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1.0 Introduction

1.0 INTRODUCTION

The Guidelines for Fishery Management Plans (602 Guidelines) published by the
National Marine Fisheries Service (NMFS) require that a stock assessment and fishery
evaluation (SAFE) report be prepared and reviewed annually for each fishery management plan
(FMP). The SAFE reports are intended to summarize the best available scientific information
concerning the past, present, and possible future condition of the stocks and fisheries under
federal management. Appendix A to the Guidelines lists the desired components of SAFE
reports as follows: 1) information on which to base harvest specifications; 2) information on
which to assess the economic and social condition of persons and businesses that rely on
recreational and commercial use of fish resources, including fish processing industries; and 3)
any additional economic, social, and ecological information pertinent to the success of
management or the achievement of objectives of each FMP.

The SAFE report for the Mackerel/Cobia fishery managed under the Coastal Migratory
Pelagics Fishery Management Plan in the South Atlantic and Gulf of Mexico was compiled by
South Atlantic Council staff with input from NMFS SERO and NMFS SEFSC. Our goal was to
include the most recent information on issues that have been raised or are likely to be raised
during the Council’s review of the mackerel/cobia stock and fishery. The detailed information is
found in the attached reports and we have only attempted to extract a very brief overview for
inclusion in Sections 2, 3 and 4.

A very summary overview of stock status is presented in Section 2.0 Overview of Stock
Assessment. Overviews of economic and social status of the fishery are presented in Section 3.0
Fishery Evaluation. This section contains material from the Council’s Sustainable Fisheries Act
Amendment describing fishing communities. Ecosystem considerations are presented in Section
4.0 Ecosystem Considerations using material from the Council’s Habitat Plan and Habitat
Amendment. These sections rely very heavily on the identified Council documents and the
following appendixes:

Appendix A. Results of Literature Search.

A computer search of published literature was conducted. These results, along with the
literature cited sections of the papers included in Appendix A through Appendix T, should
provide most if not all of the pertinent literature.

Appendix B. List of Contributions to SAFE as Provided by NMFS SERO.
This list includes suggested documents for the SAFE report from the NMFS SERO.
Many of these documents are included as Appendixes.

Appendix C. 1998 Report of the Mackerel Stock Assessment Panel (March 23-26,1998).

This is the report of the stock assessment panel which meets yearly at the direction of the
Gulf and South Atlantic Councils. The tasks for the panel are specified in Amendment 1 to the
FMP for Coastal Migratory Pelagic Resources. This was a full assessment and presents the stock
status for mackerels
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1.0 Purpose and Need

Appendix D. 1999 Report of the Mackerel Stock Assessment Panel (April 29-Aprill, 1999).

This is the report of the stock assessment panel which meets yearly at the direction of the
Gulf and South Atlantic Councils. The tasks for the panel are specified in Amendment 1 to the
FMP for Coastal Migratory Pelagic Resources. This was an update to last year’s full assessment
and updated the stock status of mackerels.

Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and
Atlantic Ocean (MSAP/99).

This paper prepared by Christopher M. Legault from the NMFS Southeast Fisheries
Science Center, Sustainable Fisheries Division gives updated projections of the estimated stocks
from the 1998 full assessment for mackerel for use in setting the total allowable catch (TAC) for
each migratory group for the 1999/2000 fishing year. This was a background document used by
the panel to develop their 1999 report.

Appendix F. Simualtion Study of Percentile and Bias Corrected Percentile Confidence
Intervals for Allowable Biological Catch (MSAP/99).

This paper prepared by Christopher M. Legault from the NMFS Southeast Fisheries
Science Center, Sustainable Fisheries Division presents percentile and bias corrected percentile
confidence intervals for use in choosing ABC. This was a background document used by the
panel to develop their 1999 report.

Appendix G. Gulf/South Atlantic Mackerel (National Fisherman, October, 1998).
This article from National Fisherman discusses how management affects market prices.

Appendix H. Economic and Social Assessments for Atlantic Mackerels and Cobia.

The NMFS Southeast Fisheries Economics Office intends that Appendixes P through T
comprise the “Economic and Social Assessments for Atlantic Mackerels and Cobia”. While
these documents may contain information useful to conduct an economic and social assessment
for Atlantic mackerels and cobia, no such analysis were located.

Appendix I.  Report of the 8th. Coastal Migratory Pelagics Socioeconomic Panel Meeting.

This report comes from the 1999 meeting of the Socioeconomic Panel and provides a
summary of discussions and recommendations used to advise the Gulf Council in making annual
management decisions.

Appendix J.  Report of the 7th. Coastal Migratory Pelagics Socioeconomic Panel Meeting.

This report comes from the 1998 meeting of the Socioeconomic Panel and provides a
summary of discussions and recommendations used to advise the Gulf Council in making annual
management decisions.

Appendix K. What if Mixing Area Fish are Assigned to the Atlantic Migratory Group Instead
of the Gulf of Mexico Migratory Group?

This paper prepared by Christopher M. Legault from the NMFS Southeast Fisheries
Science Center, Sustainable Fisheries Division evaluates the results of stock assessments and
projected allowable biological catches (ABC) for both Atlantic group and the Gulf of Mexico
migratory group king mackerel if mixing area fish are assigned to the Atlantic group. This
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1.0 Introduction

document will be useful as separate FMPs are considered. This was a background document
used by the mackerel stock assessment panel to develop their 1998 report.

Appendix L. The Potential Impact of Juvenile King Mackerel (Scomberomorus cavalla) and
Spanish Mackerel (S. maculatus) Shrimp Trawl Bycatch Mortality on Southeast Atlantic Adult
Populations (MSAP/98/01).

This paper by Patrick J. Harris (SC Marine Resources Division) and John M. Dean
(University of South Carolina) calculates the probability of both king and Spanish mackerel
being caught in commercial shrimp tows and estimated the numbers of king and Spanish
mackerel harvested by shrimp trawlers in South Carolina and the southeastern United States.
This was a background document used by the mackerel stock assessment panel to develop their
1998 report.

Appendix M. Characterization of King Mackerel and Spanish Mackerel Bycatches of South
Carolina Shrimp Trawlers. :

This paper by Patrick J. Harris and John M. Dean documents the extent and duration of
Spanish and king mackerel bycatch during the commercial shrimp trawling season in South
Carolina ( North American Journal of Fisheries Management, 18:439-453,1998).

Appendix N. Estimates of Bycatch of Mackerel and Cobia in U.S. South Atlantic Shrimp
Trawls (MSAP/98/04).

Douglas S. Vaughan (NMFS Beaufort Lab) and James M. Nance (NMFS Galveston Lab)
completed this study for use by the South Atlantic and Gulf Councils to incorporate bycatch
estimates of king and Spanish mackerel and cobia in the 1998 stock assessment. This was a
background document used by the mackerel stock assessment panel to develop their 1998 report.

Appendix O. Commercial Landings Update: Coastal Migratory Pelagic Fish (SER)-ECON-99-
06).

This report prepared by John Vondruska (NMFS Fisheries Economics Office) updates
summaries of data on commercial landings and exvessel prices for coastal migratory pelagic fish
for the Atlantic and Gulf Coast states, with emphasis on the southeast.

Appendix P.  An Analysis of the Demand for King Mackerel (SERO-ECON-99-07),

John Vondruska (NMFS Fisheries Economics Office) updates previous work on
empirical models of the U.S. market demand for commercially harvested king mackerel and in
turn the estimation of net national economic benefits associated with changes in fishery
regulations that affect the amount that can be landed.

Appendix Q. U.S. Markets and Trade in King Mackerel and Other Large Mackerel (SERO-
ECON-99-08).

This report prepared by John Vondruska (NMFS Fisheries Economics Office) compares
the U.S. seafood markets for fresh and frozen mackerel with imports that compete with these
products.
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1.0 Purpose and Need

Appendix R. Research Activities using the 1997-98 Southeast Recreational Economic Add-on
Data (SERO-ECON-99-09).

Stephen G. Holiman (NMFS Fisheries Economics Office) summarizes the internal and
external research activities using the 1997-98 Southeast recreational economic add-on data that
have currently begun or are planned.

Appendix S. Summary Report of Methods and Descriptive Statistics for the 1997-98 Southeast
Region Marine Recreational Economics Survey (SER0-ECON-99-10).

This document prepared by Stephen G. Holiman (NMFS Fisheries Economics Office) is
intended to serve as a reference guide to the future contents of the summary report currently in
preparation.

Appendix T. Summary Report of Methods and Descriptive Statistics for the 1997-98 Southeast
Region Marine Recreational Economics Survey Fishery Management Data (SER0-ECON-99-
11).

This document prepared by Stephen G. Holiman (NMFS Fisheries Economics Office) is
intended to serve as a reference guide to the future contents of the summary report currently in
preparation.
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2.0 Overview of Stock Assessment

2.0 OVERVIEW OF STOCK ASSESSMENT
2.1  Stock Identification
Species in the fishery for Coastal Migratory Pelagics include:

King mackerel Scomberomorus cavalla
Spanish mackerel S. maculatus

Cobia Rachycentron canadum
Cero S. regalis

Little tunny Euthynnus alleteratus
Dolphin Coryphaena hippurus
Bluefish (Gulf of Mexico only) Pomatomus saltatrix

The present management regime for king mackerel recognizes two migratory groups, the
Gulf migratory group and the Atlantic migratory group. These groups mix on the east coast of
Florida. For management and assessment purposes, a boundary between groups (Figure 1) was
specified as the Volusia-Flagler County border on the Florida east coast in the winter (November 1 -
March 31) and the Monroe/Collier County border on the Florida southwest coast in the summer
(April 1 - October 31).

Spanish mackerel mix in south Florida but abundance trends along each coast of Florida are
different indicating sufficient isolation between the two migratory groups. The boundary for
Spanish mackerel is fixed at the Dade/Monroe County border on Florida’s southeast coast.

The remaining species are managed within the EEZs of the South Atlantic and Gulf of
Mexico Council’s except for bluefish which is Gulf of Mexico only.
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2.0 Overview of Stock Assessment
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Figure 1. Seasonal boundary between Atlantic and Gulf Migratory Groups of king mackerel (Source: SAFMC
Staff).
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2.0 Overview of Stock Assessment

2.2 Biology

The biology of species in the Coastal Migratory Pelagics is included in the Final
Amendment 1 to the Coastal Migratory Pelagics FMP (GMFMC & SAFMC, 1985). Much of
this information is outdated and next year’s SAFE report will contain a review of the biology
for each species.

2.3 Catch and Catch Per Unit Effort
King and Spanish mackerel are major target species of important commercial fisheries

in Florida and North Carolina, as well as major target species for the private boat and charter
boat recreational fishery along widespread areas within the South Atlantic region. Information
on recreational and commercial catches are included in Section 3.3 (Status of the Stocks). King
mackerel are particularly important to the charter boat and offshore private boat fleets. In
addition, smaller amounts of king mackerel are caught as a commercial supplement by the North
Carolina charter boat fleet. North Carolina and Virginia follow Florida in commercial
production of Spanish mackerel. Small amounts of king and Spanish mackerel are caught as an
incidental catch or supplemental commercial target species off Georgia and South Carolina.

Recreational users in general have increased in numbers over time. Many come from
outside the management unit as well as areas within it. Increased income, leisure time, and a
wide variety of supplies (fishing equipment, etc.) have increased participation. This participation
has, in turn, generated significant amounts of economic value and also employment.

Catches of Atlantic migratory group king and Spanish mackerel are shown in Tables 4
and 5.

Next year’s SAFE report will contain detailed analyses of catches and CPUE for
each species based on the logbook and state trip level data.

2.4  Size Frequency Data

Table 1 in the 1998 Mackerel Assessment Panel Report (Appendix C) presents the ages
and length samples for king and Spanish mackerel.

Next year’s SAFE report will contain detailed analyses of size frequency data for
each species based on available data.

2.5 Age Analysis
Table | in the 1998 Mackerel Assessment Panel Report (Appendix C) presents the ages
and length samples for king and Spanish mackerel. The aged catch is used in the VPA analyses.
Next year’s SAFE report will contain detailed analyses of age data for each species
based on available data.

2.6 Stock Status

The following sections are based on information in the 1998/99 Framework prepared by
the South Atlantic Council (SAFMC, 1998) and information in the 1999 Assessment Report
(Appendix D).

Mackerel/Cobia SAFE Report




2.0 Overview of Stock Assessment

Management Reference Points
The South Atlantic Council’s target level or optimum yield (OY) for a mackerel stock or
migratory group is 40% static spawning potential ratio (SPR).

The 1998 (Appendix C) and 1999 (Appendix D) Mackerel Assessment Panel Reports are
attached. Table 1 shows the 1998 results from the full stock assessment and the Council’s
recommended changes for the 1998/99 fishing year. The mackerel framework has not been
implemented as of this date. The Advisory Panel and committee will be making
recommendations to the Council for the 1999/00 fishing year at the upcoming June 1999 meeting
based on the 1999 updated assessment (Table 2).

Table 1. Mackerel ABC, TAC, allocations and bag limit specifications.

Group ABC (MIb) | TAC (Mlb) [ Com Rec (MIb) | Bag Limit
| (Mlb)
1998/99 | King 9.3(8.4-11.9) | 8.4 3.12 5.28 3GA-N/2FL
Spanish 6.6(54-82) |66 3.63 297 10 NC-FL
1999/00 | King 10(8.9-13.3)
Spanish 7.1(5.7-9.0)

Table 2. Mackerel MSY, OY, Transitional SPR, Static SPR, and Stock Status.

Group MSY oY Trans. SPR | Static SPR | Status
1998/99 King 7.7 Mlb 40%S.SPR | 39%(36-42) | 36% Not*

Spanish n/a 40%S.SPR | 40%(36-44) | 42 Not*
1999/00 King 40%S.SPR | 43%(41-48) | 54%(50-64) | Not*

Spanish 40%S.SPR | 46%(41-48) | 55%(47-63) | Not*

*Note: The “not overfished” recommendations are based on the Councils’ overfished criterion of
30% Static SPR for mackerel. Overfishing is judged using 30% Transitional SPR.

The Sustainable Fisheries Act requires Councils to manage fishery resources based on MSY as a
limit to OY and maximum fishing mortality threshold (MFMT) as a limit to fishing mortality
rate. Stocks should also be maintained above the minimum stock size threshold (MSST). These
and other stock status values were calculated in the 1999 assessment and are shown below 1n
Table 3.

Table 3. Sustainable Fisheries Act status determination criteria using the median values from
Table 5 in the panel report.

Group MSY (MIb) MFMT (Fmsy) | Bmsy (Mfish) MSST
(Mfish)

Atlantic King 10.4 0.40 S 4.4

Atlantic Spanish 6.4 0.40 13.7 9.6

Current Estimates

Atlantic King 0.15 Spawning Stock= | 6.5 Mfish

Atlantic Spanish 0.18 Spawning Stock=_ | 20 Mfish
8
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2.0 Overview of Stock Assessment

Based upon the information in Table 3, Atlantic king and Spanish mackerel are not overfished
and are not experiencing overfishing. Note that the panel has recommended that assessments for
these two species not be done unless there is new information on Atlantic bycatches, catch rates
decline over a period of years, catches exceed MSY, or catches exceed those corresponding to
MFMT. This can only be done through a plan amendment.

Definition of Overfishing
Currently, king and Spanish mackerel are considered overfished if they are below a
transitional Spawning Potential Ratio (SPR) of 30 percent.

Status of the Stocks
The 1999 report of the mackerel stock assessment panel contains the latest information
on stock status (Appendix D).

Atlantic Migratory Group King Mackerel

Recreational and commercial catches of Atlantic migratory group king mackerel are
shown in Table 4.

The following information is directly from the 1999 Panel Report (see Appendix D for
additional information and the referenced tables and figures):

“Discussion of Stock Status

Landings of Atlantic group king mackerel have been below TAC in every year except
1997/98 (Table 1). The transitional SPR has also steadily increased since about 1994, and the
current estimate for 1999/2000 is 43 percent. SPR estimates are presented as “conditional on no
bycatch” for Atlantic group king mackerel. Although the Panel recognizes that Atlantic group
king mackerel are caught in shrimp trawls, the uncertainty of these estimates is too great for
meaningful use.
Overfishing

Static SPR was estimated at 54 percent. Consequently, the Panel concludes that the
Atlantic group king mackerel fishery was not overfishing the available stock because the fishing
mortality rate was less than F30%StaticSPR in 1997-98.
Overfished Status

The Panel concludes that the Atlantic migratory group of king mackerel is not overfished
because the transitional SPR is estimated at 43 percent, which is above 30% (Figure ATK-5)”
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2.0 Overview of Stock Assessment

Table 4. Catches of Atlantic Migratory Group King Mackerel. Source: Mackerel Stock
Assessment Panel (1999).

Fishing Numbers of fish in thousands Weight of fish in thousands of pounds Average Com &
Year Com Rec Total Com Rec Total Rec Weight
1981/82 276 497 772 2,390 4,422 6,812 8.82
1982/83 382 530 911 3,938 5,246 9,185 10.08
1983/84 235 671 906 2,441 . 6,253 8,694 9.60
1984/85 182 613 794 1,947 6,131 8,078 10.17
1985/86 233 818 1,051 2,495 7,121 9,616 9.15
1986/87 277 700 977 2,837 5,979 8,816 9.02
1987/88 348 544 892 3,453 3,905 7,357 8.25
1988/89 340 556 897 3,091 4,881 7,972 8.89
1989/90 283 380 664 2,635 3,400 6,036 9.09
1990/91 310 439 750 2,676 3,718 6,394 8.53
1991/92 296 639 934 2,516 5,822 8,338 8.93
1992/93 270 673 943 2,227 6,251 8,477 8.94
1993/94 225 375 600 2,018 4,438 6,456 10.76
1994/95 226 382 607 2,197 3,728 5,925 9.76
1995/96 180 463 644 1,870 4,153 6,023 9.35
1996/97 316 384 700 2,702 4,016 6,718 9.60
1997/98 2,678 5,392* 8,070
1998/99 2,520 4,565* 7,085

*Recreational landings, in pounds, were estimated by multiplying number of fish caught by
10.46 1bs/fish.

Atlantic Migratory Group Spanish Mackerel

Recreational and commercial catches of Atlantic migratory group Spanish mackerel are
shown in Table 5.

The following information is directly from the 1999 Panel Report (see Appendix D for
additional information and the referenced tables and figures):

“Status of the Stock

The transitional SPR has steadily increased since 1995, and the current estimate for
1999/2000 is 46 percent. The Panel attributes the steady increase in transitional SPR since 1995
to the reduction in fishing mortality rates resulting from the elimination of gill nets from Florida
state waters (July 1995). SPR estimates however, are presented as “conditional on no bycatch”
for Atlantic group Spanish mackerel. Although the Panel recognizes that Atlantic group Spanish
mackere] are caught in shrimp trawls, the uncertainty of these estimates is too great for
meaningful use.
Overfishing

Static SPR was estimated at 55 percent. Consequently, the Panel concludes that the
Atlantic group Spanish mackerel fishery was not overfishing the available stock because the
fishing mortality rate was less than F30%StaticSPR.

10
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2.0 Overview of Stock Assessment

Overfished Status

The Panel concludes that the Atlantic migratory group Spanish mackerel is not overfished
because the transitional SPR is estimated at 46 percent, which is above the 30 percent level
(Figure ATS-5)”

Table 5. Catches of Atlantic Migratory Group Spanish Mackerel. Source: Mackerel Stock
Assessment Panel (1999).

Fishing Numbers of fish in thousands Weight of fish in thousands of pounds Average Com
&
Year Com Rec Total Com Rec Total Rec Weight

1984/85 2,184 942 3,126 3,292 1,311 4,602 1.47
1985/86 2,346 496 2,842 4,192 747 4,939 1.74
1986/87 1,907 798 2,704 2,565 1,196 3,761 1.39
1987/88 2,446 1,053 3,498 3,559 1,474 5,033 1.44
1988/89 2,647 1,726 4,373 3,524 2,740 6,264 1.43
1989/90 2,234 1,103 3,337 3,963 1,569 5,533 1.66
1990/91 2,067 1,323 3,390 3,560 2,075 5,635 1.66
1991/92 2,913 1,464 4377 4,736 2,287 7,023 1.60
1992/93 2,274 1,210 3,484 3,716 1,995 5,712 1.64
1993/94 2,525 920 3,445 4,813 1,493 6,306 1.83
1994/95 3,169 1,085 4,254 5,233 1,378 6,011 1.56
1995/96 1,476 785 2,260 2,009 1,089 3,098 137
1996/97 2,170 658 2,829 3,096 851 3,946 1.40
1997/98 3,057 1,357* 4414

1997/98 3,200 774* 3,974

*Recreational landings, in pounds, were estimated by multiplying number of fish caught by 1.29
Ibs/fish.
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3.0 FISHERY EVALUATION
3.1 Economic Status of The Fishery

The Atlantic migratory groups of king mackerel and Spanish mackerel are not considered
to be overfished under the Magnuson Act definition of overfishing. However, the Gulf migratory
group of king mackerel is currently classified as overfished. This section describes economic
aspects of the commercial and recreational sectors that harvest Spanish mackerel
(Scomberomorus maculatus) and king mackerel (Scomberomorus cavalla) in the South Atlantic
region. In addition, it discusses the economic implications of measures in the /1998 Framework
Seasonal Adjustment of Harvest Levels and Procedures under the FMP for the Coastal
Migratory Pelagic Resources in the South Atlantic Region.

Recreational Fishing in the South Atlantic Region

Both king mackerel and Spanish mackerel are important to the recreational fishery in the
South Atlantic region. In recent years recreational fishing for king mackerel has grown in
popularity, while landings of Spanish mackerel declined. Inferences on the popularity of these
species are based on catch and harvest data rather than on information on trips where Spanish
and or king mackerel were the targets. The latter data were not available and information on
recreational effort in the South Atlantic includes all sport fishing trips. Nearly 90% of all
recreational fishing trips occur off Florida and North Carolina (Table 6).

Table 6: The Distribution of Recreational Fishing Trips in the South Atlantic by State. Data
from the National Marine Fisheries Service Marine Recreational Fisheries Statistical Survey
(MRESS)

EAST NORTH SOUTH

Year | FLORIDA |GEORGIA| CAROLINA | CAROLINA
1992 62% 3% 26% 9%
1993 57% 4% 28% 11%
1994 59% 5% 26% 10%
1995 61% 4% 27% 8%
1996 61% 3% 27% 8%
1997 61% 3% 27% 9%

Recreational fishing effort peaked for most states in 1994 and declined slightly thereafter
(Figure 2). The increase in recreational fishing during the early and mid 90s is the result of many
factors. However, it is reasonable to speculate that the growth in population in coastal counties,
the recovery of the economy from the mild recession in the early 90s (increasing disposable
income to spend on leisure activities), and the improvement in some fish stocks are partly
responsible for this trend. The slight decline in fishing effort after 1994 may be the result of
extreme weather conditions and other episodic events and it remains to be seen whether this is
indicative of a long term trend.
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Figure 2. Marine Recreational Fishing Trips in the South Atlantic Region (1987-1997). Source:
Marine Recreational Statistical Survey (NMFS).
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Commercial Fishing for King Mackerel and Spanish Mackerel in the South Atlantic
Region

Vondruska(1998) indicates that about 2,124 federal permits were issued in 1997 to
vessels with home ports in the South Atlantic region and about 1,411 vessels held commercial
mackerel permits (Table 7). The majority of these vessels also held snapper/grouper permits.
Most of these vessels were based in North Carolina and East Florida. In 1997 most of these

permits were active as 3,421 boats reported selling king mackerel, and to a lesser extent 2,126
boats sold Spanish mackerel.

Table 7. Vessels with federal fishing permits and vessels with mackerel permits in 1997.
Source: Taken from Vondruska (1998).

Home Port Total Boats* Mackerel % of all boats in
State/Region Permits  state/region with
mackerel permits
New England 181 22 12.2%
Mid-Atlantic & 272 96 35.3%
Chesapeake
North Carolina 654 455 69.6% {
South Carolina 163 83 50.9%
Georgia 49 15 30.6%
Florida-East Coast 1,258 863 68.6%
Florida-West Coast 2,371 1,406 59.3%
Florida-Non Coastal 202 141 69.8%
Alabama 194 15 7.7%
Mississippi 63 14 22.2%
Louisiana 380 231 60.8%
Texas 342 70 20.5%
Other States 37 11 29.7%
Total 6,166 3,422 55.5%

“*Total number of vessels with federal fishing permits that are administered by the NMFS
Southeast Regional Office, except Golden Crab, Wreckfish, and Coral permits.

Spanish mackerel is landed primarily by runaround gill nets, other gill nets and to a lesser
extent hook and line. The caches by gear type have remained fairly constant for all gear types
from 1994 onward except for runaround gill nets where there was a peak in catches until 1993
and a decline thereafter. In the South Atlantic most of the king mackerel landed are taken by
hook and line gear. Since 1985 the run-around gill net fishery declined. Also the landings by the
drift gill net fishery did not amount to much and practically disappeared by 1988/89. By 1990 at
least 90% of the king mackerel landed came from the hook and line fishery. This remains true
today (Vondruska; see Appendix O). Landings in Florida occur throughout the year but fish are
more abundant from December through May.
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Vondruska (1999-Appendix P) came to the conclusion that demand for king mackerel was very
elastic and thus large changes in quantity did not have an appreciable effect on the ex-vessel
price. Prices tend to fluctuate throughout the year and examination of monthly price data
indicates that seasonal peaks in price occur in June and September for East Florida (Figure 3).
Seasonal price fluctuations from North Carolina to Georgia is depicted in Figure 3. The pattern
in 1998 appears to be a departure from trends in the earlier years. Prices may vary depending on
whether the fish are caught by hook and line or nets.

Imports of both king and Spanish mackerel enter the United States mainly from the Indo
West Pacific and the central west Atlantic. These imports increased from about half a million
pounds in the mid 80s to nearly several million pounds by the 1990s, and reached a peak of 10.6
million pounds in 1996. By 1998 imports fell to 4.1 million pounds.

Issues in the Spanish Mackerel Fisheries

The 1998 mackerel framework proposed that the TAC for Spanish mackerel be set to 6.6
million pounds, which would be divided 55% commercial and 45% recreational. In the past the
commercial/recreational split was 50% to 50%. To date these measures have not been adopted.

For the commercial sector, harvest in the South Atlantic exceeded their allocation until
1995 when harvest declined to 43% of their total allowable catch. After 1995 total landings
increased but was still below the sector’s allocation. Preliminary landings data indicate that the
harvest of Spanish mackerel may fall short of the allocation proposed in the mackerel
framework. Thus, it is expected that there would be no short term change in gross revenue from
this framework adjustment.

In the Spanish mackerel fishery, allocations between recreational and commercial sectors
have changed over time, and during the past seven years allocation shares have been 50%
recreational and 50% commercial. Thus, under the mackerel framework, the recreational share
has declined and the overall recreational TAC proposed for 1998/99 has also declined. Harvests
within the recreational sector has been on a declining trend since 1992, to the extent that
preliminary data for the 1997/98 season indicated that 34% of the allocated TAC was landed in
the South Atlantic. This decline could be due to a change in species preference for recreational
anglers in the South Atlantic. Data on targeted trips could shed more light on this issue. Since the
recreational allocation is more than twice the previous year’s landings it is unlikely that this
proposed measure would constrain recreational activity and unlikely that short term benefits
(consumer surplus) would be reduced.

The lower overall harvest proposed would result in higher long terms benefits for this
sector as it is expected that population would increase and the catch success rates would improve
in the future. However, this reallocation may cause some concern among the recreational sector.
There is some speculation that large schools of Spanish mackerel that used to exist attracted
many recreational anglers to this fishery, and with the disappearance of this phenomenon
recreational interest in this fishery has declined.
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Figure 3. Real exvessel monthly prices for king mackerel in 1990 cents (Vondruska, 1999).
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Issues in the King Mackerel Fisheries

The following is a discussion of the mackerel framework adjustments for king mackerel

in the South Atlantic region and other issues that are of interest. Again it must be noted that the
framework measures have not been adopted.

1.

Establish a TAC of 8.4 million pounds for Atlantic group king mackerel for the 1998/99
fishing year. [Note: Spanish mackerel TAC is less of an issue at this time; allocation and
catches are shown in Table 7.]

This should yield increased benefits for both the recreational and commercial sectors as more
fish can now be legally harvested. Both sectors exceeded their allocations in the previous
year and preliminary estimates indicate that the framework TAC would not be exceeded
(Table 8), however under the status quo it is expected that both sectors will exceed their
allocations for the 1998/99 season. An increased allocation will decrease the likelihood of
stricter regulations on recreational and commercial fishing in the future. However, in the
short term this measure will have little impact on benefits in these sectors.

Increase the size limit for Atlantic group king mackerel from 20 inch fork length to 24 inch
fork length.

It is expected that this measure will have little impact on the catches of both commercial and
recreational anglers in the South Atlantic. This conclusion is based upon the size composition
of the catches. For the commercial sector less than 1% of the fish landed are below 24 inches.
The proportion of these sized fish in the recreational catch ranges from 2.3% in Georgia to
7.4% in South Carolina. It is difficult to determine what impact this will have on recreational
activity and benefits in the South Atlantic, as the data is not available to determine the
response to these types of management measures. Given the low incidence of occurrence in
the catch one can assume that it may not significantly impact anglers in the short term.

The rationale for this measure is to make regulations in the South Atlantic correspond to
those in the Gulf of Mexico and the State of Florida. This uniform size limit will aid
enforcement of fisheries regulations, and fishermen will not have to contend with a change in
regulations as the boundary for Gulf and Atlantic migratory group shifts throughout the year.

Revise the trip limit for Gulf migratory king mackerel in the northern area of the eastern
subzone (Dade through Volusia County) to 75 fish throughout the entire season (November 1
to March 31).

This measure would allow fishermen in these areas the opportunity to catch their allocation.
It was estimated that there would be an increase of $331,000 in the short term and possible
increase in long term economic benefits if the sub-allocation is fully utilized.

Lower the 3,500 pound limit for Atlantic group migratory king mackerel north of the South
Carolina line year round to 2.000 pounds unless 80% is taken prior to Feb. 1, then reduce this
to 1.000 pounds.

In 1997, seven trips made by gill nets and 58 trips made by other gears other than gill nets
landed over 2,000 Ib. of king mackerel. Under a trip limit constraint it was estimated that the
fishery would experience a drop in revenue of $57,000, or 2.4% of the total revenue to the
North Carolina fishery for king mackerel. This trip limit is to ensure that there would not be
an early closure of the fishery and to decrease landings in the North Carolina fishery. Should
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Table 8. Allocation and catches for South Atlantic Group Spanish Mackerel
Millions of Pounds). Data from the 1999 Mackerel Assessment Panel Report.

Commercial Fishery Recreational Fishery
% Allocation % Allocation
Year Allocation Catch  Harvested |Allocation Catch  Harvested

1989/90 324 3963 122% 276  1.569 57%
1990/91 3.14  3.560 113% 1.86  2.075 112%
1991/92 3.50 4.736 135% 3.5 2.287 65%
1992/93 3.50 3.716 106% 3.5 1.995 57%
1993/94 450 4.813 107% 45 1493 33%
1994/95 460 5233 -114% 46 1.378 30%
1995/96 470  2.009 43% 47 1.089 23%
1996/97 3.50  3.096 88% 3.5  0.851 24%
1997/98* 4.00 3.057 76% 4.0 1.357 34%
1998/99%* 400 3.366 84% 400 0.774 19%
1998/99%*** 3.63 3.366 93% 297 0.774 26%

Table 9.

Millions of Pounds

Allocation and catches for South Atlantic Group King Mackerel
. Data from the 1999 Mackerel Assessment Panel Report.

Commercial Fishery Recreational Fishery
%o Allocation % Allocation
Year Allocation Catch  Harvested |Allocation Catch Harvested

1989/90 3.34 2.635 79% 5.66 3.400 60%
1990/91 3.08 2676 87% 522 3.718 71%
1991/92 3.90 2.516 65% 6.60 5.822 88%
1992/93 590 2.227 57% 6.60 6.251 95%
1993/94 390 2.018 52% 6.60 4.438 67%
1994/95 3.71 2.197 59% 6.29  3.728 59%
1995/96 2.70  1.870 69% 460 4.153 90%
1996/97 2.52  2.702 107% 428 4,016 94%
|l997f98* 2.52 2.678 106% 428  5.392 126%
1998/99** 2.52  2.625 104% 428  4.565 107%
1998/99*** 312 2625 84% 5.28  4.565 86%

*Preliminary estimates only for landings in 1997/98 and 1998/99
**Existing guidelines, since to date the mackerel framework measures have not been adopted.
***Proposed under the 1998 mackerel framework, however these measures have not been

approved by the Nat
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vessels respond by increasing the number of trips in order to meet some vessel threshold
income level then it is expected that net revenue will decrease and landings will not decline.

If additional effort were to enter this area of the king mackerel fishery, this measure should
ensure that total harvest would not exceed the allocation, and thus avoid early closures.
However, this may impose inefficiency on large vessels that are constrained by the trip limit.
In addition, trip limits may avoid market gluts caused by derby style fishing. If this trip limit
reduction were to result in higher prices then affected vessels may capture some of their lost
revenue.

Other issues not addressed in the framework include: mixing of Atlantic and Gulf king
mackerel, beginning the Atlantic migratory group king mackerel season on March 1, and
accounting for mackerel by-catch in the shrimp trawl fishery.

There are two migratory groups of king mackerel; one group in the Gulf and another in
the Atlantic. During the summer (April 1 to October) the Monroe/Collier county Florida border
serves as a demarcation line for landings assigned to the two migratory groups. In the winter
(November 1 to March 31) the Flagler/Volusia County border delimits the catches assigned to
the two migratory groups. The overlap between these two boundaries is the mixing area and fish
caught here are currently distributed to both the Gulf and Atlantic migratory groups depending
on the season. However, it has been suggested that some fish caught here in the winter belong to
the Atlantic migratory group. This could result in an increase in ABC between 0.9 and 4.6
million pounds depending on the level of by-catch used in the analyses. As both the commercial
fishery and recreational fishery exceeded their allocations, such an increase in the ABC and
hence the TAC would serve to increase both short term and long term benefits for both groups.

There was some interest expressed in altering the season for king mackerel in the South
Atlantic. Fishing starts in April in North Carolina, but recently with the closure of red porgy and
gag grouper from January to April fishing for king mackerel in March is becoming more
important in North Carolina. This proposed action could impact the Florida fishery, as it may
result in early closure.

The mackerel stock assessment panel recognized that there was juvenile Spanish and king
mackerel by-catch in the southeast Atlantic shrimp trawl fishery. Most of the data available on
this by-catch comes from the South Carolina shrimp fishery. Harris and Dean (1998) observed
that king mackerel were found in 21% of the tow samples with peak catches occurring in
October and November. While Spanish mackerel were observed in 41% of he samples and peak
catches occurred in July. These authors concluded that age 0 king mackerel were vulnerable to
the trawl gear for half of the shrimping season and age 0 Spanish mackerel were caught
throughout the entire shrimping season (May to December).

These estimates were imprecise and showed too much variability, and to date there is no
acceptable method to estimate this by-catch for the entire Southeast. Thus, the panel did not
include by-catch estimates in calculating allowable biological catch ranges for king and Spanish
mackerel. In the future should by-catch be included in this assessment it would mean wider ABC
range for both species. It is important that by-catch in the Southeast shrimp trawl fishery be
adequately monitored for at least one year to determine if quantities of these species are large
enough to warrant more in-depth studies.
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3.2 Social Evaluation - South Atlantic Fishing Communities as Defined in the
Sustainable Fisheries Act Amendment (SAFMC, 1998a)
“4,3.3 Fishing Communities - Identify and define fishing communities

Identifying fishing communities provides a basis for analyzing impacts of management
measures on fishing communities rather than on a fishery-wide basis. This would be more
relevant in situations where impacts are differential because of the location, level of activity and
dependency on fishing, availability of alternative job opportunities, etc. in different fishing
communities. This measure would allow fishery managers to obtain information on the impacts
of future management measures on different fishing communities. It could make for the
formulation of management measures that would minimize impacts on fishing communities that
have less opportunities to adapt to changes imposed by the measures.

Identification and definition of fishing communities would normally have a positive
impact, except that, for the South Atlantic, there are no data collected on fishing communities.
National Standard 8 imposes requirements on the council and the fishery management regulatory
process that cannot be satisfied given existing data. Current data available do not allow for a
meaningful definition of fishing community, moreover, do not provide a measure of dependence
upon fishing and will not contribute to useful impact analysis.

At its March meeting, the Gulf of Mexico Fishery Management Council’s Socio-
economic Panel recommended that further research be initiated and funded by National Marine
Fisheries Service as soon as possible to aid in the identification and definition of fishing
communities in the Southeast. The panel also recommended the scope of this problem be
addressed at a national level, such that impacts upon fishing communities can be analyzed across
regions as well as within. A key area for expanded research is ethnographic and survey research
to identify, not only communities, but those who provide supporting services to the economy and
culture of fishing communities. Especially important in the Southeast is the need to provide a
realistic portrayal of recreational fishing, diving, and eco-tourism and their importance to a
fishing community.

The Council concluded incorporating all available information at this time will meet the
mandates of the recent Magnuson-Stevens Act amendments relative to fishing communities.

With the addition of National Standard 8, FMPs must now identify and consider the
impacts upon fishing communities to assure their sustainable participation and minimize adverse
economic impacts [MSFCMA section 301 (a) (8)].

The proposed guidelines for this new standard state: “... fishing communities are
considered geographic areas encompassing a specific locale where residents are dependent on
fishery resources or are engaged in the harvesting or processing of those resources. The
geographic area is not necessarily limited to the boundaries of a particular city or town. No
minimum size for a community is specified, and the degree to which the community is
‘substantially engaged in’ or ‘substantially dependent on’ the fishery resources must be defined
within the context of the geographical area of the FMP. Those residents in the area engaged in
the fisheries include not only those actively working in the harvesting or processing sectors, but
also fishery-support services or industries," such as boat yards, ice suppliers, or tackle shops,
and other fishery-dependent industries, such as ecotourism, marine education, and recreational
diving.” [Federal Register Volume 62, Number 149 (August 4, 1997)]

“The term ‘sustained participation’ does not mandate maintenance of any particular
level or distribution of participation in one or more fisheries or fishing activities. Changes are
inevitable in fisheries, whether they relate to species targeted, gear utilized, or the mix of
seasonal fisheries during the year. This standard implies the maintenance of continued access to
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fishery resources in general by the community. As a result, national standard 8 does not ensure
that fishermen would be able to continue to use a particular gear type, to target a particular
species, or to fish during a particular time of the year.” [Federal Register Volume 62, Number
149 (August 4, 1997)]

“The term ‘fishing community’ means a community that is substantially dependent on or
substantially engaged in the harvest or processing of fishery resources to meet social and
economic needs, and includes fishing vessel owners, operators, and crew, and fish processors
that are based in such communities. A fishing community is a social or economic group whose
members reside in a specific location and share a common dependency on commercial,
recreational, or subsistence fishing or on directly related fisheries-dependent services and
industries (for example, boatyards, ice suppliers, tackle shops).” [Federal Register Volume 62,
Number 149 (August 4, 1997)]

In order to determine a community’s “substantial dependence” or “sustained
participation” on fishing, those communities must first be identified. Presently, the NMFS has
not identified fishing communities, nor their dependence upon fishing in the South Atlantic.
Moreover, there are no ongoing data collection programs to gather the necessary information that
would allow for the identification of fishing communities in the South Atlantic or other regions.
Also, there are no future plans to implement any such data collection program that would
determine dependence upon fishing in order to provide the Councils with important information
necessary for social and economic impact analysis of fishing communities. This leaves the
councils with existing data collected through other agencies, not always specific to fisheries
management, i.e., census data, regional economic census, and previous research on specific
fisheries. Although this data can be useful, it is often not specific enough to identify or provide a
clear representation of a community and its dependence upon fishing. One reason for this
difficulty is that fishermen in a specific fishery often do not reside within one particular
municipality that can easily be identified as a fishing community or one that is substantially
dependent upon fishing. Also, that information is often not provided at the municipality level,
but more often at the county level.

Commercial fishermen may have a domicile (home) in one community and dock their
boat in another. They may sell their fish in either place or an entirely different location.
Recreational fishermen often do not live on the coast, but drive from inland counties and may
launch their boats or fish from several different sites. For these reasons, identifying a *“fishing
community” becomes problematic in that such a community does not fit the normal geographic
boundaries or fall within the metes and bounds that would surround a normal incorporated
municipality.

The impacts of fisheries management may be minimal in a single community, but, when
taken overall may be substantial to an entire county or several county area. Those same
measures may have a small impact on a large metropolitan area, but, to a neighborhood where
most fishing families live or most fishing activity originates it could be substantial. Therefore, a
“fishing community” may encompass a single municipality, a county, several counties or one
neighborhood within a major metropolitan area depending upon a variety of demographic, social,
economic and ecological factors that one must consider.

One important circumstance to consider when assessing the impacts upon fishing
communities is the difference between rural and urban areas, as many fishing communities exist
in rural areas on the Southeast coast. There are several ways in which rural areas differ from the
more urban or metropolitan as illustrated in Understanding Rural America (ERS-USDA, 1993).
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Rural areas have consistently lagged behind urban areas with respect to real earnings per job and
education levels. Rural areas have also seen a rise in subgroups who are prone to economic
disadvantage--families headed by single mothers and minorities. However, these differences
vary across the country and are influenced by several factors, one of which is the availability of
natural resources. In order to explain and examine some of these differences, counties within the
U.S. have been classified as either metropolitan or non-metropolitan. A further subdivision of
non-metro counties provides a more clear understanding into each subtype’s dependence upon
certain economic specialization and the importance of those differences to the residents of those
counties (ERS-USDA, 1993). The following classification system may also suggest a possible
method for defining an area’s dependence upon fishing using the appropriate criteria.

Six types of non-metro counties have been classified, three of which are based upon
economic specialization - farming, manufacturing and services. The other three county
classifications are based upon their relevance to policy -- retirement-destination; Federal lands;
and persistent poverty. Using earned income as a measure of dependence, the classification for
counties based upon economic specialization is as follows:

Farming counties - 20% or more earned income from farming
Manufacturing - 30% or more earned income from manufacturing
Services - 50% or more earned income from services industries

Those counties whose classification is based upon economic specialization are mutually
exclusive; the other three classification types are not mutually exclusive (ERS-USDA, 1993).

This type of classification system, based upon a percentage of earned income or other
measure, might be used to determine a community, county or region’s dependence upon fishing.
However, like farming counties, those dependent upon fishing have likely seen a decline in the
dependence upon fishing over time. This is probably due to significant increases in the
population of coastal areas since the 1970’s. Much of the population growth has been in the
form of immigration of people 60 and older who seek coastal areas for retirement destinations.
The increase in this population sector, in turn, brings a greater dependence upon service
industries. Choosing such a measure of dependence is not possible at this time and would have
to be developed through further analysis and/or research.

Griffith and Dyer developed a typology of fishing community dependence for the
Northeast Multi-species Groundfish Fishery (MGF) (Aguirre, 1996). In that typology, they
identified critical indicators of dependence which included specific physical-cultural and general
social-geographic indicators, i.e., number of repair/supply facilities; number of fish
dealers/processors; presence of religious art/architecture dedicated to fishing; presence of secular
art/architecture dedcicated to fishing; number of MGF permits; and number of MGF vessels.
Using previous results and supplemental research of their own, they were able to develop a
fishery dependence index score for the five primary ports in the MGF.

From their research Griffith and Dyer were able to document five variables which best
predicted dependence upon the MGF:

1. Relative isolation or integration of fishers into alternative economic sectors, including
political participation. To what extent have the fleets involved in the MGF enclaved
themselves from other parts of the local political economy or other fisheries? How much
have the MGF fleets become, similar to an ethnic enclave, closed communities?
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2. Vessel types within the port's fishery. Is there a predominance of large vessels or small
vessels, or a mix of small, medium, and large?

3. Degree of specialization. To what extent do fishers move among different fisheries?
Clearly, those fishers who would have difficulty moving into alternative fisheries or
modifying their vessels with alternative gears are more dependent on the MGF than those
who have histories of moving among several fisheries in an opportunistic fashion.

4. Percentage of population involved in fishery or fishery-related industries. Those
communities where between five and ten percent of the population are directly employed
in MGF fishing or fishing-related industries are more dependent on the MGF than those
where fewer than five percent are so employed.

5. Competition and conflict within the port, between different components of the MGF.
Extensive competition and conflict between fishers within the same port--as well as
between different actors in the MGF, such as boat owners and captains--seem to be
associated with intensive fishing effort and consequent high levels of dependence on the
MGF. In this case, dependence may have a strong perceptual dimension, with fishers
perceiving the resources they are harvesting to be scarce and that one fleet's gain is
another fleet's loss.

It is important to understand that these factors are appropriate for the MGF and are not
necessarily the best predictors for all fishing communities. Fisheries in the Southeast will differ
markedly from those in other regions of the country, especially with regard to their integration
into other economies and notably the tourist economy. Recreational fishing is an integral part of
the tourism and service economy that has developed for coastal communities in the South
Atlantic. For these communities, dependence upon fishing will undoubtedly be tied to
commercial and recreational fishing and their associated businesses. Therefore, it is important
for fishery dependence models to be developed specifically for the South Atlantic.

Griffith and Dyer (Aguirre 1996) also discuss their description of fishing communities as
it relates to the term Natural Resource Community (NRC). Dyer et. al define a NRC as "a
population of individuals living within a bounded area whose primary cultural existence is based
upon the utilization of renewable natural resources" (1992:106). Natural Resource Communities
possess an elementary connection between biological cycles within the physical environment and
socio-economic interactions within the community. An adaptation to working on the water by
fishermen has important implications for the community as a whole because of the necessary
support activities that take place on land, i.e., net hanging & mending; fish handling &
preparation; boat building & repair. This important tie to the physical environment not only
dictates occupational participation, but structures community interaction and defines social
values for those living in Natural Resource Communities. While fishing communities in the
MGF are not bounded or set apart from the larger community in which they reside, they still
manifest certain recognizable features that would classify them as NRCs (Aguirre 1996).

Fishing communities in the South Atlantic will also show signs of being integrated into the larger
economy, but may still maintain certain vestiges of an NRC. Fishermen in the South Atlantic,
like those in the Northeast MGF, will not likely see their ecological systems being closed, but
affected by a host of other forces, both globally and locally. Far more detailed research will need
to be conducted among South Atlantic fishing communities to determine changes in integration
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of the larger economy. One of the most likely changes will be an increasing dependence upon
the service sectors as recreational fishing and other recreational activities play an increasing role
in the economies of coastal communities. While there will continue to be a connection between
the social and physical environments, the nature of that interaction will undoubtedly change.

At this time there is insufficient data to completely identify and define fishing
communities in the South Atlantic. The following description of fishing communities provides
information to explore ways of defining fishing communities that range from geographical
regions to a well bounded municipality. With varied levels of research or data available for each
state, descriptions of fishing communities will depend upon the amount of data available and the
specific nature and timeliness of that data. In some cases, it may be possible to find a
municipality that will clearly fit a definition of fishing community and meet a criterion for
dependence upon fishing. In others, it may be a series of communities or counties designated a
“fishing community” or possibly a particular sector of a large metropolitan area.

Readily available data will be discussed to allow for public input on the best way to
identify fishing communities and determine their dependence upon fishing. Following the
discussion of fishing communities in the South Atlantic a discussion of data needs and format
will provide possible directions for data collection and analysis. The Council welcomes
comments on all aspects of incorporating this new national standard, in order to devise a
classification system which will assist in assessing the impacts of fishery management upon
fishing communities.

4.3.3.1.1 South Atlantic Fishing Communities

According to NMFS, South Atlantic commercial fishermen have harvested well over
250,000 pounds of seafood in each of the years 1995 and 1996 (Table 1). Those landings have
represented over $200,000,000 in harvest value. The value of those landings can become even
greater once it diffuses throughout South Atlantic fishing communities as it provides
employment and other benefits to other sectors within each community’s economic base.

Table 1. U.S. Domestic Commercial Fishing Landings by Region, 1995 and 1996.
Source Fisheries of the United States, 1996

1995 1996

Thousand Thousand Thousand Thousand
Region pounds dollars pounds dollars
New England 592,665 580,957 641,821 564,169
Middle Atlantic 240,413 179,747 241,936 181,869
Chesapeake 845,632 174,229 728,830 158,736
South Atlantic 277,035 238,112 268,990 209,407
Gulf of Mexico 1,464,718 724,619 1,496,875 680,304

Commercial seafood landings also represent other forms of expenditure which have an
impact upon fishing communities, such as: fuel, gear, groceries, etc. Support industries like, gas
stations, tackle shops, grocery stores all have an investment in the harvesting capability of the
local fishing fleet.

As with commercial fishing, recreational fishing activity will also contribute to the
economic base of a fishing community as fishermen buy fuel, bait, tackle and food & beverage
for fishing trips. Figure 1 demonstrates an increasing trend in recreational fishing trips for most
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South Atlantic states, but, also substantial variation in the number of trips over time. Such
variation can mean significant economic impacts for those communities that rely upon
recreational fishing.

South Atlantic fishing communities will depend upon both recreational fishing and
commercial fishing for determining the importance of fishing to their economic base. The
supporting role of associated businesses will also need to be incorporated into any measure of
dependence. Such businesses as: seafood dealers and processors, marinas, gas stations, bait and
tackle shops, dive shops, trucking firms, restaurants and many others, all have some role in
determining dependence upon fishing. Unfortunately, data that is robust and/or specific enough
does not exist to include in such a determination.
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Figure 1. Estimated Number of Marine Recreational Fishing Trips by State and Year for the
South Atlantic. Source: Personal communication from the National Marine Fisheries Service,
Fisheries Statistics and Economics Division.

To identify fishing communities in the South Atlantic one might begin with the National
Oceanic and Atmospheric Administrations publication Fisheries of the United States (1996).
Among the various statistics listed are commercial landings of major U.S. ports. These ports
could be considered to be substantially dependent upon fishing. Table 2 lists the major ports for
the South Atlantic in 1996 and 1995 for quantity and value of landings. Some ports are listed as
individual communities while others are a combination of several communities over a limited
geographical range. This characterization may be useful as we attempt to further delineate
fishing communities in each state. Other sources of information helpful in defining fishing
communities include the United States Census and Bureau of Economic Research, which include
economic information for many areas of the U.S.
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Table 2. Quantity, Value and Rank of Commercial Landings for South Atlantic Ports among
Major U.S. Ports Source: Fisheries of the United States, 1996.

1995 1995 1995 1995 | 1996 1996 | 1996 1996

Port Quantity* | Rank | Value* | Rank | Quantity* | Rank | Value* | Rank
Key West 23.4 32 66.7 S 23.7 37 62.8 4
Beaufort-Morehead City, NC 87.0 16 35.0 15 75.4 18 20.3 34
Wanchese-Stumpy Point, NC 39.0 25 25.0 24 43.4 24 24.6 27
Charleston-Mt.Pleasant, SC 11.0 58 19.0 32 --- -- “-- e
Cape Canaveral, FL 10.1 - - 16.9 35 21.2 43 17.7 42
Darien-Bellville, GA --- -- 11.0 50 .- - - -

Beaufort, SC --- - - 11.0 51 --- - - ---
Englehard-Swanquarter, NC 11.0 58 --- - - 15.0 50 - - - - -
Oriental-Vandemere, NC 9.0 - - 10.0 - - 14.0 53 13.3 50
Bellhaven-Washington, NC 6.0 - -- -- 11.5 58

4.3.3.1.2 North Carolina

*Value and quantity are in millions of dollars and pounds respectively.

The 1990 Census of Population and Housing provides the following information for

North Carolina regarding individuals who reported their occupation as fisher in Table 3. This

data will likely include those individuals who commercially fish fresh water areas and others
who are not impacted by fisheries management of marine fisheries at the council level. This

information does provide data for comparison and could help set parameters for a measure of

dependency upon fishing. It is not recommended that these figures be used to determine
dependency upon fishing, however. The 1990 Census classifies year-round full-time workers as

all persons 16 years old and over who usually worked 35 hours or more per week for 50 to 52

weeks in 1989.

Table 3. Number of Fishers and Mean Annual Income for North Carolina in 1990. Source: U.S.

Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 989 1,271 2,260
Female 47 105 152
Total 1,036 1,376 2,412
Mean Annual Income (%)
Male 16,315 13,069 14,489
Female 11,518 4,489 6,662
Total 16,097 12,414 13,996

The 1990 Census also provides the following information for North Carolina regarding

individuals who reported their occupation as captain of a fishing vessel in Table 4. It is

interesting to note that there were no females listed as captain of fishing vessels. This concurs
with the much of the research on the occupation of fishing which finds very few women in this
role. Although women often play an important role in the fishing operation, they are rarely in

the position of captain of fishing vessels.

Mackerel/Cobia SAFE Report
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Table 4. Number of Captains of Fishing Vessels and other officers and Mean Annual
Income for North Carolina in 1990. Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of Captains
Male 102 141 243
Female 0 0 0
Total 102 141 243
Mean Annual Income ()
Male 26,917 33,640 30,818
Female 0 0 0
Total 26,917 33,640 30,818
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Figure 2. North Carolina Counties. Source: Bureau of Economic A

Commerce.

I;alysis, U.S. Dept. of

Johnson and Orbach (1996) have divided North Carolina into six areas for their research
on effort management of North Carolina commercial fisheries. Those areas were determined to
be distinct with regard to species/gear combinations in addition to sociological, ecological and
environmental differences. The areas defined are as follows:

Area 1: Albermarle Area - Currituck, Camden, Pasquotank, Perquimans, Chowan,

Bertie, Washington, and Tyrell Counties.

Area 2: Dare County

Area 3: Southern Area - Brunswick, Pender, New Hanover, and Onslow Counties
Area 4: Pamlico Area - Craven, Pamlico, Beaufort, and Hyde Counties.
Area 5: Carteret County
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Area 6: Inland Counties.

Area 1: Albermarle Area

The Albermarle area includes the following counties: Currituck, Camden, Pasquotank,
Perquimans, Chowan, Bertie, Washington and Tyrell. Johnson and Orbach (1997) found that
commercial fishermen in this area had two primary gear types, pots and gill nets. They also
concluded that fishermen here move in and out of gill netting on an annual basis.

Table 5. Population and Economic Information for Counties included in Area 1. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 1-County 1993 1994 1995
Bertie Population 20,631 20,665 20,745
Personal Income (Thousands of $) 291,226 303,292 328,227
Per Capita Pers Income (§) 14,116 14,677 15,822
Personal Income Fishing (Thousands of §) 71 75 84
Camden Population 6,211 6,370 6.399
Personal Income (Thousands of §) 92,875 100,012 105,636
Per Capita Pers Income (§) 14,953 15,700 16,508
Personal Income Fishing (Thousands of $) 0 0 0
Chowan Population 13,815 13,909 13,958
Personal Income (Thousands of $) 226,563 234,453 247,428
Per Capita Pers Income (8) 16,400 16,856 17,727
Personal Income Fishing (Thousands of §) 128 134 151
Currituck Population 15,215 15,831 16,285
Personal Income (Thousands of §) 251,885 269,871 291,055
Per Capita Pers Income () 16,555 17,047 17,873
Personal Income Fishing (Thousands of §) 358 376 423
Pasquotank Population 33,220 33,488 33,759
Personal Income (Thousands of $) 510,623 534.860 574,433
Per Capita Pers Income (8) 15,371 15,972 17,016
Personal Income Fishing (Thousands of $) - ---- ----
Perquimans Population 10,644 10,692 10,737
Personal Income (Thousands of $) 148,365 162,627 160,912
Per Capita Pers Income (§) 13,939 15,210 14,987
Personal Income Fishing (Thousands of $) ---- 0 ----
Tyrell Population 3918 3,875 3,846
Personal Income (Thousands of §) 56,056 58,138 52,738
Per Capita Pers Income (§) 14,307 15,003 13,712
Personal Income Fishing (Thousands of $) 476 500 562
Washington Population 14,136 14.276 14,138
Personal Income (Thousands of §) 220,429 229,038 238,124
Per Capita Pers Income (8) 15,593 16,044 16,843
Personal Income Fishing (Thousands of §) 225 236 266

Using multidimensional scaling, Johnson and Orbach were able to examine the spatial
relationship of various types of fishing in each area. For Area I, crab potting was the most
central fishery. In other words most fishermen in the area do some crab potting. Referring to
cliques, they found that for this area fishermen who peeler pot, eel pot, crab pot and gill net
flounder differ from those that long haul. Fishermen that long haul will crab pot and gill net
flounder but do not engage in peeler pots or eel pots.
In examining the categories which would include fishermen for Area 1 (Table 6) there
seems to be no trend regarding either those in Farm/Fish/Forest occupations or the Agriculture,
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Fishing, Mining Industries. There are both increases and decreases in the number of those within
each categories from 1970 to 1990 which varies by county.

Table 6. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining Industry
for North Carolina Coastal Counties included in Area 1 for 1970, 1980, and 1990 Census.
Source: MARFIN Sociodemographic Database '

County Occupation/Industry 1970 1980 1990
Bertie County Farm/Fish/Forest 923 1035 839
Agri.,Fishing, Mining 1050 1038 884
Camden County Farm/Fish/Forest 203 220 114
Agri.,Fishing,Mining 220 181 137
Chatham County Farm/Fish/Forest 740 904 832
Agri. Fishing, Mining 927 934 1286
Currituck County Farm/Fish/Forest 194 247 316
Agri.,Fishing,Mining 215 296 309
Pasquotank County Farm/Fish/Forest 444 491 469
Agri.,Fishing, Mining D52 478 508
Perquimans County Farm/Fish/Forest 417 513 299
Agri. Fishing,Mining 445 524 316
Tyrrell County Farm/Fish/Forest 197 249 208
Agri.,Fishing, Mining 225 273 233
Washington County Farm/Fish/Forest 408 511 551
Agri. Fishing, Mining 462 557 526

Area 2 : Dare County

Within Dare county the following communities have been described through recent
research of the snapper grouper fishery and might be considered fishing communities: Manns
Harbor, Manteo, Wanchese, Hatteras, Stumpy Point (Iverson 1997). Johnson and Orbach (1997)
found that commercial fishermen in this area had two primary gear types, pots and gill nets. In
their analysis of fishery networks for Area 2 they again found crab pots to be central. Another
interesting difference revealed was that fishermen who shrimp trawl in this area will gillnet for
sharks but do not engage in crab potting.

Dare County shows a higher personal income from fishing over the three years listed
(Table 7) than most other coastal counties in North Carolina.

Table 7. Population and Economic Information for Counties included in Area 2. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 2
County 1993 1994 1995
Dare
Population 24300 25,106 26,074
Personal Income (Thousands of $) 429,564 465.011 502,474
Per Capita Pers Income ($) 17,678 18,522 19,271
. Personal Income Fishing (Thousands of $) 5,426 5,688 6,392
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Dare County (Table 8) shows a general increase in the number of individuals in the
listed occupations and industries over the twenty years from 1970 to 1990.

Table 8. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining Industry
for Dare County (Area 2) for 1970, 1980, and 1990 Census. Source: MARFIN
Sociodemographic Database

County - | Occupation/Industry 1970 1980 1990
Dare County Farm/Fish/Forest 11 376 637
Agri. Fishing, Mining 181 446 655

Snapper Grouper Fishing

Most of the snapper grouper permit holders in Area 2 work out of Hatteras and only a
small portion of their annual commercial fishing activity is devoted to targeting snapper grouper
species. Black sea bass, snowy grouper, and blueline tilefish are the most frequently targeted
species by commercial snapper grouper fishermen from this area. Surface longlining for tuna
and swordfish is apparently the most productive and profitable style of commercial fishing in the
area, and the small towns of Manteo and Wanchese serve as refuge for a large number of both
local and non-local longlining boats (Iverson, 1997).

Area 3: Southern Area

The Southern Area includes the following counties and communities (in parenthesis):
Brunswick (Southport). Pender, New Hanover, Onslow (Sneads Ferry). Johnson and Orbach
(1997) found that commercial fishermen in this area had four primary gear types: hook-and-line,
gill net, hand harvest of shellfish, and trawling. Pot fishing was classified as secondary gear but
they report that increasing usage over time could possibly make it a primary gear. It is
interesting to note that they also reported that pot fishing showed an increase in all five areas
over time. Area 3 showed much more complexity in annual rounds of fishing than Areas 1 or 2
with shrimp trawling, hand clamming and crab potting all central to the network (Johnson and
Orbach 1997).
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Table 9. Population and Economic Information for Counties included in Area 3. Source:

. Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 3

County 1993 1994 1995

Brunswick
Population 56,350 58,386 60,697
Personal Income (Thousands of $) 878.453 941,247 1,024,954
Per Capita Pers Income ($) 15,589 16,121 16,886
Personal Income Fishing (Thousands of $) 1,595 1,674 1,885

Pender
Population 32,554 33,864 33.759
Personal Income (Thousands of $) 510,623 534,860 574,433
Per Capita Pers Income (§) 15,681 16,341 17,253

Personal Income Fishing (Thousands of §) - ---- ----

New Hanover

Population 131,091 135,317 139,906
Personal Income (Thousands of $) 2,620,539 2.800,024 3,036,605
Per Capita Pers Income (3) 19,990 20,692 21,705
Personal Income Fishing (Thousands of §) ---- ---- 693
Onslow |
Population 145,638 144,951 144,259 |
Personal Income (Thousands of §) 1,962,312 2,030,075 2.149.074
Per Capita Pers Income (§) 13,474 14,005 14,897
Personal Income Fishing (Thousands of $) 667 700 787
Counties included in Area 3 (Table 10.) show a general increase in numbers of
. individuals within the selected occupations and industries, with the exception of Pender County

which shows a decline from 1970-1990.

Table 10. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for North Carolina Coastal Counties included in Area 3 for 1970, 1980, and 1990
Census. Source: MARFIN Sociodemographic Database.

County Occupation/Industry 1970 1980 1990
Brunswick County Farm/Fish/Forest 370 668 1028
Agri. Fishing, Mining 505 645 971
Pender County Farm/Fish/Forest 772 562 627
Agri.,Fishing,Mining 892 669 690
New Hanover County | Farm/Fish/Forest 289 550 782
Agri.,Fishing,Mining 564 615 984
Onslow County Farm/Fish/Forest 754 869 996
Agri.,Fishing,Mining 906 800 987

Snapper Grouper Fishing
For Area 3, the small community of Sneads Ferry, is unique in that the majority of the
commercial reef fishermen fish with sea bass pots. According to the 1993 federal permit list for
the South Atlantic region, there were 58 permit holders who indicated that sea bass pots were
. their primary gear type. Of those, 13 permit holders worked out of Sneads Ferry (Iverson, 1997).
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Overall, 72% of fishermen using sea bass pots as their primary gear work out of home ports in
North Carolina.

Area 4: Pamlico Area.

The Pamlico area includes these counties and communities (in parenthesis): Craven,
Pamlico (Vandemere, Oriental), Beaufort (Bellhaven, Washington), Hyde (Ocracoke,
Swanquarter, Englehard). Johnson and Orbach (1997) found that commercial fishermen in this
area had three primary gear types, pots, gill nets, and trawls. In terms of annual fishing rounds
Area 4 is the simplest to understand where two strategies are employed: gill netting and crab
potting or trawling and crab potting. They go on to note that this simple strategy may signify
few choices for fishermen in this area in the case of environmental or regulatory change
(Johnson and Orbach 1997). Possible fishing communities within Area 4 might be: Vandemere
and Oriental. '

Table 11. Population and Economic Information for Counties included in Area 4.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area 4
County 1993 1994 1995
Craven
Population 83,595 83,851 85,163
Personal Income (Thousands of §) 1.450.296 1,508,353 1,626,657
Per Capita Pers Income (8) 17,349 17,988 19,101
Personal Income Fishing (Thousands of §) 386 405 ----
Pamlico
Population 11,772 11,948 12,064
Personal Income (Thousands of §) 179,384 186,131 199,576
Per Capita Pers Income (8) 15,238 15,578 16,543
Personal Income Fishing (Thousands of §) 2,714 2,851 3,211
Beaufort
Population 43,446 43815 43,998
Personal Income (Thousands of §) 674,788 711,961 756,048
Per Capita Pers Income (§) 15,532 16,249 17,184
Personal Income Fishing (Thousands of §) 1,339 1,406 1,580
Hyde
Population 5,374 5,339 5,362
Personal Income (Thousands of §) 80,982 90,101 80,300
Per Capita Pers Income (8) 15,069 16,876 14,976
Personal Income Fishing (Thousands of §) 1,860 1,973 2215

Pamlico county had the highest personal income from fishing for Area 4 from 1993 to
1995 with a steady increase over those three years (Table 11). Hyde county followed with
Beaufort next; both showing an increase over time. For most counties in Area 4 (Table 12) the
general trend seems to be an increase from 1970 to 1980 and then a decrease from 1980 to 1990
within these occupation and industry categories. Beaufort County shows an overall decrease
from 1970-1990.

32
Mackerel/Cobia SAFE Report




Census. Source: MARFIN Sociodemographic Database

3.0 Affected Environment

Table 12. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for North Carolina Coastal Counties included in Area 4 for 1970, 1980, and 1990

County Occupation/Industry 1970 1980 1990
Craven County Farm/Fish/Forest 873 1136 832
Agri.,Fishing,Mining 1129 1222 860

Pamlico County Farm/Fish/Forest 245 498 442
Agri. Fishing, Mining 502 662 477

Beaufort County Farm/Fish/Forest 1452 1393 1024
Agri. Fishing, Mining 2169 2123 1190

Hyde County Farm/Fish/Forest 295 509 454
. 442 579 511

Area 5: Carteret County

Agri., Fishing,Mining

In Area 5 Johnson and Orbach (1997) found that commercial fishermen had three
primary gear types, gill nets, trawls and hand harvest of shell fish. In terms of annual fishing
rounds Area S did not show the clear gear stratification found in other areas. Shrimp trawling is
the most central fishery, but pound netting, crab potting, and mechanized clamming also occur
with shrimp trawling. (Johnson and Orbach 1997). Possible fishing communities within Area
5: Morehead City and Beaufort.

Table 13. Population and Economic Information for Counties included in Area 5.

Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

Area s

County 1993 1994 1995

Carteret
Population 55,747 56,381 57,690
Personal Income (Thousands of $) 935,032 985.484 1,076,753
Per Capita Pers Income (S) 16,773 17.479 18,604
Personal Income Fishing (Thousands of §) 2,783 2,871 3.207

Among North Carolina’s coastal counties, Carteret county was second to Dare county
(Table 13) in terms of personal income from fishing. In addition, Carteret County (Table 14)
shows an marked increase from 1970 to 1980, then a decrease from 1980 to 1990, within the
occupations of Farm/Fish/Forest and an overall increase in the number of Agriculture, Fishing

and Mining industries.

Table 14. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for Carteret County (Area 5) for 1970, 1980, and 1990 Census. Source: MARFIN
Sociodemographic Database. 3

County Occupation/Industry 1970 1980 1990
Carteret County Farm/Fish/Forest 225 1200 1158
Agri.,Fishing. Mining 731 1234 1260

In a recent report on the importance of commercial fishing in Carteret county, Diaby
(1997) found that Carteret county ranked first in poundage (96,652,314 Ib) and second in
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dockside value ($20,618,486) in terms of commercial landings for North Carolina coastal
counties. Finfish represented the 91% of total landings and 46% of total ex-vessel value. The
most important species of finfish were: menhaden, flounder, croaker, weakfish and spot.
Shellfish and crustaceans accounted for only 9% of all commercial landings but, represented
over half of the value of landings during the period from 1974-1994. Employment by the
commercial fishing industry, both full and part time for Carteret county was estimated to be
3,232 people for 1994 (Diaby, 1997). This number varies from those reported in the census data
and emphasizes the problems in comparing these types of data. Since 1981 there have been
about 105 to 140 licensed seafood dealers in Carteret county. The value of processed seafood
peaked for the county in 1981 when scallops accounted for almost half of the value with a total
value of $19,737,126. Since that time there has been a general decline in total value of processed
seafood attributable to a decline in scallop landings. Menhaden was the most important single
processed product over a fifteen year period from 1980 to 1994 (Diaby, 1997).

In estimating the economic impact of Carteret county commercial harvesting sector
Diaby (1997) estimated $27 million in sales of goods and services and $11.66 million in value
added. Total employment from commercial harvesting activities was estimated to be 3,371.

Sales of goods and services for the wholesaling and processing sector were estimated at
$19 million, with $11 million n value added. There were an estimated 1,563 full and part time
jobs created earning $6.55 million in wages (Diaby, 1997).

Overall, the activities of the commercial fishing industry created $46 million in sales of
goods and services and $24 million in value added. There were 4,934 full and part time jobs
which earned $14 million in wages (Diaby, 1997).

The recreational fishery spent approximately $70 million on fishing trips in Carteret
county with $25.23 million in employ compensation and $47.61 in value added. There were
1,821 full and part time jobs associated with the recreational fishing industry in Carteret County.

The total impact of the coastal fishing industry on the economy of Carteret County was
estimated to be $120.74 million with $71.32 million in value added. The total number of full and
part time jobs was estimated at 6,755 with earnings of $38.94 (Diaby, 1997).

Snapper Grouper Fishing

The Morehead City/Beaufort area is located approximately 50 miles south of Ocracoke in
Carteret County. This area is known for its sportfishing activity including several major
tournaments each year. There is a small population of full time commercial reef fishermen n
Morehead. however the majority of fishermen holding commercial permits are primarily part
timers. Many of these fishermen divide their time between charter fishing during the peak tourist
season (April through September) and commercial fishing in the winter months. Full time
fishermen in this area reported fishing approximately 50 miles straight offshore and fishing from
Hatteras to as far south as the South Carolina/Georgia line. Trip lengths vary with the size of the
vessel, but the average trip length is 7 days and the larger boats carried up to 3 crew members
(Iverson, 1997). -

King Mackerel Fishery

The king mackerel fishery in North Carolina has grown steadily since 1980 and has
leveled with catches repeatedly around one million pounds in recent years. From 1986 to 1990
the number of permits for Atlantic group king mackerel issued in North Carolina ranged from a
low of 325 in 1987/88 to a high of 533 in 1989/90. Again, the majority of those permits were
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granted to hook and line fishermen. Present data indicates there were 448 commercial vessels
permitted for king and Spanish mackerel in North Carolina (Vondruska, 1997).

4.3.3.1.3 South Carolina

Figure 3. South Carolina Counties Source: Roger Pugliese, SAFMC Staff.

The 1990 Census of Population and Housing provides the following information for

South Carolina regarding individuals who reported their occupation as fisher in Table 15. A total
of 401 individuals claimed Fisher as their occupational title with less than half indicating it was a
year round full time employment. There were few females who indicated such and they had a far
lower mean annual income than males in this occupation.

Table 15. Number of Fishers and Mean Annual Income for South Carolina Fishers in
1990. Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 188 193 381
Female 6 14 20
Total 194 207 401
Mean Annual Income ($)
Male 28,842 14,489 18,946
Female 750 5,000 2,403
Total 23,710 14,269 18,390

There were a total of 69 individuals who indicated their occupation as captain of a fishing
vessel in the 1990 census of population and housing. and 7 of them were female according to
Table 16 Again, females had a much lower mean annual income when compared to males.
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Table 16. Number of Captains of Fishing Vessels and other officers and Mean Annual Income

for South Carolina in 1990. Source: U.S. Bureau of the Census

Year Round/Full Time Other Total
Number of Captains
Male 17 45 62
Female 7 0 7
Total 24 45 69
Mean Annual Income (3)
Male 18,765 15,022 16,048
Female 9,000 0 9,000
Total 15,917 15,022 15,333
Horry County

The following descriptions for fishing communities.in South Carolina are notes from Kim
[verson of South Carolina Department of Natural Resources. Kim has spent many months
interviewing both commercial and recreational fishermen in South Carolina and other parts of
the South Atlantic region as part of several research projects. Although the research was not
intended to identify fishing communities, her notes represent the best available information on
fishing communities for South Carolina.

Little River has a long history of fishing activity, both commercial and recreationally.
The headboat operations date back to the 1940's. As of 1996, there were headboats operating in
Little River. There are approximately 4 vessels that actively run charters and also commercial
fish. Several full time snapper/grouper vessels operate out of the area. Little River also hosts an
annual Blue Crab Festival each spring (Kim Iverson, SCDNR pers. comm., 1998).

Murrells Inlet has a large fleet of charter and headboats, with one marina hosting one of
the Governor's Cup Billfishing Tournaments. There are several smaller fishing tournaments held
in the area. There are fish houses in the community that deal primarily with finfish. There are no
shrimp dealers. This area is also noted for it's large number of seafood restaurants that target the
tourist market from Myrtle Beach (Kim Iverson, SCDNR pers. comm., 1998).

Major fishing tournaments held in Murrells Inlet are: March of Dimes Annual Flounder
Tournament - Voyagers View Marina. Registration was by angler with approximately 200
anglers participating. Local tournament with many family participants. Primarily smaller boats <
25' participating. Tournament date May 17.; and the Marlin Quay Governor's Cup Billfish
Tournament - Marlin Quay Marina. The last in the series of SC Gov. Cup. Total of 31 boats
registered. July 23-26 (Kim Iverson, SCDNR pers. comm., 1998).

Major tournaments in North Myrtle Beach: Dock Holidays Governor's Cup Billfish
Tournament - Dock Holiday's Marina. The first tournament in a series of 6 for the SC
Governor's Cup. April 30 - May 3. Total of 25 boats entered; Frantic Atlantic King Mackerel
Tournaments - North Myrtle Beach - Blue Marlin Yacht & Fishing Club. A two tournament
series consisting of the Spring and Fall Classics. Total purse of $250,000 for the series. Total
of 392 paid boat entries with an average of 4.09 anglers per boat. Tournament dates May 9-11,
September 26-28; Evinrude Outboard King Mackerel Tournament - Oct. 11-12, Weigh-in
stations at Dock Holidays Marina, Marlin Quay Marina and Georgetown Landing. 147 boats
were registered; Yamaha Contender King Mackerel Classic - Weigh in stations at Dock Holidays
Marina, Marlin Quay Marina and Georgetown Landing. 125 boats registered; Fall Pier King
Tournament - September 19-21 (Kim Iverson, SCDNR pers. comm., 1998).
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One of the largest concentration of snapper grouper vessels is located in Murrells Inlet,
SC. Most of the reef fishermen in this area are full time commercial fishermen and consider
bandit reels to be the most effective way of catching snapper grouper. There is a wide variety of
snapper grouper species off of Murrells Inlet, with gag grouper, scamp grouper and vermilion
snapper being highly targeted. The average trip length is 5 days with some of the larger boats
(>40 ft.) fishing up to 10 days. A few smaller bandit boats may stay out for 2-3- days. The Gulf
Stream is approximately 62 miles offshore from Murrells Inlet. Most bandit boats fish between
the 20-50 fathom line, concentrating on the 25 fathom curve. Winter weather dictates that
fishermen fish shallow, in waters 60-90' deep. Several fishermen switch to sea bass trapping
during the winter months (Iverson, 1997).

Horry County has shown a small increase in personal income from fishing that follows
the general increase in personal income overall (Table 17).

Table 17. Population and Economic Information for Horry County, South Carolina.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Horry
Population 148 385 152,435 157,834
Personal Income (Thousands of ) 2,543,793 2,744,260 3,013,059
Per Capita Pers Income (§) 17,143 18,177 19,220
Personal Income Fishing (Thousands of §) 81 129 169

Vessels in Murrells Inlet will fish an area from Frying Pan Shoals off southern NC, south
to Savannah. The average boat has two crew members. It is interesting to note that fishermen
stated a crew of 3 plus the captain was ideal for this area, but decreasing catches and increased
costs have made it necessary to cut back on crew members (Iverson, 1997).

Georgetown County

The community of Georgetown has shrimp dealers who also deal in finfish and shellfish.
Georgetown is host to the one of the SC Governor's Cup Billfish Tournaments along with several
other smaller fishing tournaments. There are no headboats operating from the area and charter
activity is limited. Georgetown is known for it's historic waterfront district (Kim Iverson,
SCDNR pers. comm., 1998).

Major fishing tournaments in Georgetown County: Georgetown Landing Governor's Cup
Billfishing Tournament - May 21-24, Georgetown Landing Marina. The oldest of the series
tournaments with 45 boats participating.

Georgetown County shows an increasing personal income from fishing
like Horry County in Table 18 but, personal income from fishing tends to be a
larger percentage of overall personal income than in Horry County.

Table 18. Population and Economic Information for.Georgetown County, South
Carolina. Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Georgetown
Population 49 371 49 966 50,835
Personal Income (Thousands of §) 822317 885,024 946,898
Per Capita Pers Income (§) 16,656 17,713 18,627
Personal Income Fishing (Thousands of $) 246 388 399
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Charleston County

McClellanville is a small community with a long history of commercial shrimping.
McClellanville has a large shrimp fleet. At any given time (dependent upon the season) there
can be as many as 20 shrimp boats at the docks. Shrimp wholesale dealers are also present

within the community. McClellanville hosts an annual Blessing of the Fleet Festival each spring.

Shem Creek (Mt. Pleasant) hosts a mixture of commercial and recreational fishing activity along
with a number of seafood restaurants, a retail seafood market and a waterfront hotel. There are
also headboats operating out of Shem Creek along with charter operations. There is a large
permanent shrimp fleet and many shrimp boats visit seasonally. At any give time there are an
average of 30 shrimp boats along the creek. Shrimp dealers along the creek also buy and sell
finfish from the trawlers. There are several offshore fishing boats including longline and
snapper/grouper boats. Several shellfishermen and crabbers do business along the creek. Each
spring, Mt. Pleasant hosts an Annual Blessing of the Fleet for the shrimp boats.

In Folly Beach there is a concentration of commercial fishing vessels and several fish
houses who handle offshore finfish, shellfish, shrimp and crabs. Rockville is a historical small
community located at the south end of Wadmalaw Island. There are commercial dealers who
handle shrimp, inshore fish, offshore finfish and some shellfish. On Edisto Island there are
several commercial seafood dealers. There are approximately 10 shrimp boats that operate there,
fluctuating with the season. The dealers handle primarily shrimp and in-shore species along with
shellfish and blue crabs. There is also a large "harvest" of horseshoe crabs. These crabs are
"bled" for their blood that is used in cancer research and returned to the water. Edisto Island is
also host to the annual SC Governor's Cup Billfish Tournament. Charter activity here is limited.
Bennett's Point is a small community south of Edisto with shrimping operations in the
community. There are 10-15 small boat shrimpers that live in Walterboro and fish out of
Bennett's Point (Kim Iverson, SCDNR pers. comm., 1998).

Table 19. Population and Economic Information for Charleston County, South Carolina.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995

Charleston Population 297,888 287,139 281.068
Personal Income (Thousands of S) 5.653.489 5.879.506 6,083,636
Per Capita Pers Income (S) 18,979 20,476 21,645
Personal Income Fishing (Thousands of ) 3.188 3,809 ----

Charleston County (Table 19) has a higher personal income from fishing than the
previous two counties, but has a much larger overall dollar value for personal income overall.
Major fishing tournaments in the Charleston County area: SCSSA (South Carolina

Saltwater Sportfishing Assoc.) Early Bird - Ashley Marina. Approximately 25 registered boats.

April 19. Multi-species tournament; James Island King Mackerel Tournament - James Island
Yacht Club, May 24; Wild Dunes Governor's Cup Billfish - June 11-14. Total of 46 registered

boats; Bohicket Invitational Governor's Cup Billfish - June 25-28. Total of 48 registered boats.

Bohicket Marina on John's Island; Lowcountry Angler's Inshore Tournament - June 28. Multi-
species tournament held at the East Cooper Outboard Motor Club on Gold Bug Island in Mt.

Pleasant. Registration by angler, with approximately 200 anglers registered; SCSSA Sailfish XV

- Ashley Marina in Charleston. Club sponsored tournament with approximately 25 boats

registered. Sailfish, tuna, dolphin & wahoo. August 8-10; Fishing For Miracles King Mackerel
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Tournament - Ripley's Light Marina. Large King tournament with over 200 boats entered.
August 14-16; Alison Oswald, Sr. Memorial Tournament - James Island Yacht Club. Local
tournament with approximately 75 boats participating. Multi-species. Aug. 23; Edisto Marina
Governor's Cup Billfish Tournament - July 16-19. One of the oldest and largest of the Billfish
Series. 46 Boats registered. Edisto Island (Kim Iverson, SCDNR pers. comm., 1998).

Beaufort County

In Frogmore there are 8 commercial dealers which are home to over 50 shrimpers. This
does not include the many individuals with shrimp boats in their back yards. The dealers
primarily handle shrimp but others may also handle crabs and shellfish. There is a large blue crab
industry on nearby Lady's Island. There are several commercial seafood dealers in the Port
Royal area with over 30 shrimp boats. There are also commercial crabbers, shad fishermen and
offshore finfishermen here. There are a small number of charter vessels operating out of this
area also. Hilton Head Island primarily caters to the tourist trade. There are several headboats
operating on Hilton Head. These boats make half-day trips and night trips for shark fishing.
There are four major marinas that offer charter fishing. Commercially, Hilton Head had 4
seafood dealers and approximately 12-15 shrimp boats (Kim Iverson, SCDNR pers. comm.,
1998).

Data on personal income from fishing in Table 20 for Beaufort County
may have been excluded due to confidentiality issues.

Table 20. Population and Economic Information for Beaufort County, South Carolina.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Beaufort
Population 94,375 97,293 100,017
Personal Income (Thousands of ) 2,057,250 2,194,774 2,373,921
Per Capita Pers Income (S) 21,799 22,558 23,774
Personal Income Fishing (Thousands of $) - - .- ----

Major fishing tournaments in Beaufort County: 42™ Annual Beaufort County Water
Festival Fishing Tournament - June 28. Held in conjunction with the annual Beaufort Water
Festival; Hilton Head Kingfish Classic - Schillings Marina, Hilton Head Island. July 10-12.
Registration by angler with a total of 49 registered; Dottie Dunbar Women's Tournament -
Palmetto Bay Marina, Hilton Head. Women's only multi-species inshore tournament. Total of
49 anglers registered. October 4 (Kim Iverson, SCDNR pers. comm., 1998).

Possible fishing communities in South Carolina: Charleston, Mt. Pleasant, Hilton Head,
Port Royal, Frogmore (St. Helena), Bennett’s Point, Edisto Beach, Rockville, Folly Beach, Shem
Creek, McClellanville, Georgetown Waterfront, Murrell’s Inlet, Little River (most of these
locations are designated ports of landing)

Counties in South Carolina have seen a general increase in these occupations and
industries over the past three decades (Table 21), with the exception of Horry County which has
seen a slight decreasing trend.
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Table 21. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for South Carolina Coastal Counties for 1970, 1980, and 1990 Census. Source:
MARFIN Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Horry County Farm/Fish/Forest 2627 2542 2310
Agri. Fishing,Mining 2843 2653 2110
Georgetown County- | Farm/Fish/Forest ' 403 558 | - 597
Agri.,Fishing,Mining 552 856 690
Charleston County Farm/Fish/Forest 810 1697 2056
Agri.,Fishing,Mining 1256 1938 2316
Beaufort County Farm/Fish/Forest 436 938 966
Agri. Fishing,Mining 698 - 1087 1111
Colleton County Farm/Fish/Forest ' 532 614 730
Agri.,Fishing, Mining . 787 705 782

For the Charleston, South Carolina MSA (Table 22) there are 113 individuals who
indicated fishing as their year round occupation . Another 102 individuals indicated that it is a
part time or seasonal occupation for them. This represents over half of those individuals in
South Carolina who indicated the occupation as fishing from Table 15. The Charleston, SC
MSA includes Berkely, Charleston and Dorchester counties.

Table 22. Number of Individuals in Occupation of Fishing By Work Status and Gender for the
Charleston, SC MSA in 1989. Source: 1990 Census Of Population And Housing.

Year Round Other Total
Full Time
Male 102 102 204
Female 11 0 11
Total 113 102 215
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4.3.3.14 Georgia

Figure 4. Georgia Coastal Counties. Source: Bureau of Economic Analysis, U.S.
Dept. of Commerce.

The 1990 Census of Population and Housing provides the following information for
Georgia regarding individuals who reported their occupation as fisher in Table 23. A total of
536 individuals claimed Fisher as their occupational title with less than half indicating it was a
year round full time employment. There were few females who indicated such and they had a far
lower mean annual income than males who indicated it was a full time occupation. However,
females who indicated it was other than full time had a much higher mean income than any other
category. This may be due to a low sample size, however.
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Table 23. Number of Fishers and Mean Annual Income for Georgia in 1990. Source:

U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 222 295 518
Female 11 ) 18
Total 234 302 536
Mean Annual Income ($)
Male 19,139 11,082 15,058
Female 8,600 25,000 20,080
Total 18,813 12,024 15,308
Shrimping

In their 1975 report, Nix et. al., found a total of 32 commercial docks in six Georgia
coastal counties. Those docks and shrimp trawlers were distributed as follows: Camden Co. - 5
docks and 33 trawlers; Glynn Co. - 5 docks and 74 trawlers; McIntosh Co. - 12 docks and 111
trawlers; Liberty Co. - 1 dock and 18 trawlers; Bryan Co. - 1 dock and 2 trawlers; and finally
Chatham Co. - 8 docks and 69 trawlers. This information is outdated and certainly does not
represent the current status and location of shrimp trawlers in Georgia. However, the report does
represent the kinds of information that can be extremely helpful in identifying fishing

communities.

Snapper Grouper Fishing

The coast of Georgia contains a small concentration of full-time reef fishermen that fish
primarily with bandit reels. Their fishing patterns are similar to those found in SC with vessels
fishing from northern Florida north to the SC/NC line (Iverson, 1997).

Possible fishing communities in Georgia: Savannah, Brunswick, St. Marys, Jekyll Island, and

Darien.

Table 24. Number of Captains of Fishing Vessels and other officers and Mean Annual
Income for Georgia in 1990. Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of Captains
Male 17 21 38
Female 0 0 0
Total 17 21 38
Mean Annual Income ($)
Male 25,706 1,976 12,592
Female 0 0 0
Total 25,706 1,976 12,592
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Table 25. Population and Economic Information for Chatham County, Georgia. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995

Chatham Population (number of persons) 224,050 225,779 226,554
Personal income (thousands of dollar 4,569,113 4,810,530 5.087.638
Per capita personal income (dollars) 20,393 21.306 22,457
Personal Income Fishing (Thousands of §) 650 (D) 25

Table 26. Pdpulation and Economic Information for Bryan County, Georgia. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Bryan
Population 18,827 20,008 21,212
Personal Income (Thousands of $) 274,738 307,258 342,128
Per Capita Pers Income (8) 14,593 15,357 16,129
251 359 - ===

Personal Income Fishing (Thousands of $)

Table 27. Population and Economic Information for Liberty County, Georgia. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Liberty
Population 56,625 58,827 58,571
Personal Income (Thousands of $) 636,042 669,454 709,468
Per Capita Pers Income (§) 11,233 11,380 12,113
Personal Income Fishing (Thousands of $) - - - 90 97

Table 28. Population and Economic Information for McIntosh County, Georgia. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Mclntosh
Population 8,985 9.153 9.372
Personal Income (Thousands of $) 110.187 116,171 125,645
Per Capita Pers Income ($) 12,263 12,692 13,406
Personal Income Fishing (Thousands of §) 3,619 4486 ----
Table 29. Population and Economic Information for Glynn County, Georgia. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.
County 1993 1994 1995
Glvnn
Population 64,759 64,956 65.450
Personal Income (Thousands of $) 1,322,745 1,400,544 1,505,337
Per Capita Pers Income (§) 20,426 21,558 23,000
Personal Income Fishing (Thousands of §) - 328 343 351
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Table 30. Population and Economic Information for Camden County, Georgia. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Camden
Population 39,712 41,262 40,819
Personal Income (Thousands of $) 502,639 542,385 556,622
Per Capita Pers Income (8) 12,657 13,145 13,636
Personal Income Fishing (Thousands of §) ' 1,889 2,431 2,484

Georgia coastal counties have seen a general increase in these occupations and industries
with the exception of Liberty County which has shown a decrease from 1970-1990.

Table 31. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining
Industry for Georgia Coastal Counties for 1970, 1980, and 1990 Census. Source:
MARFIN Sociodemographic Database

County Occupation/Industry 1970 1980 1990
Bryan County Agri.,Fishing Mining 161 100 200
Farm/Fish/Forest 121 135 136
Chatham County Agri.,Fishing, Mining 558 686 1103
Farm/Fish/Forest 228 704 1062
Liberty County Agri.,Fishing, Mining 332 146 152
Farm/Fish/Forest 242 205 157
MclIntosh County Agri. Fishing,Mining 233 266 169
Farm/Fish/Forest 27 260 193
Glynn County Agri. Fishing, Mining 261 482 593
Farm/Fish/Forest 84 581 712
Camden County Agri.,Fishing.Mining 209 126 176
Farm/Fish/Forest 106 110 205
4:3:3.1:5 Florida

Florida’s eastern coastline is made up largely of metropolitan counties. This is primarily
due to the increases in population for Florida’s coastal counties over the past 50 years. Florida’s
coastline has become a very popular retirement destination and tourist attraction. Because they
are largely metropolitan, fishing communities here may be subsumed into these larger
metropolitan areas and difficult to identify. Data presented from the most recent Census will
also show that in relation to the larger economy, fishing will contribute very little at the county
level for most coastal counties. Over the years, with the demographic changes following the
inmigration of retirees and tourists and the subsequent economic transition, few fishing
communities will have survived as distinct communities. .

The data presented in Table 32 shows Florida as having almost 6 000 mdmduals
claiming fisher as their occupation in the 1990 census; 381 of those individuals were female.
Mean annual income is highest for those reporting fishing as a full time occupation with women
reporting a lower mean annual income in all categories.
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Table 32. Number of Fishers and Mean Annual Income for Florida in 1990. Source:
U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of fishers
Male 2,698 2,844 5,544
Female 111 270 381
Total _ .2,809 3,116 5,925
Mean Annual Income ($)
Male 23,288 11,794 17,388
Female 17,285 11,511 13,193
Total 23,051 11,770 17,118

Figure 5. Florida Coastal Counties. Source: Bureau of Economic Analysis, U.S. Dept.
of Commerce.

There were over 1100 individuals from Florida who reported their occupation as captain
of a fishing vessel during the 1990 census, with 51 of them being female (Table 33). Again,
mean annual income was highest for full time workers and females reported lower mean annual
income for both full time and other work.
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Table 33. Number of Captains of Fishing Vessels and other officers and Mean Annual
Income for Florida in 1990 Source: U.S. Bureau of the Census.

Year Round/Full Time Other Total
Number of Captains
Male 430 633 1,063
Female 26 25 51
Total : 456 658 1,114
Mean Annual Income (§)
Male 25,993 21,274 23,183
Female 8,487 15,420 11,885
Total 24,995 21,052 22,666

Nassau County (Table 34) showed an increase in personal income from fishing over the
time period from 1993 to 1995 which reflects the general increase in population and personal
income overall for the county.

Table 34. Population and Economic Information for Nassau County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Nassau
Population 48,355 49,563 50,717
Personal Income (Thousands of §) 954,342 1,003,920 1,089,793
Per Capita Pers Income (S) 19,736 20,255 21,488
Personal Income Fishing (Thousands of $) 1,540 1918 2,068

Duval County (Table 35) shows slow growth in population over the three years listed, but

does show growth in personal income from fishing from 1993 to 1994. There was a slight
decrease in personal income from fishing reported from 1994 to 1995.

Table 35. Population and Economic Information for Duval County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Duval
Population 701.267 703.152 705,014
Personal Income (Thousands of §) 14,111,822 14,724,897 15.748.121
Per Capita Pers Income (S) 20,123 20,941 22,337
Personal Income Fishing (Thousands of ) 2272 3.658 3.335

St John’s County (Table 36) had some growth in personal income from fishing from 1993

to 1994 but no data were available for 1995 to indicate whether that trend continued.

Table 36. Population and Economic Information for St. John’s County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995

St. Johns
Population 94,480 98,377 101,966
Personal Income (Thousands of $) 2,394,764 2,612,557 2,869,300
Per Capita Pers Income (S) 25.347 26,557 28.140
Personal Income Fishing (Thousands of §) 432 502 ----
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According to Table 37, Flagler County had no individuals reporting personal income
. from fishing for the time period 1993 to 1995. Volusia County also has no personal income from
fishing listed in Table 38, but data were not included due to confidentiality issues.

Table 37. Population and Economic Information for Flagler County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County ) 1993 1994 1995
Flagler
Population 35,868 37,894 40,260
Personal Income (Thousands of $) 571,528 631,959 692,269
Per Capita Pers Income ($) 15,934 16,677 17,195
Personal Income Fishing (Thousands of §) 0 0 0

Table 38. Population and Economic Information for Volusia County, Florida. Source:
Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Volusia
Population 397,372 405,515 410,115
Personal Income (Thousands of $) 6.845.402 7,235,060 7,772,063
Per Capita Pers Income (8) 17.227 17,842 18,951
Personal Income Fishing (Thousands of $) ---- ---- ----

Indian River County saw an increase in personal income from fishing from 1993 to 1994
according to Table 39, but saw a decrease from 1994 to 1995. St. Lucie County (Table 40) may
. have had a similar trend although data from 1993 are missing and the trend is not clear.

Table 39. Population and Economic Information for Indian River County, Florida.
Source: Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Indian River
Population 94,184 95,374 96.263
Personal Income (Thousands of §) 2.686.514 2,827427 3,065,533
Per Capita Pers Income (S) 28,524 29.646 31,845
Personal Income Fishing (Thousands of §) 1.340 1,826 1,707

Table 40. Population and Economic Information for St. Lucie County, Florida. Source: Bureau
of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
St. Lucie
Population 165,120 169,284 171,914
Personal Income ¢Thousands of §) - - 2,719,602 2.840,752 3,051,018
Per Capita Pers Income (S) 16,470 16,781 17,747
Personal Income Fishing (Thousands of $) - - - 1.855 1,303
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Table 41. Population and Economic Information for Broward County, Florida. Source: Bureau
of Economic Analysis, U.S. Dept. of Commerce

County 1993 1994 1995
Broward
Population 1,353,279 1,358,585 1,412,942
Personal Income (Thousands of $) 32,716,045 34,273,950 37,007,667
Per Capita Pers Income (§) 24175 24,736 26,192
Personal Income Fishing (Thousands of §) 658 816 ----

The trend in personal income from fishing for Broward County is not clear as data from
1995 are missing from Table 41 because of confidentiality. Brevard County (Table 42) shows a
decrease in personal income from fishing during 1994 to 1995, but overall shows a much larger
percentage of personal income coming from fishing than most counties previous.

Table 42. Population and Economic Information for Brevard County, Florida. Source: Bureau
of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Brevard
Population 435,546 443,337 450,238
Personal Income (Thousands of §) 8,564,204 8,938,218 9,341,030
Per Capita Pers Income (S) 19,663 20,161 20,747
Personal Income Fishing (Thousands of §) 3,600 4.690 3,797

Martin County has one of the highest per capita incomes reported over the three year
period according to Table 43. There was also a significant increase in personal income from
fishing from 1993 to 1994 which decreased in 1995. Palm Beach County, with an even higher
per capita income, showed an increase in personal income from fishing from 1993 to 1994 with
no data available for 1995 (Table 44).

Table 43. Population and Economic Information for Martin County, Florida. Source: Bureau of
Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Martin
Population 107,238 109.194 110,495
Personal Income (Thousands of S) 3,406.064 3,521.665 3,815,294
Per Capita Pers Income () 31.762 32,2351 34,529
Personal Income Fishing (Thousands of ) 270 1,658 819

Table 44. Population and Economic Information for Palm Beach County, Florida. Source:

Bureau of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Palm Beach
Population 933,644 957.522 976,358
Personal Income (Thousands of $) 30.994,531 32,423,719 35.204,121
Per Capita Pers Income (5) 33.197 33,862 36,057
Personal Income Fishing (Thousands of S) 1,464 1.902 ——
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Dade County shows a steady growth in personal income from fishing for the time period
listed in Table 45. Monroe County shows, by far, the highest personal income from fishing for
any Florida county and most likely any county in the South Atlantic according to Table 46.

Table 45. Population and Economic Information for Dade County, Florida. Source: Bureau of

Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Dade
Population 1,985.373 2,011,571 2,046,078
Personal Income (Thousands of §) 39,110,301 40,344,476 43,087,320
Per Capita Pers Income (8) 19,699 20,056 21,058
Personal Income Fishing (Thousands of §) 1,247 1,479 1,897

Table 46. Population and Economic Information for Monroe County, Florida. Source: Bureau

of Economic Analysis, U.S. Dept. of Commerce.

County 1993 1994 1995
Monroe
Population 81,737 81,461 81,152
Personal Income (Thousands of §) 1,982.209 2,054,326 2,208,152
Per Capita Pers Income (3) 24,251 25,219 27,210
Personal Income Fishing (Thousands of §) 13,506 15,558 16,723

Recently, data were compiled from the last three census and placed into a user friendly
interface through a MARFIN grant by the Louisiana Population Data Center, Louisiana State
University (C. M. Tolbert, et al. 1998). Those data provide a time series of information from the
last three census with the ability to compare several variables at the state,. county and place
level. Census places are incorporated and Census designated places of 2500 or more persons.
The tables presented below incorporate the data included in the MARFIN SocioDemographic
Database for the coastal counties outlined above with a focus on the occupational classification
of Farm/Fish/Forest and the industry classification of Agriculture, Fishing, and Mining. These
classifications are inclusive of those within the occupation and industry of fishing, but not
exclusive of others, therefore it is difficult to know the exact number of individuals who have
indicated their occupation or business is fishing. We can only assume that whatever trend
appears over the time corresponds to the occupation of fishing as well as the others.

Data covering Metropolitan Statistical Areas are provided because it includes a more
detailed occupational breakdown, but unfortunately geographic boundaries expand as most
MSAs encompass more than one county. In some cases, MSAs were not used because the area
covered did not correspond with the coastal areas within the South Atlantic region. As
mentioned earlier, these data are what is currently available. Further analysis is constrained by
variety of issues relating to data computability and availability at each place level of analysis.
As mentioned before more research on fishing communities will be required before a more
complete definition and identification can be accomplished:

Examining census data at the level of Metropolitan Statistical area reveals greater detail
for occupation, but the scale changes as MSAs often times encompass more than one county.
Metropolitan area (MA) is a large population nucleus, together with adjacent communities that
have a high degree of economic and social integration with that nucleus. Metropolitan Areas
must contain either a place with a minimum population of 50,000 or a Census Bureau-defined
urbanized area and a total MA population of at least 100,000. An MA comprises one or more

49
Mackerel/Cobia SAFE Report




3.0 Fishery Evaluation

central counties and also may include one or more outlying counties that have close economic
and social relationships with the central county. Metropolitan statistical areas (MSA's) are
relatively freestanding MA's and are not closely associated with other MA's. These areas
typically are surrounded by nonmetropolitan counties. See Appendix ?? for details on the
parameters for the coastal MSAs included in this discussion.
When you look at the occupations of farming, fishing and forestry for Florida coastal
counties in Table 47, over the past 20 years there is, in general, a steady increase in the number

of individuals within these occupations and industries.

Table 47. Number within Farm/Fish/Forest Occupation and Agriculture, Fishing, Mining

Industry for East Florida Coastal Counties from 1970, 1980, and 1990 Census. Source:

MARFIN Sociodemographic Database

County Occupation/Industry. 1970 1980 1990
Nassau County Farm/Fish/Forest 371 427 559
Agri.,Fishing,Mining 501 462 606
Duval County Farm/Fish/Forest 1237 2782 3729
Agri.,Fishing, Mining 2536 2959 4324
St.Johns County Farm/Fish/Forest 794 813 1002
Agri.,Fishing,Mining 1012 883 976
Flagler County Farm/Fish/Forest 145 314 408
Agri. Fishing, Mining 186 298 403
Volusia County Farm/Fish/Forest 1308 3150 4917
Agri.,Fishing.Mining 2511 3407 5606
Indian River County Farm/Fish/Forest 991 1907 2042
Agri.,Fishing,Mining 1454 2361 2217
St. Lucie County Farm/Fish/Forest 2602 2710 3147
Agri. Fishing, Mining 3253 3252 3342
Broward County Farm/Fish/Forest 1982 7358 9425
Agri..Fishing,Mining 5354 7756 10317
Brevard County Farm/Fish/Forest 764 1772 3369
Agri. Fishing, Mining 1394 2279 3585
Martin County Farm/Fish/Forest 964 1838 1983
Agri..Fishing. Mining 1268 2032 2086
Palm Beach County Farnv/Fish/Forest 6552 9676 13261
Agri.,Fishing.Mining 9791 11780 15155
Dade County Farm/Fish/Forest 4804 11257 14894
Agri.,Fishing,Mining 9682 13708 16926
Monroe County Farm/Fish/Forest 163 - 1769 1729
Agri.,Fishing.Mining 920 1932 1860

The following table includes only those individuals who reported their occupation as
fishing for the following Metropolitan Statistical Areas (MSA) within Florida.
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Table 48. Number of Individuals in Occupation of Fishing By Work Status and Gender for
Florida MSA in 1989. Source: 1990 Census Of Population And Housing.

Jacksonville _ Year Round Other Total
Full Time

Male 151 210 361

Female 15 49 64

: Total - 166 259 425

West Palm Year Round Other Total
Beach Full Time

Male 94 47 141

Female 0 0 0

Total 941 - 47 141

Miami - "~ Year Round Other Total
Full Time

Male 254 254 508

Female 0 30 0

Total 254 284 538

Snapper Grouper Fishery Profile

Concentrations of reef fishermen can be found in the communities of Mayport, Port
Orange and New Smyrna, north of Cape Canaveral. Bandit reels are the primary gear used for
reef fishing in these areas, although a few bottom longline vessels are present. In northern
Florida, bandit fishermen report trips lasting 5-6 days and fish 30-50 miles offshore. They
average between 2 to 3 crew members depending on vessel size and gear. Vessels from the
Mayport area reported fishing from the Georgia line south to the Daytona area. The larger
longline vessels are required by regulations to fish past the 50 fathom line and reported trip
lengths of up to 10 days, fishing as far as 100 miles from shore. These bottom long line vessels
fish for deep water species such as tilefish in water 600 - 900' deep (Iverson, 1997).

King Mackerel Fishery Profile
McKenna (1994) identified the number of fishermen in Florida reporting landings of
king mackerel (based on Saltwater Products Licenses) from 1987 to 1993 as varying from 1,500

king mackerel ranged from a high of 888 in 1989/90 fishing season to low of 785 in the 1987/88
fishing year. The percentage of those permits which were hook and line fishermen for those
years ranged from 89% in 86/87 to 78% in 1990. There were 1654 vessels permitted for
commercial king mackerel and Spanish mackerel in Florida for the 1993-94 fishing year. The
number of permitted vessels was divided with 846 and 808 allocated to the East and West coasts
respectively. How many of those vessels landed king mackerel is-unknown at this time. Catch
per unit of effort data seems fairly consistent for the southeastern region of the Atlantic group
king mackerel with an average CPUE of between 200-300 Ibs/trip (McKenna, 1994). Most of
the commercial landings of Atlantic group king mackerel are made by hook and line fishermen.
In addition, because most landings of Atlantic group king mackerel are in Florida and the most
information that exists is on the Florida fishery, the following description will focus primarily on
the Florida fishery unless noted otherwise.
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King Mackerel Hook and Line Fleet

There were approximately 203 full and part time vessels in the hook and line mackerel
fleet in 1980. Vessel size ranged from 22-44 feet in length. Today, the Florida South Atlantic
troll fishery is composed of about 100 full-time and 100 part-time operations, about 150 of them
are dependent upon king mackerel. Full-time fishermen operate primarily out of Jupiter, Port
Salerno, Fort Pierce, Sebastian, and Rivera Beach. Normally, there is one fisherman to a boat.
Part-time fishermen operate mostly out of Palm Beach, frequently two or three fishermen per
boat. Approximately 40 percent of the full time trollers switch to bottom fishing for various reef
fish after the Gulf king mackerel season. The remainder of these full time trollers tie up their
boats when the Gulf king mackerel season ends. Some engage in various non-fishing jobs, while
the majority reportedly wait for the opening of the Atlantic king mackerel season (GMFMC &
SAFMC, 1994).

During the peak season about 75 to 100 troll vessels and 16 to 20 net vessels target king
mackerel in the Keys. Net vessels usually start fishing late December, although some of these
vessels troll for mackerel before net fishing becomes more practicable. Most king mackerel
fishermen in the Keys target other species such as stone crab, spiny lobster, and reef fish
throughout the year.

King Mackerel Net Fishing Fleet

There were approximately 89 large gill net vessels in Florida including full and part time
in 1980. The vessels ranged in size from 30-65 feet. These vessels fished Spanish and king
mackerel during the winter, but also targeted lobster, swordfish and bait fish during other times
of the year. Vessels over 40 feet usually employed a power roller to haul nets. The large gill net
fleet was primarily located from Florida’s central east coast in Ft. Pierce, throughout the Florida
Keys to the central west coast as far north as Cortez. There were also a few large boats in the
Panhandle area of Port St. Joseph (Centaur Associates, 1981).

Approximately 87% of captains in the large gill net fleet at that time depended entirely
upon fishing for their income. Net fishermen, then as they do today, have the options of
participating in the Spanish mackerel fishery, trolling for king mackerel, and fishing with nets or
hook and line for Atlantic group king mackerel after March (Centaur Associates 1981).

Today, there are twelve large net boats located in the Keys that may fish Atlantic group
king mackerel occasionally. These vessels have a capacity of up to 40,000 pounds per trip and
have had large catches of king mackerel in the past. There does not seem to be a small gill net
boat sector for Atlantic king mackerel. In Monroe County there are 16 to 20 large net boats
currently participating in the king mackerel fishery, some with capacity to land up to 50,000
pounds. There are another 6 to 12 small net boats in south-west Florida ready to enter the fishery
when the opportunity arises. These vessels are 30 to 40 feet in length with capacities of 5,000 to
10.000 pounds.

There has been a general decline in net catches along the Florida east coast. This may be
attributed to regulations like the prohibition of drift nets.and purse.seines, but also stems from
the recent net ban in Florida state waters.

King Mackerel Dealers

McKenna (1994) identified over 200 dealers in Florida who had handled king mackerel
since 1987. In 1992 there were 240 who reported landings of king mackerel. Most of those
dealers purchased king mackerel ten or fewer times per season and handled less than 5000
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pounds. There were over twenty dealers who handled 100,000 pounds or more during the 1992
season (McKenna, 1994) .

Possible fishing communities in Florida: Mayport, Port Orange, New Smyrna, Sebastian,
Port Salerno, Rivera Beach, Ft. Pierce, Jupiter, West Palm Beach, Boyton Beaches, The Keys --
Upper Keys: Key Largo, Tavernier; Middle Keys - Islamorada, Marathon; Lower Keys; and Key
West. .

4.3.3.1.6 Other Community related Analysis

In a recent survey of snapper grouper fishermen in the South Atlantic questions were
posed concerning a fishermen’s tenure within a community and attitudes towards community
change. The results in Table 49 show that the majority of fishermen feel their community has
stayed the same or has changed for the better. A larger percentage of inactive than active
snapper grouper fishermen feel that their community has changed for the worse. Well over half
of fishermen interviewed had been in their present community for twenty years or more. Over
sixty percent of inactive fishermen have lived in their community for twenty years or more,
while over fifty percent of active fishermen have lived in their communities for 19 years or less.
The mean number of years a fishermen had resided in their present community was twenty years
or more for North Carolina, South Carolina and Florida. In comparison Georgia snapper grouper
fishermen had an average tenure in their communities of 6.5 years. This may be an artifact of the
small sample size in Georgia as only seven fishermen from that state were interviewed, but could
also be reflective of the nature of snapper grouper fishing in Georgia (Rhodes et al., 1997).

Table 49. Snapper Grouper Fishermen’s Tenure and Attitude toward Change in their Present
Community. Source: Socio-demographic Assessment of Commercial Reef Fishermen in the
South Atlantic Region. 1997.

Active (%) Inactive (%)
Feel Your Community has changed? (N=201) (N=26)
For the better 41.8 30.8
For the worse 32.1 46.2
Stayed the same 25.9 231
Active (Yrs) Inactive (Yrs)
Number of Years in Present Community? (N=201) (N=26)
2-12 27.6 25.9
13-19 32.0 11.1
20-35 19.5 33.4
36 < 20.9 29.6

These perspectives on an individual’s feelings toward a community become important
when that person must face significant changes regarding his/her occupation, as is often the case
when limited entry or some other form of fisheries management is implemented. An individual’s
commitment toward their community and sense of belonging will influence decisions on
whether to stay in fishing or within a particular community. The impacts become important for
the community if many individuals face the same decision. When active fishermen were asked
what is the likelihood of moving to a new town in the next 2-3 years most responded that it is
was unlikely, however, over 27% indicated they were not sure or it was likely. When both

53
Mackerel/Cobia SAFE Report




3.0 Fishery Evaluation

inactive and active fishermen were asked the likelihood of leaving commercial fishing altogether
46% of inactive fishermen said it was likely or very likely, while only 11% of active fishermen
indicated such a likelihood. (Rhodes et al., 1997). These type of data at the community level
would contribute much to the understanding of possible impacts of future fisheries management.

4.3.3.1.7 Data Needs

As mentioned earlier, the data presented here is what is currently available and readily
accessible. It is very limiting and does not provide a sufficient amount of detail needed to define
and identify fishing communities. Therefore, the likelihood of realistic impact assessment of
future fishing regulations on fishing communities is not good.

At the present the NMFS does not collect data on fishing communities. Therefore, it is
impossible to realistically identify fishing communities in this amendment. There is a
tremendous need for research to be conducted on a continuous basis to collect this information.
Both state and federal government agenciés have access to current information which can inform
the process of identifying fishing communities. Permit databases for fishing licenses, wholesale
and retail licenses, boat registrations, marina permits, boat landing locations, and many others
exist now. Putting that information into one database is a monumental task, but should be
undertaken soon. Geographic Information System software is now available and being used to
compile much of the data regarding habitat. The same type of databases need to be created
regarding fishing communities. Spatial analysis of the variables that help identify and define
fishing communities can give useful insight into the changes that affect these coastal
communities.

It is unlikely that Council Staff would be able to gather these data. Council staff have in
the past, with the cooperation of industry, been able to gather important information about a
particular fishery, but were criticized for not following OMB guidelines. The difficulty with
following OMB guidelines is that approval of data gathering tools is too time consuming,.
Councils are often on a timeline to develop FMPs which does not allow for a lengthy approval
process. The South Atlantic Council staff has sufficient expertise with this type of data
collection that design, implementation and analysis can often take place during an extremely
short time period with little burden upon the public. In fact, industry is often eager to provide
these type of data for consideration during development of an FMP, but don’t have the expertise
to offer data a form that can be used by Council staff.

Data collection is critical to the future of impact assessment of fishing communities.
Standards must be set and data need to be collected. At present, the ACCSP is attempting to set
those standards and has included social and economic data in that program. The ACCSP
Technical Source Document IV contains detailed social and economic data needs and draft
survey instruments. Social and economic data collection projects should at least collect the
minimum data elements. Support of ACCSP can be an important step in meeting the future
needs of the councils with regard to fishing communities. In addition, another guideline for the
types of data needed can be found.in the Southeast Social and Cultural Data Analysis Plan
(NMFS, 1994). The plan was designed to address many of the current social and cultural
information needs for the three councils in the Southeast.”
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4.0 ECOSYSTEM CONSIDERATIONS
4.1  Introduction

As a result of the Sustainable Fisheries Act Amendment to the Magnuson-Stevens
Fishery Conservation and Management Act in 1996 the Councils and the NMFS have been
mandated to use an ecosystem approach in managing the Nation’s Fisheries. The Council has
taken the first step with the submission of the Habitat Plan identifying and describing in detail
essential fish habitat (EFH) for species managed.by the South Atlantic Council and with the
submission of the Comprehensive Habitat Amendment amending all existing FMP’s to include
descriptions of EFH and EFH-habitat areas of particular concern (EFH-HAPCs). By including
an Ecosystems Considerations section in the required SAFE reports, existing data regarding the
effects of a fishery on the ecosystem will be provided to the Council on a species by species
basis while emphasizing the need for a new level of information. This section will also provide a
forum in which to express ecosystem concerns for a specific fishery.

While incorporating ecosystem concerns into stock assessment reports is a new approach
for this Council, this approach has been taken by the North Pacific Fishery Management Council
for several years. A copy of their ecosystems chapter has been included as Appendix E and is an
example of the way the ecosystem approach can be used in annual SAFE reports. Another
supporting document detailing new ideas and approaches to holistic management is the report to
Congress from the Ecosystem Principles Advisory Panel of the NMFS (Appendix F), appointed
by the National Academy of Sciences. Congress charged NMFS with establishing this panel to
assess the extent that ecosystem principles are used in fisheries management and research and to
recommend how such principles can be used to improve our Nation’s management of living
marine resources.

Ecosystem considerations presented in the interim final rule to implement the essential fish
habitat (EFH) provisions of the Magnuson-Stevens Fishery Conservation and Management
Act (Magnuson-Stevens Act).

Overview of EFH FMP Amendment Guidelines

The themes of sustainability and risk-averse management are prevalent throughout the
Magnuson-Stevens Act, both in the management of fishing practices (e.g., reduction of
bycatch and overfishing and consideration of ecological factors in determining optimum
yield [OY]) and in the protection of habitats (i.e., prevention of direct and indirect losses of
habitats, including EFH). Management of fishing practices and habitat protection are both
necessary to ensure long-term productivity of our Nation s fisheries. Mitigation of EFH
losses and degradation will supplement the traditional management of marine fisheries.
Councils and managers will be able to address a broader range of impacts that may be
contributing to the reduction of fisheries resources. Habitats that have been severely altered
or impacted may be unable to support populations adequately to maintain sustainable
fisheries. Councils.should recognize that fishery resources are dependent on healthy
ecosystems; and that actions that alter the ecological structure and/or functions within the
system can disturb the health or integrity of an ecosystem. Excess disturbance, including
over-harvesting of key components (e.g., managed species) can alter ecosystems and reduce
their productive capacity. Even though traditional fishery management and FMPs have been
mostly based on yields of single-species or multi-species stocks, these regulations encourage
a broader, ecosystem approach to meet the EFH requirements of the Magnuson-Stevens Act.
Councils should strive to understand the ecological roles (e.g., prey, competitors, trophic
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4.2

links within food webs, nutrient transfer between ecosystems, etc.) played by managed
species within their ecosystems. They should protect, conserve, and enhance adequate
quantities of EFH to support a fish population that is capable of fulfilling all of those other
contributions that the managed species makes to maintaining a healthy ecosystem as well as
supporting a sustainable fishery. Councils must identify in FMPs the habitats used by all life
history stages of each managed species in their fishery management units (FMUs). Habitats
that are necessary to the species for spawning, breeding, feeding, or growth to maturity will
be described and identified as EFH. These habitats must be described in narratives (text and
tables) and identified geographically (in text and maps) in the FMP. Mapping of EFH
maximizes the ease with which the information can be shared with the public, affected
parties, and Federal and state agencies to facilitate conservation and consultation. EFH that
is judged to be particularly important to the long-term productivity of populations of one or
more managed species, or to be particularly vulnerable to degradation, should be identified
as "habitat areas of particular concern” (HAPC) to help provide additional focus for
conservation efforts. After describing and identifying EFH, Councils must assess the
potential adverse effects of all fishing-equipment types on EFH and must include
management measures that minimize adverse effects, to the extent practicable, in FMPs.
Councils are also directed to examine non-fishing sources of adverse impacts that may affect
the quantity or quality of EFH and to consider actions to reduce or eliminate the effects.

(ii) EFH determination.

(E) Ecological relationships among species and between the species and their habitat
require, where possible, that an ecosystem approach be used in determining the EFH of a
managed species or species assemblage. The extent of the EFH should be based on the
Judgment of the Secretary and the appropriate Council(s) regarding the quantity and quality
of habitat that is necessary to maintain a sustainable fishery and the managed species’
contribution to a healthy ecosystem.

(11) Review and revision of EFH components of FMPs.
This information should be reviewed as part of the annual Stock Assessment and Fishery

Evaluation (SAFE) report prepared pursuant to § 600.315(e).

Essential Fish Habitat and Essential Fish Habitat -Habitat Areas of Particular

Concern Designations

Essential fish habitat is defined in the Act as “those waters and substrate necessary to fish

for spawning, breeding, feeding, or growth to maturity.” The definition for EFH may include
habitat for an individual species or an assemblage of species, whichever is appropriate within
each FMP.

For the purpose of interpreting the definition of essential fish habitat: “waters” includes
aquatic areas and their associated physical, chemical, and biological properties that are utilized
by fish. When appropriate this may include areas used historically. Water quality, including but

not limited to nutrient levels, oxygen concentration and turbidity levels is also considered to be a

component of this definition. Examples of “waters™ that may be considered EFH, include open
waters, wetlands, estuarine habitats, riverine habitats, and wetlands hydologically connected to
productive water bodies.
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“Necessary” , relative to the definition of essential fish habitat, means the habitat required
to support a sustainable fishery and a healthy ecosystem. While “spawning, breeding, feeding, or
growth to maturity” covers a species full life cycle.

In the context of this definition the term “substrate” includes sediment, hard bottom,
structures underlying the waters, and associated biological communities. These communities
could encompass mangroves, tidal marshes, mussel beds, cobble with attached fauna, mud and
clay burrows, coral reefs and submerged aquatic. vegetation. Migratory routes such as rivers and
passes serving as passageways to and from anadromous fish spawning grounds should also be
considered EFH. Included in the interpretation of “substrate™ are artificial reefs and shipwrecks
(if providing EFH), and partially or entirely submerged structures such as jetties.

The Habitat Plan presents the habitat requirements (by life stage where information
exists) for species managed by the Council. Available information on environmental and habitat
variables that control or limit distribution, abundance, reproduction, growth, survival, and
productivity of the managed species is included.

Essential Fish Habitat for Coastal Migratory Pelagic Species

Essential fish habitat for coastal migratory pelagic species includes sandy shoals of capes
and offshore bars, high profile rocky bottom and barrier island ocean-side waters, from the surf
to the shelf break zone, but from the Gulf stream shoreward, including Sargassum. In addition,
all coastal inlets, all state-designated nursery habitats of particular importance to coastal
migratory pelagics (for example, in North Carolina this would include all Primary Nursery Areas
and all Secondary Nursery Areas).

For Cobia essential fish habitat also includes high salinity bays, estuaries, and seagrass
habitat. In addition, the Gulf Stream is an essential fish habitat because it provides a mechanism
to disperse coastal migratory pelagic larvae.

For king and Spanish mackerel and cobia, essential fish habitat occurs in the South Atlantic
and Mid-Atlantic Bights.

Essential Fish Habitat - Habitat Areas of Particular Concern for Coastal Migratory Pelagics

Areas which meet the criteria for essential fish habitat-habitat areas of particular concern
(EFH-HAPCs) include sandy shoals of Cape Lookout, Cape Fear, and Cape Hatteras from shore
to the ends of the respective shoals, but shoreward of the Gulf stream; The Point, The Ten-
Fathom Ledge, and Big Rock (North Carolina); The Charleston Bump and Hurl Rocks (South
Carolina); The Point off Jupiter Inlet (Florida); Phragmatopoma (worm reefs) reefs off the
central east coast of Florida; nearshore hard bottom south of Cape Canaveral; The Hump off
Islamorada, Florida; The Marathon Hump off Marathon, Florida; The “Wall” off of the Florida
Keys; Pelagic Sargassum; and Atlantic coast estuaries with high numbers of Spanish mackerel
and cobia based on abundance data from the ELMR Program. Estuaries meeting this criteria for
Spanish mackerel include Bogue Sound and New River, North Carolina; Bogue Sound, North
Carolina (Adults May-September salinity >30 ppt); and New River, North Carolina (Adults
May-October salinity >30 ppt). For Cobia they include Broad River, South Carolina; and Broad
River, South Carolina (Adults & juveniles May-July salinity >25ppt).

These areas include spawning grounds and habitats where eggs and larvae develop. In
addition, the estuarine habitats also provide prey species along migration pathways.
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4.3  Description of Habitat
The South Atlantic Council’s Habitat Plan

The Council, in developing the Habitat Plan, consolidated the best available information
on habitat essential to species managed in the south Atlantic region. The description and
distribution of essential fish habitat in this document includes estuarine inshore habitats, mainly
focusing on North Carolina, South Carolina, Georgia, and the Florida east coast as well as
adjacent offshore marine habitats (e.g. coral, coral reefs, and live/hard bottom habitat, artificial
reefs, Sargassum habitat and the water column). The structural component of these habitats
constitute the basis for the habitat distribution information presented in this document. A primary
goal of this document is to relay information on the distribution of managed species and essential
fish habitats and provide information to address fishing and non-fishing threats to the watershed
or estuarine drainage area. _

The Habitat Plan was prepared through a cooperative effort of State, Federal and regional
habitat partners on the Councils’ Habitat and Coral Advisory Panels, additional technical experts
identified during Council EFH workshops, and Council staff. This approach was deemed
appropriate and has resulted in a scientifically defensible product that describes the structural
characteristics and function by habitat type and presents available information on distribution
and use by managed species and their significant prey. The intent of this document is to serve as
a source document for all species managed by the Council. It also represents an ecological
characterization of the south Atlantic region describing essential fish habitat. The Council is
therefore taking a risk-averse approach in describing and protecting essential fish habitat in its
area of jurisdiction and making recommendations to protect essential habitat in state waters. The
emphasis of the determination is on the interrelationships between habitat and State and
Federally managed species and their prey and endangered and threatened species. The vast array
of species using these habitats implies that the structural habitats serve such a wide variety of
species at different times in different locations that these structural habitats (estuarine, palustrine,
coral and live/hard bottom, artificial reefs, and Sargassum) are all inclusive as essential to the
functioning of a healthy ecosystem in the south Atlantic region. In addition, the water column
plays an important role in defining the nature of essential habitat by being the common link.

This document is a living document that will be revised as new information becomes
available. New techniques such as Habitat Suitability Index (HSI) modeling being developed
may be useful in better identifying these habitats and their use by managed species. In addition,
more refined and accurate mapping techniques through geographical information systems (GIS),
such as the ones being used in the Coastal Change Analysis Program (C-CAP), under
development for south Atlantic states and continued refinement of the SEAMAP bottom
mapping effort. These and other activities will provide even more refined information for future
Habitat Plan versions.

Habitats Identified in the Habitat Plan Which Constitute the Ecosystem Used by Managed
Species including Coastal Migratory Pelagics

A. Estuarine/Inshore Essential Fish Habitat

Estuarine inshore habitats include estuarine emergent vegetation (salt marsh and
brackish marsh), estuarine shrub/scrub (mangroves), seagrass, oyster reefs and shell banks,
intertidal flats, palustrine emergent and forested (freshwater wetlands), and the estuarine water
column. Section 3.1 presents individual detailed descriptions including species use of these
habitats.
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Estuarine Emergent

Estuarine marshes constitute a complex ecosystem that serves as essential fish habitat
but also is vital to wildlife including endangered and threatened species, furbearers and other
mammals, waterfowl, wading birds, shore and other birds, reptiles and amphibians, shellfish,
and invertebrates. In contrast to freshwater marshes, salt marshes have low species diversity of
the higher vertebrates, but high species diversity of invertebrates, including shellfish, and
fishes. Optimal estuarine habitat conditions for managed species’ spawning, survival, and
growth is dependent on protecting the structural integrity as well as the environmental quality
of these habitats. In North Carolina, South Carolina, Georgia and Florida, the marsh systems
are of principal importance as nursery areas.

More detailed estimates of wetland by county are presented in Appendix A . This
compilation of existing wetland habitat may, as refined to hydrological units, begin to serve as a
baseline upon which to implement the policy directive and the long-term objective of a net gain
of wetland habitats in the South Atlantic region. The Coastal Change Assessment Program (C-
CAP) is presently being developed in response to the National Wetlands Policy Forum
recommendation to improve inventory, mapping, and monitoring programs by USFWS and
NOAA. The program was implemented to develop a nationally standardized geographic
information system using ground-based and remote sensing data. It assesses changes in land
cover and habitat in US coastal regions to improve understanding of coastal uplands, wetlands,
and seagrass beds and their links to distribution, abundance, and health of living marine
resources. At this time only South Carolina coastal counties are complete and will represent
essential wetland habitat as mapped in that state. The state of Georgia information is under
review and as North Carolina and Florida are completed the mapping coverage will be
incorporated into the Habitat Plan as the most accurate presentation of inshore essential fish
habitat in the South Atlantic region. The ecological value, function and distribution of this
essential fish habitat is described in Section 3.1.1.1.

Estuarine Shrub/Scrub Mangroves (from NOAA 1995)

The red mangrove (Rhizophora mangle), black mangrove (Avincennia germinans), and white
mangroves (Laguncularia erectus) are the three “true” species found in South Florida (Tomlinson,
1986). Red mangroves have prop roots and viviparous cigar-shaped seedlings, while black
mangroves have a pneumataphore root system and gray-green leaves, the undersides of which are
encrusted with excreted salt. White mangroves have rounded leaves, with a pair of salt glands on
each petiole. Buttonwood (Conocarpus erectus), an associated species occurring with mangroves, is
found in transitional wetland areas between mangrove and upland areas.

A mangrove classification system has been developed that identifies six major forest types
based on geological and hydrological process: riverine, overwash, fringe, basin, dwarf, and
hammock (Lugo and Snedaker). Riverine forests do not occur in southeast Florida due to the lack of
freshwater rivers and the associated floodplajns (Davis, 1943: Minerals Management Service 1990).
Fringe forests occur along shorelines inundated by high tides, dominated by red mangroves, and
exposed to open water. Tidal flow follows the same directional path along the fringe forest,
resulting in sediment and litter accumulation.

Mangrove-related fish communities can be organized along various environmental gradients
including salinity, mangrove detritus dependence, and substrate (Odum et al., 1982). The
ecological value, function and distribution of this essential fish habitat is described in Section 3.1.1.2
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Seagrass Habitat

Seagrass beds in North Carolina and Florida are preferred habitat areas of many managed
species including white, brown, and pink shrimp, red drum, and estuarine dependent snapper and
grouper species in the larval, juvenile and adult phases of their life cycle. Seagrass meadows
provide substrates and environmental conditions which are essential to the feeding, spawning
and growth of several managed species. Seagrass meadows are complex ecosystems that are
essential habitat because they provide primary productivity, structural complexity, modification
of energy regimes, sediment and shoreline stabilization, and nutrient cycling. Section 3.1.1.3
describes the ecological value and function and distribution of this essential fish habitat. The
states of North Carolina through CGIA and Florida through FMRI provided geographical
information system (GIS) coverage of seagrass habitat. Subsequent reconfiguration of the data
was conducted by NMFS SEFSC to create a uniform ArcView format for inclusion into the
Councils’ essential fish habitat distribution data base and GIS system.

Oyster Reefs and Shell Banks

Oyster and shell essential fish habitat in the South Atlantic can be defined as the natural
structures found between (intertidal) and beneath (subtidal) tide lines, that are composed of
oyster shell, live oysters and other organisms that are discrete, contiguous and clearly
distinguishable from scattered oysters in marshes and mudflats, and from wave-formed shell
windrows (Bahr and Lanier 1981). Both intertidal and subtidal populations are found in the tidal
creeks and estuaries of the South Atlantic. On the Atlantic coast, the range of the American
oyster, Crassostrea virginica, extends over a wide latitude (20° N to 54° N). The ecological
conditions encountered are diverse and the oyster community is not uniform throughout this
range. Where the tidal range is large the oyster builds massive, discrete reefs in the intertidal
zone. North of Cape Lookout, in North Carolina, the oyster habitat is dominated by Pamlico
Sound and its tributaries. In these wind-driven lagoonal systems, oyster assemblages consist
mainly of subtidal beds. Throughout the South Atlantic, oysters are found at varying distances
up major drainage basins depending upon typography, salinity, substrate, and other variables.

Several terms used to describe the oyster/shell essential fish habitat are oyster reef, bar,
bed, rock, ground and planting. The habitat ranges in size from small scattered clumps to large
mounds of living oysters and dead shells. Predation and siltation limit oyster densities at the
lower portion and outer regions of the reefs. The vertical elevation of intertidal oyster reefs
above mean low water is maximal within the central Georgia coastal zone, where mean tidal
amplitude exceeds 2 m (Bahr and Lanier 1981).

Large shell banks or deposits of oyster valves generated by boat wakes are found
throughout the South Atlantic, usually along the Atlantic Intracoastal Waterway and heavily
traveled rivers. These shell accumulations are usually elongated and conform to the underlying
bottom topography from mean low water into the supra littoral zone. Further build-up may result
in ridge structures and washovers. In South Carolina, 998 “washed shell” deposits have been
located predominantly in the central and southern portion of the State. Washed shell is less
resilient, partially abraded oyster shell with a lower specific gravity than recently shucked shells
(Anderson 1979).

Intertidal Flats
Variability in the tidal regime along the South Atlantic coast results in considerable
regional variability in the distribution and character of the estimated 1 million acres of tidal flat
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habitat. The coasts of North Carolina and Florida are largely microtidal (0-2m tidal range) with
extensive barrier islands and relatively few inlets to extensive sound systems. In these areas
wind energy has a strong affect on intertidal flats. In contrast the coasts of South Carolina and
Georgia are mesotidal (2-4m) with short barrier islands and numerous tidal inlets so that tidal
currents are the primary force effecting the intertidal zone.

Tidal flats are critical structural components of coastal systems that serve as feeding grounds
and refuges for a variety of animals. This constantly changing system provides essential fish habitat
as; 1) nursery grounds for early stages of development of many benthically oriented estuarine
dependent species. 2) refuges and feeding grounds for a variety of forage species of fishes 3)
feeding grounds for a variety of specialized predators.

Palustrine Emergent and Forested

Palustrine emergent systems include tidal and non-tidal marshes. A large amount of the
energy present in the palustrine emergent vegetation may be exported out of the system. Tidal
currents, river currents, and wind energy all act to transport organic carbon downstream to the
estuary, which is the nursery area for many of the Council-managed species. Migrating
consumers, such as larval and juvenile fish and crustaceans, may feed within the habitat and then
move on to the estuary or ocean. These links with managed species demonstrate the essential
nature of this habitat type. Section 3.1.2.2 describes the ecological value, function and
distribution of this essential fish habitat.

Aquatic Beds

Submersed rooted vascular vegetation in tidal fresh- or freshwater portions of estuaries and
their tributaries performs the same functions as those described for seagrasses. Specifically, aquatic
bed meadows possess the same four attributes: 1) primary productivity; 2) structural complexity; 3)
modification of energy regimes and sediment stabilization; and 4) nutrient cycling. The ecological
value, function and distribution of this essential fish habitat is described in Section 3.2.2.3.

Estaurine Water Column

This habitat traditionally comprises four salinity categories: oligohaline (< 8 ppt),
mesohaline (8-18 ppt), and polyhaline waters (18-30 ppt) with some euhaline water (>30 ppt)
around inlets. Alternatively, a three-tier salinity classification is presented by Schreiber and Gill
(1995) in their prototype document developing approaches for identifying and assessing
important fish habitats: tidal fresh (0-0.5 ppt), mixing (0.5-25 ppt), and sewater (>25 ppt). Saline
environments have moving boundaries, but are generally maintained by sea water transported
through inlets by tide and wind mixing with fresh water supplied by land runoff. Particulate
materials settle from these mixing waters and accumulate as bottom sediments. Coarser-grained
sediments, saline waters, and migrating organisms are introduced from the ocean, while finer-
grained sediments, nutrients, organic matter, and fresh water are input from rivers and tidal
creeks. The sea water.component stabilizes the system, with its abundant supply of inorganic
chemicals and its relatively conservative temperatures. Closer to the sea, rapid changes in
variables such as temperature are moderate compared to shallow upstream waters. Without
periodic additions of sea water, seasonal thermal extremes would reduce the biological capacity
of the water column as well as reduce the recruitment of fauna from the ocean. While nearby
wetlands contain some assimilative capacity abating nutrient enrichment, fresh water inflow and
tidal flushing are primarily important for circulation and removal of nutrients and wastes from
the estuary.

61
Mackerel/Cobia SAFE Report




4.0 Ecosystem Considerations

The water column is composed of horizontal and vertical components. Horizontaly,
salinity gradients (decreasing landward) strongly influence the distribution of biota, both directly
(physiologically) and indirectly (e.g., emergent vegetation distribution). Horizontal gradients of
nutrients, decreasing seaward, affect primarily the distribution of phytoplankton and,
secondarily, organisms utilizing this primary productivity. Vertically, the water column may be
stratified by salinity (fresh water runoff overlaying heavier salt water), oxygen content (lower
values at the bottom associated with high biological oxygen demand due to inadequate vertical
mixing), and nutrients, pesticides, industrial wastes, and pathogens (build up to abnormal levels
near the bottom from lack of vertical mixing).

B. Marine/Offshore Essential Fish Habitat

Marine offshore habitats include live/hard bottom, coral and coral reefs, artificial/manmade
reefs, pelagic Sargassum and water column habitat. Section 3.2 presents individual detailed
descriptions including species use of these habitats.

Live/Hard Bottom Habitat

Major fisheries habitats on the Continental Shelf along the southeastern United States from
Cape Hatteras to Cape Canaveral (South Atlantic Bight) can be stratified into five general categories:
coastal, open shelf, live/hard bottom, shelf edge, and lower shelf based on type of bottom and water
temperature. Each of these habitats harbors a distinct association of demersal fishes (Struhsaker
1969) and invertebrates. The description of this essential fish habitat presented in Section 3.2.1.2,
segregates the region into two sections: a) Cape Hatteras to Cape Canaveral; and b) Cape Canaveral
to the Dry Tortugas. These regions represent temperate, wide-shelf systems and tropical, narrow-
shelf systems, respectively. The zoogeographic break between these regions typically occurs
between Cape Canaveral and Jupiter Inlet.

Covered by a vast plain of sand and mud underlain at depths of less than a meter by
carbonate sandstone is relatively unattractive to fish. Live/hard bottom, usually found near
outcropping shelves of sedimentary rock in the zone from 15 to 35 fathoms and at the shelf break, a
sone from about 35 to 100 fathoms where the Continental Shelf adjoins the deep ocean basin and is
often characterized by steep cliffs and ledges. The live bottom areas constitute essential habitat for
warm-temperate and tropical species of snappers, groupers, and associated fishes including 113
species of reef fish representing 43 families of predominately tropical and subtropical fishes off the
coasts of North Carolina and South Carolina.

The distribution of live/hard bottom habitat in the south Atlantic region is presented in the
hardbottom maps in Section 3.2. These geographic coverage’s are a compilation of the four state
bottom mapping effort in the South East Monitoring and Assessment Program (SEAMAP). The
Florida Marine Research Institute developed uniform ArcView coverage’s of hard bottom habitat
(including coral, coral reefs, live/hard bottom, and artificial reefs) as a 1998 SEAMAP program and
provided it to the Council for inclusion into the south Atlantic essential fish habitat distribution data
base and GIS system.
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Coral and Coral Reefs

Coral reef communities or solitary specimens exist throughout the south Atlantic region from
nearshore environments to continental slopes and canyons, including the intermediate shelf zones.
Habitats supporting corals and coral-associated species are discussed below in groupings based on
their physical and ecological characteristics. Dependent upon many variables, corals may dominate
a habitat, be a significant component, or be individuals within a community characterized by other
fauna. Geologically and ecologically, the range of coral assemblages and habitat types is equally
diverse. The coral reefs of shallow warm waters are typically, though not always, built upon
coralline rock and support a wide array of hermatypic and ahermatypic corals, finfish, invertebrates,
plants, and microorganisms. Hard bottoms and hard banks, found on a wider bathymetric and
geographic scale, often possess high species diversity but may lack hermatypic corals, the supporting
coralline structure, or some of the associated biota. In deeper waters, large elongate mounds called
deepwater banks, hundreds of meters in length, often support a rich fauna compared to adjacent
areas. Lastly are communities including solitary corals. This category often lacks a topographic
relief as its substrate, but instead may use a sandy bottom, for example. Coral habitats (i.e., habitats
to which coral is a significant contributor) are divided into five categories - solitary corals, hard
bottoms, deepwater banks, patch reefs, and outer bank reefs. The order of presentation approximates
the ranking of habitat complexity based upon species diversity (e.g., zonation, topographic relief,
and other factors). Although attempts have been made to generalize the discussion into definable
types, it must be noted that the continuum of habitats includes many more than these five distinct
varieties.

The ecological value, function and distribution of this essential fish habitat is described in
Section 3.2.1.2. The distribution of live/hard bottom habitat in the south Atlantic region is presented
in the hardbottom maps in Section 3.2.

Artificial/Manmade Reefs

Manmade reefs are defined for this document as any area within marine waters in which
suitable structures or materials have intentionally been placed by man for the purpose of
creating, restoring or improving long-term habitat for the eventual exploitation, conservation or
preservation of the resulting marine ecosystems naturally established on these sites. Manmade
hard bottom habitats are formed when a primary hard substrate is available for the attachment
and development of epibenthic assemblages. This substrate is colonized when marine algae and
larvae of epibenthic animals successfully settle and thrive. Concurrent with the development of
the epibenthic assemblage, demersal reef-dwelling finfish recruit to the new hard bottom habitat.
Juvenile life stages will use this habitat for protection from predators, orientation in the water
column or on the reef itself and as a feeding area. Adult life stages of demersal reef-dwelling
finfish including species managed in the snapper grouper plan, will use the habitat for protection
from predation, feeding opportunities, orientation in the water column and on the reef and as
spawning sites. Pelagic planktivores occur on hard bottom habitats in high densities and use
these habitats for orientation in the water column and feeding opportunities. These species
provide important food resources to snapper grouper species and coastal migratory pelagics
including king and Spanish mackerel and cobia. The pelagic piscivores use the hard bottom
habitats for feeding opportunistically. Most of these species do not take up residence on
individual hard bottom outcrops, but will transit through hard bottom areas and feed for varying
periods of time.

Manmade hard substrates are considered essential fish habitat in the south Atlantic region
because of the use of these habitats by species in the snapper grouper complex, coastal migratory
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pelagics and prey important to those species. The ecological value, function and distribution of this
essential fish habitat is described in Section 3.2.2
The State of Florida Marine Research Institute, as part of the 1998 deliverable, provided the .
Council with uniform Arc View coverage’s for inclusion into the south Atlantic essential fish habitat
distribution data base and GIS system.

Sargassum . .

- Pelagic brown algae Sargassum natans and S. fluitans form a dynamic structural habitat
within warm waters of the western North Atlantic. Most pelagic Sargassum circulates between
20°N and 40°N latitudes and 30°W longitude and the western edge of the Florida Current/Gulf
Stream. The greatest concentrations are found within the North Atlantic Central Gyre in the
Sargasso Sea. Large quantities of Sargassum frequently occur on the continental shelf off the
southeastern United States. Depending on prevailing surface currents, this material may remain
on the shelf for extended periods, be entrained into the Gulf Stream, or be cast ashore. During
calm conditions Sargassum may form large irregular mats-or simply be scattered in small
clumps. Langmuir circulation, internal waves, and convergence zones along fronts aggregate the
algae along with other flotsam into long linear or meandering rows collectively termed
“windrows”.

Pelagic Sargassum supports a diverse assemblage of marine organisms including fungi,
micro-and macro-epiphytes, at least 145 species of invertebrates, over 100 species of fishes, four
species of sea turtles, and numerous marine birds. The fishes associated with pelagic Sargassum
in the western North Atlantic include juveniles as well as adults of a wide variety of species.

The carangids and balistids are the most conspicuous, being represented by 21 and 15 species
respectively. Therefore, this habitat is considered essential fish habitat because it provides
protection, feeding opportunity and use as a spawning substrate to species managed by the
Council. The ecological value, function and distribution of this essential fish habitat is described
in Section 3.2.3.

Additional information is contained in the fishery management plan for pelagic
Sargassum (SAFMC 1998d).

Water Column

Specific habitats in the water column can best be defined in terms of gradients and
discontinuities in temperature, salinity, density, nutrients, light, etc. These “structural”
components of the water column environment are not static, but change both in time and space.
Therefore, there are numerous potentially distinct water column habitats for a broad array of
managed species and life-stages within species.

The discussion of the ecological function of water column habitat and importance to
managed species is presented in Section 3.2.3.2.

Description of Coastal Migratory Pelagic Habitat
The habitat of adults in the coastal pelagic management unit, except dolphin, is the
coastal waters out to the edge of the continental shelf in the Atlantic Ocean. Within the area, the
occurrence of these species is governed by temperature and salinity. All species are seldom
found in water temperatures less than 20° C. Salinity preference varies, but these species
generally prefer high salinity. The scombrids prefer high salinities, but less than 36 ppt. Salinity
prefence of little tunny and cobia is not well defined. The larval habitat of all species in the .
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coastal pelagic management unit is the water column. Within the spawning area, eggs and larvae
are concentrated in the surface waters.

. Estuaries are important habitats for most prey species of coastal pelagics. For this reason,
estuarine habitats and factors which affect them should be considered as part of the coastal
pelagic management unit. All the coastal pelagic species, move from one area to another and
seek prey whatever local resources happen to be abundant. Many of the prey species of the
coastal pelagics are estuarine-dependant in that they spend all or a portion of their lives in
estuaries. Accordingly, the coastal pelagic species, by virtue of their food source, are to some
degree also dependant upon estuaries and, therefore, can be expected to be detrimentally affected
if the productive capabilities of estuaries are greatly degraded.

Spatial and Temporal Distribution and Relative Abundance of Spanish Mackerel in
Estuarine Habitat : '

NOAA’s Estuarine Living Marine Resource Program (ELMR), through a joint effort of
National Ocean Service and NMFS, conducts regional compilations of information on the use
of estuarine habitat by select marine fish and invertebrates. A report prepared through the
ELMR program (NOAA 1991b) and revised information (NOAA 1998), provided the Council
during the Habitat Plan development process, present known spatial and temporal distribution
and relative abundance of fish and invertebrates using southeast estuarine habitats. Twenty
southeast estuaries selected from the National Estuarine Inventory (NOAA 1985) are included
in the analysis which resulted from a review of published and unpublished literature and
personal consultations. The resultant information emphasizes the importance and essential
nature of estuarine habitat to all life stages of spanish mackerel.

. Regional salinity and relative abundance maps for use in determining EFH for two
estuarine dependant coastal migratory pelagic species included in the data, Spanish mackerel and
Cobia. These map coverages were prepared for the Council by NOAA SEA Division (Appendix
F). Figures 43-46 present a representative sample of the distibution maps for juvenile Spanish
mackerel. The remainder of the coverages and additional information on species and habitat
distribution are available over the Internet on the Council web page under the habitat homepage
(www.safmc.noaa.gov). These maps portray salinity and species relative abundances for
estuaries and coastal embayments on state and/or regional maps. Depending on data availability,
maps were produced at various scales: 1:24K, 1:80K, and 1:250K. For species relative
abundances, these maps were developed only for juveniles of estuarine species (Nelson et al.
1991) showing the highest juvenile relative abundance in any salinity zone by season for each
estuary. These maps will eventually be provided to the Council as ArcView shape files with
associated data for inclusion into the Council’s GIS system.

4.4  The Effects of Fishing Gear on the Ecosystem and Prior Council Action
Pursuant the guidelines implementing the essential fish habitat provisions of the
Magnuson-Stevens.Act, conservation and enhancement measures implemented by the Council
may include ones that eliminate or minimize physical, chemical, or biological alterations of the
substrate, and loss of, or injury to, benthic organisms, prey species and their habitat, and other
components of the ecosystem. The Council has implemented restrictions on fisheries to the
extent that no significant activities were identified in the review of gear impact conducted for the
NMFS by Auster and Langton (1998) that presented available information on adverse effects of
. all fishing equipment types used in waters described as EFH. The Council has already
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prevented, mitigated, or minimized most adverse effects from most fisheries prosecuted in the
South Atlantic EEZ.

The Council considered evidence that some fishing practices are having an identifiable
adverse effect on habitat, and addressed these in the comprehensive habitat amendment. The
Council has already used many of the options recommended in the essential fish habitat guidelines
for managing adverse effects from fishing including: fishing equipment restrictions; seasonal and
aerial restrictions on the use of specified equipment; equipment modifications to allow the escape of
particular species or particular life stages (e.g., juveniles); prohibitions on the use of explosives and
chemicals; prohibitions on anchoring or setting equipment in sensitive areas; prohibitions on fishing
activities that cause significant physical damage in EFH; time/area closures including closing areas
to all fishing or specific equipment types during spawning, migration, foraging, and nursery
activities; designating zones for use as marine protected areas to limit adverse effects of fishing
practices on certain vulnerable or rare areas/species/life history stages, such as those areas
designated as habitat areas of particular concern; and harvest limits.

More specifically, the Council has protected habitat essential to managed species by
regulating fisheries to reduce or eliminate the direct or indirect impacts of fishing. With the
implementation of the Coral Fishery Management Plan and subsequent amendments to that plan, the
Council has protected coral, coral reefs, and live/hard bottom habitat in the south Atlantic region by
establishing an optimum yield of zero and prohibiting all harvest or possession of these resources
which serve as essential fish habitat to many managed species. Another measure adopted by the
Council and implemented through the coral plan was the designation of the Oculina Bank Habitat
Area of Particular Concern, a unique and fragile deepwater coral habitat off southeast Florida that is
protected from all bottom tending fishing gear damage. The Council has also prohibited the use of
the following gears in the snapper grouper fishery management plan to protect habitat: bottom
longlines in the EEZ inside of 50 fathoms or anywhere south of St. Lucie Inlet Florida, fish traps,
bottom tending (roller-rig) trawls on live bottom habitat, and entanglement gear. Also established
under the snapper grouper plan is an Experimental Closed Area (experimental marine reserve) where
the harvest or possession of all species in the snapper grouper complex is prohibited. Other actions
taken by the Council that directly or indirectly protect habitat or ecosystem integrity include: the
prohibition of rock shrimp trawling in a designated area around the Oculina Bank, mandatory use of
bycatch reduction devices in the penaeid shrimp fishery, a prohibition of the use of drift gill nets in
the coastal migratory pelagic fishery; and a mechanism that provides for the concurrent closure of
the EEZ to penaeid shrimping if environmental conditions in state waters are such that the
overwintering spawning stock is severely depleted.
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4.5  Endangered Species and Marine Mammal Acts

The Sustainable Fisheries Act of 1996 established certain requirements and standards the
Councils and the Secretary must meet in managing fisheries under the Magnuson-Stevens Act.
Implementing the provisions in the SFA will not have any negative impacts on the listed and
protected species under the Endangered Species Act (ESA) and Marine Mammals Protection Act

(MMPA) including:

Whales: Date Listed

(1)  Northern right whale- Eubalaena glacialis (ENDANGERED) 12/2/70

(2) Humpback whale- Magaptera novaeangliae (ENDANGERED) 12/2/70

(3)  Fin whale- Balaenoptera physalus (ENDANGERED) 12/2/70

(4) Sei whale- Balaenoptera borealis (ENDANGERED) 12/2/70

5) Sperm whale- Physeter macrocephalus (ENDANGERED) 12/2/70

(6) Blue whale- Balaenoptera musculus (ENDANGERED)
Sea Turtles: Date Listed

(1) Kemp’s ridley turtle- Lepidochelys kempii (ENDANGERED) 12/2/70

(2) Leatherback turtle- Dermochelys coriacea (ENDANGERED) 6/2/70

(3) Hawksbill turtle- Eretmochelys imbricata (ENDANGERED) 6/2/70

(4) Green turtle- Chelonia mydas (THREATENED/ENDANGERED) 7/28/78

(5) Loggerhead turtle- Caretta caretta (THREATENED) 7/28/78
Other Species Under U.S. Fish and Wildlife Service Jurisdiction: Date Listed

(1) West Indian manatee- Trichechus manatus (ENDANGERED) 3/67
(Critical Habitat Designated) 1976

(2)  American crocodile - Crocodulus acutus (ENDANGERED) 9/75
(Critical Habitat Designated) 12/79
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Scomberomorus cavella

TIL: Title
A multispecies stock assessment of a pelagic coastal fishery of
the south-west Gulf of Mexico.
AU: Author
Arreguin-Sanchez, F; Chavez, EA; Menchaca, JA
AF: Author Affiliation
Cent. Invest. y de Estud. Avanzados del IPN, Km 6 Carreterra
Antigua a Progreso, AP 73-Cordemex 97310, Merida, Yucatan, Mexico
SO: Source
AQUACULT. FISH. MANAGE,, vol. 23, no. 1, pp. 103-112, 1992
AB: Abstract
Multispecies stock assessment based upon Schaefer's theory was
applied to a coastal pelagic fishery (Spanish mackerel,
Scomberomorus maculatus ; king mackerel, S. cavalla and the blue
runner, Caranx fusus , from the west central Gulf of Mexico.
Linear and non-linear systems of equations were estimated by using
a multiple stepwise regression technique. The values of
interaction parameters show a clear competition between mackerels,
and technological interdependences between the blue runner and
mackerels. The maximum yield estimation was from 4000 to S000
tonnes, obtained with 23 and 34 beach seines respectively,
depending on the applied model. Two stages were observed from the
statistical records; in the first the Spanish mackerel is the most
important species while in the second the abundance of this
species declines and the others remain at the same level.
Significant interactions were found from the first data group.

TI: Title
Population dynamics of the king mackerel (Scomberomorus cavalla)
of the Campeche Bank, Mexico

AU: Author
Arreguin-Sanchez, F; Cabrera, MA; Aguilar, FA

AF: Author Affiliation
Cent. Interdiscip. Cienc. Mar. IPN, CICIMAR, Ap. P. 592, 23000 La
Paz, Baja California Sur, Mexico

CF: Conference
Int. Symp. on Middle-Sized Pelagic Fish, Las Palmas de Gran
Canaria, Gran Canaria, Canary Islands (Spain), 24-28 Jan 1994

ED: Editor
Bas, C; Castro, JJ; Lorenzo, JM (eds)

SO: Source
INTERNATIONAL SYMPOSIUM ON MIDDLE-SIZED PELAGIC FISH HELD IN LAS
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PALMAS DE GRAN CANARIA 24-28 JANUARY 1994., 1995, pp. 637-645,
Scientia Marina (Barcelona) [SCI. MAR. (BARC.)], vol. 59, no. 3-4
IS: ISSN
0214-8358
AB: Abstract
The king mackerel (Scomberomorus cavalla) is a migratory pelagic
resource which is caught along the coasts of the Gulf of Mexico,
where some hypothesis suggest the existence of at least two
stocks. In this contribution, the population dynamics of the
Campeche Bank stock is analyzed. It is a small scale fishery with
limited access to the whole population. Several locations along
the coast were sampled around the Peninsula of Yucatan. Size
structure of catches indicates a spatial gradient with large
fishes found on the northeastern coast of the Yucatan Peninsula,
and smaller ones on the southern Gulf of Mexico. This behavior is
associated with environmental factors; the southern region, with
fluvial influence, probably acting as a nursery area; while in the
northeastern region the population dynamics is in syncrony with a
seasonal upwelling. The average population parameters estimated
were as follows: growth parameters of the von Bertalanffy
equation: L sub( arrow left ) = 140 cm; K = 0.19 (1/year), and tz
= (.54 years. Total mortality was estimated as Z = 2.16, and
natural mortality was estimated to be M = 0.4.
Length-structured-VPA was applied in order to estimate fishing
mortality by size, which was more intensive on fishes ranging 60
cm to 80 cm; however, for Campeche, the small length at first
catch (Lc) imposes large fishing mortalities on small sizes, and
an increment to the Lc was recommended. The Thompson and Bell
method suggests the stock is being exploited at the maximum
biological production level. Results are discussed within the
framework of ecological behavior, stock identity and fish
accessibility. The emerging hypothesis is that a well defined
stock occurs in the Campeche Bank, with a certain degree of mixing
with other stocks from the Northern Gulf of Mexico.

TI: Title
Mackerel workshop report
AU: Author
Austin,C.B.; Browder,J.A.; Brugger,R.D.; Davis,J.C. (eds.)
CA: Corporate Author
Miami Univ., FL (USA). Rosenstiel School of Marine and Atmospheric
Science
CF: Conference
Mackerel workshop, Miami, FL (USA), 28 Apr 1977
SO: Source
Sea Grant Spec. Rep. Miami Univ
NT: Notes
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Workshop sponsored by US National Marine Fisheries Service,
Southeastern Fisheries Center, contract No. 03-6-042-35137

ER: Environmental Regime
Marine

AB: Abstract
The workshops were sponsored by the Southeast Region, National Marine
Fisheries Service and were planned to derive descriptive and
quantitative socio-economic information for systems modeling. Besides
selecting fisheries and participants and arranging logistic support
for the workshops, the primary effort of the staff was the
preparation of background papers. The information that was
assimilated from the literature search and the field trips was
brought together into separate croaker and mackerel workshop
background papers which provided a starting point for workshops
discussions. The croaker workshop was conducted 31 March and 1 April
1977 at the University of Miami's Rosenstiel School of Marine and
Atmospheric Science on Virginia Key, Miami, Florida. The mackerel
workshop was conducted 28-29 April 1977 at the National Marine
Fisheries Service Southeast Fishery Center on Virginia Key, Miami,
Florida. this is the workshop's final report on mackerels.

TI: Title
Age and Growth of King Mackerel, Scomberomorus cavalla (Cuvier) of
Northeastern Brazil.
OT: Original Title
Edade e Crecimiento da Cavala, Scombermorus cavalla (Cuvier), No
Estado do Ceara (Brasil)
AU: Author
Carneiro Ximenes, MO; Ferreira De Menezes, M; Fonteles-Filho, AA
AF: Author Affiliation
Univ. Fed. Ceara, Lab. Cienc. Mar, Fortaleza, Brazil
SO: Source
Arquivos de ciencias do mar. Fortaleza [ARQ. CIENC. MAR.], vol.
18, no. 1/2, pp. 73-81, 1978
IS: ISSN
0041-8854
AB: Abstract
In this paper an analysis is made of the length and age data for
king mackerel, Scomberomorous cavalla , with the objective of
calculating its growth curves in length and weight and, at the
same time, drawing comparisons with previous results obtained for
northeastern Brazil in 1966 and for Florida State, in 1973. The
data refers to the period from August, 1976 through May, 1978,
sampled off Ceara State around positions 3 degree 53'S, 38 degree
21'W and 2 degree 05'S, 40 degree 02'W. The growth curves in
length (cm) and weight (g) are given.
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TI: Title
Optimizing yields of the king mackerel (Scomberomorus cavalla)
fishery in the western and southern Gulf of Mexico

AU: Author
Chavez, EA; Arreguin-Sanchez, F

AF: Author Affiliation
CICIMAR, A.P. 592 La Paz, B.C.S., Mexico

CF: Conference
Int. Symp. on Middle-Sized Pelagic Fish, Las Palmas de Gran
Canaria, Gran Canaria, Canary Islands (Spain), 24-28 Jan 1994

ED: Editor
Bas, C; Castro, JJ; Lorenzo, JM (eds)

SO: Source
INTERNATIONAL SYMPOSIUM ON MIDDLE-SIZED PELAGIC FISH HELD IN LAS
PALMAS DE GRAN CANARIA 24-28 JANUARY 1994, 1995, pp. 629-636,
Scientia Marina (Barcelona) [SCI. MAR. (BARC.)], vol. 59, no. 3-4

IS: ISSN
0214-8358

AB: Abstract
The concept of optimum yield is applied to an age structured
simulation model of the Scomberomorus cavalla (Mitchill) fishery
in the western and southern Gulf of Mexico. Current yearly catch
amounts to 2,600 tonnes and is part of a beach seine multispecies
fishery yielding more than 10,000 tonnes annually. Cohort sizes
and population parameter changes (fishing mortality and recruit
numbers) were analyzed throughout a 39-year period. As a result of
recruitment pattern, it was found that optimum yield can be
attained when fishing mortality is F = 0.4, regardless of the
population size. Hypothesizing that the stock fished along the
Mexican coasts is independent from others of the same species
caught elsewhere, it is concluded that the fishery has been
overexploited since 1979. Yields obtained after simulations of the
fishery applying several fishing intensities lead to the
conclusion that the optimum yield level of about 3,000 tonnes
could be achieved in the long term if the former fishing mortality
value is applied, but this would imply a reduction of fishing
effort to about 40 per cent below the current level.

TI: Title
Larval king mackerel (Scomberomorus cavalla ), Spanish mackerel
(S. maculatus ), and bluefish (Pomatomus saltatrix ) off the
southeast coast of the United States, 1973-1980.

AU: Author
Collins, MR; Stender, BW

SO: Source
Bulletin of Marine Science [BULL. MAR. SCL}, vol. 41, no. 3, pp.
822-834, 1987
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IS: ISSN
0007-4977

AB: Abstract
Surface and subsurface ichthyoplankton collections were made from
9 m to beyond the continental shelf (deepest station 3,940 m) in
all seasons from Cape Hatteras, North Carolina to Cape Canaveral,
Florida. King mackerel (Scomberomorus cavalla ) spawn from April
to at least September, primarily at depths > 40 m. Spring spawning
activity takes place further offshore than does summer spawning.
Spanish mackerel (S. maculatus ) spawn from May to September in
depths < 40 m. Larvae were less abundant than those of king
mackerel, and no areas of concentration were found. Vertical
migration to the surface at night is indicated for both king and
Spanish mackerels. Bluefish (Pomatomus saltatrix ) spawn bimodally
from March through at least November in depths > 40 m, with the
primary spawning peak in spring and the secondary peak in late
summer.

TI: Title
Occurrence of young-of-the-year king, Scomberomorus cavalla , and
Spanish, S. maculatus , mackerels in commercial-type shrimp trawls
along the Atlantic coast of the Southeast United States.
AU: Author
Collins, MR; Wenner, CA
AF: Author Affiliation
S.C. Wildl. and Mar. Resour. Dep., P.O. Box 12559, Charleston, SC
29412, USA
SO: Source
Fishery Bulletin [FISH. BULL.], vol. 86, no. 2, pp. 394-397, 1988
IS: ISSN
0090-0656

AB: Abstract
King mackerel, Scomberomorus cavalla and Spanish mackerel, S.
maculatus , are migratory scombrids that support large
recreational and commercial fisheries along the southeast coast of
the United States. Recent evidence indicates that both species may
be overexploited in portions of thier range, prompting the South
Atlantic Fishery Management Council to impose catch limits and
landing quotas. Little is known concerning the distribution and
occurrence of juvenile (young-of-the-year) mackerels along the
Atlantic coast of the southeastern United States, nor does it seem
to be widely known that large numbers of these young fishes may be
included in the bycatch of a major fishery. This report provides
preliminary information on both of these topics.

TI: Title
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Fishery-independent recruitment indices for king and Spanish
mackerels

AU: Author
Collins, MR; Harris, PJ; Maier, PP

AF: Author Affiliation
South Carolina Department of Natural Resources, Marine Resources
Research Institute, Post Office Box 12559, Charleston, SC
29422-2559, USA

SO: Source
North American Journal of Fisheries Management [N. Am. J. Fish.
Manage.], vol. 18, no. 1, pp. 181-1 86, Feb 1998

IS: ISSN
0275-5947

AB: Abstract
We investigated whether the abundance of age-0 mackerels in a
fishery-independent trawl survey could be used to predict
abundance at age 1 for king mackerel Scomberomorus cavalla and
Spanish mackerel S. maculatus. After deletion of inappropriate
length-classes and partitioning by season, depth, and stratum,
subsets of the data set were compared to landings data and stock
assessment results from the National Marine Fisheries Service.
Total landings of age-1 Spanish mackerel were closely predicted (r
super(2) = 0.91) by catch per unit effort (CPUE) of age-0 fish
11-28 cm in fork length (FL) in samples taken by the Southeast
Area Monitoring and Assessment Program-South Atlantic (SEAMAP-SA)
during fall from shallow strata in the coastal waters of Georgia
and South Carolina (latitudes 30 degree 44'-33 degree 12'N;
SEAMAP-SA odd strata 31-49). The best predictor (r super(2) =
0.72) for age-1 king mackerel was CPUE of age-0 fish 9-30 cm FL in
SEAMAP-SA's fall samples from shallow strata in the coastal waters
of South Carolina and North Carolina (32 degree 04'-35 degree
15'N; SEAMAP-SA odd strata 41-67) collected the previous year. The
indices should be used with caution until data from additional
years become available for verification and incorporation.

TI: Title
Age, growth, and reproduction of the king mackerel Scomberomorus
cavalla (Cuvier) in Trinidad waters.
AU: Author
de L. Sturm, MG; Salter, P
AF: Author Affiliation
Inst. Mar. Aff., P.O. Box 3160, Carenage Post Off., Trinidad
SO: Source
Fishery Bulletin [FISH. BULL.], vol. 88, no. 2, pp. 361-370, 1990
IS: ISSN
0090-0656
AB: Abstract
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A study was made of age, growth, and reproduction of the king
mackerel Scomberomorus cavalla in Trinidad waters captured by
hook-and-line and drift gillnets. Ages, estimated from otolith

rings, ranged from 0 to VII in males and from 0 to X in females.
Based on gonad examination of 97 males and 224 females, spawning
takes place throughout the year around the island, with peak
spawning from October through March, a period associated with low
salinity. First spawning takes place at ages I-1I for both sexes.
Females predominated in all size groups, with the proportion of
males increasing during the peak spawning season.

TI: Title
Food of king mackerel, Scomberomorus cavalla , in Onslow Bay, North
Carolina
AU: Author
DeVane,J.C.,Jr.
AF: Author Affiliation
Natl. Mar. Fish. Serv., Southeast Fish. Cent., Beafort Lab., Beaufort,
NC 28516, USA
SO: Source
Trans. Am. Fish. Soc., 107(4), 583-586, (1978)
ER: Environmental Regime
Marine

AB: Abstract ;
The stomachs of 205 Scomberomorus cavalla collected in Onslow Bay,
North Carolina were examined for food items. The stomach contents of
the 113 stomachs containing food were composed mainly of fish. The
dominant fishes were Atlantic menhaden, Brevoortia tyrannus (35%
occurrence) and Atlantic thread herring, Opisthonema oglinum (28%
occurrence). Other fishes and invertebrates ranked from 14% to less
than 1% in occurrence. Atlantic menhaden and Atlantic thread herring
were primarily dominant in the stomachs of king mackerel collected
during the spring and summer months. Those collected during the fall
months had ingested a wider variety of forage with Atlantic menhaden
and Atlantic thread herring being of minor importance.

TI: Title
Age and growth of king and Spanish mackerel larvae and juveniles
from the Gulf of Mexico and U.S. South Atlantic Bight.
AU: Author
De Vries, DA; Grimes, CB; Lang, KL; White, D
AF: Author Affiliation
NMES, Southeast Fish. Cent., 3500 Delwood Beach Rd., Panama City,
FL 32407-7499, USA
SO: Source
Environmental biology of fishes. The Hague [ENVIRON. BIOL. FISH.],
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vol. 29, no. 2, pp. 135-143, 1990

IS: ISSN
0378-1909

AB: Abstract
Sagtittal otoliths from 50 king mackerel (Scomberomorus cavalla )
7.0-13.0 mm SL and 72 Spanish mackerel (Scomberomorus maculatus )
2 8-22.0 mm SL collected off the southeast U.S. were examined
whole at 400 x using a compound microscope-video system. Otoliths
of both species had visible, presumably daily, growth increments
as well as finer subdaily increments. Otolith growth was directly
proportional to growth in standard length for king (r super(2) =
0.91) and Spanish mackerel (r super(2) = 0.86). Spanish mackerel
were estimated to be 3-15 d old with a mean absolute growth rate
(SL/number of growth increments) and 95% confidence interval of
1.15 plus or minus 0.07 mm/d. The least squares linear equation:
QL =- 1.30 + 1.31 (age in days), with r super(2) = 0.67 and p >
0.001, described the relationship between length and age. There
was a significant positive relationship between absolute growth
rate and fish length. King mackerel were estimated to be 3-15d
old with a mean absolute growth rate of 0.89 plus or minus 0.06
mm/d. Growth rate of king mackerel was slightly higher for fish
from the Mississippi River plume than from all other locations
combined, while Spanish mackerel growth rates were not
significantly different.

TI: Title
Spatial and temporal variation in age and growth of king mackerel,
Scomberomorus cavalla, 1977-1992

AU: Author
DeVries, DA; Grimes, CB

AF: Author Affiliation
Panama City Lab., Southeast Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAA, 3500 Delwood Beach Rd., Panama City, FL 32408, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 95, no. 4, pp. 694-708, Oct
1997

IS: ISSN
0090-0656

AB: Abstract
A total of 12,180 king mackerel, Scomberomorus cavalla, collected
from 1986 to 1992 from North Carolina to Yucatan, Mexico, and
2,033 collected in 1977 and 1978 from North Carolina to Texas were
aged with whole or sectioned sa gittal otoliths. Data were analyzed
by region - Atlantic Ocean, eastern Gulf of Mexico, and western
Gulf - reflecting the currently recognized stocks. Maximum sizes
of females aged were 152, 158, and 147 cm FL in the Atlantic,
castern Gulf, and western Gulf, whereas the largest males were
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. 121, 127, and 117 cm FL in those same regions. Maximum ages from
the 1986-92 fish were 26, 21, and 24 yr for females and 24, 22,

and 23 yr for males in the Atlantic, eastern Gulf, and western
Gulf, respectively. Females grew faster and larger than males at
every age in each region. A very consistent pattern of greatest
growth in the eastern Gulf, intermediate in the western Gulf, and
least in the Atlantic was present each year during 1986-92, most
noticeably among females. During 1977-78, Atlantic females also
had distinctly lower growth than Gulf fish. These consistent
regional differences support the current hypothesis that there are
three stocks as suggested by previous analyses of other types of
data. Within a region and sex, growth was lower in 1977-78 than in
1986-92 in both the Atlantic and eastern Gulf, but higher for
western Gulf females.

TI: Title
Possible Temperature Effects on Charter Boat Catches of King
Mackerel and Other Coastal Pelagic Species in Northwest Florida.

AU: Author
Fable, WA Jr; Brusher, HA; Trent, L; Finnegan, J Jr

AF: Author Affiliation
Panama City Lab., SE Fish. Cent., Natl. Mar. Fish. Serv., NOAA,

. 3500 Delwood Beach Rd., Panama City, FL 32407, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV ], vol. 43, no. 8, pp.
21-26, 1981

IS: ISSN
0090-1830

AB: Abstract
Dramatic changes occurred in the landings, species composition,
and sizes of fishes caught in the charter boat fishery for pelagic
fishes in northwest Florida in the summers of 1977 and 1978. These
changes occurred after two of the coldest winters in 100 years.
Catch per hour (CPH) of king mackerel (Scomberomorus cavalla ) the
target species, declined greatly, while CPH of Atlantic bonito and
bluefish increased. Data indicated that warm winters resulted in
high CPH, while cool winters resulted in low CPH. The authors
concluded that catch rates of king mackerel were related to
temperatures of the preceding winter.

TI: Title
Movements of king mackerel, Scomberomorus cavalla , tagged in

Southeast Louisiana, 1983-85.
AU: Author
Fable, WA Jr; Trent, L; Bane, GW; Ellsworth, SW
. AF: Author Affiliation
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Panama City Lab., Southeast Fish. Cent., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV.], vol. 49, no. 2, pp.
98-101, 1987

IS: ISSN
0090-1830

NT: Notes
Special issue: Marine recreational fisheries and fishing.

AB: Abstract
King mackerel, Scomberomorus cavalla (1,968) caught by hook and
line off Grand Isle, Louisiana, were tagged with internal anchor
tags and released between 1983 and 1985. Fifty-five tags were
recovered, providing an overall return rate of 2.8 percent. King
mackerel tagged in winter were returned in every month of the
year, but always from the Grand Isle area or westward as far as
Veracruz, Mexico. All but one summer-tagged fish were returned in
winter months from the Grand Isle area, Key West, Florida, or from
Mexico. Winter-tagged fish were mostly large and mostly remained
in the northwest Gulf. Summer-tagged fish tended to stay in the
northwest Gulf if they they were large, or migrated to south
Florida or Mexico if they were small. The data indicate that the
northwest Gulf maintains resident large king mackerel year round,
and that these fish mix with smaller migrants from south Florida
and Mexico to some degree in warmer months.

TI: Title
King mackerel tagging and stock assessment study

CA: Corporate Author
Florida Department of Natural Resources, Tallahassee (USA)

SO: Source
Compl. Rep. Fla. Dep. Nat. Resour

ER: Environmental Regime
Marine

AB: Abstract
A data summary of work performed for a king mackerel (Scomberomorus
cavalla) tagging and stock assessment project is presented. During
the 45 months of the project, a total of 13,253 king mackerel were
tagged to determine migration routes, growth rates, and mortality
rates. During the four winters from 1975 to 1978, most tagging was
conducted on the Atlantic Coast between Cape Canaveral and Ft.
Pierce; tagging was also conducted off Key West during the winters of
1977 and 1978. During each spring from 1975 to 1978, tagging was
concentrated in the area of Boynton Beach, Florida. Tagging was
conducted a single time off Jacksonville, Islamorada, and Naples,
Florida as well as Port Aransas, Texas and Beaufort, North Carolina.
By 30 September 1978, 779 tags had been returned. Tags were returned
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from as far north as Chincoteague, Virginia and as far west and south
as Veracruz, Mexico. These two locations are about 2800 nautical
miles apart.

TI: Title
Reproductive biology of king mackerel, Scomberomorus cavalla ,
from the southeastern United States.

AU: Author
Finucane, JH; Collins, LA; Brusher, HA; Saloman, CH

AF: Author Affiliation
Southeast Fish. Cent., Panama City Lab., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 84, no. 4, pp. 841-850, 1986

IS: ISSN
0090-0656

AB: Abstract
The reproductive biology of king mackerel, Scomberomorus cavalla,
was studied from specimens collected off Texas, Louisiana, and
northwest Florida in the Gulf of Mexico and off North and South
Carolina in the Atlantic Ocean. Gonads were examined from 1,163
females and 595 males obtained in 1977-78. Spawning was prolonged.
Most king mackerel were reproductively active from May through
September. A few fish were in spawning condition as early as April
and as late as October. All females were mature at 850-899 mm fork
length (FL). Estimates of fecundity ranged from about 69,000 to
12,207,000 eggs for fish from 446 to 1,489 mm FL, 618 to 25,610 g
total weight (TW), and 1 to 13 years of age. Fecundity (F) was
usually significantly correlated with FL, TW, and age in each area
but TW was the best predictor of fecundity in all areas combined
(F = 1.854 x 10 super(1) (TW) super(1.361)) with r super(2) =
0.856.

TI: Title
Diets of young king and Spanish mackerel off the southeast United
States.

AU: Author :
Finucane, JH; Grimes, CB; Naughton, SP

AF: Author Affiliation
Southeast Fish. Cent., NMFS/NOAA, Panama City Lab., 3500 Delwood
Beach Rd., Panama City, FL 32408-7499, USA

SO: Source
NORTHEAST GULF SCI,, vol. 11, no. 2, pp. 145-153, 1990

AB: Abstract
The diet of larval and post-larval (n = 95 and 307), and juvenile
(n = 489 and 508) king (Scomberomorus cavalla ) and Spanish
mackerel (S. maculatus ) from the Gulf of Mexico and southeastern
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Atlantic coastal waters of the U.S. consisted principally of

fishes. Carangids, clupeids, and engraulids occurred in 23, 7 and
9% of larval and post-larval king mackerel stomachs and in 20, 40
and 7% of larval and post-larval Spanish mackerel stomachs,
respectively. Sciaenids were also common in king mackerel,
occurring in 21% of the stomachs. Prey fishes included the genera
Cynoscion, Caranx , and Anchoa , and the species Opisthonema
oglinum . Invertebrates, principally small crustaceans and
nudibranch larvae, occurred infrequently in the diets of both
species, but more so in Spanish mackerel than king mackerel. The
dominant prey items for juvenile mackerels from the Atlantic were
engraulids, clupeids, balistids, and squids, collectively

accounting for 73.3% by volume of the diet of king mackerel and
88.8% of Spanish mackerel.

TI: Title
Synopsis of information on king mackerel, Scomberomorus cavalla
(Cuvier) and Spanish mackerel, Scomberomorus brasiliensis
Collette, Russo and Zavala-Camin (Pisces: Scombridae), off Ceara
State, Brazil.

OT: Original Title
Sinopse de informacoes sobre a cavala, Scomberomorus cavalla
(Cuvier) e a serra, Scomberomorus brasiliensis Collette, Russo and
Zaval-Camin (Pisces: Scombridae), no estado do Ceara, Brasil

AU: Author
Fonteles-Filho, AA

AF: Author Affiliation
Lab. Cienc. Mar, Univ. Fed. Ceara, Fortaleza, Ceara, Brazil

SO: Source
Arquivos de ciencias do mar. Fortaleza [ARQ. CIENC. MAR.], vol.
27, pp- 21-48, 1988

IS: ISSN
0374-5686

AB: Abstract
A review on the biology, fishery and population dynamics of the
king mackerel and of the Spanish mackerel is presented. Average
values for length and weight are for king mackerel and Spanish
mackerel: 71.8 cm, 2851 g and 53.2 cm, 1208g, respectively. King
mackerel's females reach their first sexual maturity at 63 cm and
4 years old while Spanish mackerel females reach it at 41 cm fork
length and 2.9 years old. Sex ratio is unbalanced in both species
with a predominance of females. Based on data of catch/effort,
yield per recruit, and fishing mortality it was concluded that the
Spanish mackerel is submitted to a higher fishing intensity
perhaps because this species is catched with three different

gears.
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TI: Title
Spawning season, length and age at first maturity of king mackerel and
Spanish mackerel, off Ceara State, northeastern Brazil

OT: Original Title
Epoca de reproducao, tamanho e idade na primeira desova da cavala e
da serra, na costa do estado do Ceara (Brasil)

AU: Author
Gesteira, T.C.V.; Mesquita,A.L.L.de

AF: Author Affiliation
Lab. Cienc. Mar, Univ. Fed. Ceara, Fortaleza, Ceara, Brazil

SO: Source
Arq. Cienc. Mar, 16(2), 83-86, (1976)

ER: Environmental Regime
Marine

AB: Abstract
This is an investigation of the size and age at first maturity and the
spawning season of king mackerel, Scomberomorus cavalla and Spanish
mackerel, Scomberomorus maculatus off Ceara State, Brazil. King
mackerel's females reach their first sexual maturity at a fork length
of 63.0 cm or 4 years of age. Spanish mackerel's females reach their
first sexual maturity at a fork length of 4.10 cm or 2.9 years of
age. The spawning of both species was found to be total and to take
place twice a year. The spawning season of king mackerel spans the
period from October to March, with a more intense reproduction in
March and November. The spawning season of Spanish mackerel ranges
from September to March, with higher reproduction activity in
September.

TI: Title
Heavy metal content in otoliths of king mackerel (Scomberomorus
cavalla) in relation to body length and age.

AU: Author
Grady, JR; Johnson, AG; Sanders, M

AF: Author Affiliation
NOAA/NMFS, Southeast Fish. Cent., Panama City Lab., 3500 Delwood
Beach Rd., Panama City, FL 32407-7499, USA

SO: Source
CONTRIB. MAR. SCI., UNIV. TEXAS., vol. 31, pp. 17-23, 1989

AB: Abstract
The maximum concentrations of heavy metals (zinc, cadmium, copper,
and lead) in otoliths of king mackerel (Scomberomorus cavalla )
were found in very young fish. The apparent decline in content of
metals with age and length in king mackerel otoliths most
approximated a negative power curve (y = ax super(-b)). The zinc
content of otoliths was found to vary significantly between areas
in the southeast U.S. and with the age of the fish.
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TI: Title
Delineation of king mackerel (Scomberomorus cavalla ) stocks along
the U.S. East Coast and in the Gulf of Mexico.

AU: Author
Grimes, CB; Johnson, AG:; Fable, WA Jr

AF: Author Affiliation
NOAA/NMFS, Southeast Fish. Cent., Panama City, FL 32406, USA

CF: Conference
Stock Identification Workshop, Panama City Beach, FL (USA), 5-7
Nov 1985

ED: Editor
Kumpf, HE (ed)

SO: Source
PROCEEDINGS OF THE STOCK IDENTIFICATION WORKSHOP, NOVEMBER 5-7,
1985, PANAMA CITY BEACH, FLORIDA., 1987, pp. 186-187, NOAA TECH.
MEMO.

NT: Notes
Summary only.

NU: Other Numbers
NOAA-TM-NMFS-SEFC199

AB: Abstract
King mackerel (Scomberomorus cavalla ) are widely distributed
along the U.S. South Atlantic coast and in the Gulf of Mexico
where they support both recreati onal and mixed-gear commercial
fisheries. Because catches are landed within the boundaries of 8
states, 2 regional fishery management jurisdictions and Mexico,
management of the fisheries is a problem of both regional and
international concern. Biochemical (starch-gel electrophoresis)
and mark-recapture techniques are being used to evaluate the stock
structure of king mackerel. Preliminary results suggest that at
least two breeding groups may exist; a western Gulf of Mexico
group, and a second group in the eastern Gulf of Mexico and along
the Atlantic coast. Tagging data indicate that mixing of the 2
groups may be occurring in the western and northwestern Gulf of
Mexico in summer.

TI: Title
Young king mackerel, Scomberomorus cavalla , in the Gulf of
Mexico, a summary of the distribution and occurrence of larvae and
juveniles, and spawning dates for Mexican juveniles.

AU: Author
Grimes, CB; Finucane, JH; Collins, LA; DeVries, DA

AF: Author Affiliation
Southeast Fish. Cent., Panama City Lab., 3500 Delwood Beach Rd.,
Panama City, FL 32408, USA

SO: Source
Bulletin of Marine Science [BULL. MAR. SCL.], vol. 46, no. 3, pp-
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640-654, 1990

IS: ISSN
0007-4977

AB: Abstract
To further our understanding of recruitment, spawning areas and
times and stock structure we summarized all available published
and unpublished information on early life stages of king mackerel.
New data, 248 larvae and small juveniles ( less than or equal to
50 mm SL) from 676 neuston samples (1 x 2 m 0.947 mm and 0.760 mm
mesh net) collected between 1983 and 1986 from west Florida (83
degree W long.) and the U.S. Mexican border (26 degree N lat.),
are included. Previously unreported data (mostly large juveniles >
50 mm SL) were collected during over 105,000 h of trawling between
1952 and 1985, and from an almadraba (pound net) and shrimp trawls
in Mexico in 1985, 1986 and 1987. Sampling effort appropriate for
collecting early life stages of king mackerel has been extensive
(> 7,200 collections), but heavily concentrated in U.S. waters
during warm months (Apr to Oct). Seasonal occurrences of young
stages clearly delineate the spawning season in U.S. waters as May
to Oct, with a peak in Sep.

TI: Title
The catch of king mackerel and Spanish mackerel in the commercial
shrimp fishery of South Carolina

AU: Author
Harris, PJ; Dean, IM

AF: Author Affiliation
Belle W. Baruch Institute for Marine Biology and Coastal Research,
University of South Carolina, Columbia, SC 29208, USA

CF: Conference
Symp. on the Consequences and Management of Fisheries Bycatch,
Dearborn, MI (USA), 27-28 Aug 1996

SO: Source
FISHERIES BYCATCH: CONSEQUENCES & MANAGEMENT., 1997, pp. 21-29

IB: ISBN
1-56612-048-9

NU: Other Numbers
AK-SG-97-02

AB: Abstract
The shrimp industry is an extremely important fishery in South
Carolina (SC), where an average of 2,383 tons of shrimp worth
about $11.8 million were landed between 1978 and 1992. An average
of 1,043 commercial permits were issued each year (SAFMC 1993).
The commercial and recreational fisheries for king mackerel
(Scomberomorus cavalla) and Spanish mackerel (Scomberomorus
maculatus) are also important fisheries in South Carolina.
Juvenile king and Spanish mackerel were known to be taken as
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bycatch off SC. Collins and Wenner (1988) documented that tongue
nets, which were being increasingly used (Edwards 1987), appeared
to catch more king and Spanish mackerel per hour than semiballoon
nets. We hypothesized that the mortality of the juvenile king and
Spanish mackerel in SC shrimp trawls had a detrimental effect on
the Atlantic group adult mackerel populations. We tested this
hypothesis by addressing several objectives: (1) to quantify the
number of mackerel taken as bycatch, (2) to estimate the statewide
bycatch of mackerels, and (3) to include these data in the

estimate of the population size of Atlantic king and Spanish
mackerel, and test to see if the sizes of the populations were
significantly increased.

TI: Title
Characterization of king mackerel and Spanish mackerel bycatches
of South Carolina shrimp trawlers

AU: Author
Harris, PJ; Dean, ]M

AF: Author Affiliation
South Carolina Marine Resources Division, Post Office Box 12559,
Charleston, SC 29422, USA

SO: Source
North American Journal of Fisheries Management [N. Am. J. Fish.
Manage.], vol. 18, no. 2, pp. 439-433, May 1998

IS: ISSN
0275-5947

AB: Abstract
Juvenile king mackerel Scomberomorus cavalla and Spanish mackerel
S. maculatus are caught by commercial shrimp trawlers in South
Carolina. Our study documented the extent and duration of this
bycatch during the commercial shrimp trawling season in South
Carolina waters. Sampling was conducted onboard commercial shrimp
vessels based in McClellanville, South Carolina, during 1991 and
on vessels based in McClellanville, Charleston, and Beaufort in
1992. Eight vessels and 137 trawl tows (mean tow duration, 2.88 h)
were sampled; 81 king and 257 Spanish mackerel were collected. The
mean annual sample catch per unit effort (CPUE) of king mackerel
was 0.244 fish/h; adjusted for trawl footrope length in meters,
the mean annual total CPUE was 0.038 fish/(h times m). King
mackerel were found in only 21% of the tow samples, and peak
catches occurred in October 1991 and September 1992. The mean
annual sample CPUE for Spanish mackerel was 0.701 fish/h, and the
mean annual total CPUE was 0.109 fish/(h times m). Spanish
mackerel were found in 41% of the tow samples, and peak catches
occurred in July of both years. Age-0 king mackerel are vulnerable
to shrimping gear for at least half of the South Carolina shrimp
season, which generally runs from May through December, and age-0
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Spanish mackerel are vulnerable for most of the shrimping season.

TI: Title
An analysis of management policies for reducing shrimp by-catch in
the Gulf of Mexico

AU: Author
Hendrickson, HM; Griffin, WL

AF: Author Affiliation
Dep. Agricult. Econ., Texas A&M Univ., College Stn., TX
77843-2124, USA

SO: Source
North American Journal of Fisheries Management {N. AM. J. FISH.
MANAGE.], vol. 13, no. 4, pp. 686-697, 1993

IS: ISSN
0275-5947

AB: Abstract
Every year the Gulf of Mexico shrimp fleet catches and discards
millions of pounds of finfish. Dwindling populations of some
commercially and recreationally valuable fish species have raised
concern over the effects of shrimp by-catch on fish stocks. The
general bioeconomic fisheries simulation model was used to
estimate the changes in economic rent and by-catch of red snapper
Lutjanus campechanus, king mackerel Scomberomorus cavalla, and
Atlantic croaker Micropogonias undulatus that would result under
two fishery management policies: by-catch reduction devices (BRDs)
and season-area closures. The BRDs were found to be more effective
than closures at reducing by-catch and also less costly to
shrimpers. Under the BRD scenarios, red snapper discards were
reduced 20.2-42.5%, king mackerel discards fell approximately 89%,
and Atlantic croaker discards fell about 45%. Under closure
policies, the change in discards was a 2.1-15.0% decline for red
snapper, a 1.9% increase a 39.3% decrease for king mackerel, and a
0.1-12.9% decline for Atlantic croaker. The BRD policies produced
present-value 10-year rent streams (1985 US$) ranging from
-$16.434 to -$27.007 million, and closure policies generated 10
year rent streams ranging from -$35.182 to -$54.561 million.

TI: Title
Stock assessment parameters for carite (Scomberomorus brasiliensis
kingfish (S. cavalla) and several species of shark

AU: Author
Henry, C; Martin, L

CA: Corporate Author
FAQ/UNDP Proj. for the Establ. of Data Collection Syst and
Assessment Programme, Port of Spain (Trinidad)

SO: Source
FAO, PORT OF SPAIN (TRINIDAD), 1992, 29 pp
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PB: Publisher
FAO, PORT OF SPAIN (TRINIDAD)

NU: Other Numbers
FAO/UNDP-TRI/91/001/TR2

AB: Abstract
This is a tabular presentation of fisheries biological parameters
for stock assessment purposes from existing literature for the
Spanish Mackerel Scomberomorus brasiliensis (locally called
'carite'), the king mackerel S. cavalla (locally called
'kingfish') and each of five species of sharks (Carcharhinus
limbatus, C. porosus, Rhizoprionodon lalandii, Sphyrna lewini and
S. tudes). Carite is the target species of the gill net fishery in
Trinidad. The other species are the most important components of
the associated catch, which includes up to 30 species.

TI: Title
Preliminary report on the age and growth of king mackerel
(Scomberomorus cavalla) from the United States

AU: Author
Johnson,A.G.; Fable, W.A.; Barger,L.E.; Williams,M.L.

AF: Author Affiliation
Address not stated

SO: Source
Collect. Vol. Sci. Pap. ICCAT/Recl. Doc. Sci. CICTA/Colecc. Doc.
Cient. CICAA, 9(3), 722-733, (1980)

NT: Notes
ICCAT SCRS/79/91.

ER: Environmental Regime
Marine

AB: Abstract
Preliminary results of a study of the age and growth of king mackerel
from the recreational fishery of the south Atlantic and Gulf of
Mexico coasts of the United States are presented. The age composition
varied between locations. Ages of Texas fish ranged from 1 to 9
years, Louisiana from 1 to 14, northwest Florida from 0 to 10, South
Carolina from 1 to 12, and North Carolina from 1 to 12. Generally
Louisiana had the majority of the older fish, while northwest Florida
had the majority of younger fish. The other areas had intermediate
age distributions. The oldest males were 9 years old and the oldest
females 14 years old. Theoretical growth varied greatly between
locations. Von Bertalanffy growth parameter (K, L infinity in mm FL,
and tSUB-o in years) ranges were: males - K = 0.32t01.38,L
affinity = 757 to 1071, and tSUB-0 = -1 39 to 0.44; females - K =
0.04 to 0.62, L affinity = 891 to 3203, and tSUB-0 = -3.76 to -0.21.

~This study revealed differences between regions implying segregation
of the population by age.

Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

TI: Title
Age, growth, and mortality of king mackerel, Scomberomorus cavalla
, from the southeastern United States.

AU: Author
Johnson, AG; Fable, WA Jr; Williams, ML; Barger, LE

AF: Author Affiliation
Southeast Fish. Cent., Panama City Lab., NMFS, NOAA, 3500 Delwood
Beach Road, Panama City, FL 32407, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 81, no. 1, pp. 97-106, 1983

IS: ISSN
0090-0656

AB: Abstract
Age growth, and mortality of king mackerel, S. cavalla , from the
southeastern United State were studied. Otoliths from 1,449 fish
were used to estimate age composition, growth rates, and mortality
rates of this species. Age composition varied between locations
(Texas, Louisiana, Florida, South Carolina, and North Carolina.
The majority of older fish were found in Louisiana waters. The
oldest females were 14+years old and the oldest males were 9+years
old. Compensatory growth was found in both sexes. Von Bertalanffy
growth equations are presented. The mean annual mortality rate
determined by six methods of analysis ranged from 0.32 to 0.42.
The length-weight relations of king mackerel. are also presented.

TI: Title
Evidence for distinct stocks of king mackerel, Scomberomorus
cavalla, in the Gulf of Mexico

AU: Author
Johnson, AG; Fable, WA Jr; Grimes, CB; Trent, L; Vasconcelos
Perez, J

AF: Author Affiliation
Southeast Fish. Sci. Cent., NMFS/NOAA 3500 Delwood Beach Rd.,
Panama City, FL 32408, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 92, no. 1, pp. 91-101, 1994

IS: ISSN
0090-0656

AB: Abstract
Evidence supporting a two stock hypothesis for king mackerel,
Scomberomorus cavalla, in the Gulf of Mexico was developed
principally from the results of electrophoretic patterns of one
polymorphic dipeptidase locus and supporting evidence from
mark-recapture, charterboat catch, and spawning studies. There are
two identifiable stocks of king mackerel in the Gulf of Mexico: a
western stock and an eastern stock. The western stock migrates
northward along the Mexico-Texas coast during the spring and early
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summer from its winter grounds in Mexico (Yucatan Peninsula). This
stock has a high frequency of the dipeptidase PEPA-2*a allele. The
eastern stock migrates at the same time northward along the

eastern coast of the Gulf of Mexico from its winter grounds in

south Florida (Gulf of Mexico and Atlantic coast). This stock has

a high frequency of the dipeptidase PEPA-2*b allele. Both stocks
migrate simultaneously into the northern Gulf of Mexico and mix at
varying degrees in the northern summering grounds (Texas to
northwest Florida).

TI: Title
Use of otolith morphology for separation of king mackerel
(Scomberomorus cavalla) and Spanish mackerel (Scomberomorus
maculatus)

AU: Author
Johnson, AG

AF: Author Affiliation
Natl. Mar. Fish. Serv., Southeast Fish. Sci. Cent., Panama City
Lab., 3500 Delwood Beach Rd., Panama City, FL 32408, USA

" SO: Source
Gulf of Mexico Science [GULF MEX. SCL], vol. 14, no. 1, pp. 1-6,
1996

IS: ISSN
1087-688X

AB: Abstract
Shapes of otoliths (sagittac) of king and Spanish mackerel
(Scomberomorus cavalla and S. maculatus) were compared using
theta-rho analysis aided by digitized computer methods. Otoliths
from three king mackerel groups [Yucatan (Mexico), northwest
Florida, and North Carolina] and one Spanish mackerel group were
examined. Seven analytical combinations of measurements were
tested. Intraspecific separation was highest using two truss
systems (66.7-70.0% and 57.7-77.5%) and interspecific separation
was highest using length and width radii (91.7%).

TI: Title
[Distribution of larvae of some species of the family Scombridae in
the waters of the Gulf of Mexico]
OT: Original Title
Distribucion de las formas larvarias de algunas especies de la familia
Scombridae en aguas del Golfo de Mexico
AU: Author
Juarez,M.
AF: Author Affiliation
Address not stated
SO: Source
Rev. Invest. Cent. Invest. Pesq. Inst. Nac. Pesca (Cuba), 2(1), 33-65,
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. (1976)
ER: Environmental Regime

Marine

AB: Abstract
The data were obtained during three cruises in the Gulf of Mexico,
carried out between April and October 1973. The Scombridae larvae
found belong to the following species: Auxis thazard, Thunnus
thynnus, Euthynnus alletteratus, Katsuwonus pelamis, Thunnus
atlanticus, Scomberomorus cavalla. The larvae found were figured and
their quantitative temporal and spatial distribution were shown in

maps.

TI: Title
Restriction-enzyme-site maps of mitochondrial DNA from red snapper
(Lutjanus campechanus) and king mackerel (Scomberomorus cavalla)
AU: Author
Kristmundsdottir, AY; Barber, RC; Gold, JR
AF: Author Affiliation
Cent. for Biosystematics and Biodiversity, Dep. Wildl. and Fish.
Sci., Texas A&M Univ., College Station, TX 77843, USA
SO: Source
Gulf of Mexico Science {GULF MEX. SCIL.], vol. 14, no. 1, pp.

31-35, 1996

. IS: ISSN
1087-688X

AB: Abstract

The red snapper (Lutjanus campechanus) and king mackerel
(Scomberomorus cavalla) are two species of considerable economic
importance in the Gulf of Mexico (Gulf). Both have experienced
population declines over the last decade (GMFMC, 1989; MSAP,
1994), and fisheries for both species are currently regulated to
allow stocks to recover. We are using restriction-enzyme-site
polymorphism of mitochondrial (mt)DNA to study the spatial and
temporal distribution of genetic variability in both species. The
purpose of the studies is to determine whether genetic subdivision
in either species occurs in the northern Gulf and/or along the
Atlantic coast of the southeastern United States (Atlantic). The
utility of restriction-site analysis of mtDNA to assess
subdivision or stock structure within species has been reviewed
extensively (Avise, 1987; Ovenden, 1990; Avise et al., 1987). Part
of our work has been published (Camper et al., 1993), and part is

in progress.

TI: Title
(Gillnet selectivity for king mackerel (Scomberomorus cavalla ) in
. the southeast zone of Cuba.).
OT: Original Title

A-21
Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

Selectividad en redes de enmalle de sierra (Scomberomorus cavalla
en la zona suroriental de Cuba

AU: Author
Leon, MEde; Guardiola, M

AF: Author Affiliation
Cent. Invest. Pesq., Minist. Ind. Pesq., Havana, Cuba

CF: Conference
Meet. of the ICCAT Standing Committee on Research and Statistics,
Madrid (Spain), Oct 1987

SO: Source
Collective volume of scientific papers. International Commission
for the Conservation of Atlantic Tunas/Recueil de documents
scientifiques. Commissio internationale pour la Conservation des
Thonides de I'Atlantique/Coleccion d documentos cientificos
[COLLECT. VOL. SCL PAP. ICCAT/RECL. DOC. SCI. CICTA/COLECC. DOC.
CIENT. CICAA.], vol. 28, pp. 303-308, 1988

IS: ISSN
1021-5212

NT: Notes
14 ref.

NU: Other Numbers
JCCAT SCRS/87/25

AB: Abstract
A study of the selectivity with polyester gill nets with 50 and 60
mm mesh in the king mackerel (Scomberomorus cavalla ) fishery in
the southeast area of Cuba was made during 25 fishing operations
in 1983. The Holt (1963) method was used, resulting in mean
lengths of selection for the two types of nets, 56.11 cm and 67.32
cm, respectively. The mean length of selection for nets with 40 mm
mesh (41.7 cm) was calculated by the Pope (1975) method,
concluding that the 50 and 60 mm nets are ideal for this fishery
as they do not affect the population under the size of first
maturity, while with the 40 mm mesh, 50 percent of the catch are
under this size.

TI: Title
Changes in Serum Androgens and Estrogens During Spawning in
Bluefish, Pomatomus saltator , and King Mackerel, Scomberomorus
cavalla .

AU: Author
MacGregor, R IIT; Dindo, JJ; Finucane, JH

AF: Author Affiliation
Dept. Biol, Univ. Alabama in Birmingham, Birmingham, AL 35294, USA

SO: Source
CAN. J. ZOOL., vol. 59, no. 9, pp. 1749-1754, 1981

AB: Abstract
Androgens and estrogens Were assayed by radioimmunoassay (RIA)
technique in serum of bluefish, Pomatomus saltator , and King
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. mackerel, Scomberomorus cavalla . Both species were collected in
the northeast Gulf of Mexico from August through November 1979.

When categorized by stage of ovarian development a significant
correlation between gonadosomatic indices (GSI) and serum
estrogens was observed among female S. cavalla but not among P.
saltator . Among males and females of both species, a significant
correlation between GSI and serum androgens occurred. Peak levels
of androgens in male king mackerel (38.12 plus or minus 11.21
ng/mL) were not significantly different from peak levels of
females (33.14 plus or minus 5.10 ng/mL). However, in female
bluefish, androgens peaked at 3.68 plus or minus 0.88 ng/mL,
twofold greater than in males (1.66 plus or minus 0.28 ng/mL).
Following this peak, a significant reduction in androgens occurred
in ripe female bluefish.

TI Title
Annotated bibliography of four Atlantic scombrids: Scomberomorus
brasiliensis, S. cavalla, S. maculatus , and S. regalis

AU: Author
Manooch,C.S.; Nakamura,E.L.; HallLA.B.

AF: Author Affiliation
US Natl. Mar. Fish. Serv., Southeast Fish. Cent., Panama City, FL, USA

CA: Corporate Author

. National Marine Fisheries Service, Seattle, WA (USA). Scientific

Publications Staff

SO: Source
Publ. by : NOAA/NMFS; Seattle, WA (USA), Dec 1978, 169 p, NOAA Tech.
Rep

NT: Notes
Also as: NMFS Southeast Fisheries Center Contribution No. 77-01B

ER: Environmental Regime
Marine

AB: Abstract
Annotated references are presented on 570 papers published from 1973
to 1977. A subject index is included for each species and cover a
variety of topics ranging from taxonomy to commercial and
recreational fishing.

TI: Title
Survey of the charter boat troll fishery in North Carolina, 1977
AU: Author
Manooch,C.S.; Laws,S.T.
AF: Author Affiliation
US Natl. Mar. Fish. Serv., Southeast Fish. Cent., Beaufort, NC, USA
SO: Source
Mar. Fish. Rev., 41(4), 15-27, (1979)
. ER: Environmental Regime
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Marine

AB: Abstract
North Carolina's 127 charter boats made 7,935 trips trolling for
pelagic fishes in 1977. The number of boats fishing for pelagic
species varied from 65 to 107 depending on the month. Excluding
billfishes, 238,413 fish weighing 1.6 million pounds (726 metric
tons) were caught, an average of 30 fish and 198 pounds per trip.
Major species landed by weight were: king mackeral, Scomberomorus
cavalla , 737,680 pounds (344.7t); bluefish, Pomatomus saltatrix ,
244,618 pounds (110.0t); dolphin, Coryphaena hippurus , 174,435
pounds (79.31); amberjack, Seriola spp., 108,998 pounds (49.91); and
wahoo, Acanthocybium solanderi , 76,324 pounds (34.6t). Catch per
unit effort varied with season and geographic area and reflected fish
migrations. The highest catch rate occurred in October, 4.9 fish per
trip, and the lowest in July, 16.3 fish per trip. Boats fishing out
of Oregon Inlet and Hatteras Village usually caught a higher
percentage of oceanic pelagic species (dolphin, tunas, etc.) and, as
a result, had higher mean weights per fish landed.

TI: Title
Age and growth of king mackerel, Scomberomorus cavalla , from the
U.S. Gulf of Mexico.

AU: Author
Manooch, CS I1I; Naughton, SP; Grimes, CB; Trent, L

AF: Author Affiliation
Beaufort Lab., Southeast Fish. Cent., NMFS, NOAA, Beaufort, NC
28516-9722, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV.], vol. 49, no. 2, pp-
102-108, 1987

IS: ISSN
0090-1830

NT: Notes
Special issue: Marine recreational fisheries and fishing.

AB: Abstract
Whole otoliths of 1,098 king mackerel, Scomberomorus cavalla,
410-1,802 mm fork length (FL) were examined. The fish were sampled
from recreational and commercial fisheries operating in the Gulf
of Mexico from Key West, FL., to the Yucatan Peninsula, Mex., from
1980 through 1985. Most fish were collected off Key West,
Northwest Florida, and Texas. The oldest fish was 14 years old and
measured 1,802 mm FL. Rings formed on most otoliths during the
late winter through spring (February-May) and are thus considered
to be true annual marks. Back-calculated mean lengths of 947 fish
ranged from 420 mm at age 1 to 1,269 mm FL at age 14. Females live
longer and attain larger sizes than males. The von Bertalanffy
growth equations for both sexes combined, for females, and for
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males, are formulated. King mackerel are fully recruited to the
gillnet and purse-seine fisheries of south Florida at age 2, to
the recreational hook and line fishery off northwest Florida at
ages 1 or 2, and to the Texas recreational hook and line fishery
at ages 2, or 3.

TI: Title
Distribution, seasonality and abundance of king and Spanish
mackerel larvae in the northwestern Gulf of Mexico (Pisces:
Scombridae).

AU: Author
McEachran, JD; Finucane, JH; Hall, LS

AF: Author Affiliation
Dep. Wildl. & Fish. Sci., Texas A&M Univ., College Station, TX
77833, USA

SO: Source
NORTHEAST GULF SCI,, vol. 4, no. 1, pp. 1-16, 1980

IS: ISSN
: 0148-9836

AB: Abstract
Larvae of king mackerel, Scomberomorus cavalla , and Spanish
mackerel, S. maculatus were collected from 1975 through 1977 off
the Texas coast. Both species were captured from May through
October. S. cavalla was relatively more abundant of the two
species and occurred most abundantly over the middle and outer
continental shelf (35-183 m). At least 35% of the larvae were
captured in September of each year. S. maculatus larvae occurred
most abundantly over the inner continental shelf (12 to 50 m). S.
cavalla spawned from May through September to early October, with
the greatest spawning intensity occurring over the middle and
outer continental shelf during September. S. maculatus spawned
from May through September to early October over the inner
continental shelf, but spawning was less intensive and more
irregular than for S. cavalla .

TI: Title
An estimate of harvest by the Texas charter boat fishery.
AU: Author
McEachron, LW; Matlock, GC
AF: Author Affiliation
Texas Parks and Wildl. Dep., Box 1707, Rockport, TX 78382, USA
SO: Source .
Marine Fisheries Review {MAR. FISH. REV ], vol. 45, no. 1, pp.
11-17, 1983
IS: ISSN
0090-1830
AB: Abstract
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The charter boat fishery in surveyed areas of the Texas coast
harvested over 900,000 fish in fiscal year 1979; 71 percent were
taken from the Gulf and 29 percent from the bays. Red snapper,
Lutjanus campechanus ; king mackerel, Scomberomorus cavalla ; and
Spanish mackerel, S. maculatus , constituted the majority (78
percent) of the Gulf catch. Sand seatrout, Cynoscion arenarius :
spotted seatrout, C. nebulosus ; Atlantic croaker, Micropogenias
undulatus ; and kingfish Menticirrhus sp., constituted the
majority of the bay catch. Catch composition within the Gulf and
bay varied greatly between party boats (less than or equal to 10
people) and headboats (> 10 people).

TI: Title
Measuring the economic value of anglers' kept and released
catches.

AU: Author
Milon, JW

AF: Author Affiliation
Food and Resour. Econ. Dep., Univ. Florida, Gainesville, FL 32611,
USA

SO: Source
North American Journal of Fisheries Management [N. AM. J. FISH.
MANAGE.], vol. 11, no. 2, pp. 185-189, 1991

IS: ISSN
0275-5947

AB: Abstract
Economic measures of the value of recreational catch typically
have been based on the aggregate number of fish caught per unit
effort. Fishery management councils, however, regulate
recreational catch through bag limits and size restrictions that
influence the composition of kept and released fish in the catch,
not just the number of fish caught. Statistical tests for pooled
site travel cost demand models for anglers of king mackerel
Scomberomorus cavalla in the Gulf of Mexico region showed that
indicators of kept and released catches outperformed an aggregate
indicator. Economic studies of the value of recreational catch in
other fisheries should give more consideration to the effects of
regulations on the composition of kept and released catches and to
the social factors that influence the keep or release decision.

TI: Title
MEXUS-Gulf coastal pelagic fish research, 1977-84.
AU: Author
Nakamura, EL
AF: Author Affiliation
Panama City Lab., Southeast Fish. Cent., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407-7499, USA
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. SO: Source

Marine Fisheries Review [MAR. FISH. REV.], vol. 49, no. 1, pp.
36-38, 1987

IS: ISSN
0090-1830

AB: Abstract
The major goal of the MEXUS-Gulf Coastal Pelagics Working Group
has been to determine whether coastal pelagic fishes, with
emphasis on Spanish mackerel, Scomberomorus maculatus , and king
mackerel, S. cavalla , fished by both Mexico and the United
States, comprise a single stock or separate stocks.
Accomplishments to attain this goal during 1977-84 consisted of
cooperative tagging studies, cooperative tissue sampling for
electrophoretic studies, exchange of data and publications, and
consultations between biologists of the two countries. Results of
the tagging and electrophoretic studies are summarized briefly
below.

TI: Title
Bycatch in the Gulf of Mexico shrimp fishery

AU: Author
Nance, JM; Scott-Denton, E

AF: Author Affiliation

. National Marine Fisheries Service, Galveston Laboratory, 4700

Avenue U, Galveston, TX 77551, USA

CA: Corporate Author
Commonwealth Scientific and Industrial Research Organ.,
Collingwood (Australia)

CF: Conference
2. World Fisheries Congress, Brisbane (Australia), 28 Jul-2 Aug
1996

ED: Editor
Hancock, DA (eds); Smith, DC(eds); Grant, A(eds); Beumer, JP(eds)

SO: Source
Developing and sustaining world fisheries resources. The state of
science and management., CSIRO, Collingwood (Australia), 1997, pp.
98-102

IB: ISBN
0-643-05985-7

PB: Publisher
CSIRO, Collingwood (Australia)

AB: Abstract
Over the past 5 years a total of 3653 observer days have been
secured by shrimp bycatch observers in the Gulf of Mexico and
along the east coast of the United States of America. Analysis

. revealed that on average about 27 kg of organisms per hour are
taken during trawling operations in the Gulf of Mexico.
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Examination of the composition of the organisms revealed that
about 68% of the catch by weight is composed of finfish (mostly
groundfish), 16% by commercial shrimp species. 13% by
non-commercial shrimp crustaceans and 3% by non-crustacean
invertebrates. Although groundfish species make up the majority of
the bycatch taken in shrimp trawls, 3 species (king mackerel,
Scomberomorus cavalla, Spanish mackerel, S. maculatus and red
snapper, Lutjanus compechanus) have received a great deal of
attention because of their commercial and recreational importance
and the potential for significant impacts on their population
abundance through shrimp trawling activities. Average catch of
these 3 species is generally below 0.5 kg per hour.

TI: Title
Biological and fisheries data on king mackerel, Scomberomorus cavalla
(Cuvier)

CA.: Corporate Author
National Marine Fisheries Service, Highlands, NJ (USA). Northeast
Fisheries Center

SO: Source
Publ.by: NOAA/NMFS, Highlands, NJ (USA)., Nov 1977., 46 p., Tech. Ser.
Rep. NOAA/NMFS Northeast Fish. Cent.

NT: Notes
Includes bibliography; 75 ref.

PB: Publisher
Publ.by: NOAA/NMFS, Highlands, NJ (USA).

ER: Environmental Regime
Marine

AB: Abstract
This synopsis of biological and fisheries data on the king mackerel,
S.cavalla, is based on existing literature. Information is given on
the nomenclature, taxonomy, morphology, distribution, bionomics and
life history, population structure, exploitation, protection and
management of these fish which are found inhabiting tropical and
subtropical waters of the western Atlantic Ocean from the Gulf of
Maine to Rio de Janiero, Brazil, including the Gulf of Mexico and
Caribbean Sea.

TI: Title
Results of a king mackerel (Scomberomorus cavalla) and Atlantic

Spanish mackerel (Scomberomorus maculatus) migration study, 1975-79
CA: Corporate Author
National Marine Fisheries Serv., Panama City, FL (USA). Southeast
Fisheries Cent.
SO: Source
Publ. by: NOAA/NMFS; Panama City, FL (USA)., Mar 1980., 24 p., NOAA
Tech. Memo.
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. ER: Environmental Regime
Marine
AB: Abstract

The Panama City and Port Aransas Laboratories tagged and released
2,731 king and 745 Atlantic Spanish mackerel in a 1975-78 study of
their movements and migration. From those releases, 59 (2.2%) of the
king mackerel and 44 (5.9%) of the Atlantic Spanish mackerel were
subsequently recaptured. The tagged recoveries revealed an annual
migration by king mackerel from south Florida waters north to the
northeast coast of the Gulf of Mexico and west to South Texas waters
in the spring and return to south Florida in the fall. Mixing of Gulf
fish in the winter with Atlantic fish north to Ft. Pierce was
disclosed by tagged recaptures. Fragmented evidence was obtained that
Atlantic Spanish mackerel made an annual migration from wintering
grounds off south Florida and Campeche-Yucatan to summer grounds
along the northern Gulf coast and a return migration in the fall.

TI: Title
Stomach contents of juveniles of king mackerel (Scomberomorus
cavalla ) and Spanish mackerel (S. maculatus ).

AU: Author
Naughton, SP; Saloman, CH

AF: Author Affiliation

. SEFC, NMFS, NOAA, Panama City Lab., 3500 Delwood Beach Rd., Panama

City, FL 32407, USA

SO: Source
NORTHEAST GULF SCIL, vol. 5, no. 1, pp. 71-74, 1981

IS: ISSN
: 0148-9836

AB: Abstract
Some trawl-caught king and Spanish mackerel (Scomberomorus cavalla

and S. maculatus ) were examined as regards their diet. Data
indicate both to be carnivorous, primarily piscivorous, as

juveniles. Engraulidae (Anchoa sp) and Clupeidae (Brevoortia and
Opisthonema oglinum ) are the dominant food organisms in the diet
of small trawl-caught mackerel.

TI: Title
Analysis of king mackerel stocks using high pressure liquid
chromatography (HPLC).

AU: Author
Nieland, D; Bane, GW; Portier, R

AF: Author Affiliation
Coast. Fish. Inst., Cent. Wetland Resour., Louisiana State Univ.,
Baton Rouge, LA 70803, USA

. CF: Conference
Stock Identification Workshop, Panama City Beach, FL (USA), 5-7
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Nov 1985
ED: Editor
Kumpf, HE (ed)
SO: Source
PROCEEDINGS OF THE STOCK IDENTIFICATION WORKSHOP, NOVEMBER 5-7,
1985, PANAMA CITY BEACH, FLORIDA., 1987, pp. 176-178, NOAA TECH.
MEMO.
NT: Notes
Summary only.
NU: Other Numbers
NOAA-TM-NMFS-SEFC199
AB: Abstract
This report describes HPLC of eye lens nuclear proteins as a new
research technique for biochemical analyses of fish populations,
and presents data on HPLC investigations of king mackerel
(Scomberomorus cavalla ) populations in nine areas in the western
north Atlantic Ocean and Gulf of Mexico.

TL: Title
Aspects of king mackerel population biology and their effect on
fishery management strategies.
AU: Author
Powers, JE; Eldridge, P; Bannerot, SP
AF: Author Affiliation
Miami Lab., Southeast Fish. Cent., NMFS, Miami, FL 33149, USA
CF: Conference
36. Annual Gulf and Caribbean Fisheries Institute, Port of Spain
(Trinidad and Tobago), 3 Nov 1983
SO: Source
PROCEEDINGS OF THE THIRTY-SIXTH ANNUAL GULF AND CARIBBEAN
FISHERIES INSTITUTE., 1984, pp. 106-116, Proceedings of the Gulf
and Caribbean Fisheries Institute [PROC. GULF CARIBB. FISH. INST.]
IS: ISSN
0072-9019
AB: Abstract
King mackerel (Scomberomorus cavalla ) are an important fishery
resource in the southeastern United States, the Gulf of Mexico and
the Caribbean. Recent assessment studies on king mackerel off the
southeastern United States have assimilated the available
biological information relevant to assessing the status of these
king mackerel stocks. In addition, fishery and management
implications were derived from these results. Assessing the status
of a fishery resource requires an evaluation of how much of the
resource is available for a fishery and in what form. This
* information is needed not just for management of a mature fishery,
but for guiding the development of a new fishery. Authors examine
the results of the recent assessment studies on king mackerel in
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the United States, as well as the associated biological
information.

TI: Title
Evaluation of stock assessment research for Gulf of Mexico king
mackerel: Benefits and costs to management.

AU: Author
Powers, JE; Restrepo, VR

AF: Author Affiliation
Southeast Fish. Cent., Miami Lab., NMFS/NOAA, 75 Virginia Beach
Dr., Miami, FL 33149, USA

SO: Source
North American Journal of Fisheries Management [N. AM. J. FISH.
MANAGE.], vol. 13, no. 1, pp. 15-26, 1993

IS: ISSN
0275-5947

AB: Abstract
The effect of research programs designed to increase precision in
estimates of stock assessment parameters were evaluated for Gulf
of Mexico king mackerel Scomberomorus cavalla . Monte Carlo
simulations of the entire assessment analysis were used,
consisting of separable virtual population analysis (VPA),
calibrated VPA, estimation of target fishing mortality rate, and
projection of catch at that rate. The distribution of estimates of
allowable biological catch (ABC) from the simulations indicated
that realistic improvements in research could substantially reduce
the uncertainty in ABC estimates from a 40% to a 20% coefficient
of variation. Expected yield for risk-averse strategies increased
with enhanced research programs. Opportunity losses of forgone
yield and lost surplus were diminished as well. Benefits of
research combined with risk-averse management strategies to the
fishery and to the economy appear to substantially exceed the
costs of the research.

TI: Title
Stock assessments for U.S. stocks of king and Spanish mackerels:
1983-1992

AU: Author
Powers, JE; Thompson, NB

AF: Author Affiliation
NOAA/NMFS, Southeast Fish. Sci. Cent., Miami Lab., 75 Virginia
Beach Dr., Miami, FL 33249, USA

SO: Source
Collective volume of scientific papers. International Commission
for the Conservation of Atlantic Tunas/Recueil de documents
scientifiques. Commissio internationale pour la Conservation des
Thonides de I'Atlantique/Coleccion d documentos cientificos
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[COLLECT. VOL. SCL PAP. ICCAT/RECL. DOC. SCI. CICTA/COLECC. DOC.
CIENT. CICAA], vol. 40, no. 2, pp. 391-398, 1993

IS: ISSN
1021-5212

NU: Other Numbers
ICCAT SCRS/92/25

AB: Abstract
Age-based stock assessment analyses have been completed annually
for king (Scomberomorus cavalla) and Spanish mackerel (S.
maculatus) for the Gulf of Mexico and Atlantic stocks,
respectively. For these analyses, catch-at-age data are integrated
into virtual population assessment and are calibrated using CPUE
values from selected areas. Results of these analyses are used to
determine biological reference points and to project forward in
time to determine allowable catch for the upcoming fishing year.
Estimates of current spawning stock biomass relative to historical
estimates are evaluated to determine which stocks are over-fished.

TI: Title
Prices, marketing margins, and structural change in the king mackerel
marketing system

AU: Author
Prochaska,F.J.

AF: Author Affiliation
Florida Univ., Food and Resour. Econ., Gainesville, FL 32611, USA

SO: Source
South. J. Agric. Econ., 10(1), 105-109, (1978)

ER: Environmental Regime
Marine

AB: Abstract
The objective of this article is to determine the functional
relationship between the marketing margin and market prices, volume
marketed, change in market structure, and the cost of marketing
services. The empirical analysis is limited to king mackerel
(Scomberomorus cavalla ) landed on the Florida Atlantic Coast. US
king mackerel comes from the southeastern states from Texas through
North Carolina. Florida king mackerel landings were valued at dollar
5 4 million in 1975 and accounted for 93% of United States landings
of this species. The Atlantic Coast of Florida produced more than 54%
of the US landings. Marketing margins between Florida king mackerel
fishermen prices and New York market prices contain a constant
percentage margin component but no constant absolute margin component
in the total margin. Changes in terminal market prices for fresh king
mackerel are shared equally between market middlemen and Florida
fishermen. In addition, there is a significant positive relationship
between fishermen supply and the size of the marketing margin.
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TI: Title
Available data from the 1986 King Mackerel Economic Costs and
Returns Study.
AU: Author
Raizin, M
CA: Corporate Author
National Marine Fisheries Serv., St. Petersburg, FL (USA)

SO: Source

NOAA TECH. MEMO., 1989, 16 pp
NT: Notes

NTIS Order No.: PB89-206791/GAR. NOAA-TM-NMFS-SEFC-228.
AB: Abstract

The memorandum informs interested parties of the existence of cost
and revenue data for vessels which operated in the Southeast coast

of the United States (South Atlantic) king mackerel (Scomberomorus
cavalla ) fishery in 1986. The data was collected in response to

the Gulf of Mexico and South Atlantic Fishery Management Council's
need for pertinent economic information on the impact of fisheries
management decisions on king mackerel fishermen.

TI: Title
Identification of small (< 3mm) larvae of king and Spanish

mackerel, Scomberomorus cavalla and S. maculatus .
AU: Author
Richardson, SL; McEachran, JD
AF: Author Affiliation
Gulf Coast Res. Lab., East Beach Dr., Ocean Springs; MS 39564, USA
SO: Source
NORTHEAST GULF SCI, vol. 5, no. 1, pp. 75-79, 1981
IS: ISSN
: 0148-9836

AB: Abstract
Ichthyoplankton surveys in the Gulf of Mexico off Texas yielded

Jarvae of S. cavalla and S. maculatus as small as 1.8mm standard
length. These small larvae are described for the first time with
emphasis on diagnostic pigment characters. Data are presented to
aid in the practical separation of small larvae of these 2 species
in mixed plankton samples.

TI: Title
Use of stable isotopes to assess groups of king mackerel,
Scomberomorus cavalla, in the Gulf of Mexico and southeastern
Flonda

AU: Author
Roelke, LA; Cifuentes, LA

AF: Author Affiliation
Dep. Oceanogr., Texas A&M Univ., College Station, TX 77843, USA
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SO: Source
Fishery Bulletin [FISH. BULL.], vol. 95, no. 3, pp. 540-551, Jul
1997

IS: ISSN
0090-0656

AB: Abstract
Stable nitrogen ( delta super(l 5)N) and carbon ( delta super(13)C)
isotope measurements were used to differentiate groups of king
mackerel, Scomberomorus cavalla, in the northwestern Gulf of
Mexico and off the southeastern coast of Florida, as well as off
the coast of Mexico. Northwestern (+13. 1ppt) and southeastern
(Mexico=+10.8ppt and Florida=+10.8ppt) groups, as well as the
Atlantic group, had significantly different stable nitrogen
isotope ratios. These were attributed to isotopic variations at
the base of the food chain. Variability in delta super(l 3)C
measurements was too large and did not corroborate the delta
super(15)N results. The grouping suggested by the delta super(15)N
data can be explained by the influence of the Mississippi River
and the Gulf of Mexico Loop Current.

TI: Title .
The driftnet fishery in the Fort Pierce-Port Salerno area off
Southeast Florida.
AU: Author
Schaefer, HC; Barger, LE; Kumpf, HE
AF: Author Affiliation
Econ. and Stat. Off., Southeast Fish. Cent., Natl. Mar. Fish.
Serv., NOAA, 19100 S.E. Federal Highw., Tequesta, FL 33469, USA
SO: Source
Marine Fisheries Review [MAR. FISH. REV.], vol. 51, no. 1, pp.
44-49, 1989
IS: ISSN
0090-1830

AB: Abstract
From May through Sep 1987, observations were made on 38 trips in

the driftnet fishery off the Fort Pierce-Port Salerno area off
southeast Florida. Of the number and weight of fish landed on
observed trips, 91.6 percent consisted of king mackerel,
Scomberomorus cavalla , the targeted species. Over 33 species of
fishes were observed among the discarded by-catch.

TI: Title
King mackerel, Scomberomorus cavalla, mark-recapture studies off

Florida's east coast
AU: Author

Schaefer, HC; Fable, WA Jr
AF: Author Affiliation
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. Stat. Off., Coast. Resour. Div., Southeast Fish. Sci. Cent.,
NMFS/NOAA, 19100 S.E. Federal Hwy., Tequesta, FL 33469, USA
SO: Source
Marine Fisheries Review [MAR. FISH. REV.], vol. 56, no. 3, pp.
13-23, 1994
IS: ISSN
0090-1830

AB: Abstract
King mackerel, Scomberomorus cavalla, were tagged and released

from eastern Florida between 1985 and 1993. Recapture trends from
these studies indicate an increase in tag returns from areas north
of the release sites, along with a decrease in recaptures from
coastal waters in the Florida Keys and Gulf of Mexico, since
earlier king mackerel tagging studies completed in the late

1970's. The data indicate that eastern Florida waters may maintain
resident king mackerel. Cyclical tag return patterns were noted
along eastern Florida and in North Carolina. The proportion of
mixing of presently defined king mackerel stocks along eastern
Florida may vary yearly. Comparison of king mackerel tags show
internal anchor tags to have a higher percentage of return and
lower percentage of tag loss than dorsal dart tags.

TI: Title
. Studies of the mackerel fishery of Trinidad. Part 1: The present

status of the mackerel fishery of Trinidad.

AU: Author
Sturm, M; Julien, M

SO: Source
RES. REP. INST. MAR. AFF. CHAGUARAMAS., no. 13, 1983, 28 pp

AB: Abstract
This report attempts to establish the status of the mackerel
fishery of Trinidad. It is based on data collected by the
Fisheries Division, Ministry of Agriculture, Lands and Food
Production from 1964 to 1981. This fishery is artisanal in nature
and comprises the carite Scomberomorus brasiliensis and the
kingfish S. cavalla . The fish are caught by gill nets, trolling,
beach and "Italian" seines. Carite are the most important
commercial finfish with kingfish approaching it in importance.
South coast beaches are the most important landing places for
kingfish. Cyclic variation in both stocks indicates that they are
not overfished.

TI: Title
Movement patterns and stock affinities of king mackerel in the
southeastern United States.

AU: Author

. Sutter, FC I1I; Williams, RO; Godcharles, MF
AF: Author Affiliation
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Florida Mar. Res. Inst., Dep. Nat. Resour., 100 Eighth Ave. SE,
St. Petersburg, FL 33701-5095, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 89, no. 2, pp. 3 15-324, 1991

IS: ISSN
0090-0656

AB: Abstract
King mackerel Scomberomorus cavalla were tagged and released from
southeastern Florida, the Florida Keys, and South Carolina from
1975 through 1979 to document spatial and temporal movement
patterns. Distance traveled by tagged king mackerel was not
significantly related to size (fork length), but was correlated
with number of days-at-large. king mackerel show a cyclical
pattern of movement along the Atlantic seaboard of the
southeastern United States and coastal waters of the Gulf of
Mexico. A migratory behavior may exist in which fish return to the
area of release over a period of up to 5 years. The number of fish
moving away from the area of release and their direction of
movement depend on whether the fish are associated with Atlantic
or Gulf waters. The seasonal overlap between the two recognized
stocks of king mackerel in southeastern Florida is estimated to be
as high as 29.4-41.8%.

TI: Title
Growth and mortality of king mackerel Scomberomorus cavalla tagged
in the southeastern United States.
AU: Author
Sutter, FC III; Williams, RO; Godcharles, MF
AF: Author Affiliation
Florida Mar. Res. Inst., Dep. Nat. Resour., 100 Eighth Ave. SE,
St. Petersburg, FL 33701-5095, USA
SO: Source
Fishery Bulletin [FISH. BULL.], vol. 89, no. 4, pp. 733-737, 1991
IS: ISSN
0090-0656
AB: Abstract
This report presents estimates of growth and mortality based on
mark-recapture data for both the Gulf and Atlantic king mackerel
(Scomberomorus cavalla ) groups.

TI: Title

Headboat and charterboat finfish catch statistics for the bays and

Gulf waters of Texas, September 1978-August 1979
CA: Corporate Author

Texas Parks and Wildlife Dep., Austin (USA). Coastal Fisheries Branch.
SO: Source

Publ. by: TPWD; Austin, TX (USA)., 1980.,42 p., Manage. Data Ser.

A-36
Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

. Tex. Parks Wildl. Dep.
ER: Environmental Regime

Marine; Brackish

AB: Abstract
From September 1978 through August 1979 headboat and charterboat
fishermen were surveyed in the Galveston-Freeport, Aransas-Corpus
Christi and lower Laguna Madre areas. During this period 104 headboat
and 74 charterboat interviews were conducted. All surveys were
separated as to Gulf of Mexico fishing or bay fishing. Reef fishes,
mainly red snapper (Lutjanus campechanus ), dominated the Gulf
headboat catches; sand seatrout (Cynoscion arenarius ) dominated the
bay headboat catches. Spotted seatrout (C. nebulosus ) constituted
almost all of the bay charterboat catches; king mackerel
(Scomberomorus cavalla ), Spanish mackerel (S. maculatus ) and red
snapper dominated the Gulf charterboat catches. The best time to
obtain charterboat and headboat surveys was during late spring,
summer and early fall because of increased demand by clients during

these periods.

TI: Title
Size and Sex Ratio of King Mackeral, Scomberomorus cavalla , in

the Southeastern United States.

AU: Author
. Trent, L; Williams, RO; Taylor, RG; Saloman, CH; Manooch, CS III
CA: Corporate Author
National Marine Fisheries Service, Panama City, FL (USA)
SO: Source
NOAA TECH. MEMO., NOAA/NMFS, PANAMA CITY, FL (USA), 1981, 63 pp
PB: Publisher
NOAA/NMFS, PANAMA CITY, FL (USA)
NU: Other Numbers
NOAA-TM-NMFS-SEFC-62

AB: Abstract
Data from over 54,000 king mackerel, Scomberomorus cavalla , were

analyzed to evaluate temporal variations in size and sex
composition in seven areas of the southeastern United States. Data
were obtained from recreational hook-and-line fishermen of the
coastal states from Texas to North Carolina, and from commercial
hook-and-line and gill-net fishermen of south Florida. Most of the
length-frequency distributions derived from king mackerel catches
were uni-modal. This distribution is typical of a species that
spawns over a long period each year, has highly variable growth
rates among individuals, or both. Size composition in each area
varied considerably between months and indicated temporally
. heterogeneous groups of king mackerel. Females were dominant in
the catches in all areas and years except south Florida in 1978.
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Annual or ranges of annual estimates by percentage female are
given. No explanation for these deviations from a 1:1 sex ratio
was attempted. Distinct seasonal changes in sex ratio were
observed only in Texas.

TI: Title
Size, sex ratio, and recruitment in various fisheries of king
mackerel, Sco mberomorus cavalla , in the southeastern United
States.
AU: Author
Trent, L; Williams, RO; Taylor, RG; Saloman, CH; Manooch, CH III
CA: Corporate Author :
National Marine Fisheries Serv., Panama City, FL (USA). Panama
City Lab
SO: Source
, 1981, 13 pp
NT: Notes
NTIS Order No.: PB85-121853/GAR. Prepared with Fla. Dep. Nat.
Resour. :
AB: Abstract
Data from over 54,000 king mackerel, Scomberomorus cavalla , were
analyzed to evaluate spatial and temporal variations in size and
sex composition in seven areas of the southeastern United States.
Data were obtained from the recreational hook-and-line fishery of
coastal states from Texas to North Carolina and from commercial
hook-and-line and gill net fisheries of south Florida. Of the
three types of gear, recreational hook and line appeared to be the
Jeast selective and gill net the most selective for particular
sizes of king mackerel. Size composition in each area varied
considerably among months; patterns of size change were
discernible in some areas. Females dominated catches in all size
groups and in all areas and years, except for south Florida in
1978.

TI: Title
Size, sex ration and groups of king mackerel, Scomberomorus
cavalla , in southeastern United States.
AU: Author
Trent, L; Williams, RO; Taylor, RG; Saloman, CH; Manooch, ChS III
AF: Author Affiliation
Natl. Mar. Fish. Service, Southeast Fish. Center, Panama City
Lab., 3500 Delwood Beach Road, Panama City, FL 32407, USA
CA: Corporate Author
International Counc. for the Exploration of the Sea, Copenhagen
(Denmark)
CF: Conference
Council Meeting, 1981, of the international Council for the
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. Exploration of the Sea, (Woods Hole, MA (USA)), (5 Oct 1981)
SO: Source
ICES COUNCIL MEETING 1981 (COLLECTED PAPERS)., ICES, COPENHAGEN
(DENMARK) , 1981, 14 pp

T1: Title
Abundance of king mackerel, Scomberomorus cavalla , in the
southeastern United States based on CPUE data from charterboats,
1982-85.

AU: Author
Trent, L; Palko, BJ; Williams, ML; Brusher, HA

AF: Author Affiliation
Panama City Lab., Southeast Fish. Cent., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407, USA

SO: Source
Marine Fisheries Review {MAR. FISH. REV ], vol. 49, no. 2, pp.
78-90, 1987

IS: ISSN
0090-1830

NT: Notes
Special issue: Marine recreational fisheries and fishing.

AB: Abstract
In 1982, a survey was initiated to obtain daily catch and effort

. data on fishes commonly caught by charterboats in the southeastern

United States. Boat effort and king mackerel, Scomberonmorus
cavalla , CPUE data obtained from 1982 through 1985 were analyzed.
The offshore fishing zone (> 10 fathoms) received the highest
amount of trolling and other fishing (nontrolling) efforts; the
nearshore fishing zone ( less than or equal to 10 fathoms)
received the second highest trolling effort and lowest other
fishing effort; the estuarine fishing zone received the lowest
trolling effort and the second lowest other fishing effort. Data
to evaluate seasonal fluctuations in fishing effort were provided
for 15 areas of the southeastern United States and for the U.S.
Caribbean. Annual CPUE of king mackerel by other fishing was much
lower than trolling for most areas and years. CPUE was higher in
the nearshore or offshore zone than in the estuarine zone for all
area-year combinations except North Carolina in 1983. CPUE values
were highest in the nearshore zone about as often as in the
offshore zone. Highest CPUE for king mackerel occurred in 1983 or
1985 when all areas were considered. Evaluation of the historical
data bases in northwest Florida indicated cyclical patterns of
abundance over a 20-year period.

TI: Title
. Variations in size and sex ratio of king mackerel, Scomberomorus
cavalla , off Louisiana, 1977-85.
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AU: Author
Trent, L; Fable, WA Jr; Russell, SJ; Bane, GW; Palko, BJ

AF: Author Affiliation
Southeast Fish. Cent., Panama City Lab., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV.], vol. 49, no. 2, pp.
91-97, 1987

IS: ISSN
0090-1830

NT: Notes
Special issue: Marine recreational fisheries and fishing.

AB: Abstract
Data from over 27,000 king mackerel, Scomberomorus cavalla ,
collected from Grand Isle, Louisiana, during 1977-85 were analyzed
to evaluate temporal variations in size and sex compositions. The
fish were caught by recreational and commercial hook-and-line
fishermen. Groups of king mackerel from Louisiana were composed of
a greater portion of large fish than were populations from other
areas in the southeastern United States with the possible
exception of South Carolina and Georgia. Large (> 120 cm fork
length) king mackerel were caught off Louisiana throughout the
year. For both males and females, catches were composed of the
smallest fish in April through October and the largest fish
between November and March. Females dominated catches in most
months and comprised a greater portion of the recreational than
the commercial landings. Female percentage was usually lower in
the warmer than in the colder months. In general, female
percentage increased with an increase in fish size.

TI: Title
Size, sex ration and groups of king mackerel, Scomberomorus
cavalla , in southeastern United States.
AU: Author
Trent, L; Williams, RO; Taylor, RG; Saloman, CH; Manooch, ChS III
AF: Author Affiliation
Natl. Mar. Fish. Service, Southeast Fish. Center, Panama City
Lab., 3500 Delwood Beach Road, Panama City, FL 32407, USA
CA: Corporate Author
International Counc. for the Exploration of the Sea, Copenhagen
(Denmark)
CF: Conference
Council Meeting, 1981, of the International Council for the
Exploration of the Sea, (Woods Hole, MA (USA)), (5 Oct 1981)
SO: Source
JCES COUNCIL MEETING 1981 (COLLECTED PAPERS)., ICES, COPENHAGEN
(DENMARK) , 1981, 14 pp
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TI: Title
Catch and bycatch in the shark drift gillnet fishery off Georgia
and east Florida

AU: Author
Trent, L; Parshley, DE; Carlson, JK

AF: Author Affiliation
Panama City Lab., Southeast Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAA, 3500 Delwood Beach Rd., Panama City, FL 32408, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV.], vol. 59, no. 1, pp.
19-28, 1997

IS: ISSN
0090-1830

AB: Abstract
An observer program of the shark drift gillnet fishery off the
Atlantic coast of Florida and Georgia was begun in 1993 to define
the fishery and estimate bycatch including bottlenose dolphin,
Tursiops truncatus, and sea turtles. Boats in the fishery were
12.2-19.8 m long. Nets used were 275-1,800 m long and 3.2-4.1 m
deep. Stretched-mesh sizes used were 12.7-29.9 cm. Fishing trips
were usually <18 h and occurred within 30 n. mi. of port. Fishing
with an observer aboard occurred between Savannah, Ga., and
Jacksonville, Fla., and off Cape Canaveral, Fla. Nets were set at
least 3 n. mi. offshore. Numbers of boats in the fishery increased
from 5 in 1993 to 11 in 1995, but total trips decreased from 185
in 1994 to 149 in 1995. During 1993-95, 48 observer trips were
completed and 52 net sets were observed. No marine mammals were
caught and two loggerhead turtles, Caretta caretta, were caught
and released alive. A total of 9,270 animals (12 shark, 21
teleost, 4 ray, and 1 sea turtle species) were captured.
Blacknose, Carcharhinus acronotus; Atlantic sharpnose,
Rhizoprionodon terraenovae; and blacktip shark, C. limbatus), were
the dominant sharks caught. King mackerel, Scomberomorus cavalla;
little tunny, Euthynnus alleteratus; and cownose ray, Rhinoptera
bonasus, were the dominant bycatch species. About 8.4% of the
total catch was bycatch. Of the totals, 9.4% of the sharks and
37.3% of the bycatch were discarded.

TI: Title
King mackerel.
AU: Author
Wallace, R
CA: Corporate Author
Auburn Univ., AL (USA). Sea Grant Advisory Serv
SO: Source
SEA HARVEST NEWS,, 1985, pp. 1-2, .

A-41

Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

NT: Notes
Grant No.: NA8SAA-D-SG005.

NU: Other Numbers
MASGP-85-005-2

AB: Abstract
The Gulf of Mexico Fishery management Council Council recently
approved a new "mackerel plan". The Councils' summary of the plan
is given. The overall catch of Gulf group king mackerel is to be
reduced by 22% to 14.225 million pounds (M), with recreational and
commercial fishermen sharing the reduction in proportion to their
historic catches. The commercial catch quota of 4.552 M is to be
limited to permit vessels which must cease to fish when the annual
quota is filled. Permit applicants must be able to show they
derive 10% of their earned income from commercial fishing, and
charter boats are not eligible for commercial permits. The Gulf
commercial allocation is divided with 2.94 M to an eastern zone
(Florida), 1.328 M to a western zone, and 0.284 M for purse
seines.

TI: Title
The effect of water temperature and winter air temperature on the
springtime migrations of king mackerel in the vicinity of Tampa Bay,
Florida

AU: Author
Williams,R.O.; Taylor,R.G.

AF: Author Affiliation
Fla. Dep. Nat. Resour. Mar. Res. Lab., 100 8th Avenue S.E., St.
Petersburg, FL 33701, USA

CF: Conference
Presented at: 44. Annual meeting of the Academy, Tampa, FL (USA), 23
Mar 1980

SO: Source
Fla. Sci., 43(suppl. 1), 26, (1980)

NT: Notes
Summary only.

ER: Environmental Regime
Marine

AB: Abstract
This paper reviews the springtime migrations of the king mackerel,
Scomberomorus cavalla , in the vicinity of Tampa Bay, Florida during
each of the past twenty years and demonstrates that their date of
first appearance is directly dependent on offshore water temperature
(min. 20 C) and indirectly on prevailing air temperatures during the
previous winter. The springtime arrival date of king mackerel to the
Tampa Bay area was established by reviewing daily newspaper
recreational fishing columns. Offshore water temperatures were
compiled from various sources and are available for twelve of the
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past twenty years. Air temperatures for Tampa, Florida were available
from annual summaries of the U.S. National Weather Service.

Spamish mackerel

TI: Title
A multispecies stock assessment of a pelagic coastal fishery of
the south-west Gulf of Mexico.
AU: Author
Arreguin-Sanchez, F; Chavez, EA; Menchaca, JA
AF: Author Affiliation
Cent. Invest. y de Estud. Avanzados del IPN, Km 6 Carreterra
Antigua a Progreso, AP 73-Cordemex 97310, Merida, Yucatan, Mexico
SO: Source
AQUACULT. FISH. MANAGE.,, vol. 23, no. 1, pp. 103-112, 1992
AB: Abstract
Multispecies stock assessment based upon Schaefer's theory was
applied to a coastal pelagic fishery (Spanish mackerel,
Scomberomorus maculatus ; king mackerel, S. cavalla and the blue
runner, Caranx fusus , from the west central Gulf of Mexico.
Linear and non-linear systems of equations were estimated by using
a multiple stepwise regression technique. The values of
interaction parameters show a clear competition between mackerels,
and technological interdependences between the blue runner and
mackerels. The maximum yield estimation was from 4000 to 5000
tonnes, obtained with 23 and 34 beach seines respectively,
depending on the applied model. Two stages were observed from the
statistical records; in the first the Spanish mackerel is the most
important species while in the second the abundance of this
species declines and the others remain at the same level.
Significant interactions were found from the first data group.

TI: Title
An investigation of the trophic role of three pelagic fishes in a
tropical coastal ecosystem of the western Gulf of Mexico, using
the ECOPATH II model
AU: Author
Arreguin-Sanchez, F; Chavez, EA
AF: Author Affiliation
Cent. Interdiscipl. Cienc. Mar. IPN (CICIMAR), Ao., P. 592, 23000
La Paz, Baja California Sur, Mexico
CF: Conference
Int. Symp. on Middle-Sized Pelagic Fish, Las Palmas de Gran
Canaria, Gran Canaria, Canary Islands (Spain), 24-28 Jan 1994
ED: Editor
Bas, C; Castro, JJ; Lorenzo, JM (eds)

A-43

Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

SO: Source
INTERNATIONAL SYMPOSIUM ON MIDDLE-SIZED PELAGIC FISH HELD IN LAS
PALMAS DE GRAN CANARIA 24-28 JANUARY 1994., 1995, pp. 307-315,
Scientia Marina (Barcelona) [SCI. MAR. (BARC.)], vol. 59, no. 3-4
IS: ISSN
0214-8358
AB: Abstract
The spanish and king mackerels (Scomberomorus maculatus and S.
cavalla) and the blue runner (Caranx fusus) are important pelagic
fish resources along the coasts of the Gulf of Mexico.
Interdependences between them have been studied through simple
multispecies yield models. Simulated changes in fishing effort
suggest S. cavalla and C. fusus populations are more stable than
S. maculatus. The ecosystem model, previously obtained with
ECOPATH II, was used to simulate gradual changes in biomass.
Ecosystem response tends to maintain the thermodynamic equilibrium
by adjusting the biomass/energy flows. The predator/prey and
competence interdependences show impacts of different magnitude,
depending on how species are using the ecosystem resources.
However, the main variations occurred through respiration and
flows into detritus. Spanish and king mackerels share some
resources like anchovies, herrings and shrimp; however, the
spanish mackerel has a wider trophic spectrum. The blue runner
shares some food resources with the above species, but it also
uses some others. The specific biomass flows in the prey/predator
relationships, the specific foraging index, the niche overlap and
the relative population abundance explain the higher variability
of the spanish mackerel population.

TI: Title
Simulation of the Spanish mackerel (Scomberomorus maculatus)
fishery of the Gulf of Mexico.

OT: Original Title
Simulacion de la pesqueria de sierra (Scomberomorus maculatus) del
Golfo de Mexico

AU: Author
Chavez, EA

AF: Author Affiliation
Cent. Invest. Aliment. y Desarrollo A.C., Unid. Mazatlan Acuicult.
y Manejo Ambient., Calzada Sabalo-Cerritos y Estero del Yugo, A.P.
711, Mazatlan, Sinaloa 82010, Mexico

SO: Source
Revista de investigaciones marinas. Mexico City [REV. INVEST.
MAR.], vol. 15, no. 3, pp. 209-217, 1994

IS: ISSN
0252-1962

AB: Abstract
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Spanish mackerel (Scomberomorus maculatus) fishery was analyzed
through a 40-year period of catch records. Estimates of population
size, exploitation rates and fishing mortality coefficients were
obtained for each year once age structure was determined. With
these data a simulation model that considers changes in size of

each cohort through time was made; this model allowed to assess
the consequences of different management options. Results showed
that the stock is slightly under exploited.

TI: Title
Fluctuations in abundance of Spanish mackerel in Chesapeake Bay
and the mid-Atlantic region

AU: Author
Chittenden, ME Jr; Barbieri, LR; Jones, CM

AF: Author Affiliation
Coll. William and Mary, Virginia Inst. Mar. Sci. Gloucester Point,
VA 23062, USA

SO: Source
North American Journal of Fisheries Management [N. AM. J. FISH.
MANAGE.], vol. 13, no. 3, pp. 450-458, 1993

IS: ISSN
0275-5947

AB: Abstract
Spanish mackerel Scomberomorus maculatus have shown great
fluctuations in abundance in Chesapeake Bay and the Mid-Atlantic
Region. Early anecdotal accounts indicate they were very abundant
in the later 1600s but were not common in the early-mid-1800s.
Both annual landings and anecdotal accounts indicate they were
very abundant about 1860-1910 and much less so since. Early
patterns may reflect, in part, a natural long-term component in
abundance. Large early landings were probably at levels not
sustainable in the Chesapeake and Mid-Atlantic Region, because the
classical response of a stock to fishing is a process of
juvenescence and reduction of the virgin standing stock to a new,
lower, equilibrium level. Fluctuations due to recruitment have
probably been superimposed on the juvenescence process since the
inception of the early fishery about 1865. Repeated lows in
Chesapeake Bay landings in 1910-1936, 1947-1960, and 1977-1985
indicate repeated, prolonged series of weak year-classes in that
region or poor escapement from fisheries in more southern waters.
Two brief periods of high landings in 1937-1938 and 1944-1946
probably each reflected one or two strong year-classes. The nature
and duration of the recent period of high landings (1986-1991) 1s
not yet clear. This apparent increase in abundance may reflect (1)
increased survivorship and escapement of adults due to recent
management actions in Florida, and (2) possible production of at
Jeast one strong year-class at the beginning of, if not
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throughout, the period, a phenomenon that may have been enhanced
by increased spawning stocks reflecting recent management or
earlier voluntary actions.

TI: Title
Fishery-independent recruitment indices for king and Spanish
mackerels

AU: Author
Collins, MR; Harris, PJ; Maier, PP

AF: Author Affiliation
South Carolina Department of Natural Resources, Marine Resources
Research Institute, Post Office Box 12559, Charleston, SC
20422-2559, USA

SO: Source
North American Journal of Fisheries Management [N. Am. J. Fish.
Manage.], vol. 18, no. 1, pp. 181-186, Feb 1998

IS: ISSN
0275-5947

AB: Abstract
We investigated whether the abundance of age-0 mackerels in a
fishery-independent trawl survey could be used to predict
abundance at age 1 for king mackerel Scomberomorus cavalla and
Spanish mackerel S. maculatus. After deletion of inappropriate
length-classes and partitioning by season, depth, and stratum,
subsets of the data set were compared to landings data and stock
assessment results from the National Marine Fisheries Service.
Total landings of age-1 Spanish mackerel were closely predicted (r
super(2) = 0.91) by catch per unit effort (CPUE) of age-0 fish
11-28 cm in fork length (FL) in samples taken by the Southeast
Area Monitoring and Assessment Program-South Atlantic (SEAMAP-SA)
during fall from shallow strata in the coastal waters of Georgia
and South Carolina (latitudes 30 degree 44'-33 degree 12'N;
SEAMAP-SA odd strata 31-49). The best predictor (r super(2) =
0.72) for age-1 king mackerel was CPUE of age-0 fish 9-30 cm FL in
SEAMAP-SA's fall samples from shallow strata in the coastal waters
of South Carolina and North Carolina (32 degree 04'-35 degree
15'N; SEAMAP-SA odd strata 41-67) collected the previous year. The
indices should be used with caution until data from additional
years become available for verification and incorporation.

TI: Title
Age and growth of king and Spanish mackerel larvae and juveniles
from the Gulf of Mexico and U.S. South Atlantic Bight.
AU: Author
De Vries, DA; Grimes, CB; Lang, KL; White, D
AF: Author Affiliation
NMFS, Southeast Fish. Cent., 3500 Delwood Beach Rd., Panama City,
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FL 32407-7499, USA

SO: Source
Environmental biology of fishes. The Hague [ENVIRON. BIOL. FISH.],
vol. 29, no. 2, pp. 135-143, 1990

IS: ISSN
0378-1909

AB: Abstract
Sagtittal otoliths from 50 king mackerel (Scomberomorus cavalla )
2.9-13.0 mm SL and 72 Spanish mackerel (Scomberomorus maculatus )
2.8-22.0 mm SL collected off the southeast U.S. were examined
whole at 400 x using a compound microscope-video system. Otoliths
of both species had visible, presumably daily, growth increments
as well as finer subdaily increments. Otolith growth was directly
proportional to growth in standard length for king (r super(2) =
0.91) and Spanish mackerel (r super(2) = 0.86). Spanish mackerel
were estimated to be 3-15 d old with a mean absolute growth rate
(SL/number of growth increments) and 95% confidence interval of
1.15 plus or minus 0.07 mm/d. The least squares linear equation:
SL = - 1.30 + 1.31 (age in days), with r super(2) = 0.67 and p >
0.001, described the relationship between length and age. There
was a significant positive relationship between absolute growth
rate and fish length. King mackerel were estimated to be 3-15 d
old with a mean absolute growth rate of 0.89 plus or minus 0.06
mm/d. Growth rate of king mackerel was slightly higher for fish
from the Mississippi River plume than from all other locations
combined, while Spanish mackerel growth rates were not
significantly different.

TI: Title
Selectivity of gill nets used in the commercial Spanish mackerel
fishery of Florida.

AU: Author
Ehrhardt, NM; Die, DJ

AF: Author Affiliation
Div. Biol. and Living Resour., Rosenstiel Sch. Mar. and Atmos.
Sci., Univ. Miami, 4600 Rickenbacker Causeway, Miami, FL 33149,
USA

SO: Source
Transactions of the American Fisheries Society [TRANS. AM. FISH.
SOC.], vol. 117, no. 6, pp. 574-580, 1988

IS: ISSN
0002-8487

AB: Abstract
Selection curves of encircling (run-around) and drifting (stab)
gill nets used in the winter fishery for Spanish mackerel
Scomberomorus maculatus off southern Florida were estimated by use
of cumulative probability distributions of retention girth at
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length. Selection curves corresponded well with observed size
frequencies obtained from each mesh size. Increasing differences
between maximum and head girth perimeters as fish grew resulted in
selection curves indicating increased selection range and

efficiency. Selectivity of Spanish mackerel gill nets will change

as the condition of the fish changes with the onset of the

spawning season. Apparently, selectivity also changes with twine
size.

TI: Title
Size-structured yield-per-recruit simulation for the Florida
gill-net fishery for Spanish mackerel.

AU: Author
Ehrhardt, NM; Die, DJ

AF: Author Affiliation
Div. Biol. and Living Resour., Rosenstiel Sch. Mar. and Atmos.
Sci., Univ. Miami, 4600 Rickenbacker Causeway, Miami, FL 33149,
USA

SO: Source
Transactions of the American Fisheries Society [TRANS. AM. FISH.
SOC.], vol. 117, no. 6, pp. 581-590, 1988

IS: ISSN
0002-8487

AB: Abstract
The authors estimated the effects of gill-net mesh size
regulations on the yield per recruit of Spanish mackerel
Scomberomorus maculatus in Florida. Yield per recruit was
calculated with a simulation model that incorporated seasonal
fishing rates by sectors (recreational and commercial) and
size-varying availabilities of fish to the gear and retention
probabilities once fish encountered the gear. Gains in yield (g)
per recruit were always obtained by increasing mesh size, gill-net
fishing mortality, or both. Adoption of a minimum length above the
present enforced minimum 30.5 cm fork length may result in
considerable gains in yield per recruit. This, however, depends on
the assumption that there is no cryptic mortality of undersized
fish in the recreational fishery.

TI: Title ,
Age and growth of Spanish mackerel, Scomberomorus maculatus , from
Florida and the Gulf of Mexico.
AU: Author
Fable, WA Jr; Johnson, AG; Barger, LE
AF: Author Affiliation
Southeast Fish. Cent. Panama City Lab., Natl. Mar. Fish. Serv.,
NOAA, 3500 Delwood Beach Rd., Panama City, FL 32407-7499, USA

SQO: Source
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IS: ISSN
0090-0656

AB: Abstract
Otoliths from 1,787 Spanish mackerel, Scomberomorus maculatus ,
were used to estimate age and growth rates of this species from
Florida and the Gulf of Mexico. There was a wide range of lengths
within an age group: the oldest male was 7 years old, while the
oldest female was 9 years old. Length at age was significantly
different for sexes, sampling areas, and collection gear.

. Fishery Bulletin [FISH. BULL.], vol. 85, no. 4, pp. 777-783, 1987

TI: Title
The Atlantic Spanish mackerel, Scomberomorus maculatus , new to
Nova Scotia and Canada.
AU: Author
Gilhen, J; McAllister, DE
AF: Author Affiliation
Nova Scotia Mus., 1747 Summer St., Halifax, N.S. B3H 3A6, Canada
SO: Source
Canadian field-naturalist. Ottawa ON [CAN. FIELD-NAT.], vol. 103,
no. 2, pp. 287-289, 1989
IS: ISSN
0008-3550

. AB: Abstract
A single Atlantic Spanish mackerel, Scomberomorus maculatus taken

by Victor Kiley off Sauls Island 44 degree 28'25"N, 63 degree
47'00"W, 4 October 1985, is the first record for Canadian waters.
The species has previously been taken north as far as Monhegan
Island, Maine. Spots on its sides, a black area on the front of
the first dorsal fin and high vertebral count distinguish it from
other Canadian Scombridae. Its occurrence in Nova Scotian waters
does not appear to be explainable by passive transplant in the
Gulf Stream as is invoked for northern records of less active
swimmers.

TI: Title
Composition and storage stability of Spanish mackerel and related
species

AU: Author
Hale,M.; Rasekh,].

AF: Author Affiliation
U.S. Natl. Mar. Fish. Serv., Southeast Fish. Cent., Charleston, SC
29412, USA

CA: Corporate Author
TAMU-SG-79-101

CF: Conference
. Presented at : 3. Annu. Tropical and Subtropical Fisheries
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Technological Conference of the Americas, New Orleans, LA (USA), 23
Apr 1978

SO: Source
In : Proceedings of the third annual tropical and subtropical
fisheries technological conference of the Americas, Rep. Tex. A and M
Univ. Sea Grant Program, Publ. by : Texas A and M University, College
Station, TX (USA), Sep 1978, p. 268-277

NT: Notes
En

ER: Environmental Regime
Marine

AB: Abstract
The U.S. commercial landings for Spanish mackerel (Scomberomorus
maculatus ) set new records in 1976 for both volume and value.
Despite this fact, these species have not reached their commercial
potential and may be considered underutilized. The major
technological barrier to full utilization of the Scomberomorus
species is a limited stability in frozen storage due to the
development of oxidative rancidity. Preliminary results of a frozen
storage study with Spanish mackerel indicate that treatment of
fillets with an ascorbic acid solution is beneficial to quality
preservation, but the use of carboxymethylcellulose dips does not
appear to be worthwhile.

TI: Title
The catch of king mackerel and Spanish mackerel in the commercial
shrimp fishery of South Carolina

AU: Author
Harris, PJ; Dean, M

AF: Author Affiliation
Belle W. Baruch Institute for Marine Biology and Coastal Research,
University of South Carolina, Columbia, SC 29208, USA

CF: Conference
Symp. on the Consequences and Management of Fisheries Bycatch,
Dearborn, MI (USA), 27-28 Aug 1996

SO: Source
FISHERIES BYCATCH: CONSEQUENCES & MANAGEMENT., 1997, pp. 21-29

IB: ISBN
1-56612-048-9

NU: Other Numbers
AK-SG-97-02

AB: Abstract
The shrimp industry is an extremely important fishery in South
Carolina (SC), where an average of 2,383 tons of shrimp worth
about $11.8 million were landed between 1978 and 1992. An average
of 1,043 commercial permits were issued each year (SAFMC 1993).
The commercial and recreational fisheries for king mackerel
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(Scomberomorus cavalla) and Spanish mackerel (Scomberomorus
maculatus) are also important fisheries in South Carolina.

Juvenile king and Spanish mackerel were known to be taken as
bycatch off SC. Collins and Wenner (1988) documented that tongue
nets, which were being increasingly used (Edwards 1987), appeared
to catch more king and Spanish mackerel per hour than semiballoon
nets. We hypothesized that the mortality of the juvenile king and
Spanish mackerel in SC shrimp trawls had a detrimental effect on
the Atlantic group adult mackerel populations. We tested this
hypothesis by addressing several objectives: (1) to quantify the
number of mackerel taken as bycatch, (2) to estimate the statewide
bycatch of mackerels, and (3) to include these data in the

estimate of the population size of Atlantic king and Spanish
mackerel, and test to see if the sizes of the populations were
significantly increased.

TI: Title
Characterization of king mackerel and Spanish mackerel bycatches
of South Carolina shrimp trawlers

AU: Author
Harris, PJ; Dean, M

AF: Author Affiliation
South Carolina Marine Resources Division, Post Office Box 12559,
Charleston, SC 29422, USA

SO: Source
North American Journal of Fisheries Management [N. Am. J. Fish.
Manage.], vol. 18, no. 2, pp. 439-453, May 1998

IS: ISSN
0275-5947

AB: Abstract
Juvenile king mackerel Scomberomorus cavalla and Spanish mackerel

S. maculatus are caught by commercial shrimp trawlers in South
Carolina. Our study documented the extent and duration of this
bycatch during the commercial shrimp trawling season in South
Carolina waters. Sampling was conducted onboard commercial shrimp
vessels based in McClellanville, South Carolina, during 1991 and

on vessels based in McClellanville, Charleston, and Beaufort in

1992. Eight vessels and 137 trawl tows (mean tow duration, 2.88 h)
were sampled; 81 king and 257 Spanish mackerel were collected. The
mean annual sample catch per unit effort (CPUE) of king mackerel
was 0.244 fish/h; adjusted for trawl footrope length in meters,

the mean annual total CPUE was 0.038 fish/(h times m). King
mackerel were found in only 21% of the tow samples, and peak
catches occurred in October 1991 and September 1992. The mean
annual sample CPUE for Spanish mackerel was 0.701 fish/h, and the
mean annual total CPUE was 0.109 fish/(h times m). Spanish
mackerel were found in 41% of the tow samples, and peak catches
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occurred in July of both years. Age-0 king mackerel are vulnerable

to shrimping gear for at least half of the South Carolina shrimp
season, which generally runs from May through December, and age-0
Spanish mackerel are vulnerable for most of the shrimping season.

TIL: Title
Electrophoretic Patterns of Proteins in Spanish Mackerel
(Scomberomorus maculatus ).

AU: Author
Johnson, AG

CA: Corporate Author
Natl. Marine Fish. Serv., Panama City, FL (USA). Southeast Fish.
Center

SO: Source
NOAA TECH. MEMO., NOAA/NMFS, PANAMA CITY, FL (USA) , 1981, 12 pp

PB: Publisher
NOAA/NMFS, PANAMA CITY, FL (USA)

NU: Other Numbers
NOAA-TM-NMFS-SEFC-76

AB: Abstract
The biochemical variations and electrophoretic patterns found in
tissues of Spanish mackerel (S. maculatus ) using starch gel
electrophoresis are reported. The exmination was performed in
order to find biochemical variants which may be useful to identify
stocks, and to estimate the amount of genetic variation in this
species. Ten of the 44 loci studied were found to be polymorphic.
The variant systems were alpha-glycerophosphate dehydrogenase,
lactate dehydrogenase (B locus), malate dehydrogenase, malic
enzyme (two variant systems), glutamic dehydrogenase, esterase,
peptidase, adenoside, deaminase, and phosphoglucose isomerase.

TI: Title
Use of otolith morphology for separation of king mackerel
(Scomberomorus cavalla) and Spanish mackerel (Scomberomorus
maculatus)
AU: Author
Johnson, AG
AF: Author Affiliation
Natl. Mar. Fish. Serv., Southeast Fish. Sci. Cent., Panama City
Lab., 3500 Delwood Beach Rd., Panama City, FL 32408, USA
SO: Source
Gulf of Mexico Science [GULF MEX. SCL], vol. 14, no. 1, pp. 1-6,
1996
IS: ISSN
1087-688X
AB: Abstract
Shapes of otoliths (sagittae) of king and Spanish mackerel
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(Scomberomorus cavalla and S. maculatus) were compared using
theta-rho analysis aided by digitized computer methods. Otoliths
from three king mackerel groups [Yucatan (Mexico), northwest
Florida, and North Carolina] and one Spanish mackerel group were
examined. Seven analytical combinations of measurements were
tested. Intraspecific separation was highest using two truss
systems (66.7-70.0% and 57.7-77.5%) and interspecific separation
was highest using length and width radii (91.7%).

TI: Title
Management of a Multigear Fishery Exploiting a Highly Migratory
Stock: Spanish Mackerel, Scomberomorus maculatus, in the Eastern
Gulf of Mexico

AU: Author
Legault, C

AF: Author Affiliation
University Of Miami, FL, USA

SO: Source
Dissertation Abstracts International Part B: Science and
Engineering [Diss. Abst. Int. Pt. B - Sci. & Eng.], Feb 1998, vol.
58, no. 8, p. 3981

NT: Notes
Thesis publ. date: 1997, 241pp. Source UM, 300 N Zeeb Rd, POB
1346, Ann Arbor, MI 48106, USA (800.521.0600) or
www.umi.com/hp/Products/Dissertations.html.

NU: Other Numbers
AAT 9805924

AB: Abstract
Three specific problems created by a multigear fishery exploiting
a highly migratory population were examined: (1) use of catch per
unit effort to reflect population abundance for a migratory stock;
(2) seasonal fisheries not adhering to the assumption of a
constant annual fishing mortality rate during the year; and (3)
the ability to allocate a total quota amongst user groups to
achieve a given management goal. The theoretical basis for each
problem was examined and simulations incorporating some aspects of
uncertainty from the real world were conducted based on the
Spanish mackerel, Scomberomorus maculatus, fishery in the eastern
Gulf of Mexico. Three catch per unit effort (CPUE) indices were
compared in ability to reflect changes in population abundance of
a migratory species: whole season, fully available and maximum. An
algorithm was developed to correct annual observed catches from
seasonal fisheries to meet the assumption of a constant fishing
mortality rate during the year. A separate algorithm was developed
to allow incorporation of additional constraints to match the
allocation scheme when computing a total quota for multiple gears.
A migratory age and size based fishery simulation model (MASFISH)
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was created to examine these problems and potential solutions for
the Spanish mackerel fishery in the eastern Gulf of Mexico.
Application of the model consisted of six experiments. Two stock
assessment experiments examined the ability of the three CPUE
indices and two types of catch (observed and corrected) to

estimate population abundance when used in tuned virtual
population analysis. Four management experiments examined the
ability to recover an overexploited stock under the twelve total
combinations comprised of three CPUE indices, two types of catch,
and two methods of setting quotas (incorporating or independent of
quota allocations). The three CPUE indices performed nearly
identically, while the corrected catch outperformed observed

catch, and the inclusion of quota allocations when setting the

quota produced better management than computing the total quota
independent of the quota allocation.

TI: Title
Annotated bibliography of four Atlantic scombrids: Scomberomorus
brasiliensis, S. cavalla, S. maculatus , and S. regalis
AU: Author
Manooch,C.S.; Nakamura,E.L.; HalLA.B.
AF: Author Affiliation
US Natl. Mar. Fish. Serv., Southeast Fish. Cent., Panama City, FL, USA
CA: Corporate Author
National Marine Fisheries Service, Seattle, WA (USA). Scientific
Publications Staff
SO: Source
Publ. by : NOAA/NMFS; Seattle, WA (USA), Dec 1978, 169 p, NOAA Tech.
Rep
NT: Notes
Also as: NMFS Southeast Fisheries Center Contribution No. 77-01B
ER: Environmental Regime
Marine
AB: Abstract
Annotated references are presented on 570 papers published from 1973
to 1977. A subject index is included for each species and cover a
variety of topics ranging from taxonomy to commercial and
recreational fishing.

TI: Title
[Biological aspects of Scomberomorus maculatus (Mitchill), caught by
gill nets]

OT: Original Title
Aspectos biologicos da serra, Scomberomorus maculatus (Mitchill),
capturada por currais-de-pesca

AU: Author
Menezes Ferreira, M.de
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AF: Author Affiliation

Lab. Cienc. Mar, Univ. Fed. Ceara, Fortaleza, Ceara, Brazil
SO: Source

Arq. Cienc. Mar,, 16(1), 45-48, (1976)
ER: Environmental Regime

Marine

AB: Abstract
This paper gives some information on basic biological characteristics
of the population of Spanish mackerel, Scomberomorus maculatus
(Mitchill), concerning size distribution, sex-ratio and reproductive
activity. Spanish mackerel is caught by gill-nets and fishing-weirs,
and the size distribution from each gear has been shown to be
different, smaller fish being caught in a lower proportion by
fishing-weirs. The size distribution from fishing-weir catch samples
is thought to be closer to the population distribution, given the
probable non-selectivity of that type of fishing gear. Very little
reproductive activity has been observed to take place in the studied
area (northwest of Ceara State - Brazil), the reason for that lying
probably with the fact that Spanish mackerels spawn outside the
catching range of fishing-weirs. Further evidence to this fact is
provided by the high sex-ratio in favour of females (1 male: 3 . 3
female) in all seasons of the year. It cannot be known as yet whether
the gathered information represent the true facts or there are
sampling errors involved, further sampling in offshore areas being
needed in order to confirm of deny the data.

TI: Title

Effects of storage time and temperature on the microflora and

amine development in Spanish mackerel (Scomberomorus maculatus ).
AU: Author

Middlebrooks, BL; Toom, PM; Douglas, WL; Harrison, RE; McDowell, S
AF: Author Affiliation

Dep. Biol. Sci., Univ. Southern Mississippi, Hattiesburg, MS

39406, USA
SO: Source

Journal of Food Science [J. FOOD SCI.], vol. 53, no. 4, pp.

1024-1029, 1988
IS: ISSN

0022-1147

AB: Abstract
Microbial content was characterized and levels of three amines

were determined in Spanish mackerel (Scomberomorus maculatus )
decomposed at 0 degree C, 15 degree C, and 30 degree C for varying
lengths of time. A total of 14 bacterial species with histidine
decarboxylase activity were isolated from decomposing fish,
including three species (Acinetobacter Iwoffi, Pseudomonas
putrefaciens , and Aeromonas hydrophila ) not previously reported
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to have the potential to produce histamine.

TI: Title
Bycatch in the Gulf of Mexico shrimp fishery

AU: Author
Nance, JM; Scott-Denton, E

AF: Author Affiliation
National Marine Fisheries Service, Galveston Laboratory, 4700
Avenue U, Galveston, TX 77551, USA

CA: Corporate Author
Commonwealth Scientific and Industrial Research Organ.,
Collingwood (Australia)

CF: Conference
9. World Fisheries Congress, Brisbane (Australia), 28 Jul-2 Aug
1996

ED: Editor
Hancock, DA (eds); Smith, DC(eds); Grant, A(eds); Beumer, JP(eds)

SO: Source
Developing and sustaining world fisheries resources. The state of
science and management., CSIRO, Collingwood (Australia), 1997, pp.
98-102

IB: ISBN
0-643-05985-7

PB: Publisher
CSIRO, Collingwood (Australia)

AB: Abstract '
Over the past 5 years a total of 3633 observer days have been
secured by shrimp bycatch observers in the Gulf of Mexico and
along the east coast of the United States of America. Analysis
revealed that on average about 27 kg of organisms per hour are
taken during trawling operations in the Gulf of Mexico.
Examination of the composition of the organisms revealed that
about 68% of the catch by weight is composed of finfish (mostly
groundfish), 16% by commercial shrimp species. 13% by
non-commercial shrimp crustaceans and 3% by non-crustacean
invertebrates. Although groundfish species make up the majority of
the bycatch taken in shrimp trawls, 3 species (king mackerel,
Scomberomorus cavalla, Spanish mackerel, S. maculatus and red
snapper, Lutjanus compechanus) have received a great deal of
attention because of their commercial and recreational importance
and the potential for significant impacts on their population
abundance through shrimp trawling activities. Average catch of
these 3 species is generally below 0.5 kg per hour.

TI: Title
Biological and fisheries data on Spanish mackerel, Scomberomorus

maculatus (Mitchill)
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CA: Corporate Author
National Marine Fisheries Service, Highlands, NJ (USA). Northeast
Fisheries Center

SO: Source
Publ.by: NOAA/NMFS, Highlands, NJ (USA)., Nov 1977., 58 p., Tech. Ser.
Rep. NOAA/NMEFS Northeast Fish. Cent.

NT: Notes
Includes bibliography; 99 ref.

PB: Publisher
Publ.by: NOAA/NMFS, Highlands, NJ (USA).

ER: Environmental Regime
Marine

AB: Abstract
This synopsis of biological and fisheries data on the Spanish
mackerel, S.maculatus, is based on existing literature. Information
is given on the nomenclature, taxonomy, morphology, distribution,
bionomics and life history, population structure, exploitation,
protection and management of these fish which are found from the
western Atlantic Ocean from Maine and Bermuda to Santos, Brazil,
including the Gulf of Mexico and the water around Cuba, but is absent
from the rest of the West Indies.

TI: Title
Results of a king mackerel (Scomberomorus cavalla) and Atlantic
Spanish mackerel (Scomberomorus maculatus) migration study, 1975-79

CA: Corporate Author
National Marine Fisheries Serv., Panama City, FL (USA). Southeast
Fisheries Cent.

SO: Source
Publ. by: NOAA/NMFS; Panama City, FL (USA)., Mar 1980., 24 p., NOAA
Tech. Memo.

ER: Environmental Regime
Marine

AB: Abstract
The Panama City and Port Aransas Laboratories tagged and released
2,731 king and 745 Atlantic Spanish mackerel in a 1975-78 study of
their movements and migration. From those releases, 59 (2.2%) of the
king mackerel and 44 (5.9%) of the Atlantic Spanish mackerel were
subsequently recaptured. The tagged recoveries revealed an annual
migration by king mackerel from south Florida waters north to the
northeast coast of the Gulf of Mexico and west to South Texas waters
in the spring and return to south Florida in the fall. Mixing of Gulf
fish in the winter with Atlantic fish north to Ft. Pierce was
disclosed by tagged recaptures. Fragmented evidence was obtained that
Atlantic Spanish mackerel made an annual migration from wintering
grounds off south Florida and Campeche-Yucatan to summer grounds
along the northern Gulf coast and a return migration in the fall.
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TIL: Title
Stomach contents of juveniles of king mackerel (Scomberomorus
cavalla ) and Spanish mackerel (S. maculatus ).

AU: Author
Naughton, SP; Saloman, CH

AF: Author Affiliation
SEFC, NMFS, NOAA, Panama City Lab., 3500 Delwood Beach Rd., Panama
City, FL 32407, USA

SO: Source
NORTHEAST GULF SCL, vol. 5, no. 1, pp. 71-74, 1981

IS: ISSN
: 0148-9836

AB: Abstract
Some trawl-caught king and Spanish mackerel (Scomberomorus cavalla
and S. maculatus ) were examined as regards their diet. Data
indicate both to be carnivorous, primarily piscivorous, as
juveniles. Engraulidae (Anchoa sp) and Clupeidae (Brevoortia and
Opisthonema oglinum ) are the dominant food organisms in the diet
of small trawl-caught mackerel.

TI: Title
Abundance of Spanish mackerel, Scomberomorus maculatus , in the
southeastern United States based on charterboat CPUE data,
1982-85.

AU: Author
Palko, BJ; Trent, PL; Brusher, HA

AF: Author Affiliation
Panama City Lab. Southeast Fish. Cent., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV ], vol. 49, no. 2, pp.
67-77, 1987

IS: ISSN
0090-1830

NT: Notes
Special issue: Marine recreational fisheries and fishing.

AB: Abstract
Catch per unit effort (CPUE) data for Spanish mackerel,
Scomberomorus maculatus , over a broad geographic area were
obtained from charterboats. In 1982, a survey was initiated to
obtain daily catch and effort data on fishes commonly caught by
charterboats in the southeast United States. Boat effort and
Spanish mackerel CPUE data obtained from this survey during
1982-85 were analyzed. The offshore fishing zone (> 10 fathoms)
received the highest amount of trolling and "other fishing"
efforts; the nearshore fishing zone ( less than or equal to 10
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. fathoms) received the second highest trolling effort and lowest
"other fishing" effort; the estuarine fishing zone received the

Jlowest trolling effort and the second lowest "other fishing"
effort. CPUE of Spanish mackerel by "other fishing" was much lower
than trolling for most areas and years. CPUE was highest in the
estuarine zone when compared with the nearshore and offshore
zones, Significant differences in CPUE among years were detected
only in North Carolina and Louisiana.

TI: Title
Daily age and growth of larval and early juvenile Spanish
mackerel, Scomberomorus maculatus, from the South Atlantic Bight

AU: Author
Peters, JS; Schmidt, DJ

AF: Author Affiliation
Dep. Biol., Coll. Charleston, 66 George St., Charleston, SC 29424,
USA

SO: Source
Fishery Bulletin {FISH. BULL.], vol. 95, no. 3, pp. 530-539, Jul
1997

IS: ISSN
0090-0656

AB: Abstract

. Age and growth of larval and juvenile Spanish mackerel,

Scomberomorus maculatus, were determined by examining increments
of daily growth on the otoliths (lapilli) of specimens collected
along the southeastern Atlantic coast, 1983-89. Marginal increment
analysis was performed on 152 fish (7.4-97.0 mm SL) to validate
the deposition of daily rings. A mean standardized marginal
increment (SMI) was calculated by comparing the width of the
marginal increment to the adjacent increment on the lapilli of
fish captured over a diel cycle. The distribution of mean SMI was
unimodal. A nonlinear equation was used to model growth (In SL =
6.2 - 55.1/Age). Based on this growth equation, predicted absolute
growth rates for the first 23 days of life were approximately 1.9
mm/day, followed by a surge of rapid growth approaching 5.0 mm/day
over the next 17 days. Absolute growth rates subsequent to 40 days

of age were 2.1 mm/day.

TI: Title
Stock assessments for U.S. stocks of king and Spanish mackerels:
1983-1992
AU: Author
Powers, JE; Thompson, NB
AF: Author Affiliation
NOAA/NMFS, Southeast Fish. Sci. Cent., Miami Lab., 75 Virginia
. Beach Dr., Miami, FL 33249, USA
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SO: Source
Collective volume of scientific papers. International Commission
for the Conservation of Atlantic Tunas/Recueil de documents
scientifiques. Commissio internationale pour la Conservation des
Thonides de I'Atlantique/Coleccion d documentos cientificos
[COLLECT. VOL. SCI. PAP. ICCAT/RECL. DOC. SCI. CICTA/COLECC. DOC.
CIENT. CICAA], vol. 40, no. 2, pp. 391-398, 1993

IS: ISSN
1021-5212

NU: Other Numbers
ICCAT SCRS/92/25

AB: Abstract
Age-based stock assessment analyses have been completed annually
for king (Scomberomorus cavalla) and Spanish mackerel (S.
maculatus) for the Gulf of Mexico and Atlantic stocks,
respectively. For these analyses, catch-at-age data are integrated
into virtual population assessment and are calibrated using CPUE
values from selected areas. Results of these analyses are used to
determine biological reference points and to project forward in
time to determine allowable catch for the upcoming fishing year.
Estimates of current spawning stock biomass relative to historical
estimates are evaluated to determine which stocks are over-fished.

TI: Title
Differences in hemoglobin phenotypes among Spanish mackerel,

Scomberomorus maculatus .
AU: Author
Skow, LC; Chittenden, ME Jr
AF: Author Affiliation
Dep. Wildl. and Fish. Sci., Texas A&M Univ., College Station, TX
77843, USA
SO: Source
NORTHEAST GULF SCI., vol. 5, no. 1, pp. 67-70, 1981
IS: ISSN
: 0148-9836

AB: Abstract
Electrophoretic evidence is presented for the existence of at

least 2 populations of S. maculatus . Starch-gel electrophoresis
of mackerel (Scomberomorus ) blood samples show the hemoglobins to
resolve into 2 bands thus indicating genetic variation.

TI: Title
Comparison of the catch from tongue and two-seam shrimp nets off
South Carolina

AU: Author
Stender, BW; Barans, CA

AF: Author Affiliation
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. Mar. Resour. Res. Inst., South Carolina Wildl. and Mar. Resour.
Dep., PO Box 12559, Charleston, SC 29422-2559, USA
SO: Source

North American Journal of Fisheries Management [N. AM. J. FISH.
MANAGE.], vol. 14, no. 1, pp. 178-195, 1994
IS: ISSN
0275-5947
AB: Abstract
Before the gears were used for catch comparisons, a two-seam net
and a tongue trawl were evaluated for changes in net dimensions
with fishing depth and tow direction. When towed as it would be
during catch comparisons, the two-seam net had a width of 16.1 m
and was estimated to extend 2.1 m vertically at the center of the
headrope. The horizontal spread of the tongue trawl was 13.5 m and
its vertical spread was 4.2 m at center. Small, statistically
consistent differences in openings (<0.5 m) occurred with depth
and direction. The major factor influencing changes in catch
(kg/ha) with depth (10-fold increase in shallow water) appeared to
be the faunal distribution with depth, independent of towing
characteristics. Differences in biomass (kg/tow, kg/ha), and in
the biomass (kg/ha) ratios of taxa to shrimp between the two-seam
and tongue trawls were documented for eight major biological
groups. Major differences in total catch by net occurred between
. years primarily because of changes in the catch of miscellaneous
invertebrates and shrimp. Significant differences in the lengths
of nine priority species occurred between the two gears. Mean
lengths in the two nets differed by more than 1 cm for spot
Leiostomus xanthurus (which was larger in the tongue net),
Atlantic croaker Micropogonias undulatus (larger in the two-seam
net), and Spanish mackerel Scomberomorus maculatus (larger in the
tongue net). Mean ratio of fish to shrimp biomass was 31:1 overall
(21:1 for the two-seam net and 41:1 for the tongue trawl). Ratios
of total biomass and the biomass of any taxonomic grouping to
shrimp biomass did not differ statistically between the two gears.
Biomass ratios were recalculated from published data by a standard
methodology. Subsequent comparisons indicated increases in the
ratios over time and highlighted a need to validate the technique
of subsampling heterogenous trawl samples. Finfish by-catch in
both gears was dominated by sciaenids (44% by weight of all fish).
Red drum Sciaenops ocellatus spotted seatrout Cynoscion nebulosus
snappers (Lutjanidae), and groupers (Epinephelinae) were not
caught by either net. Catches of Spanish mackerel and king
mackerel Scomberomorus cavalla were documented and warrant further
investigation to evaluate the effects of by-catch on local
populations.
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Scomberomorus maculatus

TI: Title
A multispecies stock assessment of a pelagic coastal fishery of
the south-west Gulf of Mexico.
AU: Author
Arreguin-Sanchez, F; Chavez, EA; Menchaca, JA
AF: Author Affiliation
Cent. Invest. y de Estud. Avanzados del IPN, Km 6 Carreterra
Antigua a Progreso, AP 73-Cordemex 97310, Merida, Yucatan, Mexico
SO: Source
AQUACULT. FISH. MANAGE., vol. 23, no. 1, pp. 103-112, 1992
AB: Abstract
Multispecies stock assessment based upon Schaefer's theory was
applied to a coastal pelagic fishery (Spanish mackerel,
Scomberomorus maculatus ; king mackerel, S. cavalla and the blue
runner, Caranx fusus , from the west central Gulf of Mexico.
Linear and non-linear systems of equations were estimated by using
a multiple stepwise regression technique. The values of
interaction parameters show a clear competition between mackerels,
and technological interdependences between the blue runner and
mackerels. The maximum yield estimation was from 4000 to 5000
tonnes, obtained with 23 and 34 beach seines respectively,
depending on the applied model. Two stages were observed from the
statistical records; in the first the Spanish mackerel is the most
important species while in the second the abundance of this
species declines and the others remain at the same level.
Significant interactions were found from the first data group.

TI: Title
An investigation of the trophic role of three pelagic fishes in a
tropical coastal ecosystem of the western Gulf of Mexico, using
the ECOPATH II model
AU: Author
Arreguin-Sanchez, F; Chavez, EA
AF: Author Affiliation
Cent. Interdiscipl. Cienc. Mar. IPN (CICIMAR), Ao., P. 592, 23000
La Paz, Baja California Sur, Mexico
CF: Conference
Int. Symp. on Middle-Sized Pelagic Fish, Las Palmas de Gran
Canaria, Gran Canaria, Canary Islands (Spain), 24-28 Jan 1994
ED: Editor
Bas, C; Castro, JJ; Lorenzo, JM (eds)
SO: Source

INTERNATIONAL SYMPOSIUM ON MIDDLE-SIZED PELAGIC FISH HELD IN LAS
PALMAS DE GRAN CANARIA 24-28 JANUARY 1994., 1995, pp. 307-315,
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Scientia Marina (Barcelona) [SCI. MAR. (BARC.)], vol. 59, no. 3-4
IS: ISSN
0214-8358
AB: Abstract
The spanish and king mackerels (Scomberomorus maculatus and S.
cavalla) and the blue runner (Caranx fusus) are important pelagic
fish resources along the coasts of the Gulf of Mexico.
Interdependences between them have been studied through simple
multispecies yield models. Simulated changes in fishing effort
suggest S. cavalla and C. fusus populations are more stable than
S. maculatus. The ecosystem model, previously obtained with
ECOPATH II, was used to simulate gradual changes in biomass.
Ecosystem response tends to maintain the thermodynamic equilibrium
by adjusting the biomass/energy flows. The predator/prey and
competence interdependences show impacts of different magnitude,
depending on how species are using the ecosystem resources.
However, the main variations occurred through respiration and
flows into detritus. Spanish and king mackerels share some
resources like anchovies, herrings and shrimp; however, the
spanish mackerel has a wider trophic spectrum. The blue runner
shares some food resources with the above species, but it also
uses some others. The specific biomass flows in the prey/predator
relationships, the specific foraging index, the niche overlap and
the relative population abundance explain the higher variability
of the spanish mackerel population.

TI: Title
Simulation of the Spanish mackerel (Scomberomorus maculatus)
fishery of the Gulf of Mexico.

OT: Original Title
Simulacion de la pesqueria de sierra (Scomberomorus maculatus) del
Golfo de Mexico

AU: Author
Chavez, EA

AF: Author Affiliation
Cent. Invest. Aliment. y Desarrollo A.C., Unid. Mazatlan Acuicult.
y Manejo Ambient., Calzada Sabalo-Cerritos y Estero del Yugo, A.P.
711, Mazatlan, Sinaloa 82010, Mexico

SO: Source
Revista de investigaciones marinas. Mexico City [REV. INVEST.
MAR.], vol. 15, no. 3, pp. 209-217, 1994

IS: ISSN
0252-1962

AB: Abstract
Spanish mackerel (Scomberomorus maculatus) fishery was analyzed

through a 40-year period of catch records. Estimates of population
size, exploitation rates and fishing mortality coefficients were
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obtained for each year once age structure was determined. With
these data a simulation model that considers changes in size of
each cohort through time was made; this model allowed to assess
the consequences of different management options. Results showed
that the stock is slightly under exploited.

TI: Title
Fluctuations in abundance of Spanish mackerel in Chesapeake Bay
and the mid-Atlantic region

AU: Author
Chittenden, ME Jr; Barbieri, LR; Jones, CM

AF: Author Affiliation
Coll. William and Mary, Virginia Inst. Mar. Sci. Gloucester Point,
VA 23062, USA

SO: Source
North American Journal of Fisheries Management [N. AM. J. FISH.
MANAGE.], vol. 13, no. 3, pp. 450-458, 1993

IS: ISSN
0275-5947

AB: Abstract
Spanish mackerel Scomberomorus maculatus have shown great
fluctuations in abundance in Chesapeake Bay and the Mid-Atlantic
Region. Early anecdotal accounts indicate they were very abundant
in the later 1600s but were not common in the early-mid-1800s.
Both annual landings and anecdotal accounts indicate they were
very abundant about 1860-1910 and much less so since. Early
patterns may reflect, in part, a natural long-term component in
abundance. Large early landings were probably at levels not
sustainable in the Chesapeake and Mid-Atlantic Region, because the
classical response of a stock to fishing is a process of
juvenescence and reduction of the virgin standing stock to a new,
lower, equilibrium level. Fluctuations due to recruitment have
probably been superimposed on the juvenescence process since the
inception of the early fishery about 1865. Repeated lows in
Chesapeake Bay landings in 191 0-1936, 1947-1960, and 1977-1985
indicate repeated, prolonged series of weak year-classes in that
region or poor escapement from fisheries in more southern waters.
Two brief periods of high landings in 1937-1938 and 1944-1946
probably each reflected one or two strong year-classes. The nature
and duration of the recent period of high landings (1986-1991) 1s
not yet clear. This apparent increase in abundance may reflect (1)
increased survivorship and escapement of adults due to recent
management actions in Florida, and (2) possible production of at
least one strong year-class at the beginning of, if not
throughout, the period, a phenomenon that may have been enhanced
by increased spawning stocks reflecting recent management or
earlier voluntary actions.
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TI: Title
Fishery-independent recruitment indices for king and Spanish
mackerels

AU: Author
Collins, MR; Harris, PJ; Maier, PP

AF: Author Affiliation
South Carolina Department of Natural Resources, Marine Resources
Research Institute, Post Office Box 12559, Charleston, SC
29422-2559, USA

SO: Source
North American Journal of Fisheries Management [N. Am. J. Fish.
Manage.], vol. 18, no. 1, pp. 181-186, Feb 1998

IS: ISSN
0275-5947

AB: Abstract
We investigated whether the abundance of age-0 mackerels in a
fishery-independent trawl survey could be used to predict
abundance at age 1 for king mackerel Scomberomorus cavalla and
Spanish mackerel S. maculatus. After deletion of inappropriate
length-classes and partitioning by season, depth, and stratum,
subsets of the data set were compared to landings data and stock
assessment results from the National Marine Fisheries Service.
Total landings of age-1 Spanish mackerel were closely predicted (r
super(2) = 0.91) by catch per unit effort (CPUE) of age-0 fish
11-28 cm in fork length (FL) in samples taken by the Southeast
Area Monitoring and Assessment Program-South Atlantic (SEAMAP-SA)
during fall from shallow strata in the coastal waters of Georgia
and South Carolina (latitudes 30 degree 44'-33 degree 12'N;
SEAMAP-SA odd strata 31-49). The best predictor (r super(2) =
0.72) for age-1 king mackerel was CPUE of age-0 fish 9-30 cm FL in
SEAMAP-SA's fall samples from shallow strata in the coastal waters
of South Carolina and North Carolina (32 degree 04'-35 degree
15'N; SEAMAP-SA odd strata 41-67) collected the previous year. The
indices should be used with caution until data from additional
years become available for verification and incorporation.

TI: Title
Age and growth of king and Spanish mackerel larvae and juveniles
from the Gulf of Mexico and U.S. South Atlantic Bight.
AU: Author
De Vries, DA; Grimes, CB; Lang, KL; White, D
AF: Author Affiliation
NMFS, Southeast Fish. Cent., 3500 Delwood Beach Rd., Panama City,
FL 32407-7499, USA
SO: Source
Environmental biology of fishes. The Hague [ENVIRON. BIOL. FISH.],
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vol. 29, no. 2, pp. 135-143, 1990

IS: ISSN
0378-1909

AB: Abstract
Sagtittal otoliths from 50 king mackerel (Scomberomorus cavalla )
2.9-13.0 mm SL and 72 Spanish mackerel (Scomberomorus maculatus )
2.8-22.0 mm SL collected off the southeast U.S. were examined
whole at 400 x using a compound microscope-video system. Otoliths
of both species had visible, presumably daily, growth increments
as well as finer subdaily increments. Otolith growth was directly
proportional to growth in standard length for king (r super(2) =
0.91) and Spanish mackerel (r super(2) = 0.86). Spanish mackerel
were estimated to be 3-15 d old with a mean absolute growth rate
(SL/number of growth increments) and 95% confidence interval of
1.15 plus or minus 0.07 mm/d. The least squares linear equation:
SL =-1.30 + 1.31 (age in days), with r super(2) = 0.67 and p >
0.001, described the relationship between length and age. There
was a significant positive relationship between absolute growth
rate and fish length. King mackerel were estimated to be 3-15 d
old with a mean absolute growth rate of 0.89 plus or minus 0.06
mnvd. Growth rate of king mackerel was slightly higher for fish
from the Mississippi River plume than from all other locations
combined, while Spanish mackerel growth rates were not
significantly different.

TI: Title
Selectivity of gill nets used in the commercial Spanish mackerel
fishery of Florida.

AU: Author
Ehrhardt, NM; Die, DJ

AF: Author Affiliation
Div. Biol. and Living Resour., Rosenstiel Sch. Mar. and Atmos.
Sci., Univ. Miami, 4600 Rickenbacker Causeway, Miami, FL 33149,
USA

SO: Source
Transactions of the American Fisheries Society [TRANS. AM. FISH.
SOC.], vol. 117, no. 6, pp. 574-580, 1988

IS: ISSN
0002-8487

AB: Abstract
Selection curves of encircling (run-around) and drifting (stab)
gill nets used in the winter fishery for Spanish mackerel
Scomberomorus maculatus off southern Florida were estimated by use
of cumulative probability distributions of retention girth at
length. Selection curves corresponded well with observed size
frequencies obtained from each mesh size. Increasing differences
between maximum and head girth perimeters as fish grew resulted in
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selection curves indicating increased selection range and
efficiency. Selectivity of Spanish mackerel gill nets will change
as the condition of the fish changes with the onset of the
spawning season. Apparently, selectivity also changes with twine
size.

TI: Title
Size-structured yield-per-recruit simulation for the Florida
gill-net fishery for Spanish mackerel.

AU: Author
Ehrhardt, NM; Die, DJ

AF: Author Affiliation
Div. Biol. and Living Resour., Rosenstiel Sch. Mar. and Atmos.
Sci., Univ. Miami, 4600 Rickenbacker Causeway, Miami, FL 33149,
USA

SO: Source
Transactions of the American Fisheries Society [TRANS. AM. FISH.
SOC.], vol. 117, no. 6, pp. 581-590, 1988

IS: ISSN
0002-8487

AB: Abstract
The authors estimated the effects of gill-net mesh size
regulations on the yield per recruit of Spanish mackerel
Scomberomorus maculatus in Florida. Yield per recruit was
calculated with a simulation model that incorporated seasonal
fishing rates by sectors (recreational and commercial) and
size-varying availabilities of fish to the gear and retention
probabilities once fish encountered the gear. Gains in yield (g)
per recruit were always obtained by increasing mesh size, gill-net
fishing mortality, or both. Adoption of a hinimum length above the
present enforced minimum 30.5 cm fork length may result in
considerable gains in yield per recruit. This, however, depends on
the assumption that there is no cryptic mortality of undersized
fish in the recreational fishery.

TI: Title
Age and growth of Spanish mackerel, Scomberomorus maculatus , from
Florida and the Gulf of Mexico.
AU: Author
Fable, WA Ir; Johnson, AG; Barger, LE
AF: Author Affiliation
Southeast Fish. Cent. Panama City Lab., Natl. Mar. Fish. Serv.,
NOAA, 3500 Delwood Beach Rd., Panama City, FL 32407-7499, USA
SO: Source
Fishery Bulletin [FISH. BULL.], vol. 85, no. 4, pp. 777-783, 1987
IS: ISSN
0090-0656
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AB: Abstract
Otoliths from 1,787 Spanish mackerel, Scomberomorus maculatus ,
were used to estimate age and growth rates of this species from
Florida and the Gulf of Mexico. There was a wide range of lengths
within an age group: the oldest male was 7 years old, while the
oldest female was 9 years old. Length at age was significantly
different for sexes, sampling areas, and collection gear.

TI: Title
The Atlantic Spanish mackerel, Scomberomorus maculatus , new to
Nova Scotia and Canada.
AU: Author
Gilhen, J; McAllister, DE
AF: Author Affiliation
Nova Scotia Mus., 1747 Summer St., Halifax, N.S. B3H 3A6, Canada
SO: Source
Canadian field-naturalist. Ottawa ON [CAN. FIELD-NAT.], vol. 103,
no. 2, pp. 287-289, 1989
IS: ISSN
0008-3550
AB: Abstract
A single Atlantic Spanish mackerel, Scomberomorus maculatus taken
by Victor Kiley off Sauls Island 44 degree 28'25"N, 63 degree
47'00"W, 4 October 1985, is the first record for Canadian waters.
The species has previously been taken north as far as Monhegan
Island, Maine. Spots on its sides, a black area on the front of
the first dorsal fin and high vertebral count distinguish it from
other Canadian Scombridae. Its occurrence in Nova Scotian waters
does not appear to be explainable by passive transplant in the
Gulf Stream as is invoked for northern records of less active
swimmers.

TI: Title
Composition and storage stability of Spanish mackerel and related
species

AU: Author
Hale,M.; Rasekh,J.

AF: Author Affiliation
U.S. Natl. Mar. Fish. Serv., Southeast Fish. Cent., Charleston, SC
29412, USA

CA: Corporate Author
TAMU-SG-79-101

CF: Conference
Presented at : 3. Annu. Tropical and Subtropical Fisheries
Technological Conference of the Americas, New Orleans, LA (USA), 23
Apr 1978

SO: Source
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In : Proceedings of the third annual tropical and subtropical
fisheries technological conference of the Americas, Rep. Tex. A and M
Univ. Sea Grant Program, Publ. by : Texas A and M University, College
Station, TX (USA), Sep 1978, p. 268-277

NT: Notes
En

ER: Environmental Regime
Marine

AB: Abstract
The U.S. commercial landings for Spanish mackerel (Scomberomorus
maculatus ) set new records in 1976 for both volume and value.
Despite this fact, these species have not reached their commercial
potential and may be considered underutilized. The major
technological barrier to full utilization of the Scomberomorus
species is a limited stability in frozen storage due to the
development of oxidative rancidity. Preliminary results of a frozen
storage study with Spanish mackerel indicate that treatment of
fillets with an ascorbic acid solution is beneficial to quality
preservation, but the use of carboxymethylcellulose dips does not
appear to be worthwhile.

TI: Title
The catch of king mackerel and Spanish mackerel in the commercial
shrimp fishery of South Carolina

AU: Author
Harris, PJ; Dean, M

AF: Author Affiliation
Belle W. Baruch Institute for Marine Biology and Coastal Research,
University of South Carolina, Columbia, SC 29208, USA

CF: Conference
Symp. on the Consequences and Management of Fisheries Bycatch,
Dearborn, MI (USA), 27-28 Aug 1996

SO: Source
FISHERIES BYCATCH: CONSEQUENCES & MANAGEMENT,, 1997, pp. 21-29

IB: ISBN
1-56612-048-9

NU: Other Numbers
AK-SG-97-02

AB: Abstract
The shrimp industry is an extremely important fishery in South
Carolina (SC), where an average of 2,383 tons of shrimp worth
about $11.8 million were landed between 1978 and 1992. An average
of 1,043 commercial permits were issued each year (SAFMC 1993).
The commercial and recreational fisheries for king mackerel
(Scomberomorus cavalla) and Spanish mackerel (Scomberomorus
maculatus) are also important fisheries in South Carolina.
Juvenile king and Spanish mackerel were known to be taken as
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bycatch off SC. Collins and Wenner (1988) documented that tongue
nets, which were being increasingly used (Edwards 1987), appeared
to catch more king and Spanish mackerel per hour than semiballoon
nets. We hypothesized that the mortality of the juvenile king and
Spanish mackerel in SC shrimp trawls had a detrimental effect on
the Atlantic group adult mackerel populations. We tested this
hypothesis by addressing several objectives: (1) to quantify the
number of mackerel taken as bycatch, (2) to estimate the statewide
bycatch of mackerels, and (3) to include these data in the

estimate of the population size of Atlantic king and Spanish
mackerel, and test to see if the sizes of the populations were
significantly increased.

TI: Title
Characterization of king mackerel and Spanish mackerel bycatches
of South Carolina shrimp trawlers

AU: Author
Harris, PJ; Dean, IM

AF: Author Affiliation
South Carolina Marine Resources Division, Post Office Box 12559,
Charleston, SC 29422, USA

SO: Source
North American Journal of Fisheries Management [N. Am. J. Fish.
Manage.], vol. 18, no. 2, pp. 439-453, May 1998

IS: ISSN
0275-5947

AB: Abstract
Juvenile king mackerel Scomberomorus cavalla and Spanish mackerel
S. maculatus are caught by commercial shrimp trawlers in South
Carolina. Our study documented the extent and duration of this
bycatch during the commercial shrimp trawling season in South
Carolina waters. Sampling was conducted onboard commercial shrimp
vessels based in McClellanville, South Carolina, during 1991 and
on vessels based in McClellanville, Charleston, and Beaufort in
1992. Eight vessels and 137 trawl tows (mean tow duration, 2.88h)
were sampled; 81 king and 257 Spanish mackerel were collected. The
mean annual sample catch per unit effort (CPUE) of king mackerel
was 0.244 fish/h; adjusted for traw] footrope length in meters,
the mean annual total CPUE was 0.038 fish/(h times m). King
mackerel were found in only 21% of the tow samples, and peak
catches occurred in October 1991 and September 1992. The mean
annual sample CPUE for Spanish mackerel was 0.701 fish/h, and the
mean annual total CPUE was 0.109 fish/(h times m). Spanish
mackerel were found in 41% of the tow samples, and peak catches
occurred in July of both years. Age-0 king mackerel are vulnerable
to shrimping gear for at least half of the South Carolina shrimp
season, which generally runs from May through December, and age-0
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Spanish mackerel are vulnerable for most of the shrimping season.

TI: Title
Electrophoretic Patterns of Proteins in Spanish Mackerel
(Scomberomorus maculatus ).
AU: Author
Johnson, AG
CA: Corporate Author
Natl. Marine Fish. Serv., Panama City, FL (USA). Southeast Fish.
Center
SO: Source :
NOAA TECH. MEMO., NOAA/NMFS, PANAMA CITY, FL (USA), 1981, 12 pp
PB: Publisher
NOAA/NMFS, PANAMA CITY, FL (USA)
NU: Other Numbers
NOAA-TM-NMFS-SEFC-76
AB: Abstract
The biochemical variations and electrophoretic patterns found in
tissues of Spanish mackerel (S. maculatus ) using starch gel
electrophoresis are reported. The exmination was performed in
order to find biochemical variants which may be useful to identify
stocks, and to estimate the amount of genetic variation in this
species. Ten of the 44 loci studied were found to be polymorphic.
The variant systems were alpha-glycerophosphate dehydrogenase,
. lactate dehydrogenase (B locus), malate dehydrogenase, malic
enzyme (two variant systems), glutamic dehydrogenase, esterase,
peptidase, adenoside, deaminase, and phosphoglucose isomerase.

TI: Title
Use of otolith morphology for separation of king mackerel
(Scomberomorus cavalla) and Spanish mackerel (Scomberomorus
maculatus)

AU: Author
Johnson, AG

AF: Author Affiliation
Natl. Mar. Fish. Serv., Southeast Fish. Sci. Cent., Panama City
Lab., 3500 Delwood Beach Rd., Panama City, FL 32408, USA

SO: Source
Gulf of Mexico Science [GULF MEX. SCL.], vol. 14, no. 1, pp. 1-6,
1996

IS: ISSN
1087-688X

AB: Abstract
Shapes of otoliths (sagittae) of king and Spanish mackerel
(Scomberomorus cavalla and S. maculatus) were compared using
theta-rho analysis aided by digitized computer methods. Otoliths

. from three king mackerel groups [Yucatan (Mexico), northwest
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Florida, and North Carolina] and one Spanish mackerel group were
examined. Seven analytical combinations of measurements were
tested. Intraspecific separation was highest using two truss

systems (66.7-70.0% and 57.7-77.5%) and interspecific separation
was highest using length and width radii (91.7%).

TI: Title
Management of a Multigear Fishery Exploiting a Highly Migratory
Stock: Spanish Mackerel, Scomberomorus maculatus, in the Eastern
Gulf of Mexico

AU: Author
Legault, C

AF: Author Affiliation
University Of Miami, FL, USA

SO: Source
Dissertation Abstracts International Part B: Science and
Engineering [Diss. Abst. Int. Pt. B - Sci. & Eng.], Feb 1998, vol.
58, no. §, p. 3981

NT: Notes
Thesis publ. date: 1997, 241pp. Source UMI, 300 N Zeeb Rd, POB
1346, Ann Arbor, MI 48106, USA (800.521.0600) or
www.umi.com/hp/Products/Dissertations.html.

NU: Other Numbers

~ AAT 9805924

AB: Abstract
Three specific problems created by a multigear fishery exploiting
a highly migratory population were examined: (1) use of catch per
unit effort to reflect population abundance for a migratory stock;
(2) seasonal fisheries not adhering to the assumption ofa
constant annual fishing mortality rate during the year; and (3)
the ability to allocate a total quota amongst user groups to
achieve a given management goal. The theoretical basis for each
problem was examined and simulations incorporating some aspects of
uncertainty from the real world were conducted based on the
Spanish mackerel, Scomberomorus maculatus, fishery in the eastern
Gulf of Mexico. Three catch per unit effort (CPUE) indices were
compared in ability to reflect changes in population abundance of
a migratory species: whole season, fully available and maximum. An
algorithm was developed to correct annual observed catches from
seasonal fisheries to meet the assumption of a constant fishing
mortality rate during the year. A separate algorithm was developed
to allow incorporation of additional constraints to match the
allocation scheme when computing a total quota for multiple gears.
A migratory age and size based fishery simulation model (MASFISH)
was created to examine these problems and potential solutions for
the Spanish mackerel fishery in the eastern Gulf of Mexico.
Application of the model consisted of six experiments. Two stock
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assessment experiments examined the ability of the three CPUE
indices and two types of catch (observed and corrected) to

estimate population abundance when used in tuned virtual
population analysis. Four management experiments examined the
ability to recover an overexploited stock under the twelve total
combinations comprised of three CPUE indices, two types of catch,
and two methods of setting quotas (incorporating or independent of
quota allocations). The three CPUE indices performed nearly
identically, while the corrected catch outperformed observed

catch, and the inclusion of quota allocations when setting the

quota produced better management than computing the total quota
independent of the quota allocation.

TI: Title
Annotated bibliography of four Atlantic scombrids: Scomberomorus
brasiliensis, S. cavalla, S. maculatus , and S. regalis
AU: Author .
Manooch,C.S.; Nakamura,E.L.; Hall, A.B.
AF: Author Affiliation .
US Natl. Mar. Fish. Serv., Southeast Fish. Cent., Panama City, FL, USA
CA: Corporate Author
National Marine Fisheries Service, Seattle, WA (USA). Scientific
Publications Staff
SO: Source
Publ. by : NOAA/NMFS; Seattle, WA (USA), Dec 1978, 169 p, NOAA Tech.
Rep
NT: Notes
Also as: NMFS Southeast Fisheries Center Contribution No. 77-01B
ER: Environmental Regime
Marine
AB: Abstract
Annotated references are presented on 570 papers published from 1973
to 1977. A subject index is included for each species and cover a
variety of topics ranging from taxonomy to commercial and
recreational fishing.

TI: Title
[Biological aspects of Scomberomorus maculatus (Mitchill), caught by
gill nets]

OT: Original Title
Aspectos biologicos da serra, Scomberomorus maculatus (Mitchill),
capturada por currais-de-pesca

AU: Author
Menezes Ferreira, M.de

AF: Author Affiliation _ o
Lab. Cienc. Mar, Univ. Fed. Ceara, Fortaleza, Ceara, Brazil

SO: Source
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Argq. Cienc. Mar., 16(1), 45-48, (1976)

ER: Environmental Regime
Marine

AB: Abstract
This paper gives some information on basic biological characteristics
of the population of Spanish mackerel, Scomberomorus maculatus
(Mitchill), concerning size distribution, sex-ratio and reproductive
activity. Spanish mackerel is caught by gill-nets and fishing-weirs,
and the size distribution from each gear has been shown to be
different, smaller fish being caught in a lower proportion by
fishing-weirs. The size distribution from fishing-weir catch samples
is thought to be closer to the population distribution, given the
probable non-selectivity of that type of fishing gear. Very little
reproductive activity has been observed to take place in the studied
area (northwest of Ceara State - Brazil), the reason for that lying
probably with the fact that Spanish mackerels spawn outside the
catching range of fishing-weirs. Further evidence to this fact is
provided by the high sex-ratio in favour of females (1 male: 3 . 3
female) in all seasons of the year. It cannot be known as yet whether
the gathered information represent the true facts or there are
sampling errors involved, further sampling in offshore areas being
needed in order to confirm of deny the data.

TI: Title
Effects of storage time and temperature on the microflora and
amine development in Spanish mackerel (Scomberomorus maculatus ).
AU: Author
Middlebrooks, BL; Toom, PM; Douglas, WL; Harrison, RE; McDowell, S
AF: Author Affiliation
Dep. Biol. Sci., Univ. Southern Mississippi, Hattiesburg, MS
39406, USA
SO: Source
Journal of Food Science [J. FOOD SCI.], vol. 53, no. 4, pp.
1024-1029, 1988
IS: ISSN
0022-1147
AB: Abstract
Microbial content was characterized and levels of three amines
were determined in Spanish mackerel (Scomberomorus maculatus )
decomposed at 0 degree C, 15 degree C, and 30 degree C for varying
lengths of time. A total of 14 bacterial species with histidine
decarboxylase activity were isolated from decomposing fish,
including three species (Acinetobacter Iwoffi, Pseudomonas
putrefaciens , and Aeromonas hydrophila ) not previously reported
to have the potential to produce histamine.

TI: Title

A-74
Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

Bycatch in the Gulf of Mexico shrimp fishery

AU: Author
Nance, JM; Scott-Denton, E

AF: Author Affiliation
National Marine Fisheries Service, Galveston Laboratory, 4700
Avenue U, Galveston, TX 77551, USA

CA: Corporate Author
Commonwealth Scientific and Industrial Research Organ.,
Collingwood (Australia)

CF: Conference
2. World Fisheries Congress, Brisbane (Australia), 28 Jul-2 Aug
1996

ED: Editor
Hancock, DA (eds); Smith, DC(eds); Grant, A(eds); Beumer, JP(eds)

SO: Source
Developing and sustaining world fisheries resources. The state of
science and management., CSIRO, Collingwood (Australia), 1997, pp.
98-102

IB: ISBN
0-643-05985-7

PB: Publisher
CSIRO, Collingwood (Australia)

AB: Abstract
Over the past 5 years a total of 3653 observer days have been
secured by shrimp bycatch observers in the Gulf of Mexico and
along the east coast of the United States of America. Analysis
revealed that on average about 27 kg of organisms per hour are
taken during trawling operations in the Gulf of Mexico.
Examination of the composition of the organisms revealed that
about 68% of the catch by weight is composed of finfish (mostly
groundfish), 16% by commercial shrimp species. 13% by
non-commercial shrimp crustaceans and 3% by non-crustacean
invertebrates. Although groundfish species make up the majority of
the bycatch taken in shrimp trawls, 3 species (king mackerel,
Scomberomorus cavalla, Spanish mackerel, S. maculatus and red
snapper, Lutjanus compechanus) have received a great deal of
attention because of their commercial and recreational importance
and the potential for significant impacts on their population
abundance through shrimp trawling activities. Average catch of
these 3 species is generally below 0.5 kg per hour.

TI: Title
Biological and fisheries data on Spanish mackerel, Scomberomorus
maculatus (Mitchill)
CA: Corporate Author o
National Marine Fisheries Service, Highlands, NJ (USA). Northeast
Fisheries Center
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SO: Source
Publ.by: NOAA/NMFS, Highlands, NJ (USA)., Nov 1977., 58 p., Tech. Ser.
Rep. NOAA/NMFS Northeast Fish. Cent.

NT: Notes
Includes bibliography; 99 ref.

PB: Publisher
Publ.by: NOAA/NMFS, Highlands, NJ (USA).

ER: Environmental Regime
Marine

AB: Abstract
This synopsis of biological and fisheries data on the Spanish
mackerel, S.maculatus, is based on existing literature. Information
is given on the nomenclature, taxonomy, morphology, distribution,
bionomics and life history, population structure, exploitation,
protection and management of these fish which are found from the
western Atlantic Ocean from Maine and Bermuda to Santos, Brazil,
including the Gulf of Mexico and the water around Cuba, but is absent
from the rest of the West Indies.

TI: Title
Results of a king mackerel (Scomberomorus cavalla) and Atlantic
Spanish mackerel (Scomberomorus maculatus) migration study, 1975-79

CA: Corporate Author
National Marine Fisheries Serv., Panama City, FL (USA). Southeast
Fisheries Cent.

SO: Source
Publ. by: NOAA/NMFS; Panama City, FL (USA)., Mar 1980., 24 p., NOAA
Tech. Memo.

ER: Environmental Regime
Marine

AB: Abstract
The Panama City and Port Aransas Laboratories tagged and released
2,731 king and 745 Atlantic Spanish mackerel in a 1975-78 study of
their movements and migration. From those releases, 59 (2.2%) of the
king mackerel and 44 (5.9%) of the Atlantic Spanish mackerel were
subsequently recaptured. The tagged recoveries revealed an annual
migration by king mackerel from south Florida waters north to the
northeast coast of the Gulf of Mexico and west to South Texas waters
in the spring and return to south Florida in the fall. Mixing of Gulf
fish in the winter with Atlantic fish north to Ft. Pierce was
disclosed by tagged recaptures. Fragmented evidence was obtained that
Atlantic Spanish mackerel made an annual migration from wintering
grounds off south Florida and Campeche-Yucatan to summer grounds

2 along the northern Gulf coast and a return migration in the fall.

TI: Title i
Stomach contents of juveniles of king mackerel (Scomberomorus
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cavalla ) and Spanish mackerel (S. maculatus ).
AU: Author
Naughton, SP; Saloman, CH
AF: Author Affiliation
SEFC, NMFS, NOAA, Panama City Lab., 3500 Delwood Beach Rd., Panama
City, FL 32407, USA
SO: Source
NORTHEAST GULF SCI., vol. 5, no. 1, pp. 71-74, 1981
IS: ISSN
: 0148-9836
AB: Abstract
Some trawl-caught king and Spanish mackerel (Scomberomorus cavalla
and S. maculatus ) were examined as regards their diet. Data
indicate both to be carnivorous, primarily piscivorous, as
juveniles. Engraulidae (Anchoa sp) and Clupeidae (Brevoortia and
Opisthonema oglinum ) are the dominant food organisms in the diet
of small trawl-caught mackerel.

TI: Title .
Abundance of Spanish mackerel, Scomberomorus maculatus , in the
southeastern United States based on charterboat CPUE data,
1982-85.

AU: Author
Palko, BJ; Trent, PL; Brusher, HA

AF: Author Affiliation
Panama City Lab. Southeast Fish. Cent., NMFS, NOAA, 3500 Delwood
Beach Rd., Panama City, FL 32407, USA

SO: Source
Marine Fisheries Review [MAR. FISH. REV ], vol. 49, no. 2, pp.
67-77, 1987

IS: ISSN
0090-1830

NT: Notes
Special issue: Marine recreational fisheries and fishing.

AB: Abstract
Catch per unit effort (CPUE) data for Spanish mackerel,
Scomberomorus maculatus , over a broad geographic area were
obtained from charterboats. In 1982, a survey was initiated to
obtain daily catch and effort data on fishes commonly caught by
charterboats in the southeast United States. Boat effort and
Spanish mackerel CPUE data obtained from this survey during
1982-85 were analyzed. The offshore fishing zone (> 10 fathoms)
received the highest amount of trolling and "other fishing"
efforts; the nearshore fishing zone ( less than or equal to 10
fathoms) received the second highest trolling effort and lowest
"other fishing" effort; the estuarine fishing zone received the
lowest trolling effort and the second lowest "other fishing"
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effort. CPUE of Spanish mackerel by "other fishing" was much lower
than trolling for most areas and years. CPUE was highest in the
estuarine zone when compared with the nearshore and offshore
zones. Significant differences in CPUE among years were detected
only in North Carolina and Louisiana.

TI: Title
Daily age and growth of larval and early juvenile Spanish
mackerel, Scomberomorus maculatus, from the South Atlantic Bight

AU: Author
Peters, JS; Schmidt, DJ

AF: Author Affiliation
Dep. Biol., Coll. Charleston, 66 George St., Charleston, SC 29424,
USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 95, no. 3, pp. 530-539, Jul
1997

IS: ISSN
0090-0656

AB: Abstract
Age and growth of larval and juvenile Spanish mackerel,
Scomberomorus maculatus, were determined by examining increments
of daily growth on the otoliths (lapilli) of specimens collected
along the southeastern Atlantic coast, 1983-89. Marginal increment
analysis was performed on 152 fish (7.4-97.0 mm SL) to validate
the deposition of daily rings. A mean standardized marginal
increment (SMI) was calculated by comparing the width of the
marginal increment to the adjacent increment on the lapilli of
fish captured over a diel cycle. The distribution of mean SMI was
unimodal. A nonlinear equation was used to model growth (In SL =
6.2 - 55.1/Age). Based on this growth equation, predicted absolute
growth rates for the first 23 days of life were approximately 1.9
mm/day, followed by a surge of rapid growth approaching 5.0 mm/day
over the next 17 days. Absolute growth rates subsequent to 40 days
of age were 2.1 mm/day.

TI: Title
Stock assessments for U.S. stocks of king and Spanish mackerels:
1983-1992

AU: Author
Powers, JE; Thompson, NB

AF: Author Affiliation
NOAA/NMFS, Southeast Fish. Sci. Cent., Miami Lab., 75 Virginia
Beach Dr., Miami, FL 33249, USA

SO: Source
Collective volume of scientific papers. International Commission
for the Conservation of Atlantic Tunas/Recueil de documents
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scientifiques. Commissio internationale pour la Conservation des
Thonides de I'Atlantique/Coleccion d documentos cientificos
[COLLECT. VOL. SCI. PAP. ICCAT/RECL. DOC. SCI. CICTA/COLECC. DOC.
CIENT. CICAA], vol. 40, no. 2, pp. 391-398, 1993

IS: ISSN
1021-5212

NU: Other Numbers
ICCAT SCRS/92/25

AB: Abstract
Age-based stock assessment analyses have been completed annually
for king (Scomberomorus cavalla) and Spanish mackerel (8.
maculatus) for the Gulf of Mexico and Atlantic stocks,
respectively. For these analyses, catch-at-age data are integrated
into virtual population assessment and are calibrated using CPUE
values from selected areas. Results of these analyses are used to
determine biological reference points and to project forward in
time to determine allowable catch for the upcoming fishing year.
Estimates of current spawning stock biomass relative to historical
estimates are evaluated to determine which stocks are over-fished.

TI: Title
Differences in hemoglobin phenotypes among Spanish mackerel,
Scomberomorus maculatus .
AU: Author
Skow, LC; Chittenden, ME Jr
AF: Author Affiliation
Dep. Wildl. and Fish. Sci., Texas A&M Univ., College Station, TX
77843, USA
SO: Source ,
NORTHEAST GULF SCI., vol. 5, no. 1, pp. 67-70, 1981
IS: ISSN
: 0148-9836
AB: Abstract
Electrophoretic evidence is presented for the existence of at
least 2 populations of S. maculatus . Starch-gel electrophoresis
of mackerel (Scomberomorus ) blood samples show the hemoglobins to
resolve into 2 bands thus indicating genetic variation.

TI: Title
Comparison of the catch from tongue and two-seam shrimp nets off
South Carolina

AU: Author
Stender, BW; Barans, CA

AF: Author Affiliation
Mar. Resour. Res. Inst., South Carolina Wildl. and Mar. Resour.
Dep., PO Box 12559, Charleston, SC 29422-2559, USA

SO: Source
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North American Journal of Fisheries Management [N. AM. J. FISH.
MANAGE.], vol. 14, no. 1, pp. 178-195, 1994

IS: ISSN
0275-5947

AB: Abstract
Before the gears were used for catch comparisons, a two-seam net
and a tongue trawl were evaluated for changes in net dimensions
with fishing depth and tow direction. When towed as it would be
during catch comparisons, the two-seam net had a width of 16.1 m
and was estimated to extend 2.1 m vertically at the center of the
headrope. The horizontal spread of the tongue trawl was 13.5 m and
its vertical spread was 4.2 m at center. Small, statistically
consistent differences in openings (<0.5 m) occurred with depth
and direction. The major factor influencing changes in catch
(kg/ha) with depth (10-fold increase in shallow water) appeared to
be the faunal distribution with depth, independent of towing
characteristics. Differences in biomass (kg/tow, kg/ha), and in
the biomass (kg/ha) ratios of taxa to shrimp between the two-seam
and tongue trawls were documented for eight major biological
groups. Major differences in total catch by net occurred between
years primarily because of changes in the catch of miscellaneous
invertebrates and shrimp. Significant differences in the lengths
of nine priority species occurred between the two gears. Mean
lengths in the two nets differed by more than 1 cm for spot
Leiostomus xanthurus (which was larger in the tongue net),
Atlantic croaker Micropogonias undulatus (larger in the two-seam
net), and Spanish mackerel Scomberomorus maculatus (larger in the
tongue net). Mean ratio of fish to shrimp biomass was 31:1 overall
(21:1 for the two-seam net and 41:1 for the tongue trawl). Ratios
of total biomass and the biomass of any taxonomic grouping to
shrimp biomass did not differ statistically between the two gears.
Biomass ratios were recalculated from published data by a standard
methodology. Subsequent comparisons indicated increases in the
ratios over time and highlighted a need to validate the technique
of subsampling heterogenous trawl samples. Finfish by-catch in
both gears was dominated by sciaenids (44% by weight of all fish).
Red drum Sciaenops ocellatus spotted seatrout Cynoscion nebulosus
snappers (Lutjanidae), and groupers (Epinephelinae) were not
caught by either net. Catches of Spanish mackerel and king
mackerel Scomberomorus cavalla were documented and warrant further
investigation to evaluate the effects of by-catch on local
populations.

Rachycentron canadum

A-80
Draft Mackerel/Cobia SAFE Report




Appendix A. Results From Literature Search

TI: Title
. Biochemical and histological changes during ovarian development of

cobia, Rachycentron canadum, from the northern Gulf of Mexico

AU: Author
Biesiot, PM; Caylor, RE; Franks, JS

AF: Author Affiliation
Dep. Biol. Sci., Univ. South. Mississippi Hattiesburg, MS
39406-5018, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 92, no. 4, pp. 686-696, 1994

IS: ISSN
0090-0656

AB: Abstract
Female cobia, Rachycentron canadum, were sampled on their spawning
grounds in the northern Gulf of Mexico to study changes in
proximate analysis (protein, lipid, carbohydrate, and ash) of the
ovaries during gonadal maturation. Four major stages of oocyte
development were studied: stage 1, previtellogenesis; stage 2,
vitellogenesis; stage 3, final maturation; and stage 4,
postovulation. Cobia are multiple spawning fish; therefore,
ovaries engaged in a sequential round of oogenesis were
distinguished as stages 1' and 2'. Protein was the major
constituent of cobia ovaries and its contribution remained fairly

. constant (49-55% of the dry weight) throughout all stages of

development. Lipid was the second most abundant component but the
levels, ranging from 21 to 41%, changed depending on the stage of
ovarian development. Lipid concentration increased from stage 1
through 3 and decreased slightly in stage 4; it was lower in
stage-1 than in stage-1' ovaries but was the same in stages 2 and
2'. Carbohydrate was the least abundant component (3-4%) whereas
ash ranked third (6-20%). Most cobia were in prespawning condition
(stages 1-3) when they arrived in the northern Gulf of Mexico in
April and May; some prespawning fish (stages 1 and 2) were also
observed in August and September about a month or two before
migration to the overwintering grounds normally occurs. Cobia
undergoing sequential spawning episodes (stages 1' and 2') were
captured from April through August. Gonosomatic indices (GSI) were
calculated both for ovarian developmental stage and for month of
capture. Mean GSI increased as ovarian development proceeded and
decreased during postovulation; GSI for month of capture was
highest during April and May when the prespawning fish first
appeared in northern Gulf of Mexico waters.

TI: Title
. Larval development, distribution, and ecology of cobia
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Rachycentron canadum (family: Rachycentridae) in the northern Gulf
of Mexico

AU: Author
Ditty, JG; Shaw, RF

AF: Author Affiliation
Coast. Fish. Inst., Wetland Resour. Build., Louisiana State Univ.,
Baton Rouge, LA 70803-7503, USA

SO: Source
Fishery Bulletin [FISH. BULL.], vol. 90, no. 4, pp. 668-677, 1992

IS: ISSN
0090-0656

AB: Abstract
Cobia (Rachycentron canadum) is a highly prized recreational
species of worldwide distribution in tropical and subtropical
seas, but the development, distribution, and ecology of its early
life stages are poorly known. Eggs are spherical, average 1.24 mm
in diameter, and have a single oil globule (mean diameter 0.45
mm). The perivitelline space is narrow and the embryo heavily
pigmented. Eggs hatch in about 24 h at 29 degree C based on the
relationship between egg diameter and water temperature to predict
development time in other marine fishes. Larvae hatch at about 2.5
mmSL. Cobia spawn in both estuarine and shelf waters during the
day, and eggs and larvae are usually collected in the upper meter
of the water column. Larvae are recognized by the large
supraorbital ridge with a single spine, laterally swollen
pterotics, heavy body pigmentation, minute epithelial spicules
covering the body integument, and a pair of moderate-to-large,
simple spines on either side of the angle of the posterior
preoperculum. Only 70 larvae <20 mmSL were collected and
identified from the Gulf of Mexico between 1967 and 1988; most
occurred between June and September at surface temperatures
greater than or equal to 25 degree C, salinities > 27 ppt, and
within the 100 m depth contour. Similar patterns of head spination
provide evidence of a sister-group relationship between cobia
(Rachycentron canadum) and dolphinfish rather than that previously
hypothesized between cobia and remoras.

TL: Title
A pugheaded cobia (Rachycentron canadum) from the north central
Gulf of Mexico

AU: Author
Franks, JS

AF: Author Affiliation
Gulf Coast Res. Lab., P.O. Box 7000, Ocean Springs, MS 39566-7000,
USA

SO: Source
Gulf Research Reports [GULF RES. REP.], vol. 9, no. 2, pp.
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143-145, 1995

IS: ISSN
0072-9027

AB: Abstract
A pugheaded cobia (Rachycentron canadum) captured in the
Northcentral Gulf of Mexico represents the first record of
pugheaded in cobia. The specimen, a 4-year-old gravid female,
exhibited considerable distortion of the premaxillary and
maxillary bones, with the length of the snout 46% shorter than
that of a normal cobia of the same length. The anomaly had no
apparent effect on feeding, since the stomach contained a
substantial amount of food, and the fish was the same length
expected of a normal 4-year-old cobia.

TI: Title
Stomach contents of juvenile cobia, Rachycentron canadum, from the
northern Gulf of Mexico
AU: Author
Franks, JS; Garber, NM; Warren, JR
AF: Author Affiliation
Gulf Coast Res. Lab., P.O. Box 7000, Ocean Springs, MS 39566-7000,
USA
SO: Source
Fishery Bulletin [FISH. BULL.], vol. 94, no. 2, pp. 374-380, 1996
IS: ISSN
0090-0656
AB: Abstract
This paper represents the first study describing specifically the
diet of juvenile R. canadum.

TI: Title
Gonadal maturation in the cobia, Rachycentron canadum, from the
Northcentral Gulf of Mexico

AU: Author
Lotz, JM; Overstreet, RM; Franks, JS

AF: Author Affiliation
Gulf Coast Res. Lab., P.O. Box 7000, Ocean Springs, MS 39566-7000,
USA

SO: Source
Gulf Research Reports [GULF RES. REP.], vol. 9, no. 3, pp.
147-159, 1996

IS: ISSN
0072-9027

AB: Abstract
Gonadal maturation of cobia, Rachycentron canadum, was evaluated
by examining 508 specimens from its recreational fishery.
Specimens were collected off southeast Louisiana to northwest
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Florida by hook-and-line during February through October
1987-1991. Fork lengths (FL) of these fish ranged from 580-1,530
mm, with corresponding weights of 2.0-43.5 kg. The female:male
ratio was 1:0.37. Using a combination of oocyte size-frequency and
histological assessment of many of the fish, we determined that
females were ripe from May through September, with atretic oocytes
occurring in some fish from July through October. Degenerating
hydrated oocytes in July and October and the presence of resting
ovaries in July suggest two major spawning periods; however,
monthly gonosomatic indices peaking in May, followed by a steady
decline, do not support that finding. Ovaries were placed into
undeveloped, early developing, mid-developing, or late developing
categories based upon oocyte size-frequency distributions.
Developing ovaries had two or three modes of oocytes larger than
30 mu m. Batch fecundity was estimated to be 2.6x10 super(6) to
1.91x10 super(8) oocytes, depending on the size of fish/ovaries.
The smallest female with oocytes exhibiting vitellogenesis was 834
mm FL. This fish was 2 years old based its otolith evaluation. The
smallest male with an abundance of spermatozoa in its testes was
640 mm FL and 1 year old based on otolith evaluation; smaller
males were not examined. Females larger than 840 mm FL had
vitellogenic oocytes in March and April. A few fish still had
vitellogenic oocytes in early October, but none did by late

October. When Gilson's fluid was used to assess ovarian tissue,

the fresh weight of the tissue was reduced by 20% after being
stored for 3 months. The diameter of oocytes shrunk about 25% in
Gilson's fluid which was 11% less than those fixed in formalin,
embedded in paraffin, and sectioned. Tissue sections from specific
individuals, each demonstrating a variety of different
developmental stages, were similar regardless of whether they were
obtained from the anterior, middle, or posterior portion of either
ovary.

TI: Title
Food of cobia, Rachycentron canadum from the Northcentral Gulf of
Mexico

AU: Author
Meyer, GH; Franks, JS

AF: Author Affiliation
Univ. Southern Mississippi, Dep. Biol. Sci., Box 5018,
Hattiesburg, MS 39406-5018, USA

SO: Source
Gulf Research Reports [GULF RES. REP.], vol. 9, no. 3, pp.
161-167, 1996

IS: ISSN
0072-9027

AB: Abstract
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The stomach contents of 403 cobia, Rachycentron canadum, caught in
the Northcentral Gulf of Mexico recreational fishery from April
through October of 1987-1990 were examined. Cobia ranged from
373-1,530 mm in fork length. Of the 403 stomachs, 287 (71.2%)
contained at least one identifiable prey taxon. Crustaceans,
consisting primarily of portunid crabs, were the predominant food.
Crustaceans occurred in 79.1% of the stomachs and comprised 77.6%
of the total number of identifiable prey. The second most

important prey category was fish which was dominated by hardhead
catfish, Arius felis, and eels. Fish occurred in 58.5% of the
stomachs but only accounted for 20.3% of the total number of prey.
The importance of fish as prey increased with increasing size
(length) of cobia, with the largest size class of cobia

(1,150-1,530 mm FL) showing the highest percent frequency
occurrence of fish prey (84.4%). There were no significant
differences between the diets of male and female cobia. Species
composition of the diet indicated that cobia examined in this

study were generalist carnivores in their feeding habits and fed
primarily on benthic/epibenthic crustaceans and fishes. However,
the occurrence of pelagic prey provided evidence of diversity in

the foraging behavior of cobia. Feeding in cobia indicated their
dependence upon prey availability rather than upon a few specific
food organisms.

TI: Title
Synopsis of biological data on the cobia Rachycentron canadum

Pisces: Rachycentridae.

AU: Author
Shaffer, RV; Nakamura, EL

CA: Corporate Author
National Marine Fisheries Serv., Panama City, FL (USA). Southeast
Fisheries Cent.

SO: Source
NOAA TECH. MEMO., 1989, 28 pp

NT: Notes
NTIS Order No.: PB90-171513/GAR.

NU: Other Numbers
NOAA-TM-NMFS-82

AB: Abstract
Information on the biology and fisheries of cobia, Rachycentron
canadum , is compiled and reviewed in the FAO species synopsis
style. Topics include taxonomy, morphology, distribution,
reproduction, pre-adult and adult stages, food, growth, migration,
population characteristics, and various aspects of exploitation.
Data and information were obtained from unpublished as well as
published sources. (Also pub. as Food and Agriculture Organization
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of the United Nations, Rome (Italy), Fishery Resources and

Environment Div rept. no. FAO-FISHERIES SYNOPSIS-153. Sponsored by
Food and Agriculture Organization of the United Nations, Rome

(Italy). Fishery Resources and Environment Div.).
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> @ ‘&._ National Dceanic and Atmospheric Administration
o NATIONAL MARINE FISHERIES SERVICE

oy,
oy

an
Y
o

Frargs of
Southeast Regional Office
9721 Executive Center Drive N.
St. Petersburg, FL 33702
(727) 570-5335; FAX (727) 570-5300

March 24, 1999 F/SERX1:RCR:dcp

Mr. Robert Mahood, Executive Director
South Atlantic Fishery Management Council
1 Southpark Circle, Suite 306

Charlotte, SC 29407

Dear Bob,

Enclosed are lists of contributions to the SAFE reports for the FMPs under your Council’s
jurisdiction. The lists represents contributions sent directly to our office as of Friday,
March 19, 1999, and also includes some items extracted from Council briefing books and other

. sources.

Dr. Kemmerer recently announced that the responsibility for SAFE reporting is being transferred
from the Fisheries Economics Office to the Sustainable Fisheries Division (Dr. James Weaver).
The March 19, 1999 cut-off date for this report has been established to avoid confusion during
the transition period. The Fisheries Economics Office will temporarily maintain a file of new
contributions received after March 19, 1999. These documents will be given to the Sustainable
Fisheries Division at the time the transition is completed and they become responsible for

maintaining the SAFE files.

Sincerely yours,

7S

Richard C. Raulerson, Chief
Fisheries Economics Office

Attachment: Lists of SAFE Contributions !

| RECEIVE
cc: F/SE - Andrew Kemmerer/Carol Ballew ]
F/SER2 - James Weaver/Mike Justen 1142 2
F/SF - George Darcy/Richard Surdi
SEFSC - Brad Brown/Alex Chester
F/SECT7 - John Merriner

F/SECS - Tom Mcllwayne

ime
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oo

r~a
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(da]
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Stock Assessment and Fisheries Evaluation Report Contributior

Gulf of Mexico/South Atlantic Fishery Management Councils
Coastal Migratory Pelagics

Title Contributor Date
Characterization of the Dolphin Fish (Coryphaenidae Nancy Thompson, SEFSC, February 1998
Pices) Fishery of the United States Western North Atlantic | Miami, FL
Ocean, MSAP198/03 -
1998 Report of the Mackerel Stock Assessment Panel Mackerel Stock Assessment | Meeting held March 23-
' : Panel Final Report 4/27/98
Presentation on Report of the 7th Coa.stal.l\«ﬁgratory John Vondruska Presentation given at

Pelagics Socioeconomic Panel March 23-25, 1998 - SERO-
ECON-98-08

meeting in New Orleans
April 20-21, 1998

Report of the Seventh Coastal Migratory Pelagics
Socioeconomic Panel Meeting

Socioeconomic Panel

March 23-25, 1998 Mex¢
Miami, FL

Commercial Landings of Coastal Migratory Pelagic Fish,
East and Gulf Coasts, 1962-1997 - SERO-ECON-98-16

John Vondruska
NMES - SERO

March 20, 1998

Application of a Stochastic Age-Structured Production
Model to Gulf of Mexico Spanish Mackerel - MSAP/98/13

CM. Legualt and V. R.
Restrepo

March 1998
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Delta Lognormal Estimates of Bycatch for Gulf of Mexico

\ CM. Legault and M, Ortiz - | March 1998
King and Spanish Mackerel and Their Impact on Stock NMFS-

Assessment and Allowable Biological Catch - MSAP/98/12 | SEFSC

What if Mixing Area Fish are Assigned to the Atlantic Christopher M. Legault - March 1998
Migratory Group Instead of the Gulf of Mexico Migratory | NMFS - SEFSC

Group? MSAP/98/10 .

Stock Assessment Analysis on Atlantic Migratory Group C.M. Legault, N. Cummings, | March 1998
King Mackerel, Gulf of Mexico Migratory Group King and P. Phares - NMFS -

Mackerel, Atlantic Migratory Group Spanish Mackerel, SEFSC

and Gulf of Mexico Migratory Group Spanish Mackerel

MSAP/98/09 , :
The potential impact of juvenile king mackerel P. J. Harris and J.M. Dean, February 1998

(Scomberomorus cavalla) and Spanish mackerel (S.
Maculatus) shrimp trawl bycatch mortality on southeast
Atlantic adult populations. MSAP/98/01

South Carolina Marine
Resources Division

Characterization of the King mackerel and Spanish
mackerel bycatch of South Carolina shrimp trawlers

Patrick J. Harris and John M,

Dean

February 1998

Estimates of Bycatch of Mackerel and Cobia in U.S. South
Atlantic Shrimp Trawls - MSAP/98/03

Douglas S. Vaughan and
James M. Nance

February 19, 1998

Some Discussion on the Methods and Potential Use of
Federal Fishing Permits data in Descriptive Fishery
Analysis, with Emphasis on Commercial Fishing for
Mackerels - SERO-ECON-98-11

John Vondruska

December 9, 1997
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Updated Projections of Gulf of Mexico Migratory Group Joseph E. Powers and Patricia | April 1997

King Mackerel and Atlantic Migratory Group Spanish Phares

Mackerel - MSAP/97/1

Some Discussion of Data on Commercial Landings of John Vondruska, NMFS Prepared for GOMFMC

Coast‘al Migratory Pelagic Species and Federal Fishing Fish Fishery Socioecono

Permits Panel Meeting on April
1997

Report of the Sixth Coastal Migratory Pelagics Socioeconomic Panel May 7, 1997

Socioeconomic panel Meeting . .

Some Discussion of Data on Commercial Landings of John Vondruska, SERO Socioeconomic Assess

Coastal Migratory Pelagic Species and Federal Fishing Panel of the GOMFMC

Permits, SERO-ECON-98-05 | April 23-25, 1997

Recreational Fishery Data, Coastal Migratory Pelagics Stephen G. Holiman, SERO | Prepared for the Gulf of

Fishery, SERO-ECON-97-02 , Fishery Management Cc
Reef Fish Fishery Socio
Panel Meeting on April
1997

Recreational Fishery Data Coastal Migratory Pelagics Stephen G. Holiman, SERO | April 1997

Fishery, SERO-ECON-97-02

1997 Report of the Mackerel Stock Assessment Panel

Mackerel Stock Assessment
Panel

March 31-April 4, 1997

Description of Boats with Federal Fishing Permits in 1997 -
SERO-ECON-98-14

John Vondruska - NMFS-
SERO

March 5, 1997

A Compilation of Spanish Mackerel Abundance Indices
Developed for the 1996 Mackerel Stock Assessment

Nancie Cummings - NMFS-
SEFSC

March 1997
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Landings Estimates Under a Zero King Mackerel Bag Limit
for Charterboat Captains and Crew in the Gulf of Mexico

Stephen G. Holiman

Florida Marine Fisheries
Commission Meeting
October 7-9, 1996

Summary Statistics and Discussion on the Recreational
King Mackerel Fishery of the Gulf of Mexico,
SERO-ECON-96-13

Stephen G. Holiman

June 1996

1996 Report of the Mackerel Stock Assessment Panel

Mackerel Stock Assessment
Panel

Meeting held April 15-18

Recreational Fishery Data Gulf of Mexico Coastal Stephen G. Holiman April 1996
Migratory Pelagics Fishery, SERO-ECON-96-12 !
Assessment of the Status of Cobia in the Gulf and Atlantic | Nancy R. Thompson March 1993

- A Working Paper Presented to the Mackerel Stock
Assessment Panel - MSAP/93/9
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4/27/98
1998 REPORT
OF THE MACKEREL STOCK ASSESSMENT PANEL

Prepared by the Mackerel Stock Assessment Panel
- at the Panel Meeting Held March 23 - 26, 1998

Gulf of Mexico Fishery Management Council
The Commons at Rivergate
3018 U.S. Highway 301 North, Suite 1000
Tampa, Florida 33619-2266
813-228-2815

® :

South Atlantic Fishery Management Council
Southpark Building, Suite 306
1 Southpark Circle
Charleston, South Carolina 29407-4699
803-571-4366

m--mdhwdmrmmwwnmmrm Council p to National Oceanic and
Atmospheric Adminstration Award No. NASTFC0003 snd NATTFC0004
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SUMMARY OF RECOMMENDATIONS

|—E%ROUP ABC (RANGE) of OY= Transitional | Static OVERFISHED/
yield SPR % SPR% | OVERFISHING

King mackerel: 9.3 (8.4 - 11.9) million Ibs 39 (36-42) 36 Not overfished*

.| Atlantic migratory @F 4 static SPR Not overfishing
group
King mackerel: 8.7(7.1-10.8) millionIbs. [ 23(20-27) |21 Overfished
Gulf migratory group | @Fso, static SPR Overfishing
Spanish mackerel: 6.6 (5.4 - 8.2) million Ibs. 40 (36-44) 42 Not overfished*
Atlantic migratory @F  static SPR Not overfishing
group
Spanish mackerel: 10.3 (7.3 - 14.1) million Ibs. | 35 (30-39) 47 Not overfished*
Gulf migratory group | @F;n; static SPR Not overfishing

* The "not overfished" recommendations are based on the Council's overfished criterion of 30%

SPR for mackerel.

Notes: Transitional spawning potential ratio (SPR) (calculated from fishing mortality rates by age
and year) is used to determine whether a stock is currently in an overfished status.

Static SPR (projected from most fecent years fishing mortality rates) is used to determine
whether a stock is being fished at a rate that will eventually lead to an overfished status,

i.e. overfishing.

Acceptable biological catch (ABC) and Transitional SPR are presented at the 50*
percentile mark of probability. The range (in parentheses) is presented for ABC between
the 16* percentile and the 84" percentile and for transitional SPR from the 10® percentile

to the 90™ percentile. '
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1998 REPORT OF THE MACKEREL STOCK ASSESSMENT PANEL (MSAP)
March 23 - 26, 1998
MIAMI, FLORIDA.-

L INTRODUCTION

At the direction of the Gulf of Mexico and South Atlantic Fishery Management Councils
(Councils), the Mackerel Stock Assessment Panel (Panel) met in Miami from March 23 - 26, 1998,
The tasks for this Panel are specified by the Councils in Amendment 1 to the Fishery Management
Plan (FMP) for the Coastal Migratory Pelagic Resources (Mackerels) dated April, 1985 (and
subsequent amendments). Most recently, Amendment 8 includes a modified framework that
respecifies the Panel’s charge (See Appendix A). Previous Panel reports reflect the actions required
by subsequent amendments.

Amendment 6 required full stock assessments every other year, and Amendment 8 requires full
stock assessments in even numbered years. Accordingly, this year's assessments for Atlantic and Gulf
migratory groups of king and Spanish mackerel are full assessments.

The list of documents that were reviewed by the Panel is included in the Literature Cited section.
Copies of documents are available from the Councils or the Southeast Fisheries Science Center
(SEFSC).

IL OVERFISHED, OVERFISHING, AND TARGET (OPTIMUM YIELD) CRITERIA

The current definitions of overfished, overfishing, target Optimum Yield (OY), and a rebuilding
program, as approved under the Coastal Migratory Pelagics Fishery Management Plan (FMP), as
amended, are as follows:

Overfished: A mackerel stock or migratory group is considéred to be overfished when the transitional
SPR falls below 30%.

Qverfishing: When a stock or migratory group is not overfished (transitional SPR equal to or greater
than 30%), the act of overfishing is defined as harvesting at a rate that exceeds the fishing mortality
rate associated with a threshold static SPR of 30% (i.e., Fyp). If fishing mortality rates that exceed
the level associated with the static SPR threshold rate are maintained, the stock may become
overfished. Therefore, if overfishing is occurring, a program to reduce fishing mortality rates toward
management target levels (OY) will be implemented, even if the stock or migratory group is not in
an overfished condition (Amendment 8).

For species like cobia, when there is insufficient information to determine whether the stock or
migratory group is overfished (transitional SPR), overfishing is defined as a fishing mortality rate in
excess of the fishing mortality rate corresponding to a default _threshold static SPR of 30%. If

C-4
Draft Mackerel/Cobia SAFE Report




Appendix C. 1998 Report of the Mackerel Stock Assessment Panel (March 23-26,1998)

overfishing is occurring, a program o reduce fishing mortality rates to at least the level corresponding
to management target levels will be implemented (Amendment 8).

Target Optimum Yield (OY): The South Atlantic Council's target level or OY is 40% static SPR_

The Gulf Council's target level or OY is 30% static SPR. ABC is calculated relative to the probability

of achieving the target level or OY fishing mortality rate in the following fishing year (SAFMC = 40%
_static SPR and GMFMC = 30% static SPR).

ildi : When a stock or migratory group is overfished (transitional SPR less than
30%), a rebuilding program that makes consistent progress towards restoring stock condition must
be implemented and continued until the stock is restored beyond the overfished condition. The
rebuilding program must be designed to achieve recovery within an acceptable time frame as specified
by the Councils. The Councils will continue to rebuild the stock until the stock is restored to the
management target (OY) within a unspecified time frame.

IOIL. DATA SOURCES AND ANALYTICAL METHODOLOGY
A. AVAILABLE DATA TO ASSESS MACKEREL STOCKS

Data from a variety of sources were included in these assessments. Revised recreational landings and
intercept data for 1995 and 1996, as well as preliminary estimates for 1997 came from the Marine
Recreational Fisheries Statistical Survey (MRFSS). Additional recreational landings and catch rate
information came from NMFS's Headboat Survey and Texas Parks and Wildlife Department Creel
Survey. Commercial landings for 1996 were revised and preliminary estimates for 1997 used in these
assessments came from NMFS's General Canvass. Commercial catch rates came from the Trip
Interview Program (TIP) and Florida's Marine Fisheries Information System (Trip Ticket Program).

Auxiliary information included size and sex of fish from the commercial fishery, aging from
collections of otoliths, numbers of juveniles from Atlantic SEAMAP, and catch rates from numerous
directed fisheries. Due to time constraints, updated larval information from Gulf SEAMAP sampling
was not available for this year’s assessments. Last year, the Panel requested that analyses be
performed to quantify the effects that various sampling designs and sample sizes have on assessment
results. Although this research activity was considered during operations planning, the Gulf Council
placed highest priority on completing full assessments of all mackerel stocks; and under the
accelerated delivery schedule for this assessment, evaluations of this nature could not take place. The
‘Panel again requests that these analyses be performed because the results of the analyses and the
Panel’s subsequent recommendations are highly dependent on these statistics. ——

Table 1 shows biological sampling and sampling fractions used in various analyses fbr Atlantic and
Gulf migratory groups of king and Spanish mackerel.

C-5

Draft Mackerel/Cobia SAFE Report




Appendix C. 1998 Report of the Mackerel Stock Assessment Panel (March 23-26,1998

‘e 1. Spanish mackerel biologicsl samples and sampling fractions

Migratery Fishing Year -
__ Growp 1987 1922 1980 1990 1221 1992 1993 1994 1995 1996 *
Age Samples (number of specimens aged for age-length keys):
ATL 246 174 212 507 625 631 451 200 295 544,
GLF imn 276 &79 1019 BT 987 358 612 422 266
Age Sample Fractions (expressed as & of directed fisheries catch in numbers):
ATL 0.007 0.004 0.006 0.015 0.014 0.020 0.013 0.005 0.013 0.020
GLF 0.01 0.007 0.020 0.037 0.021 0.026 0.011 0.020 0.03 0.017
Length Samples (number of specimens measured):
ATL 6724 4165 6159 11194 15619 17609 13295 12927 4684 6997
GLF 12625 18016 9637 5686 10687 8541 923 4655 4075 2346
Length Sample Fractions (expressed as % of directed fisheries catch in numbers) :
ATL 0.192 0.095 0.185 0.330 0.357 0.505 0.385 0.304 0.207 0.247
GLF 0.375 ° 0.473 0.410 0.209 0.2561 0.224 0.246 0.175 0.224 0.149
*Re: 1995-1996 length samples - Spanish mackerel commercial net samples from North Carolina were not available in 1995-1997,
Table 1.(cont.) King mackerel biological samples and sampling fractions
Migratory Fishing Year
Growp 1986 1987 1988 1989 1990 1991 1992~ 1903 1994 1995 1994 .
Age Samples (number of specimens aged for age-length keys) :
ATL s 498 &40 B34 907 T4 1246 780 BOS 410 a3
GLF 302 846 660 812 572 1339 12N 1213 R arr - 1607
Age Sample Fractions (expressed as % of directed fisheries cateh in numbers):
ATL . 0.038 0.056 0.049 0.130 0.121 0.080 0.132 0.130 0.133 0.13¢9 0.119
GLF 0,049 0.201 0.102 0.116 0.080 0.139 0.122 0.127 0.086 0.118 0.154
Length Sample:; (number of specimens measured):
ATL 8232 12736 8909 8233 8599 10203 9356 5692 7961 4181 6265
GLF 7807 6287 5570 6215 4164 12726 13055 7581 7614 9267 7013
Length Sample Fractions (expressed as & of directed fisheries catch in numbers):
ATL 0.842 1.428 0.994 1.261 1.147 1.092 0.993 0.948 1.310 0.650 0.896
GLF 1.270 1.491 0.860 0.891 0.57% 1.324 1.253 0.796 0.678 1.000 0.673
3
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B. ANALYTICAL METHODOQLOGY

As in previous assessments, the status of exploitation of Atlantic and Gulf group king and Spanish
mackerels is currently evaluated using age-based sequential virtual population analysis (VPA) models.
Age-structured models require that the catches by species and migratory group be assigned ages.
Catch-at-age data by group through fishing year 1996/97 developed for the 1998 mackerel
assessments were used in the population assessments, The VPA models were calibrated with
abundance indices from fisheries dependent CPUE data and from fisheries independent resource
surveys. In the past, the age-specific selectivities in the most recent year were estimated from a
separable VPA; however, this year's analyses used an iterative procedure to estimate those
selectivities. Population sizes and fishing mortality rates were estimated using the ADAPT method

(Restrepo 1996).

The results of the stock assessment analyses were used to evaluate the status of the stocks relative
to specific biological reference points, and project forward in time to determine the ABC ranges for
fishing year 1998/99. As in previous assessments, the fishing mortality rates (F’s) were estimated in
the VPA based on observed catches in 1996/97 and preliminary catch estimates for 1997/98. Catches
for the remainder of 1997/98 were based on projected harvest rates. The estimated F's in 1996/97,
1997/98, and the target F's in 1998/99 were used to project stock sizes and catches through 1998/99
and to determine ABC ranges for that year. The projection model estimates future yields from the
recreational sector in numbers and from the commercial sector in pounds using F ., for Atlantic coast
species and F,,, for Gulf coast species. Details of these estimates and projections are prescnted in
Legault et al. (1998). )

The effects of uncertainty in key parameter estimates and data sources on the ABC ranges for each
of the mackerel species and migratory groups were evaluated by using a mixed Monte
Carlo/bootstrap method to generate ABC probability distributions. The key parameters of catch at
age, natural mortality rate at age, and abundance indices were assumed to be random variables
exhibiting either known probability distributions or a distribution of the observed residuals from the
original fit. Bootstrap analyses were repeated 400 times, and projections were made using fishing
mortality rates corresponding to static spawning potential ratios of 5% to 50%. The probability
distributions from the 400 results per each fishing mortality rate were used to construct confidence
intervals surrounding the ABC estimates,

Because the distributions are skewed, the upper portion of the ABC ranges are much more difficult
to determine and less certain than the central portion (median or 50® percentile mark) of the ABC
ranges. Consequently, the Panel strongly recommends that the Councils adopt a more risk adverse
approach by choosing the median (50%) of the ABC range, as the upper bound instead of the 84th
percentile. At the med:an, there are about even odds of achieving the Councils’ goals (F3, SPR -
Gulf Council and F 5 SPR - South Atlantic Council).

The method of calculating current SPR, called transitional SPR, continues to follow the recent
recommendations of Mace et al. (1996). Transitional SPR uses estimated year and age-specific
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fishing and natural mortality rates as well as average fecundity to calculate SPR on a per recruit basis.
Mace et al. (1996) also recommended using static SPR for projections or the evaluation of alternative
management options. Static SPRs are calculated by estimating the equilibrium age-structure
associated with the most recent fishing mortality rates.

C. REVIEW AND EVALUATION OF SHRIMP TRAWL BYCATCH DATA

1. DELTA METHOD VERSUS GLM

In previous Gulf king and Spanish mackerel stock assessments, a generalized linear model (GLM)
approach was used to estimate annual bycatch of mackerels in shrimp trawls (Nichols et al, 1987).
In the GLM approach, the raw data are first transformed by adding a constant (1.0) to each CPUE
value, and then the log of (CPUE + 1) is used as input data for the analysis. The addition of a
constant is necessary because the raw values are mostly of zeros. They must be transformed because
the log of zero is undefined. Two problems with using this approach are: 1) transformed data may
not meet the GLM assumption of normality, and 2) the constant added to the CPUE values is not an
arbitrary scalar because different values of the transformed constant yield different results in the
bycatch estimates. To address these problems and consider possible alternative methods to estimate
bycatch, the Panel reviewed the delta lognormal method, as presented by Legault and Ortiz (1998).

The delta lognormal method is a two-part process that first estimates the probability of encountering
a fish (i.e. a tow with a king or a Spanish mackerel), and then estimates the expected value if a
positive value is encountered. The estimated portion of positive tows is multiplied by the estimated
CPUE, given that a positive tow has occurred. A stratum is the combinations of data set, year,
season, area, and depth zone factors used in the model fitting. Bycatch CPUE is estimated by
multiplying the results within each stratum. The approach may prove to be more robust statistically;
however, there is a high probability that the delta-method bycatch estimates are biased due to the
overwhelming dominance of zero values in the mackerel bycatch data sets (Legault and Ortiz 1998).
Because the direction and magnitude of potential biases are unknown, the Panel opted to retain the
~ GLM estimation procedure in the 1998 Gulf king and Spanish mackerel stock assessments. The
Panel will review the appropriateness of using the delta method as more data become available.

2. ATLANTIC GROUP KING & SPANISH MACKEREL BYCATCH DATA

The Panel reviewed several estimates of mackerel bycatch in the southeast Atlantic shrimp trawl
fisheries. One approach used SEAMAP data and two methods of estimation for the years 1992-1997.
The two estimation methods are essentially based upon stratum-by-stratum expansions of bycatch by
either shrimp effort expressed as numbers of tows or by the ratio of finfish to shrimp. For the 1996
assessment, the Panel elected to include estimated bycatch for 1992-1994, based on the effort
expansion method, with the caveat that the available estimates were both very imprecise and highly
variable from year to year, Upon further review of estimates for 1992-1997 using the same
methodology, the Panel no longer supports inclusion of these estimates of annual bycatch in the VPA
analyses because of the very high variability of the estimates. Furthermore, the number of sampled
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shrimp trips is very low and has decreased since 1994-1995. For example, in 1996/1997, there were
no samples available to characterize nearly 60% of the trips by strata.

For this year’s assessment, the Panel reviewed another proposed method of bycatch estimation based
on sampling conducted in South Carolina during 1991 and 1992. This approach estimated the total
regional bycatch for 1981-1995 by expanding mackerel catch per tow by an estimate of the total
number of tows. The Panel does not feel that the limited sampling of this study (137 trips sampled
from 3 ports over 2 years) is adequate for use as a regional bycatch estimate in the stock assessment.

Although bycatch of both Spanish and king mackerel is known to occur in southeast Atlantic shrimp
traw] fisheries, to-date no acceptable method of estimating the magnitude of that bycatch has been
derived. Further, the large variability of the available estimates both between and within years
hampers attempts to provide meaningful average estimates. The Panel concluded that the best
approach was to estimate ABC ranges without including any bycatch estimates. The Panel noted,
however, that this approach could cause overestimation of SPR values if bycatch is occurring.

D. STOCK IDENTIFICATION OF KING MACKEREL

The present management regime specifies two migratory groups for management purposes based on
tagging data, growth rate differences, and temporal differences in the fisheries: the Gulf migratory
group and the Atlantic migratory group (although fish captured in the eastern Gulf of Mexico off west
Florida are genetically indistinguishable from the Atlantic). The Atlantic migratory group that occurs
along the U.S. east coast to New York mixes with the Gulf migratory group along southeast Florida
in winter. For management and stock assessment purposes, the boundary between migratory groups
currently is specified as the Volusia/Flagler county border along the Florida east coast in winter
(November 1 - March 31) and the Monroe/Collier county border on the southwest Florida coast in
summer (April 1 - October 31). Those boundaries were established based upon the results of mark-
recapture studies conducted from 1975-1979.

The 1996 Panel report includes a review of the Working Group’s report on stock identity and mixing.
After a review of those findings, the Panel concluded that “the biological information supports a zone
of mixing on the Florida east coast. The current boundary was specified by the Councils at the
Flagler/Volusia county boundary. The Councils should be reminded that the east coast of Florida in
the winter is a zone of mixing and that both Gulf and Atlantic migratory group fish occur there at that
time. It is our understanding that some of the reasons that the original boundary was chosen was to
provide greater biological protection to the overfished Gulf migratory group.”

Tagging data from the 1970s indicated that during winter the Atlantic and Gulf migratory groups of
king mackerel mix off the southeastern coast of Florida. The extent of mixing is not well-known, but
it has been estimated at over 50 %. Both Councils continue to question the extent of mixing between
the Gulf and Atlantic migratory groups, particularly in south Florida.. Consequently, investigations
to identify fish belonging to each of the migratory groups continues. This year, the Panel reviewed
a draft paper by DeVries and Grimes (in prep.) that examined the potential of using otolith shape
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analysis to distinguish between the Gulf and Atlantic migratory groups in the mixing zone. An image
analysis system was developed and used to evaluate otolith shape using otoliths collected from female
king mackerel that were caught during summer in the Atlantic (SC, GA, and NE FL) and the Gulf
(NW FL). Using otolith shape characteristics as classification variables, a multivariate, discriminate
functions analysis was used to classify fish caught in the mixing zone during November-March as
belonging to either the Gulf or Atlantic migratory groups. In a preliminary study using females
collected from 1986-1993 (n = 355), Atlantic and Gulf fish were correctly classified with a high
degree of accuracy (> 80 %), both by resampling the fish used to estimate the discriminate function
and by using an independent data set of fish from both areas (n = 105). Next, females were collected -
(n=363; FL =80 - 96 cm) on the spawning grounds of the Atlantic and Gulf during the summer of
1996. Otolith shape data from these fish were used to estimate a discriminate function that correctly
classified 77.1 % of Gulf fish and 85 % of Atlantic fich from an independent data set (n = 240). They
applied this discriminate function to otolith shape data from fish collected in the mixing zone (Cape
Canaveral to West Palm Beach, FL) during December and January 1996-97, and the discriminate
function estimated that 88 % of the mixing zone fish belonged to the Atlantic migratory group and
12 % belonged to the Gulf migratory group. The Panel re-estimated the mixing to correct for the
proportion not identified correctly. The corrected, preliminary proportions were 70% Atlantic
migratory group and 30% Gulf migratory group.

The Panel thinks this work is a unique and useful approach to estimating the dynamics of mixing in
the winter fishery of southeast Florida, and it may prove to be a useful management tool in allocating
mixing zone fish to either group. Before this technique is routinely utilized in king mackerel stock
assessment or management, however, the Panel recommends four issues for further study or
clarification: 1) variance estimates of the percent fish classified as belonging to each group are
needed; 2) the analysis needs to be adjusted for misclassification errors estimated in the rule
discriminate function when estimating percent mixing zone fish belonging to each group; 3) the
assumption that differences in growth rates between Atlantic and Gulf migratory group females are
driving the signals seen in otolith shapes needs to be tested; and 4) the temporal stability of the signal
between years and/or across age classes needs to be tested.

After discussing the mixing issue, the Panel decided not to change their 1996 conclusions. Otolith
shape analyses hold promise as a method to estimate rates of mixing; however, more research is

needed (See Future Research and Assessment Considerations section). Additionally, this and other
methods (e.g., otolith chemical analysis) should continue to be evaluated.

IV. STATUS OF THE STOCKS
1. Atlantic Migratory Group King Mackerel ' —-
Landings and History of Management

Catches since 1981/82 have ranged from a low of 5.93 million pounds in 1994/95 to a high of 9.62
million pounds in 1985/86 (Table 2) (Figure ATK -1). Projected fishing year 1997/98 landings were
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“estimated using the recreational estimates from the most recent 12-month period available, current
commercial quota monitoring reports or dealer surveys, and personal communications with fisheries
statistics personnel. For Atlantic group king mackerel, the 1997/98 projected landings are:

Commercial
Recreational
Total

2.52 million pounds*
6.00 million pounds (574,000 fish)
8.52 million pounds .

* the commercial fishery closed on March 27, 1998 following the . filling of the commercial
allocation of TAC.

Estimates of Fishing Mortality Rates

The pooled fishing mortality rates (F’s) on age 3+ adults increased from just below 0.2 in 1982/83
to a high of about 0.3 in 1985/86 and then varied without trend around 0.2 between 1987/88 through
1992/93 (Figure ATK-2). From 1992/93 through 1994/95, fishing mortality declined to a low of
below 0.1, but it has increased each year since 1994/95. The median pooled F on ages 3+for 1997/98
was 0.11 per year within the 10® percentile to 90® percentile range of 0.08 to 0.13.

Trends in Recruitment

Recruitment for ages 1-2 was low in the 1980s, increased through the early 1990s, and then declined
to a low in 1994/95. It subsequently rebounded to its highest level in 1997/98 (Figure ATK-3).

. Trends in Biomass

Biomass estimates of ages 3+ showed a slight decline during the 1980s and subsequently increased
through 1997/98 (Figure ATK-4). Total biomass estimates have remained relatively stable (Figure
ATK-5).

Acceptable Biological Catch (ABC)

For the 1998/99 fishing year, given the South Atlantic Council's objective not to exceed F,,% SPR,
the Panel recommends the best estimate of yield to be 9.3 million pounds. There is a 50 percent
chance that a TAC of 9.3 million pounds will achieve a F,, SPR level, a 16 percent chance thata 11.9
million pound TAC would achieve a F,,SPR level, and an 84 percent chance that a TAC of 8.4
million pounds would achieve a F,,,,SPR level. Estimated landings for the last five years have
averaged 6.7 million pounds. —-
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Discussion of Stock Status

Landings of Atlantic group king mackerel in the last five years have averaged 6.7 million pounds; and
total landings have been below TAC in every year except 1997/98 (Table 2). The transitional SPR
has also steadily increased since about 1994, and the current estimate for 1998/99 is 39 percent. As
previously noted, SPR estimates are presented as “conditional on no bycatch.”

Overfishing
Static SPR was estimated at 36 percent based on the F multiplier for 1996-97 of 0.47. Consequently,

the Panel concludes that the Atlantic group king mackerel fishery was not overfishing the available
stock because the fishing mortality rate was less than F at 30% static SPR in 1996-97.

Qverfished Status

The Panel concludes that the Atlantic migratory group of king mackerel is not overfished because the
transitional SPR is estimated at 39 percent, which is above 30% (Figure ATK-6).

Draft Mackerel/Cobia SAFE Report



Appendix C. 1998 Report of the Mackerel Stock Assessment Panel (March 23-26,1998)

Lombined
Fishing Com Rec Tatal Com Rec Total Com Rec Total
%;:!82 «<0.5 3 3 275 494 769 276 &«97 772
1982/83 2 <0.5 2 380 530 910 382 530 911
1983 /84 1 <0.5 1 234 671 905 235 &N 906
1984 /85 0.5 <0.5 0.5 181 613 ™% 182 613 v
1985/86 1 <0.5 1 232 818 1050 233 B18 1051
1985/8T7 «<0.5 10 10 217 &%0 967 2m 700 ST7
1987/88 2 7 9 346 537 833 348 S4é 892
1988/89 2 13 15 339 543 - 882 340 556 897
1985/90 1 7 8 282 n 655 283 380 664
1990/91 2 2 5 308 437 T45 310 439 750
199192 3 10 13 293 628 921 296 639 934
1992/93 4 13 17 265 660 925 270 673 943
1993./94 2 17 20 223 358 581 225 3rs &00
1994 /95 ] 2 3 226 3 605 226 382 607
1995/96 1 1 2 179 %62 641 180 483 &4l
1996/97 0 1 2 315 383 698 316 384 700
1997/98

Combined
Fishing Com Rec Total Com Rec Total Com Rec Total
Year .
1981/82 3 28 31 2387 43% 6781 2390 4422 6812
1982/83 1% <0.5 1% 3924 52466 9170 3938 5246 9185
1983 /84 T <0.5 7 24634 6253 8687 2641 6253 B&S4
1984 /85 3 <0.5 3 19464 6131 BO7S 1947 6131 BO78
1985/86 10 2 12 2485 7119 9604 2495 721 9616
1986/87 & 78 81 2833 5901 ars 2837 597% 8816
1987788 16 49 &5 3435 3856 7293 3453 3905 7357
1988/89 15 122 137 3076 4759 7835 3091 4881 972
1989/90 10 72 a2 2625 3329 5954 2635 3400 £036
1990/91 15 1% 28 * 2662 3704 6366 2676 kgl 6394
1991792 22 93 115 2494 5730 8224 2516 5822 8338
1992/93 3 100 132 2195 6150 8345 2227 6251 BLTT
1993/ 20 219 240 1997 4219 6216 2018 4438 6456
1994/95 1 24 25 2196 3703 5900 2197 3r2s 5925
1995/96 10 13 24 1859 &140 5999 1870 4153 6023
1996/97 5 16 21 2697 4000 497 2702 4016 6718
1997/98 2520 6000 8520+

1997/98 landings are preliminary

Table 2. (cont.) King mackerel Atlantic stock management regulations. Pounds are in millions.

Fishing  ABC TAC Rec. Alloc./quota’ Rec, Bag Com. Allocation’
Year (lbs) (lbs) - (lbs / numbers) Limit (lbs)

1986/87 6.9 - 15.4 9.68 6.09 3 3.59 (PS=0.40)
1987788 6.9 - 15.4 9.68 6.09 3 3.59 (Ps=0,40)
1988/89 5.5 - 10.7 7.00 4.40 2 in fL, 3 GA-NC 2.60 (PS=D.40)
198%9/90 6.9 - 15.4 9.00 5.66 / 666,000 2 in FL, 3 GA-NC 3.34

1990/91 6.5 - 15.7 8.30 5.22 7 601,000 - 2 in FL, 3 GA-NY 3.08

1991/92 9.6 - 15.5 10.50 6.60 7/ 735,000 5 in FL-NY 3.90

1992/93 B.6 - 12.0 10.50 6.60 / 834,000° 2 in FL, 5 GA-NY 3.90

1993/9% 9.9 - 14.6 10.50 6.60 s 854,000 2 in FL, 5 GA-NY 3.90 —
1994,/95 7.6 - 10.3 10.00 6.29 / 709,000 2 in FL, 5 GA-NY .n

1995/96 7.3 - 15.5 7.30 -4.60 J 454,000 2 in FL, 3°.GA-NY 2.70

1996/97 4.1 - 6.8 6.80 4.28 / 438,525 2 in FL, 3 GA-NY 2.52

1997/98 4.1 - 6.8 6.80 4.28 / 438,525 2 in FL, 3 GA-NY 2.52

*Fishing year 1979/80 begins on 1 April 1979 and ends on 31 March 1980,

*Sume within rows may not sppear 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 yesr 1989).

‘The commercial allocation includes the purse seine allocations Listed.
*Bag limit will not be reduced to zero when allocation reached, beginning in fishing year 1992.
‘Bag limit reduced from 5 to 3 effective 1/1/96. '
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2. Gulf Migratory Group King Mackerel
Landings and History of Management

Catches since 1981/82 have ranged from a to a high of 12.3 million pounds in 1982/83 to a low of
3.0 million pounds in 1987/88 (Table 3 and Figure GK-1). Since 1986/87, landings have generally
. increased and have exceeded TAC in most years (Table 4). Preliminary estimates of 1997/98 landings
are: :

1997/98

Commercial ~ 3,390,000*

Recreational 8,393,226 (779,319 fish)**
Total 11,783,266

* The total commercial landings for the 1997 fishing year are expected to equal the allocated quota.
** This total was computed based upon 1996/97 average weights in the recreational fishery, plus
calendar landings based on 1996 headboat and Texas recreational levels and 1997 MRFSS data.

Estimates of Fishing Mortality Rates

Pooled F’s on age 4+ adults generally declined from 1981/82 to their lowest point in 1987/88. The
last peak in F was during the 1994/95 fishing year with lower, relatively stable levels since 1995
(Figure GK-2). The median pooled F on ages 4+ for 1997/98 was 0.19 per year within the 10*
percentile to 90* percentile range of 0.15-to 0.23.

Trends in Recruitment

Estimates of recruitment for ages 1-3 declined from 1981/82 to a low in 1984/85, then steadily
increased to a high in 1996/97 (Figure GK-3). The 1997/98 estimate is somewhat lower, as is the
1998 projection; however, recruitment is still higher than levels that existed prior to 1994.

Trends in Biomass

Biomass estimates of ages 4+ showed a steady decline from 1981/82 to 1987/88 but have since
increased to the current levels that are the highest in the time series (Figure GK-4). Total biomass
increased from.1981/82 to about 1988/89 and remained relatively stable thereafter (Figure GK-5).
The expected biomass at the beginning of the 1998-99 season is the highest in the time series. 4 note
of caution is that biomass has consistently lagged recruitment with an offset of about 3 years. Since
recruitment has remained level or may be declining, continued increases in biomass may nat_occur
in the short-term.
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- Acceptable Biological Catch (ABE)

For the 1998/99 fishing year, given the Gulf Council's objective not to exceed F 30% SPR, the Panel
recommends the best estimate of TAC to be 8.7 million pounds. There is a 50 percent chance that
a TAC of 8.7 million pounds will achieve a F,,, SPR level, a 16 percent chance that a 10.8 million
pound TAC would reach a F,,, SPR level, and an 84% that a TAC of 7.1 million pounds would
provide a Fy, SPR level. Clearly, the lower the TAC is set, the lower the probability of overfishing
during the 1998-99 fishing year. The Panel emphasizes that there are greater uncertainties with
regard to estimates above the S0® percentile mark. _

Dlscussmn of Stock Status

Landings of Gulf group kmg mackerel in the last five years have been the highest in the series since
1982/83, and total landings have exceeded TAC in every year since 1986 (Table 4). Since the
1986/87 fishing year, transitional SPR has varied between 20 and 25 percent with a slightly increasing
trend since 1995 (Figure GK-6). Transitional SPR for the 1998/99 fishing yea.r is estimated at 23
percent, which is below the Council’s objective.

Overfishing

Static SPR was estimated at 21 percent based on the F multiplier for 1996-97 of 1.00. Consequently,
the Panel concludes that the Gulf group king mackerel fishery was overfishing the available stock
because the fishing mortality rate was greater than F at 30 percent static SPR in 1996/97. If fishing
mortality continues at this rate, the fishery will remain overfished and will not be able to recover
above the 30 percent transitional SPR level.

Overfished Status

The Panel concludes that the Gulf migratory group of king mackerel is overfished because the
transitional SPR is below 30 percent. Although the Panel did not address rebuilding of the stock,
NMFS developed various scenarios for the Councﬂ s use should it desire to implement a' new
rebuilding schedule (Appendix B).
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Table 3, King Mackerel Gulf Stock catcn suwmary for rumber in thousands*'*'. The L1STINGS TOr tesT and WesT GUlt represent

catch estimetes derived by sssuming a zone of mixing between these two hypothesized stocks. The assumed mixing zone ranges
from Alabame through Texas with varisble proportions of the catch attributed to esch of the hypothesized stocks as 8 .

function of distance along the U.S5. Gulf of Mexico cosst.

East Gulf Mest Gulf *‘ us Gulf
fishing Year Com Rec Total Com Rec  Total Com Rec  Total
1981/82 654 172 827 <0.5 126 126 654 2% 953
1982/83 406 435 B4l &2 388 430 &49 823 121
1983 /84 380 270 630 2% T 0 389 -342 731
1984785 282 n7 599 kb 8 125 326 398 T24
1985/86 335 116 451 42 68 110 317 184 561
1985/87 153 384 538 19 58 k(4 172 442 615
1987/88 107 257 364 12 &6 58 119 303 422
1988/89 103 443 566 19 62 81 122 526 647
1989/90 156 469 625 27 45 3 184 514 698
1990/91 180 436 616 37 [ 103 217 502 719
1991/92 195 648 843 28 0 118 223 738 961
1992/93 340 540 281 70 92 162 410 632 1042
1993 /%4 215 560 775 52 125 17 267 685 952
1994795 281 709 1 55 a3 137 135 792 1128
1995/96 261 569 . &N &9 &5 114 290 634 925
1996/97 328 595 ye3 &9 69 118 3 664 1042
1997/98
Table 3 (cont.). King Mackerel Gulf Stock catch summary for weight in thousands of pounds®?*:,

West Gulf Us Gulf
Fishing Year Com Rec Total Com Rec Total Com Rec Total
1981782 5646 1425 7O <0.5 1476 1476 5646 2901  BS4E
1982/83 3802 3735 7538 B37 3958 4795 &640 7693 12333
1983/84 2624 1626 4250 348 812 1181 2972 2439 541
1984 /85 2601 2358 4959 603 ™1 1354 3205 3109 6313
1985/86 2976 979 3956 5T B52 1426 3550 1832 5382 -
1985/87 1165 2618 3784 308 650 958 1473 3269 4742
1987/88 690 1655 2345 178 490 658 B&B 2145 3013
1988/89 1103 4515 5618 303 761 1063 1405 5276 6681
1989/90 1521 2856 4377 432 504 937 1954 3380 5314
1990/ 1395 32B8 4683 421 664 1084 1816 3951 5TET
1991/92 1731 3966 5697 386 808 1194 2117 &T73 6890
1992/93 2839 5458 8297 760 800 . 1560 3599 6258 9857
1993/94 1954 4923 6877 618 1224 1841 25T2 6146 ° BT
1994795 2330 7205 9535 612 659 121 2042 TBA3Z 10806
1995/96 2101 5683 TT64 544 802 1146 2645 6265 BR10
1996/97 2328 6454 8782 525 700 1225 2853 7154 10007
1997/98 3390 8393* 11783~

* 1997/98 landings are preliminary.
Table 3. (cont.) King Mackerel US Gulf Stock management regulations. Weights are in millions of pounds.

ABC TAC Rec. Alloc./Quota® Rec. Bag Com. Allocation: East/West®*
- Fishing Ysar (lbs) (1bs) (lbs / numbers) Limit®
1986/87 1.2 - 2.9 2.9 1.97 2/3 FL-TX 0.93 : 0.60/0.27 + PS=0.06
1987/88 0.6 - 2.7 2.2 1.50 2/3 FL-TX 0.70 : 0.48/0.22
1988/89 0.5 = 4.3 3.4 2.3 2/3 FL=TX 1.09 : 0.75/0.34
1989/90 2.7 - 5.8 4.25 2.89 / 298,000 273 FL-TX 1.36 0.94/0.42
1990/91 3.2 - 5.4 4,25 2.89 / 301,000 2/3 FL-TX 1.36 : 0.94/0.42
1991/92 4.0 - 7.0 5.75 3.91 / 574,000 2 FL; 2/3 AL-TX 1.84 : 1.27/0.57
1992/93 4.0 -10.7 7.80 5.30 / 715,000 ' 2 FL-TX 2.50+0.259: 1.73+0.259/0.77"
1993/% 1.9 - 8.1° . 5.30 / 759,000 2 FL-TX 2.50 : 1.73/0.77
1994/95 1.9 - 8.1 7.80 5.30 / 768,000 2 FL-TX 2.50+0.300: 1.73+0.300/0.77%°
1995796 1.9 - 8.1 7.80 5.30 / 629,000 2 FL-TX 2.50 : 1.73/0.77
1996797 4.7 - 8.8 7.80 5.30 / 629,000 2 FL-TX 2.50 : 1.73/0.77
1997/98 6.0 - 13.7 10.60 7.21 7 2 FL-TX 3.39 : 2.34/1.05

iFishing yesr 1979/80 begins on 1 July 1979 and ends on 30 Junme 1980.

Igums within rows may not. appesr to equal-the total value -shown due-to rounding of -numbers before printing.

*Recrestional guota in numbers is the allocation divided by an estimate of snnual 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 (only HiL and runarcund gillnet
beginning 1990/91).

‘For guota monitoring, E/W com. allocations apply to East=(Florida) snd Wests(Alabame-Texas), not accounting for mixing.
70.259 willion 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 16X-84% to 16X-50X and Gulf Council selected TAC accepting greater than 50X risk
level, .

160,300 million pounds sdded to hock-and-line quota for Florida West Coast subzone

®
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. TABLE 4. Comparison of Gulf group king mackerel TAC and landin
over allocation for recreational and commercial sectors.

Commercial

gs by fishing year(million pounds); percent of total I

* 1997/98 landing!; are preliminary

14

TAC | Total =y

Year Landings | Allocation | Landings | % of % Over Allocation | Landings | % (
Landings | Allocation Lan

86/87 29 4.74 1.97 3.27 69% 66 .93 1.47 ;;
87/88 22 3.02 1.50 2,15 71% 43 .70 .87 29‘.'/‘.
88/89 34 6.69 231 5.28 79% 128 1.09 1.41 21'/‘.
89/90 425 |5.31 2.89 3.36 63% 16 1.36 1.95 37%
90/91 425 |577 2.89 3.95 68% ' 37 1.36 1.82 35
91/92 575 |6.89 3.91 471 69% 22 1.84 2.12 31‘;'
78 9.86 5.30 6.26 63% 18 2.50 3.60 37‘;1

78 |87 530 6.15 1% 16 2.50 2.57 29

94/95 78 10.8 5.30 7.86 73% 48 2.50 2.94 @
78 892 530 6.27 70% 18 2.50 2.65 30’/%

96/97 7.8 10.0 5.30 7.15 72% 35 2.50 285 28%

0
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3. Atlantic Migratory Group Spanish Mackerel
Landings and History of Management

The Atlantic group Spanish mackerel fishery has been fully regulated since 1986/87. While the
commercial quota has been met every year up to 1995/96, the total harvest has not exceeded the TAC
since the 1991/92 fishing year (Table 5) (Figure ATS-1), Additionally, the recreational sector has
not filled their allocation since 1990/1991.

Projected fishing year 1997/98 landings were estimated using the recreational estimates from the most
recent 12-month period available, current commercial quota monitoring reports or dealer surveys,
and personal communications with fisheries statistics personnel. For Atlantic group Spanish
mackerel, the 1997/98 projected landings are:

Commercial = 4.00 million pounds
Recreational = 1.35 million pounds (1,047,000 fish)
Total ' = 535

Estimates of Fishing Mortality

The fishing mortality rate on adults, ages (Age 2+), was slightly above 0.8 for fishing year 1984/85,
and declined to about 0.2 in the 1987/88 fishing year. From 1988/89 through 1994/95, F varied
around 0.4 and then declined in 1995/96. The trend has been upwards since 1995/96 (Figure ATS-2).
The median pooled F on ages 2+ for 1997/98 was 0.21 per year within the 10* percentile to 90
percentile range of 0.16 to 0.27. '

Trends in Recruitment
Estimates of age-1 recruits has been variable without trend since 1984/85 (Figure ATS-3).
Trends in Biomass

Estimates of biomass of age 2+ was low in the mid-1980s and increased in the late 1980s. Biomass
was stable from 1988/89 through 1995/96, but recent estimates of biomass have been higher (Figure
ATS-4). Total biomass has generally increased since about 1989 (Figure ATS-5).

Acceptable Biological Catch (ABC)

For the 1998/99 fishing year, given the Council's objective not to exceed F,,.SPR, the Panel
recommends the best estimate of yield to be 6.6 million pounds. There is a S0 percent chance that
a TAC of 6.6 million pounds will achieve a F,,,,SPR level, a 16 percent chance that a TAC of 8.2
million pounds would achieve a F,,,SPR level, and an 84 percent chance that a TAC of 5.4 million
pounds would achieve a F,,,.SPR level.

15
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" Status of the Stock

The Panel believes that the reductions in harvest in recent years reflect the elimination of gill nets
from Florida state waters in 1995 and are not due to reduced stock sizes. The current operation of
the fishery is expected to harvest less than the estimated median ABC value of 6.6 million pounds.

Overfishing

Static SPR was estimated at 42 percent based on the F multiplier of 0.35 for 1996-97. Consequently,
the Panel concluded that the Atlantic migratory group Spanish mackerel fishery was not overfishing
the available stock because the fishing mortality rate is above the Fyg .. rate.

Overfished Status

The Panel concludes that Atlantic migratory group Spanish mackerel are not overfished since the
transitional SPR is estimated at 40, which is above the 30 percent level (Figure ATS-6).

C-19
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‘i’i:hh:gyuri???hanm 1 April and ends on 31 March 1980,

’Sm%mmymwmmﬂ@:ﬂﬂudmhwm;dmmm

is the all

R 1 IN-‘ 3

fishing year 1989).

4 Allocations and rec. quota are as revised October 14, 1989,

2Bag limit will not be reduced to zero
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when allocation reached beginning fishing vear 1992,

divided by an estimate of annual average weight (not used prior 1o

Combined

Com Rec Total
Fishing
1984 /85 10 0.5 10 2174 942 3116 2184 942 3126
1985785 32 .5 33 2308 496 2348 496 2842
1985/87 246 9 54 1661 9 2450 1907 798 2704
1987/88 578 n 589 1858 10462 . 2910 26k5 1053 3498
1988/89 553 102 655 2094 1624 E1al] 2647 1726 4373
1989/90 451 o7 547 1784 1006 20 2234 | 103 337
1990/91 540 70 610 1527 1253 2780 2067 1323 3350
1991/92 37 155 893 2176 1308 3484 2913 1464 43
1992/93 356 ] 445 1918 122 3040 2274 1210 3484
1993 /%% 63 13 186 2662 ™7 3258 2525 920 3445
199495 476 197 673 2693 887 3580 3169 1085 4254
1995796 331 13 494 1095 £T2 1767 1476 785 2260
1996/97 292 sl 362 1879 587 2668 2170 658 2829

Com Rec Totsl Com Rec Total Com Rec Total

Fishing
Yepr .
1984/85 10 0.5 10 3281 1 4592 3292 1231 4602
1985/86 15 <0.5 15 4176 T&T 4923 4192 74T 4939
1986 /87 176 n 185 23%0 1185 3575 2565 1196 3761
1987/88 381 .15 396 nw 1458 4637 3559 1474 5033
1988/89 327 153 480 ner 2587 5784 3524 2740 6264
1989/90 423 113 537 3540 1456 4996 3963 1569 5533
1990/91 600 100 699 2960 1975 4935 3560 2075 5635
1991/92 765 217 a2 397 2070 6041 &736 2287 nzs
1992/93 398 118 514 321 1877 5198 LYal) 1995 5712
1993 /%% 8 159 242 4T3 1333 6064 4813 1493 6306
1994 /95 504 1 735 4729 147 5876 5233 1378 6611
1995/%6 392 133 524 1617 957 2574 2009 1089 3098
1996/97 m B 397 2785 765 3550 3096 a5 3946
1997/98 &000* 1350* 5350
e 1997/98 landings are preliminary -
Table 5. (cont). Spanish mackerel Atlantic stock management regulations. Pounds are in millions.
Fishing ABC TAC Rec, Alloc,/ouota® Rec. Bag Com. Alloc.
‘Year (lbs) (lbs) {lbs / numbers) Limit (lbs)
1987/88 1.7 - 3.1 £ | 0.74 & in FL, 10 GA-NC 2.36
1988/89 1.3-55 4.0 0.9 - & in FL, 10 GA-NC 3.04
1989/90 L1 - T.4 6.0 2.76 / 1,725,000 & in FL, 10 GA-NC 3.24
1990/91 4.2 - 6.6 5.0 1.86 7 1,216,000 4 in FL, 10 GA-NY 314
1991/92 5.5 -13.5 7.0 3.50 7 2,778,000 5 in FL, 10 GA-NY 3.50
1992/93 L£.9 - 7.9 7.0 3.50 / 2,536,000° ° 10 FL=-NY 3.50
1993/94 7.3 -13.0 9.0 4.50 7 3,214,000 10 FL-NY 4.50
1994/95 4.1 - 9.2 9.2 4.60 7 3,262,000 10 FL-NY 4.60
1995796 4.9 -14.7 9.4 4.70 / 3,113,000 10 FL-NY 4.70
1996/97 5.0 - 7.0 7.0 3.50 7 2,713,000 10 FL-NY 3.50
1997798 5.8 - 9.4 8.0 4.00 7 2,564,000 10 FL-NY 4£.00
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4. Gulf Migratory Group Spanish Mackerel
Landings and History of Management

Landings of Spanish mackerel from U.S. catches have ranged from 4.0 to 9.6 million pounds between
fishing years 1984/85 and 1994/95 (Table 6) (Figure GS-1). The total U.S. landings for this group
in the last two fishing years were substantially-less than previous landings, averaging only 2.7 million
pounds due to the elimination of gill nets in Florida waters from July 1995,

This fishery has been fully regulated since 1986/87. In 1987/88 and 1988/89, catches were greater
than the TAC. Over the period 1989/90 through 1997/98, catches have been below TAC and the mid
point of the ABC range. '

Estimates of Fishing Mortality Rate

Since the 1995/96 fishing year, the median fishing mortality rates, pooled F on adults ages 2+, were
lower than the target of Fy, SPR (Figure GS-2). The reductions came primarily from the _
commercial sector after gill nets were eliminated from Florida state waters in July 1995. The median
pooled F on ages 2+ for 1997/98 was 0.14 per year within the 10* percentile to 90* percentile range
of 0.10t0 0.18:

Trends in Recruitment and Biomass

Age 0 recruits have varied between 10 and 20 million fish since the early 1980's (Figure GS-3). The
apparent cyclic trends in recruitment during the 1980's are reflected in similar trends in biomass,
which is characteristically true among short-lived species (Figure GS-4). However, since the 1993/94
fishing year recruitment has been steady and adult biomass has increased in each year with last year's
biomass levels being the highest in the data series. Total biomass has been increasing since about
1992 (Figure GS-5). :

Acceptable Biological Catch (ABC)

For the 1997/98 fishing year, given the Council's objective not to exceed Fyn SPR, the Panel
recommends the best estimate of yield to be 10.3 million pounds. There is a 50 percent chance that
a TAC of 10.3 million pounds will achieve a F,,, SPR level, a 16 percent chance that a 14.1 million
pound TAC would reach an Fy,, SPR level, and an 84% that a TAC of 7.3 million pounds would
provide a Fy,, SPR level. As previously noted the lower the TAC is set, the lower the probability of
overfishing in the 1998/99 fishing year, and there is much greater uncertainty about estimates. aboye
the median level of ABC. '

. 18
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_Us Gulf - thousands of pounds
Com Rec Total Com Rec Total
Fishing
1984/85 1857 845 are2 3445 " 4623
1985/86 1706 1060 2766 3298 1355 4653
1986/87 1250 6334 7584 2053 7520 9573
1987/88 1488 1882 3370 2581 3124 5705
1988/8% 2666 1340 3806 3902 - 2177 8079
1989/90 1101 1250 2351 2145 1856 4001
1990/91 1124 1596 2720 2074 2138 4213
1991/92 2075 2014 4089 4163 2889 7053
1992/93 1804 2008 3812 s 3130 6243
1993/%4 1432 1795 3227 2614 2696 5309
1994/95 1532 136 2668 2544 1556 4100
1995/96 1 1092 1823 1075 1575 2650
1996/97 316 1260 1576 617 2054 . 2671
1997/98

Table 6. (cont.) Spenish mackerel US Gulf stock management regulations. Pounds are in millions. Prior to
fishing year 1990, management was based upon a July-June fishing year. The regulations shown for fishing year
1687 and later are relative to the July-June fishing year.

Fishing ABC TAC Rec. Alloc./Quota’ Rec. Bag Com. Alloc.
Year (lbs) (lbs) (lbs / numbers) Limit (lbs)
1987/88 1.9 - 4.0 2.50 1.08 3 1.42
1988/89 1.9 - 741 5.00 2.15 & FL, 10 AL-TX 2.85
1989790 4.9 - 6.5 5.25 2.26 / 1,614,000 & FL, 10 AL-TX 2.99
1990/91 3.9 - 7.4 5.25 2.26 / 1,569,000 31X, & FL®, 10 AL-LA 2.99
1991/92 7.1 -12.2 B.60 3.70 / 2,721,000 3T, 5 FL, 10 AL-LA 4£.90
1952/93 5.1 - 9.8 B.&60 3.70 / 3,274,000° 7 TX, 10 FL-LA £.90
1993/%4 4.7 - B.7 8.80 3.70 / 3,274,000 7 ™, 10 FL-LA 4£.90
1994/95 L.k - B.T7 B.80 3.70 7 2,202,000 7 TX, 10 FL-LA 4£.90
1995/96 4.0 -10.7 B.60 3.70 7 2,782,000 7 TX, 10 FL-LA 4.90
1996/97 1.6 - 9.5 7.00 3.01 / 7 TH, 10 FL-LA 3.9
1997/98 5.5 -13.9 7.00 3.01/ 7 1X, 10 FL-LA 3.99

iFishing yesr 1979 begins on 1 April 1979 and ends on 31 Warch 1980.

3gums within rows may not appear to equal the Total value shown due to rounding of numbers before printing.

3 nformation on Mexico catch and size distributions for some years was not sufficient for inclusion.
“Recreationsl quota in mumbers is the allocation divided by an estimote of annual average weight (not used prior

to fishing year 1989).
*Rec. bag limit in FL changed from 4 to .5 on 1/1/91, and changed from 5 to 10 on 1/1/93.
“gag limit will not be reduced to zero when allocation reached ,beginning fishing year 1992.

Status of the Stock |

As with Atlantic migratory group Spanish mackerel, the Panel believes that the reductions in harvest
in recent years reflect the elimination of gill nets in Florida state waters in 1995 and are not due to
reduced stock sizes. The current operation of the fishery will most likely harvest less than the
estimated median ABC value of 10.3 million pounds. The low level of harvest relative to stock size
has accelerated the rebuilding of this stock which is reflected in the marked increase in transitional
SPR. The Council's definition of optimum yield (OY) is a target of 30% SPR, and this fishery

exceeded the OY target in the 1997/98 fishing year (Figure GS-6).
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Overfishing

Static SPR was estimated at 47 percent based on the F multiplier of 0.20 for 1996-97. Consequently,
the Panel concluded that the Gulf group Spanish mackerel fishery was not overfishing the available
stock because the static SPR value is greater than 30 percent.

Overfished Status

The median estimate of transitional SPR is 35 percent (Figure GS-6). Since transitional SPR for Gulf
group Spanish mackerel is greater that 30 percent, the Panel concludes that this stock is not
overfished.

V. FUTURE RESEARCH AND ASSESSMENT CONSIDERATIONS

During the 1998 mackerel stock assessment review, the Panel identified several areas where
additional research is needed to improve the quality, cost-effectiveness, and reliability of future stock
assessments. The Panel's research recommendations fall into three categories: (1) theory of sampling
strategies; (2) age, growth, and mortality; and, (3) analytical studies and management perspectives.
The Panel recommends that in the odd years, when & full assessment is not completed, rather than
update the projections, time be spent addressing these analytical items as identified below. In this
way, the precision of assessments will improve.

A simple matrix of survey strategy by fishery type clearly shows that the amount of variance described
by GLM multiple regression is low for almost all of the auxiliary stock indices. This is very
disconcerting since these GLM models are then used to tune the principal index of stock
abundance/biomass in the FADAPT VPA model, and error intrinsic to the data likely exacerbates the
extent of uncertainty associated with the recommended ABCs. To ameliorate these problems, we
- recommend several strategies to improve data collection systems for relative abundance (i.e., CPUE)
for Gulf and Atlantic king and Spanish mackerels, particularly in Florida waters. We recommend that
analytical research be directed towards optimizing sampling survey designs associated with these
indices, and that some effort be applied to identifying and promoting those indices that are both
accurate and precise.

There is also an historical component contributing to uncertainty in population estimates. The
techniques and methodologies used to generate length compositions in landings may not lead to
representative estimates of the stock in question, we recommend an evaluation of the impacts of
unbalanced sampling designs on the estimated landings at size (and age). These analyses should
address the impacts of varying biostatistical sampling levels on assessment results. Based on these
analyses, sampling designs and survey effort levels should be recommended to achieve specified
precision bounds,

20
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Annual bycatch estimates also suffer from problems in both accuracy and precision. To improve
bycatch estimates, we recommend a program to monitor the Atlantic coast directed shrimp fishery
to refine bycatch estimates of Atlantic-group king and Spanish mackerels.

The Panel feels that greater emphasis should be placed on the temporal and spatial resolution of the
distribution of nominal fishing effort and its relationship to CPUE estimates. We recommend That
a comprehensive program of log-book and trip-intercept survey methodologies be developed for
coastal pelagics.

In addition, we recommend development of innovative fishery-independent monitoring methods to
assess stock size for both Gulf and Atlantic group king and Spanish mackerels. These methods
should examine the feasibility of alternative assessment methods such as aerial surveys in south
Florida during winter. These new fishery-independent methodologies should integrate and help to
calibrate extant fishery-dependent methodologies.

Age. Growth, and Natural Mortality

Potentially biased length frequencies applied to uncertain catch data may be creating artifacts in the
data that could deleteriously affect the results of stock assessments. The Panel notes that stratified
age-length keys are not equally sampled (i.e., selected) by all gear types for all ages. In some cases
strata are not adequately sampled. These conditions, coupled with natural recruitment effects on age-
length keys, need to be systematically evaluated to ensure that they do not deleteriously affect the
results and conclusions of stock assessments. Therefore, we recommend an evaluation of the potential

biases associated with inappropriate stratifications of data used to generate age-length keys for
Atlantic and Gulf group king and Spanish mackerels.

We also recommend an evaluation of the implications of using alternative values of the natural
mortality rate (M) on estimates of stock size and attendant ABC recommendations. We suggest that
the distribution around the M values be minimized in the Monte Carlo/bootstrap simulations to reflect
the certitude of maximum age from relatively extensive age-and-growth studies on mackerels
Overall, we feel this action de facto would reduce the range of ABCs provided.

\vtical Studies and M : "

The Panel noted several lines of analysis needed to refine the quality of management decision- making
advice provided to the Councils. ,

First, we recommend an analysis of the implications to fishery productivity of changing the minimum
size of first capture to protect immature fish for Gulf group king mackerel.

Second, we recommend an evaluation of the effects of gear fishing power standardization using GLM

techniques on temporal and spatial trends in bycatch, paying particular attention to before and after
the implementation of TEDs in the directed shrimp fisheries. .
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Third, we recommend an evaluatien of alternative stock assessment methods for Spanish mackerel
such as non-equilibrium age-structured production models. Models that aggregate age structure have
the added advantage of specifying a recruitment boundary condition, and may be particularly useful
when assessments are projected from incomplete or imprecise catch-at-age data.

Finally, we recommend that management invert the onus with respect to the probability of a fishery
being in compliance with an established -SPR threshold. That is, place the responsibility on the
participants in the fishery to demonstrate that no part of the estimated probability range of SPR is

below the established minimum.
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Atlantic Spanish mackerel
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Gulf Spanish mackerel
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APPENDIX A

Section 6.1.1: Mechanism for Determination of Framework Adjustments, as modified by this and
previous amendments is as follows:

Section 12.6.1.1

A. An assessment panel (Panel) appointed by the Councils will normally reassess the condition of
each stock or migratory group of king and Spanish mackerel and cobia in alternate (even
numbered) years for the purpose of providing for any needed preseason adjustment of TAC and
other framework measures. However, in the event of changes in the stocks or fisheries, the
Councils may request additional assessments as may be needed. The Councils, however, may
make annual seasonal adjustments based on the most recent assessment. The Panel shall be
composed of NMFS scientists, Council staff, Scientific and Statistical Committee members, and
other state, university, and private scientists as deemed appropriate by the Councils.

The Panel will address the following items for each stock:

1. Stock identity and distribution. This should include situations where there are groups of fish
within a stock which are sufficiently different that they should be managed as separate units, If
several possible stock divisions exist, the Panel should describe the likely alternatives.

2. MSY for each identified stock. If more than one possible stock division exists, MSY for each
possible combination should be estimated. -

3. Condition of the stock(s) or groups of fish within each stock which could be managed separately.
For each stock, this should include but not be limited to:

Fishing mortality rate relative to F,,, and F,, as well as Fypyspp Fionspr, and F opspp-
Spawning potential ratio (SPR).

Abundance relative to an adequate spawning biomass.
"Trends in recruitment.

Acceptable Biological Catch (ABC) which will result in long-term yield as near MSY as
possible, :

Calculation of catch ratios based on catch statistics using procedures defined in the FMP
as modified.
8. Estimate of current mix of Atlantic and Gulf migratory group king mackerel in the mixing
zone for use in tracking quotas. ——

opo o

o}

4, Overfishing: ~

a. A mackerel stock or migratory group is considered to be overfished when the transitional
spawning potential ratio (SPR) is below 30 percent.

A-1
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b. The South Atlantic Council's target level or optimum yield (OY) is 40 percent static SPR.
The Gulf Council's target level or optimum yield (OY) is 30 percent static SPR. ABC is
calculated based on the target level or optimum yield (SAFMC = 40 percent static SPR
and GMFMC = 30 percent static SPR).

c. When a stock or migratory group is overfished (transitional SPR less than 30 percent),
a rebuilding program that makes consistent progress towards restoring stock condition
must be implemented and continued until the stock is restored beyond the overfished
condition. The rebuilding program must be designed to achieve recovery within an
acceptable time frame as specified by the Councils. The Councils will continue to rebuild -
the stock until the stock is restored to the management target (OY) within an unspecified
time frame.

d. When a stock or migratory group is not overfished (transitional SPR equal to or greater
than 30 percent), the act of overfishing is defined as a static SPR that-exceeds the
threshold of 30 percent (i.e., Fy; porea). If fishing mortality rates that exceed the level
associated with the static SPR threshold are maintained, the stock may become
overfished. Therefore, if overfishing is occurring, a program to reduce fishing mortality
rates toward management target levels (OY) will be implemented; even if the stock or
migratory group is not in an overfished condition.

e. The Councils have requested the Mackerel Stock Assessment Panel (MSAP) provide a
range of possibilities and options for specifying an absolute biomass level which could be
used to represent a depleted condition or state. In a future amendment, the Councils will
describe a process whereby if the biomass is below such a level, the Councils would take
appropriate action, including but not limited to, eliminating directed fishing mortality and
evaluating measures to eliminate any bycatch mortality in a timely manner through the
framework procedure.

f. For species like cobia, when there is insufficient information to determine whether the
stock or migratory group is overfished (transitional SPR), overfishing is defined as a
fishing mortality rate in excess of the fishing mortality rate corresponding to a default
threshold static SPR of 30 percent. If overfishing is occurring, a program to reduce
fishing mortality rates to at least the level corresponding to management target levels will
be implemented. '

5. Management options.. If recreational or commercial fishermen have achieved or are expected
to achieve their allocations, the Panel may delineate possible options for nonquota restrictions
on harvest, including effective levels for such actions as:

Bag limits.

Size limits. ' .
Gear restrictions,

Vessel trp limits.

Closed season or areas, and

Other options as requested by the Councils.

me oo o

6. Other biological questions as appropriate.

’}-—2
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B. The Panel will prepare a written report with its recommendations for submission to the
Councils each year (even years - full assessment, odd years - mini assessments) by such date
as may be specified by the Councils. The report. will contain the scientific basis for their
recommendations and indicate the degree of reliability which the Council should place on the
recommended stock divisions, levels of catch, and options for nonquota controls of the catch.

C. The Councils may take action based on the panel report or may take action based on
issues/information that surface separate from the assessment group. The steps are as follows:

1. Assessment panel report: The Councils will consider the report and recommendations of
the Panel and such public comments as are relevant to the Panel's report. A public
hearings will be held at the time and place where the Councils consider the Panel's report.
The Councils will consult their Advisory Panels and scientific and Statistical Committees
to review the report and provide advice prior to taking final action. After receiving public
input, the Councils will make findings on the need for changes.

2. Information separate from assessment panel reports: The Councils will consider
information that surfaces separate from the assessment group. Council staff will compile
the information and analyze the impacts of likely alternatives to address the particular
situation. The Council staff report will be presented to the Council. A public hearing will
be held at the time and place where Councils consider the Council staff report. The
Councils consult their Advisory Panels and Scientific and Statistical Committees to review
the report and provide advice prior to taking final action. After receiving public input, the
Councils will make findings on the need for changes.

. D. If changes are needed in the following, the Councils will advise the Regional Administrator
(RA) of the Southeast Region of the National Marine Fisheries Service in writing of their
recommendations, accompanied by the assessment panel's report, relevant background
material, and public comment:

MSYs,

overfishing levels,

TACs,

quotas (including zero quotas),

trip limits,

bag limits (including zero bag limits),

minimum sizes,

reallocation of Atlantic group Spanish mackerel, .
gear restriction (ranging from modifying current regulations to a complete prohibition),
permit requirements, or S

season/area closure and reopening (including spawning closure).

T ER Mo a0 o,

Recommendations with respect to the Atlantic migratory groups of king and Spanish
mackerel will be the responsibility of the South Atlantic Council, and those for the Gulf

A -3
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migratory groups of king and Spanish mackerel will be the responsibility of the Gulf Council.
Except that the SAFMC will have responsibility to set vessel trip limits, closed seasons or
areas, or gear restrictions for the northern area of the Eastern Zone (Dade through Volusia
Counties, Florida) for the commercial fishery for Gulf group king mackerel. This report shall
be submitted by such data as may be specified by the Councils.

E. The RA will review the Councils' recommendation, supporting rationale, public comments and
other relevant information, and if he concurs with the recommendation, he will draft
regulations in accordance with the recommendation. He may also reject the recommendation,
providing written reasons for rejection. In the event the RA rejects the recommendation,
existing regulations shall remain in effect until resolved. However, if the RA finds that a
proposed recreational bag limit for Gulf migratory group or groups of king mackerels is likely
to exceed the allocation and rejects the Councils' recommendation, the bag limit reverts to one
fish per person per day.

F. If the RA concurs that the Councils' recommendations are consistent with the goals and
objectives of the plan, the National Standards, and other applicable law, he shall implement
the regulations by proposed and final rules in the Federal Register prior to the appropriate
fishing year or such dates as may be agreed upon with the Councils. A reasonable period for
public comment shall be afforded, consistent with the urgency, if any, of the need to
implement the management measure.

Appropriate regulatory changes that may be unplemented by the RA by proposed and final
rules in the Federal Register are:

1. Adjustment of the point estimates of MSY for cobia, for Spanish mackerel within a range
of 15.7 million pounds to 19.7 million pounds, and for king mackerel within a range of
21.9 million pounds to 35.2 million pounds. Adjustment of the overfishing level for king
and Spanish mackerels.

2. Setting total allowable catches (TACs) for each stock or migratory group of fish which

should be managed separately, as identified in the FMP provided:

a. No TAC may exceed the best point estimate of MSY by more than 10 percent.

b. No TAC may exceed the upper range of ABC if it results in overfishing as defined in
Section 12.6.1.1(A)(4).

¢. Downward adjustments of TAC of any amount are allowed in order to protect the
stock and prevent overfishing.

d. Reductions or increases in allocations as a result of changes in the TAC are to be as
equitable as may be practical utilizing similar percentage changes to allocations for

participants in a fishery.
3. Adjusting user group allocations in response to changes in TACs according to the formula
specified in the FMP
Q-4
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4. The reallocation of Spanish mackerel between recreational and commercial fishermen may
be made through the framework after consideration of changes in the social and/or
economic characteristics of the fishery. Such allocation adjustments shall not be greater
than a ten percent change in one year to either sector’s allocation. Changes may be
implemented over several years to reach a desired goal, but must be assessed each year
relative to changes in TAC and social and/or economic impacts to either sector of the

fishery.

5. Modifying (or implementing for a particular species):

opo o

(o]

g
h.

quotas (including zero quotas)

trip limits

bag limits (including zero bag limits)

minimum sizes '

re-allocation of Atlantic group Spanish mackerel by no more than 10 percent per year
to cither the commercial or recreational sector.

gear restriction (ranging from modifying current regulations to a complete

- prohibition)

permit requirements, or
season/area closures and reopenings (including spawning closure)

Authority is also granted to the RA to close any fishery, i.e., revert any bag limit to zero, and
close and reopen any commercial fishery, once a quota has been established through the
procedure described above; and such quota has been filled. When such action is necessary,
the RA will recommend that the Secretary publish a notice in the Federal Register as soon as
possible. :
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APPENDIX B

With Amendment 5, the Council approved a definition of “overfished” as a Spawning Stock Biomass
Per Recruit (SSBR) target level, but no lower than 20 percent. Amendment 6 changed the basis to
an SPR percentage. This target SPR for purposes of determining the “overfished” status is presumed
10 be a transitional SPR. Since Gulf group king mackerel were considered to be overfished, the
_Council adopted a rebuilding schedule that required a rebuilding of the stock to the 30 percent
transitional SPR in 12 years beginning in 1985. .

Mace et al. (1996) recommended that the overfished criterion be changed to a transitional SPR less
than 20 percent, and the Gulf Council approved this recommendation as a part of Amendment 8. The
NMES subsequently disapptoved this portion of Amendment 8 that would have changed the criterion
from 30 percent transitional SPR to 20 percent. Since the current estimate of transitional SPR is only
23 percent, the Gulf Council must revise the rebuilding schedule to reach the 30 percent transitional
SPR target level. Additionally, the Sustainable Fisheries Act requires that a stock that is considered
to be overfished be rebuilt as soon as possible but within 10 years, unless the biology of the species
involved precludes a 10-year rebuilding schedule. ‘

The following tables and figures provide 3 scenarios of recruitment and 4 scenarios of bycatch
reduction for use by the Council in projecting a recovery period based on various yields.

Gulf Group Projections - Deterministic with three levels of assumed constant recruitment.

Deterministic recruitment estimates for Gulf King Mackerel - The upper dashed line is the assumed
high recruitment level for projections; the center dashed line is the medium assumed recruitment for
projections; and the lower dashed line is the low assumed recruitment for projections.
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Gulf King Mackerel

millions of fish

. Fishing year
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Low Recruits, Status Quo Bycstch
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Medium Recrults, Status Quo Bycaich
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High Recruits, Status Quo Bycatch
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SUMMARY OF RECOMMENDATIONS

GROUP ABC (RANGE) of OY= Transitional | Static OVERFISHED/
yield o SPR % SPR % OVERFISHING

King mackerel: 10.0 (8.9 - 13:3) million lbs 43 (41 -48) | 54 (50-64) | Not overfished*

Atlantic migratory @F ., Static SPR Not overfishing

group

King mackerel: 10.1 (8.0 - 12.5) million Ibs. 25(21-29) 28 (22 - 35) | Overfished

Gulf migratory group | @Fso sStatic SPR Overfishing

Spanis._h mackerel: 7.1 (5.7 - 9.0) million Ibs. 46 (41 - 48) 55 (47 - 63) | Not overfished*

Atlantic migratory @F 4o, static SPR Not overfishing

group ;

Spanish mackerel: 12.9 (9.1 - 17.2) million Ibs, 42 (36 - 47) 53 (44 - 59) | Not overfished*

Gulf migratory group | @Fp, static SPR Not overfishing

* The "not overfished" recommendations are based on the Councils' overfished criterion of 30% SPR
for mackerel.

Notes: Transitional spawning potential ratio (SPR) (calculated from fishing mortality rates by age and
year) is used to determine whether a stock is currently in an overfished status.

Static SPR (projected from most recent years fishing mortality rates) is used to determine
whether a stock is being fished at a rate that will eventually lead to an overfished status, i.e.
overfishing.

Acceptable biological catch (ABC) and transitional SPR are presented at the 50" percentile
mark of probability. The range (in parentheses) is presented for ABC between the 16"
percentile and the 84™ percentile and for transitional SPR from the 10™ percentile to the 90™
percentile. Static SPR is presented as the median point estimate with the range (in
parentheses) being the 80 percent confidence interval.
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1999 REPORT OF THE MACKEREL STOCK ASSESSMENT PANEL (MSAP)
MARCH 29 - APRIL 1, 1999
MIAMI, FLORIDA

1. INTRODUCTION

At the direction of the Gulf of Mexico and South Atlantic Fishery Management Councils (Councils),

" the Mackerel Stock Assessment Panel (Panel) met in Miami from March 29-April 1, 1999. The tasks
for this Panel are specified by the Councils in Amendment 1 to the Fishery Management Plan (FMP) -
for the Coastal Migratory Pelagic Resources (Mackerels) dated April, 1985 (and subsequent
amendments). Most recently, Amendment 8 includes 2 modified framework that respecifies the
Panel’s charge. Previous Panel reports reflect the actions required by subsequent amendments.

Amendment 6 required full stock assessments every other year, and Amendment 8 required full stock
assessments in even numbered years. Accordingly, this year's assessments for Atlantic and Gulf
migratory groups of king and Spanish mackerel were partial assessments in which results of the
previous year’s stock status were projected ahead based upon the catches that occurred in the ensuing
year.

Additionally, the Panel addressed several issues related to tie Sustainable Fisheries Act (SFA)
Guidelines (50 CFR 600 1998) and Technical Guidance for implementation of the Magnuson-Stevens
Act (Restrepo et al. 1998). These issues include estimation of maximum sustainable yield (MSY),
the fishing mortality rate that achieves MSY, and the spawning stock that will support that yield.
Also, candidates for minimum stock size thresholds (MSST) and control rules (Restrepo et al. 1998)
for the mackerel stocks were introduced. The Panel recognized that this is an important first step that
the Councils need in their development of management procedures under the SFA Guidelines.

The list of documents that were reviewed by the Panel is included in the Literature Cited section.
Copies of documents are available from the Councils or the Southeast Fisheries Science Center
(SEFSC).

Il. OVERFISHED, OVERFISHING, AND TARGET (OPTIMUM YIELD) CRITERIA
The current definitions of overfished, overfishing, target optimum yield (OY), and a rebuilding
program, as approved under the Coastal Migratory Pelagics Fishery Management Plan (FMP), as

amended, are as follows:

Qverfished: A mackerel stock or migratory group is considered to be overfished when the transitional
SPR falls below 30%.

Qverfishing: When a stock or migratory group is not overfished (transitional SPR equal to or greater
than 30%), the act of overfishing is defined as harvesting at a rate that exceeds the fishing mortality
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.  rate associated with a threshold static SPR of 30% (i.e., Fyy,). If fishing mortality rates that exceed
the level associated with the static SPR threshold rate are maintained, the stock may become
overfished. Therefore, if overfishing is occurring, a program to reduce fishing mortality rates toward
management target levels (OY) will be implemented, even if the stock or migratory group is not in
an overfished condition (Amendment 8).

For species like cobia, when there is insufficient information to determine whether the stock or
migratory group is overfished (transitional SPR), overfishing is defined as a fishing mortality rate in

. excess of the fishing mortality rate corresponding to a default threshold static SPR of 30%. If
overfishing is occurring, a program to reduce fishing mortality rates to at least the level corresponding
to management target levels will be implemented (Amendment 8). .

r imum Yi - The South Atlantic Council's target level or OY is 40% static SPR.
The Guif Council's target level or OY is 30% static SPR. ABC is calculated relative to the probability
of achieving the target level or QY fishing mortality rate in the following fishing year (SAFMC = 40%
static SPR and GMFMC = 30% static SPR).

ildi . When a stock or migratory group is overfished (transitional SPR less than
30%), a rebuilding program that makes consistent progress towards restoring stock condition must
be implemented and continued until the stock is restored beyond the overfished condition. " The
rebuilding program must be designed to achieve recovery within an.acceptable time frame as specified
by the Councils. The Councils will continue to rebuild the stock until the stock is restored to the
management target (OY) within a unspecified time frame. '

. III.  STATUS OF THE STOCKS

The current advice relative to ABC , overfished status, and overfishing is based on the management
objectives of the FMP itemized in Section I1. Note, however, that with the implementation of the
Councils’ SFA Amendments in the near future, the management objectives will change.
Consequently, the advice of the Panel will also be altered. This topic is discussed further in Section
1V.

1. tlantic Mior. r i rel
Landings and History of Management

Catches since 1981/82 have ranged from a low of 5.93 million pounds in 1994/95 to a high of 9.62
million ppunds in ]_985!86 (Table 1 and Figure ATK -1). Projected fishing year 1998/99 landings

current commercial quota monitoring reports or dealer surveys, and personal communications with
fisheries statistics personnel. For Atlantic group king mackerel, projected landings are:
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Commercial = 2.52 million pounds
Recreational = 4.57 million pounds (436,415 fish)
Total 7.09 million pounds

]

Estimates of Fishing Mortality Rates

The pooled fishing mortality rates (F’s) per year on age 3+ adults increased from just below 0.2 in
1982/83 to a high of about 0.3 in 1985/86 and then varied without trend around 0.2 between 1987/88

through 1992/93 (Figure ATK-2). From 1992/93 through 1994/95, fishing mortality declined to a
low of below 0.1 per year, but it has increased each year since 1994/95. The median pooled F on
ages 3+for 1998/99 was 0.15 per year within the 10" percentile to 90" percentile range of 0.10 to

0.19. :
Trends in Recruitment
No new estimates were available-(Figure ATK-3).

Trends in Spawning Stock

The spawning stock of Atlantic king mackerel (Figure AK-4) continues to increase (current estimate
of spawning stock is 6.5 million) after reaching a low of 3.0 million in 1989,

Acceptable Biological Catch (ABC)

For the 1999/2000 fishing year, given the South Atlantic Council's objective not to exceed F,p.cpr,
the Panel recommends the best estimate of ABC to be 10.0 million pounds. There is a 50 percent
chance that a TAC of 10.0 million pounds will exceed F,y..spg; there is an 84 percent chance that a
13.3 ‘million pound TAC will exceed F,g..5pr ; @nd, there is a 16 percent chance that a 8.9 million
pound TAC would exceed Fge.cpp.

Discussion of Stock Status

Landings of Atlantic group king mackerel have been below TAC in every year except 1997/98 (Table
1). The transitional SPR has also steadily increased since about 1994, and the current estimate for
1999/2000 is 43 percent. SPR estimates are presented as “conditional on no bycatch” for Atlantic
group king mackerel. Although the Panel recognizes that Atlantic group king mackerel are caught
in shrimp trawls, the uncertainty of these estimates is too great for meaningful use.
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* Overfishing

Static SPR was estimated at 54 percent. Consequently, the Panel concludes that the Atlantic group
king mackerel fishery was not overfishing the available stock because the fishing mortality rate was

less than Fjg,.5.cpr in 1997-98,
Overfished Status

The Panel concludes that the Atlantic migratory group of king mackerel is not overfished. because the
transitional SPR is estimated at 43 percent, which is above 30% (Figure ATK-5).

2. Guif Migratory Group King Mackerel
Landings and History of Management

Catches since 1981/82 have ranged from a high of 12.3 million pounds in 1982/83 to a low of 3.0
million pounds in 1987/88 (Table 2 and Figure GK-1). Since 1986/87, landings have generally
increased and have exceeded TAC in most years (Table 2). Preliminary estimates of 1998/99 landings
are:

Commercial ~ 3.60 million pounds* R
Recreational  6.23 million pounds** (578,367 fish)
Total 9.83 million pounds

* The 3.6 million pounds as estimated in February 1999 was used for projections. Subsequent
information indicates that catches may exceed 3.9 million pounds.

** This total was computed based upon 1996/97 average weights in the recreational fishery, plus
calendar landings based on 1996 headboat and Texas recreational levels and 1997 MRFSS data.

Estimates of Fishing Montality Rates

Pooled F’s per year on age 4+ adults generally declined from 1981/82 to their lowest point in
1987/88. The last peak in F was during the 1994/95 fishing year with lower, relatively stable levels
since 1995 (Figure GK-2). The median pooled F on ages 4+ for 1998/99 was 0.38 per year within
the 10" percentile to 90™ percentile range of 0.27 to 0.76.

Trends in Recruitment
Estimates of recruitment declined from 1981/82 to a low in 1983/84, then steadily increased to a high

in 1995/96 (Figure GK-3). The 1996/97 and 1998/99 shrimp trawl bycatch estimates indicate lower
recruitment after 1995/1996,
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Trends in Spawning Stock

The spawning stock of Gulf king mackerel (Figure GK-4) continues to increase (current estimate of
spawning stock is 5.7 million) after reaching a low of 2.7 million in 1987. Spawning stock size on
Gulf group king mackerel appears to reflect recruitment, albeit offset by 4-5 years.

Acceptable Biological Catch (ABC)

For the 1999/2000 fishing year, given the Gulf Council's objective not to exceed Fypigpp, the Panel
recommends the best estimate of ABC be 10.1 million pounds. Assuming a 50 percent reduction in’
bycatch, there is a S0 percent chance that a TAC of 10.1 million pounds will exceed F,..cpq; there is
an 84% chance that 12.5 million pound TAC would exceed Fg cpx; and, there-is a 16 percent chance
that an 8.0 million pounds TAC would exceed Fyp.spr. Clearly, the lower the TAC is set, the lower
the probability of overfishing during the 1999-2000 fishing year. The Panel emphasizes that there are
greater uncertainties with regard to estimates above the S0™ percentile mark.

Discussion of Stock Status

Landings of Gulf group king mackerel in the last 7 years have been the highest in the series since
1982/83, and total landings have exceeded TAC in every year since 1986 (Table 2). Since the *
1986/87 fishing year, transitional SPR has varied between 20 and.25 percent with a slightly increasing
trend since 1995 (Figure GK-5). Transitional SPR for the 1999/2000 fishing year is estimated at 25
percent, which is below the Council’s objective.

Overfishing

Static SPR was estimated at 28 percent. Consequently, the Panel concludes that the Gulf group king
mackerel fishery was overfishing the available stock because the fishing mortality rate was greater
than Fyp espr- 1f fishing montality continues at this rate, the fishery will continue to be overfishing
and will not recover above the 30 percent transitional SPR level.

Overfished Status

The Panel concludes that the Gulf group king mackerel is overfished because the transitional SPR is
estimated at 25 percent, which is below 30 percent. The apparent contradiction between parent stock
size and transitional SPR stems from stock size, reflecting the recent increased estimates of
recruitment; whereas transitional SPR only considers the fishing mortality rates that have remained
relatively stable over the last decade (GK-2)

3. Atlantic Migratorv Group Spanish Mackerel

Landings and History of Management

The Atlantic group Spanish mackerel fishery has been fully regulated since 1986/87. While the
commercial quota has been met every year up to 1995/96, the total harvest has not exceeded TAC

5
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" since the 1991/92 fishing year (Tabie 4 and Figure ATS-1). Additionally, the recreational sector has
not filled their allocation since 1990/1991, .

Projected 1998/99 fishing year landings were estimated using the recreational estimates from the most
recent 12-month period available, current commercial quota monitoring reports or dealer surveys,
and personal communications with fisheries statistics personnel. For Atlantic group Spanish
mackerel, the 1998/99 projected landings are:

Commercial 3.2 million pounds
Recreational = 0.8 million pounds (600,720 fish)
Total 4.0 million pounds

Estimates of Fishing Mortality

The fishing mortality rate on adults, ages (Age 2+), was slightly above 0.8 for fishing year 1984/85,
and declined to about 0.2 in the 1987/88 fishing year. From 1988/89 through 1994/95, F varied
around 0.4 per year and then declined in 1995/96. The trend has been upwards since 1995/96 (Figure
ATS-2). The median pooled F on ages 2+ for 1998/99 was 0.18 per year within the 10* percentile
to 90" percentile range of 0.13 to 0.23. '

Trends in Recruitment "
No new estimates were available (Figure ATS-3).

Trends in Spawning Stock

The spawning stock of Atlantic Spanish mackerel (Figure AS-4) was essentially flat at about 12
million until an increase to 18 million in 1996, and the current estimate is 20 million. The increase
beginning in 1995 is attributed to the gear restrictions in Florida that were promulgated July 1, 1995,
Acceptable Biological Catch (ABC)

For the 1999/2000 fishing year, given the Council's objective not to exceed F,p.cpq, the Panel
recommends the best estimate of ABC be 7.1 million pounds. There is a 50 percent chance that a
TAC of 7.1 million pounds will exceed a Fiousrr ; there is an 84 percent chance that a 9.0 million
pound TAC will exceed F,..cpp; and, there is a 16 percent chance that a 5.7 million pound TAC
would exceed F oy pp.

Status of the Stock

The transitional SPR has steadily increased since 1995, and the current estimate for 1999/2000 is 46

percent. The_Pane] attributes the steady increase in transitional SPR since 1995 to the reduction in
fishing mortality rates resulting from the elimination of gill nets from Florida state waters (July 1995).
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SPR estimates however, are presented as “conditional on no bycatch” for Atlantic group Spanish
mackerel. Although the Panel recognizes that Atlantic group Spanish mackerel are caught in shnmp
trawls, the uncertainty of these estimates is to great for meaningful use.

QOverfishing

Static SPR was estimated at 55 percent. Consequently, the Panel concludes that the Atlantic group
Spanish mackerel fishery was not overfishing the available stock because the fishing mortality rate

is below the Fype, yusespr-
Overfished Status

The Panel concludes that Atlantic group Spanish mackerel is not overfished since the transitional SPR
is estimated at 46 percent, which is above the 30 percent level (Figure ATS-5).

4. Gulf Migratory Group Spanish Mackerel
Landings and History of Management

Landings of Spanish mackerel from U.S. catches have ranged frof 4.0 to 9.6 million pounds between
fishing years 1984/85 and 1994/95 (Table 4 and Figure GS-1). Total U.S. landings (less than 3
million pounds) for this group since prohibiting the use of gill nets in Florida waters (July 1995) were
substantially below previous landings.

Thus fishery has been regulated by TAC since 1986/87. In 1987/88 and 1988/89, catches were greater
than the TAC. Over the period 1989/90 through 1997/98, catches have been below TAC and the mid
point of the ABC range.

Projected fishing year 1998/99 landings were estimated using the recreational estimates from the most
recent 12-month period available, current commercial quota monitoring reports or dealer surveys,
and personal communications with fisheries statistics personnel. For Gulf group Spanish mackerel,
the 1998/99 projected landings are:

Commercial = 0.4 million pounds
Recreational 1.9 million pounds (1,168,740 fish)
Total 2.3 million pounds

I

Estimates of Fishing Mortality Rate
Since the 1995/96 fishing year, the median fishing mortality rates, pooled F’s per year on adults ages

2+, were lower than the target of Fyq.,sps (Figure GS-2). The reductions came primarily from the
commercial sector afier gill nets were eliminated from Florida state waters in July 1995. The median
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" pooled F on ages 2+ for 1998/99 was 0.14 per year within the 10" percentile to 90* percentile range
of 0.10to0 0.22.

Trends in Recruitment

No new estimates were available (Figure GS-3); however, shrimp trawl bycatch estimates indicate
that recruitment has been stable.

Trends in Spawning Stock

The spawning stock of Gulf Spanish mackerel (Figure GS-4) was essentially flat at about 12 million
until it began to increase in 1994 and the current estimate is 24 million. Although the increase began
in 1994, the stock received another boost beginning in 1995 with the gear restrictions in Florida that
were promulgated July 1, 1995

Acceptable Biological Catch (ABC)

For the 1999/2000 fishing year, given the Council's objective not to exceed Fip.spp, the Panel
recommends the best estimate of ABC to be 12.9 million pounds. There is 2 50 percent chance that
a TAC of 12.9 million pounds will exceed Fspspp; there is an 84 percent chance that a 17.2 million
pound TAC will exceed Fpg; and, there is a 16 percent chauce that a 9.1 million pound TAC
would exceed Fyp.cpp. Given Florida’s gear restrictions, it is highly unlikely that TAC would be
achievable.

Status of the Stock

As with Atlantic group Spanish mackerel, the Panel believes that the steady increase in transitional
SPR in recent years reflects the prohibition of gill nets in Florida waters in 1995. The current
operation of the fishery will most likely harvest less than the estimated median ABC value of 9.14
million pounds. The Council's definition of optimum yield (OY) is a target of 30% SPR, and this
fishery reached OY in the 1997/98 fishing year.

Overfishing

Static SPR was estimated at 53 percent. Consequently, the Panel concluded that the Gulf group
Spanish mackerel fishery was not overfishing the available stock because the fishing mortality rate
is below the Fiou; yiespp. .

Overfished Status
The median estimate of transitional SPR is 42 percent (Figure GS-5). Since transitional SPR for Gulf

group Spanish mackerel is greater that 30 percent, the Panel concludes that this stock is not
overfished.
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IV. CONSIDERATION OF MSY, By, MSST, MFMT, AND CONTROL RULES

MSY., B sy MSST, and MEMT:

The Sustainable Fisheries Act requires Councils to manage fishery resources based on maximum
sustainable yield (MSY) as a limit to OY, and maximum fishing mortality threshold (MFMT) as a
limit to fishing mortality rate. With the data available for mackerels in the southeast US, the Gulf and
South Atlantic Councils have adopted Fp.sp as a proxy for Fysy. However, projecting F., to attain
MSY depends upon future recruitment. The NMFS analysts together with the Panel used average
recruitments that were calculated from ADAPT VPA bootstraps. As a first approximation to
identifying the biomass at MSY (B,sy), the average recruitment in recent years (assumed to be

_ constant for current and higher spawning stock levels) was plotted with the F,,._ replacement line.
The biomass associated with MSY was identified as the spawning stock size where those lines
crossed. Maximum sustainable yield was the long-term yield projected from that spawning biomass
and Fy,. Clearly if future recruitment does not follow these averages then MSY will have to be re-
evaluated.

Because of uncertainty in estimates of earlier period spawning stocks (stemming from the tuning
index coverage by age, especially in the older plus group), only recruitment from 1987 through 1996
was used to estimated average recruitment for Gulf group king mackerel and from 1985 through 1996
for Gulf group Spanish mackerel. Spanish mackerel are shorter lived and so the Panel was able to
include more years. Similarly, only recruitment from 1989 through 1996 was used for Atlantic group
king mackerel and Atlantic group Spanish mackerel.

Figure 5 shows annual spawning stock expressed in millions (based on relative fecundity schedules)
and recruitment in numbers. The spawning stock is derived using a relative fecundity scale and thus
does not have units. Recruitment is assumed to follow an empirically derived spawner-recruit
relationship that increases up to some level of spawning stock (here estimated as the average of the
five lowest spawning stock values), and then remains at the average recruitment for higher spawning
stock values. The straight line in Figure 5 is the number of recruits per spawner at the F,,,
replacement line, considered to be the MSY proxy.

Table 5 provides estimated values for a first approximation of MSY, Fysy, stock size at MSY, and
MSST from 400 bootstrap outcomes for Gulf and Atlantic group king and Spanish mackerel. - These
are presented as the median estimate and the upper and lower boundaries of the 80 percent
confidence intervals.

Control Rules

The evaluation of the condition of a stock under control rules is based on two common ideas in
fishery management: spawning stock biomass at maximum sustainable yield (B,,sy) and the long term
fishing mortality rate associated that spawning stock level Fysy. If the current spawning biomass is
greater than By s then the stock is not overfished. Similarly if the current fishing mortality rate is less
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than Fyy, then the fishery is not overfishing. As shown in Figure 6 the evaluation can be simplified
by using ratios instead of the actual values, Guif Spanish mackerel provide an example of evaluating
the status of a stock using control rules (Figure 6). After a few years of management (the cluster of
points labeled 89), the spawning stock was less than half of that at MSY; and fishing mortality rates
were above Fyy, i.e. the stock was overfished and the fishery was overfishing. There were low
landings in 1989 and 1990 and good recruitment, and the stock began to rebuild (the cluster labeled
94). With additional good recruitment in 1992, one would expect more recovery; however, the quota
was overrun in some of those years (indicated by the high fishing mortality rates). The stock was
increasing but it still was not up to B,sy, and the fishery was still overfishing. After Florida’s gear
restrictions were implemented in 1995, the spawning stock exceeded B,y, and the fishery was
operating at levels less than Fusy (the cluster labeled 98). Thus, Gulf Spanish mackerel were not
overfished, and the fishery was not overfishing. The recent results were below the Fie, line indicating
that this fishery is operating in the OY region.

Minimum Stock Size Threshold

While stocks should be managed at levels to ensure that they remain above B, q,, there will be times
when the stock falls below this level and fishing mortality rates have to lowered. Thus, the Minimum
Stock Size Threshold (MSST) is the spawning stock level below which Councils must take action to
reduce fishing mortality. For stocks such as mackerels that can be considered to be data-moderate
or data-poor, the NMFS suggested that MSST be (1.0 - natural mortality rate)*BMSY. A
determination of “overfishing” is made when most of the points fall above the MFMT, and a
determination of “overfished” is made when most of the points fall below (to the left of) MSST. In
the example above for 1994, Gulf Spanish mackerel would not have been considered overfished
because while the median spawning stock was below B,q, (and Boy), it was above B, ;. However,
the fishery was overfishing at that time; thus biomass would need to be increased.

The default control rule. decreases the MFMT below F g if stock size falls below the MSST
(Restrepo et al. 1998). For Atlantic king mackerel, the MSST would be 85% of Byysy (M=0.15); for
Gulf king mackerel, the MSST would be 80% of Byysy (M=0.20); and for Spanish mackerel MSST
would be 70% B, 5, (M=0.3) for both stocks, Figure 7 depicts the status condition of the four stocks
relative to the default MSY control rule. Thus using these criteria, none of the stocks would be
overfished and only the Gulf king mackerel fishery would be overfishing. For comparison, the Figure
7 also presents a target control rule (“OY™) that is similar to the MFMT, but based on the South
Atlantic Council’s recommended target of Fge.cpp

V. FUTURE RESEARCH AND ASSESSMENT CONSIDERATIONS
‘The Panel identified several areas where additional research is needed to improve the quality, cost-
effectiveness, and reliability of future stock assessments. The Panel recommends that in the odd years

when a full assessment is not completed, time be spent addressing the items identified below rather
than updating the projections.
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Schedule

The Panel discussed the implications of the control rules to stock status and future assessment
conditions. It was noted that Gulf Spanish and Atlantic king and Spanish would be above MSST and
below MFMT (Note that in the case of the Atlantic sticks, that this status determination will depend
upon bycatch estimation). Therefore, it is unlikely that status relative to these criteria will change in
the next few vears. Therefore, the Panel recommends that assessments of Gulf Spanish and Atlantic
king and Spanish not be conducted in the next few years unless there is new information on Atlantic
bycatches; catch rates decline over a period of years; catches exceed MSY'; or catches exceed those
corresponding to MFMT. '

Bycatch

Current bycatch estimates in the Atlantic shrimp trawl fishery are contradictory and not complete
enough for inclusion in the VPA model. The Atlantic shrimp fishery should be monitored to more
completely describe bycatch of Atlantic king and Spanish mackerels.

In the Gulf shrimp fishery, an evaluation of the effects of gear fishing power standardization using
GLM techniques on temporal and spatial trends in bycatch is needed to document the effects of TEDs
and BRDs on bycatch estimates because the shrimp bycatch estimates are very influential in

determining recruitment trends. 2

Sampling Efforts

Fishery dependent sampling programs should be expanded to provide greater temporal and spatial
coverage of king and Spanish mackerel fisheries with respect to nominal fishing effort, CPUE, age-
Jength keys, and reproduction. We also recommend evaluating potential biases associated with
inappropriate stratification of data used to generate age-length keys for Atlantic and Gulf group king
and Spanish mackerels.

Fishery-independent monitoring is needed to calibrate the VPA. For example, aerial surveys in south
Florida during winter and expanded Jarval sampling could be used to reduce assessment uncertainty.

nvironmental Influen nR

The new fishery control laws required by the Sustainable Fisheries Act depend on estimates of .
recruitment to determine levels of MSY biomass and the MSST. Stock recruitment models are not
easily applied to existing data and at observed levels of stock abundance (especially in Spanish
mackerel) environmental influences may be major factors in determining recruitment trends. A special
workshop of fishery and oceanographic scientists should be convened to identify and assemble
available environmental data and to evaluate which environmental factors may be influencing
recruitment.

11
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Figure 1. Atlantic king mackerel, status figures. The last 2 years are preliminary projections, and are
indicated by asterisk in the graphs.
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Figure 2. Gulf king mackerel, status figures. The last 2 years are preliminary projections, and are

indicated by asterisk in the graphs.
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Appendix D. 1999 Report of the Stock Assessment Panel (March 29-Aprill,1999)

Figure 3. Atlantic Spanish mackerel, status figures. The last 2

are indicated by asterisk in the graphs.
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Appendix D. 1999 Report of the Mackerel Stock Assessment Panel (March 29-April1,1999)

Figure 4. Gulf Spanish mackerel, status figures. The last 2 years are preliminary projections, and are .
indicated by asterisk in the graphs. .
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Appendix D. 1999 Report of the Stock Assessment Panel (March 29-Aprill,1999)

Figure 5. Annual spawning stock expressed in relative fecundity (millions), recruitment in numbers,
and number of recruits per spawner at the F,, replacement line, considered to be the MSY proxy.
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b. Atlantic Spanish mackerel
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Appendix D. 1999 Report of the Mackerel Stock Assessment Panel (March 29-Aprill,1999)

Gulf Spanish

Rel MSST Rel BIMSY)

Figure 6. Fishing mortality rates and spawning stock sizes from three previous stock assessments
(1989 depicted with crosses, 1994 depicted with open circles, and 1998 depicted with X's) of Gulf
group Spanish mackerel plus control rules for the Fypeusy Proxy (MEMT) and for F sy (Note:
Each cluster of points represents 400 bootstrap solutions.)
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Appendix D. 1999 Report of the Stock Assessment Panel (March 29-April1,1999)

current fishing mortality rates (F) to the fishing mortality rate at MSY (F,,,. proxy) from 400
bootstrap runs. Vertical lines illustrate the relative biomass at MSY (Rel MSY) and the relative

Minimum Stock Size Threshold (Rel MSST). Based upon the proposed control rules, none of the
stocks is overfished based upon the median estimate of current spawning stock but the Gulf king

mackerel fishery is currently overfishing.

. Figure 7. Ratios of spawning stock biomass (B) to spawning stock biomass at MSY (Bysy) and
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Table 1. Atlantic group king mackerel management regulations and harvest. Pounds are in millions.

Fishing ABC TAC Rec. Alloc./Quota® Rec. Bag Commercial Annual Harvest Lev
Year RANGE" (Ibs) (Ibs / numbers) Limit Allocation
(Ibs) Com Rec

1986/87 | 6.9-15.4 9.68 3 3.59 (PS=0.40) 2. 840 5,980
1987/88 | 6.9-154 9.68 6.09 3 3.59 (PS=0.40) 3.453 3.905
1988/89 | 5.5-10.7 7.00 4.40 2in FL, 3 GA-NC 2.60 (PS=0.40) 3.091 4.881
1989/90 | 6.9-15.4 9.00 5.66 / 666,000 2inFL, 3 GA-NC 3.34 2.635 3.400 -
1990/91 | 6.5-15.7 8.30 5.22/7 601,000 2in FL, 3 GA-NY 3.08 2,676 3.718
1991/92 | 9.6 -15.5 10.50 6.60 f 735,000 5in FL-NY 3.90 2,516 5.822
1992/93 | 8.6 -12.0 10.50 6.60 / 834,000% 2inFL, 5 GA-NY 3.90 2227 6.251
1993/94 [.9.9-14.6 10.50 6.60 / 854,000 2in FL, 5 GA-NY 3.90 2.018 4,438
1994/95 | 7.6-10.3 10.00 6.29 /709,000 2inFL, 5 GA-NY 17 2.197 3.728
1995196 | 7.3-155 | 730 | 4.607454,000 2inFL, 3 GA-NY | 2.70 1.870 4.153
1996/97 | 4.1-68 6.80 4.28 /438,525 2inFL, 3 GA-NY .52 2.702 4.016
1997/98 | 41-6.8 6.80 4.28 /438,525 2in FL, 3 GA-NY 2.52" 2.678 53927
1998/99 | 84 -11.9 8.40 5.28 /504,780 2inFL, 3 GA-NY 3.12 2.520 4,565

' Fishing year 1979 begins on 1 April and ends on 31 March 1980,
! Sums within rows may not appear to equal the total value shown due to rounding of mumbers before printing.
? Recreational quota in numbers is the allocation divided by an cstimate of annual average weight (not used prior to fishing year 1989).
* The commercial allocation includes the purse seine allocations listed.
* 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.

! Recreational Iandings, in pounds were estimated by multiplying number of fish caught by 10.46 Ibs/fish

' The range has been defined in terms of acceptable risk of achicving the FMP's fishing mortality rate target; the Pancl's best estimate of ABC I
to the end-points of this range.
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Table 2. Gulf group king mackerel management regulations and harvest levels. Weights arc in millions of pounds.

Fishing ABC TAC | Rec. Alloc./Quota’ Rec, Bag Commercial | - EasyWest % Annual Ha
Year | RANGE" | (Ibs) (Ibs / numbers) Limit* Allocation
(Ibs) Com R
1986/87 | 1.2-2.9 29 | 197 2/3 FL-TX 0.93: 0.60/0.27 + 1,473 3.2
P3=0.06

1987/88 | 0.6-2.7 2.2 | 1.50 23 FL-TX 0.70 ; 0.48/0.22 0.868 2.1

1988/89 | 0.5-4.3 34 | 231 2/3 FL-TX 1.09; 0.75/0.34 1.405 5.2

1989/90 | 2.7-5.8 4.25 | 2.89/298,000 2/3 FL-TX 1.36; 0.94/0.42 1.954 33

1990/91 32-54 4.25 | 2.89/301,000 2/3 FL-TX 1.36: 0.94/0.42 1.816 39

1991792 | 4.0-7.0 5.75 | 3.91/ 574,000 2FL, 2/3 AL-TX | 1.84: 1.27/0.57 2117 47

1992/93 | 4.0-10.79 | 7.80 | 5.307/ 715,000* 2 FL-TX 2.5040.259 : 1.73+40.259/0.777 3.599 . 6.2

v/ | 1993/94 [ 1.9-8.1° [ 7.80 [ 530/ 759,000 2FL-TX 2,50 : 1.73/0.77 2572 6.1
B 1994/95 | 1.9-8.1° 7.80 | 5.30 /768,000 2 FL-TX 2.0540.300 : | 1.73+0.300/0,77'° 2.942 ?.;
1995/96 | 1.9-8.1° 7.80 | 5.30/629,000 2FL-TX 2.50: 1.73/0.77 2.645 6_2:

1996/97 | 4.7-8.8 7.80 [ 5.30/629.000 2 FL-TX I 2,50 : 1.73/0.77 2,853 7.1

1997/98 | 6.0-13.7 10.6 | 7.21 2 FL-TX 339 N 2.34/1.05 3.160 7.45
1998/99 | 7.1-108 | 10.6 7.21 2FL-TX 3.39 2.34/1.05 3.600 6.22

" Fishing year 1979/80 begins on | July 1979 and ends on 30 Junc 1980,

! Sums within rows may nol 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 averape weight (nol used prior to fishing year 1989),

* Bag Limit "2/3" means 2 for private boats; for charterboats: 2 with, or 3 without, caplain and crew,

' E/W com. Allocations apply to all legal gears except purse scine in fishing year 1986 (only [1&1. and runaround gillnet beginning 1990/91)
* For quota manitoring, E/W com. allocations apply to East=(Florida) and West =(AJabama-Texas), nol accounting for mixing.

70.250 million pounds added to com. allocation for FL east only, opened 2/18/93 - 326/93.

* Bag limit will not be reduced 1o 2ero when allocation reached, beginning in lishing year 19923,

' Panel recommended ABC range changed from 16%-84% to 16%4-50% and Gulf Council selected TAC aceepling greater than 504 risk level,
'*0.300 million pounds added to hook-and-line quota for Florida West Coast subzone,

"' Recreationsl landings, in pounds were esti d by mulliplying number of fish caught by 10.77 thu/ish,

nThe range has been defined in terms of acceptable risk of achieving the FMP's fishing mortality rate 1arget; the Panel's best estimate of ARC has heen intermediate to the end-paints of

uodoy 4VS 10D/ [313oRIA Yl
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Table 3. Atlantic group Spanish mackerel management regulations. Pounds arc in millions.

Fishing ABC TAC Rec. Alloc./Quota ® Ree, Bag Com. Alloc. Harvest Levels
Year RANGE* (Ibs) (Ibs / numbers Limit (Ibs)
(Ibs)
Com Rec
1987/88 1.7-3.1 3.1 0.74 4 in FL, 10 GA-NC 2.36 3.559 1.474
1988/89 1.3-55 4.0 0.96 4 in FL, 10 GA-NC 3.04 3.524 2.740
1989/90 4.1-74 6.0 2,76/ 1,725,000 * 4in FL, 10 GA-NC 324 3.963 1.569
1990/91 4.2-6.6 5.0 1.86 /1,216,000 4in FL, 10 GA-NC 314 3.560 2.075
1991/92 5.5-13.5 7.0 3.50/2,778,000 Sin FL, 10 GA-NC 3.50 4,739 2.287
1992/93 49-79 7.0 3.50 /2,536,000 * 10 FL - NY 3.50 3716 1.995
1993/94 7.3-13.0 9.0 4.50/3,214,000 10 FL - NY 4.50 4813 1.493
1994795 41-92 9.2 4.60 /3,262,000 10 FL - NY 4.60 5233 1.378
1995/96 49-147 9.4 4.70 /3,113,000 10 FL - NY 4,70 2.009 1.089
1996/97 50-7.0 7.0 3.50/2,713,000 10 FL - NY 3.50 3.096 0851
1997/98 58-94 8.0 4.00 /2,564,000 10 FL - NY 4,00 3.057 1.357¢
1998/99 54-82 8.0 . 4.00/ 2,564,000 10 FL - NY 4.00 3.200 0.774¢

I Fishing year 1979 begins on 1 April and ends on 31 March 1980.
? Sums within rows may not appear to equal the total value shown due to rounding of numbers before printing.
3 Recreational quota in numbers is the allocation divided by an estimate of annual average weight (not used prior to fishing ycar 1989),
“ Allocations and rec. quola arc as revised October 14, 1989.
’ Bag limit will not be reduced to zero when allocation reached, beginning fishing year 1992,

¢ Recreational landings, in pounds were cstimated by multiplying number of fish caught by 1.29 Ibs/fish,
8 The range has been defined in terms of acceptable risk of achieving the FMP's fishing mortality rate target; the Pancl’s best estimate of ABC has be
to the end-points of this range.
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Table 4. Gulf group Spanish mackerel Management regulations. Pounds arc in millions, Prior (o fishing year 1990, management was b,
fishing year. The regulations shown for fishing year 1987 and later are relative (o the July-June fishing year.

’—Fishing ABC - TAC Rec. AIIoc.J'Qunln‘ Rec. Bag Com, Alloc, A-nmml Han
Year RANGE* (Ibs) (Ibs / numbers) Limit (Ibs)
(Ibs) Com Re
1987/88 1.9-4.0 2,50 1.08 3 1.42 2,581 3.1
1988/89 1.9-7.1 5.00 215 4 FL, 10 AL-TX 2.85 3.902 2T
1989/90 49-6.5 5.25 2.26/ 1,614,000 4FL, 10 AL-TX 299 2,145 1.8
1990/91 39-74 5.25 2.26 /1,569,000 3TX, 4 FL’, 10 AL-LA 2,99 2.074 2K
1991/92 7.1-122 8.60 3.70/2,721,000 3TX,5FL, 10 AL-LA 4.90 4.163 2.8¢
1992/93 51-98 8.60 3.70/3,274,000°¢ - TTX, 10 FL-LA 4.90 3 3.1
) 1993/94 47-87 860 (3.70/3,274,000 7TX, 10 FL-LA _ 4.90 2614 2.69
Iﬁ 1994795 . | 44-87 8.60 3.70/ 2,202,000 TTX, 10 FL-LA 4.90 2.544 1.55
1995/96 4.0-10.7 8.60 3.70/ 2,782,000 7TX, 10 FL-LA 4.90 1.075 1.57
1996/97 1.6-9.5 7.00 [3.01/ 7TX, 10 FL-LA 3.99 0.617 12,05
1997/98 55-13.9 7.00 3o/ TTX, 10FL-LA 399 0.331 1.90
1998/99 1.3-14.1 7.00 301/ 7TX, 10 FL-LA ' 1.99 0.460 |.8:fj

! Fishing ycar 1979 begins on 1 April and ends on 31 March 1980,
H

Sums within rows may not appear lo equal the total value shown due 1o rounding of numbers before printing.
’ Information on Mexico catch and size distributions for some years was not sufficient for inclusion,

Bag limit will not be reduced 10 zero when allocation reached, beginning fishing year 1992,
Recreational landing, in pounds were estimated by multiplying number of fish caught by 1.63 Ibs/fish,
4

The range has been defined in terms of acceptable risk of achicving the FMP's fishing mortality rate target: (he Panel s best estimate of ABC ha
to the end-points of this range.
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Table 5. A first approximation to estimating MSY, F,, stock size at MSY, and MSST for Gulf and Atlantic group king and Spanish mack

Maximum Sustainable Yield

Maximum Fishing Mortalily

Spawning Stock at MSY Minimum Stos
Slock (millions of pounds) Threshold Busy (M
Fusy PET year (Millions)
Median Lower 80 | Upper 80 | Median | Lower 80 | Upper 80 | Median | Lower 80 | Upper 80 | Median | Low
Cl Cl Cl Cl Cl Cl (
Allantic King 10.4 9.4 14.5 0.40 0.32 0.48 5.2 4.7 71 4.4
Gulf King 12.1 10.7 13.8 0.35 0.29 0.62 6.8 6.2 1.5 5.4
Atlantic 6.4 5.7 7.5 0.40 0.38 0.42 13.7 12.2 15.8 96
Spanish
Gulf Spanish 8.5 7.1 9.7 0.53 0.41 0.69 19.1 17.5 20,7 13.4
[
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and
Atlantic Ocean (MSAP/99)

MSAP/99/

Updated Projections for King and Spanish Mackerel
in the Gulf of Mexico and Atlantic Ocean

Christopher M. Legault

: National Marine Fisheries Service
Southeast Fisheries Science Center, Sustainable Fisheries Division
75 Virginia Beach Drive, Miami, FL 33149
Sustainable Fisheries Division Contribution SFD-98/99-49

March 16, 1999

Introduction

Updated projections of the estimated stocks from the 1998 full assessment were made
such that the total allowable catch (ABC) for each migratory group can be set for the 1999/2000
fishing seasons using procedures previously established by the mackerel stock assessment panel
(MSAP). The estimated stocks from the 1998 full assessment contained a deterministic point
estimate and 400 mixed bootstrap/Monte Carlo estimates of stock abundance and fishing
mortality rates estimated from tuned virtual population analysis with the terminal year the 1996/97
fishing seasons (Legault et al. 1998). The updated projections presented here use these stock
abundance and fishing mortality rate matrices first projected to match estimates of total catch (not
separated by age) for the commercial and recreational fleets in the 1997/98 and 1998/99 fishing
seasons and then estimate allowable biological catches under given management schemes (Fsonser
or Fapmser) for the 1999/2000 fishing season. Also available for these projections are estimates of
the reduction in shrimp trawl bycatch of mackerels in the Gulf of Mexico due to the
implementation of bycatch reduction devices (BRDs). The uncertainty of allowable biological
catches is presented in two ways, the historically used percentile method and the bias corrected
percentile method, which seems to provide better confidence interval coverage than the percentile
method (Legault 1999). Deterministic, long term potential yields, stock recruitment relationships,
and estimates of maximum sustainable yield related benchmarks are also provided for all the
migratory groups. Recovery of the Gulf of Mexico king mackerel migratory group is treated in

more detail.
Updated Landings

Updated landings of mackerel migratory groups for the 1997/98 fishing seasons and
estimated landings for the 1998/99 fishing seasons were provided by P. Phares (NMFS, SEFSC,
Sustainable Fisheries Division) and are based on cu rrently available commercial and recreational
harvest information. The landings were separated as commercial, given in pounds, and
recreational, given in numbers of fish (Table 1). The derivations of the 1998/99 estimates are
detailed in Appendix A. Applying an approximate average weight of recreational fish (total weight
divided by total numbers from tables 1-4 of the 1998 assessment) allows comparison of these :

E-1
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)

updated values with the historical series (Figure 1). All four migratory groups show stability in the
recent level of landings, especially considering the approximate nature of these values.

Table 1. Mackerel landings of commercial (pounds) and recreational (numbers) sectors Jfor the 1997/98 fishing

seasons and M‘ec:ed landings [or the 1998/99 !:sh:‘ng Seasons.

1997/98 1998/99
Commercial Recreational Commercial Recreational
Atlantic King 2,677,794 515,482 2,520,000 436,415
Gulf King 3,159,578 692,375 3,600,000 578,367
Atlantic Spanish 3,056,845 1,051,550 3,200,000 600,072
Gulf Spanish 331,342 1,168,740 460,000 1,152,305
Atlantic King Mackerel Atlantic Spanish Mackerel
5 12 )
i 10 i;
¢ 55
= 8 =
=V £l
3 B2
? 2 ® 1 4f
B1 83 85 87 89 91 83 95 97 24 BS B6 B7 BS B9 90 91 52 §3 94 95 56 97 98
Year Year
Gulf King Mackerel Gulf Spanish Mackerel
14 3
% 12 H
10 E
i £
Es E
B 5
% o LB Y H
81 B3 B5 B7 88 91 93 95 97 84 85 85 A7 88 B9 50 91 92 93 94 95 96 97 98
Year 5 Year

Figure 1. Total landings in weight for the four mackerel migratory groups. 4 fishing
season is denoted by its first year, for example 84/85 is denoted 8. The 97 and 98 values
are preliminary.

Bycatch

Shrimp trawl bycatch for the Atlantic migratory groups was set to zero when determining
the ABC in the 1998 mackerel stock assessment panel report. This was done even though there is
known to be bycatch in the shrimp trawl fleet because the data available only allowed a single
value to be used for the entire historical time series (see Legault et al. 1998 for further details).
No additional information was available for these projections. Since not including bycatch raises
estimates of SPR relative to including it, three sets of projections are provided for the Atlantic
migratory groups: no bycatch, low bycatch and high bycatch. The low and high bycatch cases
correspond to the two Vaughan and Nance (1998) estimates described in Legault et al. (1998).

(2)

E-2
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

The implementation of BRDs in the Gulf of Mexico necessitates inclusion of a bycatch
reduction multiplier for shrimp trawl bycatch in the projections. The bycatch reduction multiplier
modifies the estimated bycatch at age of future years for each bootstrapped VPA projection. This
multiplier is defined as 1.0 minus the F that occurs using BRDs divided by the F that would have
occurred without BRDs. For example, status quo bycatch has a bycatch reduction multiplier of
0.0 while complete elimination of the shrimp trawl fishery has a bycatch reduction multiplier of
1.0. Estimates of the bycatch reduction multipliers for king and Spanish mackerel in the Gulf of
Mexico were provided by S. Nichols (NMFS, SEFSC, Pascagoula Laboratories) (Appendix B).
Briefly, the generalized linear model (GLM) used to estimate total bycatch by species had the
«dataset” classification modified from two levels (research and commercial) to three levels
(research, commercial with BRD and commercial without BRD). This additional level allowed
calculation of total bycatch if all boats, or boats fishing in specific areas at specific times, had used
BRDs during any year. For 1998, the normal GLM was run to produce the “ALL” estimate while
«ACT” estimates were produced by using WithBRD estimates for areas, seasons that had BRD
requirement and NoBRD otherwise (Table 2). The 1998 reduction was calculated as 1-ACT/ALL.
To estimate potential reductions when all boats use BRDs, the average of the past five years of
bycatch reductions was computed from 1-WithBRD/NoB RD. These average bycatch reduction
multipliers were used for years 1999 and beyond for long term potential yield projections, and for
MSY related calculations. Bycatch reduction multipliers were not used with Atlantic group
mackerels, except for calculation of some long term potential yields.

. Table 2. Total shrimp trawl bycaich estimates provided by Sean Nichols (pers. comm.) and calculation of bycatch
reduction multipliers. See text for description of variables. ’
King Mackerel

Year ACT ALL 1-ACT/ALL WithBRD NoBRD 1-WithBRD/NoBRD

1894 1.056 0.993 0.654 1.056 0.381

1995 1.087 1.109 0.720 1.087 0.338

1996 0.630 0.623 0.255 0.630 0.595

1997 0.752 0.742 0.362 0.752 0.519

1998 0.301 0.527 43% 0.214 0.587 0.635
average 49%

Spanish Mackerel

Year ACT ALL 1-ACT/ALL WithBRD NoBRD _ 1-WithBRD/NoBRD
1994 3.021 3.005 2.357 3.021 0.220
1995 2.650 2.700 2.056 2.650 0.224
1996 2.722 2.724 2.081 2.722 0.235
1997 2.583 2.568 1,949 2.583 . 0.245
1998 2117 2.655 20% 1.969 2.611 0.246
average 23%
E-3
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)

Current Stock Condition

Transitional unweighted spawning potential ratios calculated from the 400 mixed
bootstrap/Monte Carlo assessments and projections of estimated catch show that all migratory
groups are either trending upwards or level over the past few years (Figure 2). Using 30%SPR as
the overfished definition for Gulf of Mexico migratory groups, king mackerel are overfished and
Spanish mackerel are not overfished. Using 40%SPR as the overfished definition for Atlantic
migratory groups, both king and Spanish mackerel are not overfished under no bycatch, but both
are overfished under either low or high bycatch. :

Using a static spawning potential ratio of either 30% or 40% as the definition of
overfishing classifies Gulf of Mexico king mackerel and Atlantic Spanish mackerel under high
bycatch as undergoing overfishing, while all other migratory groups and bycatch levels are
classified as not overfishing in the 1998/99 fishing season (Table 3). Current fishing mortality
rates and spawning stock sizes are also provided in Table 3 for comparison with possible
management benchmarks provided in subsequent sections.
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Figure 2a. Gulf migratory group unweighted transitional SPR. Box and whiskers denote median
and 80% confidence interval. o
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Figure 2b. Atlantic migratory group SPR under no bycatch. Median and 80% CI.
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean

(MSAP/99)

Atlantic King (Low Bycatch)

Atlantic Spanish (Low Bycatch)
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Figure Zc. Atlantic migratory group SPR under low

bycarch. Median and 80% CI.
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Figure 2d. Atlantic migratory group SPR under high byveatch_Median and 80% CI.

Table 3. Current conditions of the migratory groups.
mackerel, S=Spanish mackerel, N=no, L=low, H=high, B=bvcatch. S599=spawning stock in 1999. F98=the
maximum directed fishing mortality rate at age in 1998. Static SPR98 is the static spawning potential ratio in

Group code: G=Gulf of Mexico, A=Atlantic, K=king

1998.
S$899 (millions) F98 Static SPR98

Group Point Median 80%Cl ~Point Median 80%CI Point Median 80%CI

GK 575 572 449 747 0382 0.384 0.270 0.760 0.271 0.278 0.217 0.348
GS 26.04 27.50 19.34 36.33 0.154 0.141 0.104 0.222 0.513 0.529 0.441 0.587
AKNB 649 6.86 6.06 10.71 0.174 0.154 0.103 0.190 0.521 0.538 0.501 0.637
ASNB 2031 2244 1676 3062 0.192 0.175 0.130 0.226 0.523 0.554 0.469 0.634
AKLB 498 581 470 953 0.241 0.189 0.130 0.252 0.431 0.479 0.419 0.601
ASLB 2032 2286 16.66 31.39 0.192 0.166 0.124 0.222 0.405 0.451 0.363 0.529
AKHB 529 640 502 941 0.197 0.153 0.110 0.195 0.426 0.483 0.421 0.586
ASHB 2023 2445 1753 3469 0.193 0.155 0.111 0.207 0.211 0.283 0.201 0.359
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic

Ocean (MSAP/99)

Allowable Biological Catch

Calculation of allowable biological catch followed exactly the mixed bootstrap/Monte
Carlo VPA and projection algorithms used in the 1998 stock assessment (Legault et al. 1998).
The 1999/2000 fishing season ABC estimates under two management schemes (F3ouspr and
Fonspr) @nd two methods to characterize the uncertainty (percentile and bias corrected percentile)
are summarized in Table 4 and cumulative frequency plots provided in Figure 3. The bias
correction algorithm is described in Legault (1999). Bias correction increased the median ABC

" for Gulf of Mexico king mackerel, but decreased the median ABC for the other migratory groups.

Bias correction narrowed the range contained within the 16-84% confidence intervals in all cases.
The decrease in the Atlantic Spanish high bycatch ABCs is extreme due to the point estimate
falling almost outside the bootstrap/Monte Carlo distribution. This is most likely an artifact of
using a constant value for bycatch in the deterministic case and using Monte Carlo simulation to
generate a varying trend in bycatch for the mixed bootstrap/ Monte Carlo simulation projections.
It also highlights the possibility that the selection of distributions for the Monte Carlo simulations
are not in fact centered on the point estimates when projected ABCs are considered. For example,
the Atlantic king mackerel natural mortality point estimate is 0.15 and the Monte Carlo simulation
chooses a value from a uniform distribution of (0.1, 0.2). Although the point estimate of M is
centered in the distribution assumed for M, the response of ABC to changes in M is non-linear
and thus not likely to be centered about the point estimate (see Legault 1999 for further details).
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

Table 4. Allowable biological caiches for the 1999:2000 fishing season. Poini Est are the deterministic 'PA and
projection results, Level refers to the per cent confidence level (50 is the median) for the two methods to
characierize uncertainty (Percentile and Bias Corrected).

Allowable Biological Catch (million pounds) for 1999/2000 Fishing Season

F30%SPR F40%SPR
Bias Bias
Migratory Group Point Est Level Percentile Corrected Point Est Level Percentile Corrected
Gulf King 16 8.03 8.45 16 5.49 5.7¢
10.32 50  10.10 10.52 717 50 6.96 7.39
84 12.51 12.93 84 8.73 9.08
Gulf Spanish 16 9.14 8.14 16 565 4.80
12.40 50 12.92 11.94 7.74 50 8.19 7.39
84 17.18 16.06 84 10.82 10.10
Atlantic King 16 12.80 12.19 16 8.93 8.36
(no bycatch) 13.82 50 14.35 13.44 9.55 50 10.03 9.20
84 19.30 15.63 84 13.27 10.50
Atlantic Spanish 16 7.64 6.31 16 574 4.73
(no bycatch) 8.63 50 9.43 7.93 6.48 50 7.08 5.97
84 11.91 9.82 84 8.96 7.39
Atlantic King 16 9.51 6.69 . 16 6.69 4.44
(low bycatch) 1002 50 11.27 9.07 6.90 50 7.92 6.17
84 17.26 10.76 84 11.80 7.47
Atlantic Spanish 16 5.89 4.71 16 4.08 3.25
(low bycatch) 6.75 50 7.65 5.89 4.64 50 5.42 4.06
84 9.91 7.64 84 7.04 5.36
Atlantic King 16 9.32 6.31 16 6.56 3.06
(high bycatch) 9.71 50 11.74 8.65 6.63 50 8.18 5.51
84 16.67 10.38 84 11.44 6.72
Atlantic Spanish 16 2.32 4.11E-08 16 0.62 4.10E-09
(high bycatch) 2.02 50 3.90 1.01 0.014 50 1.78 4.10E-09
84 553 1.86 84 3.06 2.32E-08
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic

Ocean (MSAP/99)
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic

Ocean (MSAP/99)

Long Term Potential Yield

Two approaches were taken with regards to long term potential yield: deterministic trends
over time and equilibdum conditions for an expanded number of parameter combinations. The
deterministic trends from current conditions were computed by applying exactly Fypspr OF Fugauspr
to the stocks estimated in the deterministic VPAs. For the Gulf of Mexico migratory groups, only
one bycatch reduction pattern was examined, the one described in the “Bycatch” section. Future
recruitment was held constant at the geometric mean (centered on the mean) from the estimated
values of the deterministic VPA. Natural mortality was held constant at its expected value. The
resulting unweighted transitional SPR and yield time series followed smooth curves towards the
equilibrium values (Table 5 and Figure 4). Note that in some cases the use of Figuspr 0T Faonspr
caused the unweighted SPR to decrease because the stocks are currently at higher levels.
Potential recovery trends of Gulf of Mexico king mackerel are examined further in a separate
section.

Long term potential yield was computed for equilibrium conditions by combining per
recruit analyses with estimates of future average recruitment levels. Possible future recruitment
levels were estimated from historical estimates of recruitment from the VPAs (Table 6 and Figure
5). The per recruit analyses were conducted by solving for the commercial and recreational F
multipliers that satisfied two conditions: the desired static SPR and the desired proportion of yield
per recruit to the recreational sector. The commercial and recreational selectivity curves were
generated from the average F at age during the years 1992 to 1996 by each sector using the VPA
estimates. Weight at age, fecundity and the natural mortality were all fixed. The multiplication of
the yield per recruit (Y/R) and spawners per recruit (S/R) that result under a given management
scheme by a future level of recruitment provides the long term potential yield estimate
(LTPY=R*Y/R) and the corresponding spawning stock size (SS, rpy=R*S/R). This corresponding
spawning stock size can be used as a proxy for Bysy when a stock recruitment relationship cannot
be calculated for a migratory group. The associated fishing mortality rate allows the definition of a
harvest control law based on spawning potential ratio caiculations as a proxy for MSY.

Long term potential yield per recruit for each of the migratory groups was examined under
two management schemes (Fjguspp and Fg.spr) @s a function of the bycatch reduction multiplier
(Table 7). Note that the spawning stock per recruit does not change with changes in bycatch
reduction for any group. This is because the exploited spawning stock is the result of both the
directed and non-directed fishing while the virgin spawning stock is determined by only natural
mortality. Thus, any reduction in shrimp bycatch mortality does not change the health of the stock
but rather increases the directed yield, modified by the natural mortality rate and directed
selectivity patterns. Multiplying the per recruit values by a future recruitment level allows
estimation of proxies for MSY and MSY control laws (Figure 6). Increasing the level of
recruitment and increasing the bycatch reduction resulted in higher long term potential yields in all
cases except for the Atlantic no bycatch cases which obviously did not change with changes in
bycatch reduction.
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

The 400 mixed bootstrap/Monte Carlo assessments can also be individually compared with
Jong term potential yield parameters. The yield per recruit, spawning stock per recruit and fishing
mortality rate under a given management scheme are computed for each of the bootstrap/Monte
Carlo simulations. A fixed level of recruitment is then applied over all the bootstrap/Monte Carlo
simulations to produce the spawning stock associated with the long term potential yield. Dividing
the current conditions of F and SS by the values associated with long term potential yield for each
bootstrap/Monte Carlo simulation allows examination of the uncertainty associated with the status
of the stock. If Foa/F, 1py is greater than 1.0 then overfishing is occurring. If SS,o/SS, rpy 18 less
than 1.0 then the stock is overfished. Table 8 summarizes the percentage of bootstrap/Monte
Carlo simulations resulting in these classifications. Plotting the ratios shows explicitly the
uncertainty associated with these classifications (Figure 7). Note that changing the management
scheme impacts both the F and SS long term potential yield values for each bootstrap/Monte
Carlo simulation, while changing the bycatch reduction impacts only the F values and changing
the future recruitment level impacts only the SS values. ;
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Table Sa. King mackerel time trends in unweighted transitional spawning potential ratio (SPR) and directed yicld (millions of pounds) from dete
projections of F30%SPR and F40%SPR.

Gulf King Atlantic King {No Bycatch) Atlantic King (Low Bycatch) Atlantic King (High Byeatc
Year SPR30 Yield30 SPR40 Yield40 SPR30 Yield30 SPRA40 Yieldd0 SPR30 Yield30 SPR40 Yieldd0 SPR30 Yield30 SPRAD Yi
1988 0245 1137 0245 1137 0399 589 0389 5838 0359 573 03589 573 0342 569 0342 5
1999 0247 1032 0247 717 0424 1382 0424 955 0375 1002 0375 690 035 971 0359 6
2000 0.253 1017 0268 747 0391 1201 0421 902 0357 886 0381 658 0347 878 0370 €
2001 0.260 980 0280 757 0365 1085 0418 872 0342 834 0387 657 0337 833 0378 6
2002 0267 939 0310 757 0345 997 0415 850 0330 799 0391 663 0328 797 0384 6
2003 0275 940 0330 786 0.331 894 0411 800 0321 733 0394 634 0320 740 0389 ¢
2004 0.281 8.91 0346 767 0320 836 0410 785 0315 7.04 0397 634 0315 722 0394 €
2005 0285 B49 0358 739 0312 755 0406 731 0309 683 0398 639 0310 687 0396 €
2006 0290 845 0370 747 0308 690 0405 682 0306 632 0398 599 0307 646 0398 ¢
2007 0294 834 0379 743 0305 653 0404 659 0304 607 0400 591 0305 624 0400 ©
2008 0296 B30 0386 746 0302 621 0402 614 0302 584 0400 562 0303 594 0399 5
2009 0297 824 0.391 741 0301 605 0401 592 0301 572 0399 548 0301 580 0399 ¢
2010 0288 822 0394 742 0.301 596 0.401 579 0301 565 0400 540 0.301 5.7 0400 ¢
2011 0299 818 039 738 0300 592 0400 572 0300 562 0400 537 0301 567 0400 °
2012 0299 819 0398 741 0300 590 0400 574 0300 561 0400 540 0300 568 0400 ¢
2013 0300 814 0399 731 0300 588 0400 568 0300 559 0400 535 0300 564 0400 ¢
2014 0300 814 0400 731 0300 585 0400 556 B.SOP 556 0400 526 0300 559 0400 ¢
2015 0300 814 0400 733 0300 585 0400 555 0300 556 0400 526 0300 559 0400 ¢
2016 0300 814 0400 733 0300 6585 0400 555 0300 556 0400 526 0300 559 0400 ¢
2017 0300 815 0400 733 0300 585 0400 555 0300 556 0400 526 0300 559 0400 ¢
2018 0300 815 0400 733 0300 585 0400 555 0300 656 0400 526 0300 559 0400 ¢
2019 0300 815 0400 733 0300 585 0400 555 0300 556 0400 526 0300 559 0400 @«
2020 0300 815 0400 733 0300 5B5 0400 555 0300 55 0400 526 0300 559 0400 ¢

(12)



Table $b. Spanish mackerel time trends in unweighted transitional spawning potential ratio (SPR) and directed yield (millions of pounds) from ¢
projections of F30%SPR and F40%SPR. '

Gulf Spanish Atlantic Spanish {I:lu Bycalc.hj Allantic Spanish (Low Bycalch)  Allantic Spamish (High Byc:
Year SPR3I0 Yield30 SPR40 Yieldd0 SPR30 Yield30 SPR40 Yield40 SPR30 Yield30 SPR40 Yieldd0 SPR3I0 Yield30 SPR40 Y

1998 0387 377 0387 377 0418 430 0418 430 0328 430 0328 430 0176 430 0.176
1090 0421 1240 0421 774 0448 863 0448 648 0351 675 0351 464 0.188 202 0188
2000 0.368 1052 0414 750 0400 765 0437 623 0339 645 0367 478 0214 220 0229
2001 0336 929 0409 730 0363 677 0426 6585 0326 604 0378 473 0236 244 0267
2002 0318 860 0406 717 0339 631 0418 568 0318 584 038 476 0255 258 0301
2003 0309 825 0404 711 0324 6.02 0412 555 0312 570 0392 477 0289 268 0.329
2004 0304 808 0402 711 0314 583 0408 545 0308 560 0396 476 0280 275 0.351
2005 0302 794 0401 699 0308 577 0405 545 0305 559 0298 483 0288 287 0.368
2006 0301 791 0400 700 0304 567 0403 539 0303 553 0399 482 0282 290 0.380
2007 0300 789 0400 698 0302 558 0401 529 0301 543 0399 472 0295 285 0.388
2008 0300 788 0400 697 0301 559 0401 534 0301 547 0400 481 0209 296 0.396
2009 0300 788 0400 697 0300 5568 0400 520 0300 643 0400 477 0209 294 0.398
2010 0300 788 0400 698 0300 555 0400 529 0300 542 0400 477 0300 285 0400
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)
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Figure 4a. Gulf deterministic time trends in SPR and yield.
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Aflantic Ocean

(MSAP/99)
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)

" Table 6. Median recruitment (millions of fish) estimated by I'PA for each of the mackerel migratory groups.
Group definitions as in lable 3. Summary stalistics given al the botlom are the arithmetic average over all years
(avg all), arithmetic average over the five highest recruitments (avg 5 hi) and maximun: recruitment estimated

e GK GS____AKNB___ASNB __AKLB _ASIB _AKHB __ASHB
81 2.37 1.04 1.12 1.27
82 1.73 1.10 118 . 1.34
83 1.35 1.37 142 1.61
84 2.39 14.92 1.79 7.55 1.85 10.26 2.05 21.64
85 2.20 17.70 2.37 11.06 2.38 13.77 2.64 25.19
86 2.13 1201 1.80 11.44 1.86 14.17 2.06 25.66
87 3.87 8.98 1.40 7.83 1.35 10.64 1.68 22.01
&8 3.21 10.02 1.18 9.26 1.94 11.93 1.51 23.32
89 5.02 18.09 2.70 7.82 2.38 10.52 2.87 21.90
a0 3.63 20.32 51 11.20 4,34 13.92 4.96 25.37
91 4.50 13.32 2.64 9.70 2.34 12.38 2.63 23.81
82 4.08 18.77 2.18 7.38 2.01 10,14 2.09 21.48
93 570 14.04 1.99 13.83 1.72 16.72 1.80 28.34
94 4.87 13.83 2.27 13.40 2.06 16.12 2.03 27.74
85 6.09 14.06 4.43 5.62 3.80 8.30 4.33 19.58
86 N 13.28 473 13.58 4.07 16.39 4.57 27.62
avg all 3.52 14,65 238 9,98 2.24 12,71 247 2413
avg 5 hi 5.24 18.16 3.92 12.71 3.38 15.46 3.87 26.94
max 6.09 20.32 511 13.93 4.34 16.72 4.96 28.34
Gulf King Gulf Spanish
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Figure 5a. Gulf recruitment, median and 80% confidence intervals.
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Appendix E. Updated Projections for King

and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean

(MSAP/99)
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Figure 5b. Atlantic recryitment, median and 80% confidence iniervals.
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackere] in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)

Table 7. Long term porential _w'e?d per recruil (pounds), associated sparsning siock per recruit and directed fishing
mortality multiplier under two management schemes (F ypeeop nd F yuseq) and a range of byeatch reduction levels
(O=status quo 1o 1 =no shrimp trawl! bycatch).

Fa0%SPR ~Fa0%5PR

Group bycreduc LTPY/R SSR F LTPY/R SSMm E
Guif King 0 2.4011 1.5207  0.2950 2.0908  2.0275  0.1905
0.25 25783  1.5207  0.3171 22854 20275  0.2088
0.5 27624  1.5207  0.3402 24870 20275 02278
0.75 29538  1.5207  0.3641 2.6959 2.0275  0.2475
1 31530  1.5207  0.3880 29126 20275  0.2678
Gulf Spanish 0 0.5045  1.2836  0.4413 0.4246  1.7114  0.2440
0.25 0.5722  1.283 05222 0.5085 1.7114 0.3048
0.5 0.6417  1.2836 06111 0.5842 17114  0.3713
0.75 07132  1.2836  0.7086 0.6819 1.7114  0.4442
1 " 07867  1.2836  0.8155 0.7718 17114 0.5241
Atlantic King 0 31713 15595  0.4179 30133 20793  0.2758
(No Bycatch) 0.25 31713 15595  0.4179 3.0133 20793 . 0.2758
0.5 31713 1.5595  0.4179 3.0133 20793  0.2758
0.75 31713 1.5595 04178 3.0133 20793  0.2758
1 31713 1.5595 - 0.4179 30133 20793 02758
Atlantic Spanish 0 05993  1.2836  0.3998 0.5708 17114  0.2882
(No Bycatch) 0.25 0.5993  1.2836  0.3998 0.5708 1.7194  0.2882
0.5 0.5993  1.2836  0.3998 0.5708 1.7114  0.2882
0.75 0.5803  1.283¢  0,3998 0.5708 17114  0.2882
1 05883  1.2836  0.3908 0.5708 17114 0.2882
Atiantic King 0 3.0097  1.5595  0.4038 2.8431 2.0783  0.2662
(Low Bycatch) 0.25 3.0423  1.5595  0.4091 2.8791 20793  0.2703
0.5 3.0751 1,555  0.4144 2.9154  2.0793  0.2744
0.75 3.1081 15585  0.4198 208518 20783  0.2785
1 31413  1.5595  0.4252 2.9885 20793  0.2827
Atlantic Spanish 0- 0.4473  1.2836  0.3010 0.3932 1.7114  0.1891
(Low Bycatch) 0.2 04842  1.2836  0.3253 0.4364 17114 0.2210
05 0.5224 12838  0.3503 0.4809 1.7114  0.2434
0.75 D.5618  1.2836  0.3760 0.5266 17114  0.2663
1 06026  1.2836  0.4023 0.5736 1.7114  0.2898
Atlantic King 0 27768 1.5585  0.3326 2.5817 2.0793  0.2182
(High Bycatch) 0.25 2.8598  1.5585  0.3442 26740 20793  0.2274
0.5 20442 15595  0.3560 2,7676  2.0793  0.2368
0.75 3.0302 15585  0.3681 2.8627  2.0793  0.2464
1 3.1177 - 1.5595 - 0.3805 29592 20783  0.2561
Atlantic Spanish 0 0.1244  1.2836  0.0833 0.0012 17114  0.0006
{High Bycatch) '0.25 0.2260  1.2836  0.1545 0.1312 1.7114  0.0857
0.5 0.3426  1.2836  0.2315 0.2682 17114  0.1356
0.75 0.46B2  1.2836  0.3153 0.4162 1.7114  0.2108
1 06088 12836 0.4071 05790  1.7114 _ 0.2929

(18)
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
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Figure 6a. Gulf long term potential yield and associated fishing moriality rate and spawning
stock. Diamonds=average recruitment over all years, squares=average of 5 highest
recruitments, triangles=maximun: recruitment. Left panel: solid lines=F30%SPR, dashed
lines=F40%SPR. Right panel: five vertical symbols show bycaltch reduction (lowest F=status
quo, highest F=no bycalch); upper left groups of five symbols=F30%SPR, lower right groups of
five symbols=F40%SPR; asterick denotes current conditions (F98 and S599).
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

Table 8. Percentage of 400 mixed bootstrap/Monte Carlo assessments resulting in classification of siocks as
overfishing or overfished under specific long term potential yield calculations. Gulf groups use F30%SPR,
Atlantic groups use F40%SPR. Gulf king uses 5056 bycatch reduction, gulf Spanish uses 25% bycatch reduction,
Atlantic groups with bycatch use 50% bycarch reduction. All use average of 5 highest median recruitments for

Juture recruitment. Group acronyms as in figure 3.

Status GK GsS AKNB AS NB AK LB AS LB AK HB AS HB
Overfishing 65% 0% 0% 1% 3% 7% 3% 54%
Overfished 93% 25% 78% 45% 73% 74% 78% 99%
Gulf King Gulf Spanish
LTPY= FIORIPR, S0%Bycreduc, Avg 5 High Rec LTPY= FI0NSPR, 25%Bycreduc, Avp § High Rac
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Figure 7a. Gulf ratios of current to long term potential vield fishing moriality and spawning stock from 400 mixed
bootstrap/Monte Carlo assessments. Solid lines denote limits for overfishing (I ratio) and overfished (35 ratio).

Donted lines denote point esti
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Figure 7b. Atlantic no bycaich current to LTPY ratios of F and SS. Lines as in figure 7a.
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic
Ocean (MSAP/99)
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Figure 7c. Atlantic low bycatch current to LTPY ratios of F and SS. Lines as in figure 7a.
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Figure 7d. Atlantic high bvearch current to LTPY ratios of F and SS. Lines as in figure 7a.
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

Stock Recruitment Relationships

Examination of all stock recruitment plots from the deterministic cases led to the
conclusion that there is not enough regression range to fit only one curve through the
observations, many highly different curves could provide equally good fits. Spawning stock was
defined as the sum of population abundance at age times the relative fecundity at age values that
have been used in the past few stock assessments. Since the fecundity functions are relative, the
spawning stock has no units. For this reason, a range of possible relationships was examined using
the Shepherd (1982) equation

as

where R and S denote the recruits and spawning stock values, respectively, and &, B, and x are
parameters to be fit. Note that when B is 1.0, the Beverton and Holt stock recruitment
relationship results. When B>1, recruitment has a maximum then decreases with increasing stock
size, as in the Ricker stock recruitment relationship. In order to examine a range of plausible stock
recruitment relationships 4 cases were examined by fixing thé values of B and x then solving for
the values of & to give the best fit to the observations (Figure 8). The k values were chosen based
on multiples of the maximum observed stock size such that for the Ricker-like stock recruitment
relationship, the maximum recruitment occurred at either the maximum observed stock size or
twice that amount. These four combinations of f and x produced curves that either maximized at
approximately the maximum observed recruitment levels or else allowed higher values of
recruitment to occur as the spawning stocks increased in size. The different levels of bycatch in
the Atlantic migratory groups raised or lowered the estimated recruitment levels but did not
impact the spawning stock estimates or the trend in the stock recruitment observations.

Guilf King Mackerel " Gulf Spanish Mackerel
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Figure 8a. Gulf stock recruitment relationships. Filled diamonds denote estimated stock and recruitment values
Jrom the deterministic VPA, open symbols denote fitted Shepherd curves fixing beta at 1.0 or 1.5 and kappa at the
maximum estimaled stock size, one tenth this value, or twice the maximum value.
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Appendix E. Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic

Ocean (MSAP/99)
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Figure 8b. Atlantic no bycatch stock recruitment relationships. Symbols as in figure 8a.
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Figure 8c. Atlantic low bycaich stock recruitment relationships. Svmbols as in figure 8a.
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Figure 8d. Atlantic high bycatch stock recruitment relationships. Svmbols as in figure 8a.
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Appendix E. Updated Projections for King and Spanish Mackerel in the Gulf of Mexico and Atlantic Ocean
(MSAP/99)

Maximum Sustainable Yield

Calculation of maximum sustainable yield (MSY) required a slightly different approach
than long term potential yield. For any value of recreational fishing mortality multiplier, the
commercial fishing multiplier that generated the desired proportion of total yield to the
recreational fishery was determined. The recreational fishing mortality multiplier was changed
until the maximum equilibrium total yield was achieved. Equilibrium total yield was determined by
first determining the yield per recruit (Y/R) and spawners per recruit (S/R) for a given
recreational (and associated commercial) F multiplier. This S/R and the stock recruitment
relationship (rearranged to make S a function of S/R: S=x[a(S/R)-1]"®) determine the equilibrium
spawning stock and recruitment. This equilibrium recruitment multiplied by the corresponding
equilibrium yield per recruit generated the equilibrium total yield for the particular recreational F
multiplier. The fishing mortality rate at MSY (Fysy) was determined by the maximum total
directed F at age (commercial plus recreational). Since overall selectivity ch