, or from biased
catch sampling. The RW Panel considered the stock-recruitment relationship and the abundance indices
used for tuning to be adequate and appropriate.

The possibility of combining survey indices outside the VPA model was discussed. The RW Panel agreed
that the use of composite estimators to combine multiple surveys potentially could yield more reliable
tuning indices. Instead of the current use of equal weights, indices might be combined using weights that,
for example, depend on precision and population coverage. The RW Panel cautioned that the combination
of indices across surveys that cover different cohorts is problematic. Concerns were raised that fishery-
dependent data may not be reliable for tracking trends in abundance because of factors such as targeted
fishing, incomplete spatial coverage, changes in fishing practices, and size selectivity, although it was
recognized that the assessment and data analysis took some of these aspects into account. A potential
systematic shift in catchability related to technological improvements could introduce bias in estimated
abundance trends.

Sensitivity analyses of the VPA model demonstrated that the stock assessments are dependent on the
input growth parameter estimates. The RW Panel recognized that population length at age estimates based
SEDARS Review Workshop Consensus Summary 6



on fisheries dependent samples are likely to be biased because faster growing fish recruits sooner to the
fishery. Such bias in growth models also affects fecundity because of conversion from size to age. The
use of a stochastic growth model to estimate catch-at-age for early years (1981-1985) with no length-at-
age was questioned. Following a request from the RW Panel, a sensitivity analysis was conducted to
assess the effect of excluding these early years from the VPA runs. The results demonstrated that the
model output is sensitive to deleting data on catch-at-age for the early years. The VPA model based on
1986/87 to 2001/02 catch at age data resulted in lower estimates of stock size, and in contrast to the Base
run indicated that over fishing might occur. Collectively, the sensitivity analyses suggested that the
current FADAPT model does not fully capture the variability in input parameters.

An alternative two-area VPA model (SEDAR 5 AW-4) that accounts for mixing between the South
Atlantic and Gulf migratory groups was presented to the RW Panel. This model simultaneously examines
catch, indices of abundance and tagging data in order to estimate rates of intermixing between king
mackerel subgroups in the mixing zone off of southeast Florida. The two-area VPA allowed for two
alternative box transfer models to account for the mixing. DW Panel preferred the ‘overlap model’ to the
‘diffusion model’ (Porch and Diaz 2004). The overlap model assigns fish to a particular stock or
subgroup upon birth and assumes that the two stocks have overlapping ranges, but seldom interact. The
overlap model initially was applied to catch and abundance information. Tagging data was incorporated
in a second model run. In the absence of reliable tagging data, the best model fit was obtained using an
assumption of zero overlap between the two migratory groups. The two-area model was sensitive to
levels of overlap, resulting in poor fits to abundance indices and noticeably different abundance trends.
Inclusion of tagging data and estimation of the degree of overlap between subgroups appears to have a
minor influence on assessment results, except in the last few years in which more optimistic population
estimates were observed. These observed differences result from very poor estimation of recruitment
during the last four years of the assessment (1998-2001). The RW Panel supported SEFSC staff’s attempt
to account for mixing using a two-area VPA model, but agreed that the model was not adequate or
appropriate for estimating king mackerel population parameters based on the data currently available.
The original purpose of the tagging data incorporated into the model was not to evaluate levels of mixing
and the RW Panel was concerned that tagging fish in a concentrated area (as done in the tagging studies
off southeast Florida) did not lend itself to estimation of mixing rates. Overall, the RW Panel agreed with
the authors that a three-area assessment model would be more appropriate. A three-area model would
allow examination of the mixing zone as a separate area with intermixing of king mackerel restricted only
to that area. Assessment at a finer spatial resolution, however, is constrained by the sample sizes for
statistically based catch per unit effort indices and age-length data.

The RW Panel recommended that stock assessment methods that estimate fishing mortality for the oldest
age class in each year back in time be evaluated as an alternative to the current VPA model. The current
assessment is based on a model which estimates F in the last data year and uses a fixed F-ratio between
age 9 and 10 to obtain F at age and year for those cohorts that are not represented in the last data year.
Also, methods that do not assume that catch at age is known with 100% precision, like ICA, or AMCI
could be tried. These methods have the advantage that they are more stable over time, especially
regarding the historical stock number and F estimation for cases like the king mackerel where F is not
much higher than M. The current base model is more suitable in situations where F is significantly larger
than M, by a factor of say 3-4. One of such alternative models could eventually replace the current base
model. Alternative methods could initially be tested and included as part of the sensitivity analysis.

Mixing in the mixing zone during “summer” time, where all king mackerel are assumed to belong to the
Atlantic migratory group, was not dealt with. Very little data were presented which could be used to
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estimate the amount of Gulf king mackerel in the mixing zone in “summer” time. It was, however, clear
from tagging experiments off east Florida during the summer period (see e.g. SEDARS DWS5) that these
king mackerel are not 100% of the Atlantic migratory group.

In conclusion, the RW Panel, except two members (a minority statement from the two RW Panel
members is included in Appendix 1), agreed that the base model should provide the principal
criteria for management advice. It has been the model used in the past (historical consistency). The
RW Panel, except two members, decided there was only weak scientific justification to change the
model or its input parameters. A majority of RW Panel agreed that to change the model at this
point would not add any certainty to the management advice.

The RW Panel discussed the effect of mixing rate estimates on the interpretation of the
model. Preliminary data provided on mixing rate indicate that fish in the "winter'" mixing zone
may include both Atlantic and Gulf group fish. Quantitative estimates of mixing rates were
imprecise, subject to bias, and seemingly variable from year to year. A majority of the RW Panel,
therefore, judged these mixing rate estimates to be scientifically unacceptable at this point in
time. The management strategy presently assigns "winter" mixing zone fish totally to the Gulf
group. Assigning some of these fish to the Atlantic group would change the estimates of stock status
for each group (e.g., more of a change for the Gulf than for the Atlantic), as previously noted and
further explained below under TOR 5.

The RW Panel also discussed the effects of growth and fecundity estimates on the interpretation of
the model. The RW Panel decided not to change the growth estimates used in the base model
because the lack of growth information for small fish cast doubt on the size-at-age relationship for
young fish. The RW Panel noted that fecundity data were from a study done a number of years ago
and no new data were available. Furthermore, the FADAPT method vs. more robust alternative
methods and the sensitivity of the base model to the above mentioned issues adds an un-quantified
level of uncertainty to the results of the model and therefore to the precision of the management
advice that can be offered. Some of these uncertainties were potentially able to more than
counterbalance the uncertainty in the mixing assumption.

Term of Reference 3

The procedures used to estimated population benchmarks (MSY, Fusy, Bumsy, MSST, MFMT) were
regarded as scientifically sound and the best available.

It was, however, recommended that the direct methods of estimating MSY using the adopted hockey stick
stock-recruitment model combined with a standard yield per recruit analysis should be attempted for
comparison with the MSY proxies in terms of Fspyspr used in the assessment. This analysis was
performed for the Gulf migratory group and showed that Fysy calculated in this way was 0.35 and thus
not very different from the proxy which for the Gulf migratory group is 0.26.

Although somewhat outside the TOR 3, the RW Panel had a brief discussion on the overall framework for
the definitions and standards of the biological reference points. Various United Nations (UN) Agreements
(see e.g. UN Fish Stock Agreement Annex II, 1995, FAO Code of Conduct of Responsible Fishing, 1995)
state that stock specific limit and target reference points regarding fishing mortality and stock size should
be defined and “...management strategies shall ensure that the risk of exceeding limit reference points is
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very low”. It is further stated that MSY “...should be regarded as a minimum standard for limit points”.
The biological reference points defined for the two king mackerel migratory groups — the threshold MSST
and Fsoyspr and the target OY and Fagospr are thus in accordance with the request to define a limit and a
target reference point for both fishing mortality and biomass. However, the definition of MSST as (1-
M)Bwsy is in apparent conflict with the guidelines of using Bysy minimum standard for a limit point. It
was noted that while some fishery management bodies argues that their limit points live up to this
definition (the International Council for the Exploration of the Seas, ICES CM 2003/ACFM:09, and its
associated management bodies like the European Union and the International Baltic Sea Fishery
Commission), other management councils obviously do not (Both the New England Fishery Management
Council [Northeast Multispecies FMP, Amendment 13 (NEFMC Amendment 13) and Mid-Atlantic
Fishery Management Council, Summer Flounder, Scup, and Black Sea Bass FMP, Amendment 12
(MAFMC Amendment 12 ) use 1/2* Bysy as the biomass thresholds below which the stocks are
classified as overfished] . Furthermore, the adoption by the GMFMC of using the 50% probability value
for not exceeding the threshold/limit values cannot be regarded as a “very low” risk of exceeding a limit
values. Other management bodies in the North Atlantic area, for example have used 5%, 10%, and 20%
probabilities of exceeding a limit to depict “very low” risk. The 50% probability is fine in relation to
achieving a target such as OY, because “... management strategies shall ensure that target reference
points are not exceeded on average”, according to UN agreements.

Term of Reference 4

The RW Panel supports conclusions in the Assessment Report that results of the current Gulf assessment
indicates the Gulf king mackerel migratory group is rebuilding, while the Atlantic migratory stock has
rebuilt and remains stable. The RW Panel cautioned, however, that the BASE model for Gulf king
mackerel appeared very sensitive to changes in input parameters tested with sensitivity analyses. For
example, the BASE model incorporates a simplification of the true mixing between the two stocks which
may have significant effects on estimates of population productivity, hence status. Furthermore, other
sensitivity analyses detailed above demonstrated a wide range in stock productivity and status estimates
depending on the choice of input parameters.

Term of Reference 5

The SEDAR Review Workshop, consistent with both the Data and Assessment Workshops, devoted
significant discussion and effort toward resolving stock allocation within the mixing zone. The RW Panel
discussions mirrored many of the same concerns voiced by the other workshops.

The tagging studies for South Atlantic and Gulf King mackerel were not designed to answer the stock
mixing question and it is difficult to interpret raw tagging data beyond consideration of simple indicators,
such as relative fishing effort and recovery rates. The SEFSC, based on Data Workshop
recommendations, reconsidered mixing rates through updated analysis of tag data and developed an
alternative assessment framework to incorporate tag-based mixing estimates into a VPA framework
(Porch and Diaz 2004). The SEFSC also developed stock production and status estimates with the base
assessment configuration for a variety of mixing rates between Atlantic and Gulf stocks within the mixing
zone. The RW Panel determined that no consistent stock allocation is evident based on tagging data.
Other tagging discussion dealt with the question of stock mixing outside the temporal/spatial zone and the
impacts that may result if significant movement occurs during this time.
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The majority of the RW Panel concurred with both the Data and Assessment Workshops that analysis of
otolith shape and microchemistry offer a promising approach to resolving stock mixing. However, the
majority felt that it was premature to base mixing zone estimates on otolith analyses. The SEDAR
Workshop unanimously recommended that otolith analysis should be monitored on a continuing basis to
provide additional information on stock mixing rates and to evaluate consistency in results between years.

The genetic population structure of king mackerel has been investigated by a number of researchers (May
1983, Johnson et al. 1994; Gold et al. 1997, 2002; Broughton et al. 2002). The results of these studies
ranged from no genetic differences between eastern Gulf and Atlantic fish to a weak genetic difference
between eastern Gulf and Atlantic fish. The microsatellite work, which has shown promise in other
fisheries, was not consistent with the current spatial and temporal boundaries used in assessing and
managing king mackerel in the US. The SEDAR workshop concluded that the current genetic research
could not be used to evaluate king mackerel mixing rates.

The RW Panel concurred with the opinion of the Assessment Workshop Panel that both migratory
groups contribute to winter landings in the mixing zone. Mixing scenarios within the range of 25 to
75% Gulf group catch from the mixing zone appeared consistent with tagging data and preliminary
results from otolith shape and micro-constituent studies, and were perceived more likely than the
100% used in the base line assessments. However, a majority of the RW Panel felt the alternate
mixing scenarios suggested were based on imprecise mixing rates, and not developed and therefore
premature to consider in the base model assessment, preferring instead to consider their effects by
means of sensitivity analysis.

Term of Reference 6

The RW Panel noted that major concerns remain about the growth curves used to age the catch in some
years and areas, the fecundity-length relationship used to estimate spawning stock, and the degree of
mixing of the Gulf and Atlantic migratory groups in the winter fishery mixing zone. The RW Panel also
expressed concern about the limited number of fishery independent indices of abundance available for
VPA calibration.

The following is a more detailed and specific list of research issues, which are judged by the RW Panel to
be important for improving the assessment and management advice for the two king mackerel stocks:

e The RW Panel recommends enhancing ongoing research programs and implementing new
research programs to collect fishery independent data (e.g., length measurements, age structures,
fecundity measurements) to improve the accuracy and precision of current estimates of growth,
fecundity, and stock mixing. Spatial variability in size at maturity and fecundity at age should be
evaluated among regions/migratory groups.

e The data collection program should also be designed to provide fisheries independent indices of
abundance for the full age range in the stock. This consideration should have a strong influence
on the design aspects [gear, season]| of the recommended research programs. These programs
might include research sampling targeting spawning aggregations, research sampling targeting
juveniles, tagging studies specifically designed to provide information on mixing rates, and hydro-
acoustic sampling. Scientists should seek the advice of members of the commercial and
recreational fishing communities in the design of these programs.

e The RW Panel suggested that the MRFSS indices of abundance could be recompiled to address
two issues: 1) consider incorporation of the January-June intercept data in addition to the current
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July-December data, and 2) consider restriction of the sample data to the age classes most likely to
contribute to the respective catch types (i.e., recompile the indices including only Catch Types A,
and restrict the corresponding length composition to legally landed fish).

e The RW Panel also recommended the future application of different assessment models to provide
alternative perspectives on the status of king mackerel stocks (e.g., those including estimation of
the likely degree of error in the fishery catch-at-age, and/or those which employ forward-
projecting computation approaches).

e One growth model should be developed for the splitting of catch at length data into catch at age
data and another one that can be used for stock related data like weight at age in the stock,
maturity at age in the stock and the like.

e Available sex ratio at size data needs to be evaluated to determine how sex ratios vary by size.
e Western Gulf king mackerel catches need to be aged for use in age length key analysis.

e The commercial fishery tuning indices should be further developed and it seems important that
this is done in cooperation with fishers with an intimate knowledge of the way the fishery is
prosecuted.

e Age composition of commercial and recreational discards is needed.
e Discard mortality rates are needed.

e Tuning indices should be weighted according to their internal variability, the part of the stock
covered by the index, correlation with other indices etc. For instance it is realized that using their
individual degree of correlation to the VPA stock abundance estimates could be problematic due
to the circular logic feature of this approach.

e Data from Mexican catches need to be obtained, probably via initiatives for closer cooperation
with Mexico. In this connection there is a need to look into whether the eastern and western Gulf
King Mackerel are separate stock components.

e Tagging programs specifically designed to examine the mixing should be developed. Otolith shape
and microchemistry and maybe micro-satellite DNA analysis are promising methods that should
be pursued.

e Mixing of the stocks in the mixing zone should be investigated also the during summer period.

IV. General Comments

RW Panel Statements. The RW Panel was pleased with the effective support from the NMFS SEFSC
scientists, and impressed by the open-minded attitude and willingness to support the RW Panel with
additional information and analysis. Also, the computer and net work support was excellent. The small
local network established by the SEFSC staff proved very effective for the exchange of data files and
sharing of information among the RW Panel members.

Scientists. The scientists of the RW Panel except one (see statement by Joe Grist in Appendix 2) were of
the opinion that the review was soundly based on science and not biased because of management and
socio-economic considerations. RW Panel scientist, Will Patterson, presents his personal view in
Appendix 3.
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Constituents or fishers. One RW Panel member, William Gibson Jr., representing the commercial fishers
said in his closing remark that he was pleased with the meeting and that it had been a clearly scientific
meeting. RW Panel fisher, Bob Zales II, presents his personal view in Appendix 4.

IV. SEDAR Review
The overall SEDAR process worked well.

All the documentation and guidelines to the RW Panel members were received about 2 weeks before the
meeting, except to one of the CIE reviewers who got it only 5 days before the start of the meeting.

The amount of documentation and issues to be dealt with are significant. Some of the documentation
could have been sent out earlier to the RW Panel, for instance background material and the data workshop
material. That would have eased the task of getting deeply into the substance of the material, especially
for the external reviewers, who (almost by definition) were not beforehand familiar with the assessment.
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Appendix 1. A minority statement.
Minority Report on Mixing Rates
By Joe Grist and Ben Hartig

The stock of king mackerel south of Volusia County along southeast Florida during November 1 through
March 31 (i.e. the mixing zone) is currently allocated to the Gulf Migratory Group. Tagging studies from
the 1970's through the 1990's suggested a greater proportion of Gulf migratory fish in the mixing zone,
though more recent studies (SEDAR-DW-5, SEDAR-DW-9) suggest relative abundances within the
mixing zone has changed. Devries (2003) notes that with the implementation of Amendment One that all
king mackerel caught in the mixing zone were from the Gulf group. This implementation was based on a
FDEP study that suggested that more than half of the fish along the Florida east coast in the winter were
from the Gulf migratory group. The 100% was originally chosen to help shore up the overfished Gulf
group in the mid-1980's, a management measure. However, data available during that period suggested a
more conservative 40/60 split in the mixing zone for the Atlantic/Gulf stock (Williams, R.O. and M.F.
Godcharles 1984). The allocation of 100% fish to the Gulf group has a major impact on stock
assessments (Devries 2003). If all fish were assigned to the Atlantic group, the 1998/99 allowable
biological catch (ABC), assuming a F30%SPR management strategy, would increase between 400 and
2000 mt, depending on the level of bycatch used (Legualt 1998). Correspondingly, Legualt (1998) notes
that the Gulf ABC would decrease by approximately 550 mt and estimates of fishing mortality would
remain similar for both groups when all mixing area fish were assigned to the Atlantic group.

The terms of reference for the 2004 king mackerel review panel included recommending a range and best
point estimate of the mixing rate of Atlantic and Gulf Migratory groups in the mixing zone, based on the
best available scientific information. Three additional studies were provided to the review panel that
addressed this issue.

Porch and Diaz (2004, SEDARS5-AW4) used tag recapture data and a two-area VPA (VPA-2 Box, Porch
2003b, Porch 2003a SEDARS-DW10) to estimate mixing magnitude, along with the effect of changes on
mixing proportions on Gulf and Atlantic management unit estimates. While the Assessment Panel agreed
that inclusion of tagging data and estimates of degree of overlap has a relatively minor impact on the
assessment results, it was evident that estimates of overlap from this analysis are not consistent with the
hypothesis that 100% of the fish in the mixing area belong to the Gulf Migratory Group. Given the
similar estimates of abundance for the two migratory groups, they are rather more consistent with the
hypothesis that the Gulf group fraction in the mixing area is between 25 and 75%.

Results of genetic analysis to determine mixing proportions by season of the western Atlantic and Gulf
groups were consistent with results of assignment tests, where the proportion of Atlantic and Gulf fish
within most samples was approximately 50:50 (Gold 2000). The genetic data presented showed that king
mackerel from the Florida Keys cannot be unequivocally assigned to either genetic stock. This study did
suggest that the hypothesis that two, very weakly differentiated genetic subpopulations of king mackerel
do exist in the peninsular Florida region, and that extensive mixing does occur between the two groups.

Otolith shape analysis was used to distinguish Gulf and Atlantic group female king mackerel collected
from 1986 and 1993. Feasibility results for the study showed it's ability to correctly classify 80% of
Atlantic and 86% of east Gulf king mackerel with a model based on otolith shape. Composition of the
mixing zone stock from a sample of 463 females resulted in an estimate that 99.8% of fish in the winter
landings were from the Atlantic and only 0.2% were from the eastern Gulf.

The majority opinion of the king mackerel panel, in spite of the previously referenced studies, was to
continue with the assessment assumption that 100% of king mackerel in the mixing zone are from the
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Gulf Migratory Group. The majority of panel members did acknowledge that the 100% representation of
Gulf fish within the mixing zone was an incorrect assumption, however, the lack of an exact calculation
of Atlantic/Gulf king mackerel in the mixing zone precluded the majority from making an informed
estimate of a current mixing rates to correct a recognized assessment flaw.

The minority opinion of the king mackerel panel, in spite of the lack of an exact calculation of
Atlantic/Gulf king mackerel in the mixing zone but based on the best available science, was to take the
conservative approach and correct the previously noted flawed assumption in the assessment report that
100% of the mixing zone stock are from the Gulf group. Studies (reviews, tagging, genetics, otolith
shape) have shown that the mixing zone is more likely to support a mixing range of at least 25-75%
between Atlantic and Gulf fish, with Atlantic fish possibly being the most dominant in more recent time
period.

With the best scientific data available and taking the conservative approach, a more appropriate mixing
distribution to base the best management recommendations on would be 50/50 Atlantic/Gulf, providing
analysis with a sensitivity range of 25-75%. This takes into account that the mixing zone is not likely
comprised of 100% Atlantic or Gulf group fish, a fact recognized by previous scientific studies and the
SEDARS review panel.
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Appendix 2. General comment by scientist Joe Grist.

Consensus Report op-ed. by Joe Grist
Scientist sub-section.

My initial experience with the SEDAR process was with SEDAR2, where I had the opportunity to
participate in the Assessment Workshop phase and attend the Review Panel phase. In the SEDAR?2
workshops, we stayed on the message ‘it’s about the science and the science only’. We were not to be
concerned about management or socio-economic implications, because that was not part of our terms of
reference and would be handled in later phases of the process. We were to use the best data available,
make the best assumptions available, and produce an assessment report that was scientifically sound.
The SEDARS Review Panel got off that message. It was not only about the science this time.
Discussions of management and socio-economic implications found their way into the review process.
Discussions were not just about the science and the assumptions used to determine the validity of the
assessment report, but also the larger impacts of the review panels report on current and future
management.

For the SEDAR process to be successful, this issue needs to be addressed and resolved. Stock assessment
results, and the assumptions that pertain to achieving those results, cannot be biased by the management
implications they may lead to. Discussions on management and socio-economic issues that assessment
results could effect are a vital part of developing any fisheries management plan, but they are discussions
that fisheries managers and industry (recreational, commercial, environmental) representatives should
discuss and pass judgement on, not the stock assessment scientist and reviewers. Otherwise, the
credibility of any stock assessment developed in the SEDAR process is automatically jeopardized.
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Appendix 3. General comment by scientist Will Patterson.

Scientist Statement: Will Patterson

I feel the Review Workshop for SEDARS:South Atlantic and Gulf of Mexico King Mackerel
provided a thorough and scientifically rigorous review of the king mackerel assessments and the reports
produced by the Data and Assessment Workshop Panels. Prior to the Review Workshop, I looked
forward to participating in the SEDAR process and wanted to get a sense of how this new review
compares with the old Stock Assessment Panel reviews. I was a member Mackerel Stock Assessment
Panel for several years, serving as its chairman since 2000, and was impressed with the level of scientific
rigor and objective criticism members of that panel injected into the assessment review process. I was
equally impressed with objectiveness and thoroughness with which most SEDAR Review Workshop
Panel members addressed the Terms of Reference presented to us. In particular, I feel the addition of
Center of Independent Experts scientists added fresh perspective to issues other panel members had
reviewed many times, or even conducted research on, over the years. The participation of commercial
and charter fisherman also added a unique layer of discussion that has been absent in most assessment
reviews in which I have participated. Adding an environmentalist or two to the panel really would have
broadened our overall perspective; however, I appreciate none of the invited groups were able to send
members.

Despite my overall good impression of the Review Workshop for king mackerel, there are some
issues I think should be addressed concerning the SEDAR process. Panel members received an immense
amount of material to review only two weeks before our meeting. Many of the documents were available
months prior and it would have been beneficial to receive them earlier. But along those same lines, it
appeared to me we duplicated much of the review already conducted by Data and Assessment Workshop
Panels. In the effort to increase transparency of assessment preparation and review, it seems many tasks
are being duplicated by various groups during the SEDAR process. Some may take the position that
duplicity increases the probability potential problems with the assessment will be caught and corrected,
and that may be true. In cases such as when the Review Workshop Panel again reviewed data inputs to
the models, however, it seemed to me our time together could have been better spent. For example, one
important task for an assessment review should be examining diagnostics of model performance and that
subject was addressed only superficially by the panel. I feel the SEDAR process would be more efficient,
and potentially even more scientifically rigorous, if the roles of separate panels were more clearly defined
and duplicity among workshops was minimized, especially given the fact the Consensus Report produced
by the Review Workshop will itself be reviewed by the Standing Statistical Committees of the two
councils.
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Appendix 4. General comment by fisher Bob Zales II.

To the group,

I want to say I was pleased with the process and the information available. I was also pleased with the
way we were all able to discuss the information provided and able to comment as we did. As this is a
very controversial subject, I want to also state it was my understanding that the possible separation of the
mixing zone fish may not provide an additional biological benefit to the total stock of Gulf and South
Atlantic fish as the current management has worked well to rebuild the stock. I am satisfied with the
current recommendations and agree that more information is necessary before a definitive separation can
occur. As a fisherman, and one who has been involved with the king mackerel fishery management
system since 1986, I feel the sedar process was a definite improvement in being able to have constituent
participation in the assessment process.

Bob Zales, 11
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2004 Atlantic King Mackerel Advisory Report

State of Stock: The Atlantic king mackerel stock was not overfished and overfishing
was not occurring in 2002/03. Current estimates indicate the fishing mortality rate of
Atlantic king mackerel in fishing year 2002/03 was well below MFMT and spawning
biomass was well above MSST at the beginning of fishing year 2003/04. The Base model
resulted in only a 2% probability that Bygo3 was less than MSST (Fig. 1), and there was
only a 1% probability that Fygp203 was greater than MFMT (Fysy) (Fig. 1). Combined
mean landings of king mackerel were 7.37 million pounds (mpd) between 1981/1982 and
2001/2002, with a range of 5.66 mpd (1999/00) to 9.62 mpd (1985/86). Estimated
Atlantic king mackerel stock size has increased since the mid-1990s but not to the higher
levels seen in the early 1980s. Recently, recruitment has been highly variable with a low
and highly uncertain value in the most recent data year (2001/2002).

Stock Identification and Distribution: King mackerel in the southeast United States
are managed under the Fishery Management Plan for Coastal Migratory Pelagic
Resources (FMP CMPR). Under the FMP CMPR, all king mackerel occurring in the US
Gulf of Mexico and south Atlantic are specified as a single stock, but are managed as two
independent migratory groups: Gulf migratory group and Atlantic migratory group. The
Atlantic migratory group management area extends from New York to Florida and the
Gulf migratory group management area extends from Florida to Texas. Management
areas are separated along the east coast of Florida by a boundary that moves seasonally,
specified as the Volusia/Flagler County border on the east coast in Winter (November 1 -
March 31) and the Monroe/Collier County border on the Southwest coast in Summer
(April 1 - October 31). While fish landed off the southeast coast of Florida during winter
(Nov. 1 - Mar. 31) count against the Gulf migratory group’s Total Allowable Catch
(TAC), winter mixing zone fishery regulations are set by the South Atlantic Fishery
Management Council.

Data and Assessment: A Virtual Population Analysis model (VPA) was used with
maximum likelihood estimates option and normal error assumption for all indices of
abundance used, not including bycatch estimates, and for ages 1 through 11+. The Base
model assumes that 0% of the catch in the winter mixing area fishery is from the Atlantic
migratory group.

Forecasts: Forecasts are based on stock status projections at F30%SPR and F40%SPR,
assuming average long-term recruitment and recent (last 5 years) average selectivity
patterns. Stock status was projected forward one year from the terminal year (2001/02)
stock sizes estimated by VPA to the 2002/03 fishing year using preliminary median
landings estimates for 2002/03, and then forward through 2005/06.

Forecasts Table:
Spawning stock (SS) in trillions of eggs, yield (MSY and OY) in millions of pounds, and
Allowable Biological Catch (ABC) in pounds.



SS MSY
Median 2.93
Lower 80% 1.43
Upper 80% 4.21
Deterministic 3.05
ABC 2002/03
F 30%SPR 3,9012),220

F 40%SPR 3,902),220
1

1) Actual catch value.
2) Projected

F30%SPR
F MSY
0.29
0.26
0.35
0.26

2003/04
7,9827),560

5,811,650
2)

MSY
5.68
2.58
8.34
5.89

2004/05
7,382,960
2)

5,708,560
2)

SS OY
4.40
3.43
5.86
4.07

2005/06
6,900,130
2)

5,554,600
2)

F40%SPR
F OY
0.21
0.18
0.24
0.19

oy
5.77
4.50
7.89
5.42
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Catches: South Atlantic landings have been dominated by the recreational fishery with a
mean take of 4.84 mpd, ranging from a high of 7.12 mpd in 1985/86 to a low of 3.40 mpd
in 1989/90. Commercial landings have ranged from 1.87 mpd (1995/96) to 3.94 mpd
(1982/83) with a mean of 2.53 mpd. Combined mean landings of king mackerel were
7.37 mpd with a range of 5.66 mpd (1999/00) to 9.62 mpd (1985/86) (Fig 2).

Fishing Mortality: Trends in fishing mortality rates for South Atlantic king mackerel
have declined during the past 20+ years (Fig 3), from a high of 0.29 in 1981/82 to a low
0f 0.13 in 2001/02. Current F (0.13) is below the forecast table reference points for 30%
SPR (Fumsy=0.29) and 40% SPR (Foy=0.21).

Recruitment: King mackerel age-1 abundance has been variable over time in the South
Atlantic (Fig. 4), ranging from 320,000 fish in 2001/02 to 2,990,000 fish in 1999/00. The
low recruitment estimates for the 2001/02 is based on VPA terminal year values that are
inherently very uncertain. Static, or equilibrium, SPR calculates the ratio of spawning
stock biomass under fishing and non-fishing conditions. Static SPR (calculated for SPR
30% and 40%) initially decreased in the early 1980s, but has increased since the mid-
1990s to 0.41 for the 2000/01 fishing year (Fig.5).

Stock Biomass: Stock biomass levels have averaged 42.6 mpd since 1981/82 in the
South Atlantic (Fig. 4). Biomass levels were highest in 1981/82 at 67.55 mpd and lowest
in 1995/96 at 32.59 mpd.

Stock Status Criteria: The SAFMC has adopted (1-M)*BMSY as the MSST and FMSY
as the MFMT for Atlantic king mackerel, but has not adopted an acceptable risk level for
exceeding MSST or MFMT. F30%SPR (=0.29) has been specified as a proxy for FMSY,
and 30%SPR (=2.93 trillion eggs) as a proxy for BMSY. The MSST for Atlantic king
mackerel = 2.50 trillion eggs (M = 0.15). The SAFMC has adopted a target F=F40%SPR
(=0.21), where 40%SPR = 4.40 trillion eggs.

Special Comments: The sensitivity runs that considered alternative stock compositions
in the mixing zone showed that the status of the Atlantic stock was rather insensitive to
the assumed mixing rates, both in terms of associated stock biomass and F values and in
terms of status of the stock and the fishery in relation to overfishing.

Sources of Information: SEDARS. 2004. Stock Assessment Report for South Atlantic
and Gulf of Mexico King Mackerel.
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Gulf of Mexico 2004 Gulf King Mackerel Advisory Report

State of Stock: The Gulf of Mexico king mackerel stock was not overfished and overfishing was not
occurring in 2002/03. There was an 18% probability that Bogs was less than MSST and a 17%
probability that Faoo2/03 Was greater than MFMT. During the time series of the data (1981/82-2002/03),
estimated fishing mortality was low during the mid 1980s, high in the early to mid 1990s, and since 1995
almost constant around 0.15. Estimated stock biomass rapidly increased from the mid 1980s through the
early 1990s, and has gradually risen since. However, the stock biomass is probably still lower than in the
1970s. The general trend in recruitment was increasing from the early 1980s through the early 1990s,
followed by a decline in the mid-1990s. In recent years, recruitment has been level and fluctuated without
any clear trend.

Stock Identification and Distribution: King mackerel in the southeast United States are managed under
the Fishery Management Plan for Coastal Migratory Pelagic Resources (FMP CMPR). Under the FMP
CMPR, all king mackerel occurring in the US Gulf of Mexico and south Atlantic are specified as a single
stock but are managed as two independent migratory groups: the Gulf and Atlantic migratory groups,
respectively. The Atlantic migratory group management area extends from New York to Florida and the
Gulf migratory group management area extends from Florida to Texas. Management areas are separated
along the east coast of Florida by a boundary that moves seasonally, specified as the Volusia/Flagler
County border on the east coast in winter (November 1 - March 31) and the Monroe/Collier County
border on the Southwest coast in summer (April 1 - October 31). Fish landed off the southeast coast of
Florida during winter (Nov. 1 - Mar. 31) count against the Gulf migratory group’s total allowable catch
(TAC); however, winter mixing zone fishery regulations are set by the South Atlantic Fishery
Management Council.

Data and Assessment: The status of the Gulf king mackerel migratory group was assessed using the
Virtual Population Analysis (VPA) approach, historically employed. Data inputs included commercial
and recreational landings estimates through the 2002/03 fishing year (FY), one fishery-independent
abundance index, and eight fishery-dependent abundance indices. Model runs included a base model that
assumed 100% of winter mixing zone landings was contributed by the Gulf migratory group, as well as
several sensitivity analyses. (Note: Sensitivity analyses are described in detail in the accompanying
Consensus Summary Report). Stock status evaluations, FY 2005/06, allowable biological catch (ABC)
estimates, and estimates of stock Sustainable Fisheries Act (SFA) benchmarks were all derived from the
base model.

Forecasts: Stock forecasts were based on forward projections from the terminal year (2001/02) of the
VPA to estimate ABC ranges in FY 2003/04, 2004/05, and 2005/06 (Table C1). Preliminary catch figures
for 2002/03 (3.13 million Ibs. commercial catch and 594,343 fish in the recreational fishery) were used in
the calculations. In projection years, recruitment was assumed to equal mean recruitment from the stock-
recruitment function (Fig. C6); the selectivity-at-age vector was assumed to be the geometric mean of the
last five years’ selectivities estimated in the base model.

Long-term projections were computed to estimate SFA benchmarks (Table C2).
It is advised that fishing mortality in 2005/2006 should not be higher than F40%SPR corresponding to a

catch of not more than 8.4 million Ibs. An ABC of 10.7 million Ibs. at FSPR30% for 2005/2006 has a
50% chance of exceeding the MSY limit.



Table C1. Forecasts table containing allowable biological catch (ABC;10° Ibs.) estimated as the median
probability (range = 80% pseudo-confidence intervals) that yield will exceed the management threshold
(Fso%spr) Or achieving the management target (Faouspr)-

Allowable Biological Catch

2003/04 2004/05 2005/06
Fa00%spr 10.3 (7.5 - 13.5) 10.8 (7.9 - 14.2) 10.7 (8.1 - 14.0)
Fa00%sPR 7.4 (5.4-9.8) 8.2 (6.0 — 11.0) 8.4 (6.3 - 11.1)

Table C2. Stock status benchmarks and associated 80% pseudo-confidence intervals estimated for Gulf
king mackerel. Spawning stock biomass (SS) is given in trillions of eggs; F values are associated with the
fully selected ages; and, yields are given in millions of Ibs.

SSwusy Fmsy MSY SSovy Fovy oy
median 6.385 0.269 11.417 8.524 0.190 10.113
low 80% CI  5.556 0.235 9.609 7.436 0.166 8.522
upp 80% CI  7.387 0.366 13.606 9.779 0.255 12.098
deterministic  6.380 0.226 11.286 8.506 0.160 9.974




Table C3. Catch and Status Table: Gulf King Mackerel.

1992/

1993/

1994/

1995/

1996/

1997/

1998/

1999/

2000/

2001/

FishingYear: g0  1go4 1995 1096 1997 1098 1999 2000 2001 2002 Mean' Mint  Max’
Comm Fishery Landings
Numbers (10°) 410 267 330 290 369 396 441 331 339 327 321 119 654
Pounds (10°) 3.60 2.57 2.90 2.65 2.86 3.42 3.89 2.95 3.08 2.93 3.05 0.87 5.65
Rec Landings
Numbers (10°) 632 685 792 634 663 714 561 471 585 570 583 184 792
Pounds (10°) 6.26 6.15 7.95 6.27 6.93 6.63 5.24 4.07 5.06 5.16 4.78 1.83 7.95
TOTAL Landings
Numbers (10°) 1,042 952 1,122 925 1,032 1,110 1,003 802 924 897 862 1,271 422
Pounds (10°) 9.86 8.72 10.85 8.91 9.80 10.05 9.13 7.02 8.14 8.10 7.67 3.01 12.33
Stock Parameters
Recruits? (10°) 2.72 5.27 4.70 4.35 3.23 3.75 3.01 4.88 2.08 4.64 3.52 1.47 5.58
Stock Size® (10°) 1142 13.15 13.68 1436 13.18 13.13 1222 13.69 1236 13.63 11.52 7.69 14.36
Stock Biomass” 69.30 69.79 7140 7159 7455 76.32 75.15 7583 77.62 79.44 64.18 47.44 79.44
Spawning Biomass® 4.83 4.88 5.10 4.92 5.17 5.43 5.54 5.47 5.74 5.94 4.58 3.51 5.94
Overall F® 0.179 0.147 0.215 0.141 0.134 0.162 0.167 0.122 0.157 0.158 0.154 0.084 0.310
1. Mean, Minimum, and Maximum statistics based on entire 1981/82-2001/02 fishing year time series.
2. Estimated abundance of age 0 individuals.
3. Estimated numbers of individuals, ages 0-11
4. Millions of pounds, ages 0-11.
5. Trillions of eggs.
6. Arithmetic mean of F at age across ages 0-11.



Catches: Gulf king mackerel landings have been dominated by the recreational fishery throughout
the time series (Table C3; Fig. C1). Annual recreational landings have averaged 4.78 million Ibs. and
annual commercial landings have averaged 3.05 million Ibs. General landings trends are similar
across the time series for each sector. Highest catches were observed in the early 1980s followed by
declining catches through the late 1980s. Landings increased from the late 1980s through the 1990s
and have been decreasing slightly in the past few years.

Fishing Mortality: Trends in F estimates for Gulf king mackerel show a similar pattern to that
observed in landings (Table C3; Fig. C2). The peak in F occurred in the early 1980s but then
declined through the late 1980s. Fishing mortality increased from the late 1980s through the mid
1990s. Since the mid 1990s, the trend in F has been relatively flat, centering around 0.15.

Recruitment: Estimated recruitment of age-0 Gulf king mackerel was increasing from the early
1980s through the early 1990s, followed by a decline in the mid 1990s and variable without a trend
since then (Table C3; Fig. C4). Recruitment has ranged from a high of 5.57 million fish in 1989 to a
low of 1.47 million fish in 1983.

Stock Biomass: Gulf king mackerel stock biomass estimates have averaged 64.18 million Ibs. since
1981/82 (Table C3; Fig. C5). Biomass was lowest in the early 1980s and has increased steadily since
the mid 1980s. Biomass estimates for the most recent years are the highest in the time series, but
probably lower than further back in time.

Stock Status Criteria: The GMFMC has adopted (1-M)*BMSY as the MSST and FMSY as the
MFEMT for Gulf king mackerel, and has adopted 50% as an acceptable risk level for exceeding MSST
or MFMT. F30%SPR (=0.27) has been specified as a proxy for FMSY, and 30%SPR (=6.385 trillion
eggs) as a proxy for BMSY. The MSST for Gulf king mackerel = 5.108 trillion eggs (M = 0.20). The
GMFMC has adopted a target F=F40%SPR (=0.19), where 40%SPR = 8.524 trillion eggs.

Special Comments: The sensitivity runs that considered alternative stock compositions in the
mixing zone showed that the status of the Gulf stock was sensitive to the assumed mixing rates, both
in terms of associated stock biomass and F values, and in terms of status of the stock and of the
fishery in relation to overfishing. Some runs indicated that the stock was actually overfished in
2002/2003 and that overfishing took place in that fishing year. Other sensitivity runs that considered
growth indicated that the stock might be well within safe biological limits.

Sources of Information:

SEDARS. 2004. Stock Assessment Report for South Atlantic and Gulf of Mexico King Mackerel.
109 p.; Oritz, M. 2004. Stock Assessment Analysis on Gulf of Mexico King Mackerel. Sustainable
Fisheries Division Contribution SFD-2004-004. Miami, FL. 43 p.



Figure C1. Recreational and commercial landings of Gulf king mackerel through the 2001/02 fishing
year by A. weight and B. numbers of fish.
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Figure C2. Estimated Gulf king mackerel annual fishing mortality rates.
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Figure C3. Estimated recruitment of age-0 Gulf king mackerel. Gray lines represent the 80% pseudo-
confidence interval about the median recruitment estimates.
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Figure C4. Estimated Gulf king mackerel stock biomass from 1981 through 2001. Gray lines represent the
80% pseudo-confidence interval about the median biomass estimates.
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Figure C5. Indices of abundance used to tune the Gulf king mackerel VPA. Diamonds indicate
standardized index values and fitted lines indicate predicted values from the base model VPA.
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Figure C6. Stock recruitment relationship estimated for Gulf king mackerel.
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Figure C7. Gulf king mackerel phase plot used to estimate stock status relative to MSST and MFMT.
Unfilled diamonds represent results from individual bootstraps of the base model. The filled
diamond represents the deterministic model run result.
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1. Synopsis/summary of the meeting

Overadl, the meeting was well arranged, the participants were dedicated, and the support from SEFSC and the SEDAR
Secretariat was effective. The Pandl was pleased with the effective support from the NMFS SEFSC scientists, and
impressed by the open-minded attitude and willingness to support the Panel with additional information and analysis.
Also, the computer and network support was excellent. The small local network established by the SEFSC staff proved
very effective for the exchange of datafiles and sharing of information among the Review Panel members.

Day 1 was spent listening to presentations and taking the first round of discussions of the stock assessment of each of
the two stocks and of the mixing issue between the two stocks in the mixing zone southeast to southwest of Florida. The
presentations were done by SEFSC staff.

Day 2 was spent with detailed review of the assessments and the mixing issue, and during the evening appointed
members of the Panel drafted text for the Consensus Report.

This text was discussed on the morning of Day 3. The main issue discussed was the mixing and whether the Panels
agreed that the current assumption about mixing used in the assessment was the best possible. An alternative was
suggested. There was an extended discussion about whether this should mean that the alternative mixing assumption
should be used in the baseline assessment, and the general opinion was that it was premature, because several other
aspects of the assessment (growth, fecundity, FADAPT model vs. more statistically robust methods for stocks where F
is not much larger than M as in this case, mixing outside the mixing time, and uncertainties about the actual mixing
values), were also in need for revision. Sensitivity analysis showed that these revisions gave quite different results from
an assessment with the new mixing rates. It was, therefore, regarded as prudent to wait with changing the baseline
assessment method until these other issues were also included. However, two Panel members disagreed and made a
minority statement that the new mixing rates should be used already this year.

In the afternoon of Day 3, the advisory reports were discussed and in the evening the first drafts were produced by
appointed Panel members.

On the last morning (of Day 4), all three reports were discussed in plenary and appointed Panel members agreed to
work further on the reports after the end of the meeting.

The reports were finalised via e-mail correspondence within three weeks after the end of the meeting.

2. Viewson the meeting process, including recommendations for improvements

The amount of reports and other material to read before the meeting was extensive. There was only little time to do this,
about two weeks. It would be useful if some of the material were sent out as early as possible. It should be possible to
send out previous assessment reports, background articles, and the Data Workshop report, several weeks earlier.

A complete description of the assessment with all the input data files and the precise settings of the model would be
nice to have in one document. It was a bit difficult to find precisely in which document to look for the various details.
The level of details and data files should allow for an exact and easy repeat of the calculations.

Fishers (and nongovernmental organizations (NGOSs)) contributed during the meeting some information on CPUE
series, the fishery and the management regulations effects on this, and the like. It is, however, important that political
issues do not enter the discussions. It might, however, be important for the entire process that fishers participate, or at
least get the opportunity to observe what is done, in order to secure transparency and trust in the system. However, extra
time would need to be spent on explaining things to non-scientists and in balancing the statements put forward so that
fishers and NGOs correctly understand the issues.

My task as Chair for the meeting was a bit difficult because most panel members were more familiar with the process
than | was. Maybe a bit more information about the duties of the Chair would be useful. Alternatively, another member
of the Panel could be the Chair, and one of the CIE Experts could be appointed as the lead expert and perhaps still be
responsible for the reporting.

Maybe the reviewers (and other Panel members) could, to the extent possible, state before the start of the meeting what
sensitivity runs they want to see in addition to what has been presented in the documents sent to the Panel. This will
allow SEFSC staff more time to prepare the runs, and it will make mistakes less likely.



3. Other observations on the meeting process.

The timing of the whole process from the last data sampled in 2001/02 and until now (start of 2004) with the aim of
giving advice for 2005/2006 could be improved. It is avery long time span, and there is alarge risk for the thingsin the
fishery and the stock to have changed in between meeting processes. It should be possible to shorten this time span so
that the advice for 2005/2006 can be based on data from 2003/2004.



Report on the 2004 South East Data, Assessment, and Review (SEDAR 5)
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Executive Summary

The SEDAR 5 panel review workshop on King mackerel assessments was competently
chaired, and conducted in a spirit of cooperation and teamwork. The assessments were
conducted by SEFSC stock assessment biologists, and were subject to a very open peer
review process that identified the most likely sources of uncertainty. The Review Panel
unanimously agreed that the assessments were based on an appropriate age-structured
assessment model and the best available data, with exception for a minority disputing the
applied mixing rate between the two migratory groups. A mgority of panel members
agreed that reliable estimates of mixing proportions could not be established from exiting
data, and therefore chose the base-run assumption that Gulf king mackerel represent
100% of the population in the mixing zone. This base-run assumption about mixing rates,
used in previous assessments, was disputed by a minority of panel members, who argued
that existing data supported an even split between Atlantic and Gulf migratory groupsin
the mixing zone. After alively and thorough discussion, no consensus was reached on
using estimated mixing rates instead of assuming 100% Gulf mackerel in the mixing
zone. A minority report that suggested to use an even split in the mixing zone was thus
included as an appendix. | side with the mgjority opinion on thisissue and strongly
disagree with the views of one scientist presented in Appendix 2. The base model was
chosen by the majority after rejecting the reliability of mixing rate estimates, and not
based on management considerations outside the scope of thisreview. | agree with the
majority of the Panel members that the potential effect of using alternative estimates of
mixing rates was appropriately evaluated through sensitivity analysis. The Assessment
Report states that results of the current Gulf assessment indicate the Gulf king mackerel
migratory group is rebuilding, while the Atlantic migratory stock has been rebuilt and
remains stable. | support this statement.

Several potentia sources of bias and uncertainty in the input data were identified during
the review. Uncertainty in the stock assessments results from the extensive dependence



on fisheries-dependent indices of abundance, exaggerated by the limited information
about discards. Improved monitoring of the stocks will require fisheries-independent
survey indices of abundance and adequate data on discards from all fishery segments.



1. Background

The South East Data, Assessment, and Review (SEDAR) process is part of the NMFS-
Southeast Fisheries Science Center’ s program for quality control and assurance of stock
assessments in the South East region. The SEDAR process is conducted by the South
Atlantic Fisheries Management Council (SAFMC) in close coordination with NMFS and
the Interstate Commissions to ensure the scientific quality and credibility of stock
assessments, and to assure that they continue to support effective fishery management.
The SEDAR process comprises a Data Workshop, an Assessment Workshop, and a Stock
Assessment Review Workshop conducted in sequence. Thisisareport on the SEDAR 5
Stock Assessment Review Workshop for King mackerel, held in Miami, FL at the NMFS
Southeast Fisheries Science Center (SEFSC) from April 5 to 8, 2004. This report presents
my evaluation of the review process, and briefly summarizes the findings and
recommendations, with focus on my experience as areviewer on the panel. This report
should be read in conjunction with the two reports prepared by the review panel.

2. Description of review activities

Data and Assessment Workshop reports for the two migratory stocks under consideration,
South Atlantic and Gulf King Mackerel, were made available for review before the
meeting. | received the voluminous documentation only 5 days before the start of the
meeting, and thus only had limited time to review the material beforehand. Apparently,
the other panel members received the documentation 2 weeks prior to the meeting.

The SEDAR 5 Stock Assessment Review Workshop for King mackerel was chaired by
Dr. Henrik Sparholt (CIE) and coordinated by John Carmichael in an organized and
effective manner. The workshop was conducted in a spirit of cooperation and teamwork.
During the review meeting, each stock assessment was presented by the responsible
assessment expert, and reviewed by the panel. The 11-member review panel represented
abroad area of expertise in fisheries, and included participants from the:

e NMFS-Southeast Fisheries Science Center, Galveston, TX

e NMFS-Northeast Fisheries Science Center, Woods Hole, MA

e South Atlantic and Gulf Fisheries Management Councils

e NC Department of Marine Fisheries

e Gulf and South Atlantic fishermen associations

e Center for Independent Experts (chair and reviewer)



Review activities during the workshop involved panel discussions on assessment validity
and results, and the devel opment of consensus recommendations and conclusions
following the presentation of assessments for each migratory group. Dr. Gerry Scott and
his staff of stock assessment scientists from SEFSC did an outstanding job presenting the
assessment results, and provided expert knowledge whenever asked. Dr. Liz Brooks from
the SEFSC did an excellent job documenting the consensus review comments for
inclusion in the reports authored by the panel. The SEFSC assessment scientists and
supporting staff were very helpful throughout the review meeting by answering questions
related to the panel's interpretation of the available data and results. The effectiveness of
the review process was substantially enhanced by the contributions from the A ssessment
Workshop/Review Panel Support Staff and from the South Atlantic Fisheries
Management Council Staff and sub-committee members. In most cases, this diverse
group of fisheries experts could clarify issues related to assessment models and the
available input-data.

The review panel focused on the evaluation of the adequacy and appropriateness of :

e Fishery-dependent and independent data used in the assessment (i.e. was the best
available data used in the assessment);

e Application of models used to assess these species and to estimate popul ation
benchmarks (MSY, Fmsy, Bmsy and MSST, i.e. Sustainable Fisheries Act items);

e Models used for rebuilding analyses.

The review panel reviewed the assessments in detail, and had thorough discussions on
how to best deal with overlapping distributions of Atlantic and Gulf king mackerel in the
respective assessments (“the mixing issue”).

During the week following the review meeting, the entire panel took part in the
development of the two summary reports by providing input, and by reviewing comments
from fellow panel members. The consensus report covers the terms of reference in detalil,
and includes all research recommendations that | considered to be of highest priority.



3. Summary of findings
3.1. Input Data
Data evaluated as inputs to the assessments included

e Stock distributions and overlap
0 Historic tagging studies,
0 Recent studies of otolith shape and microchemistry,
0 DNA-microsatellite data
e Catch and harvest by size, age, and sex
0 Triptickets,
L og-book programs,
Marine recreational Fishery Statistics Survey (MRFSS),
NMFS Headboat survey,
Texas Parks and Wildlife Coastal Creel survey
e Discard in directed commercial fishery
o Self-reporting log-book program
e Lifehistory parameters (growth parameters, fecundity at age)
o0 Historic and updated growth curves,
0 Age-length and egg-length from the literature
e Abundanceindices
0 Recreational and commercial CPUE,
0 Fisheries-independent surveys (SEAMAP)

© O O0Oo

The panel focused on the accuracy and reliability of the input-data, and sought
information about the availability of additional datathat potentially could be used to
enhance the stock assessments. | consider the input data applied, including stock-
recruitment relationships and the abundance indices used for tuning, to be adequate and
appropriate for the stock assessments. Nevertheless, it isof concern that the abundance
indices and estimates of population characteristics rely heavily on fisheries-dependent
data. Itiswell known that CPUE from commercial and recreational fisheries often fail to
track the true status of the stock for wide variety of fisheries (e.g., Gunderson 1994, and
numerous references therein). The VPA method is particularly sensitive to inaccurate
information on catches at age, for example related to limited sampling coverage (spatially
and temporally) of landings, and unreported discards. Ulltang (1996) shows discrepancy
between VPA and fisheries-independent abundance indices from trawl and acoustic
surveys.

A majority of panel members agreed that reliable estimates of mixing proportions could
not be established from exiting data, and therefore voted to apply the current base
assumption that Gulf king mackerel represent 100% of the population in the mixing zone.
This assumption about mixing rates, used in previous assessments, was disputed by a
minority of panel members, who argued that existing data supported an even split
between Atlantic and Gulf migratory groups in the mixing zone. After alively and



thorough discussion, no consensus was reached on using estimated mixing rates instead
of assuming 100% Gulf mackerel in the mixing zone.

3.2. Assessment and Projection Models

The Review Panel unanimously agreed that the FADAPT VPA method employed was
appropriate given the available data, although it was suggested that alternative methods
such as Integrated Catch at Age (ICA, Patterson and Melvin, 1996) be considered in
future assessments because it might be more stable in the case of King mackerel where F
is not much larger than M. The panel agreed with the base assessments and projection,
with exception for aminority disputing the applied mixing rate between the two
migratory groups. The panel documented its review findingsin a Peer Review Panel
Consensus Report that includes detailed comments on the individual species assessments
and the Panel's findings on the status of the stock and the fishery. The panel aso co-
authored a Summary Stock Status Report in support of the Fisheries Management
Council. | agree with these findings and recommendations, which incorporated all my
input.

4. Conclusions and recommendations

In my opinion, this fifth SEDAR review process clearly supports the Council’ s objective
to continually improve the quality of stock assessments and their relevance to support
sound fishery management. The review process was open, and the assessment scientists
from SEFSC did agreat job presenting the assessments to the panel. The panel members
had broad and complimentary expertise that covered al the review subjects. The panel
greatly benefited from the input from the meeting support staff and other attendees,
throughout the review process.

The review process worked well overall. The workshop meeting was competently
chaired, and conducted in a spirit of cooperation and teamwork. The follow-up editing
process via e-mail was suitable for dealing with minor technical editorial comments, but a
conference call among al panel members might have been more appropriate for dealing
with one dispute regarding the incorporation of mixing rate estimates in the assessment. |
believe the SEDAR 5 was a very open peer review process that fairly evaluated the stock
assessments based on scientific criteria. In contrast to the opinion provided by one panel
member (Appendix 2 in the consensus report), | do not agree that management
considerations unduly influenced the review process. | fedl that the stock assessments
were based on suitable methods and the best available data, and that the most likely
sources of uncertainty were identified. | support the conclusions and recommendations
that are detailed in the SEDAR 5 workshop review panel consensus and advisory reports,
and side with the majority decision to adopt the assumption on mixing rates.

| strongly agree with the research recommendations provided in the consensus report. It is
important that estimates of age-composition of commercial and recreational discards, and



of discard mortality be obtained. It is strongly recommended that fisheries-independent
surveys be expanded, and eventually assigned more weight in the tuning process.
Fisheries-independent surveys should be designed to provide indices of abundance for the
full age range in the stock. Thiswould likely require multi-seasonal sampling and the
combined use of multiple sampling gears and hydro-acoustics.

Improved estimates of mixing rates between the two migratory stocks should be obtained
through carefully designed tagging programs. It is also recommended that the promising
otolith shape and microchemistry analysis further pursued, and that mixing rates in the
mixing zone be estimated for the summer and winter periods. Data from Mexican catches
need to be obtained to improve the accuracy of Gulf king mackerel assessments.

If feasible, | recommend that the uncertainty in assessments caused by sampling
variability in estimated landings in number by age be further evaluated. Sensitivity runs
for current assessments indicate that the variability in catch-at-age may not be fully
accounted for. | recommend that bootstrapping be applied to age-length keys from to port
sampling data in connection with the model runs, with trips being the primary sampling
unit for resampling. Resultsin Valstad et al. (1997) indicate that the effective sample size
for estimating proportions at age in landings can be substantially lower than the number
of fish sampled for age, and is better approximated by the number of hauls (or trips)
sampled. The latter approximation is used in the assessments of Alaska Pollock.

The use of multiple survey indices for “tuning” can introduce a bias of unknown
magnitude in the assessments of Atlantic and Gulf king mackerel. In current assessments,
the multiple abundance indices are assigned equal weights, regardless of their coverage
with respect to size and distribution of king mackerel, or the precision of each series. One
way to reduce such biasis to combine overlapping survey estimates by using a composite
estimator with weights determined by coverage and precision of each abundance series,
and then apply the combined series in tuning the model. Additional post-stratification
might be appropriate when surveys overlap only in a sub-area or during a limited time.
Examples of the combination of multiple indices are presented in Korn and Graubard
(1999) and Rao (2003). The external analysis of multiple survey indices of abundance
might provide a better understanding of the input data, make the weighting more
transparent, and result in a more parsimonious stock assessment model.
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