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1.0 PREFACE
This document contains all elements of the Fishery Management Plan (FMP), Final Environmental

. Impact Statement (FEIS) and Regulatory Impact Review (RIR). The FMP is based on the detailed scientific,
- technical, and other supportive documentation contained in the Profile of the Penaeid Shrimp Fishery which
also serves as the Source Document. Information from the profile is updated, where necessary, in the FMP.
The numbering system in both the Profile and FMP are essentially the same in Section 5.0 through 11.0.
The FMP and Profile are available for review at the following locations:

South Atlantic Fishery Management Council
1 Southpark Circle, Suite 306
Charleston, South Carolina 29407-4699

National Marine Fisheries Service
Southeast Regional Office

Duval Building

9450 Koger Boulevard

St. Petersburg, Florida 33702

National Marine Fisheries Service
Southeast Fisheries Center

75 Virginia Beach Drive

Miami, Florida 33149

National Marine Fisheries Service
1335 East west Highway
Silver Spring, Maryland 20910
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3.0 SUMMARY

Background. The management program proposed by this plan is designed to benefit white
shrimp, one of five species in the fishery. The white shrimp population is periodically decimated
by severe winter cold kills. Following these events, continued fishing on the few remaining adults
may affect recruitment and reduce the more valuable fall production. Although affected states
generally take emergency action to close their waters following such kills, the effectiveness and
enforceability of the closures are compromised by lack of concurrent closure of adjacent Federal
waters. Management measures proposed by this plan would allow the states to request
implementation of concurrent Federal closures following cold kills.

Fishery Status. The commercial species of Penaeus shrimp in the South Atlantic region are
believed to be fully utilized. Shrimp are a highly fecund, annual crop not believed susceptible to
overfishing with current fishing technology. Population size is believed to be related to
environmental conditions rather than fishing. However, the white shrimp population is
occasionally decimated by severe winter weather, fdllowing which subsequent recruitment appears

_ to be related to the adult population size. Continued fishing on the few remaining adults is believed

to reduce subsequent fall recruitment.

Management Unit. The management unit is the population of white shrimp occurring along the
U.S. Atlantic coast from the east coast of Florida to the North Carolina/Virginia border. Brown,
pink, rock, and royal red shrimp are included in the fishery but not in'the management unit because
regulations in this plan only address white shrimp at this time. Although all three species of
penaeid shrimp are also harvested in the Gulf of Mexico, it is believed that the Atlantic and Gulf
populations are essentially isolated from one another.

Optimum Yield. Optimum yield for the white shrimp fishery is defined as the amount of harvest
that can be taken by U.S. fishermen without reducing the spawning stock below the level
necessary to ensure adequate reproduction. -

Definition of Overfishing. Overfishing is indicated when the overwintering white shrimp
population within a state’s waters declines by 80 percent or more following severe winter weather
resulting in prolonged cold water temperatures. Continued fishing following such a decline may
reduce the reproductive capacity of the stock affecting subsequent recruitment and would be
considered overfishing. Relative population abundance will be determined by catch per unit effort
(CPUE) during standardized assessment sampling.

Problems in the Ffshery Addressed by this Plan. The major problems in the fishery
identified by this management plan are:



1. Unregulated commercial fishing in the EEZ on overwintering white shrimp following severe
winter cold kills may reduce subsequent recruitment and fall shrimp production.

2. Shrimp trawls have a significant bycatch of nontarget finfish and invertebrates, most of which
are discarded dead. This is wasteful and may significantly reduce yield in other fisheries directed
at these discard species. In addition, shrimp trawls have a bycatch of endangered, threatened,
and/or protected species (e.g., leatherback turtles) that are too large to be excluded by TEDs.

3. Shrimp mariculture operations may inadvertently release exotic species and/or diseases or
parasites into local waters. The impact of such releases on domestic shrimp stocks is unknown,
but potentially serious.

4. Habitat alteration (including beach renourishment and dredge and fill projects) and pollution in
coastal areas may reduce shrimp production.

Management Objectives. The following objectives address the above problems:

1. Eliminate fishing mortality on overwintering white shrimp following severe winter cold kills.

2. Reduce the bycatch of non-target finfish, invertebrates and threatened, protected and
endangered species.

3. Encourage states with mariculture facilities to carefully monitor these operations, and require
safeguards to prevent exotic species from escaping and/or diseases from entering the environment.

4. Reduce or eliminate loss and/or alteration of the habitat on which shrimp depend or degradation
of water quality through pollution that would reduce shrimp production.

Management Measures.

1. States may request concurrent closure of the EEZ adjacent to their closed state waters following
severe winter cold weather that results in an 80 percent or greater reduction in the population of
overwintering white shrimp. |

a. Exempt royal red and rock shrimp fisheries from any closures of the EEZ for the harvest
of white shrimp. '

b. Exempt the whiting fishery (Menticirrhus sp.) from a closure for white shrimp.

2. Establish a buffer zone extending seaward from shore 25 nautical miles, inside of which no
trawling would be allowed with a net having less than 4 inch stretch mesh during an EEZ closure.
Vessels trawling inside this buffer zone could not have a shrimp net aboard (i.e., a net with less
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than 4 inch stretch mesh) in the closed portion of the EEZ. Transit of the closed EEZ with less
than 4 inch stretch mesh aboard while in possession of Penaeus species will be allowed provided
that the nets are in an unfishable condition which is defined as stowed below deck.

Recommendations to the States. The council requests that the states in the south Atlantic
region adopt the following recommendations:

1. The Council requests that states having shrimp mariculture facilities, either research or
commercial, institute strict controls and guidelines to minimize the possibility of inadvertently
introducing either exotic shrimp species or diseases into the environment. The Cournil further
recommends that states comply with Amendment 1 to the Atlantic States Marine Fisheries
Commission’s (ASMFC) Procedural Plan to Control Interjurisdictional Transfers and
Introductions of Shellfish.

2. The Council recommends that states minimize or eliminate alteration of shrimp habitat,
especially the fragile and highly productive salt marsh and estuarine arcas. These areas are
considered critical habitat for all species of penacid shrimp addressed by this FMP.

Research Recommendations.

1. Determine the possible impacts on indigenous shrimp species of inadvertent introductions of
exotic shrimp species and diseases from mariculture operations, and develop methods and

protocol to prevent such introductions. "

2. Assess the potential utility of releasing maricultured white shrimp into the environment to
supplement natural reproduction, especially following cold kills.

. 3. Assess the potential of controlled closures and other measures to enhance the production and
economics of the south Atlantic shrimp fishery.

4. Determine the effects of beach renourishment projects on subsequent shrimp production.

5. Evaluate the impacts of habitat and water quahty alteration on shnmp growth, survival, and

~ productivity.

6. Investigate the costs, benefits, and utility of limited entry programs in the shrimp fishery of the
south Atlantic.

7. Determine the impact of shrimp trawl bycatch on the habitat and all nontarget species of fish
and invertebrates (i.e., expand the congressionally mandated study to include impacts on
habitat and all incidental species, not just the impact on other “fishery resources™).

8. Determine the relationship between absolute number of adults (or adult biomass) and
subsequent recruitment to allow development of a threshold level of population size to serve as
a trigger to request a closure of the EEZ.

9. Determine the biological, economic, and socmloglcal status of the rock shrimp fishery.



Summary of Impacts .

The aggregate economic impacts on shrimp harvesters of proposed concurrent closures of
- Federal waters following freeze winters are conceptually the difference between what fishermen give
‘up in terms of spring shrimp revenues and what they gain from fall shrimp revenues. Available
* evidence suggests that concurrent closures during freeze years may bring about landings for that year
that are characteristic of normal years rather than freeze years. If concurrent closures do bring this
intended result, then the potential net increase in south Atlantic white shrimp catch from a concurrent
closure involves an average increase of approximately 6.8 million Ib and a potentially large increase
in annual white shrimp revenue compared to what revenues would have been without the closure.
~ These potential catch and revenue increases are supported by statistical inferences about the
~ difference between catch in an average freeze year and catch in an average non-freeze year and the
potential ability of a closure to bring about a catch representative of a normal year. The magnitude of
net landings and revenues far exceeds catch and revenues sacrificed during closures.

The negative economic impacts of proposed concurrent closures are that EEZ closures will
force shrimpers who normally count on revenues from white shrimp in the spﬁng months in EEZ
waters to seck alternative sources of revenue during closure years. An estimated range for these
catch and revenue disruptions from an EEZ closure is a high of 181,797 1b and a low of 44,577 Ib
and in terms of revenues a high of $759,973 to a low of $577, 911. This range is thought to be an
upper bound for impacts because it is assumed that a closure would be enacted for all south Atlantic
states which is unlikely at this point. Another mitigating factor is that although catch patterns are
certainly disrupted by an EEZ closure, at least some of the overwintering white shrimp that cannot be
legally taken during an EEZ closure will be available to shrimpers when the closure ends. Estimated
cumulative natural mortalities during that portion of the year range from 27 to 62% for a two month .
closure. Thus in a worst case scenario, only 62% of the catch and revenues described above would
actually be lost to fishermen.

The disruptive effects of not being able to fish for a portion of the traditional fishing season
cannot be minimized because fishermen are facing difficult economic conditions such as high costs
for variable cost inputs and relatively low exvessel prices associated with high levels of shrimp
imports in recent years. Available evidence suggests that some fishermen are barely surviving
economically in the fishery. Fishermen who count on roe shrimping will still have to make boat
mortgage and other payments despite the fact that they will not be able to fish for white shrimp
during the closure. _ .

The availability of alternative fishing opportunities during the spring months in freeze years
will ultimately determine the degree of disruptive effects from concurrent closures. No studies to
assess the profitability of alternative fishing opportunities for shrimp fishermen in the south Atlantic
are available at this time. Potential candidates for affected fishermen are the shrimp fisheries in non-
affected states such as the pink shrimp fishery in North Carolina, the white shrimp fisheryin
Florida, or the rock and royal red shrimp fisheries. Shrimpers have also been involved in fishing for-
whiting, wreckfish, and whelk when state waters have been closed in the past. |
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from the point of view of total revenues fishermen are better off with closures. At the level of
individual firms, however, this may not always prove to be correct. For instance, there may be
some distributional effects that complicate this issue for fishing firms. The distribution of these
increased revenues will, in fact, favor operations which traditionally catch more in the fall and will
impact disproportionally operations with a comparative advantage to fish for roe shrimp in the
spring. Adjustments in fishermen's strategies and modifications in gear and fishing practices,
however, can be expected to decrease the actual degree that catch is redistributed.

Although under the closure scenario aggregate revenues will increase compared to no action,
increases in net producer benefits are not expected from proposed closures. Access to the south
Atlantic fishery for shrimp is not subject to any management controls and the fishery is highly
overcapitalized. Lacking existing or new measures (no measures to control access are proposed in
this fishery management plan), the inherently inefficient solution of too many vessels using too much
capital to produce annual yields is not remedied by proposed revenue-enhancing measures in the
plan. In this sense; the effect of the increased revenues compared to no action may be to prevent exit
 of marginal firms from the fishery. These firms may not have been abie to continue fishing under
reduced white shrimp abundance had a closure not been impiemented following a freeze. Thus
" socio-economic disruptions resulting from egress from the fishery may be avoided with closures, but
the inherent inefficiency of not having property rights in the fishery is not remedied by proposed
measures. ' '

" Considering aggregate employment, concurrent closures will be beneficial to fishermen
because they will probably stabilize annual employment associated with the white shrimp fishery
instead of more variable shrimp abundance and landings without closures. Variability in abundance
without closures is disruptive to employment of crew members and captains. Another benefit
associated with concurrent closures is expected enforcement savings and greater compliance with
state closures following freeze years.

NMFS, during informal review of this plan, concluded that the proposed action offers
evidence that there will be no significant effect on small buisnesses.

The proposed action is not expected to; result in cumulative adverse effects that could have a
. substantial effect on the shrimp resource or any related stocks; affect adversely an endangered or
threatened species or marine mammal population; have any substantial adverse impact on public
health ar safety; allow substantial damage to ocean and coastal habitats; or jeopardize the long-term
productive capacity of any stocks that may be affected by the proposed action.
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4.0 ENVIRONMENTAL IMPACT STATEMENT
() Draft (X) Final

R ible A . '
South Atlantic Fishery Management Council
Contact: Robert K. Mahood

1 Southpark Circle, Suite 306

Charleston, South Carolina 29407-4699
(803) 571-4366; FAX (803) 769-4520

National Marine Fisheries Service
Contact: Andrew J. Kemmerer
Southeast Regional Office

Duval Building

9450 Koger Boulevard

St. Petersburg, Florida 33702
(813) 893-3141

Name of Action:
(X ) Administrative ( ) Legislauve

Abstract:

The proposed management program is designed to benefit the white shrimp (Penaeus
setiferus) resource, one of aﬁgw: species in the fishery. White shrimp is the only species 1in the
management unit. Other sgecies in the fishery are brown shrimp (P. aztecus), pink shrimp (P.
duorarum), rock shrimp (Sicyonia brevirostris), and royal red shrimp (Hymenopenaeus robustus).
The principal problem addressed by the proposed management regime is that unregulated
commercial fishing in the EEZ on overwintering white shrimp following severe winter cold kills
may reduce subsequent recruitment and fall shrimp production. The white shrimp population in
the south Atlantic region is periodically decimated by severe winter cold kills. Following these
events, continued fishing on the few remaining adults may affect recruitment and reduce the more
valuable fall production. Although the affected states (usually South Carolina and Georgia)
generally take emergency action to close their waters following such kills, the effectiveness and
enforceability of these closures is compromised by lack of concurrent closure of adjacent Federal
waters. Management measures proposed by this plan would allow the states to request
implementation of concurrent Federal closures when state waters are closed and standardized
assessment sampling indicates that the overwintering white shrimp abundance has declined by 80
percent or more due to severe winter weather. ' This action will allow maximum protection of the

~ remaining adult population. Other problems in the fishery are: there is a significant bycatch of
nontarget finfish and invertebrates and a small bycatch of endangered, threatened, and/or protected
species; there is a potential problem with the inadvertent release of exotic species and or diseases
or parasites into local waters from shrimp mariculture operations; and there is a continuing threat to
critical shrimp habitat from human activities including beach renourishment, dredge and fill
projects and pollution of coastal waters.

Comments requested bv: September 13, 1993



FINAL ENVIRONMENTAL IMPACT STATEMENT
This integrated document contains all elements of the Fishery

Management Plan (FMP),

Final Environmental Impact Statement (FEIS) and Regulatory Impact Review (RIR). The table of
contents for the FEIS is provided separately to aid the reviewer in referencing corresponding

sections of the FMP.
TABLE OF CONTENTS SECTION PAGE
Summary 3.0 1
EIS Cover sheet 4.0 6
Purpose :1d Need for Action
Background 12.1 63
Problems in the Fishery 12.5 67
Alu:rnatlov;usm;llnt::luglzlgd Proposed Action .
i i 12. 65
~ Definition of Overfishing 124 66
Management Objectives 12.6 68
Management Measures 12.7 69
Affected Environment
Description of Stock 5.0 9
Description of Habitat 6.0 18
Fishery Management Jurisdiction 7.0 39
Fishing Activities 8.0 45
Economic Characteristics 9.0; 10.0 56
Social Characteristics 11.0 57
Social Impact Assessment Appendix X 270
Environmental Consequences
Analysis of Impacts 6.7; 13.0 38; 84
Summary of lImpacts 3.0; 6.7; 13.9 1; 38; 108
List of Preparers 40 7
List of Agencies, Organizations and Persons 1o Whom Copies of the
Statement are Sent 4.0 8
List_of Preparers

The FMP, RIR and EIS were

Steven A. Berkeley, Fishery Biologist
John Gauvin, Fishery Economist
Roger Pugliese, Fishery Biologist
Jane DiCosimo, Fishery Biologist

by the South Atlantic Fishery Management Council.
This document was prepared by the following Council staff :

AssistanceinpxcpmﬁqnoftheRIRwasobnixwdfromDr.JohnM.Ward.SomheastRegional

Office, NMFS.

The profile (source document) was prepared by :

Michael D. McKenzie, Editor, Project

J. David Whitaker, Biology of the species and habitat descriptions
Charles M. Bearden, Fishery Management Jurisdiction, Laws and Policies



Dale L. Theiling, Description of Fishing Activities, Gear Types and Landings
David S. Liao, Economic Characteristics and Social/Cultural Framework
Raymond J. Rhodes, Economics and Description of Businesses and Markets
Emily S. Schroeder, Typing and Editorial Support

- Karen Swanson, Graphics

~ Gregg T. Waugh, Project Officer

* Susan Shipman, Technical Commuttee

Frank S. Kennedy, Technical Committee

Dennis Spitsbergen, Technical Committee

The Social Impact Assessment (SIA) was prepared by Patrick Stanforth on contract with East
Carolina University.

] ALt
Atlantic Coast ' ion Association
Atlantic States Marine Fisheries Commission
U.S. Army Corps of Engineers
U.S. Department of Commerce
Office of Coastal Zone Management
U.S. Department of the Interior ‘
Bureau of Land Management
Fish and Wildlife Service
National Park Service
U.S. Department of State
U.S. Department of Transpartation
Coast Guard
U.S. Environmental Protection Agency, Region IV
Center for Marine Conservation
Conservation Council of Angling Clubs
Regional Fishery Management Councils
Florida League of Anglers
Gulf & South Atlantic Fisheries Development Foundation
Marine Advisory Agents
Marine Mammal Commission
National Coalition for Marine Conservation
National Fisheries Institute
North Carolina Fisheries Association, Inc.
Organized Fishermen of Florida
South Carolina Aquaculture Association
South Carolina Shrimpers Association
South Carolina Recreational Shrimper’s Association
Southeastern Fisheries Association
Sportfishing Institute
State Coastal Zone Management Agencies (North Carolina through Florida)
State Resource Agencies
North Carolina
South Carolina

Geog'gla
Florida
Florida Conservation Association

Draft Statement to EPA: March 31, 1993
Final Statement to EPA: August 5§, 1993



5.0 DESCRIPTION OF THE STOCKS COMPRISING THE MANAGEMENT

UNIT AND THE FISHERY '

5.1 Description of The Species and their. Distribution
5.1.1 Identity ,

Penaeid shrimp are distributed worldwide in tropical and temperate waters. Inthe
southeastern United States, the shrimp industry is based almost entirely on three shallow-water
species of the family Penacidae: the white shrimp, Penaeus setiferus, the brown shrimp, Penaeus
aztecus, and the pink shrimp, Penaeus duorarum. The rock shrimp, Sicyonia brevirostris (family
Sicyoniidae), and the royal red shrimp, Hymenopenaeus robustus (family Solenoceridae) occur in
deeper water than the three species of Penaeus and are of lesser impartance to the fishery. Other
common names for the white shrimp include gray shrimp, lake shrimp, green shrimp, green-tailed
shrimp, blue tailed shrimp, rainbow shrimp, Daytona shrimp, common shrimp, and southern
shrimp. The brown shrimp is also known as brownie, green lake shrimp, red shrimp, redtail
shrimp, golden shrimp, native shrimp and also the summer shrimp in North Carolina. Other names
for the pink shrimp include spotted shrimp, hopper, pink spotted shrimp, brown spotted shrimp,
grooved shrimp, green shrimp, pink night shrimp, red shrimp, skipper, and pushed shrimp.

5.1.2 Morphology

All penacid shrimp are similar in appearance (Figure 1). They are typically shrimp-like in
appearance with a well developed and toothed rostrum which extends to, or beyond the distal edge of
the eyes. There are ten periopods (walking legs) that are slender and relatively long. Five pairs of
pleopods (swimming legs) are located on the ventral surface of the abdomen.

Figure 1. Generalized drawing of penacid shrimp

The three species can be divided into non-grooved (white shrimp) and grooved shrimp
(brown and pink). The grooves occur on the dorsal surface of the carapace on either side of the
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Spawning ' '

In Georgia and northern Florida, some white shrimp spawning may occur inshore,
although most spawning occurs more than 1.2 miles from the coastline. Off Florida, spawning
occasionally takes place inshore, at or near inlets, but most occurs offshore in depths of 6.1-24.4
m (20-80 ft). In South Carolina most spawning occurs within about four miles of the coast. Some
shrimp with spermatophores attached have been found inside Charleston harbor (Whitaker,
SCWMRD 1991, pers. comm.).

Spawning is correlated with bottom water temperatures and has been reported to occur at
bottom temperatures of between 17° and 29°.C although spawning generally occurs between 22°
and 29° C. White shrimp begin spawning in April in Florida and Georgia and late April or May in
South Carolina. Spawning may continue into September or October.

Brown shrimp spawn in relatively deep water. In the Gulf of Mexico, it was concluded
that brown shrimp did not spawn in water less than 13.7 m (45 ft) and the greatest percentage of
ripe females were at 45.7 m (150 ft). Spawning season for brown shrimp is uncertain, although
there is an influx of postlarvae into the estuaries during February and March. Mature males and
females have been found off South Carolina during October and November.

Pink shri:hp apparently spawn between 3.7 and 15.8 m (12 and 52 ft). Off eastern
Florida, peak spawning activity seems to occur during summer. In North Carolina, roc-bearing
femnales are found as early as May, and by June most pink shrimp are sexually mature.

5.1.5.2 Larval and Postlarval Phases

All three species addressed by this plan have eleven larval stages (5 nauplier, 3 protozoan,
and 3 mysid) before developing into postlarvae. Duration of the larval period is dependent on
temperature, food, and habitat. Records suggest larval periods of 10-12 days for white shrimp,
11-17 days for brown shrimp, and 15-25 days for pink shrimp. Brown shrimp postlarvae appear
to overwinter in offshore bottom sediments (Whitaker, SCWMRD, pers. comm. 1991)

_ Postlarval size ranges from approximately 2.9 to 12 mm (0.1-0.5 in)TL., with pink and

white shrimp sizes overlapping and brown shrimp usually larger. ’

Movement of Postlarvae

The mechanism by which postlarvae are brought from distant spawning areas to inside
estuaries is not well-known. Shoreward countercurrents north of Cape Canaveral have been
suggested as the mechanism for transport of pink shrimp larvae from spawning areas to nursery
areas along the northeast Florida coast. Movement of white shrimp postlarvae into the estuary is a
result of nearshore tidal currents as white shrimp spawn relatively close to shore. There is some
data on brown shrimp that suggests postlarvac may overwinter in offshore waters and migrate into
estuaries the following spring. White and pink shrimp move into the estuary during late spring and
early summer. |
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5.1.5.3 Juvenile and Adult Phases

After entering the estuaries, postlarval shrimp occupy nursery areas which offer abundant
food, suitable substrate, and shelter from predators. In the south Atlantic these areas are generally
dominated by the marsh grass Spartina alterniflora.

White andpmk shrimp enter the estuaries at about the same time, usually beginning in April
and early May in the southern part of their range and in June and July in North Carolina sounds,
where white shrimp are uncommon. Large white shrimp begin emigrating out of the estuary to the
commercial fishing areas in August and continue through December. Smaller white and pink
shrimp mayremaininmcesumydmingwimerandmmmedovmmngstocks.

In the south Atlantic, juvenile and adult brown shrimp are rarely affected by severe winter
weather because most have been captured by fishermen or predators, and others have moved
offshore prior to the onset of cold weather.

~ Pink shrimp bury deeply in the substrate with the onset of cold weather and thus are
protected to some extent from winter mortalities. However, pink shrimp can be adversely affected
by low temperatures as evidenced by the mass moralities in North Carolina during the winters of
1976-77 and 1977-78. |

Pink and white shrimp that survive the winter grow rapidly in late winter and early spring
before migrating to the ocean. The migrating white shrimp, called roe shrimp, make up the spring
fishery and also produce the summer and fall crops of shrimp. When a majority of white shrimp
do not survive the winter, the North Carolina and South Carolina fisheries are believed to be
dependent on a northward spring migration of white shrimp from more southerly areas to form the
spawning stock. However, tagging data are inconclusive on the extent of this northward
movement:

5.1.5.4 Growth Patterns

Rates of growth in penaeid shrimp are highly variable and depend on factors such as
season, water temperature, shrimp density, salinity, size, and sex. Adolescent shrimp grow
rapidly with estimates ranging from 1.0 - 2.3 mm per day for white shrimp, 0.5 - 2.5 mm per day
for brown shrimp, and 0.25 - 1.7 mm per day for pink shrimp. Larger white shrimp may grow
more than an inch per month. Published growth rates are shown in Table 1.

Salinity is also a factor determining growth rate in white shrimp. High salinities appear to
inhibit growth. Density also affects growth of white shrimp. During years of low densities, the
average size is generally larger.

Temperature also affects brown shrimp growth rates, with rates as high as 3.3 mmperday
recorded when temperature exceeded 25° C but less than 1.0 mm per day when water temperature
was below 20° C. Table 2 summarizes published growth rates for brown shrimp. Salinity also
affects growth rates in brown shrimp. Salinities in excess of 10 ppt seems to enhance growth rate.
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Pink shrimp in Florida Bay were found to grow 3.5 mm CL (carapace length) in winter and
only 1.9 mm CL in spring. In North Carolina, maximum pink shrimp growth rates were recorded
in summer. '

5§.1.5.5 Population Size, Distribution, and Movement Patterns

Shrimp of the genus Penaeus are an annual crop and as such have an ever changing size
distribution. Once shrimp leave the nursery they migrate scaward with increasing size. They are
almost always greater than 100 mm (3.9 in) when they emigrate, and continue to grow until they
die. :
After entering the estuary as postlarvae, growth is rapid. Prior to the onset of maturation,
shrimp begin moving from the inshore habitat to higher salinity offshore waters.

White shrimp begin moving seaward through the summer and fall with a gradient of
increasing size from fresh water to water of higher salinity. They begin entering the commercial
catch in high salinity water at about 90 mm (3.5 in). In North Carolina, white shrimp begin
entering the commercial fishery in July and continue to be caught through December. In Florida,
white shrimp leave inshore waters at about 120 mm (4.7 in). Movement to offshore waters may be
caused by cold, storms, high tides, and/or large influxes of fresh water, but size is the principal
determinant. Peaks in movement offshore appear to be related to drops in water temperature.

Brown shrimp first enter the commercial fishery in North Carolina in June at about 100
mm. Movement of brown shrimp appears to take place primarily at night with peak movement at,

or shortly after dusk.

Pink shrimp leave Florida estuaries two to six months after havmg arrived as postlarvae
In North Carolina, young pink shrimp enter the commercial catch in August. Shrimp that
overwinter in estuaries migrate to sea in May and June, at which time spawning takes place.
Recruitment to the area offshore of Cape Canaveral begins in April and May and again during
October and November.

5§.1.5.6 Length-Weight Relationships
Length-weight relationships for white, brown, and pink shrimp are shown in Table 3.

5.1.5.7 Mortality Rates

Mortality rates derived from several studies are shown in Table 4. Note that these are
instantaneous weekly rates. Since shrimp are an annual crop, natural mortality rates are very high,
and even without fishing, virtually the entire year class will be dead at the end of one year.
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5.2 Abundance and Present Condition
5.2.1 Abundance

- All three species of shrimp included in this FMP are essentially an annual crop. Population
size is regulated by environmental conditions, and while fishing certainly reduces the population
size over the course of the season, fishing is not believed to have any impact on subsequent year
class strength unless the spawning stock has been reduced below a minimum threshold level by
environmental conditions. Estimates of population size are not available but since the fishery is
considered to be fished at near maximum levels, annual landings are probably a good indication of
relative abundance. Annual variations in catch are presumed to be due to a combination of
prevailing environmental conditions and fishing effort.

Annual landings of the three penaeid species and rock shrimp vary considerably from year
to year (Table 5), as do the proportions of the four species. The contribution of each species to
total landings varies in a relatively consistent pattern among the four southeastern states. In North
Carolina, brown shrimp is the principal species while white shrimp are a minor component of the
overall catch. In some years, pink shrimp are an important component of the catch. In South
Carolina and Georgia, there are virtually no pink shrimp in the landings which are dominated by
white shrimp. The relative contribution of brown shrimp to the catch varies yearly, but rarely
exceeds the catch of white shrimp. In northeast Flarida, some pink shrimp enter the catch,
primarily as a bycatch of the rock shrimp fishery, but as in Geargia and South Carolina, white
shrimp predominate. In recent years, landings of rock shrimp have become an increasing
component of shrimp landings, particularly in Florida.

5.2.2 Present Condition

Shrimp production by species, state, and year is shown in Tables 6, 7, 8, and 9. Freeze
years are noted on the tables. Years following freeze years generally show reduced landings.

" Mean catch for all three penaeid species for 1985-89 is 23.0 million Ib. White shrimp landings
have averaged 11.3 million Ib for the same period. Rock shrimp has averaged 4.5 million Ib for
1978-89, and 4.6 million Ib for the last five year period.

Brown shrimp landings are unaffected by severe winter weather because juveniles are not
in the estuary during this time of year. As can be seen in Table 7 and Appendix I catches following
freeze years are not lower than following non-freeze years and in some cases they are higher.

Pink shrimp landings may also be affected by severe winter weather. The 1977 and 1978
pink shrimp landings, for example, were below normal because of the mass mortalities of
overwintering pink shrimp resulting from the severe winters in North Carolina.
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5.3 Ecological Relationships
5.3.1 Food

Juvenile and adult penaexds are omnivorous (cating both plants and animals) bottom feeders
with most feeding activity occurring at night although daytime feeding may occur in turbid waters.
Food items may consist of polychaetes, amphipods, nematodes, caridean shrimps, mysids,
copepods, isopods, amphipods, ostracods, mollusks, foraminiferans, chironomid larvae, and
various types of organic debris.

5.3.2 Substrate .

Wlﬁmslrimpappeuwpmfumﬂdyapeuybmﬁchinmgmicmnna'mddwaying
vegetation when in inshore waters. Offshore they are most abundant on soft muddy bottoms.
Brownshrimpappearmpmferasinﬁlarbonantypemdasadultsmyalsobefmmdinm
where the bottom consists of mud, sand, and shell. Pink shrimp are found most commonly on
hard sand and calcareous shell bottom. Both pink and brown shrimp generally bury in the
substrate during daylight, being active at night. White shrimp do not bury with the regularity of
pink or brown shrimp.

5.3.3 Predation

Shﬁmpmmyedmbyawidevuietyof:pedesuvirmanyaumguinmdrﬁfehmmy.
Predation on post larvae has been observed by sheepshead minnows, water boatmen, and insect
larvae. Grass shrimp, killifishes, and blue crabs prey on young penacid shrimp, and a wide
variety of finfish are known to prey heavily on juvenile and adult penaeid shrimp.

5.4 Maximum Sustainable Yield

Because the three principal species of shrimp dealt with by this plan are annual crops that
fluctuate considerably from year to year depending primarily on environmental factors, maximum
sustainable yield (MSY) is not a particularly useful concept. Although there is a good historical
time series of catch data, the associated effort data is not considered adequate to calculate MSY.
Nevertheless, mean total landings are considered to be a reasonable proxy for MSY. The harvest
of shrimp in the region has fluctuated around a relatively flat plateau over a long time period during
which time the fleet size and fishing power has increased remendously. Thus, it appears that
additional effort will not result in mcreased catch suggesting that the resource has been fully
exploited for many years.

For management purposes, then, MSY is considered to be the mean total landings for the
southeast region. In calculating total landings, an additional ten percent (an estimate made by state
shrimp biologists) has been added to the commercial catch to account for recreational landings that
are unreported. Since implementation of a shrimp baiting permit for recreational harvesting of
white shrimp in South Carolina, recreational catch of white shrimp for this state can be accounted
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for, and it was unnecessary to add the ten percent. Using this methodology, MSY is estimated as -
follows: : ' ‘
White Shrimp: 14.5 million Ib
Brown Shrimp: 9.2 million Ib
Pink Shrimp: 1.8 million 1b

5.5 Probable Future Condition

Shrimp stocks in the south Atlantic at present are near normal levels. Annual variations in
white and pink shrimp stocks caused by severe winter weather continue to occur. Similar
conditions existed periodically during the 1960s followed by several unusually warm years in the
carly 1970s. These warm years were marked by high shrimp production until the severe winter of
1976-77. Future white and pink shrimp production will continue to fluctuate with climatic
conditions. '

Brown shrimp stocks appear to be stable despite considerable inter-annual variation in
abundance. Nevertheless, there is no reason to anticipate any major change in abundance. Annual
production appears to be most influenced by late winter and early spring environmental conditions
as has been observed in the Gulf of Mexico. |

Because of high fecundity and migratory behaviar, the three species are all capable of
reboundingfromaverylowpopulaﬁonsizeinoneyeartoalargepopulaﬁonsizeinthenext,
provided environmental conditions are favorable. Landings over the last thirty or forty years have
remained stable while fishing pressure has increased dramatically (Figure 4). Fluctuations in
abundance resulting from changes in environmental conditions will continue to occur. Perhaps the
most serious potential threat to the stocks is loss of habitat due to pollution or physical alteration.
Especially vulnerable and critical to shrimp production is the salt marsh (for white and brown
shrimp) and inshore seagrass habitat (especially for pink shrimp) which comprise the nursery areas
for juvenile shrimp. ,

During years when inshore overwintering white shrimp stocks are greatly reduced because
of severe winter weather, management action may accelerate recovery of the stocks and increase
fall production. Under these circumstances, closure of Federal waters off the south Atlantic would
protect the few remaining spawners that survive a freeze. Also, elimination of winter and spring
fishing mortality off southern Georgia and Florida may enable a greater quantity of potential
spawners to move north, possibly resulting in larger regional white shrimp stocks the following
fall. An offshore or deep estuarine water reserve of overwintering white shrimp may also
contribute significantly to the spawning stock. In either case, while fishing does not by itself
appear to be a factor in determining subsequent year class strength, in years when the
overwintering adult population is significantly reduced due to severe winter weather, the additional
mortality caused by fishing can result in a further reduction in subsequent fall production (Lam et
al., 1989, Appendix II). ' | ' -
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6.0 HABITAT AND ENVIRONMENTAL REQUIREMENTS
6.1 Habitat and Environmental Requirements
6.1.1 Habitat Description (Taken verbatim from SAFMC 1981)

“The three commercially important penaeid shrimp of the southeastern United States
occupy similar habitats with the greatest differences being in optimal substrate and salinity. (See
Section 5.1 and 5.3). Apparently all three species can tolerate & wide range of habitat conditions;
however, there appear to be optimal conditions which result in the highest growth rates and
greatest survival.

Shnmphaveahfecyclewhxchxeqmesavmtyofhabm The habitats can basically be
divided into offshore and inshore (see Section 5.1.5). The high salinity, oceanic waters serve as
habitat for large mature shrimp which will spawn offshore. Brown and pink shrimp apparently
move to relatively deep continental shelf water and white shrimp appear to remain nearshore in
shallower water (see Section 5.1.4).

The relative abundance of the three shrimp species in the South Atlantic may be related o
offshore bottom sediment composition. Kennedy and Barber (in E:ss) suggest that spawmng

pink shrimp may be most abundant off Cape Canaveral and Cape that species has
an affinity for hard, coarse, and particularly calcarcous bottom sediments whlch occur in those
areas. They also note that the nearshore soft sediments correlate well with white and brown
shrimp distribution from northern Florida to Pamlico Sound, North Carolina.

Offshore water also serves as habitat for larval and postlarval shrimp. These shrimp are
planktonic and feed on zooplankton in the water column. There is some evidence that
brown shrimp may overwinter in nearshore bottom sediments (Temple and Fischer, 1967).
Aldrich et al. (1968) demonstrated that brown shrimp postlarvae buried in laboratory experiments
when water temperature was reduced to 12°-16.5°C (54’-62°F). For their experiments, they used
substrate material taken from Galveston Bay which was 75 percent clay, 22 percent silt and 3
percent sand.

The inshore phase of the life cycle is perhaps the most critical becanse most of the rapid
growth occurs here. This critical habitat is dominated on the Atlantic coast by smooth cordgrass
(Smmnaammiﬂm) and Juncus (in North Carolina’s Pamlico Sound) which produce most of the
primary production. Schelske and Odum (1961) stated that up to 10 tons of Sparting plant tissues
are produced per acre per year. Turner (1977) found a direct relationship between commercial
landings to absolute arca and type of estuarine-intertidal vegetation. He suggested that the
“...measurements of intertidal areas are relative indices of the amount of “edge” in an area and thus
indirect measurement of the habitat ” .

Shrimp enter the inshore habitat as postlarvae and maintain a benthic existence. The areas
where juveniles appear most abundant have a mud-silt substrate and intermediate salinities. Gunter

“et al. (1964) found that juvenile white shrimp were most abundant in waters of salinities less than
10 ppt in Alabama and Texas bays. Truesdale (1970) presented somewhat contradictory
information. He concluded that salinity, per se, had no effect on postlarval distribution and
abundance in Trinity Bay, Texas except during periods of high river discharge. Zein-Eldin and
Aldrich (1965) and Zein-Eldin and Griffith (1970) found that salinity, per se, did not affect the
growth of postiarval shrimp.

Apparently white shrimp have a great tolerance to low salinity than brown shrimp. Gunter
(1961) attributes the predominance of white shrimp in Louisiana to the lower estuarine salinities.
Conversely, brown shrimp dominate in the waters around the much drier Texas. Gunter points out
that the connection between rainfall and Texas white shrimp production was dramatically illustrated
in 1957 when a long drought was broken and landings jumped from 2,229,000 pounds in 1957 to
7,370,000 pounds in 1958. Parker (1970) reported brown shrimp in areas where bottom salinity
ranged from 0.9 to 36.5 ppt. Gaidry and White (1973) reported that commercial catches of brown
shrimp were poor in those years when salinities where less than 15 ppt at the time postlarvac were
present in the estuaries. They also stated that years of low commercial landings of brown shrimp
were associated with prolonged estuarine temperatures of less than 20° C (68°F) at the time of
postlarval immigration into the estuary. Laboratory studies with juvenile and adult brown and
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white shrimp indicate that white shrimp are better adapted to tolerate low salinity, wheras, brown
shrimp are better adapted to higher salinities (McFarland and Lee, 1963). Gunter et al. (1964),
found that juvenile white shrimp were more abundant in areas with waters of salinities less than 10
ppt while brown shrimp juveniles were more abundant in salinities between 10.0 and 19.9 ppt.

' Juvenile shrimp appear to be most abundant at the Spartina grass-water interface. This
“estuarine edge” is the most productive zone in many estuaries. Because there is a minimum of
wind generated turbulence and stabilization of sediments, rich bands are found that along the edges
of marshes (Odum, 1970). Furthermore, Odum (1970) found the percentages of organic detritus
in sediments along the shore in the Everglades estuary are scveral times greater than a few meters
offshore. Mock (1967) examined two estuarine habitats, one natural and one altered by bulk-
heading. He found a 0.6 m (2 ft) band of rich organic material along the natural shore and very
little organic material along the bulkheaded shore. White shrimp were 12.5 times and brown
shrimp 2.5 times mOre numMerous in the natural area as in the altered area. Loesch (1965) found
that juvenile white shrimp in Mobile Bay were most abundant nearshore in water less than 0.6 m (2
ft) deep containing large amounts of organic detritus. Brown shrimp were congregated in water
0.6 to 0.9 m (2-3 ft) deep where there was attached vegetation.

As shrimp increase in size, they begin migrating toward high salinity, oceanic waters.
Parker (1970) observed that size of brown shrimp at the time of emigration is apparently related to
density of individuals but smaller individuals tended to concentrate in shallow peripheral zones.
St. Amant et al. (1966) observed that as juveniles increased in size they move into deeper, larger
bays, through the lower bays and to offshore waters. Lindner and Anderson (1956) stated that
shrimp size increased from inside to outside waters. The largest shrimp were in the outside waters
where salinity values were highest.”

6.1.2  Environmental Requirements (Taken verbatim from Muncy 1984)

“Water temperature directly or indirectly influences white shrimp spawning, growth,
habitat selection, osmoregulation, movement, migration, and mortality. Spring water temperature
increases trigger spawning, and rapid water temperature declines in fall portend the end of
spawning (Lindner and Anderson 1956). Growth is fastest in summer and slow or negligible in
winter. Water temperatures below 20°C inhibit growth of juvenile shrimp (Etzold and Christmas
1977) and growth is virtually nil at 16°C (St. Amant and Lindner 1966). Growth rates increase
rapidly as temperatures increase above 20°C. Increased water temperatures affects moltung rate
(Perez-Farfante 1969). Good correlation between heating-degree-days and catch/effort ratio for
penacid shrimp was similar to correlations of yicld-per-hectare versus latitude (Turmer 1977). :
Temperature and food supply limited the growth of white shrimp postlarvae more than did salinity
differences between 2 and 35 ppt (Zein-Eldin 1964).

Severe winters in 1939-40, 1966, 1976-77, and 1977-78 caused mass mortality and -
reduced catches in the South Atlantic white shrimp fishery (McKenzie 1981; Shipman 1983a;
Whitaker 1983a). The Georgia Department of Natural Resources (1983) reported a 34% drop in
white shrimp landings in 1981 and a 99% drop in 1981 spring catch of roe shrimp after the
unusually cold 1980-81 winter. White shrimp are more tolerant of high temperatures and less
tolerant of low temperatures than either brown or pink shrimp (Etzold and Christmas 1977).
Among postlarvae, brown shrimp were more resistant than white shrimp to higher temperatures.

White shrimp mortality was reported at water temperatures of 8°C and lower (Joyce 1965).
Mortality of white shrimp is total at 3°C or lower, regardless of salinity. White shrimp survival at
low temperatures depends on ambient temperature, the rate of temperature decline, the duration of
low temperatures-and salinity (Joyce 1965).* The impact of low water temperature and low salinity
on white shrimp was discussed by Music (1979) and Shipman (1983a). Adult white shrimp
(>90mm long) may be more susceptible than juveniles to cold temperatures (Whitaker 1983a).
Wiesepape (1975) found the 24-h LC50 (temperature causing 50% mortality in 24 h) to be 36° and
37°C for white shrimp acclimated at 29° and 34°C, respectively. Postlarvae and 30-mm long
juveniles have similar but higher resistance times than 50-mm juveniles.

Adult white shrimp spawn offshore where salinities are at least 27 ppt. The larvac move
shoreward and become second-stage postlarvae as they enter estuaries on flood tides. Juvenile
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white shrimp moved 160 km upstream into water of less than 1.0-ppt salinity waters in the St.
Johns River, Florida (Joyce 1965). Juvenile white shrimp have even been recovered from Lake
Monroe Power Station filter screens located 270 km from the mouth of the St. Johns River --
especially when low rainfall and low river stages caused reverse tidal flow (Edwin Joyce pers.
comm., February 1984). The high calcium ion concentrations in the St. Johns River may explain
the relative ease with which marine species enter and remain in low salinity waters (Joyce 1965).
The lowest salinity in which white shrimp were recorded in the northern Gulf of Mexico was 0.42
ppt (Perez-Farfante 1969). Although field studies indicate that juvenile white shrimp prefer low
salinities, laboratory studies have revealed that white shrimp to tolerate a wide range of
salinities; they have been successfully reared at salinities of 18 to 34 ppt (Perez-Farfante 1969).
McKenzie (1981) cited several studies in which fast growth was reported for white shrimp at
salinities of 7 to 15 ppt.

White shrimp in Georgia move toward higher salinity waters as sexual development
progresses, and most spawn offshore in the sea (Harris 1974).

Temperature-salinity tolerance ranges for white shrimp vary at different life stages, but the
interactions are more pronounced at the extremes of tolerance. For example, Couch (1978)
reported that broken-back syndrome (dorsal separation of the third and fourth pleural plates on
abdominal) appears after sudden drops in salinity (from 15 ppt to 3 ppt) in cold water (8°C). The
critical thermal maxima for white shrimp are influenced largely by acclimation temperatures, and to
a lesser extent by salinity and size of test animal (Laney 1973). Freshwater inflow may affect
coastal water temperatures, which in turn affect the growth rates (White and Boudreaux 1977) and
migration of white shrimp (Shipman 1983b). Spring spawning of white shrimp coincides with a
rapid rise in bottom water temperatures in high salinity offshore waters (McKenzie 1981).

White shrimp prefer shallow, muddy-bottom substrate. Landings of shrimp along the
Louisiana coast were highest in areas where substrates were highly organic (Barrett and Gillespie
1973; Gaidry 1974). A relative higher linear correlation (R2 = 0.69) between intertidal land area
and average annual shrimp catch along Louisiana’s inshore regions was reported by Tumner
(1977). The relation between inshore catches and hectares of vegetated estuarine habitat in the
northeastern Guif of Mexico (Tampa Bay, Florida, to Mobile Bay and Perdido Bay, Alabama) also
showed a strong correlation (R2 = 0.64). A direct relationship between commercial shrimp
landings and intertidal vegetated areas and degrees latitude was reported by Tumner (1977). The
annual landings (kg/ha) in 1955-64 were 19.7 in North Carolina, 7.9 in South Carolina, 13 in
~ Georgia, and 22.4 in east Florida. White shrimp undoubtedly composed most of the landings

except in North Carolina. Southward fall migration probably account for the high landings from
Florida waters. The area of nearshore soft sediments correlate well with white and brown shrimp
distribution from Pamlico Sound, North Carolina to northern Florida (McKenzie 1981).

Temporal and spatial shifts by brown, white, and pink shrimp help reduce direct
interspecific competition especially for certain substrates (Lassuy 1983). White shrimp burrow
less deeply into muddy substrates and are more active in daylight than are brown or pink shrimp.
Staggered seasonal recruitment of brown and white shrimp into the south Atlantic estuaries would
reduce competition (Baisden 1983).” .

6.1.3 Spatial and Temporal Distribution and Relative Abundance 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), presents information on the 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
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resultant information further emphasizes the importance of estuarine habitat to all life stages of
white, brown and pink shrimp and is presented in Tables 45 and 46. - '

6.2 Condition of the Habitat

Shrimp occupy oceanic waters (beach seaward) along the Atlantic coast as adults. Offshore
areas used by adults are probably the least affected by habitat alterations and water quality
degradation. Currently, the primary threat comes from oil and gas development and production,
offshore dumping of dredged material, disposal of chcmlcal and other wastes, and the discharge of
contaminants by river systems.

Many nearshare areas appear to be in good condition, although many local problem areas '
exist. For example, water quality may be reduced in arcas affected by plumes of major rivers.
Local disturbances occur during construction related to periodic beach nourishment, dredged
material disposal, and dredging. Some areas also are affected by thermal effluents and sewage
outfalls.

Probablythcmostcnucalhabmtmthemshoxenmymwhuemostofﬂmrgmwm
takes place. The estuarine nursery areas appear to be the most impacted of the habitats used by
shrimp. Natural and man-induced alterations of the fragile environment have altered much of the
area that would be considered suitable habitat. The amount of remaining wetlands suitable for
shrimp production along the Atlantic coast has not been quantified. However, as of 1986 only
about 4.2 million acres of salt marsh, fresh marsh, tidal flats, and swamp wetlands are estimated to
remain (Alexander et al. 1986). This figure is conservative since open-water and flats generally
have not been quantified, but it does represent about 46% of the wetlands of these types that )
remain in the coterminous United States. The overall rate of wetland loss similarly is not known
~ since adequate mapping programs and baseline data are not available. However, for the last 25
years, coastal wetlands within the coterminous United States have been depieted at a rate of 20,000
acres per year (Alexander et al. 1986).

Lindall et al., (1979) described activities that impact the estuarine zone including:

" construction and maintenance of navigation channels; discharges from wastewater plants and
industries; dredge and fill for land use development; agricultural runoff; ditching, draining, or
( impounding wetlands; oil spills; thermal discharges; mining, particularly for phosphate, and
petroleum; entrainment and impingement from electrical power plants; dams; marinas; alteration of
freshwater inflows to estuaries; saltwater intrusion; and non-point source discharges of
contaminants. Most Atlantic coast estuarine.systems have been unpacted to varying degrees by one
or more of these activities.

Impoundment of wetlands for spoil and waste containment, roadways and causeways,
aquaculture, and mosquito control ditches may limit the amount of nursery area available to
shrimp. Management of water levels and exchange in impounded tidal marshes often severely
restricts marsh accessibility to juvenile shrimp when water levels are stabilized during waterfowl
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and fur harvesting scasons in fall and early winter (Gulf of Mexico Fishery Management Council
1987). Consequently these activities could adversely impact shrimp production.

Water quality degradation from the discharge of sewage, heavy metals, and other industrial
and chemical wastes and from septic tanks and urban runoff threaten shrimp habitat. Urban and
agricultural runoff can be laden with toxic substances such as petrochemicals, pesticides, heavy
metals, and herbicides. The aerial spraying of large areas for mosquito control in Florida and
elsewhere results in the addition of pesticides to estuarine waters. These pesticides are extremely
toxic to larval aquatic organisms. Thermal effluent from power generating facilities using "once-
through" cooling can raise the temperature of estuarine waters making them less suitable or
uninhabitable, especially during summer. Sewage discharge may degrade the environment by
cutrophication, decreased dissolved oxygen, and introduction of diseases.

6.3 Habitat Areas of Particular Concern

Habitat areas of particular concern include those areas required during shrimp life cycles.
Estuarine tidal creeks and salt marshes that serve as nursery grounds are perhaps the most
important habitats occupied by penaeid shrimp. The major factor controlling shrimp growth and
- production is the availability of nursery habitat. Remaining wetland habitat as of 1987 (Table 10)
must be protected if present production levels are to be maintained. In addition, impacted habitats
must be restored if future production is to be increased. Other areas of specific concern are the
barrier islands since these land masses are vital to the maintenance of estuarine conditions needed
by shrimp during their juvenile stage. Passes between barrier islands into estuaries also are
important since the slowmi:dngofseawamandﬁeshwatermalsoofﬁﬁmeimpomneeto
estuarine productivity.

In North Carolina, habitat areas of particular concemn include estuarine shoreline habitats
since juveniles congregate here. Seagrass beds, prevalent in the sounds and bays of North
Carolina and Florida, are particularly critical areas. Core Sound and eastern Pamlico Sound, based
" on a preliminary aerial survey funded through the Albemarie-Pamlico Estuarine Study, have
 approximately 200,000 acres of seagrass beds making North Carolina second only to Florida in
abundance of this type of habitat (Department of Commerce 1988b). In subtropical and tropical
regions shrimp and spiny lobster postlarvae recruit into grass beds from distant offshore spawning
grounds (Fonseca et al. 1992).

South Carolina and Georgia lack seagrass beds. Here, the nursery habitat of shrimp is the
high marsh areas with shell hash and mud bottoms. -In-addition, there is seasonal movement out of
the marsh into deep holes and creek channels adjoining the marsh system during winter.
Therefore, the area of particular concern for early growth and development encompasses the entire
estuarine systern from the lower salinity portions of the river systems through the inlet mouths.

Offshore and nearshore areas of particular concern include those habitats required during
larval, postiarval, and adult stages. Although these areas are genémlly less vulnerable to habitat
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alteration than the salt marsh and estuarine nursery areas, dredging activity and dredge spoil
disposal can result in habitat and water quaiity degradation.

" Dredging of nearshore bottoms may also have a negative impact on shrimp. A biological

consequence of the dredging of entrance channels may be to direct shrimp farther offshore than

normal, resulting in a displacement of white shrimp spawners and a decrease in recruitment of

postlarvae to the estuary (South Atlantic Fishery Managemént Council 1981).

6.4 Habitat Protection Programs
6.4.1 Coastal Zone Management Programs
6.4.1.1 North Carolina

The Coastal Area Management Act was passed in 1974 to protect North Carolina’s fragile
coastal resources through planning and management at the state and local level. The Department of
Environment, Health and Natural Resources administers the program. Policy direction is provided
by the Coastal Resources Commission, a 15 member group of citizens appointed by the Governor.
The coastal program requires that land use plans be developed and adopted by county
governments. Municipalities may also elect to develop plans. The Coastal Resources Commission
has authority to prepare plans should the county fail to do so. Once approved, these plans are the
basis for permitting. Currently, there are approved land use plans for all 20 coastal counties and
approximately 55 coastal municipalities. These plans are revised regularly to address new
management concerns. The regulatory program applies in areas designated as Areas of
Environmental Concern which are considered the most sensitive. Activities occurring in these
areas require coastal development permits. Permits for "major development” are issued by the  *
Department of Environment, Health and Natural Resources. All other development activity is
considered “minor development” and the corresponding permits are issued by local government
(Department of Commerce 1987).

6.4.1.2  South Carolina o

_ The South Carolina Coastal Council implements the Coastal Management Act. The Coastal
Council has authority to formulate and implement a comprehensive coastal management program.
The Coastal Council has direct control through a permit program that oversees activities in critical
areas that include coastal waters, tidelands, beaches, and primary ocean-front sand dunes. Indirect
management authority of coastal resources is granted to the Coastal Council in counties containing
one or more of the critical areas. In issuing permits, the Coastal Management Act requires that the
Coastal Council consider the effects of proposed alterations on the production of fish, shrimp,
oysters, crab, or any marine life, wildlife, or other natural resources (Department of Commerce
1988a).



6.4.1.3 Georgia ’

The State of Georgia, until recently, did not participate in the Federal Coastal Zone
Management Program. However, the Coastal Marshlands Protection Act of 1970 and the Shore
Assistance Act of 1979 were passed to protect the state’s beaches, dunes, and marshes. These acts
created two statutory committees to consider permit applications for developing or altering marshes
or sand sharing systems (beaches, sand dunes, or nearshore sand bars). The committees are
composed of two top managers of the Georgia Department of Natural Resources, an
oceanographer, and a professional engineer, who regularly convene at monthly public meetings.
| Under authority of these acts, the Marsh and Beach Section, the Coastal Resources

Division of the Georgia Department of Natural Resources, has resource management responsibility
for marshes, dunes, and beaches. Management is administered by a permit system for all activities
and structures that alter any marshland, sand dunes, beaches, and submerged sandbars and shoals.

In January 1992, Georgia Department of Natural Resources was designated as the lead
agency to develop and implement Georgia’s coastal management program. A management plan
and program for the state is being developed with the input of an 18 member advisory committee
appointed by the Governor. The goals of the program will be to protect coastal resources, manage
coastal resources, and simplify the permitting process.

6.4.1.4 Florida

The Florida Coastal Management Program was approved by the Secretary of Commerce in
September 1981. The Department of Environmental Regulation is responsible for coordinating and
monitoring implementation of the laws and rules which comprise the Coastal Management
Program. The Department of Natural Resources and the Department of Community Affairs, as
well as the Department of Environmental Regulation, are responsible for implementation of the
core statutes which comprise the Coastal Management Program.

'6.4.1.5 The National Estuarine Research Reserve System
Section 315 of the Coastal Zone Management Act of 1972, established the National

Estuarine Reserve Research System to provide financial assistance to states to acquire, develop,
and operate estuarine areas as natural field laboratories. The System protects hundreds of
thousands of acres of estuarine waters, marshes, shorelines, and adjacent uplands, with education
and research being the primary goals of the program. . Reserves throughout the U.S. and its
territories are operating with long-term scientific and educational programs that provide information
essential to coastal managen:ent decision making. Reserves contained in the management unit
include Sapelo Island, Georgia; Albemarle-Pamilico Sound; North Carolina, and the Ashepoo;
Combahee and South Edisto (ACE) river basins and North Inlet-Winyah Bay, South Carolina.
Reserves provide indoor and outdoor classrooms for educators and students, and offer several
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advantages to researchers including natural field stations, an existing environmental monitoring
database, onsite support facilities and staff assistance, and protected status for long-term projects
and comparative studies.

6.4.2 Federal Programs

The National Marine Fisheries Service through the Habitat Conservation Division, the U.S.
Fish and Wildlife Service through its field offices, and the Environmental Protection Agency
through regional offices are the Federal agencies that analyze projects proposing wetland alterations
for potential impacts on resources under their purview. Recommendations resulting from these
analyses are submitted to the U.S. Army Corps of Engineers where they are included in a public
interest review that determines whether or not a permit is issued for a proposed alteration
(Goodyear 1987). Government agencies, including the South Atlantic Fishery Management
Council, provide their recommendations on whether or not a permit should be issued although this
authority does not grant veto power in the permitting process.

" The amount and rate of man-induced wetlarid losses have not been quantified, but can be
controlled by state and/or Federal regulatory agencies. U.S. Environmental Protection Agency
(EPA) for example, can regulate wastewater discharges and the Army Corps of Engineers (COE)
can regulate physical wetland alterations (dredging, filling, impounding, etc.). The amount of
shrimp habitat affected by EPA’s program is unknown, but data on the effect of the COE’s
regulatory program in the southeast is available (Mager and Hardy 1988). Five years of NMFS
data on the COE'’s program providing proposed alterations by state and habitat type were
summarized by Mager and Thayer (1986). For the south Atlantic states, almost 15,714 acres of
wetland losses were proposed by more than 3,123 projects (Table 11). This provides an indication
of the significance of the COE’s program and the cumulative effect of wetland losses. Mager and
Thayer (1986) further surveyed 857 projects where permits had been issued by the Army Corps of
Engineers Districts in the Southeast to find out the degree to which NMFS recommendations had
been incorporated into issued permits. They found that 50% of the recommendations were
accepted, 24% of the recommendations were partially rejected, and 25% of the recommendations
were totally rejected. In addition, 80% of the permit holders had not complied with the habitat
provisions of the permit. Therefore, many of the recommendations pertaining to habitat
preservation made by NMFS were either rejected by the Corps of Engineers or ignored by the
permit holders. The most recent analysis of compliance with NMFS recommendations (Mager and
Rackley 1991) concludes that  “The current rate of wetland loss also indicates that existing
regulatory programs are not overly restrictive and are not adequate to fulfill the national goal of no
net-loss of wetlands.” |

Other Federal agencies involved in habitat matters affecting shrimp are directed by
legislation discussed in Section 7.0. NOAA's Office of Ocean and Coastal Resource Management
may aid in establishing standards for approval to designate estuarine sanctuaries. The National
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Park Service may establish coastal and nearshore national parks and monuments, such as
Everglades National Park Florida. The EPA estuarine programs may protect fish habitat by
regulating discharge of pollutants; the Corps of Engineers also regulates dredging, construction,
and the discharge of spoil and disposal materials in wetlands in association with their water
development programs (Gulf of Mexico Fishery Management Council 1987).

6.5 Pollution and Habitat Degradation along the Atlantic Coast
6.5.1 Concerns in the South -Atlantic States
Effects of pollution on shrimp are not well documented, yet generally it can be assumed
that degradation of water quality and sediments in estuarine, nearshore, and offshore environments
will impact adults, juveniles, larvae, and eggs to some degree. Pollutant-related stresses may
reduce fecundity or viability of ova; decrease survival of larvae, postlarvae, juveniles, and adults,
increase vulnerability to disease and predation; and reduce growth rates. '
The Council’s habitat and environmental protection advisory panel has developed a list of
major fishery habitat concerns: -

North Carolina ~ Non-point source pollution (i.e., nutrient loading).

. Wuofhﬂmwdmmmmﬂwdmmfmmwelm

. Marina development.

. Memyeomndmmmvnmﬂytﬂmmcpdﬁcmof&buﬂmm v

J Identification of critical habitats such as nursery habitats. -

. Hydrologic changes in instream flow.

. Land use changes resulting in freshwater impects changing ulnuty regimes, phosphate mining, and
loss of 404 wetlands. )
Chemical discharges from offshote phosphate mining.
Impacts of peat mining.

South Carolina ~ Dredged material disposal for port development.
. Increased barrier island development.
Impacts of beach renourishment projects.
Non-point source pollution.
Impoundment of wetland areas.
Lack of chemical water quality standards.
Instream flow and aquaculture in pumping water from the estuarine system.

Georgia Freshwater drainage from silvaculture.
. " Changing time period of water affecting low salinity nursery areas.
Siting of marinas.
Port development.
Dredge disposal.
Increased salinity of Savannah River.

Elorida Impoundments for mosquito control and need to pursue increased rotational impoundment management.
. Impacts of beach renourishment.

The designation of a marine sanctuary in the Indian River Area.

Dredge and fill operations.

Freshwater inflow alterations.

Water pollution.

Seagrass dieoffs.

Extensive coastal development and related problems.



6.5.2 SAFMC Habitat Priorities

In cooperation with the four state habitat advisory panels, the SAFMC developed a list of
habitat priorities to aid in the review of projects or policies affecting fisheries habitat and in
development of policy statements on such activities. The following list in priority order was
approved by the SAFMC:

1. impoundment, dredging, or filling of wetlands 11. ocemn outfalls

2. point and non-point source pollution 12. aquaculture in wetlands

3. jdentification and acquisition of important fishery habitats 13. habitat restoration, enhancement, and artificial reefs
4. chemical water quality standards 14. hurricane Hugo impacts on fisheries habitat

5. beach renourishment 15. snchoring on reefs and groundings ‘

6. dredge and fill of seagrass beds 16. habitat utilization documentation

7. ocean incineration " 17. impects of fishing techniques

8. offshore mineral mining 18. ses level rise

9. silvaculture 19. impacts of jetties and groins

10. plasiic pollution 20. mandatory boat access

6.5.3 Habitat Loss

Degradation of estuarine, nearshore, and offshore environments is in direct conflict with
attempts to maintain optimal habitat conditions for shrimp spawning, survival, and growth. The
loss of seagrass beds in North Carolina and Florida has reduced preferred habitat areas available to
larval, juvenile, and adult shrimp. These losses are due in part to dredge and fill operations; to
increased turbidity resulting from discharges of waste materials and runoff; and from elevated
levels of suspended solids. In addition to seagrass losses, the entire Adlantic Coast has had a large
portion of its salt marsh and estuarine systems degraded or lost to development through dredge and
fill operations. In South Carolina and Georgia the marsh systems are of principal importance as
nursery areas. Major threats to shrimp habitat include: impoundment of unaltered estuarine
wetlands and the reimpoundment of wetlands that have reverted to productive estuarine wetlands;
open water disposal of dredged material in shallow water estuarine bottom; and agricultural
practices that allow rapid introduction of soil and pesticides into the marine environment. Table 12
and Appendix III present baseline estimates of coastal wetland acreage by estuarine drainage area in
" the South Atlantic region compiled through a cooperative effort of NOAA and USFWS (NOAA
1991a). 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 of no net loss and the long-term
objective of a net gain of wetland habitats in the South Atlantic region. One program that is
presently being developed in response to the National Wetlands Policy Forum recommendation to
improve inventory, mapping, and monitoring programs by USFWS and NOAA is Coastwatch.
The Coastwatch program’s purpose is to develop a nationally standardized geographic information
system using ground-based and remote sensing data to assess changes in land cover and habitat in
U.S. coastal regions to improve understanding of coastal uplands, wetlands, and seagrass beds
and their links to distribution, abundance, and health of living marine resources.
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One way to control wetland loss is through restoration, generation, or enhancement of
habitat (Lindall et al. 1979). Mitigation, however, often may not be desirable since some of the
" mitigation technologies still are poorly understood. Wetland creation technology is an emerging
science that requires more development before it can be applied routinely (Mager and Thayer
1986). Moreover, optimum habitat and environmental conditions must be determined for each
estuary so that the best habitat conditions can be created when the methodologies are adequately
developed (Gulf of Mexico Fishery Management Council 1987).

6.5.4  Plastic Pollution (Persistent Marine Debris)

The production of plastic resin in the U.S. increased from 6.3 billion Ib in 1960 to 47.9
billion 1b in 1985. The increased production, utilization, and subsequent disposal of petro-
chemical compounds known as plastics has created a serious problem of persistent marine debris.
Marine ecosystems have, over the years, become the final resting place for a variety of plastics
originating from many ocean and land-based sources including the petroleum industry, plastic
manufacturing and processing activities, sewage disposal, and littering by the general public and
government entities (commercial fishing industry, merchant shipping vessels, the U.S. Navy,
passenger ships, and recreational vessels) (Department of Commerce 1988c).

The impacts of persistent marine debris on the Atlantic Coast shrimp population are not
well known at this time, but might include pollution related mortality resulting from ingestion of
plastic materials. As part of the NMFS Marine Entanglement Research Program in the northern
Gulf of Mexico, fish samples are being collected and evaluated to determine the presence of plastic
particles small enough to be ingested by larval and juvenile fish. Researchers have noted the
possibility of mapping the distribution and abundance of plastic particles relative to larval and
juvenile fish concentrations (Department of Commerce 1988b). Effective January 1, 1989, the
disposal of plastic into the ocean is regulated under the Plastic Pollution Research and Control Act
of 1987 implementing MARPOL Annex V (Table 13).

~ Recognizing worldwide concem for preservation of our oceanic ecosystems, the Act
prohibits all vessels, including commercial and recreational fishing vessels, from discharging
. plastics in U.S. waters and severely limits the discharge of other types of refuse at sea. This
legislation also requires ports and terminals receiving these vessels to provide adequate facilities for
in-port disposal of non-degradable refuse, as defined in the Act.

The utilization of plastics to replace many items previously made of natural materials in
commercial fishing operations has increased dramatically. The unanticipated secondary impact of
this widespread use of plastics is the creation of persistent marine debris. Commercial fishing '
vessels have historically contributed plastics to the marine environment through the common
practice of dumping garbage at sea before returning to port and the discarding of spent gear such
~ as lines, traps, nets, buoys, floats, and ropes. Two types of nets are routinely lost or discarded
drift gill nets and traw] nets (Department of Commerce 1988c). These nets are durable and may
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entangle marine mammals and endangered species as they continue o fish or when lost or
discarded.

An estimated 16 million recreational boaters utilize the coastal waters of the United States
(Department of Commerce 1988c). Disposal of spent fishing gear (¢.g. monofilament fishing line),
plastic bags, tampon applicators, six pack yokes, styrofoam coolers, cups and beverage
containers, etc. is a significant source of plastic entering the marine environment.

In the mid 1970s, the National Academy of Science (NAS) estimated that approximately 14
billion pounds of garbage was disposed of annually into the world’s oceans. Approximately 85%
of total trash is produced from merchant vessels, with 0.7% of that total, or eight million pounds
annually being plastic. The use of plastics has risen dramatically since the NAS study. At present,
20% of all food packaging is plastic and by the year 2000 this figure may rise to 40% (CEE 1987).

The main contribution of plastic to the marine environment from cruise ships is the disposal
of domestic garbage at sea. Ships operating today carry between 200 and 1,000 passengers and
dispose of approximately 62 million pounds of garbage annually, of which a portion is plastics
(CEE 1987). '

, The U.S. Navy operates approximately 600 vessels worldwide, carrying about 285,000
personnel and discharging nearly four tons of plastic refuse into the ocean daily (Department of
Commerce 1988a). The U.S. Coast Guard and NOAA operate 226 vessels which carry nearly -
9,000 personnel annually and have internal operating orders prohibiting the disposal of plasticat
sea. MARPOL Annex V does not apply to public vessels although the Plastic Pollution Research ,
Control Act of 1987 requires all Federal agencies to come into compliance by 1994 (CEE 1987).

6.5.5 Oil and Gas Exploration

Exploration for oil and gas in South Carolina and Georgia’s coastal plain has not occurred.
The major interest on the Atlantic coast lies within offshare arcas. Qil and gas exploration is
presently under way along the Atlantic coast outer continental shelf. Four offshore areas on the
Atlantic coast are being investigated: the Blake Plateau, the Southeast Georgia Embayment,
Baltimore Canyon, and Georges Bank. Forty three tracts totaling 244,812 acres have been leased
in the South Atlantic region (Fish and Wildlife Service 1980). Potential adverse effects associated
with offshore petroleum production include development effects from the construction of the
pipeline, chronic small spills, and catastrophic spills of crude oil or refined products (Fish and
Wwildlife Service 1980). Impacts associated with drilling include the introcduction of large amounts
of drilling muds into the marine environment." Secondary impacts include the proliferation of on-
shore support facilities that could result in greater pressure to develop wetlands. If a pipeline is
constructed from the site to the mainland, it is estimated that approximately one to three million
cubic yards of dredge material will result from laying the line which would be 150 to 320 miles
long. A large oil spill can be lethal to sea birds, marine mammals, marsh vegetation, fish, and
invertebrates. Wetland vegetation may suffer from smothering or toxicity. Benthic marine life and
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larval fishes are often eliminated (Fish and Wildlife Service 1980). In addition to leases previously
‘mentioned, pre-sale information and Environmental Impact Statements have been prepared for
Mid-Atlantic Sale 121 and South Atlantic Sale for the exploration of oil and gas offshore of Cape
Hatteras, North Carolina. Mobile Oil Company currently plans to drill an exploratory well off
North Carolina’s Outer Banks. Should gas or il be found, the laying of pipe to North Carolina’s
shoreline facilities would likely have to traverse wetlands and/or barrier island grass flats. Since
juvenile shrimp occur along most shoreline habitats, Jocal production could be adversely affected
by dredging and pipe laying activities. Increased industrial activities could also affect adult
migrations and behavior, since they react to man-made disturbances. Minerals Management
Service has developed an Environmental Impact Statement for 1992-1997 offshore drilling leases
and SAFMC recommendations submitted to MMS pertaining to this EIS are contained in Section
6.6.4.

6.5.6 Atmospheric Nitrogen and Sulfur Deposition (Acid Rain)

 Acid rain occurs when atmospheric precipitation has a chemical composition that mcludes
oxides of the elements sulfur and nitrogen (Department of Commerce 1987). Burning of fossil
fuels is the main contributor to acid rain, although seaspray, volcanic activity, and bacterial and
chemical decomposition of organic matter are other sources. The effects of acid depositionon-. -
marine ecosystems have been difficult to quantify yet significant pH changes may cause fish kills,
and additional nutrients from the rain may result in eutrophication of estuarine systems.

Deposition of atmospheric nitrogen (as nitrates) into coastal watersheds results mainly from
nitrogen oxide emissions from fossil fuel combustion. Nitrogen oxide production has increased
continuously since the 1900s (Fisher et al. 1988). In a recent sthdy evaluating nitrogen inputs into
Chesapeake Bay, researchers determined that 25% of the nitrogen entering the bay is linked to acid
rain (Fisher et al. 1988). Associated problems include the acidification of sensitive freshwaters
and some Chesapeake Bay headwaters. It is pmdlcwd that nitrogen emissions will increase by 40-

- 60% over the next 40 years.

The National Audubon Society monitoxs rainfall in 41 U.S. states. In July 1988, 17 states
were identified as having highly acidic rainfall. Normal rainfall is generally slightly acidic
(pH=5.6) and the designation of high levels of acid rain are assigned when rainfall is almost 100
times as acidic (pH >4.0). All coastal New England and Mid-Atlantic states showed acid
concentrations to be high with South Carolina being the southern-most state to show a high level
of acid rain for May, June, and July of 1988. Officials with the South Carolina Department of
Health and Environmental Control noted that acidity has also increased due to extended drought
conditions occurring in the southeast. This condition allows pollutants to be more concentrated in
the rainfall.



6.5.7 Ocean Dumping
, The western Atlantic Ocean, including state territorial seas and the EEZ off the eastern
United States, have long been used for disposal of such wastes as dredged material, sewerage
sludge, chemical waste, plastic waste, and radioactive material. Approximately 149 million metric
tons (wet) of dredge material is disposed in estuaries, the territorial seas, and areas of the EEZ
along the entire Atlantic coast and Gulf of Mexico. Approximately 27.8 million metric tons (wet) -
of dredge spoil, is presently disposed of in the EEZ. Composition of dredge material varies among
areas with some being contaminated with heavy metals and organic chemicals originating from
industrial and municipal discharges and non-point source pollution. The U.S. Army Corps of
Engineers classifies only a small portion of the total dredge material as contaminated, but presently
has no specific numerical criteria to define such contamination (Office of Technology and
Assessment 1987). The SAFMC has adopted a policy statement on ocean dumping (Section
6.6.2).

6.5.8 Trends in Human Population and Recreational Boat Registration in the
South Atlantic Region

As coastal populations in the South Atlantic region continue to increase so does recreational -
boating and fishing activity. Shrimp, with their extended residence in estuarine waters, are
vulnerable to harvest by an ever-increasing number of coastal recreational fishermen. Recreational
boat registrations in the south Atlantic states increased 70% between 1976 and 1986. As numbers
of recreational vessels increase, so will the need for increased boat landings and marinas to afford
access to the ocean, rivers, harbors, bays, and estuaries. All these factors will result in increased
pressure on the south Atlantic shrimp resource and habitat.

6.5.9 . Relationship of Habitat Quality to the Ability to Harvest Shrimp

Preservation of quantity and environmental quality of estuarine, nearshore, and offshore
habitat in the South Atlantic region is essential to maintaining shrimp stocks. Discharge of
pollutants may result in direct mortality of shrimp at various stages of their life history. Exposure
1o certain chemicals could limit the desirability or the possibility of consumption, as occurred in
bluefish with PCBs. Presently there is limited information on the concentrations or occurrence of
chemicals such as PCBs or Dioxin in shrimp coastwide. Research is underway and as information
becomes available; the Council will readdress the issue and include information in subsequent
amendments to the shrimp management plan.

6.5.10 National Status and Trends Program
The Mussel Watch Project, a component of NOAA’s National Status and Trends Program
(NSTP) (NOAA 1989) has annually collected contaminant data for 12 fixed stations along the
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Atlantic Coast. The chemical contaminants analyzed included polyaromatic hydrocarbons,
polychlorinated biphenyls, chlorinated pesticides, and 12 trace elements. Aquatic organisms,
especially shellfish like mussels and oysters, accumulate contaminants within their tissue at higher
levels than surrounding waters. Contaminant levels therefore increase or decrease depending on
the condition of the surrounding waters. The NSTP was initiated to monitor and assess temporal
wrends in coastal and estuarine waters of the United States. Based on data compiled from 1986
through 1988, the following trends were noted for some southeast estuaries: cadmium levels in the
Charleston Harbor (SC) and the Sapelo Sound (GA) sites were decreasing; chromium levels in the
Savannah River estuary and Matanzas River (FL) sites were increasing; copper levels in Sapelo
Sound were decreasing; levels of mercury for Roanoke Sound (NC), Cape Fear (NC) and
Matanzas River were increasing; nickel concentrations were increasing in both the Pamlico Sound
(NC) and Savannah River sites; silver levels were decreasing at both the Roanoke River and Cape
Fear (NC) sites; zinc concentrations were shown to be decreasing in the Matanzas River site; and
only the Matanzas River site was shown to have concentrations of more than two contaminants
showing statistically significant changes with arsenic, chromium, and mercury increasing and zinc
decreasing.

6.5.11 National Coastal Pollutant Discharge Inventory Program .

NOAA'’s National Coastal Pollutant Discharge Inventory Program (NCPDI) was developed
and started in 1982 to assess the sources, magnitudes, and impacts of point and nonpoint source
pollutant discharges into the United States coastal and estuarine areas (NOAA 1992a). A major
component of the NCPDI is the comprehensive data base which contains pollutant estimates for
point and nonpoint and riverine sources located in coastal counties or the United States Exclusive
Economic Zone. Seasonal and annual discharge estimates are currently made for 17 pollutant
parameters including runoff, sediment, and nutrients for urban, agricultural, forest, pasture, and
range lands discharging into riverine estuarine and coastal waters. The entire inventory has been
updated through 1991 and when available the information pertaining to the southeast will be
included in subsequent amendments to this plan. Table 47 describes the pollutants included in the
NCPD], their definition and effects on the environment, marine organisms, and humans.

6.5.12 Agricultural Pesticide use in Coastal Areas

Pesticides including herbicides, insecticides, fungicides, nematicides, algicides, wood
preservatives, and fumigants have been used extensively in the southeast coastal zone. Despite the
fact that most organochlorine pesticides are no longer approved for agricultural use in the U. S,
29.4 million pounds of pesticides were applied to U.S. coastal watersheds in 1987 (NOAA 1992b)
with over 33% or 9.8 million pounds being applied in the southeast coastal region alone. As part
of the NCPDI, NOAA has undertaken a comprehensive review of pesticide use in coastal areas.
Detailed information on use and impacts of pesticides in the southeast based on NOAA's final
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national summary of agricultural pesticide use in coastal areas will be availabie in 1993 and will be
included in a subsequent amendment to this plan. : '

6.6 Habitat Preservation Recommendations
6.6.1 SAFMC Habitat and Environmental Protection Policy

In recognizing that shrimp are dependent on the quantity and quality of their essential
habitats, it is the policy of the SAFMC to protect, restore, and develop habitats upon which shrimp
fisheries depend; to increase the extent of their distribution and abundance; and to improve their
productive capacity for the benefit of present and future generations. For purposes of this policy, .
"habitat" is defined as the physical, chemical, and biological parameters that are necessary for
continued productivity of the species that is being managed. The objectives of the SAFMC policy
will be accomplished through the recommendation of no net loss or significant environmental
degradation of existing habitat. A long-term objective is to support and promote a net-gain of
fisheries habitat through the restoration and rehabilitation of the productive capacity of habitats that
have been degraded, and the creation and development of productive habitats where increased
fishery production is probable. The SAFMC will pursue these goals at state, Federal, and local
levels. The Council shall assume an aggressive role in the protection and enhancement of habitats
important to shrimp, and shall actively enter Federal, decision-making processes where proposed
actions may otherwise compromise the productivity of fishery resources of concern to the Council.

6.6.2 SAFMC Policy Statement on Ocean Dumping

The SAFMC is opposed to ocean dumping of industrial waste, scwage sludge, and other
harmful materials. Until ocean dumping of these materials ceases, the SAFMC strongly urges state
and Federal agencies to control the amount of industrial waste, sludge, and other harmful materials
discharged into rivers and the marine environment , and these agencies should increase their
monitoring-and research of waste discharge. The SAFMC requests that the Environmental
- Protection Agency continue to implement and enforce all legislation, rules, and regulations with
increased emphasis on the best available technology requirements and pretreatment standards. The
SAFMC requests that EPA require each permitted ocean dumping vessel (carrying the above
described material) to furnish detailed information concerning each trip to the dump site. This
might be monitored with transponders, locked Loran C recorder plots of trips to and from dump
sites, phone calls to the EPA when a vessel leaves and retumns to port, or other appropriate
methods. ' Also the EPA should take legal ‘action to enforce illegal (short or improper ) dumping.
The SAFMC requests that fishermen and other members of the public report to the EPA, Coast
Guard, and the Councils any vessels dumping other than in approved dump sites. The SAFMC
supports the phase out of ocean dumping of the above described materials.
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6.6.3 SAFMC Policy Statement on Open Water Disposal of Dredged Materials
The SAFMC is opposed to the open water disposal of dredged material into aquatic
systems which may adversely impact fisheries habitat for species under Council jurisdiction. The
Council urges state and Federal agencies, when reviewing open water disposal permits to identify
the direct and indirect impacts such projects could have on fisheries habitat. The SAFMC believes
that the creation of new habitat at the expense of another naturally functioning system (e.g., marsh

creation through dredge material disposal) must be justified, given best available information.

6.6.4 SAFMC Policy on Oil & Gas Exploration, Development and Transportation

The SAFMC urged the Secretary of Commerce to uphold the 1988 coastal zone
inconsistency determination of the State of Florida for the respective plans of exploration filed with
Minerals Management Service (MMS) by Mobil Exploration and Producing North America, Inc.
for Lease OCS-G6520 (Pulley Ridge Block 799) and by Union Oil Company of California for
Lease OCS-G6491/6492 (Pulley Ridge Blocks 629 & 630). Both plans of exploration involve
lease blocks lying within the lease area comprising the offshore area encompassed by Part 2 of
Lease Sale 116, and south of 26° North latitude. The Councils objection to the proposed
exploration activities is based on the potential degradation or loss of extensive live bottom and
other habitat essential to fisheries under Council jurisdiction. :

The SAFMC also supports North Carolina’s determination that the plans of exploration
filed with MMS by Mobil Exploration and Producing North America, Inc. for Lease OCS Manteo
Unit are not consistent with North Carolina’s Coastal Zone Management program.

The Council has expressed concern to the Outer Continental Shelf Leasing and
" Development Task Force about the proposed area and recommends that no further exploration or
production activity be allowed in the areas subject to Presidential Task Force Review (the section
of Sale 116 south of 26° N latitude).

. The SAFMC recommends the following to the MMS when considering proposals for oil
- and gas activities for previously leased areas under Council jurisdiction:
1) That oil or gas drilling for exploration or development on or closely associated with live
bottom habitat, or other special biological resources essential to commercial and recreational
fisheries under Council jurisdiction, be prohibited.
2) That all facilities associated with oil and gas exploration, development, and transportation
be designed to avoid impacts on coastal wetlands and sand sharing systems.
3) That adequate spill containment and cleanup equipment be maintained for all development
and transportation facilities and, that the equipment be available on site within the trajectory time to
land, and have industry post a bond to assure labor or other needed reserves.
4) That exploration and development activities should be scheduled to avoid norther right
whales in coastal waters off Georgia and Florida as well as migrations of that species and other
marine mammals off South Atlantic states. '
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5) 'IhattthISfotleascSaleSGbeup@awdtoadd:usimpactsﬁomacﬁviﬁesrclawdto
specifically natural gas production, safety precautions which must be developed in the event of a

| discovery of a “sour gas” or hydrogen sulfide reserve, the potential for southerly transport of
hydrocarbons to nearshare and inshore estuarine habitats resulting from the cross-shelf transport
by Gulf Stream spin-off eddies, the development of contingency plans to be implemented if
problems arise due to-the very dynamic oceanographic conditions and the extremely rugged
bottom, and the need for and availability of onshore support facilities in coastal North and South
Carolina, and an analysis of existing facilities and community services in light of existing major
coastal developments.

The SAFMCteoommendsthefouowingconcunsandissuesbeaddteswdbyﬂleWS
prior to approval of any application for a permit to drill any exploratory wells in Lease Sale 56 and
that these concerns and issues also be included in the Environmental Impact Statement for the Outer
Continental Shelf (OCS) Leasing Plan for 1992-1997: '

1) Identification of the on-site fisheries resources, including both pelagic and benthic
communities, that inhabit, spawn, or migrate through the lease sites with special focus on those
specific lease blocks where industry has expressed specific interest in the pre-lease phases of the
leasing process. Particular attention should be given to critical life history stages. Eggs and larvae
are most sensitive to oil spills, and seismic exploration has been documented to cause mortality of
eggs and larvae in close proximity. '
2) Identification of on-site species designated as endangered, threatened, or of special
concern, such as shortnose sturgeon, striped bass, blueback herring, American shad, sea turtles,
marine mammals, pelagic birds, and all species regulated under federal fishery management plans.
3) Determination of impacts of all exploratory and development activities on the fisheries
resources prior to MMS approval of any applications for permits to drill in the Exploratory Unit
area, including effects of seismic survey signals on fish behavior, eggs and larvae; temporary
preclusion from fishing grounds by exploratory drilling; and permanent preclusion from fishing
grounds by production and transportation. :
4) Identification of commercial and recreational fishing activities in the vicinity of the lease or
Exploratory Unit area, their season of occurrence and intensity.
5) Determination of the physical oceanography of the area through field studies by MMS or
the applicant, including on-site direction and velocity of currents and tides, sca states, temperature,
salinity, water quality, wind storms frequencies, and intensities and icing conditions. Such studies
must be required prior to-approval of any exploration plan submitted in order-to have an adequate
informational database upon which to base subsequent decision making on-site specific proposed
activities.
6) Description of required existing and planned monitoring activities intended to measure

'~ environmental conditions, and provide data and information on the impacts of exploration activities

in the lease area or the Exploratory Unit area. ' | '
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7)  Identification of the quantity, composition, and method of disposal of solid and liquid
wastes and pollutants likely to be generated by offshore, onshore, and transportation operations
associated with oil and gas exploration development and transportation.
8) Development of an oil spill contingency plan which includes oil spill trajectory analyses
specific to the area of operations, dispersant-use plan including a summary of toxicity data for each
dispersant, identification of response equipment and strategies, establishment of procedures for
early detection and timely notification of an oil spill including a current list of persons and
regulatory agencies tobenouﬁedwhenanmlspxlhsdmovaed.andwudefinedandspemﬁc
actions to be taken after discovery of an oil spill.
9) Studies should include detailing seasonal surface currents and likely spill trajectories.
10) . Mapping of environmentally sensitive arcas (¢.g., spawning aggregations of snappers and
groupers); coral resources and other significant benthic habitats (e.g., tilefish mudflats) along the
edge of the continental shelf (including the upper siope); the calico scallop, royal red shrimp, and
other productive benthic fishing grounds; other special biological resources; and northern right
whale calving grounds and migratory routes, and subsequent deletion from inclusion in the
~ respective lease block(s).
11) Planmngforoﬂandgasyroductmsponshmldbedonetodemnﬂnemedmdsof
transport, pipeline corridors, and onshore facilities. Siting and design of these facilities as well as
onshore receiving, holding, and transpart facilities could have impacts on wetlands and endangered
species habitats if they are not properly located.
12)  Develop understanding of community dynamics, pathways, and ﬂows of energy to
ascertain accumulation of toxins and impacts on community by first order toxicity.
13)  Determine shelf-edge down-slope dynamics and resource assessments to determine fates of
contaminants due to the critical nature of canyons and steep relief to important fisheries (e.g.,
swordfish, billfish, and tuna).
14)  Discussion of the potential adverse impacts upon fisheries resources of the discharges of all
drill cuttings that may result from activities in, and all drilling muds that may be approved for use
in the lease area or the Exploration Unit area including: physical and chemical effects upon pelagic
and benthic species and communities including their spawning behaviors and effects on eggs and
larval stages; effects upon sight feeding species of fish; and analysis of methods and assumptions
underlying the model used to predict the dispersion and discharged muds and cuttings from
exploration activities.
15)  Discussion of secondary impacts affecting fishery resources associated with on-shore oil
and gas related development such as storage and processing facilities, dredging and dredged
material disposal, roads and rail lines, fuel and electrical transmission line routes, waste disposal,
and others. ‘



6.6.5 Joint Agency Habitat Statement

The SAFMC has endorsed a “Joint Statement to Conserve Marine, Estuarine, and Riverine
Habitat” to promote interagency coordination in the preservation, restoration, and enhancement of
fishery habitat. This statement as adopted by state, Federal, and regional bodies concerned over
fishery habitat, is presented in Appendix VII along with the Atlantic States Marine Fisheries
Commission policy on marine, estuarine, and riverine habitat.

6.6.6 Additional Recommendations to Protect Shrimp Habitat

1) Alteraﬁonbféoastalwetlandsmdshallowwatermwmbediscomged. Coastal

construction and dredging projects should employ best engineering and management practices
(e.g., seasonal restrictions, dredging methods, disposal options, wetland revegetation, etc.).

2) The best available technology should be utilized to control industrial wastewater and
sewage discharges in areas important to the reproduction and survival of shrimp.

3) Except in designated mixing zones, industrial and power generating facilities should not
discharge thermal effluents that would raise ambient water temperatures to levels harmful to shrimp
stocks or their food sources.

4) Important shrimp habitat should be protected from significant adverse impacts from
offshore oil and gas exploration and non-energy mineral exploration and development.

5) Dredge and fill permits issued by the U.S. Army Corps of Engineers under Section 404 of
the Clean Water Act and Section 10 of the River and Harbor Act should require that project
proponents address the full range of impacts on shrimp, their habitat, or food source which may be
associated with project implementation. '

6) The U.S. Soil and Conservation Service, U.S. Forest Service, and other Federal and State
agencies should evaluate present agricultural and forestry standards for best management practices
to prevent further degradation of shrimp habitat by non-point source pollution.

7 Agencies involved in permits and licenses to alter aquatic or benthic habitat for any shrimp
life stage should consider the economic value of the shrimp resource in their deliberations.

6.6.7 Habitat Research Recommendations
Research conducted to date establishes the direct link of the shrimp resource to estuarine
habitat. Research efforts should assess localized habitat improvement and conservation needs.
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Preservation of remaining habitat and restoration of degraded habitat should therefore direct state,
Federal, and private research efforts in order to allow the SAFMC to develop measures that best
manage shrimp and their essential habitat. '

6.7 Environmental Significance and Impact of the Fishery, Proposed Action,
and Alternatives

Long-Term Productive Capacity

The proposed action, and alternatives which are variations ofthatacnon, are not expected
10 jeopardize the long-term productive capacity of any stocks that may be affected by the proposed
action. The action is anticipated to have a positive impact by enhancing the short-term productive
capacity of the white shrimp stock in years where a closure is implemented. Protection of
remaining white shrimp spawning stock in freeze years would not only benefit the stock but also
the harvesting sector. In addition to benefiting shrimp populations, closures may also reduce
ﬁshingﬁmeandpotcnﬁalexpommdneaxenedandendangemdwaﬁmhs. The action may
therefore enhance existing regulations and result in a positive factor affecting the long-term
productive capacity of these species. For additional justification see Sections 52,54,55,6.0,
6.1.3, 6.2, 6.3, 6.5, 6.6, 8.2.2.3, 8.2.2.4, 8.2.7, 8.2.8, 8.2.9, 12.0, 12.1, and 13.0.

Damage to Ocean and Coastal Habitats

The proposed action, and alternatives which are variations of that action, are not expected
to allow substantial damage to ocean and coastal habitats. In contrast, the plan identifies activities
which result in the degradation or loss of essential shrimp habitat, and sets forth recommendations
for Federal, state, and private entities to eliminate or reduce impacts on essential habitat.

Shrimp trawl] gear, when modified to harvest finfish, can potentially impact live or hard
bottom fishery habitat (SAFMC 1988). The fishery as presently prosecuted nearshore on sand and
mud bottoms does not significantly impact this live bottom habitat essential to reef and pelagic
species under council manageuicnt. This essential fishery habitat was protected when the Secretary
of Commerce approved Amendment #1 to the council’s snapper grouper fishery management plan
(SAFMC 1988) which prohibits the use of roller trawls in the south Atlantic region on live bottom.
For additional justification see Sections 6.0, 6.1.3, 6.2, 6.3, 6.4, 6.5.4, 6.6, 7.3.14, 12.8.2, and
15.0.

Public Health and Safety

The proposed acuon, and alternatives whxch are variations of that action, are not expected
to have any substantial adverse impact on public health or safety. A possible positive safety benefit
of the proposed action is that when closures are implemented they will occur during historically
poor winter weather periods. For additional justification see Sections 6.0, 12.8.2, 13.0, 14.0, and
15.0.
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Endangered Species and Marine Mammals

The proposed action, and alternatives which are variations of that action, are not expected
to affect adversely an endangered or threatened species or marine mammal population. For
additional justification see Sections 7.3.5, 7.3.15, 8.2.2.4, 16.0, and Appendix VIII and IX.

Cumulative effects

The proposed action, and alternatives which are variations of that action, are not expected
to result in cumulative adverse effects that could have a substantial effect on the shrimp resource or
any related stocks including sea turtles. For additional JusuﬁcanonweSecnons60 735,
7.3.15, 8.2.2.4, 13.0, and 16.0.

7.0 FISHERY MANAGEMENT JURISDICTION, LAWS, AND POLICIES
7.1 Management. Institutions
7.1.1 State Management Institutions
7.1.1.1 North Carolina

The Division of Marine Fisheries, an agency within the Depamncnt of Environment, Health,
and Natural Resources, has responsibility for managing coastal fisheries including the shrimp
fishery. The division is governed by the North Carolina Marine Fisheries Commission, a body
composed of 15 members appointed by the Governor, which is responsible for promulgating
regulations for management, protection, preservation, and enhancement of marine and estuarine
resources of the state including commercial and sport fisheries regulations.

General statutes deal primarily with licenses, taxes, record keeping, enforcement, and leasing
procedures. All other aspects of shrimp management, including opening or closing of seasons and
areas to shrimping and gear and equipment restrictions, are promulgated by the Division.

"~ 7.1.1.2  South Carolina

The South Carolina Wildlife and Marine Resources Department (SCWMRD), Division of
Marine Resources, is responsible for conservation and management of the state’s marine
resources. The Department is governed by a nine member board, the South Carolina Wildlife and
Marine Resources Commission. The Division is responsible for managing and developing South
Carolina’s commercial and recreational shellfish, crustacean, and finfish resources; collecting and
analyzing fisheries statistics; evaluating permit applications from the Coast Guard, Corps of
Engineers; and the South Carolina Coastal Council; developing environmental impact statements;
and developing marine recreational fisheries. The Department is also responsible for enforcing
fishery regulations.

Most of the regulatory authority of the Division is specified by statute, including provisions
for legal rawling areas, gear restrictions, licenses, and taxes. The Division has control over the
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shrimp season in coastal waters and any area where trawling is permitted may be opened or closed
at any time. '

7.1.1.3  Georgia

" The Georgia Department of Natural Resources, Coastal Resources Division, is responsible
for conservation and management of Georgia’s estuarine and marine resources. The Department is
headed by a Commissioner and a 15 person board. The Georgia General Assembly, in 1989,
passed Act 644 which empowered the Board of Natural Resources to adopt rules and regulations to
control the harvest of seventeen species of marine fish. Enforcement of fishery regulations is the
responsibility of the Georgia Game and Fish Division. Many of the regulations pertaining to the
shrimp fishery are specified by state legislation. The board has authority to promulgate regulations
pertaining to coastal fisheries not contrary to existing statutes.

7.1.1.4 Florida

The Florida Marine Fisheries Commission, created in 1983 and composed of seven members
appointed by the governor and cabinet, has full rule-making authority over fisheries and marine life
(except endangered species), subject to final approval by the governor and cabinet. The Flarida
Department of Natural Resources, Division of Marine Resources is charged with administration, -
supervision, development, and conservation of natural resources within the state. Within the
Department, the Marine Research Institute conducts research directed toward fisheries
management. The Florida Marine Patrol is responsible for enforcing all marine resource-related
laws and all rules and regulations of the Department.

7.1.2 Federal Management Institutions
7.1.2.1 Regional Fishery Management Councils
~ The South Atlantic Fishery Management Council, under the Magnuson Act, is charged with
preparing fishery management plans for fisheries within its area of management authority, from the -
Florida East coast to the North Camhnaergmla border. The Council prepares plans that cover
. foreign and domestic fishing, and submits them to the Secretary of Commerce for approval and
" implementation. Once implemented, it is the responsibility of the National Marine Fisheries
Service (NMFS) and the U.S. Coast Guard to enforce the laws and regulations.

7.1.2.2  Atlantic States Marine Fisheries Commission

The Atlantic States Marine Fisheries Commission’s Interstate Fishery Management Program
was initiated through a cooperative agreement with the NMFS in 1980 and promotes cooperative
management of marine, estuarine, and anadromous fisheries in east coast state waters. This -
program determines priorities for territorial sca fisheries management; develops, maintains, and
reviews management plans for high priority fisheries; recommends to states, regional fishery
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management councils, and the Federal government, management measures to benefit such
fisheries; and provides a means of conducting short-term research to facilitate preparation or review
of fishery management plans. The Interstate Fishery Management Program board is comprised of
fisheries administrators from the fifteen Atlantic coast member states, a representative from NMFS,
and a representative from the U.S. Fish and Wildlife Service.

7.1.2.3 National Marine Fisheries Service (NMFS)

NMFS, under the National Oceanic and Atmospheric Administration (NOAA), collects
commercial and recreational fishery statistics, develops fish stock assessments, and provides
technical expertise to facilitate the regional councils’ conservation and management of fisheries
through the development of fishery management plans. NMFS responsibilities also include
habitat, marine mammals, and endangered species. NMFS shares responsibility for enforcing
Magnuson Act regulations with the U.S. Coast Guard.

7.1.2.4 Office of Ocean and Coastal Resource Management

The Office of Ocean and Coastal Resource Management asserts authority through National
Marine Sanctuaries pursuant to Title II of the Marine Protection, Research, and Sanctuaries Act.
Several sites have been designated marine sanctuaries along the Atlantic coast (¢.g., Florida Keys
National Marine Sanctuary). This office also establishes standards for approving and funding state
coastal zone management programs. A fishery management plan is forwarded to the states to
determine if the plan is consistent to the maximum extent practicable with their approved coastal
zone management program.

This shrimp management plan has been distributed to North Carolina, South Carolina, and
Florida. The State of Georgia is developing a state coastal zone management plan and program.

7.1.2.5 National Park Service

The National Park Service, under the Department of Interior, establishes coastal and
nearshore national parks and monuments such as the Everglades National Park, and retains
authority to regulate fishing practices within their area of jurisdiction.

7.1.2.6 U.S. Fish and Wildlife Service

The U.S. Fish and Wildlife Service, under the Department of Interior, manages fish
pursuant to the Endangered Species Act (Section 7.4.5) and the Fish and Wildlife Coordination Act
(Section 7.4.7). They review and comment on proposed activities affecting navigable waters that
are sanctioned, permitted, assisted, or conducted by Federal agencies, focusing on impacts to fish,
wildlife, and the habitat on which they depend. '
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7.1.2.7 Envnronmental Protection Agency

The Environmental Protection Agency regulates the discharge of pollutants into marine
waters. Certain standards must be met before a National Pollutant Discharge Elimination System
permit will be issued by the agency. '

7.1.2.8 Corps of Engineers

The U.S. Ammy Corps of Engineers (COE), pursuant to the Clean Water Act, regulates the
disposal of dredged material. A number of state and Federal agencies comment on proposed
projects which are considered by COE before issuing permits.

7.1.2.9 U.S. Coast Guard
The U.S. Coast Guard shares the responsibility for enforcing regulations pr_umulgawd
pursuant to the Magnuson and Lacey Acts with the NMFS.

7.2 Summary of State and Local Laws, Regulations and Policies
A summary of shrimp regulations for North Carolina, South Carolina, Georgia, and Florida
is shown in Table 14.

7.3 International Treaties and Agreements

Foreign fishing is prohibited within the EEZ for anadromous species and continental shelf
fishery resources beyond the EEZ out to the limit of United States jurisdiction under the
Convention of the Continental Shelf unless authorized by an international agreement which existed
prior to passage of the Magnuson Act and is still in force and effect or authorized by a Governing
International Fishery Agreement which has been issued subsequent to the Magnuson Act. There
are no pre-Magnuson Act agreements affecting Atlantic coast shrimp.

7.4 Federal Laws, Regulations, and Policies

7.4.1 Magnuson Fishery Conservation and Management Act of 1976

The Magnuson Act provides a national program for the conservation and management of
fisheries to allow for optimum yield (OY) on a continuing basis and to realize the full potential of
the nation’s fisheries resources. Under the Act, eight Regional Fishery Management Councils are
charged with preparing fishery management plans for the fisheries within their areas of
management authority. The Councils prepare management plans that cover foreign and domestic
fishing and submit them to the Secretary of Commerce for approval and implementation. Once
implemented, it is the responsibility of the NMFS and the U.S. Coast Guard to enforce the laws
and regulations.
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7.4.2  Marine Protection, Research, and Sanctuaries Act of 1972

The Marine Protection, Research, and Sanctuaries Act of 1972 (16 U.S.C. 1431-1434)
authorizes the Secretary of Commerce to designate as marine sanctuaries those areas of ocean
waters within U.S. jurisdiction determined to be necessary for preserving or restoring their
conservation, recreational, ecological, or esthetic values. On November 7, 1988 this Act was
amended and reauthorized through 1992 by PL 100-627.

7.4.3 Oil Pollution Act of 1961

The Oil Pollution Act regulates mtenuonald:schargeofml or oily mixtures from ships
registered in the U.S. and thus provides some degree of protection to fishery resources. Tankers
cannot discharge oil within 92 km (50 nm) of the nearest land. Ships other than tankers must
discharge as far as practicable from land. The quantity of oil which can be discharged is also
regulated.

7.4.4 Coastal Zone Management Act

The Coastal Zone Management Act of 1972 (16 U.S.C. 1451) establishes a national policy
placing responsibility for comprehensive land and water management of the coastal zone upon the
coastal states. Federal actions directly affecting a state’s coastal zone must be as consistent as
possible with approved state coastal zone management plans. In the south Atlantic region, North
Carolina, South Carolina, and Florida have programs approved by the Secretary of Commerce. In
January 1992, Georgia Department of Natural Resources was designated as the lead agency to

develop and implement Georgia’s coastal management progmm.

7.4.5 Endangered Species Act of 1973

The Endangered Species Act provides for the listing of plant and animal species as threatened
or endangered. The taking or harassment of listed species is prohibited. The Act establishes a
process which seeks to ensure that projects authorized, funded, or carried out by Federal agencies
do not jeopardize the existence of these species or result in destruction or. modification of habitat
determined by the Secretary to be critical.

7.4.6 National Environmental Policy Act

The National Environmental Policy Act requires that Federal agencies prepare environmental
impact statements prior to undertaking major activities which might significantly affect the quality
of the human environment. These impact statements are to evaluate any alternatives to the proposed
action which may better safeguard environmental values.
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7.4.7 Fish and Wildlife Coordination Act

Under the Fish and Wildlife Coordination Act, the U.S. Fish and Wildlife Service and the
NMFS review and comment on fish and wildlife aspects of proposals by Federal agencies which
take place in or affect navigable waters. The review focuses on potential damage to fish and
wildlife and their habitat. '

7.4.8  Fish Restoration and Management Projects Act

The Fish Restoration and Management Projects Act appropriates funds to state fish and game
agencies for fish restoration and management projects. Additional funds for the protection of
threatened fish communities located within state waters, including marine areas, could be made
available under the Act.

7.3.9 Lacey Act Amendment of 1981

The Lacey Act Amendments of 1981 strengthen and improve enforcement of Federal fish and
game laws and provides Federal assistance in enforcement of state laws. The Act prohibits import,
export, and interstate transport of illegally taken fish or wildlife.

7.3.10 Commercial Fishing Industry Vessel Liability Act of 1987
The Commercial Fishing Industry Vessel Compensation and Safety Act establishes
guidelines for timely compensation for temporary injury incurred by seamen on fishing vessels.

7.3.11 Plastics Pollution Research and Control Act (MARPOL Annex §)

The Marine Plastics Pollution Research and Control Act of 1987 implements Annex V of the
International Convention for the Prevention of Pollution by Ships and prohibits all vessels,
including commercial and recreational fishing vessels, from discharging plastics in U.S. waters
and severely limits the discharge of other types of refuse at sea. This legislation also requires ports
and terminals receiving these vessels to provide adequate facilities for in-port disposal of non-
degradable refuse, as defined in the Act.

7.3.12 Clean Water Act & Water Quality Act of 1987

The Clean Water Act requires that a National Pollutant Discharge Elimination Systerm permit
be obtained before any pollutant is discharged from a point source into U.S. waters. Issuance of
this permit is based primarily on the effluent guidelines found in 40 CFR 435. However, additional
conditions can be imposed on permit issuance on a case by case basis to protect valuable resources
in the discharge area (Department of Commerce 1987). ,

The Water Quality Act of 1987 reauthorized and amended the Clean Water Act. The
amendment requin:S the Environmental Protection Agency to identify and establish numerical limits
for each toxic pollutant in sewage sludge and establish management practices to achieve the set
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limits. It also authorized the National Estuary Program to address estuarine pollution, which is
probably the greatest threat to the shrimp population on the Atlantic coast. ‘

7.3.13 The National Aquaculture Improvement Act of 1985

The intent of the National Aquaculture Act, is to stimulate development of the domestic
aquaculture industry, replenish depleted fisheries, and reduce the trade deficit in fishery products.
Research and development continues on shrimp mariculture.

7.3.14 The Coastal Barrier Resources Act of 1982

The Coastal Barrier Resources Act established a system of 186 undeveloped barrier units
comprising 452,839 acres along 667 miles of the Adantic and Gulf of Mexico shoreline. The
barrier island legislation was enacted to create economic disincentives for developing coastal barrier
islands by prohibiting expenditure of Federal funds for flood insurance, road and channel
construction, and utility construction. Preservation of coastal barriers and associated wetlands
helps protect essential shrimp habitat.

7.3.15 The Marine Mammals Protection Act Amendments of 1988

The Marine Mammal Protection Act of 1982 prohibited the taking of marine mammals
incidental to commercial fishing unless authorized by a general incidental take permit or a small
take exemption. On November 23, 1988, PL 100-711 was signed into law reauthorizing and
amending the act. The amendments replace existing provisions for granting incidental take
authority by commercial fishermen with an interim exemption system valid until October 1, 1993.
Exemptions are available only to U.S. vessels or foreign vessels with valid fishing permits issued
" under Section 204(b) of the Magnuson Act.

8.0 DES_CRIE[IQN_QE_EISHINQ_A.CIIYIIIES
8.1 History of Exploitation '
. Commercial exploitation of shrimp began around the turn of the century. South Carolina was
- the leading producer in 1880, the first year the Bureau of Commercial Fisheries compiled records,
producing 630,000 1b. The primary gear in the fishery beginning in 1872 through the first decade
of the twentieth century was the haul seine. The otter trawl, developed in England, was introduced
into the fishery in the early 1900s and rapidly replaced the haul seine as the principal gear. '
Shrimp catches increased dramatically with the introduction of trawl gear and by the middle
1920s, the fishery was producing at a level of about 30 million Ib. Although landings have
fluctuated considerably since then due to a variety of factors, landings have generally been less
than this despite increasing number and size of vessels, expanded geographic range, improved
gear, etc. '
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The fleet in the four south Atlantic states and the Gulf Coast of Florida in 1931 consisted of

647, vessels most of which were less than five net tons and between 40 and 60 ft in length. All
were rigged with a single trawl of 22 - 100 ft mouth width. ' :

" The geographic range of the fishery began to increase during the years prior to 1949,
. particularly in North Carolina where expansion of the brown and pink shrimp fisheries had
occurred. In the late 1940s, there were two types of trawling vessels, smaller nearshore trawlers
(30-45 ft) and large offshore vessels (50-65 ft). The larger boats pulled single nets with up to 120
ft mouth opening. Eventually the single rig was replaced by the, now standard, double trawl rig.

8.2 Domestic Commercial and Recreational Fishing Activities
8.2.1  Participating User Groups

In the south Atlantic area there are essentially three user groups: commercial, recreational,
and licensed bait shrimp trawlers. Each of these groups is discussed below.

8.2.1.1 Commercial

Commercial shrimp fishermen who shrimp in state waters are required to purchase a
commercial license in all states in the south Atlantic region. In North Carolina, in 1990 there were
1,956 full-time commercial and 1,832 part-time commercial shrimping licenses issued (Table 15);
however, active trawlers are believed to be many fewer. Licenses are required to use gear that is
considered commercial regardless of whether ar not the shrimp are sold. In South Carolina in
1990 there were 579 resident and 378 non-resident commercial shrimp trawling licenses issued for
a total of 957 (Table 16). In Georgia 501 commercial shrimp trawling licenses were issued in 1990
- (Table 17). In Florida there were 299 commercial shrimp trawlers in 1990 (Table 18). The
number of commercial vessels historically employing shrimp otter trawls in the region is shown in
Table 19.

8.2.1.2  Recreational _

Recreational shrimpers are only licensed in South Carolina, where a license is required to fish
for shrimp over bait. Thus, it is very difficult to estimate the total number of recreational shrimp
fishermen. In South Carolina, a license to shrimp over bait has been required since 1988. A
summary of permits issued, participation, and catch in this fishery is shown in Table 20. In 1991
there were over 12,000 permits issued and more than 34,000 participants in the fishery.

In Georgia, a telephone and access intercept survey conducted in 1989 estimated that 47,723
individuals participated in the recreational cast net shrimp fishery in summer and 23,298 in fall.
These cast netters were estimated to have taken 184,887 total trips and caught 576,000 pounds of
shrimp, most of which were white shrimp (Williams 1990).



8.2.1.3 Commerclal Bait Fishery
There is very little effort directed specxﬁcally for commercial bait shnmp in either North or
'South Carolina. In Georgia, there were 62 licensed bait shrimpers in 1991-92. These fishermen
are allowed to trawl in designated zones with nets up to 20 ft wide and possess up to 50 quarts of
shrimp, no more than 10 percent of which can be dead.

The commercial bait shrimp fishery mFlmdaxsmuchlargerthanm the other south Atlantic
states. Live shrimp for bait are caught in Dade County and in the six county area around the St.
Johns River. A total of over 36 million live shrimp (mostly pink shrimp) was estimated to have
been taken from Biscayne Bay (Dade County) in 1983 (Berkeley et al., 1985). Bait shrimp
licenses have varied between 52 and 110 in the St. Johns River area between 1976 and 1981 with
an additional 28 boats fishing in Biscayne Bay (estimated number in 1983).

8.2.2 Catches and Landings
8. 2.2.1 Seasons

Shrimp landings vary seasonally, governed pnmanly by the life cycles of the particular
species. The peak shrimping season generally runs from July through October. In North
Carolina, commercial quantities of pink shrimp appear in early spring with peak catches usually in
mid-May. By mid-July, the season for brown shrimp reaches its peak and continues until late fall,
when shrimp leave coastal waters. Relatively small catches of white shrimp occur in the
Southport-Cape Fear area in North Carolina in fall.

In South Carolina, overwintering white shrimp appear in early spring, with the season
generally opening in May. These roe shrimp will be fished until June or early July when brown
shrimp begin to occur in offshore waters. Brown shrimp will be fished until early autumn at
which time white shrimp predominate in the catch until the fishery closes in December.

In Georgia, the seasonality of the fishery is similar to South Carolina. On the east coast of
Florida, the fishery is dominated by white shnmp. which may be available as late as March in
central Florida.

8.2.2.2 Commercial Catches and Landings

Reported landings by species by month for the region are shown in Tables 21-24, and by
state by year in Tables 25-27. In general, brown shrimp are most important in North Carolina,
with significant catches of pinks and small catches of white shrimp. In South Carolina, Geargia,
and the Florida East Coast, white shrimp are almost always the most important species in the catch,
although in some years of low white shrimp abundance, brown shrimp may predominate (e.g.,
1977 in South Carolina). Pink shrimp are always a minor component of the catch in these states.
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8.2.2.3 Discards and Bycatch

The discarded bycatch of fish and crustaceans in the shrimp trawl fishery is highly variable
by season and area. Previous studies of the ratio of finfish (Ib) to shrimp (Ib heads on) in North
Carolina indicate that the daytime ratios are consistently higher than nighttime ratios due to an
increase in shrimp catch rather than a decrease in fish. Combining data from a variety of studies,
the median ratio was 4.1:1 with 95% confidence limits of 1.7:1 and 15.1:1 (Keiser 1977).

For South Carolina, the ratio estimates were 2.58:1 for May to August and 1.20:1 for
September to December with confidence limits (25th and 75th percentiles) of 1.24:1 and 5.43:1
and 0.56:1 and 2.66:1 respectively (Keiser 1977).

For Georgia a mean ratio of 2.55:1 w1ﬂ195%conﬁdencehnntsof033 1.and 19.54:1 was
calculated. The median was calculated as 2.56:1 with confidence limits of 0.98:1 and 4.43:1. In
Florida, the estimated fish to shrimp ratio was 3.8: 1 (Keiser 1977).

All of the above estimates were made prior to the mandated use of TEDs and thus may not be
representative of the current finfish bycatch. A more recent study in South Carolina waters was
conducted to evaluate catches of fish and shrimp using a 72 ft Falcon traw] with the NMFS TED
~ and the Georgia Jumper TED, and a control net (Wenner 1987). - Sampling during July-August

1986 indicated a ratio of 6.77:1 pounds of finfish to pounds of heads on shrimp (almost entirely
brown shrimp), using a NMFS TED. On another series of experimental tows using the Georgia
Jumper TED the ratio was 8.35 : 1. On another series of tests, the ratios were 7.02:1 and 10.43:1
for the NMFS and Georgia Jumper TEDs respectively.

Another series of tests was conducted during September - October 1986 when the principal
shrimp species was white shrimp (Wenner 1987). Results with the NMFS TED, when towed
along with a control net, indicated a ratio of fish to shrimp of 1.20:1. For the Georgia Jumper
towed along with the control net the ratio was 6.60:1. When the NMFS and Georgia Jumper
TEDs were towed together, ratios were 2.33:1 for the NMFS TED and 2.40:1 for the Georgia
Jumper.

_ Fishes of recreational interest caught during this study included crevalle jack, Atlantic
spadefish, weakfish, spot, southern kingfish, gulf kingfish, Atlantic croaker, summer flounder,
southern flounder, bluefish, king mackerel, Spanish mackerel, red drum, and Florida pompano.
The proportion of fish of recreational interest to total finfish bycatch ranged between 52% and 74%
for brown shrimp tows and between 17% and 56% for white shrimp tows.

8.2.2.4 Turtle Interactions and TEDS

While the proposed regulations contained in this fishery management plan will not
themselves have any impact on threatened or endangered species, the fishery itself does have a
significant interaction with sea turtles, all species of which are listed as either threatened or
endangered under the ESA of 1973, .16 U.S.C,, 1531 et seq. Incidental capture by shrimp
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trawlers has been documented for loggerhead, Kemp’s ridley, green, leatherback, and hawksbill
turtles in coastal waters of the southeastern United States and Gulf of Mexico.

Regulations promulgated by NMFS under the autharity of the Endangered Species Act,
required shrimp trawlers in Federal ar state waters off the southeastern Atlantic, coastal states to
comply with Federal sea turtle conservation requirements. The final rule as published in the
Federal Register is presented in Appendix VIIL

NMFS estimated that prior to 1987, commercial shrimp trawlers killed more than 11,000
sea rtles annually in waters off the south Atlantic and Gulf of Mexico states (Henwood and
Stuntz 1987). A more recent review and analysis of existing information by the National Academy
of Sciences (1990) found that the NMFS estimates were conservative, and that the number of
turtles killed by shrimp trawlers could be as high as 44,000 each year which makes this is the
largest human-caused source of turtle mortality in U.S. waters.

A biological opinion on the implementation of the 1987 Sea Turtle Conservation Regulations
(52 FR 24244, June 29, 1987) was submitted on September 30, 1987. The 1987 opinion
addressed the potential adverse effects to listed species of implementation of the rule, and
concluded that the regulations would have a positive impact on sea turtles by substantially reducing
mortalities. : |

~ NMFS issued regulations under the ESA on June 29, 1987 [52 FR 24244], to reduce the
incidental capture of sea turtles by shrimp rawlers. Trawlers 25 feet or longer were required to
use TEDs in offshore waters, and were required to limit tow times to 90 minutes or use TEDs in
inshore waters (landward of the COLREGS line). Trawlers less than 25 feet in length were
required to use 90 minute tow times or TEDs in inshore and offshore waters. These conservation
measures were required in the waters off the southeastern Atlantic United States (North Carolina
through Florida) from May 1 through August 31, except for the Canaveral area where the
regulations were in place year round. In addition to the Federal TED regulations, Florida required
the use of TEDs year round in all state waters, and Georgia required TED:s in all shrimp trawls
used in inside waters. In waters seaward of the sounds, TEDs were to be used from April 1 to
December 31 south of 31°20° N latitude and from April 1 to November 30 north of this latitude.

Research and sea turtle stranding reports from North Carolina through Florida have shown a
strong correlation between sea turtle mortality and shrimp and other bottom trawling efforts along
the Adantic coast when TED:s or restricted tow times were not required. In 1991, NMFS estimated
annual sea turtle captures and mortalities by shrimp trawlers under the original 1987 sea turtle
conservation regulations assuming 100 percent regulation compliance and 100 percent survival of
all comatose turtles (Henwood et al. 1992). NMFS estimated that in the Atlantic area offshore
fishery, 2,204 sea turtles are killed annually in shﬁmp trawls. Of these, 2,126 are estimated to be
killed in shrimp trawls during the months of September through Apﬁl, when TED:s or restricted
tow times are not generally required. NMFS also estimated that 996 turtles are killed in shrimp
trawls in inshore Atlantic Ocean waters under the 90 minute tow time requirement and seasonal
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conservation requirements. Based on these findings, an estimated 3,200 turtles are killed annually
in U.S. Adantic Ocean shrimp traw] fisheries even with implementation of the 1987 sea turtle
conservation regulations, assuming 100 percent compliance. Although these estimates did not take

into account the additional protection provided by Georgia’s TED regulations (Florida’s year round
TED requirement was accounted for), they were still likely to be conservative given the N.A.S.
conclusion that the NMFS estimate may be low by a factor of up to four times. NMFS analyzed
whether the measures shrimp trawlers were required to employ to reduce the mortality of sea turtles
incidentally taken in the shrimp traw] fishery were adequate to conserve sea turtles. Because of
extensive strandings of turtles during periods when TEDs were not required, NMFS issued
regulations on September 4, 1991 [56 FR 43713], extending the sea turtle conservation regulations
from September 1, 1991, through April 30, 1992 in the Atlantic area.

On April 9, 1992, Endangered Species Act (ESA) Section 7 consultation was initiated by
the South Atlantic Fishery Management Council. This consultation was to address the potential
adverse effects to listed species of both the proposed management action (adoption of a Shrimp
Fishery Management Plan for the South Atlantic) and the shrimp fishery itself. Atabout the same
time, the Gulf of Mexico Fishery Management Council requested that NMFS initiate consultation
on Amendment 6 to the Gulf of Mexico Shrimp Fishery Management Plan (FMP). ESA Section 7
consultation is required prior to implementation of new FMPs or amendments to existing FMPs.

Proposed regulations under the ESA were published by NMFS on April 30, 1992 (57 FR
18446). NMFS held public hearings on the proposed regulations in each state where shrimp
trawlers would be affected. NMFS subsequently extended the comment period to October 23, .
1992. On September 8, 1992 (57 FR 40861) NMFS issued a final rule effective September 1,
1992 that extended the sea turtle regulations in the Atlantic area to year-round rather than May 1
through August 31. Effective November 1, 1992 in all areas where tow times were used in place
of TEDs, tow times were reduced from 90 to 75 minutes. The interim rules also eliminated the
exemption for the rock shrimp fishery in the Atlantic and provided for exemptions for vertical
barred beam trawls, roller trawls, wing nets, skimmer trawls, pusher-head trawls, and bait
shrimpers. - .

NMEFS indicated that since both consultations address shrimp fisheries in the south:

United States, the potential adverse effects of South Atlantic and Gulf of Mexico shrimp fisheries
are similar, and because effects to sea turtles must be considered cumulatively in determining
whether any species might be jeopardized by this activity, a single consultation was prepared.
Although management actions under shrimp FMPs for the South Atlantic and Gulf of Mexico only
apply to Federal waters, this consultation extends beyond political boundaries and applies to all
areas where shrimp trawling occurs. In addition to the proposed FMP actions this consultation
also considers the fishery as it would be conducted under the 1992 Revised Sea Turtle
Conservation Regulations.



A Biological Opinion regarding the implementation of the Shrimp Fishery Management Plan
for the South Atlantic Region and Amendment 6 to the Gulf of Mexico Shrimp Fishery
Management Plan was issued on August 19, 1992 (Appendix IX). NMFS concluded that shrimp
trawling in the southeastern United States is in compliance with the 1992 Revised Sea Turtle
. Conservation Regulations and the proposed management actions under the South Atlantic shrimp
FMP and Amendment 6 to the Gulf of Mexico shrimp FMP were not likely to jeopardize the
continued existence of threatened or endangered species under NMFS jurisdiction.

As of December 1, 1992 shrimp trawlers must comply with sea turtle conservation measures
throughout the year in all areas. Where limited tow times may be used as an alternative to TEDs
tows must be limited to 55 minutes or less from April 1 through October 31 and 75 minutes all
other times. Effective January 1, 1993 shrimp trawlers under 25 feet in offshore waters can no
longer use limited tow times as an alternative to using TEDs. Also effective January 1, 1993, is
the requirement that shrimp trawlers in inshore waters must use TEDs unless they are equipped
with a single net with a headrope length less than 35 feet and a footrope length less than 44 feet
then they can use limited tow times until December 1, 1994. Final ESA regulations for the shrimp
fishery were published on December 4, 1992 (FR Doc. 92-29370)(Appendix VIII).

8.2.2.5 Recreational Catches

The extent of the recreational shrimp fishery is not well known. In South Carolina a
recreational shrimp license has been required since 1988 to cast net over bait. The season is
restricted to 60 days during the white shrimp season (between September and November).
However, even in South Carolina, total recreational shrimp landings are not well documented
- because landings of other species by other gears, or even of white shrimp not taken over bait, are
not recorded. Estimated catch and effort in this fishery is shown in Table 20. In 1991, it was
estimated that the recreational shrimp baiting fishery in South Carolina took 2.14 million pounds of
shrimp in 71,034 trips for an average of 30 pounds (whole) per trip. This comprised 36 percent of
" the total fall shrimp harvest. '

In a survey in North Carolina (Maiolo and Faison 1980), it was estimated that recreational
shrimpers caught 91,000 pounds of shrimp, or less than 3 percent of the reported commercial
catch.

In a telephone survey and access intercept survey in coastal Georgia, Williams (1990)
estimated recreational shrimp catch and effort for 1989. Total cast netting participation was
estimated at 47,723 and 23,298 individuals during the summer and fall waves respectively. Total
effort was 184,887 cast netting trips for both waves combined and total harvest by cast netters
using boats was estimated to be 576,000 pounds. The average participant made eight trips in
1989, spent two hours casting, and caught 7.9 pounds of shrimp per trip. September was the peak
month for both catch and effort. '
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There are no estimates of recreational shrimp catches for Flarida, but it is behevedthat the
recreational catch is significant.

8.2.3 Fishing and Landing Areas
8.2.3.1 Commercial Fishing Areas

Thecomnzmalﬁshngmforpenwdshnmpspeaeswvuadbythxsphnemndsﬁom
Fort Pierce, Florida to Pamlico Sound and Ocracoke Inlet, North Carolina. The most important
fishing area in Florida is in the northeastern part of the state, between Fernandina Beach and
Melboumne, just south of Cape Canaveral. In Georgia, shrimping takes place along the entire
coast. In South Carolina, the most important shrimping areas are from Georgetown (Winyah Bay)
south, while in North Carolina, the important shrimping areas are in Pamlico Sound and off the
southern coast, south of Ocracoke Inlet. ‘

Commercial shrimp catches in all four states are taken from internal waters, state waters out
to three miles, and from the EEZ. In Georgia, commercial shrimping is generally allowed in
internal waters only for bait.

The proportion of each state’s shrimp production from inside and outside the EEZ is shown
in Tables 25-27. According to “Fisheries of the United States 1988”, in 1988, 9,531 mt of shrimp
were landed in the south Atlantic region from state waters (87%) compared to 1,466 mt (13%).
from the EEZ (DOC 1989). In the 1991 edition of the same publication 1990 shrimp landings in
the south Atlantic region were 8,927 mt inside three miles (69%) and 3,979 outside three miles
(31%) (DOC 1991). These figures presumably include rock shrimp and royal red shrimp
landings.

In North Carolina, almost all of the shrimp catch comes from internal waters. In South
Carolina, it has been estimated that about 5 to 10 percent of the shrimp catch is taken in the EEZ.

In Georgia, because of extensive nearshore shoaling, significant effort is expended beyond three -
miles, and a higher percentage of the catch is taken from the EEZ (Tables 25-27). In Florida, it has
been estimated that 12-15 percent of the non-rock shrimp catch comes from the EEZ. '

8.2.3.2 Recreational Fishing Areas

The major areas for recreational shrimping in North Carolina are from Carteret County south
to the state line and to a lesser extent in the tributaries of Pamlico Sound. In South Carolina,
recreational shrimping takes place along the entire coast, with most activity from Winyah Bay
south. Georgia’s sport bait trawling zones occur throughout the coastal arca. Recreational beach
seining is concentrated on Tybee, Sapelo, St. Simons, Jekyll, and Cumberland Islands. In-
Florida, major sport shrimping areas are the St. Johns River area, the area around Ponce De Leon
Inlet, and in the southern part of the state in Biscayne Bay. ~
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8.2.4 Vessels and Gear
8.2.4.1 Trawl Vessels

The number of permitted commeraal traw] vessels is shown in Tables 15-18. Most newer
raw] vessels are 75-80 feet in length and are rigged to tow two nets simuitaneously. The double-
rigged shrimp trawler has two outrigger booms from whose ends, through a block, the cable from
the winch drum is run to the two nets. Vessels used in inshore shrimping are usually smaller than
those which work offshore, and are frequently rigged to tow a single net from the stern. Figure 5
shows a double rigged shrimp vessel towing two nets and a try net. Figure 6 shows in detail how
a double-rigged shrimp trawler is rigged.

8. 2 4.2 Fishing Gear and Operation

Essentially the only gear used in the commercial fishery is the otter trawl. Thcre are four
basic designs used in the south Atlantic shrimp fishery: flat, semi-balloon, balloon, and tongue or
mongoose trawls. '

The otter traw!l consists of (1) a cone-shaped bag in which the shrimp catch is gathered into
the tail or cod end; (2) wings on each side of the net for herding shrimp into the bag; (3) trawl
doors at the extreme end of each wing for holding the wings apart and holding the mouth of the net
open; and (4) two lines attached to the traw! doors and fastened to the vessel. A ground line
extends from door to door on the bottom of the wings and mouth of the net while a float line is
similarly extended at the top of the wings and mouth of the net. With flat nets, the mouth is
rectangular, with the ground line more or less straight. With the balioon net, the float line forms an
arc when the net is towed. The mongoose net has a triangular tongue or wing attached along the
midsection of the float line and connected to a center towing cable. This configuration allows the
net to spread wider and higher than conventional nets and as a result has gained much popularity
for white shrimp fishing.

A flat net is more often used when fishing for brown shrimp since they burrow into the
bottom to escape the trawl. This net has a wider horizontal spread than other designs and is
believed more effective for this species. White shrimp try to escape by jumping off the bottom so
the semi-balloon, balloon, and mongoose nets are most often used for this species.

Some vessels use twin trawls, which are essentially two trawls on a single set of doors,
joined together at the head and foot ropes to a neutral door connected to a third bridle leg. Thus,
instead of towing two 70 foot nets the vessel tows four 35 foot nets. This rig has some advantages
in ease of handling and increased efficiency. '

The length of tows varies depending on many factors including amount of bycatch species
and concentration of shrimp. Small boats fishing inshore waters make much shorter drags than the
larger, offshore vessels whose tows generally last several hours:
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In some areas, primarily North and South Carolina, channel nets are also used for
commercial shrimping. Channel nets meskenﬁally anchored shrimp trawls which fish at or near
‘the surface, being held open by currents. Another minor gear, butterfly nets, which are rectangular
nets held open by a frame and attached to the side of the vessel, are used in a few areas. Haul or
beachschwsmalsousedwaminmexmtforcomchl'ﬁshinginmmas.

8.2.4.3 Participation in Other Fisheries

Participants in the commercial shrimp fishery are involved in a wide variety of other
fisheries. Small boats may be involved in virtually any inshore fishery from clamming and
oystering to crab trap fishing and a variety of net fisheries. Larger vessels often participate in other
trawl fisheries including whelk, rock shrimp, and calico scallop as well as other hook and line
fisheries for bottom fishes (including wreckfish), and longline fisheries for tuna and swordfish. In
addition to participating in fisheries for other species, many of the larger shrimp vessels in the
region are very mobile within the shrimp fishery and may move anywhere throughout the south
Atlantic states and the Gulf of Mexico.

8.2.5  Bait Shrimp Fishing

In Georgia, permits are required for both sport and commercial bait shrimp fishermen. “Sport
bait shrimpers are allowed to use a 10 foot otter trawl in designated areas, cannot sell or consume
the shrimp caught under this permit, and are limited to 2 quarts of shrimp per person or 4 quarts
per boat per day. Commercial bait shrimp fishermen may use nets up to 20 feet and take up to 50
quarts of live shrimp per day with a small allowance for dead shrimp.

In Florida, the bait shrimp fishery is much larger than in the other south Atlantic states. A
variety of gear is used in this fishery, but otter trawls and roller frame trawls are the most
commonly used gears. Landings of live shrimp taken by the bait shrimp fishery is shown in Table
18. '

In North and South Carolina, while some shrimp are sold as bait, there is no organized bait
shrimp fishery, nor specific laws pertaining to shrimping for bait.

8.2.6 Competition and Conflict
8.2.6.1 Among Shrimpers (Taken verbatim from SAFMC 1981)

“As long as two or more people are attemnpting independently to obtain the greatest portion
possible of a limited resource, there will be competition. When the activities of one person affect
negatively the ability of another to harvest the resource, other than by affecting the amount
available for him to harvest, there is a conflict. In the shrimp fishery a good example of
competition is the relationship between an inshore commercial channel netter and an offshore
trawler operator; they affect only the amount of shrimp the other can catch. A conflict exists
between a channel net operator and a trawler operator who attempt simultaneously to fish in the
- same river channel: They affect not only how much the other catches but also the ability to catch
shrimp in the future by negatively affecting gear. Though competition is very great among
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shrimpers, conflicts are generally less common and isolated. This is the case due to management
of shrimping methods, gears, areas, and times by regulatory state agencies with the prevention of
conflict as a major objective. Without such management controls, conflicts would be inevitable.

Several specific forms of competition among shrimpers involve wastes, or perceived
* wastes, of portions of the shared resource. The problem of discards of pre-commercial size
shrimp taken along with commercial size shrimp exists primarily in the inshore North Carolina
waters but occurs occasionally in South Carolina as well. In North Carolina’s sounds during the
fall of some years major migrations of brown shrimp enter sandy bottom, high salinity pink shrimp
nursery grounds near inlets. To continue working on the brown shrimp, a shrimper is actually
competing with himself as he is destroying a portion of the source of his future camnings, the
spring pink shrimp stock. A similar situation occurs infrequently in South Carolina when small
whites enter fishing areas in large numbers. Management actions differ in these situations
depending on a variety of factors. The results of a North Carolina study (Waters et al. 1979) state
that the potential for increasing income in the fishery through reduced discards exists only at very
high discard rates due primarily to high mortality in succeeding months and the low probability of
catching those pink shrimp that are saved from discard. It also states the problem is not severe
enough to warrant adoption of a management policy to protect juvenile pinks during normal
seasons.

* Another form of competition involving possible waste is that between seiners and cast
netters who harvest and retain or discard pre-commercial size shrimp which could possibly be a
more valuable future catch. Operators of large trawlers maintain that netters in nursery arcas
destroy potentially valuable shrimp to little or no benefit, and they often suggest that the minimum
recreational gear mesh size be equal to that imposed on commercial rawlers. In South Carolina,
where the minimum mesh (bar) allowed in nursery areas is 1.3 cm (1/2 in), McKenzie and
Whitaker (1981) determined that any increase in mesh size probably would eliminate capture of
creek shrimp except just before they move into deeper water during later stages of development.
Such action would reduce substantially the recreational shrimp catch.

Some general statements can be made concerning the desires of various user groups on the
subject of competition. Recreational and bait shrimpers want to utilize moderate sizemeshina
wide geographic area for as long a season as possible. Operators of small and medium size
trawlers want inshore trawling arcas opened as early and as long as reasonable. Some want
restrictions put on the activity in nursery areas, and some want limits put on the maximum size
trawlers and nets allowed inshore. Operators of large trawlers, in many cases, want inshore areas
kept permanently closed, broad restrictions on nursery area activity, and long off-shore seasons.
Many trawler operators want out-of-state entry limited but want no limitations which would
prevent them from obtaining larger or additional boats, or their sons from entering the fishery.”

8.2.6.2- With Other Fisherman (Taken verbatim from SAFMC 1981)

“Competition to a lesser degree than mentioned above and conflicts to a greater degree exist
between shrimpers and other fisherman. Shrimpers compete with other fisherman simply by
removing such incidental catches as blue crabs and juveniles of commercially and recreationally
important finfish, often to the benefit of no one. Conflict for gear space may exist in areas where
moving and stationary gear are utilized, a good example being shrimp rawlers and stationary crab
traps.”

8.2.7 Assessment and Specification of Domestic Annual Harvesting Capacity

The average landings of shrimp in the south Atlantic states has not increased over several
decades despite significant increases in the number and efficiency of vessels. Thus, it is believed
that the capacity of the domestic fleet considerably exceeds the amount of available resource.
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8.2.8 Assessment of Extent to which U.S. Fishermen will Harvest Optimum
Yield

Optimum yield is the amount of harvest that can be taken by U.S. fishermen without
reducing the brood stock below the level necessary to ensure adequate reproduction. In practice,
optimum yield is the amount of shrimp that the fishery can harvest during the legal fishing season
which may vary from year to year based on both state regulations and regulations promulgated
pursuant to this plan (i.e., closures due to cold kills). Historically this level has averaged
approximately 25 million Ib. Even if environmental conditions were such that the available
resource were to increase to significantly higher levels, the domestic fleet would be capable of
harvesting at his level. Thus, under any foreseeable levels of stock, the domestic fleet will harvest
optimum yield.

8.2.9  Assessment and Spedﬁution of Domestic Annual Processing Capacity
Domestic processing capacity at present far exceeds the availability of domestic shrimp.

8.2.10 Historical and Projected Transfers from U.S. harvester to Foreign
Vessels |
There is no evidence of historical or projected transfers of shrimp or shrimp products from
U.S. harvesters to foreign vessels.

8.3 Foreign Fishing Activity 4

There is no foreign fishing activity or foreign catch of Atlantic coast shrimp. There are no
shrimp in the EEZ in excess of the domestic fishery’s ability to harvest optimum yield, thus, total
allowable level of foreign fishing (TALFF) is zero.

8.4 Interactions between Foreign and Domestic Participants _

As there are no foreign participantsin the shrimp fishery of the southeastern Atlantic coast,
there are no interactions between foreign and domestic participants. Neither are there interactions
between domestic shrimp fisherman and foreign fishermen of other fisheries.

9.0 DESCRIPTION OF THE ECONOMIC CHARACTERISTICS OF THE
EISHERY
See Regulatory Impact Review (Section 13).

10.0 DESCRIPTION OF BUSINESSES., MARKETS, AND ORGANIZATIONS
ASSOCIATED WITH THE FISHERY
See shrimp profile (SAFMC 1981) and Regulatory Impact Review (Section 13).
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11.0 SOCIAL AND CULTURAL FRAMEWORK OF DOMESTIC FISHERMEN
| The following material describing the social and cultural framework of south Atlantic

~ shrimpers is a summary of material presented in the Profile of the Penaeid Shrimp Fishery in the
south Atlantic (SAFMC 1981) as updated with literature available through 1991.

'11.1 Ethnic Character, Family Structure, and Community Organization
11.1.1 Ethnic Character
Ethnic minorities among trawler captains are relatively few. In South Carolina, for
example, blacks represented only about 9 percent of total trawler captains in 1980 (Table 28).
White captains predominated, particularly for the owner captains (94 percent). In North Carolina
5.2 percent of full-time captains are black while only 1.3 percent of the part-time captains are
black. A total of 3.4 percent of all full and part-time captains are black in North Carolina (Maiolo,
1981). In Georgia, approximately 12 percent of trawler captains in 1980 were black (S. Shipman,
GA Dept. Nat. Res., Coastal Res. Div., Brunswick GA, pers. comm.). A study of two counties
(MclIntosh and Glynn) by Nix and Kim (1981) indicated that 24.1 percent of the captains and 33.7
percent of the strikers were black.

11.1.2 Community Organization

There is little information available on community organization. Nix and Kim (1981)
found that social participation and community involvement along the Georgia coast is quite limited
among shrimp fishermen. They suggest an apparent “community disinvolvement” which is
associated with very few social ties, including social organizations or occupational associations.
Political participation among shrimp fishermen in the above survey was also limited.

Although the same kinds of social organization typical among other occupational groups are
not prevalent among shrimp fishermen, one should not assume that fishermen pursue their
occupation in isolation from one another, or from their communities. The extensive amount of
time fishermen spend on the water may limit their interaction with other members of their
communities, but it also strengthens the social ties between them. Shrimpers frequently share the
. same churches and schools, and socialize at local fish houses and on the docks (Bradley M. P.
Fellows 1992; Sabella et al. 1979). Johnson and Orbach (1990) documented the existence of
definite social networks and informal social groups among shrimp fishermen in North Carolina.
These social networks are the pathways by which new information is introduced and dispersed
within the fishing community and are often important in determining such behavior as fishing
patterns and adoption of technological innovations (Johnson and Orbach 1990; Johnson 1986). In
most networks there are specific individuals that serve as links between the community and the
outside world. Because such individuals are a key source of new information, they are able to
influence the opinions of those in shrimping communities and thus to influence the relationship
between shrimpers and those outside their occupational group (Bradley M. P. Fellows 1992).
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11.2 Age, Education, and Experience of Commercial Fishermen

There is some evidence to indicate that the life styles of participants in the south Atlantic
shrimp fishery are changing. New entrants into the fishery are more educated and a greater
. portion of them come from families in which the father was not a fisherman, Such newcomers are
typically born outside of their current community of residence, and tend to average slightly higher
income. These new fishermen are more likely to take advantage of financial assistance programs
(i.e., Small Business Administration loans) to enhance and maintain the fishery (Fisch and Maialo,
1981). ' o

Surveys from the early 1980s indicate that captains in North Carolina range in age from 18
to 80. Most are in their forties or younger, with an average age slightly under 47 years (Table 29).
About 21 percent are 61 years or older. Part-time captains are generally older than their full-time
counterparts. The average level of education (10.5 years) corresponds to less than a high school
diploma (Table 30), although 21 percent of the captains have more than a high school education.
There is no significant difference between full-time and part-time captains in educational level. The
average age of captaihs in South Carolina is 39 years (Table 31), with about 5 percent 61 years or
older. Owner-captains are slightly older than hired captains.

The captains of shrimp vessels in Georgia also tend to be middle-aged (Table 32). More .
than one-half of the captains (58 percent) are between 26 and 45 years of age, and about 4 percent
are 81 years or older. '

The average age of trawler captains in the south Atlantic states is 43 years (Table 33). Only
slight differences are apparent among the captains of the various types of vessels. The catcgoﬁes
* of captains are similar in terms of years of formal education. The average experience in
commercial fishing is 21 years, of which 10 years were worked as captain and 11 years as crew.

A survey of 29 crew members of North Carolina shrimp vessels (Maiolo 1980) indicates
‘that the average age is 27 years and the average education level is 11 years, somewhat less than a
high school education. This reveals that crew members are somewhat younger and marginally
better educated than the captains. About 83 percent of crews in the survey identified themselves as
full-time fishermen and have been engaged in fishing for 8 years. The general picture is of a
middle-aged group of captains with younger crews, both with relatively low levels of formal
education which may limit their occupational alternatives.

11.3 Employment Opportunities and Unemployment Rates

Coastal counties in the South Atlantic states had a higher unemployment rate in 1990 than
the statewide rate except for Georgia (Table 34). In South Carolina, the unemployment rate for the
coastal counties as a whole was 5.8 percent and for the state was 5.6 percent. In North Carolina,
the coastal county unemployment rate was 6.5 percent, compared with 4.8 percent for the state as a -
whole. The unemployment rate for Florida’s east coast counties was slightly higher, 5.9 percent,
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than the state’s average rate of 5.8 percent. Georgia's starewide unemployment rate of 6.8 percent
was higher than that of coastal counties as a whole, 5.7 percent. However, these general
" unemployment rates may not be indicative of the employment rate among commercial shrimpers.
Data are not available to indicate the extent of unemployment among commercial fishermen.
However, since at least 1980, commercial fishermen have been facing a critical economic situation
caused by rising fuel costs and declining shrimp prices in real dollars. This tends to increase the
unemployment rate for commercial fishermen. Employment oppormunitics for commercial
fishermen in non-fishery sectors depends upon the individual fisherman'’s skill either from
currently held part-time jobs or alternative jobs held in the past, level of education, age and
capacity to learn new skills. Shrimpers willingness to switch to some other source of income is
affected by other than remunerative factors. More than an industry, commercial shrimping is a
way of life for many of the individuals. Through long, historic participation in the shrimp industry
by fishermen, fish dealers, gear suppliers, etc., shrimping has become tradition and a part of
group identity in many coastal communities (Sabella et al. 1979).

11.4 Crew Structure and Function

The size, structure, and functions of crews employed in commercial shrimping varies
somewhat from vessel to vessel, but several variables appear to be fairly universal throughout the
fishery. Small boats (18-35 ft) typically are run by the captain alone, while larger boats have
crews of one to four. Tasks performed by the crew include rigging and repairing the boat and
equipment, setting and hauling the nets, cooking meals on board, and culling, icing, and heading
the shrimp. The crew is typically paid through a share system. The share system divides the
costs for fuel, groceries, and other expenses among the captain and crew, then goes on to divide
the profits from the catch in the following manner: a certain percentage up front goes to the captain,
a certain percentage to the owner of the boat, and the crew and captain divide the rest among
themselves (Bradley M. P. Fellows 1992). '

Crews are frequently recruited from the shrimp fishermens relatives(Johnson and Orbach
1990; Sabella et al. 1979). Young shrimpers are enculturated, or versed, in their trade and its
ways by working with and listening to their older, more experienced kin. New shrimpers work as
crew until they are able to secure a loan from a friend, fish house, or bank, or eam enough money
to buy a boat of their own (Bradley M. P. Fellows 1992). First boats are usually small (less than
18 ft.), and are used as a means of earning more money to finally upgrade to a large boat and rig.

11.5 Dealer Structure and Function

Seafood dealers perform many services for the fishermen engaged in shrimp fishing and
play important roles in the fishing community. Most seafood dealers handle more than one species
~ in their operations. In this case the dealers shrimp fishermen work with may also deal in species
such as clams, oysters, and finfish (Bradley M. P. Fellows 1992). Taken from an example in

59



North Carolina, a dealer typically has around four permanent staff members: a manager, a
bookkeeper, and two multi-purpose employees. Additional seasonal staff are hired from the
married women and school age youths in the community. In the case of the shrimp fishery, these
seasonal employees are hired to remove the heads of the shrimp, a process which has not been
mechanized. Usually payment in this system is by the unit (e.g., per bucket) of processed shrimp
(Bradley M. P. Fellows 1992). We can assume that these temporary workers’ wages are directly
related to the abundance of shrimp harvested by the fishermen. The more shrimp there is to
process, the more opportunities for work they have.

Drawing again from the example of Carteret county in North Carolina, one can see the
intricate relationship that dealers and fishermen share. In order to encourage fishermen to sell
catches to them, dealers provide fishermen with numerous services including fuel, ice, dock space,
fishing supplies, repair parts, and credit (Bradiey M. P. Fellows 1992). Of these services, credit
plays a dominant and influential role in the relationship between fishermen and dealer. The
shrimper who borrows is expected to sell his catch to the lender exclusively. In this system, the
shrimper may set aside a part of his catch to pay off his loan (Bradley M. P. Fellows 1992). This
symbiotic relationship benefits the shrimper, for whom it is extremely difficult to obtain loans from

commercial banks due to the high risks involved in fishing, by giving him a secure source of credit
and access to necessary materials. ’l‘hcdealerbeneﬁtsfmmﬂnerehnonsh:pbecansehexsensm'ed
of a fairly steady supply of shrimp.

11.6 Recreational Fishing

In North Cmohna.atyplcalmcanonalﬁshexmanxsamvethCamhnmn (Maiola and
Faison 1980). His average age is 45 (range 18 to 78). Average years of education is just under
12, indicating that he has slightly more formal education than his full and part-time fisherman
counterparts. Further, 29 percent of the recreational fishermen have experienced some schooling
beyond high school. More than a third, 38 percent are employed in white collar occupations, and
52 percent in blue collar jobs most of which are semi-skilled and skilled work roles. Six percent of
them were unemployed and 17 percent were retired. Forty-five percent of the respondents spouses
work; half are in professional or semi-professional positions (teachers, saleswomen, etc.). About
90 percent of recreational fishermen are married and have two or three children.

About 66.5 percent of total recreational shrimp fishermen were private boat fishermen. The
remaining 33.5 percent engaged in shrimping operations on shore, pier, dock, or bridge. The
demographic profiles of these fishermen and private boat fishermen utilizing boats less than 8m (26
ft) are not available. |

In Georgia, no survey exists concerning socio-economic characteristics of recreational
shrimpers.

In Florida, sport fishing for shrimp is primarily a cast netting and seining operation. In the
St. Johns River area, there is a signiﬁcant amount of recreational shrimping. There were 127
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recreational shrimping license holders in the area during the 1980-81 scason (S. Kennedy, FL.
Dept. of Nat. Res., Marine Res. Lab., St. Petersburg, FL; pers. comm.). However, demographic
data of recreational shrimpers in Florida are not available. -

11.7 Economic Dependence and Strategy Among Shrimpers
11.7.1 Economic Dependence

In 1974, 48 percent of Florida commercial fishermen surveyed fished full-time; the
remainder reported that some of their income was camned from employment outside of fishing.
Owners of shrimp fishing firms earned 21 percent of their income from sources outside of fishing.
Many fishermen are not fully dependent on fishing for employment and instead rely on fishing
income to supplement that from other industries. A study by Prochaska and Cato ( 1977) showed
that fishermen with income from non-fishing activities had widely varied employment. Based on
those who specifically reported type of employment, eight percent were in residential or
commercial construction; 17 percent were employed in marine-related jobs such as tugboat
captains, marina operators, and boat builders; ten percent were involved in agriculture; nine percent
were employed in security type jobs; seven percent held jobs as mechanics and repairmen; and 22
percent had other occupations such as teachers, chemists, opwmetnsts broadcasters, and flight
instructors. Only 21 percent of the respondents said that their non-fishing employment was -
seasonal.

In 1976, 65 pcrcem of trawler captains in the south Atantic states were full-time
commercial fishermen (Liao 1979). Approximately 50 percent of all captains in mobility Class I
trawlers in the region had non-fishery employment. Only 13 and 21 percent of the captains for
mobility Classes II and III, respectively, had non-fishery employment. No captain in mobility
Class IV trawlers worked outside the fishery; thus, every captain in this category was a full-time
commercial fisherman. Eighty-eight of 176 captains in mobility Class I had spent, on the average
about 8 months in non-fishery jobs (Table 35). Thus, these are persons who are in occupations

other than fishing, but take time off from regular employment, or use their holidays or spare time
after working hours, to shrimp commercially. Shrimping is usually done to supplement income
from employment outside the commercial shrimping industry for Class I captains. Most of these
captains held blue collar jobs. About 12 of 91 captains in mobility Class II had non-fishery jobs in
1978. |

In 1980, 81 percent of trawler captains in Georgia were full-timers and the remaining 19
percent had employment outside of shrimping. (Susan Shipman, GA Dept. of Nat. Res., Coastal
Res. Div., Brunswick, Ga.; pers. comm.). Only 55 percent of captains in the North Carolina
shrimp fishery were found to be full-time fishermen. About 27 percent of the part timers were in
maritime related jobs, i.c., seafood processing, boat repair, etc. ('l'abie 36). The remainder
reported that they had widely varied non-maritime employment.
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11.7.2 Fishing Strategy and Patterns '
Shrimping is typically a seasonal activity lasting from spring through fall. In order to stay
productive year round, many commercial fishermen participate in other types of fisheries while not
shrimping. As stated elsewhere in the FMP (Section 8.2.4.3), these fisheries can include
finfishing, oystering, clamming, crabbing, whelk (also known as conch) and scallop rawling, and
gill netting. Most of these fisheries are seasonal, with fishermen emphasizing one specific fishery
during a particular time of year. Various combinations of these seasonal fisheries are used by the -
shrimpers to fill out their annual round, or yearly cycle, of fishing activities. Unfortunately, at this
time there is little information availabie pertaining to the exact structure of these annual cycles for
the South Atlantic shrimp fishery. Without such information it is difficult to fully understand the
significance of shrimping to the fishermen involved.

Fisherman migration is an additional adaptation to the seasonal nature of the shrimp
fishery. Rather than switch over to other fisheries available to them locally, some shrimpers
choose to temporarily migrate to other states or regions with greater abundances of shrimp. At
times, especially for larger vessels, these migrations can last for extended periods of time and take
them far up the Atlantic coast ar far south to the Gulf of Mexico (Johnson and Orbach 1990).
Smaller vessels migrate as well, though their search for shrimp frequently takes them only to states
adjacent to their home states. _

One example of this type of migratory behavior is taken from a group of shrimpers from
southeast North Carolina who travel to South Carolina in the course of their annual round. This
migration is partially prompted by increasing competition for resources within the fisherman’s
home county, and the combination of higher prices and greater abundance of shrimp in South
Carolina (Johnson and Orbach 1990). The migration is not, however, undertaken solely for
economic purposes. Wark life or working conditions are also of key importance in making the
decision to migrate for these North Carolina shrimpers. Factors or aspects of the improved work
life given by the fishermen included day work (as opposed to night trawling in North Carolina),
and a general relaxed air among the migratory fishermen. Without the responsibilities of family
and home, the fishermen have more time for leisure and social activities while docked in South
Carolina. The overall experience is referred to as a “working vacation” by some of the fishermen
(Johnson and Orbach 1990).

11.8 Competition and Conflict

As long as two or more people are attemipting independently to obtain the greatest portion
possible of a limited resource, there will be competition. When the activities of one person affect
negatively -the ability of another to harvest the resource, other than by affecting the amount
available for him to harvest, there is conflict (Maiolo 1981). In the shrimp fishery a good example
of competition is the relationship between an inshore commercial channel netter and an offshore
trawler operator; they affect only the amount of shrimp the other can catch. A conflict may exists
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between a channel net operator and a trawler operator who attempt simultaneously to fish in the
same river channel. They affect not only how much the other catches, but also the ability to catch
shrimp in the future by negatively affecting gear. Though competition is great among shrimpers,
actual conflicts are generally less common and more isolated. This is the case due to management
of shrimping methods, gears, areas, and times by regulatory state agencies with the prevention of
conflict as a major objective. Without such management controls, conflicts would be inevitable.

Competition and conflicts also occur between shrimpers and other fishermen. Shrimpers
compete with other fishermen simply by removing such incidental catches as blue crabs and
juveniles of commercially and recreationally important finfish, often to the benefit of no one.’
Conflict for gear space may exist in areas where moving and stationary gear are utilized, a good
example being shrimp trawlers and stationary crab traps.

12.0 MANAGEMENT PROGRAM
12.1 Background

The proposed management program is designed to benefit Penaeus setiferus, the white
shrimp. Although three species of penaeid shrimp comprise the shrimp fishery in the south
Atlantic region, only the white shrimp appears biologically amenable to management action at this
time. This is due to the white shrimp’s life cycle which makes the population vulnerable to
periodic decimation by winter cold kills. Available data suggests that once environmental
conditions decimate the adult population, continued fishing on the few remaining adults can further
reduce subsequent year class production (Appendix II). Since the value of the few spring roe
shrimp that may be caught is small compared to the potential fall production that may be sacrificed
by allowing continued fishing after a freeze, it is biologically and economically beneficial to protect
the parent stock at these times.

. Some data suggests that pink shrimp may be reduced by prolonged cold water conditions.

" However, unlike with white shrimp, there does not appear to be a biological justification for

closing the fishery following cold kills. This is because significant pink shrimp production occurs
only in North Carolina, and it is believed that overwintering shrimp that are not harvested before
reaching the ocean may simply be lost to the fishery. Further, being at the northern end of their
range, larvae produced by these overwintering North Carolina pink shrimp may be carried north by
prevailing currents and lost to the system. . ,

The majority of white shrimp caught in the south Atlantic region are caught in state waters
(Table 25). Further, shrimp are a highly fecund annual crop and as such are generally not
considered subject to overfishing. Fluctuations in abundance reflect year class strength, which is
largely determined by environmental conditions. Development of a management plan has been
postponed for these and other reasons. However, 2 number of issues have arisen that require
preparation of a fishery management plan.
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Recent plan development centered on two issues: requiring use of turtle excluder devices
(TEDs) and Federal zone closures when adjacent state waters were closed. The necessity for
* developing.a plan requiring the use of TEDs to reduce turtle mortality was eliminated when their
use was required under the Endangered Species Act. The rationale for closing Federal waters was
that following winter freezes, while many overwintering white shrimp are killed, small numbers
survive off the coast and others move offshore and south to the area off southém Georgia and
northeastern Florida. In spring some of the remaining adults are thought to move north to spawn,
providing some of the postlarval recruitment for northern Georgia, South Carolina, and lower
North Carolina. If Federal waters were not closed, vessels could continue to fish on the roe
shrimp, legally in Federal waters and illegally in state waters, due to enforcement difficulties.
Available data suggest that in freeze years this could significantly reduce the capacity of the fall
white shrimp crop to rebound. Revenue generated by the increased abundance of white shrimp in
the fall is expected to exceed the revenue generated by the smaller spring harvest of roe shrimp that
might occur in the absence of a closure. ‘

Two tagging experiments were conducted to determine whether white shrimp move north
from northeastern Florida in spring prior to spawning (Whitaker 1987, 1988). Both experiments,
funded by the South Atlantic Council, failed to establish any significant northward movement,
although one shrimp tagged off Cape Canaveral was recaptured 105 days later off the Doboy Sea
Buoy in Georgia, a distance of 190 miles. Whether or not there is a significant northward
movement of shrimp from northeast Florida remains uncertain. Nevertheless, it appears that in
years following severe winter freezes, continued fishing on the remaining adult white shrimp may
result in severely reduced recruitment to the fishery the following fall. Further, during the winter
of 1990, the states requested, and the Secretary of Commerce approved, an emergency closure of
Federal waters off Georgia and South Carolina due to severe winter mortality of white shrimp.
The notice was published in the Federal Register on April 9, 1990. A substantial fall 1990 fishery
suggested total recovery of the stock even though the spring spawning stock had been severely
. reduced due to the winter mortalities. In granting the emergency closure, the Secretary indicated
that further requests for closure would have to be associated with a fishery management plan. To
meet this mandate from the Secretary, a management plan is necessary which would allow the
‘states to request the Council to consider closure of Federal waters when environmental conditions
necessitate such action.

All new plans and amendments must contain a definition of overfishing that protects the
long-term reproductive capacity of the stock. Overfishing must be defined in a way that enables
the Council and Secretary to monitor and evaluate the condition of the stock relative to the
definition, and specify the action to be taken to prevent overfishing from occurring. This plan
fulfills that requirement. -

Shrimp trawlers have a relatively large bycatch of finfish, most of which is discarded. For
some species of fish, this may be a major source of mortality. Regulation of the shrimp fishery |
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may be the only way to effectively control this source of mortality. Such regulations would ©
Jogically be included in the shrimp plan. However, the 1990 reauthorization of the Magnuson Act "
requires the Secretary to establish a 3-year program to assess the impact of incidental harvest by the
shrimp traw] fishery on fishery resources in the South Atlantic and Gulf Council’s areas of
jurisdiction. Until January 1, 1994, the Secretary may not implement any measures under the
Magnuson Act to reduce incidental mortality of nontarget fishery resources in the course of shrimp
traw!] fishing which would restrict the period during which shrimp are harvested or would require
use of any technological device or other change in fishing technology.

Between now and January 1, 1994, the National Marine Fisheries Service is charged with
conducting research on finfish bycatch in the shrimp fishery. To accomplish this congressional
mandate, a 30-member finfish bycatch steering committee was established by the Gulf and South
Atlantic Fisheries Development Foundation. Based on the recommendations of this steering
committee, NMFS Southeast Fisheries Science Center and Southeast Regional Office have
developed a comprehensive research plan to address this issue (National Marine Fisheries Service
1991). Measures to address finfish bycatch are not included in this plan but will be considered in
future amendments after study results are available.

12.2 Management Unit _

The management unit is the population of white shrimp occurring along the U.S. Atlantic
coast from the cast coast of Florida to the North Carolina/Virginia border. Brown, pink, rock, and
royal red shrimp amindudedinmeﬁsherybutnotinthemanagemcntunitbecausemgulaﬁons in
this plan only address white shrimp at this time. Although all three species of penaeid shrimp are
also harvested in the Gulf of Mexico, it is believed that the Atlantic and Gulf populations are
essentially isolated from one another.

Rock shrimp have increased in importance in recent years and are now the most valuable
species of shrimp landed on the east coast of Florida. Both royal red and rock shrimp are caught in
water considerably deeper than any of the principal penaeid shrimp species, and as such are not
taken as bycatch of these fisheries. When taken, they are the target species. The rock shrimp
fishery does, however, have a bycatch of pink shrimp.

12.3 Optimum Yield

Optimum yield for the white shrimp fishery is defined as the amount of harvest that can be
taken by U.S. fishermen without reducing the spawning stock below the level necessary to ensure
adequate reproduction. This level has been estimated only for the central coastal area of South
Carolina, and only in terms of subsequent fall production (assumed to represent recruitment).
Therefore, in actual application, optimum yield for the white shrimp fishery is the amount of
harvest that can be taken by the U.S. fishery during the fishing scason which may vary from year

65



to year based on both state regulations and_regmaﬁons promulgated pursuant to this plan (i.c.,
closures due to cold kills).

12.4 Definition of Overfishing

Preferred Alternative: ‘

1. Ovetfishing is indicated when the overwintering white shrimp population within a state’s
waters declines by 80 percent or more following severe winter weather resulting in prolonged cold
water temperatures. Continued fishing following such a decline may reduce the reproductive
capacity of the stock affecting subsequent recruitment and would be considered overfishing.
Relative population abundance will be determined by catch per unit effort (CPUE) during
standardized assessment sampling.

Discussion: Shrimp are an annual crop in which abundance is determined primarily by
environmental conditions. Thus, commonly used definitions of overfishing (e;g., F,,, spawning
potential ratio, etc.) are probably not appropriate. . Available data suggest that subsequent year class
strength is unrelated to adult biomass except at very low levels of adult abundance. These low
levels of abundance are associated with winter freezes rather than with fishing, but continued
fishing at times of low abundance will further reduce the already small population, increasing the
likelihood of poor recruitment and reduced fall production.

The shrimp fisheries in Georgia and South Carolina are most dependent on white shrimp.
A relationship between low adult biomass and subsequent fall production has been documented in
South Carolina (Appendix IT). A decline in adult biomass of 80 percent would occur only
following extreme winter weather resulting in prolonged cold water temperatures, and would be
indicative of a severe winter kill. Although Georgia has not been able to demonstrate a similar
relationship, one is believed to exist nevertheless. Following severe overwintering shrimp
mortalities, reducing the remaining adult population by fishing will increase the likelihood of poor
recruitment and subsequent fall landings. In years when the overwintering population is not
significantly impacted by severe winter weather, fishing with current technology is not believed
capable of reducing the population enough to affect recruitment. Table 21 shows monthly white
shrimp production since 1978 with freeze years noted. It can be seen that in freeze years,
production the following fall is generally below average.

South Carolina and Georgia have ongoing assessment sampling programs which allow
continual monitoring of relative abundance of shrimp populations. Absolute levels of shrimp catch
or CPUE cannot be compared directly between states because of differences in boats, gear,
trawling techniques, etc. Further, the absolute level of abundance in one state or one part of the
state may mean something different than in another state or part of the same state in terms of
subsequent recruitment. However, expressing the impact in terms of a percentage reduction
- eliminates the need to standardize sampling across states, or the need to mtcrpret the absolute level
of abundance or CPUE that will affect recruitment.
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Alternatives Considered and Rejected:

1. Overfishing is indicated when CPUE during standardized assessment sampling in winter is less
than some absolute value. '
Discussion: This alierative was considered because it has been shown that small numbers of
adults in spring result in poor recruitment and catches in fall. An 80 percent decrease in adult
abundance during years when the population is very large may not be as critical to subsequent
recruitment as it would be in years when population levels are small. Because of this, overfishing -
may be better defined in terms of abundance (as reflected by @’UE)mthcrthanaSapcmcntagc
change in abundance.

The Council considered this option but determined that while sampling was relatively
standardized within states, it was not standardized among states. Thus, it would not be possible to
determine the significance of any particular absolute value of CPUE relative to subsequent
recruitment. Further, the significance of a particular level of CPUE varies within each state by
area. Thus, it is not possible at this time to know what level of CPUE in any given area or state
should trigger a closure. For these reasons, the Council rejected this alternative in favor of the
preferred alternative which is dependent only on a relative change within the year that can be easily
monitored through routine assessment sampling. Also, considerations for closure by the council
are triggered by a state request, not just an 80 percent reduction in the shrimp population. If a
significant population exists after heavy mortalities, a state may not request a Federal closure.

2. Overfishing is indicated when the overwintering population within a state’s waters declines by
80 percent or more for any reason.
Discussion: This was suggested to broaden the definition of overﬁshmg to include other events
that may result in a severe reduction in shrimp populations, such as oil spills. It was rejected in
favor of the preferred alternative because events other than those related to weather were gcnerally
considered to be local in nature. Should an oil spill reduce the shrimp population by the requisite
“amount in one area, the entire EEZ adjacent to that state would have to be closed. This is not the
intent of the plan.

12.5 Problems in the Fishery Addressed by This Plan
1. Unregulated commercial fishing in the EEZ on overwintering white shrimp following severe
winter cold kills may reduce subsequent recruitment and fall shrimp production.

2. Shrimp trawls have a significant bycatch of nontarget finfish and invertebrates, most of which
are discarded dead. This is wasteful and may significantly reduce yield in other fisheries directed
at these discard species. In addition, shrimp trawls have a bycatch of endangered, threatened,
and/or protected species (e.g., leatherback turtles) that are too large to be excluded by TED:s.
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3. Shrimp mariculture operations may inadvertently release exotic species and/or diseases or
parasites into local waters. The impact of such releases on domestic shrimp stocks is unknown,
but potentially serious. ‘

4. Habitat alteration (including beach renourishment and dredge and fill projects) and pollution in
coastal areas may reduce shrimp production.

12.6 Management Objectives

The following objectives address the above problems:
1. Eliminate fishing mortality on overwintering white shrimp following severe winter cold kills.
Discussion: Presently, states have the ability to close their waters to shrimping should conditions
warrant. Management measures contained in this plan will allow the states to request the Council
to implement concurrent closures of Federal waters following cold kills, thus affording maximum
protection to the remaining adult population which is expected to increase subsequent fall
production to the extent possible. :

2. Reduce the bycatch of non-target finfish, invertebrates and threatened, protected and
endangered species.

Discussion: The 1990 Amendment to the Magnuson Act prevents the Council from implementing
any measures to control bycatch in the shrimp fishery until January 1, 1994. Thus, there are no
measures in this plan to address this objective. During the interim, the Secretary of Commerce is
required to establish a 3-year program to assess the impact of the shrimp trawl fishery on nontarget
fishery resources (see Section 12.7.3). ’

3. Encourage states with mariculture facilities to carefully monitor these operations, and require
safeguards to prevent exotic species from escaping and/or diseases from entering the environment.
Discussion: Regulation of mariculture facilities is beyond the scope of Council authority and as
such, there are no regulations in this plan to address this problem.” Nevertheless, the Council is
concemned that the accidental introduction of exotic species and/or diseases may occur and result in
increased competition with and/or mortality of native shrimp stocks. This is addressed through
recommendations to the states (Section 12.5.3) and through research recommendations (Section
12.9).

4. Reduce or eliminate loss and/or alteration of the habitat on which shrimp depend or degradation
of water quality through pollution that would reduce shrimp production.

Discussion: The habitat areas of greatest concern are nearshore and estuarine wetlands and waters
within state jurisdiction. Through the habitat mandate in the Magnuson Act, the Council will
provide recommendations to permitting agencies relative to projects that may adversely impact



shrimp habitat. This objective is further addressed through recommendations to the states and
research recommendations.

12.7 Management Measures

12.7.1 Management Measure 1

12.7.1.1  Concurrent Closures

Preferred Alternative: States may request concurrent closure of the EEZ adjacent to their
closed state waters following severe winter cold weather that results in an 80 percent or greater
reduction in the population of overwintering white shrimp. ' ‘

Generally, South Carolina and Georgia would request closure of their entire EEZs. North
Carolina would not normally close its state waters, because following a severe freeze, there would
be few if any white shrimp remaining. However, unusual circumstances might exist in which
North Carolina might close state waters in the southern end of the state. If this were to occur,
North Carolina could request closure of adjacent EEZ waters for this limited area if closure criteria
were met. The population of white shrimp in Florida is limited primarily to the northern three or
four counties. Although Florida does not currently monitor the shrimp population or close state
waters to shrimping on an emergency basis, this measure would not prevent Florida from
requesting a concurrent EEZ closure for a limited area if other criteria were met.

When EEZ closures are requested, the Council will evaluate the request prior to closure
based on the specific criteria detailed below. To determine whether these criteria have
been met, upon receiving the request from one or more states, the Council will
convene a review panel to evaluate data supporting the request to determine
compliance with the criteria. The review panel will be comprised of one Council |
staff, one NMFS Southeast Fisheries Science Center scientist, one member of the
Council’s scientific and statistical committee, and one state shrimp biologist from
each of the states in the South Atlantic Council’s area of jurisdiction.

No predetermined lead time is required in making the request. After receiving the report of
the review panel, the shrimp committee will review the request and make recommendations to the
. Council. The Council will make a decision, and if warranted, request the Regional Director to

- proceed with the EEZ closure by Notice Action. Requests for an EEZ closure would be on a state
by state basis but every effort should be made to coordinate these requests among states. |

Criteria for reopening would be based on the state’s request after the state determines,
through monitoring programs, that conditions warrant reopening of the fishery or the state’s
regulations require a set opening date. A state’s territorial sea and EEZ would generally open at the
same time, although a state may request the Council consider an earlier opening of the EEZ if
conditions warrant and concurrent opening of state waters is not possible because of state
regulatory policy. Requests for reopening of the EEZ would be on a state by state basis butevery
effort should be made to coordinate openings among states.
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The criterion for requesting the Council to consider closure of the EEZ is: the Council may
consider a state’s request for closure of the EEZ if a drop in catch rate resulting from severe winter
weather is indicated during standardized assessment sampling and reveals a reduction of 80 percent
or greater of the overwintering white shrimp abundance as reflected by CPUE.

Currently, only South Carolina and Georgia have routine shrimp monitoring programs.
North Carolina is at the northern end of the range of white shrimp and following a freeze severe
enough to reduce the population in South Carolina and Georgia by 80 percent, would have few, if
any, white shrimp surviving. Thus, there is no reason to close the EEZ off North Carolina to
protect roe white shrimp. Florida does not have a routine shrimp monitoring program at this time.
However, should Florida initiate a shrimp monitoring program and meet the criteria for requesting
a closure, the Council could request that the Regional Director close the EEZ off some or all of the
east coast of Florida. Alternatively, monitoring results from southern Georgia may be used as a
proxy for northeast Florida. However, since northeast Florida is usually not as severely affected
by winter weather as areas to the north, Florida would be expected to meet the 80 percent reduction
criterion only following the most severe freezes.

Appendix X1 and XTI give a brief description of the shrimp sampling regimes of Georgia
and South Carolina. Georgia proposes to compare relative abundance following a winter cold kil
with the historical long-term mean CPUE for that month. South Carolina proposes to compare
total number or average catch per tow (CPUE) in samples taken prior to the onset of cold weather
and those taken immediately after and within two weeks of the winter kill. The review panel will
determine which, if either (or both), of these methodologies is most appropriate to determine if the
80 percent decline has occurred, and recommend to the states that they analyze their shrimp trawl
* data accordingly. The data collected by both South Carolina and Georgia are similar and either
analytical approach could be used by both states.

During a closure the possession aboard a fishing vessel of any species of the genus
_ Penaeus is prohibited. Trawling for any species of penaeid shrimp is prohibited in the closed

. portion of the EEZ. Transit of the closed EEZ with less than 4 inch stretch mesh
aboard while in possession of Penaeus species will be allowed provided that the
nets are in an unfishable condition which is defined as stowed below deck.
Streched mesh size means the distance between the centers of the two opposite
knots in the same mesh when pulled taut.

Discussion; Shrimp are a highly fecund annual crop in which year class strength is determined
primarily by environmental conditions. By itself, fishing probably cannot reduce the population to
a level low enough to affect subsequent recruitment. Available data suggest that except at very low
levels of adult abundance, year class strength is unrelated to adult biomass (Appendix II). These
low levels of adult abundance are only known to occur as a result of winter freezes. However,
when these freezes occur, subsequent recruitment and fall production may be reduced. Continued
fishing during these times of low abundance increase the likelihood of poor recruitment and fall
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producnon It is the fall production that accounts for most of the harvest-and revenue in this
fishery. Spring catches of white shrimp are small compared to fall production, and are very small
following winter cold kills (Table 21). Monthly white shrimp landings by state are shown in
Appendix IV. To afford maximum protection to the small remaining adult population during these
unusual conditions, the Council believes that Federal, as well as state waters, should be closed to
harvest.

The effect of winter freeze conditions on overwintering white shrimp is generally more
severe in the northerly part of their range, diminishing to the south. It is generally believed that
shrimp that survive the initial wave of cold move offshore and possibly south to deeper, warmer
water. A cold snap that kills almost all white shrimp in South Carolina, for example, may result in
almost no mortality off northeast Florida. It is thought that these surviving shrimp in the southern
end of their range may contribute recruitment to areas to the north where the adult population may
be almost entirely gone. If this is the case, then it may be important to protect brood stock in the
southern part of their range to allow recruitment to estuaries to the north, even if the southern
population has not been scvéxely impacted by the cold weather.

In 1987, the Council funded a white shrimp tagging study to test the hypothesis that shrimp
tagged in winter off Cape Canaveral, Florida would move north and be recaptured in the spring roe
shrimp fishery in Georgia and South Carolina. White shrimp are known to migrate south from the
Carolina’s and Georgia to Florida. Many migrants have been captured as far south as Cape
Canaveral, Florida (Lindner and Anderson 1956), leading biologists to conclude that this area may
be an overwintering ground for large, migratory white shrimp (Whitaker 1987). No significant
northward movement was documented in this study (Whitaker 1987). The study was repeated in
1988 with similar results, although one shrimp tagged off Cape Canaveral was recaptured 190
miles to the north, off the coast of Georgia (Whitaker 1988). Despite the fact that most returns
came from very close to the area of release, the studies were not considered definitive because of
the relatively small number of shrimp tagged, the mild winters, and the possibility that northward
movement of shrimp may have already occurred before the tagging experiments began (February
19-27, 1987 and February 19-22, 1988). The question of northward shrimp movement in spring
remains unresolved. |

In December 1989, a severe freeze occurred in the southeast killing an estimated 90 percent
of the overwintering white shrimp population off South Carolina and Georgia. Both South
Carolina and Georgia closed their state waters to shrimp trawling and requested an emergency
Federal closure of the EEZ. The EEZ off Georgia and South Carolina was closed on April 3, 1990
[FR 50CFR 659] (Federal Register Vol. 55 No. 68), which provided additional protection to the
remaining population. These prompt management actions resulted in maximum spawning potential
of the remaining brood stock and an average harvest the following fall (1990). Despite the closure,
white shrimp landings in June and July 1990 (after reopening) were higher than during the same
months following other freeze years (i.e., 1977, 1978, 1984, and 1985), and total landings in June
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and July were comparable m,orgrea'tu';hnn,mlspﬁng landings (April-July) following other
freeze years (Table 21). Thus, it appears that little, if any, spring production was lost despite the ‘;
closure that protected the shrimp long enough to allow them to spawn. Subsequent fall production
was higher than following other comparable freeze years, rebounding to levels comparable to non-
freeze years in both Georgia and South Carolina (Appendix IV). While it can never be known
what the 1990 fall production would have been in the absence of a closure, state shrimp biologists
believe that the EEZ closure contributed to the recovery of the stock. '

Although this management measure would only allow closure of the EEZ adjacent to closed
state waters, the Council believes that a closure extending south to the EEZ off northeastemn Florida
may provide additional benefit to the white shrimp resource. While there is insufficient data on
sources of postlarval recruitment to the estuaries to reach a definitive conclusion at this time, the
Council will reconsider the geographic extent of closures in future amendments should new
information become available.

Alternatives Considered and Rejected:

1. No change (i.c., No Federal closures).

Discussion: Some members of the South Atlantic Council shrimp advisory panel opposed Federal

closures expressing the following reasons:

a) They do not want more Federal regulations.

b) They refute evidence that closures are beneficial to the stock.

c) Theydonot wanttopmtectshnmpm?ederalwmmulnmamlybencﬁtmonal
shrimpers.

d) Closures are unnecessary because when there is a kill, there are not enough shrimp to fish for,
so it is self-regulating.

The Council considered all these arguments but rejected this alternative because most
shrimp biologists and many fishermen believe that closures during freeze years do, in fact, benefit
the resource. It was also noted that contrary to the opinion that shrimpers will not fish if there are
not enough shrimp available to be profitable, many shrimpers will fish despite very low population
sizes, even if at a loss, rather than sit idle at the dock. This continued fishing when adult stocks
are depressed further reduces the spawning potential and jeopardizes subsequent fall production.
The Council also felt that taking no action was not justified simply because another user group
(recreational shrimpers) might accrue some of the benefit resulting from that action.

2. Concurrent closure of Federal waters adjacent to state waters to aid law enforcement.
Discussion: State waters are closed to shrimping at times of the year which vary by state but
generally during winter-spring. During state closures, boats continue to fish legally outside three
miles and illegally inside three miles. Without an additional Federal closure, vessels landing white
shrimp can contend that their catches were made legally outside three miles. A closure of Federal
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waters out an additional five miles would remove this argument as white shrimp are not found this
far offshore in most areas. With this additional closure, vessels would not have a legal reason for
trawling in or near state waters, nor could they contend that their catch of white shrimp was taken
legally. Vessels legitimately fishing for pink shrimp, rock shrimp, or royal red shrimp would not
be impacted as these species are found further offshore. Enforcement of state shrimp closures
would be greatly aided by this measure.

The Council heard a great deal of public testimony opposing this alternative. Members of
the commercial industry that testified were unanimously opposed to this altemative. They did not
want Federal waters to be closed except for biological reasons. They felt that this alternative
allowed the states to close Federal waters for reasons that may not conform to National Standards
or for biological reasons. They also contended that since the vast majority of roe shrimp are in
state waters, if there are enough shrixpp outside state waters to allow them to fish, there are
certainly enough shrimp inside three miles for spawning. Considering these arguments and the
strong and unanimous opposition of the industry, the Council rejected this alternative.

3. Closure of the EEZ throughout the range of the white shrimp when requested by two or more
states. |

Discussion: This was the preferred option taken to public hearings. The Council ultimately
rejected this alternative as North Carolina opposed closing the EEZ off North Carolina because it
was felt that there would be no useful purpose since weather severe enough to kill most shrimp in
South Carolina and Georgia would certainly leave few if any shrimp in North Carolina. Further,
the period of time during which a closure would occur is an important time for pink shrimp
trawling in both state and Federal waters off the state. Regulations prohibiting shrimp trawling and
possession of penaeid shrimp would unnecessarily restrict this fishery without any benefit to the
white shrimp resource. Further, NMFS noted that the 1990 emergency closure of the EEZ only
applied to South Carolina and Georgia, and was apparently very successful. Without strong
rationale, NMFS did not believe this alternative was justified.

4. Closure of the EEZ to include northeastern Florida when requested by two or more states.
Discussion: The Council considered this option in lieu of closing the EEZ throughout the range of
white shrimp, but ultimately rejected it in favor of the preferred alternative because the data do not
currently exist to strongly support the benefit of this action to the resource. NMFS noted that the
emergency EEZ closure in 1990 applied only to the EEZ off Georgia and South Carolina, and was
apparently successful. Although it is not possible to know what would have happened had the
EEZ off Florida also been closed, there is insufficient data available to conclude that any significant
improvement in fall production would have resulted. Thus, until such time as the utility of closing
the EEZ off northeastern Florida is established, this option was rejected. However, Florida may



requestclosm'eofaHm'pmoftheEEZadjawnttodmdmwmifﬂuclosmcﬁtcriam
met.

12.7.1.2 Clarification of Management Measure 1

Preferred Alternatives:

1. Exempt royal red and rock shrimp fisheries from any closures of the EEZ for the harvest of
white shrimp.

Discussion: The purpose ofclomngtheEEZfollomngmwmterﬁeezesxs to protect the
overwintering, adult white shrimp stock so that the maximum spawning potential can be realized.
There is no intent on the part of the Council to impact fisheries for other species unless these
fisheries have a bycatch of white shrimp or, if necessary, for enforcement of the regulation. Royal
red shrimp are caught in water depths of 250-475 m (820-1560 ft), well beyond the range of white
shrimp. There is no white shrimp bycatch in the royal red shrimp fishery. Further, the appearance
of this species is very different from any penacid shrimp. Thus, there should be no confusion on
the part of law enforcement officials as to the species of shrimp involved.

Rock shrimp are also completely different in appearance from white shrimp or any other
penacid shrimp. Allowing vessels to fish for and possess rock shrimp during a closure of the EEZ
for white shrimp will not create an enforcement problem. Rock shrimp are also found in deeper
water than white shrimp. In Florida, a series of research cruises found them to be most abundant
between 34 and 55 m (112 and 180 ft), with declining abundance in deeper and shallower water
(Kennedy et al. 1977). The commercial fishery is currently limited almost entirely to the area off
the northeast Florida coast in depths ranging from 33-73 m (108-240 ft) (Dennis 1992). While this
overlaps the known depth range of white shrimp, the vast majority of the white shrimp population
in the south Atlantic is found in water less than 27 m (90 ft). Thus, there would be virtually no
white shrimp bycatch associated with the rock shrimp fishery. However, there could well be a
bycatch of.pink shrimp. These would have to be discarded, since the possession of any penaeld
species is prohibited during a closure.

While the Council’s intent is to allow rock shrimp fishing during a closure, it was pointed
out during development of the plan that allowing shrimp gear aboard vessels would create an
enforcement problem since vessels could legally trawl in closed Federal waters with shrimp nets
and contend they were fishing for rock shrimp. If approached by an enforcement officer they
would merely dump their white shrimp catch overboard. If not approached they could land these
shrimp and contend they were caught in Floridd where white shrimp fishing would be legal. Since
neither Georgia nor South Carolina prohibits possession or landing of white shrimp during a
closure, this could create an enforcement problem. The Council’s law enforcement committee
considered this issue and determined that the best way to address the problem was to create a
buffer zone extending from the outside edge of state waters to the inside edge of the rock shrimp -
grounds in which no trawling with a shrimp net would be allowed. The committee recommended
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that the further offshore it could be placed without interfering with legitimate rock shrimp fishing
would maximize the effectiveness of the buffer zone. This concept has been adopted as
Management Measure 2 and is discussed in detail below.

2. Exempt the whiting fishery (Menticirrhus sp.) from a closure for white shrimp.

Discussion; Whiting (also called kingfish) landings are small, and confined mostly to North
Carolina and northeast Florida (Table 37). Whiting landings by year for all states combined are
shown in Table 38. Most Council and advisory panel members believe the whiting fishery is not
of sufficient value to risk damaging the white shrimp crop by allowing vessels to fish during a
white shrimp closure. The opinion was also expressed that the whiting fishery is really just an
excuse for vessels to be out trawling for white shrimp during a closure and should not be allowed
any exemption. Nevertheless, the Council believes that trawling for whiting with a four inch
minimum mesh size net would not endanger the white shrimp population and would be consistent
with Georgia and South Carolina state regulations. Therefore, trawling for whiting (Menticirrhus
sp.) inside the 25 nautical mile buffer zone (see Management Measure 2) is allowed during a
closure for white shrimp, but it is illegal to have aboard any net with a mesh size smaller than four
inch stretch in the wings or bag or to possess any species of penaeid shrimp in the closed portions
of the EEZ.

Alternatives Considered and Rejected:

1. Prohibit all trawling during a white shrimp closure.

Discussion: The Council considered a prohibition on all trawl fishing during an EEZ closure for
white shrimp. However, the Council recognized that rock and royal red shrimp fishing would not
affect the white shrimp population because their depth distributions do not overlap. While there is
currently little effort directed at either rock or royal red shrimp off South Carolina or Georgia, the
Council did not want to preclude a fishery for either species and therefare rejected this altemative.
" Further, although the Council heard testimony that the whiting fishery is really just an excuse to be
trawling for white shrimp, the Council rejected the alternative of prohibiting trawling for whiting
during a closure in favor of the preferred alternative which would allow fishing for whiting with a
minimum of a four inch mesh net, a mesh size that will not retain shrimp.

2. Exempt pink shrimp from an EEZ closure for white shrimp.

Discussion: The shrimp committee and advisory panel considered exempting pink shrimp from
EEZ closures imposed to protect overwintering white shrimp but ultimately rejected this alternative.
While closures are not intended to restrict fishing for species other than white shrimp, the
committee recognized that there would be a significant enforcement problem if fishing and
possession of any species of Penaeus was allowed during a closure for white shrimp because of
the difficulty in identifying different species. The emergency regulation closing the EEZ in 1990
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was expressed as a prohibition on the possession of Penaeus shrimp which the Councxl believes is
the most effective way of protecting the white shrimp population.

| Appendix VI presents pink shrimp landings by state and month formcentyws landings
during the likely closure months are very small. The Council agreed with the advisory panel
members who felt that protecting the far more valuable white shrimp fishery was more important to
the industry than allowing the small harvest of pink shrimp during a closure which would make
enforcement of the closure much more difficult. However, since most pink shrimp in the South
Atlantic are caught off Florida and North Carolina and the EEZ closures would not likely apply to
these states, this restriction is not expected to have a significant impact. |

12.7.2 Management Measure 2: Buffer Zone

Preferred Alternative: Establish a buffer zone extending seaward from shore 25 nautical miles,
inside of which no trawling would be allowed with a net having less than 4 inch stretch mesh
during an EEZ closure. Vessels trawling inside this buffer zone could not have a shrimp net
aboard (i.e., a net with less than 4 inch stretch mesh) in the closed portion of the EEZ. Transit of
the closed EEZ with less than 4 inch stretch mesh aboard while in possession of Penaeus species
will be allowed provided that the nets are in an unfishable condition which is defined as stowed
below deck. (Stretched mesh size is defined as the distance between the centers of the two-
opposite knots in the same mesh when pulled taut.) '

This management measure is intended to allow legitimate trawling for rock and royal red
shrimp without compromising the enforceability of the EEZ white shrimp closure. As noted
above, it is not the Council’s intent that a closure for white shrimp preclude fishing for rock
shrimp. However, if vessels are allowed to trawl for rock shrimp, they must be allowed to have
shrimp nets aboard. And, unless otherwise specified, there would be no restrictions on where they
can trawl in the EEZ (ostensibly for rock shrimp), as long as they do not have penaeid shrimp
aboard. However, without the buffer zone, any vessel could trawl just outside state waters and
- discard its catch of white shrimp if approached by an enforcement officer. If not approached, the
catch, although illegally caught, could be legally transported through state waters and landed and
sold. Unless it could be determined where the shrimp were caught (they could have been legally
caught in Florida state or adjacent EEZ waters), it would be difficult to establish illegal activity.

On a series of exploratory rock shrimp trawling trips off South Carolina, Anderson and
Whitaker (1980) reported that although commercial concentrations were not located, highest
catches occurred between 38-46 m (21 and 25 fm). Keiser (1976) summarized the available
information on rock shrimp distribution in the southeastern U.S. and determined that rock shrimp
were most abundant off Florida and least abundant off Georgia, and the greatest number of
successful trawls occurred in depths between 37-53 m (20 and 29 fm). Off South Carolina, the
greatest concentrations of rock shrimp were found in depths between 37-71 m (20 and 39 fm).
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As of 1993, the only significant commercial fishery for rock shrimp in the southeast is off
northeastern Florida. However, rock shrimp have been fished off Georgia and South Carolina,
and it is not the Councils intent to restrict fishermen from trawling for rock shrimp during an EEZ
closure. To allow for rock shrimp fishing and still maintain maximum protection for the white
shrimp resource and enforceability of the EEZ closure, a buffer zone will be established. Although
some rock shrimp have been caught inside 108 ft (18 fm), commercial concentrations are
apparently not found in waters shallower than 108 ft (18 fm). However, to ensure that regulations
do not unnecessarily restrict legitimate rock shrimp fishermen, the buffer zone will extend from the
inside edge of the EEZ to a distance of 22 nautical miles offshore (ie., a distance of 25 nautical
miles from shore). The outside edge of this buffer zone corresponds approximately to 15 fm or
less in most areas off Georgia, South Carolina, and northeast Florida and should provide an ample
buffer without interfering with legitimate rock shrimp fishing activity.

The 15 fathom depth conmmwmcmmmﬁmnalmleswshaemthe vicinity of
Cape Canaveral, Florida, an important area for rock shrimp fishing. While it is not anticipated that
this area would ever be included in an EEZ closure, it should be noted that the buffer zone is meant
~ to be as wide as possible without interfering with legitimate rock shrimp fishing. Should it be
determined that the 25 nautical mile buffer zone is inconsistent with this objective, the Council will
modify it by plan amendment.

Counnu'clalmckshmnplandmgsbymonthandsmemshownmAppendle Royalred.
shrimp landings cannot be listed by month because of data confidentiality. Small landings of royal
red and significant landings of rock shrimp are made during the likely closure months (i.e.,
January-June).

Alternatives Considered and Rejected
1. No Action (i.c., no buffer zone).

This was the Council’s preferred alternative when the first draft of the plan was taken to
public hearings. However, it was rejected when the Council realized that a significant enforcement
loophole would exist if no action were taken to address the problem of trawling inside the EEZ.
When the Council’s Law Enforcement Advisory Panel developed the concept of the buffer zone to
address the problem, that became the preferred alternative.

12.7.3 Other Management Measures Considered and Rejected

1. Require annual vessel permit to harvest shrimp in the EEZ.

Discussion: The Council considered requiring Federal permits at the urging of the Regional
Director of NMFS and was the preferred alternative when the draft shrimp plan went to public
hearings. Requiring Federal permits to trawl for shrimp serves several purposes. First, permits
establish the universe of current fishermen for future eligibility requirements should a limited entry
program be developed. Second, by requiring permits to fish for shrimp, the option of Federal
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" fines for violations becomes available. This might also help states enforce state shrimping laws.
Third, permits allow scientists to identify the universe of fishermen which enables better data
collection and statistics. Nevertheless, despite these reasons, the Council ultimately rejected this
alternative because there was strong opposition to Federal permits within the industry; because all
statwalreadyxequireasmelicensemuawlfashﬁmpandthushavetheunivemeofﬁshermen
defined; and because in the informal review comments NMFS stated that the agency would not
implementapunﬁtsymmevenifrequuwdbwmseofinmﬁdemmﬁmdfunds.

2. Regional shrimp permits.

" Discussion: Mwasd:smwdbybodlthcshnmpcommueemdadwsaypmlandnwasnomd
that this issue had been under discussion for many years. It was rejected because it was
considered to be a state and/or ASMFC issue, not a Federal issue. Further, it was noted that the
states were unlikely to ever agree on a single regional permit.

3. Control Date.

Discussion: The Council’s preferred alternative when the plan went to public hearings was to
establish a control date as a benchmark date for possible future limited entry. The actual control
date was to have been the date of publication of the proposed rule in the Federal Register. The
purpose of establishing a control date is to put the public on notice that the Council may consider
limiting entry into the fishery in the future. The Council ultimately rejected this measure because it
was clear that there was no possibility of developing a limited entry system in the foreseeable
future. By the time a limited entry system could be considered, so much time would have clapsed
that the control date established now would not be useful.

4. Incorporate TED regulations into FMP.

Discussion: The NMFS Regional Director requeswd the Council to consider mcorporanng TED
regulations, promulgated under the Endangered Specxcs Act (ESA), into the shrimp FMP. The
rationale was that by having the regulations contained under the Magnuson Act there would be
additional enforcement options available that are not afforded under the ESA. Currently, under the
ESA, violations are treated as civil violations unless they are extreme. If a fisherman is cited and
he elects not to pay the fine, it is very difficult for the government to collect the fine. Under the
Magnuson Act, the catch and/or vessel could be scized. This-would provide more of a deterrent
than currently afforded by the ESA. Further, it has been pointed out that TED regulations specify
allowable excluders based solely on their ability to reduce turtle catches. Should a TED be
developed that is superior in its ability to reduce finfish bycatch as well as turtles, there would be
no mechamsmtorcqmm its use in place of any other approved TED.
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Despite these reasons for including TED regulations in the shrimp plan, NOAA General
Counsel (Southeast) advised the Council that recent changes to the Magnuson Act precluded the
Council from taking any action on TEDs at that time.

§. Finfish bycatch

Discussion: The NMFS Regional Director suggested that the issue of finfish bycatch be included
in the shrimp management plan because logically, the best approach to addressing bycatch of the
shrimp fishery was through the shrimp plan. However, the November 1990 reauthorization of the
Magnuson Act specifically prohibits the Councils from taking any.action on finfish bycatch in the
shrimp fishery until 1994. Instead, the Act requires the following:

(1) Within 9 months after the date of enactment of the Fishery Conservation Amendments of
1990, the Secretary shall, after consultation with the Gulf of Mexico Fishery Management
Council and South Atantic Fishery Management Council, establish by regulation a 3-year
program to assess the impact on fishery resources of incidental harvest by the shrimp trawl
fishery within the authority of such Councils.

(2) The program established pursuant to paragraph (1) shall provide for the identification of stocks
of fish which are subject to significant harvest in the course of normal shrimp trawl fishing
activity.

(3) For stocks of fish identified pursuant to paragraph (2), with priority given to stocks which
(based upon the best available scientific information) are considered to be overfished, the
Secretary shall conduct -

(a) a program to collect and evaluate data on the nature and extent (including the spatial and
temporal distribution) of incidental mortality of such stocks as a direct result of shrimp trawl
fishing activities; ' ' '
(b) an assessment of the status and condition of such stocks, including collection of
information which would allow the estimation of life history parameters with sufficient
accuracy and precision to support sound scientific evaluation of the effects of various
management alternatives on the status of such stocks; and ‘

(c) a program of data collection and evaluation for such stocks on the magnitude and
distribution of fishing mortality and fishing effort by sources of fishing mortality other than
shrimp trawl fishing activity.

(4) The Secretary shall, in cooperation with affected interests, commence a program to design, and
evaluate the efficacy of, technological devices and other changes in fishing technology for the
reduction of incidental mortality of nontarget fishery resources in the course of shrimp trawl
fishing activity. Such program shall take into account local conditions and include evaluation
of any reduction in incidental mortality, as well as any reduction or increase in the retention of
shrimp in the course of normal fishing activity.

(5) The Secretary shall, upon completion of the programs required by this subsection, submit a
detailed report of the results of such programs to the Committee on Commerce, Science, and
Transportation of the Senate and the Committee on Merchant Marine and Fisheries of the
House of Representatives.

(6) (a ) Except as provided in this paragraph, the Secretary may not implement any measures under
this Act to reduce incidental mortality of nontarget fishery resources in the course of shrimp
trawl fishing which would restrict the period during which shrimp are harvested or would
require the use of any technological device or other change in fishing technology.

(b) The prohibition contained in subparagraph (a) shall cease on January 1, 1994.
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(c) This paragraph does not apply to any law or regulation in effect on the date of enactment of
this paragraph, nor does it limit in any way the Secretary’s authority to take action, including
any limitation on entry permitted by this Act, for the conservation and management of the
shrimp fishery resource. . .

To accomplish this mandate, NMFS funded the Gulf and South Atlantic Fishery
Development Foundation to develop and coordinate a bycarch research plan. This plan was
developed in cooperation with NMFS, commercial and recreational fishing industries, universities,
state and Federal fishery management agencies, and environmental organizations through a 30-
member finfish bycatch steering committee (National Marine Fisheries Service 1991).

6. Implement partial EEZ closures.

DRiscussion: It has been suggested that a total closure of the EEZ is unnecessary to protect white
shrimp. In lieu of a total closure, a closure would need only apply 5-12 miles offshore (depending
on the state) to encompass the range of the white shrimp. The Council rejected this alternative
largely based on the experience in the Gulf of Mexico shrimp fishery. A partial closure of the EEZ
off Texas proved unenforceable. The Council believes that the preferred alternative is the only
enforceable action that still allows, to the extent possible, other legal trawling activity.
Establishment of a 25 mile buffer zone is not intended to serve as a partial closure to white shrimp
trawling. White shrimp trawling and retention of any species of shrimp of the genus Penaeus is
prohibited throughout the closed partion of the EEZ during a closure. The buffer zone is
established only for the purpose of allowing trawling for rock shrimp.

12.8 Recommendations to the States
12.8.1 Introduction of Exotic Species

The Council requests that states having shrimp mariculture facilities, either research or
commercial, institute strict controls and guidelines to minimize the possibility of inadvertently
introducing either exotic shrimp species or diseases into the environment. The Council further
recommends that states comply with Amendment 1 to the Atlantic States Marine Fisheries
Commission’s (ASMFC) Procedural Plan to Control Interjurisdictional Transfers and
Introductions of Shellfish (Atlantic States Marine Fisheries Commission 1990).
Discussion: Shrimp mariculture operations, both research and commercial, often using exotic
species, are proliferating in the south Atlantic area. Exotic species from these facilities have
escaped into the environment. One such inadvertent introduction came from the Waddell
Mariculture Facility, a state research facility in South Carolina, and involved a relatively large
accidental release of the Asian tiger prawn Penaeus monodon. Shrimp trawlers subsequently
began capturing these very large shrimp which were exhibiting unusually rapid growth. A great
deal of concern was expressed for the ability of native species to compete with this introduced
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species. Fortunately, it appears that the species did not survive the winter, as no reports of their
capture were received the next spring. , ‘

Another exotic species, the Pacific white shrimp Penaeus vannamei is raised in a number of
commercial mariculture facilities in South Carolina. Escapes have occurred annually since these
aquaculture facilities began raising this species. While Pacific whites are not believed to survive
the winter in South Carolina, they often appear in commercial catches. '

Introductions of exotic species, should they become established, almost always create
ecological havoc. There is also a great deal of concem that even if the exotic shrimp species being
raised in these mariculture facilities do not become established, exotic diseases may be introduced
to indigenous shrimp species for which they have no resistance.

The ASMFC amendment states:

Uncontrolled and unapproved introductions of Crassostrea sp. or any non-indigenous

molluscan or crustacean species to the waters of the Atlantic coastline of the United States should
be prohibited under any circumstances. .

Further, the ASMFC plan was amended to include the following:

1. Effective enforcement and, where required, strengthening of legal authorities of Federal and
state agencies to prevent uncontrolled introductions.

2. Comparative research to recognize deficiencies in data bases including but not limited to
ecological, economical, and sociological impacts of potential introduction relative to similar
endemic species.

3. Until a ime that the Shellfish Transpart Committee develops standards for field testing and
project protocols, experimental use of Crassostrea sp. and other molluscan and crustacean
species should be limited to experimental laboratory facilities having quarantine systems with -
no untreated effluent discharging into natural waters.

4. Undl such time as data bases are adequate and quarantine hatchery facilities are available,
introductions for commercial purposes should be prohibited.

12.8.2 Habitat Alteration and Environmental Degradation

The Council recommends that states minimize or eliminate alteration of shrimp habitat,
~ especially the fragile and highly productive salt marsh and estuarine areas. These areas are
considered critical habitat for all species of penaeid shrimp addressed by this FMP. .
Discussion: Juvenile and sub-adult stages of penaeid shrimp are spent in inshore estuarine nursery
areas. These wetland and nearshore habitats are being eroded continuously by the encroachment of
a growing population in the southeastern U.S. Dredging, filling, draining, and impounding of _
wetlands and timbering, mining, development of adjacent upland areas, and stormwater runoff are
major sources of detrimental effects on shrimp productivity and survival. This environmental
degradation is certainly the biggest threat to the long-term well-being of the shrimp resource. '
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12.8.3 Additional Recommendations to the States Considered and Rejected
12.8.3.1 Federal Permit to Shrimp in State Waters
TheCouncﬂcmmchmdmcomndmgmmemmsthatﬂ:equmaFedenlpemntw
fish for shrimp in state waters.
Discussion: Harvestofpenae:dshxmpmdiemmgememumtoccmspnmﬂymsmwwam
Although shrimping also takes place in the EEZ during part of the year, some vessels do not fish
outside state waters and would not be required to have a Federal permit. The effectiveness of the
Fedcralpermitinidentifyingﬂxeunivcrseofshrimpﬁshe;menandinaidingmfomementwouldbe
greatly increased if all commercial shrimpers were required to obtain a permit. If a permit sanction
meant only that the vessel could not fish in Federal waters, the deterrent effect is greatly reduced.
If.however,themmsrequhedaFedmﬂpanﬁtmobuinammmmedcmwffectof
a permit sanction would be much greater. Since the cost of the permit is minimal (currently
estimated at $34), this requirement would not be economically burdensome. It was rejected,
however, because it was felt that the states, through their licensing requirements, already know the
universe of shrimpers. Further, it was noted that most states would likely reject the
recommendation. '

12.8.3.2 Recreational Shrimping

The Council was asked by some members of the commercial industry to recommend to the
states that recreational shrimp fishing over bait be curtailed.
Discussion: The Council’ sshnmpadvxsorypanelrecommndedthzsmasmbemcludedmthe
shrimp plan for the following reasons: recreational shrimp fishermen are allowed to fish in the bays
and sounds where trawling is illegal, thus, shrimp are caught before they move offshore where
commercial fishermen have the opportunity to catch them; shrimp caught over bait are sold illegally
lowering the price and putting a lower quality product on the market; bait holds shrimp in inside
waters longer than they would otherwise stay, putting them at greater risk of being killed by severe

o winter weather; and the bait used to attract shrimp is a pollutant.

Of the above contentions, the first, that recreational fishermen are allowed to fish in inside
waters where trawling is illegal, is certainly true. There is no documentation of the validity of the
other perceived problems. Regardless, the Council believes this to be an allocation issue within the
jurisdiction of the individual states and is not considered a biological, resource, or environmental
issue, and therefore rejected including this as a recommendation.

12.8.3.3 Stock Enhancement

Some members of the commercial industry suggested that the Council recommend to the
states that stock enhancement (addition of maricultured shrimp to the natural environment)
programs be initiated, especially following cold kills.
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Discussion: The shrimp advisory panel suggested that releasing maricultured shrimp following
cold kills would significantly enhance natural reproduction and might eliminate the need for Federal
closures.

The Council has not taken a position on this issue. At this time there is insufficient
information to evaluate either the biological or economic benefits, if any, that might result from
such stock enhancement. However, preliminary results of research conducted by South Carolina
Wildlife and Marine Resources Department (Whitaker 1990) indicate that such a program may be
feasible. The minimum number of spawners necessary for adequate spawning was estimated to be
between 8,000 and 12,000 individuals per major ocean inlet area, a number that could easily be
maintained in a quarter acre pond. In practice, there are problems with maintaining the shrimp over
winter, especially during extreme cold winters when they would be needed.  Actual survival of
released shrimp is not known, although in the preliminary experiments, a number of the released
(and tagged) shrimp were subsequently recaptured. '

12.9 Research Recommendations

1. Determine the possible impacts on indigenous shrimp species of inadvertent introductions of
exotic shrimp species and diseases from mariculture operations, and develop methods and
protocol to prevent such introductions.

2. Assess the potential utility of releasing maricultured shrimp into the environment to supplement
natural reproduction, especially following cold kills.

3. Assess the potential of controlled closures and other measures to enhance the production and
economics of the south Atlantic white shrimp fishery.

4. Determine the effects of beach renourishment projects on subsequent shrimp production.

5. Evaluate the impacts of habitat and water quahty alteration on shrimp growth, survival, and
productivity.

6. Investigate the costs, benefits, and unhty of limited entry programs in the shrimp fishery of the
south Atlantic.

7. Determine the impact of shrimp trawl bycatch on the habitat and all nontarget species of fish
and invertebrates (i.e., expand the cdngressionally mandated study to include impacts on
habitat and all incidental species, not just the impact on other “fishery resources™).

8. Determine the relationship between absolute number of adults (ar adult biomass) and
subsequent recruitment to allow development of a threshold level of pdpulaﬁon size to serve as
a trigger to request a closure of the EEZ.

9. Determine the biological, economic, and socmlogxcal status of the rock shnmp fishery.
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13.0 REGULATORY IMPACT REVIEW

" 13.1 Introduction

The Regulatory Impact Review (RR)lspanofd:cpmeess of developing and reviewing
fishery management plans and amendments and is prepared by the Regional Fishery Management
Councils with assistance from the National Marine Fisheries Service, as necessary. The RIR
proﬁdesacompmhenﬁwmviewofmelwdandmddcneeofewmnﬁchnpamnwdamdudmme
proposed regulatory actions. The purpose of the analysis is to ensure that the regulatory agency or
Councxlsyscmaucaﬂycmsdemauavaﬂabhdmnveswthnpubhcwelfmecmbeenhancedm
the most efficient and cost effective way.

meRIRalsomsasthcbamfmdemmnglfdzpmpmedmgulmmsmmajmmder
Executive Order 12291, If the proposed regulations are deemed to have a significant impact on a
substantial number of small entities, then an Initial Regulatory Flexibility Analysis (IRFA) must be
pmpmdmdincorpmawdinwajointdmmnentﬂmmdwmquhmmofmckem
Flexibility Act (RFA). The purpose of the Regulatory Flexibility Act is to relieve small businesses,
small organizations, and small governmental entities from burdensome regulations and record-
keepmgmquucmnts.wtheextentpomble In as much as Executive Order 12291 encompasses the
RFArequuements,tleIRusuallymeetsthexeqmmentsofboﬂx.

13.2 Section I General Economic Conditions in the South Atlantic Shrimp

Fishery
Global Shrimp Supply Trends .

In recent years, commercial fishermen harvesting shrimp in south Atlantic waters have been
affected by generally decreasing dockside shrimp prices and increasing prices for inputs such as fuel,
ice, and insurance (Vondruska 1991). These conditions would be expected to decrease the aggregate
profitability of commercial shrimping and reduce fleet size. Whether a rend of decreased aggregate
profits has induced some active vessels to exit the fishery in some south Atlantic states is not known
because changes in the number of state commercial harvest permits do not reflect entry and exit of
vessels active in the shrimp fishery. The number of vessels active in the Gulf of Mexico shrimp
fishery is believed to be declining in recent years, possibly reflecting decreases in profitability in that
fishery (Vondruska 1991). Changes in vessel level profits would depend on the number of vessels
active in the fishery for a given year and vessel specific differences in landings and cost structures.

The extent of further changes in the profitability of commercial shrimp fishing over the next
decade will depend on levels of shrimp imports, changes in prices of variable and fixed cost items to
shrimp producers, and global economic trends. Other factors such as environmental dcgradanon and
habitat destruction will also play a role in defining the economic future of a capture fishery for
shrimp in the south Atlantic. Finally, future measures to control bycatch, prevent further habitat
degradation and loss, and to introduce measures to limit access to the shrimp ﬁshery will also
influence the livelihoods of shrimpers in the commg years.
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To understand how imports affect south Atlantic shrimp harvesters, one has to understand
prevailing world shrimp market trends. Shrimp is produced throughout the world with more than
100 countries reporting production in 1989 (Food and Agriculture Organization). United States
shrimp imports have expanded from about 260 million Ib (headless, shell on basis) in 1980, to 563
million Ib in 1989 and 579 million Ib in 1990 (Vondruska 1991). At present, over 70% of total
U.S. shrimp supply is imported (Aquatic Farms Ltd., 1989). Much of the increase in imports has
come from farm-raised production, and most of the increase in the last few years has originated from
Asian countries. China is currently the largest shrimp exporter to the United States and is also the
world’s leading producer of farm-raised shrimp. Latin America and Asia combined account for
roughly 90% of U.S. foreign supplies of shrimp (Aquatic Farms L., 1989).

Utilization of world shrimp production, while diverse, tends to be concentrated in two highly
developed countries, Japan and the United States. These two countries have accounted for roughly
50% of world shrimp use since 1986 (Aquatic Farms Lid., 1989). European countries have utilized
around 15% of world production in recent years, but consumption in Europe tends to be composed
of cold water species of shrimp (Aquatic Farms Ltd., 1989). Japan and the United States show a
strong preference for warm water shrimp species, such as the species that are harvested in south
Atlantic waters.’ Remaining world production appears tobeconsmhedlargelyin the country in
which it is produced (Aquatic Farms Ltd., 1989).

A recent study examined the economic consequences ofshmnpnnponsmshmnpharvestcrs
in the south Atlantic and Gulf of Mexico (Keithly et al. 1989). An econometric model including
U.S. and Japanese shrimp import markets and U.S. dockside demand was used to quantify effects
of shrimp aquaculture on U.S. imports and domestic warm water dockside shrimp prices. Results
demonstrate that U.S. import levels would be about 175 million 1b below their 563 million 1b (1989)
level in the absence of imports of farm-raised shrimp. The model indicates that import prices and
domestic dockside prices would be roughly 70% higher in the short run in the absence of imports of
farm-raised shrimp. The authors also suggest, however, that any rise in domestic warm water

‘exvessel prices brought about by a reduction in U.S. shrimp imports would encourage additional
effort in the domestic shrimp fleet and this would dissipate initial gains in profits as well as increase
total harvest costs.

' Another econometric study directly evaluated the impact of shrimp imports on prices to south
Adtlantic shrimpers (Houston and Nieto 1988). Results suggest that shrimp imports affect regional
markets differently, having a significantly greater impact on south Atlantic shrimp prices, than on
Gulf of Mexico, West Coast, or New England markets. The estimated flexibility coefficients (the
percentage change in exvessel price for a 1% change in quantity or income) for the south Atlantic
indicate that prices in the south Atlantic are not affected significantly by either the quantity of shrimp
landed in the south Atlantic or other domestic sources of shrimp supply. Imports, however, had a

~ statistically significant effect on exvessel prices in the south Atlantic. This suggests that south
Atlantic shrimpers are not only price takers, but that other sources of domestic supply such as the
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Gulf of Mexico have little influence on exvessel shrimp prices in the south Atlantic. Although the
authors conclude that restricting imports of shrimp would increase dockside prices in the short run,
the merits of that action are debatable because new entrants would be expected to dissipate any
economic rents derived from the fishery in the long run.

From the point of view of shrimp fishermen, imports decrease benefits by depressing
dockside prices as demonstrated by Keithly et al. (1989). However, imparts increase the aggregate
U.S. supply of shrimp leading to lower retail prices for consumers (for a review of how markets for
imports and domestic supply are related, see Anderson 1986). Thus, consumers in this country
clearly benefit from imports although there are also balance of trade considerations with imports
which affect the buying power of U.S. consumers in the long run. Import restrictions would
probably raise both dockside and retail prices, and increased retail prices would decrease benefits to
consumers as well as creating deadweight losses to society. In addition, import restrictions would
also impact U.S. wholesalers who currently depend on imports for a substantial portion of their sales
volume.

One way toevaluamproﬁtabﬂny ofthe stpﬂeetngmouslywmﬂdmvolve collecting
current cost and earnings data for each south Atlantic state since the shrimp fishery in this region
differs by state as to the species targeted, seasonality, number of boats, and other factors. From cost
and earnings data, an indirect cost function (Ward 1992) could be developed to analyze harvester
profit levels. Net benefit changes to the shrimping industry and consumers which result from .
proposed management measures could then be calculated using a system of supply equations based
on production information and cost and earnings data. Unfortunately, the cost and earnings data
necessary to build such an equation system are not generally available at this time. For this reason,
the analysis that follows will use available proxy information for the data identified above, and an
indirect cost function model approach will not be attempted.

An extensive study of profitability and mobility of south Atlantic shrimp fishing firms
undertaken'in 1979 (Liao 1979) was evaluated as a source of economic information for this RIR.
The consideration that import levels and other factors affécting shrimp harvesting have changed
markedly since 1979 led to the decision not to use that cost and returns profile. The only source of
reasonably current cost and earnings information known to be available for the commercial shrimp
fishery in south Atlantic waters was collected in 1988 by the South Carolina Wildlife and Marine
Resources Department, Marine Resources Division. That study was a random survey of south
Atlantic shrimpers holding permits to fish for shrimp in South Carolina waters. It should be noted,
however, that those data were originally collected to evaluate the expenditure impact of South
Carolina’s commercial shrimp industry through an input-output model (Ajuzie et al. 1989).
Input/output studies are not designed to determine costs and benefits of management actions.
Information presented below on economic conditions in the shrimp harvesting sector is based on an
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analysis of the raw cost and eamings data collected in the South Carolina Wildlife and Marine
Resources Department survey, and no attempt is made to extrapolate from the input/output study
results. ' .

Cost and eamings data for the South Carolina shrimp fishery were collected via a
questionnaire distributed by mail, with telephone and interview follow ups. The questionnaire
produced a 16% usable response rate for the 866 solicitations, based on an estimated population of
630 resident commercial shrimpers in South Carolina in 1988 (Table 16). According to a Marine
Resource Division analyst who supervised the data collection effort, data were only analyzed for the
percentage of expenditures in South Carolina, and were never used to compare revenues to variable
and fixed costs ar to evaluate aggregate fleet profitability (Ray Rhodes, SCWMRD, Marine
Resources Division; pers. comm.).

Although cost and return profiles indicate profitability at a point in time, they are less than
ideal for evaluating the profitability of shrimping under different proposed management measures
unless those measures or similar ones were in effect at the time of the collection. In addition, the
degree to which economic returns to South Carolina shrimpers reflect conditions in other states, and
as such are an adequate proxy, is not known precisely. In general, however, the shrimp fishery in
South Carolina is probably similar to the shrimp fishery in Georgia (Walter Shaffer, South Carolina
Shrimpers Association; pers. comm.). Because the management measures proposed in the shrimp
plan at this time involve the fishery for white shrimp, cost and eamnings information from South
Carolina are thought to be appropriate because white shrimp is an important species in South
Carolina, comprising, on average, roughly 60% of state shrimp landings 1957-1990.

Questionnaire response data were manipulated in the following manner before analysis for
this fishery management plan was undertaken. Available data described fishing year 1987, when a
greater number of small vessels were active in the fishery, prior to the permanent closure of bay and
sound areas to shrimp trawling (Walter Shaffer, South Carolina Shrimpers Association; pers.
comm,). For this reason, responses indicating ve,ssgl lengths less than 37 ft (LOA) were removed

" from the database for this analysis. Rationale for removing smaller vessels is that proposed

measures involve trawling in Federal waters and smaller vessels are not likely to fish there, hence
would not be directly affected by the proposed concurrent closures. A vessel of 37 ft (LOA) is
believed to be about the minimum length that would make participation in the trawl fishery in Federal
waters off South Carolina feasible (Walter Shaffer, South Carolina Shrimpers Association; pers.
comm.). _ _

Further, observations that indicated landings more than one and one-half standard deviations
below the mean reported vessel landings in 1987 were eliminated from the data set under the premise
that those observations represent vessels that were not truly active in the offshore shrimp fishery in
1987. Although there is little empirical work that can be used to characterize outliers in fisheries, one
can assume that the distribution of landings is skewed in a heterogeneous offshore fishery because
some minimum level of vessel landings is needed to sustain the capital investment. The one and one-
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half standard deviation rule amounted to eliminating seven observations from the data and making an

observation reporting 8,500 1b (heads off) the smallest catch in the data set.

' Data obtained from respondents to the South Carolina survey were divided into four
categories for analytical purposes: vessel characteristics, operator/effort characteristics, variable and
fixed cost estimates, and revenue and net revenue calculations. The use of “respondents” as a

: quaﬁﬁahmismmEtommnmspmchnmmynmmmﬂyrepmmépopmaﬁonofshﬁmp
harvesters in South Carolina perfectly. At this time, no effort has been made to estimate how well
respondents represent the population to which they belong.

" A description of the vessels owned or operated by respondents is available in Table 39.
Mean length, horsepower, reported average market value of vessel, and reported vessel purchase
price can be found in that table. According to survey results, the typical vessel in the trawl fishery is
60 ft (LOA), has a power plant of 286 horsepower, and was built in 1970. Average market value
(1987) was reported to be roughly $89,000 with some vessels at the high value end of over
$200,000. '

Operator and effort information provided in Table 40 show that in 1987, the average offshore
commercial shrimp wrawler owner ar operator derived 75% of his household income from shrimping.
Nearly 80% of respondents reported that they owned the vessel they operate. This percentage of
owner/operators is probably higher than in other fisheries with similar vessel size since the fishery is
predominantly a single day trip fishery. In other fisheries where longer trips are necessary, hiring:
captains to operate vessels for some or all of the fishing season occurs more frequently. Vessels
used, on average, about one and one-half crew members in addition to the captain. In 1987, vessels
fished an average of 120 days in South Carolina waters and an average of 75 days in other states. It
is not known whether the degree to which South Carolina vessels fish outside state waters was
particularly high in 1987, or typical of the degree of activity across state borders in the shrimp
fishery in recent years. Fluctuation in fishing areas could result from a variety of possible factors:
biological, management related, and economic. Examining the reported high and low values for

~ shrimping days in South Carolina, it is observed that some vessels fished as many as 250 days in

South Carolina waters while some rcsbondcnts holding a South Carolina shrimp permit did not

. report fishing in that state in 1987. This points to the possibility that shrimp vessels are quite mobile

‘and may fish up and down the coast regardless of their home port. An earlier assessment of mobility

of the shrimp fleet in the south Atlantic confirms the finding that shrimp trawlers frequently fish in

waters outside the state in which the captain or owner resides (Liao 1979).

On the question of whether shrimp vessels enter other fisheries, survey results indicate that
this activity is minimal. An average number of eight days was repomd fishing for species other than
shrimp, with the majority of respondents reporting zero days (mode and median values are zero). In
1989 and 1990, however, a number of shrimp vessels in south Atlantic states are known to have
entered the wreckfish fishery (SAFMC 1990).



Annual fixed and variable cost estimates are reported in Table 41. When examining these
data, it is important to note that these expenditures are in 1987 dollars and reflect production costs at
that time. Available cost and earning data are essentially a “snap shot” of economic performance in
the fishery at that time. Instead of using it as a direct measure of current profitability, it is perhaps
better to use it to describe profitability at that time and then compare 1987 to other years in terms of
factors expected to influence profitability.

The most significant variable cost expenditures for shrimp trawlers in South Carolina appear
to be fuel and oil, engine maintenance and repair, ice, and miscellaneous supplies (Table 41). Note
also that standard deviations for reported variable costs are large relative to mean estimates. This
variability in reported trip costs indicates that vessels have considerably different cost structures and
requirements because of their gear specifications, differences in vessel types, or differences in travel
distances to and from the fishing grounds.

Net revenues before taxes were estimated by subtracting the sum of variable (exclusxve of
crew share) and fixed costs (exclusive of depreciation) from total annual revenues reported by a
given respondent. Total revenue for a respondent was calculated by multiplying total pounds (heads
off) of shrimp reported landed in 1987 by average price across different counts (heads off) and
adding any revenues reported from sales of bycatch (Table 42). These revenues are returns to
vessel, captain, and crew for owner-operated vessels, or are returns to vessel, owner, captain,.and
crew, for vessels that are not owner-operated. Although actually a cost in the harvesting of shrimp,
the survey did not collect specific information on crew share, perhaps because the South Carolina
Wildlife and Marine Resources Department designed the study to perform an input-output analysis
where determining net returns may not have been of importance.

According to calculations performed on the data after the manipulations as described above
were performed, the average vessel landed roughly 24,000 1b of shrimp (heads off) in 1987 and
received an average of $3.20 per Ib for shrimp landed (Table 42). Total revenue from the average
vessel’s annual landings was roughly $74,000. Net revenues to owner/operator (or owner and
operator), crew, and vessel (before taxes) are estimated to be $38,750. Note here that the standard
deviation for net revenues, as.calculated, amounts to nearly the same value as the mean value for net
revenues. This indicates that the distribution of net revenues is fairly wide, as is expected in a
fishery with heterogeneous fishing firms. Net returns range from slightly negative returns to as large
as $75,200.

Median net revenues as calculated were $35,900. Normally, when the arithmetic mean is
fairly close to the median value, this is an indication that outlier values (values that are very different
from the central tendency) are not serving to distort the mean value. In this case, the arithmetic mean
for annual net returns is a good measure of central tendency for the distribution of estimated net
returns. The lack of outlier values for this calculation was convincing evidence that the observations
in the data set should not be divided into vessel or performance strata for separate analysis of
portions of the fishing fleet such as when returns are found to be bi-modally distributed. The
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removal of observations for vessels under 37 feet (LOA) presumably obviated the need for
stratifying the data in this case. '

| Fmally,mpomdmwnuesﬁomsﬂesofspecwsothathmshnmpbycommmﬂshnmpm
are relatively small (Table 42). The average shrimp trawler received less than $1,500 from sales of
bycatch in 1987. The reported high value was $2,800 and the reported low was zero.

Reoogmnngthedxﬁic\ﬂtyofusmgtlnavulable mveydanasapxoxyforcostandeammgs
data on a state by state basis, no firm conclusions on profitability in the south Atlantic can be drawn
at this time. However, if data are accurate and no large strategic or response biases exist, one can
conclude that before tax returns of $38,750 to captain, crew, and vessel in 1987 in South Carolina
were probably lower than one might reasonably expect for a fishery involving capital expenditures of
the magnitude needed for shrimp trawling. Recent economic studies of open access fisheries have
underscored the notion that pmﬁts in strongly hemgeneons fisheries can be significant (Anderson
1985, 1986).

There are inherent difficulties with evaluating profitability when net returns to captain, crew,
and vessel are described in aggregate rather than separately. Lacking a breakdown of returns to
captain, crew, and vessel, economic conditions in the fishery are difficult to characterize because:
there is no way to isolate return on investment for a shrimp fishing vessel. To gain some insights to
this information, a spokesman for the shrimp industry in South Carolina was consulted. From that
discussion, it was learned that trip settlements are normally conducted such that 30% of gross
revenues (revenues before variable and fixed cost deductions) on a per trip basis are divided between
captain and crew as compensation for the trip. The remaining 70 percent are assigned to the vessel,
from which variable and fixed costs will be deducted (Walter Shaffer, South Carolina Shrimpers
Association; pers. comm.). The 30% of gross revenues is apparently commonly split such that half
goes to the captain and the other half to the crew. The exact division here would depend on the
number of crew members, their level of experience, and other factors (Walter Shaffer, South
Carolina Shrimpers Association; pers. comm.).

For purposes of this analysis, earhings of the captain are not of specific interest because the
captain can presumably receive roughly those same terms as a hired captain on another vessel. In
this sense, the captain’s earnings are equal to his opportunity cost (what he could be mal:ing
somewhere else) and not part of the resource rent (defined here as profits derived from the resource
beyond normal profits, or in essence, the net value of the resource) generated from the shrimp
fishery. Of interest here is the net return to the vessel after all costs are deducted and specifically
how that return compares to what could be earned by investing what the vessel and gear are worth in
an alternative investment. An alternative investment, for example, might be an investrent in another
 type of small business, or in a certificate of deposit or municipal bond.
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To evaluate profitability in this manner, fixed and variable costs were subtracted from 70% of
annual gross revenues per observation in the South Carolina Wildlife and Marine Resources data set,
i.e., following the trip settlement formula described above. The effects of depreciation were
included into this calculation as a cost by subtracting the reported vessel purchase price from what
the respondent estimated the vessel was worth in 1987 and dividing this by the number of years
between the year the vessel was purchased and 1987, the fishing year the data represent. This
calculation of depreciation accounts for depreciation in nominal dollars. Results from the subtraction
for each observation were averaged to describe the central tendency of estimated annual returns to the
vessel. On average, annual return to vessel was $11,685, with-$30,457 being the highest annual
return and the smallest being a negative return of $20,850 (Table 42).

Recalling that the average vessel was reported to be worth $89,000 (Table 39), this means
that annual return to the typical vessel as an investment in 1987 were roughly 13%, on average. The
highest monthly average prime rate in 1987 was 9.25% and the lowest was 7.75% (Economic '
Report of the President 1991). Using a midpoint of 8.5% for the prime rate that year, and assuming
that a certificate of deposit or municipal bond would have a return of approximately two or three
points above the prime rate at that time, then investing in a shrimp vessel was only a slightly better
investment than simply investing in a certificate of deposit or bond. One’s assessment of risk
would, of course, affect the relative wisdom of owning a shrimp vessel as an investment. From the -
perspective of a shrimp fishermen, however, owning a shrimp trawling vessel may seem less risky
than investing in a financial instrument such as a bond.

One factor affecting aggregate and vessel level profits in a particular year is, of course, .
abundance of shrimp. South Carolina shrimp abundance in 1987 when compared to other years was
evaluated as a factor affecting profitability, assuming entry into the fishery is not completely elastic
and profits are not necessarily dissipated completely in a given year. For this evaluation, total annual
reported landings of all shrimp species in South Carolina was used to categorize shrimp abundance.
Total reported landings in 1987 for all shrimp species in South Carolina was 3,675,000 pounds
(heads off), roughly 3% greater than average total shrimp harvest for 1975-1990 (average of
3,579,700).. Hence, to the degree that annual abundance affects profitability, 1987 would be
representative of at least an average year. As outlined above, a number of other factors could affect
vessel profits over time such as: relative quantity of shrimp imports, relative quantity of other
sources of domestic production, the number of vessels in the fishery that year, and management
constraints. Since the survey is a snapshot of fleet profitability in 1987, these other factors affecting
vessel profits over time cannot be addressed in this discussion.

13.3 Section II. Analysis of Management Measures

. PROBLEMS AND OBJECTIVES

Problems in the fishery, as well as the objectives for this FMP, have been outlined in
previous sections. Economic impacts resulting from this FMP are attributable to the combined
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effects of the objectives and the management measures to accomplish those objectives. As such,
those impacts are described under the management measures themselves. |

The following headings track the numbering system in the management
measures section. The RIR analysis of management measures begins with 13.7 to
aid in reviewing the shrimp management plan. Additional information for any
measure can be found by referring to the same number in Section 12 (e.g., 13.7.1
in the RIR corresponds to 12.7.1 in the management measures section).

13.7 Management Measures
13.7.1 Management Measure 1
13.7.1.1 Concurrent Closures
Preferred Alternative: ‘

States may request concurrent closure of the EEZ adjacent to their closed state waters
following severe winter cold weather that results in an 80 percent or greater reduction in the
population of overwintering white shrimp.

Discussion: Thcaggregamecmomcmpacﬁmshmphmesmofmposedccncmntclosmcs
of Federal waters following freeze winters are essentially the difference between what fishermen give
up in terms of spring shrimp revenues and what they gain from fall shrimp revenues. What is
sacrificed by shrimpers is the revenues from fishing on a reduced roe shrimp crop after a freeze has
taken place. “Gain” of revenues in the fall refers to the increase in revenues attributable to the
closure over what they would have been without the closure in that fall season following a freeze.
When describing the loss of revenues during the spring closure, just those attributable to rawling in
Federal waters should be counted because closures of state waters are not the result of the proposed
management measure. Available data, however, do not provide any means of separating EEZ catch
from catch taken illegally from state waters during state waters closures. Some fishermen speculate
that a considerable portion of landings during spring months are really landings from state waters
although official evidence of the magnitude of illegal catch is not available.

To adhere to an economic perspective, comparing the impacts with and without a Federal
closure should be thought of in terms of aggregate profits forfeited from the spring closure in a
freeze year compared to expected aggregate gains in profits from having a better fall season than
would have been possible if fishing on the'spn'ng roe white shrimp had been allowed. The merits of
an assumption that larger fall trawling revenues following a winter freeze translate directly into larger
profits to an individual fishing firm or in aggregate for the fishery will be discussed in this section.
Difficulties encountered ammpi:ing to measure profit changes under the proposed measures as
compared to no action in a cost/benefit framework will also be discussed.

Stock recruitment relationships for white shrimp in the south Atlantic and Gulf of Mexico
have been identified (Lam et al. 1989; Gracia 1991). Available information suggests that year class
strength is related to adult biomass only at low levels of abundance. The only known cause of low
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levels of abundance is a winter freeze. Following a winter freeze, the abundance of roe white shrimp
in the spring is thought to affect subsequent abundance of white shrimp in the fall, which in tun
would be expected to reduce fall harvest of white shrimp. Continued fishing (no action) following a
freeze would further reduce the abundance of roe white shrimp and consequently reduce the fall crop
considerably. Spring catches of roe white shrimp are small compared to fall production and are thus
presumably less important to fishermen despite the fact that price per pound ténds to be higher in the
spring months with the greater average size of white shrimp (see Appendix IV and discussion that
follows)

To examine the tradeoff between clomngFedemlwam to shrimp fishing in frecze years and
expected fall white shrimp landings, some statistical tests were performed on south Atlantic white
shrimp landings data in past freeze and non-freeze years, and with a closure of EEZ waters for one
year (1990). The findings of these statistical tests lend a great deal of validity to assumptions about
harvests in freeze years and to the potential merits of concurrent closures. However, conclusive
determinations about the validity of closures will only be possible if concurrent closures after freezes
are successful in bringing about close to normal fall harvests on a repetitive basis. _

To examine the merits of concurrent closures in the south Atlantic white shrimp fishery, it is
first important to determine if catches of white shrimp in freeze years are significantly different from
those in non-freeze years. The most appropriate manner to evaluate that question would be to
compare fall catches of white shrimp following winter freezes to fall cawches where winter freezes did
not occur to see if freeze years are significantly different from non-freeze years. Unfortunately,
comparison is not possible because monthly catch data for all south Atlantic states from which to
separate fall white shrimp landings are not available for all states until 1978. That means that only 12
years of data would be available which would limit the statistical significance of any tests set up 10
compare fall landings directly.

Although fall catches cannot be compared directly, comparison of total annual south Adantic -
white shrimp catches for freeze years and non-freeze years should approximate the effect of freezes.
This is because although spring and fall catches differ from year to year, spring catch is always
considerably smaller than fall catch in terms of relative contribution to the total pounds landed in a
given year. Thus most of the variation in white shrimp landings from year to year resuits from the
magnitude of fall landings. Comparing total annual white shrimp landings following freezes and for
years where freezes did not occur should therefore serve as an adequate proxy for companng fall
catches. :

Inspection of white shrimp landings data suggests that white shrimp landings in freeze years
appear smaller than in normal years over the time period 1957-1990 (Table 5). Closer inspection,
however, reveals that in some years which are not recorded as freeze years, such as 1963, 1964, and
1966, landings were only 7.3, 8.1 and 9.2 million Ib (heads on) respectively and do not appear to be
that different from those of freeze years where mean landings are approximately 6.8 million Ib (heads
on). Whether the mean of landings in freczc years (mean of 6.8 million Ib, heads on) is sxgmﬁcantly
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different from the mean of landings in non-freeze years (13.6 million 1b, heads on) for the 1957-
1990 period in terms of statistical significance is a relevant question. Leaving potential explanations
for variation in catch that are not related to white shrimp abundance out of the analysis for the
moment, a test to compare the two means to determine whether catches in freeze years are actually
statistically different from non-freeze years was performed.

Tests to compare means from different samples aor populations were evaluated based on
whether the tests were designed for small sample properties and whether sampling regimes and
assumptions about variances matched the data and the question being examined. A statistical routine
was selected which is essentially an analysis of variance test (commonly referred to as ANOVA)
perfonnedbycreatingadummyvuiablewhichwusetwﬂzvalwofoneifmeyearwasnota
freeze year.and zero if the year was a freeze year. Then annual white shrimp catch was set as the
dependent variable in a regression where the dummy variable for whether observations were freeze
years or not was the only explanatory variable. The observation for 1990 was left out of the
regression because although 1990 was a recorded freeze year, it was the only year where a closure of
EEZ waters to the harvest of shrimp was in effect (until respective state waters opened). Treating the
observation for 1990 as a normal freeze year would have violated the assumptions of the test as well
as countered the logic of the relationship being tested.

The potential significance of the dummy variable determines, in effect, that the mean for catch
in non-freeze years is statistically different from that of freeze years. Seen alternatively, the null
hypothesis that the means were the same would be rejected if the coefficient for the dummy variable
was significant. In that case, the alternative hypothesis that the means are significantly different
could be accepted.

The coefficient for the dummy variable was highly significant at the 99% level (Table 44)
according to the T test (null hypothesis is that the coefficient for the dummy variable is not
significantly different from zero). Because empirical work has suggested that shrimp catches when
plotted against effort are log-linearly distributed (Nichols 1986), a log-linear specification for the
N dependent variable was tested in a separate regression. The results of that alternative regression
(when the anti-log was calculated) were essentially the same both in terms of results and statistical
significance, so only the results of the linear regression are reported.

Catches in freeze years are significantly different from normal years according to the results
of the test that were performed. The degree to which the difference in catch between freeze years and
normal years is explained by other potential explanatory variables such as changes in effort is not
known. Data on south Atlantic white shrimp fishing effort trends are not available. Although
number of participants is sometimes used as a proxy for more direct measures of effort trends,
changes in the number of state shrimping licenses do not necessarily reflect active participation in the
fishery. Thus the number of state license holders over the time period in question is not a suitable
index for effort trends. 4



After statistical testing was performed on the question of whether landings in freeze years are
 significandy different from landings in normal years, a confidence interval was constructed around
the mean of normal (or non-freeze) years. The purpose of this confidence interval was to test
whether observed landings during 1990, the only year for which a concurrent closure has been in
place, fit into the range of what can be characterized statistically as landings for a non-freeze year.
The confidence interval and its derivation based on a probability level of 95% (z of 1.96) are shown
in Table 44. After comparison to the calculated confidence interval, landings for 1990 of 13.1
million 1b fit into the center of the interval of 12.7 to 14.6 million Ib (head on), suggesting that the
observation belongs to the category of non-freeze or normal years.

Available evidence thus suggests that concurrent closures during freeze years may bring
about landings for that year that are characteristic of normal years rather than freeze years, although
this relationship cannot be established firmly because it is based upon a single observation. Perhaps
the best way to describe the implications of the results of the statistical test is that 95% of the time,
white shrimp landings in freeze years where a concurrent closure is in effect would not be
statistically different from landings during a normal year (mean of 13.6 million Ib for 1957-1990). If
landings in freeze years where closures are used in the future are evaluated via the framework set out
in Table 44, then after a significant number of concurrent closures (holding factors constant such as
effort and carrying capacity of habitat, or compensating for the direction and expected magnitude of
changes), results can be evaluated systematically to verify the expected effect of the closure.
Because the relationship between closures and white shrimp catches within the range of a normal
fishing season is based on plausible but scant evidence, it is recommended that in the future, the
success of closures in freeze years be evaluated by the statistical framework above. Alternatively, a
framework based on the more appropriate comparison of fall landings in freeze and normal years
could be used, provided a sufficient number of data points are available to make that more direct
comparison.

Accepting for the moment that closures do result in normal white shrimp landings rather than
low landings associated with freeze years, the next question is what is the economic effect of normal
landings levels as opposed to landings under no action. There is an inherent tendency to associate
avoiding low white shrimp landings with the notion of greater net economic benefits for the fishery.
That is, however, not necessarily the outcome. The remainder of this section discusses the effects of
closures on the harvesting and processing/distribution sector from the perspective of the revenue and
net economic benefit changes from closures as opposed to no action. Impacts on the harvesting and
processing/distribution sectors will be considered separately because net benefit implications depend
on different factors.

For the harvest sector, assuming closures result in the expected gains in catch over no action,
there is still the disruptive effects of not being able to fish in closed EEZ waters during Federal
closures. EEZ closures will force shrimpers who normally count on revenues from white shrimp in
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the spring months in EEZ waters (oﬁ'states that are likely to request a closure of Federal waters) to
seek alternative sources of revenue during closure years.

To bound the extent of these spnngutcha:ﬂrevmuedmupums catch data for white
shrimp landed from 1978 to 1990 during the months when state waters are normally closed (varies
by state) and associated revenues are reported in Table 43. Catches and revenues for freeze years are
indicated by boxes around the years with freeze years being indicative of the level of white shrimp
catches during likely closure months in freeze years. Catch for 1990, which was a freeze year where
an EEZ closure was in force, is not representative because the closure obviously impacted catch.

Ignoring 1990, catches in freeze years range from a high of 181,797 Ib to a low of 44,577 Ib
and revenues range from a high of $759,973 to0 a low of $577, 911. Table 43 assumes that a closure
of all south Atlantic states would be undertaken, which is unlikely because white shrimp is not an
important species in North Carolina where the more important pink shrimp harvest would be affected
by the closure. In addition, Florida does not presently monitor winter temperature effects on white
shrimp and does not have a system in place to request a closure. Thus considering all the catch
reported in south Atlantic states during the period of likely closure gives an upper bound estimate of
~ short run catch and revenue impacts. If North Carolina and Florida are unlikely to request a closure
in the future, then catches and revenues for Georgia and South Carolina are more indicative of likely
impacts. The range of affected catch and revenue for freeze years using South Carolina and Georgia
alone (again ignoring 1990) is a low of 10,634 1b and high of 91,786 Ib, and a low of $19,634 and
high of $234,098 for revenues.

A mitigating factor in using figures from Table 43 to characterize revenue impacts from the
closure of spring roe harvest is that some of the reported catch and revenue is undoubtedly from
illegal state waters fishing, and conceptually should not be considered as caused by an EEZ closure
as was discussed above. Another mitigating factor which is significant is that although catch patterns
are certainly disrupted by an EEZ closure, at least some of the overwintering white shrimp that
cannot be legally taken when an EEZ closure is in place will be available to shrimpers when the
closure ends. Estimated cumulative natural mortalities during that portion of the year range from 27
10 62% for a two month closure (derived from survival rates in Table 4). Thus in a worst case
scenario, only 62% of the catch and revenues represented in Table 43 would actually be lost to
fishermen.

There are disruptive effects of not being able to fish for a portion of the traditional fishing
season which cannot be minimized because marginal fishing firms are experiencing difficult
economic conditions already and still have to make boat mortgage and other payments throughout the
year, whether they fish or not. The availability of alternative fishing opportunities during the spring
months in freeze years will ultimately determine the degree of disruptive effects from concurrent
closures. Potential candidates for affected fishermen are the shrimp fisheries in non-affected states
such as the pink shrimp fishery in North Carolina or the white shrimp fishery in Florida if Florida
does not request a closure of EEZ waters. Traveling to fish off other states requires greater
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expenditures in terms of fuel (which would not be that large if the boat is operated out of that state
rather than returning on a trip by trip basis) and probably adds additional risk into fishing operations.

Rock and royal red shrimp fisheries are potential candidates (see discussion of buffer zone
that follows) but information on the potential profitability of those fisheries as alternatives is not
available at this time. Shrimpers have also been involved in fishing for whiting, wreckfish, and
whelk when state waters are closed in the past. Wreckfish is managed under a controlled access
regime and only shrimpers originally granted allocations or willing to purchase percentage shares and
wreckfish catch coupons would have that option available to them. No information regarding the
potential profitability of fishing for whiting or whelk is available at this time.

For purposes of illustration, there are some merits to viewing the tradeoff of foregone spring
catch in freeze years from EEZ waters as compared to the expected gains in terms of the concurrent
closure increasing annual catch and revenue (over what catch and revenue would have been). Given
the nature of the information involved in making this comparison, however, the tradeoff must be
evaluated cautiously and one cannot make any definitive determinations as to the exact magnitde of
the tradeoff at this time. With this caveat understood, an upper bound range of spring roe shrimp
catch and revenue affected by the concurrent closure is, once again, roughly 44,500 to 182,000 Ib
and $578,000 to $760,000. According to available evidence, the potential catch increase from a
concurrent closure over what catch would have been without a closure involves an increase of
approximately 6.8 million Ib, and a potentially large increase in annual revenue from the white
shrimp fishery compared to no action, as described in the discussion above concerning statistical
inferences about the difference between catches of white shrimp in freeze years and normal years.

It stands to reason that even if catch is increased twofold compared to no action as a result of
the closure, revenues would not be increased by the same magnitude. By effectively decreasing the
length of the white shrimp fishing season in closure years, fishermen may experience some exvessel
price decreases due to production gluts. Although existing handling, packing, and processing
capacity can theoretically accommodate the aggregate quantity of white shrimp landings because
landings are in reality only at normal levels as a result of the closure, the shorter season may create
some product flow problems associated with the distribution of a perishable product. Supply gluts
would put fishermen at a disadvantage in terms of negotiating prices with shrimp dealers.

‘Supply gluts from a short season could also increase the percentage of product that would
likely have to be frozen. Locally pmduced shrimp mainly fills the fresh shrimp market niche,
although a small percentage of the catch is normally frozen (heads offs) either plain or breaded.
Local shrimp has a comparative disadvantage in the frozen shrimp market which is dominated by
imported frozen shrimp from large-scale operations in South America and Asia. Effectively forcing a
greater percentage of shrimp into the frozen shrimp market will likely mean lower prices to ’
fishermen, holding all other factors equal.

_ The magnitude of exvessel price decreases from short run supply gluts depends on the price
flexibility of exvessel demand and other factors. The estimated price flexibility for shrimp in the
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south Atlantic suggests that prices are relatively inflexible, meaning that & less than unit price
response would be expected from a unit increase in the quantity supplied (Houston and Nieto
~ 1988). That price flexibility, however, was estimated with annual data which is not ideal for
examining the effects of compressing the catch into a shorter period of time.

Assume for the moment that the closure is successful in bringing about landings in the range
of a normal year. Under that scenario, revenues would not be expected to increase by the same
magnimdeascamh(compuedwmacﬁon),bmwmkieuuinlybegmwmanwiﬁmtaclosme-
due simply to the scale of the increase in catch compared to no action (approximately 6.8 million Ib).
Hence, despite the fact that exvessel prices may be somewhat lower because production outstrips

" - processing and handling capacity in the short run (or because more product requires freezing than

before), the overall effect of the closure on revenues will be positive because the quantity effect will
very likely exceed the effects of somewhat lower per-unit prices.

‘Provided the closure brings about the anticipated increase in yields compared to no action,
then from the point of view of total revenues fishermen are better off with closures. At the level of
individual firms, however, this may not always prove to be correct. For instance, there may be
some distributional effects that complicate this issue for fishing firms. The distribution of these
increased revenues will, in fact, favor operations which traditionally catch more in the fall and will
impact disproportionally operations with a comparative advantage to fish for roe shrimp in the
spring. Adjustments in fishermen’s strategies and modifications in gear, however, can be expected
to decrease the actual degree that catch is redistributed.

Although under the scenario of the closure, aggregate revenues will increase compared to no
action, increases in net producer benefits are not expected from proposed closures. Access to the
south Atlantic fishery for shrimp is not subject to any state or Federal management controls and the
fishery is highly overcapitalized. Lacking existing or new measures (no measures to control access
are proposed in this fishery management plan), the inherently inefficient solution of too many vessels
using too much capital to produce annual yields is not remedied by proposed revenue-enhancing
measures in the plan. In this sense, the only economic effect of the increased revenues compared to
no action may be to prevent exit of marginal firms from the fishery firms. These firms may not have
been able to continue fishing under reduced white shrimp abundance had a closure not been
implemented following a freeze. Thus socio-economic disruptions resulting from egress from the
fishery may be avoided with closures, but the inherent inefficiency of not having property rights in
the fishery is not remedied by proposed measures.

The effects of proposed closures for the processing/distribution sector of the fishery differ
within that sector. Fish houses in south Atlantic states generally head, pack, and grade shrimp they
purchase from fishing vessels. Fish houses then sell that shrimp to large volume buyers who
represent seafood restaurant chains, secondary processors, or brokerage firms. Fish houses also sell
some shrimp through their own retail operations as well as local seafood restaurants and fish retailers
who do not operate docks.
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Fish houses which depend heavily on white shrimp catches for their annual sales volume will
be impacted by the closures. For South Carolina and Georgia, where concurrent closures are more
likely to be implemented, fish houses are not likely to have any shrimp to sell during the closure
because there is presently little or no production of rock or royal red shrimp in those states. Fish
houses where vessels also land finfish may be able to make up some of the lost sales volume by
increasing the quantity of finfish brought to their dock through price incentives to vessels or other
types of incentives. Fish houses also make part of their earnings by selling fuel, ice, and other
support services to vessels that dock there. If shrimp vessels remain tied to the dock rather than
attempting to switch to other species, then fish houses will forfeit sales of suppart services at that
time of year. If shrimp vessels leave the state to fish where closures are not in effect, then fish
houses in states with closures will also lose sales of support services. Fish houses that own vessels
which normally fish for white shrimp are expected to be impacted the most from closures because
losses are potentially incurred on several fronts.

If closures bring about the expected increases in fall white shrimp catches compared to no
action, then fish houses will have far greater white shrimp sales during the fall months than would
otherwise have been possible. As was mentioned before, it is possible that the compressed season
will stress the handling and primary processing capacity of fish houses. This will probably allow
fish houses to pay lower prices to fishermen but it will also likely mean higher operating costs for
fish houses because of induced inefficiencies. In addition, fish houses may receive lower prices for
the shrimp they sell because a production glut would mean mare shrimp will have to be frozen than
in normal years. If the large supply of south Atlantic shrimp coincides with a period of heavy supply
of imported shrimp, it is possible that prices fish houses received will be considerably lower than in
normal years when local catch is more evenly spread throughout the year.

Large volume buyers who represent seafood restaurant chains, secondary processors, or
brokerage firms will only be minimally affected by proposed closures. Because south Atlantic
production is insignificant compared to imports and shrimp landings from the Gulf of Mexico, both
" the disruption in supply during the closure and the increase in landings in fall months compared to no
action are riot expected to affect prices paid to fishouses or prices received from their clients.

From an annual aggregate employment point of view, however, concurrent closures will be
beneficial to fishermen and fish house employees because they will probably stabilize annual
employment in the white shrimp fishery instead of more variable shrimp abundance and landings
without closures which is disruptive to employment of crew members and captains. Overall, entry
into the fishery is not expected to be spurred by the increased fall shrimp crop with closures during
freeze years because abundance of white shrimp is not expected to be increased over mean conditions
characterized by landings in non-freeze years. Thus employment in the fishery is probably not going
to be increased over normal employment levels.

The effect of concurrent closures on consumers will be negligible because imports make up
roughly 80% of total United States supply and thus have a much more significant effect on prices
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consumers pay than landings from the Gulf of Mexico or the south Adantic. To the extent that some
consumers differentiate between local fresh shrimp from imported shrimp, there will be some losses
to consumers during closures resulting from decreases in local shrimp availability. Consumer
benefit losses from decreases in local shrimp production cannot be documented or quantified at this
time because demand studies are not available to evaluate the extent to which consumers differentiate
local product from other sources of shrimp or the relative importance of that product attribute. There
is significant anecdotal evidence that some consumners in coastal communities prefer locally produced
shrimp but no systematic attempt to establish or measure this preference has ever been undertaken for
the south Atlantic region. | .

Lastly, one final benefit associated with concurrent closures is expected enforcement savings
and greater compliance with state closures following freeze years compared to no action. Savings
compared to no action may be substantial because a great deal of state enforcement resources are
needed to deter illegal spring trawling inside state waters under the guise of fishing in Federal
waters. Under the current scenario, state closures are enforced primarily by state enforcement
agencies both from shore points where vessels operating in state waters can be observed and on the
water in states where vessels and other enforcement resources are available.

The proposed measures will require some at-sea enforcement efforts from the NMFS and
U.S. Coast Guard. These Federal enforcement efforts will mainly take the form of making sure
vessels whose captains claim to be landing shrimp that were caught in the EEZ waters adjacent to a
state not participating in a closure, were not actually fishing in EEZ waters of a state participating in
the closure. Some enforcement effort will also be required to make sure vessels transiting EEZ
waters from fishing waters not affected by a closure have shrimp traw] gear stored according to the
provisions specified in Management Measure 2 below. The primary area where this problem may
require enforcement expenditure is in Georgia because it is unlikely that Florida will participate in
closures in the near future. At this time, the NMFS Law Enforcement Division believes that no
additional Federal enforcement expenditures are required for the proposed closure and buffer zone
~ provisions (see below) because closures would be enforced via patrols already planned for other

purposes. ‘

For the most part, however, it should be possible to enforce the closure dockside because no
landings of white, pink, or brown shrimp will be legal at that time unless there is reason to believe
that the vessel fished in waters not part of the closure. Prior to concurrent closures, enforcement had
to prove that a vessel captured white shrimp in state waters, and this virtually necessitated at-sea
enforcement which is significantly more expensive. '

Alternatives Considered and Rejected:

1. No change (i.c., No Federal closures).

Discussion: The discussion above compares the proposed alternative to no action. As noted, effects
of the proposed measure cannot be described in precise terms such as increased yield per pound
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sacrificed, but the expected increased yields associated with concurrent closures should result in :
greater aggregate revenues to shrimp harvesters over no action. Increased net economic benefits are
not expected because the fishery is managed under open access and excess capacity is great.

2. Concurrent closure of Federal waters adjacent to state waters to aid law enforcement.
Discussion: This option does not necessarily have the biological benefits associated with closures
after freezes and hence does not have economic benefits associated with having more to harvest in
the fall than would have been available if roe shrimp harvest were not allowed. In addition, this
option would have greater economic impacts on harvesters than the preferred alternative because
Federal waters would always be closed when state waters are closed, whether a freeze had occurred
or not. From a purely economic point of view, however, large cost savings to state enforcement
agencies would be associated with this option. It is not known whether improvements or cost
savings in enforcement in state waters could not be accomplished through means other than
automatic closures of Federal waters when state waters are closed. Because the magnitude of cost
savings in state enforcement cannot be quantified at this time, there is no way to compare them to the
increased negative impacts on harvesters under this alternative.

3. Closure of the EEZ throughout the range of the white shrimp when requested by two or more
states.

Discussion: This rejected alternative would have created larger impacts on fishermen in North
Carolina and Florida, where closures would not likely be requested under the preferred alternative.
Greater impacts would occur in North Carolina where the pink shrimp fishery is consistently more

- important in terms of catch and revenues to North Carolina fishermen than the white shrimp fishery,
because a white shrimp closure would close the pink shrimp fishery for enforcement purposes.
According to public comment, North Carolina shrimp fishermen report substantial pink shrimp
catches in EEZ waters of that state occurring during likely EEZ closure months. Under the preferred
alternative, these pink shrimp could be landed because North Carolina is not likely to request an EEZ
closure and would only close a portion of its EEZ waters, south of where fishermen report pink
shrimp landings. In the case of Florida, only extreme cold spells might jeopardize white shrimp in
the waters of northeastern Florida. Closing EEZ waters there if states north of Florida requested a
closure might unnecessarily impact Florida fishermen as well as fishermen from other states who
migrate south to fish there because under normal freeze conditions, a white shrimp kill probably
would not have occurred in Florida. The benefit originally envisioned for a closure of the entue EEZ
was that enforcement costs would be lower and effectiveness higher if the entire EEZ was closed.
After the magnitude of pink shrimp EEZ catches were taken into account and after the probability of a
request for a closure by the state of Florida was better understood, it became clear that the benefits of
the approach of the preferred alternative (with some other clanﬁcanon s for enforcement purposes
that will be discussed below) outweighed enforcement cost savxngs of a closure of the entirc EEZ.
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4. Closure of the EEZ to include northeastern Florida when requested by two or more states.

| Discussion: The argument for this measure stems from enforcement cost savings and increases in
effectiveness as well as the rationale that if two or more states requested a closure, the freeze that
occurred would probably have affected white shrimp in Florida as well. To the contrary, however, it
is now believed that the measures detailed in the clarification of the preferred alternative outlined
below will tighten some of the potential enforcement loopholes associated with an EEZ closure as
originally proposed. In addition, because the probability of a freeze affecting Florida waters
adversely is low in normal freeze years, potentially subjecting EEZ waters off Florida to closures
promulgated by requests from other states, based on conditions in those states, is probably
unnecessarily burdensome for Florida fishermen and fishermen from other states who fish for
overwintering white shrimp in EEZ waters off Florida. Hence the cost savings for enforcement are
not thought to outweigh the negative impacts on fishermen. |

13.7.1.2 Clarification of Management Measure 1

Preferred Alternatives:

1. Exempt royal red and rock shrimp fisheries from any closures of the EEZ for the harvest of
white shrimp.

DRiscussion: Exempting the royal red and rock shrimp fisheries from the proposed management
measures under the preferred alternative does not appear to decrease benefits associated with
concurrent closures because there is apparently no bycatch of white shrimp in those fisheries. Royal
red and rock shrimp harvesting is done in much deeper water and allowing those fisheries to remain
open during a closure should not increase enforcement costs or non-compliance with the concurrent
closure. At the same time, allowing those fisheries to remain open may serve to decrease impacts on
white shrimp harvesters because the royal red and rock shrimp may serve as alternative fisheries
when white shrimp cannot be harvested. The degree to which royal red and rock shrimp fisheries

~ are viable alternative fisheries in terms of profitability is not known at this time.

2. Exempt the whiting fishery (Menn'cirrhus sp.) from a closure for white shrimp.

Discussion: Allowing the whiting fishery to continue during an EEZ closure allows altemative
employment opportunities for shrimpers who would normally be fishing for white shrimp.
Provisions for no allowable bycatch of penaeid shrimp of an& species and no possession of nets with
smaller than 4 inch mesh in the wings or bag should make the targeting of white shrimp difficult.
Because fishing for whiting normally occurs in waters where white shrimp fishing would take place
if a closure were not in effect, enforcement concerns are probably justified with this exemption.

With possession of mesh rather use of mesh stipulated in the proposed measure, and because

- penaeid shrimp cannot be in possession, enforcement at the dock should be effective, and will serve
to decrease potential enforcement problems. Allouririg alternative fisheries to rernain open may serve
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to decrease impacts on white shrimp harvesters, and this probably outweighs the detracting elements
associated with this measure in terms of creating potential enforcement problems.' The degree to
which the whiting fishery represents a viable alternative fishery in terms of profitability is not known
at this time. :

Alternatives Considered and Rejected:

1. Prohibit all trawling during a white shrimp closure.

Discussion: Although this measure would provide the greatest deterrent against illegal fishing for
white shrimp during an EEZ closure, measures to make fishing: for white shrimp illegal during a
closure enforceable under the preferred alternative while preserving as many opportunities for
legitimate alternative fishing opportunities as is possible appears to be more beneficial. For this
reason, the enforcement advantages of this proposed measure are not thought to outweigh the
negative effects associated with prohibiting all trawling during closures. Under this rejected
alternative, however, enforcement costs would have been lower because enforcement could have
been undertaken almost exclusively at the dock, while this will not be possible under the preferred
alternative.

2. Exempt pink shrimp from an EEZ closure for white shrimp.
Discussion: Because pink shrimp harvest takes place in the same waters that white shrimp are
harvested, this alternative involves much higher enforcement costs than the preferred alternatives.
Pink shrimp catches by month and state are reported in Appendix VL. To avoid forfeiting pink
shrimp revenue, a loophole in the closure regulations would be created. If that loophole were used
by shrimpers, the effectiveness of the proposed concurrent closures might be jeopardized and
enforcement costs associated with ensuring that shrimpers were really targeting pink shrimp might be
much larger than the loss of benefits associated with prohibiting fishing for pink shrimp during
concurrent closures. This is particularly true because outside of North Carolina and Florida, which
“would not likely be subject to closures, pink shrimp catches are small. Thus the loophole created
with allowing an exception for pink shrimp fishing would not create very large benefits in terms of
allowing alternative fishing opportunities and might sacrifice potentially large benefits associated
with EEZ closures.

13.7.2 Management Measure 2: Buffer Zone

Preferred Alternative: Establish a buffer zone extending seaward from shore 25 nautical miles,
inside of which no trawling would be allowed with a net having less than 4 inch streich mesh during
an EEZ closure. Vessels trawling inside this buffer zone could not have a shrimp net aboard (i.c., a
net with less than 4 inch stretch mesh) in the closed portion of the EEZ. Transit of the closed EEZ
with less than 4 inch stretch mesh aboard while in possession of Penaeus species will be allowed
provided that the nets are in an unfishable condition which is defined as stowed below deck.
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Discussion: This measure, along with the provisions on trawling for whiting and other provisions
which allowroyaltedandrockshﬁmpﬁshingduringanEEchosme,axedesignedmallow
legitimate alternative fishing activities to continue while making the EEZ closure more effective from
an enforcement perspective. Because this measure restricts trawling inside of 25 nautical miles in
EEZ waters where a closure is in effect, legitimate royal red and rock shrimp fishing should not be
mpacmdbecauseﬂwvastmajontyofmyalwdmdmckshnmpmhoccmsmdepﬂxs far deeper
than 15 fathoms, and outside 25 nautical miles for the most part. The shallowest reparted rock
shnmpcatchesm&omdepﬂwofleaﬂ:mwhﬂememmtyoftheuu:hwmesﬁomwm
significantly deeper than 18 fathoms. As was mentioned earlier, royal red shrimp are caught at
depths which far exceed 15 fathoms.

Theprovmlonnottoallowne;swithnr.shoflessﬂxmﬁmheswbeinaﬁshablecondmon
(stretched mesh) should make trawling for white shrimp illegal, while transiting EEZ waters or
fishing under the guise of trawling for whiting far more difficult and more cost effective to enforce.
In essence, this measure should not impact legitimate fishing practices for the species the Council
seekstoexemptfmmtheclosmsoastom:munzcneganvennpactsonﬁsherm:n. At the same
time, the buffer zone and associated restrictions described above should help make enfarcement of
the white shrimp closure more feasible, and ensure that the increased catch and revenue benefits
associated with the closure are attained.

Alternatives Considered and Rejected

1. No Action (i.e., no buffer zone).

Discussion: As outlined above, establishment of a buffer zone will provide for legitimate alternative
fishing opportunities thus decreasing impacts of the EEZ closure on affected fishermen to the greatest
degree possible while not compromising the benefits that are expected from EEZ closures. For this
reason, the preferred alternative is more beneficial for the fishery than no action.

13.7.3 Other Management Measures Considered and Rejected

1. Require annual vessel permit to harvest shrimp in the EEZ.

Discussion: The expected benefits from requiring permits are to obtain a better estimate of ﬂeet size,
potentially better biological and economic data, and better information on participation (should
limited entry be promulgated for the fishery). These benefits do not appear to apply to Federal
permits for shrimp trawling because relatively little shrimp is harvested there and many shrimpers
would probably not purchase a Federal permit. Thus, requiring Federal permits will not necessarily
solve some of the information needs of management unless Federal permits were required of all '
shrimp vessels working in the south Atlantic, whether in state or Federal waters. There also appears
to be little benefit from requiring Federal permits from an enforcement point of view because
enforcement sanctions to remove permits for non-compliance would presumably apply only to the
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vessels fishing in Federal waters, which would only impact violators for a poruon of the fishing
season, and hence would not be a very effective deterrent.

2. Regional shrimp permits.

Discussion: The advantages of regional permits over Federal permits for the south Atlantic are not
clear at this time. If regional permits were essentially designed to be the same as Federal permits
where a better understanding of total participation would not be obtained because not all participants
would likely obtain permits, then the above discussion of Federal permits applies to regional permits
as well.

3. Control Date. .

Discussion: One recurrent problem in the shrimp fishery that has contributed to difficult economic
conditions for shrimpers is that returns have regularly been dissipated by open access. By not
establishing a control date, a first step toward controlled access was not taken. Additional entry over
time will dissipate returns in the fishery and increase the pool of potentially eligible participants,
should limited entry be promulgated some time in the future.

In a strict sense, establishing a control date simply provides an option for management in the
future and has no costs or benefits. Seen in a broader light, however, a control date is probably a
necessary first step toward setting up a limited entry program for the shrimp fishery in the south
Atlantic, hence the benefits associated with establishing a control date can be construed to be much
the same as those associated with limited entry. Clearly, some sort of access control system would
increase aggregate net benefits from the fishery by controlling entry so that benefits are not regularly
dissipated by entry when shrimping is profitable. |

The vesting aspects of limited access might help to decrease enforcement costs in the long run
and benefit the fishery by potentially increasing conservation incentives. Some fishery experts |
evaluating the finfish bycatch issue also have predicted that there are benefits in terms of decreases in
finfish bycatch as a result of decreases in redundant ﬁshmg effort in the shrimp fishery under
controlled access.

Some short run economic disruptions also typically occur with establishment of a control date
because entry into the fishery can be spurred as fishermen attempt to ensure they are not excluded
from the fishery in the future. Some of these new entrants may not have otherwise entered the
fishery. This type of speculative behavior is disruptive because it usually means fishermen make
expenditures on gear in order to make catches prior to the control date. Another disruptionisin
terms of opportunity cost because fishermen who are induced to enter are usually moving away from
a more profitable fishing opportunity that they would have otherwise undertaken in order to be
eligible for shrimp fishing. The motivation for incurring these opportunity costs is that a potentially
valuable and marketable asset can be obtained by qualifying for limited entry.
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To the degree that not establishing a control date impedes future effarts to develop controlled
access systems for the shrimp fishery, then benefits are being sacrificed by not going ahead with
establishment of a control date. Without doubt, there are inherent problems with attempting to create
controlled access regimes from the Federal level when most shrimp fishing activities take place inside
state waters. Yet Federal managers would benefit the shrimp fishery in the future by doing whatever
is feasible to persuade state agencies to explore controlled access options for the shrimp fishery and
to take steps to circumvent any state/Federal problems associated with moving toward controlled
access.

4. Incorporate TED regulations into this FMP.

Discussion: Recent Magnuson Act changes preclude taking action on turtle excluder devices (TED)
at this time. For this reason, economic analysis of the issue of incorporating TED regulations is not
germane to the decision process at this time.

5. Finfish bycatch.

Discussion: Recent Magnuson Act changes preclude taking action on finfish bycatch. For this
reason, economic analysis of the issue of incorporating finfish bycatch regulations is not appropriate.
UndatheMagnumnAﬁwﬂuiuﬁmhnguage,mﬂiesmevﬂmﬂnemonﬁcmdeoﬁsof
regulating finfish bycatch in shrimp trawls are mandated.

6. Implement partial EEZ closures.
Discussion: Partial closures of 5-12 miles (depending on the state) would probably increase
- enforcement costs over what they will be under the preferred alternative for concurrent closures
while not necessarily resulting in an effective EEZ closure. This rejected alternative would not make
possession of penaeid shrimp illegal during a closure, and hence enforcement would be based upon
~ at-sea enforcement techniques which would involve the same costs and difficulties associated with

. enforcing state closures presently. For this reason, partial closures will probably not accomplish the
benefits of the preferred alternative while necessitating greater expenditures for enforcement.

13.8 Recommendations to the States
13.8.1 Introduction of Exotic Species

The Council requests that states having shrimp mariculture facilities, either research or
commercial, institute strict controls and guidelines to minimize the possibility of inadvertently
introducing either exotic shrimp species or diseases into the environment. The Council further
recommends that states comply with Amendment 1 to the Atlantic States Marine Fisheries
Commission’s (ASMFC) Procedural Plan to Control Interjurisdictional Transfers and Introductions
of Shellfish.
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Discussion: Because of the potential for large economic impacts on the shrimp fishery should
‘mariculture of exotic species introduce either species that compete with indigenous species or
diseases to indigenous shrimp species, it is important that the Council take all steps available to
prevent this from occurring. Shrimp harvesters are facing difficult economic conditions, and
introductions of competing species or diseases will further aggravate this situation. To the degree
that recommendations will help to prevent the introduction of new species or diseases,
recommendations are beneficial and involve little cost.

13.8.2 Habitat Alteration and Environmental Degradation

The South Atlantic Council recommends that states minimize or eliminate alteration of shrimp
habitat, especially the fragile and highly productive salt marsh and estuarine areas. These areas are
considered critical habitat for all species of Penaeus shrimp addressed by this FMP..
Discussion: Habitat alteration or loss is an important factor in the health of the shﬁmpﬁsheryinthe
south Atlantic and the economic well being of shrimp harvesters. Shrimp harvesters are facing
difficult economic conditions, and habitat destruction and degradation contribute to this problem. To
the degree that recommendations help prevent further habitat damage, recommendations are
beneficial and involve little cost.

13.8.3 Additional Recommendations to the States Considered and Rejected
13.8.3.1 Federal Permit to Shrimp in State Waters

The Council considered recommending to the states that they require a Federal permit to fish for
shrimp in state waters.

Discussion: Requiring Federal permits to shrimp in state waters or to obtain a state shrimping
permit would have made Federal permits a more effective means of identifying the universe of
shrimpers. The measure would have helped management obtain a better estimate of fleet size, and
help researchers obtain better biological and economic data. In addition, with Federal permits
required of all shrimpers, regardless of whether they fish in Federal waters, management would have
had better information on participation should limited entry be promulgated for the fishery. In this
way, requiring Federal permits to shrimp'in state waters would have increased benefits associated
from requiring Federal permits far more than the annual cost of renewing permits (between $17 and
$34 per year) plus the burden hours costs of filling out applications for permits (no estimate for this
is available at this time). ‘ '

13.8.3.2 Recreatlonal Shrimping

The Council was asked by some members of the commercial industry to recommend to the
states that recreational shrimp fishing over bait be curtailed.
Discussion: Becayse the economic and social tradeoffs involved with this recommendation are not
well understood, this recommendation may not involve pmmoﬁng the highest valued use of the
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shrimp resource. No rigorous studics of the consumer benefit (consumer surplus) values auributable
o recreational shrimping over bait have been undertaken. Nor have any swdies of the social and
socioeconomic changes involved with eliminating shrimp baiting (in states where it is allowed) been
undertaken. In addition, no studies are known to exist that look at the producer and consumer
benefits associated with the commercial harvest of shrimp at present levels or the increases from
allocating the entire white shrimp harvest to the commercial sector. After these studies have been
accomplished, management might undertake to allocate the resource differently based on’
comparisons of marginal benefit society derives from the shrimp resource under different allocation
schemes. :

13.8.3.3 Stock Enhancement

Some members of the commercial industry suggested that the Council recommend to the
states that stock enhancement (addition of maricultured shrimp to the natural environment) programs
be initiated, especially following cold kills.
Discussion: Because there is insufficient information to evaluate the biological or economic benefits
associated with stock enhancement, it is impossible to develop economic rationale for promoting
stock enhancement or not promoting it at this time. As information becomes available to evaluate the
biological benefits of stock enhancement, then the economic merits from recommendmg that course
of action to the states can be developed.

13.9 Summary

The aggregate economic impacts on shrimp harvesters of pmposed concurrent closures of
Federal waters following freeze winters are conceptually the difference between what fishermen give
up in terms of spring shrimp revenues and what they gain from fall shrimp revenues. Available
evidence suggests that concurrent closures during freeze years may bring about landings for that year
that are characteristic of normal years rather than freeze years. If concurrent closures do bring this .
intended result, then the potential net increase in south Atlantic white shrimp catch from a concurrent
closure involves an average increase of approximately 6.8 million 1b and a potential large increase in
annual white shrimp revenue compared to what revenues would have been without the closure.
These potential catch and revenue increases are supported by statistical inferences about the
difference between catch in an average freeze year, and catch in an average non-freeze year and the
potential ability of a closure to bring about a catch representative of a normal year. The magnitude of
net landings and revenues far exceeds catch and revenues sacrificed during closures.

The negative economic impacts of proposed concurrent closures are that EEZ closures will
force shrimpers who normally count on revenues from white shrimp in the spring months in EEZ
waters to seek alternative sources of revenue during closure years. An estimated range for these
catch and revenue disruptions from an EEZ closurc is a high of 181,797 1b and a low of 44,577 Ib,
and in terms of revenues a high of $759 973 to a low of $577, 911. This range is thought to be an
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upper bound for impacts because it is assumed that a closure would be enacted for all south Atlantic
states which is unlikely at this point. Another mitigating factor is that although catch patterns are
certainly disrupted by an EEZ closure, at least some of the overwintering white shrimp that cannot be
legally taken during an EEZ closure will be available to shrimpers when the closure ends. Estimated
cumulative natural mortalities during that portion of the year range from 27 to 62% for a two month
closure. Thus in a worst case scenario, only 62% of the catch and revenues described above would
actually be lost to fishermen. '

The disruptive effects of not being able to fish for a portion of the traditional fishing season-
cannot be minimized because fishermen are facing difficult economic conditions such as high costs
for variable cost inputs and relatively low prices exvessel associated with levels of shrimp imports in
recent years. Available evidence suggests that some fishermen are barely surviving economically in
the fishery. Fishermen who count on roe shrimping will still have to make boat mortgage and other
payments despite the fact that they will not be able to fish for white shrimp during the closure.

The availability of alternative fishing opportunities during the spring months in freeze years
will ultimately determine the degree of disruptive éffects from concurrent closures. No studies to
assess the profitability of alternative fishing opportunities for shrimp fishermen in the south Atlantic
are available at this time. Potential candidates for affected fishermen are the shrimp fisheries in non-
affected states such as the pink shrimp fishery in North Carolina, the white shrimp fishery in
Florida, or the rock and royal red shrimp fisheries. Shrimpers have also been involved in fishing for
whiting, wreckfish, and whelk when state waters have been closed in the past.

Provided the closure brings about the anticipated increase in yields compared to no action,
then from the point of view of total revenues fishermen are better off with closures. At the level of
individual firms, however, this may not always prove to be correct. For instance, there may be
some distributional effects that complicate this issue for fishing firms. The distribution of these
increased revenues will, in fact, favor operations which traditionally catch more in the fall and will
impact disproportionally operations with a comparative advantage to fish for roe shrimp in the

'spring. Adjustments in fishermen’s strategies and modifications in gear and fishing practices,
however, can be expected to decrease the actual degree that catch is redistributed.

Although under the scenario of the closure aggregate revenues will increase compared to no
action, increases in net producer benefits are not expected from proposed closures. Access to the
south Atlantic fishery for shrimp is not subject to any management controls and the fishery is highly
overcapitalized. Lacking existing or new measures (no measures to control access are proposed in
this fishery management plan), the inherently inefficient solution of too many vessels using too much
capital to produce annual yields is not remedied by proposed revenue-enhancing measures in the
plan. In this sense, the only economic effect of the increased revenues compared to no action may be
to prevent exit of marginal firms from the fishery firms. These firms may not have been able o
continue fishing under reduced white shrimp abundance had a closure not been implemented
following a freeze. Thus socio-economic disruptions resulting from egress from the fishery may be
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avoided with closures, but the inherent inefficiency of not having property rights in the fishery is not
remedied by proposed measures. '

_ Considering aggregate employment, concurrent closures will be beneficial to fishermen
because they will probably stabilize annual employment associated with the white shrimp fishery
instead of more variable shrimp abundance and landings without closures. Variability in abundance
without closures is disruptive to employment of crew members and captains. Another benefit
associated with concurrent closures is expected enforcement savings and greater compliance with
state closures following freeze years. -

13.10 Public and Private Costs

The preparation, implementation, enforcement, and monitoring of this and any Federal action
involves expenditure of public and private resources which can be expressed as costs associated with
the regulation. Costs associated with this specific action include: '

Couricil costs of document preparation, meetings, public hearings, and information

diSSEMINAtION. coceierereerereencescscosascases $115,000.

NMFS administrative costs of document preparation, meetings, and
FOVICW..reeeeerenssssosssscsssssnsescnsoncnsasese $25,000.

NMEFS Law Enforcement COStS........ccccessoesseee SO.

(no new costs)

Public burden associated with permits, etc......... $0.
TOTAL...ooiiiiiiiererccrscccsssssscssscssnsess $140,000.

14.0 YESSEL SAFETY CONSIDERATIONS

P.L. 99-659 amended the Magnuson Act to require that a management plan consider access
to the fishery for vessels otherwise prevented from harvesting because of weather or other ocean
conditions affecting vessel safety. Imposition of management measures set forth in this FMP will
not force vessels to participate in the fishery under adverse weather or ocean conditions. Therefore,
no management adjustments for fishery access will be provided.

There are no fishery conditions,.management measures, or regulations contained in this plan
which would result in the loss of harvesting opportunity because of crew and vessel safety effects of
adverse weather or ocean conditions. No concems have been raised by the people engaged in the
fishery ar the Coast Guard that the proposed management measures directly or indirectly pose a
hazard to crew or vessel safety under adverse weather or ocean conditions.
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14.1 Fishery Access and Weather Related Safety

- There are no fishery conditions, management measures or regulations contained in this plan
that would result in the loss of harvesting opportunity because of the effects on crew or vessel safety
as a result of adverse weather or ocean conditions. There have been no concerns raised by the Coast
Guard or by persons engaged in the fishery that the proposed management measures directly or
indirectly pose a hazard to crew or vessel safety under adverse weather or ocean conditions.

14.2 No Imphct Determination -
Vessel safety has not been identified as a relevant or significant issue in the shrimp fishery or
in the management measures set forth. ' '

14.3 Adjustments

There are no procedures for making adjustments in this plan because no person will be
precluded from a fair or equitable harvesting opportunity by the management measures contained
herein.

14.4 Coast Guard Evaluation
No vessel safety issues have been identified by the Coast Guard.

14.5 Procedures
There are no procedures proposed to monitor, evaluate, or report on the effect of
management measures on vessel or crew safety under adverse weather or ocean conditions.

14.6 Other Safety Issues
There have been no significant or relevant safety issues raised by fishery users, other public,
or the Coast Guard; therefore, there are no social or economic safety implications.

15.0 COASTAL ZONE CONSISTENCY
Section 307(c)(1) of the Federal Coastal Zone Management Act of 1972 requires that all

Federal activities which affect the coastal zone be consistent with approved state coastal zone
management programs to the maximum extent practicable. This fishery management plan was
submitted to the states of Florida, South Carolina, and North Carolina to determine if the plan is
consistent to the maximum extent practicable with their approved coastal zone management
programs. In January 1992, Georgia Department of Natural Resources was designated as the lead
agency to develop and implement Georgia’s coastal management program. States have 45 days in
which to agree or disagree with the Council’s evaluation of consistency. If a state fails to respond
within 45 days, the state’s approval is presumed.
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The state of Florida has reviewed the management plan including and environmental impact
statement and regulatory impact review and has concurred with the council determination that the
* plan is consistent with the Florida’s Coastal Management Program to the maximum extent
practicable.

The state of South Carolina has determined that the management plan including an
environmental impact statement and regulatory impact review is consistent with the South Carolina’s
Coastal Management Program to the maximum extent practicable.

The state of North Carolina has reviewed the draft management plan including an
environmental impact statement and regulatory impact review but does not issue a staterment of
consistency on draft documents.

The correspondence to the state coastal managment programs and their responses are
included in Appendix XTI1.

16.0 ENDANGERED SPECIES AND MARINE MAMMAL PROTECTION ACT _
The proposed actions will have no anticipated impacts on threatened or endangered species or
marine mammals. Further, NOAA initiated consultation under Section 7 of the Endangered Species
Act (ESA)mgardingmehnpamofﬂﬁspmposedmhmmdmgaedandﬂnemnedmunﬂesmd
marine mammals. NMFS, in the biological opinion submitted to the Councils concluded that shrimp
trawling in the southeastern United States was in compliance with the 1992 Revised Sea Turtle
Conservation Regulations and the proposed management actions under the South Atlantic shrimp
FMP and Amendment 6 to the Gulf of Mexico shrimp FMP are not likely to jeopardize the continued
existence of threatened or endangered species under NMFS jurisdiction. Section 7(b)(4) of the
Endangered Species Act (ESA) provides for the issuance of an incidental take statement on the
agency action if the biological opinion concludes that the action is not likely to jeopardize the
continued existence of a listed species or result in the destruction or adverse modification of critical
~ habitat. The incidental take statemnent is contained in NMFS’s biological opinion which is contained
in. Appendix IX of this document.

17.0 PAPERWORK REDUCTION ACT

The purpose of the Paperwork Reduction Act is to control paperwork requirements imposed
on the public by the Federal govemmént. The authority to manage information collection and record
keeping requirements is vested with the Director of the Office of Mhnagemcm and Budget. The
authority encompasses establishment of guidelines and policies, approval of information collection
requests, and reduction of paperwork burdens and duplications. -

This plan does not contain any record keeping or collection of information requirements
subject to the Paperwork Reduction Act.
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18.0 FEDERALISM
No Federalism issues have been identified relative to actions pmposed in this plan and

associated regulations. Affected states have been closely involved in developing the proposed
management measures and the principal state officials for fishery management in their respective
states have not expressed Federalism related opposition to adoption of this plan.

19.0 EFFECTS ON SMALL BUISINESSES
Introducti o .

The purpose of the Regulatory Flexibility Act is to relieve small businesses, small
organizations, and small governmental entities from burdensome regulations and record keeping
requirements. The category of small entities likely to be affected by the proposed plan is that of
commercial shrimp trawlers and fish houses which have a high dependence on locally produced
white shrimp. The impacts of the proposed action on these entities have been discussed in the RIR.
The following discussion of impacts focuses specifically on the consequences of the proposed action
on the mentioned business entities. An Initial Regulatory Flexibility Analysis (IRFA) is conducted
primarily to determine whether the proposed action would have a “significant economic impact on a
substantial number of small entities.” In addition to analyses conducted for the Regulatory Impact
Review (RIR), the IRFA provides an estimate of the number of small businesses affected, a
description of the small businesses affected, and a discussion of the nature and size of the impacts.

In general, a “substanual number” of small entities is more than 20 percent of those small
entities engaged in the fishery (NMFS 1992). For the 1989/1990 fishing season, the most recent
year for which data on numbers of participants are available for all south Atlantic states, there were
5,300 individuals and corporations holding shrimp trawling licenses in south Atlantic states (Table -
19). The Small Business Administration (SBA) defines a small business in the commercial ﬁshing
activity as a firm with receipts of up to $2.0 million annually. All 5,300 holders of state commercial
shrimp trawling licenses readily fall within the definition of small business. Since the proposed
action will directly and indirectly affect many of these permittees, the “substantial number” criterion
will be met.

Economic impacts on small business entities are considered to be “significant” if the
proposed action would result in any of the following: a) reduction in annual gross revenues by more
than 5 percent; b) increase in total costs of production by more than 5 percent as a result of an
increase in compliance costs; ¢) compliance costs as a percent of sales for small entities are at least 10
percent higher than compliance costs as a percent of sales for large entities; d) capital costs of
compliance rcpmséni a significant portion of capital available to small entities, considering internal
cash flow and external financing capabilities; or ¢) as a rule of thumb, 2 percent of small business
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" entities being forced to cease business operations (NMFS 1992). The proposed measure for
concurrent closures of EEZ waters potentially meets significance criteria (2) and (¢) for a small
numberofﬁshmgﬁrmsandforﬁshhoum(pachngmdwholesale)whchpmﬂydealalmost
exclusively with local shrimp production. The exact number of fishing firms that will be
signiﬁcanﬂyimpacted.asdeﬁnedabove,isnotknownencdybmisapectedmbeiewinnumber.

Refer to Section 12.0, ManagementProgmmandSecuon 13.0, Regulatory Impact Review.

Obiecti 1 L egal Basis for the Rul
Refer to Section 12.6, Management Objectives. The Magnuson Fishery Conservation and
 Management Act of 1976 provides the legal basis for the rule.

ic (SAFMC 1981), and

Sections 8.0, 9.0, 10.0, andllOofthxspmposedmanagemtplan.

Cost Analysis :
Refer to the summary Section 13.9 of the RIR and the summary of government costs Section
13.10 within the RIR. '

. isive Eff Analvsi
The industry is composed entirely of small businesses (harvesters and fish houses). Since
no large businesses are involved, there are no disproportional small versus large business effects.

Idensification of Overlapping Regulat
“The proposed action does not create overlapping regulations with any state regulations or
other Federal laws.

Conclusion
Catch and total revenue from fishing for white shrimp following a winter freeze are expected

to be considerably greater with concurrent closures compared to no action. Some shrimp fishing
firms in the south Atlantic fleet are presently experiencing poor economic returns (marginal firms).
Marginal firms that count on roc white shrimp fishing for a significant portion of their revenues may
be impacted such that they cannot meet their financial and business obligations and thus face default.
The ability of these firms to find alternative fishing opportunities during closures will ultimately
determine whether these firms are able to persevere until fishing for white shrimp begins after the
closure. In aggregate, however, closures are expected to increase total revenues compared to no
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action and stabilize employment in the shrimp fishery by decreasing the variability of shrimp catches
over time. A more detailed treatment of these issues can be found in the RIR. In South Carolina and
Georgia where closures are more likely to be enacted when freezes occur, fish houses specializing in
shrimp normally purchase shrimp from shrimp fishermen and then head and pack the shrimp before
selling it to large-scale buyers. These fish houses will forfeit white shrimp sales during closures as
well as the sales of support services to vessels that normally would be fishing for roe shrimp if a
closure had not been enacted. Increased shrimp catch in the fall will create larger revenues for fish
houses compared to no action, but handling and processing costs may also increase if the shortened
season stresses the capacity of the processing/distribution sector. A more detailed treatment of these
matters can be found in the RIR.

20.0 LOCATION AND DATES OF PUBLIC HEARINGS

December 9, 1991 Cocoa Beach Hilton, 1550 N. Atlantic Ave., Cocoa Beach, FL
December 10, 1991 Holiday Inn-Oceanfront, 1617 N. First St., Jacksonville Beach, FL
December 11, 1991 Glynn Mall Suites Hotel, 500 Mall Blvd., Brunswick, GA
December 11, 1991 Carteret Community College, 3505 Arendell St., Morehead City, NC
December 12, 1991 New Hanover County Courthouse, 320 Chestnut St., Wilmington, NC
December 12, 1991 Best Western Sea Island Inn, 1015 Bay St., Beaufort, SC _
December 13, 1991 South Carolina Wildlife and Marine Resources Dept., Ft. Johnson:
Rd., Charleston, SC -
February 26, 1992 Hyatt Regency Savannah; Two w. Bay Street, Savannah, GA
January 4, 1993 South Carolina Wildlife and Marine Resources Dept., Ft. Johnson
Rd., Charleston, SC
January §, 1993 Holiday Inn-Oceanfront, 1617 N. Fu'st St., Jacksonville Beach, FL
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Table 1. A summary of monthly growth rates for P. setiferus. (Source:

SAFMC 1981).

Investigator Average Growth Method
; Per Month
Lindner and Anderson (1956) 30 mm Tagging 100 mm shrimp
Pearson (1939) 20 mm Aquarium growth of juveniles
Gunter (1950) 30 mm Length-frequency studies of
field samples, juveniles
Williams (1955) 36 mm Length-frequency studies of
field samples, juveniles
Johnson and Fielding (1956) 57 mm Pond growth, juveniles
Loesch (1965) 13-27 mm Length-frequency studies of
. winter field samples, juveniles
18-31 mm Length-frequency studies of
summer field samples, :
juveniles
65 mm | Length-frequency studies of
spring field samples, juveniles
Joyce (1965) 33 mm Comparison of sizes of largest
animals, juveniles.
Harris (1974) 30 mm Length-frequency studies in
July-August field samples,
78 mm
22 mm Length-frequency studies of
August-September field '
samples
Gaidry (1974) 14-15 mm Length-frequency studies of
winter field samples, 60-80
mm
Klima (1974) 29 mm Tagging 117 shrimp
Bishop and Shealy (1977) 25-30 mm Length-frequency studies of
field samples, juveniles
Farmer, et al., (1978) 20 mm Length-frequency studies of
March and April field
samples, 95 mm
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Table 2. Summary of P. aztecus growth rate results for various studies.
Growth rates were converted to mm/day if originally reported in other units.

(Source: SAFMC 1981).

Investigator Average Growth Method
: Per Day
(Total Length)

Williams (1955) 0.8-154 mm Length-frequency studies of
field samples, 20-120 mm

St. Amant et al., (1966) 0.7 - 1.7 mm Length-frequency studies

and modal) of
‘ field samples, 23-125 mm
Loesch (1965) 1.0-12 mm Length-frequency studies of
samples, juveniles-
o subadults

McCoy (1968) 1.0 mm Mark-recapture, 115+mm

Jacob (1971) 1.32 mm Length-frequency studies
(largest) of field samples, 12-
145 mm
Mark recapture, 45- 84 mm

Knudsen et al., (1977) 0.53 - 0.87 mm
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Table 3.  Length-weight equations for P. setiferus, P. a. azetecus, and P. d.
dourarum. W = weight (g), TL = Total Length (mm) CL = Carapace Length
(mm). (Source: SAFMC 1981).

Species - Sex Equation No. Measured Source
P. setiferus male W = 2,02 x 10-671.3-261 ' 970 Fontaine and Neal (1971)
female W =232 x 10-6TL3234 1,120 Fontaine and Neal (1971)
combined W =2.16x 10.6TL3247 2,090 Fontaine and Neal (1971)
P.a. aztecus!  combined W =8.12 x 10-6T1.3-02 2,104 McCoy (1968)
male W = 11.61 x 10-67L2911 1,396 Fontaine and Neal (1971)
female W =9.53 x 10-6TL2966 2,016 Fontaine and Neal (1971)
combined W = 10.52 x 10-6T1.2.938 3412 Fontaine and Neal (1971)
male W = 8.19 x 10-6TL.2-%4 259 McCoy (1972)
female W = 1.13 x 10-6TL.2-84 243 McCoy (1972)
P.d.duorarum! combined W =103 x 10-5TL298 2,641 McCoy (1968)
male W = 10.02 x 10-611.2.967 . 1,173 Fontaine and Neal (1971)
female W = 593 x 10-6TL3.092 2,125 Fontaine and Neal (1971)
combined W = 7.71 x 10-6T0.3.029 3,298 Fontaine and Neal (1971)
male W = 1.48 x 10-3TL2.77 297 McCoy (1972)
female W = 2.09 x 10-3TL2-66 503 McCoy (1972)

1 Conversions of CL to TL obtained from North Carolina shrimp (McCoy 1972) are: P. a. aztecus male TL = 3.50 = 4.16 CL, female
TL = 10.50 + 3.83 CL; P. d. duorarum male TL = 12.37 + 3.81 CL, female TL = 21.90 + 3.40 CL.
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Table 4.

Comparison of
P. setiferus, P. a. azetecus,

instantaneous rate of mortality (in weekly values) for

and P. d. dourarum. (Source: SAFMC 1981).
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Species Natural Monality Fishing Montality Total Mortality Source

P. setiferus 0.08 0.06 - 0.19 0.14 - 0.27 Klima and Benigo (1965)
0.04 -0.12 0.10 - 0.13 0.16 - 0.22 Klima (1974)
0.21 -0.56 0.02 - 0.25 0.24 - 0.80 Phares (1980)

P. a. aztecus 0.21 0.06 027 Klima (1964)
. - 0.99, 1.24 McCoy (1968)
0.36 0.21 0.57 McCoy (1972)
0.22, 0.33 0.05, 0.11 027, 043 Purvis and McCoy (1974)

" P.d.duorarum  0.55 0.96 0.71 - 1.51 Kutkuhn (1966)

0.08 - 0.12 0.12 -0.18 0.25 Lindner (1966)
0.02 - 0.06* 0.16 - 0.23 0.22-027 Berry (1967)
0.08 - 0.11* 0.03 -0.07* 0.11 -0.18* Costello and Alien (1968)
0.01 - 0.03 0.02 -0.16 0.07 - 0.16 Bexry (1972)
- .  0.32-035 Purvis and McCoy (1972)
0.28 0.34 0.61 McCoy (1972)

* Adjusted by Berry (1970)



Table §. Shrimp landings (heads on) by species for combined South Atlantic
states for 1957-91. (Source: Fishery Statistics of the U. S., NMFS, and States).
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YEAR WHITE BROWN PINK ROCK
571 14,712,461 9,740,164 2,157,243 NA
58| 11,092,893 9,189,603 823,467 " NA
59| 12,823,217 9,434,893 2,061,216 NA
60| 18,788,016 9,038,236 1,226,496 NA
61| 14,033,378 2,495,614 1,747,822 NA
62] 12,133,840 11,532,694 2,246,510 NA
63 7,268,926 7.646,291 554,339 NA
64 8,119,217 7,089,616 1,948,048 NA
65| 16,304,005 8,126,345 1,687,237 NA
66 9,162,164 11,604,450 531,230 NA
67{ 10,902,104 7,978,838 1,579,998 NA
68f 16,945,887 5,919,510 1,337,930 NA
69l 16,914,732 8,570,168 1,698,021 NA
70] 12,491,819 7,133,124 860,584 NA
711 18,810,304 9,764,458 1,814,656 NA
72] 16,635,560 7,725,422 788,277 NA
73] 18,241,500 4,502,900 1,518,395 NA
74] 13,375,345 11,088,656 2,118,261 NA
75| 15,910,990 6,713,349 2,015,874 NA
76| 14,370,316 9,651,432 1,815,048 ‘NA
77 4,961,115 10,605,268 801,227 NA
78 8,913,478 6,601,646 561,297 1,864,033
791 17,014,249 6,643,381 1,775,764 5,853,409
80| 14,255,717 13,368,442 1,573,926 3,862,293

I 81 8,367,526 4,372,667 871,121 3,119,195
82| 10,517,276 8,915,451 1,749,785 5,268,093
83| 12,404,793 6,711,871 2,699,625 4,878,041
84 4,088,105 7,209,256 1,391,292 6,867,240
85 7,727,811 16,318,704 1,438,953 1,848,595
86| 10,968,861 8,702,924 2,101,628 3,441,855
87| 13,086,952 3,024,169 3,139,447 5,094,174
88} 10,909,691 8,143,448 2,929,585 3,152,385
' 89 13,851,605 9,231,743 3,393,081 9,183,413
. | 90 12,613,723 8,734,294 1,651,188 8,595,453
91| 18,272,539 10,680,481 2,699,144 3,050,103
57-91
AVE 12,771,146 8,405,986 1,697,363 4,719,878 *78-90 ave
|box indicates freeze year 1



White Shrimp landings (heads on) by species for combined South

|box indicates freeze year

130

Table 6.
Atlantic states for 1957.91. (Source: Fishery Statistics of the U. §.,
States). ' .
YEAR NC SC GA FLEC TOTAL

57 648,583 3,900,934 6,576,861 3,586,083 14,712,461

58| 78,477 2,249,989 4,727,212 4,037,215 11,092,893

59 112,361 4,095,348 5,216,225 3,399,282 12,823,217

60 359,746 5,158,065 7,573,674 5,696,531 18,788,016

61 156,349 2,769,849 5,706,930 5,400,250 14,033,378

62 50,424 2,861,469 5,523,192 3,698,755 12,133,840

63 0 282,860 3,495,723 3,490,344 7,268,926

64 . 15,782 794,657 3,913,569 3,395,220 8,118,217

65 871,400 4,292,015 6,646,212 4,494,378 16,304,005

66 409,635 799,911 4,256,283 3,696,334 9,162,164

67 197,085 1,732,120 4,824,792 4,148,107 10,802,104

68 129,066 4,777,083 7,805,991 4,233,748 16,945,887

69 269,987 4,585,000 7,546,430 4,513,315 16,914,732

70 367,820 3,082,664 4,975,150 4,066,185 12,491,819

71 588,271 7,999,371 7,709,590 2,513,072 18,810,304

72 1,571,139 5,837,570 5,553,705 3,673,146 16,635,560

73 1,796,405 6,536,872 7,639,590 2,268,633 1 8,241,500

74 195,411 5,351,021 5,812,399 2,016,515 18,375,345

75 628,166 6,473,724 6,745,243 2,063,857 15,910,990

76 383,566 5,858,674 5,888,469 2,239,607 14,370,316

77 8,869 669,087 2,991,786 1,291,373 4,961,115

78 40,654 2,561,146 4,359,238 1,952,440 8,913,478

79 236,160 5,235,053 7,920,692 3,622,344 17,014,249

80 567,489 4,395,248 6,222,753 3,070,227 14,255,717

R 81 11,366 1,593,165 4,018,171 2,744,824 8,367,526
82 172,697 3,397,868 4,904,916 2,041,795 10,517,276

83 450,305 3,585,574 5,962,712 2,406,202 12,404,793

84 97,035 513,667 1,609,312 1,868,091 4,088,105

85 44,666 652,390 4,528,191 2,502,564 7,727,811

86 112,063 3,339,146 5,480,518 2,037,134 10,968,861

87 290,001 4,651,656 5,927,412 2,217,883 13,086,952

88 83,583 2,668,534 5,714,233 2,443,341 10,909,691

89 695,502 5,098,423 5,614,467 2,443,213 13,851,605

| 90 1,149,207 4,208,303 5,117,243 2,138,971 12,613,723
91 1,410,993 6,837,507 7,165,012 2,859,027 18,272,539

57-91

AVE 405,722 3,681,313 5,590,682 3,093,429 12,771,146

‘NMFS and



Table 7. . Brown Shrimp landings (heads on) by species for combined South

Atlantic states for 1957-91. (Source: Fishery Statistics of the U. S., NMFS and

States). :
YEAR NC SC GA FLEC
57| 4,792,371 2,323,444 1,468,471 1,155,877
58/ 1,516,393 3,220,750 3,398,517 1,053,943
59| 3,920,914 2,919,946 1,824,539 769,495
60| 4,128,674 2,303,411 2,051,671 554,479
61 968,285 848,259 559,984 119,087
62] 3,509,871 3,612,666 2,958,377 1,451,780
63] 2,819,651 1,917,838 1,892,719 1,016,082
64 2,326,357 1,834,302 1,966,591 962,366
65| 2,857,557 2,502,629 1,937,440 828,719
66/ 4,758,268 3,463,488 2,218,237 1,164,457
67| 3,142,585 2,356,037 1,813,475 666,741
68| 3,162,011 1,550,580 729,433 477,486
69| 5,887,227 1,232,014 900,721 550,206
70| 3,831,761 1,868,276 1,020,421 412,666
71 5,111,811 2,753,251 1,152,836 746,560
72| 3,203,847 2,246,790 1,704,196 570,589
73] 1,696,660 1,719,267 608,157 478,816
74| 6,132,690 2,077,977 1,414,905 1,463,084
75| 2,578,038 2,380,937 1,295,992 458,381
76] 4,489,759 2,763,003 1,883,169 515,501
77] 4,999,192 3,280,296 1,595,785 729,995
78| 2,479,863 2,420,160 1,241,579 460,044
79| 3,142,761 1,882,467 1,157,064 461,089
go| 7.863,807 2,783,439 1,813,348 907,848
| 81 1,831,907 1,328,817 692,152 519,791
82| 5,263,879 1,874,914 1,186,351 590,307
83| 3,030,727 1,776,356 1,301,928 602,860
84| 3,662,603 1,815,438 1,193,868 537,347
85| 10,377,162 2,693,466 1,999,815 1,248,261
86| 4,118,661 2,723,698 1,298,935 561,630
871 1,104,847 1,038,644 479,352 401,326
88| 5,315,539 1,626,473 655,454 545,982
: g9} 5,080,971 2,134,401 1,307,806 708,565
| 90| 5,147,228 1,575,974 1,151,699 859,393
91 6,772,056 2,337,335 1,099,599 471,491
57-90
AVE 4,029,312 2,205,336 1,456,417 714,921

Ibox indicates freeze year
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TOTAL
9,740,164
9,189,608
9,434,893
9,038,236
2,495,614

11,532,694
7,646,291
7,089,616
8,126,345

11,604,450
7,978,838
5,919,510
8,570,168
7,133,124
9,764,458
7,725,422
4,502,900

11,088,656
6,713,349
9,651,432

10,605,268
6,601,646
6,643,381

13,368,442
4,372,667
8,915,451
6,711,871
7,209,256

16,318,704
8,702,924
3,024,169
8,143,448
9,231,743
8,734,294

10,680,481

8,405,986



Table 8. Pink Shrimp landings (heads on) by species for combined South ,
Atlantic states for 1957-91. (Source: Fishery Statistics of the U. S., NMFS, and*
States). ‘ :

YEAR NC sc GA FLEC TOTAL
57] 2,118,722 9,120 24,770 4,632 2,157,243
58 813,074 0 10,394 0 823,467
59| 2,060,976 0 240 0 2,061,216
60| 1,226,496 0 0 0 1,226,496
61] 1,747,822 0 0 0 1,747,822
62| 2,244,342 0 0 2,168 2,246,510
63 554,339 0 0 0 . 554,339
64] 1,936,688 0 11,360 0 1,948,048
65| 1,687,237 0 0 0 1,687,237
66 529,392 0 1,838 0 531,230
67| 1,579,158 0 0 840 1,579,998
68| 1,324,648 6,080 0 7,202 1,337,930
69| 1,697,003 0 0 1,018 1,698,021
70 854,776 0 1,240 4,568 860,584
71| 1,914,656 0 0 o 1,914,656
72 788,277 0 0 .0 788,277
73| 1,511,318 0 0 7,077 1,518,395
74| 2,112,112 0 0 6,149 2,118,261
75| 1,957,416 11,458 0 47,000 2,015,874
76| 1,769,419 31,587 0 14,042 1,815,048
77]° 592,272 47,394 6,714 154,848 801,227
78 440,413 11,877 25,498 83,510 561,297
79| 1,558,913 4,438 13,336 199,077 1,775,764
go| 1,371,190 9,951 18,128 174,657 1,573,926

1] 711,384 13,083 16,141 130,513 871,121

82| 1,590,733 17,922 26,931 114,199 1,749,785

83| 2,633,067 6,557 9,800 50,201 2,699,625

84| 1,277,111 29,001 6,521 78,659 1,391,292

85| 1,254,851 39,079 33,821 111,202 1,438,953

86| 1,904,050 20,460 43,653 133,465 2,101,628

87| 3,018,230 15,106 17,549 88,562 3,139,447

88| 2,711,655 40,935 42,147 134,848 2,929,585

89| 3,146,334 12,845 23,967 209,935 3,393,081

[_so0| 1.502,300 1,034 12,144 135,710 1,651,188

81| 2,547,989 3,996 20,867 126,292 2,699,144
57-91

AVE 1,619,668 9,483 10,487 57,725 1,697,363

|box indicates freeze year
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Table 9. Rock and Royal Red Shrimp landings (heads on) by species for
combined South Atlantic states for 1978-91. (Source: NMFS and States).

Rock shrimp landings (lb-head on) by South Atlantic state for 1978-91.
(Source: NMFS and States)

FLEC

YEAR _NC SC GA TOTAL
78 0 110,033 44,439 1,709,561 1,864,033
79 -0 754,149 621,739 4,477,521 5,853,409
80 5,010 26,127 339,297 3,496,869 3,862,293
81 0 10,686 187,935 2,920,574 3,119,195
82 -0 9,504 616,412 4,642,177 5,268,093
83 1,181 9,670 425,549 4,441,641 4,878,041
84 9,414 792,427 655,640 5,408,759 6,867,240
85 6,748 16,240 546,601 1,279,006 1,848,595
86 27,664 9,873 348,217 3,056,101 3,441,855
87 3,558 764 847,886 4,241,966 5,094,174
88 28,413 1,690 442,613 2,679,779 3,152,395
89 125 10,759 867,844 8,304,685 9,183,413
90 40,724 7,827 593,110 7,953,792 8,595,453 -
91 9,895 0 330,350 2,709,858 3,050,103

78-91
AVE. 9,481 125,689 490,545 4,094,521 4,719,878

|box indicates freeze year |

Royal red shrimp landings (heads on) for Florida east coast for 1986-91.
(Source: FMR! and NMFS

YEAR NC sc GA FLEC TOTAL
86| 84,698 84,698
87 117.066  117.066
88 138.094  138.094
89 218.455 218,455
90 278.438  278.438
91 205.090 205,090

86-91
AVE 0 0 0 173,640 173,640
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Table 10. Estimated wetlands acreage remaining (in thousands of acres), by
Atlantic coast state as derived from the National Wetland Inventory Program.
(Source: DOC 1987).

State Salt Marsh Fresh Marsh Tidal Flats Swamp Total

North Carolina 158.8 92.0 N/A 2,107.5 2,358.3
South Carolina 369.5 64.5 N/A NA 434.0
Georgia 3743 4 315 9.5 286.0 701.3
Florida 95.9 3834 N/A 259.0 7383
South Atlantic Total 4,231.9

N/A - not available.

Table 11. Number of proposed projects and acres of habitat by South Atlantic
state proposed for dredging, filling, draining, and impounding based on NMFS
habitat conservation efforts from 1981-1985. (Source: Mager and Thayer
1986).

Number of Acreage Acreage Acreage Mitigation
' permit proposed by NMEFS did not potentially recommended
State applications applicants obiject to conserved by NMFS
FL 1,806 5879 2,846 3,033 1241
GA 194 1,106 204 902 247
sC 576 5.610 450 5.160 109
NC 547 3,119 1,673 1,447 576

SA Total 3,123 15,714 5,173 10,542 2,173

Table 12. Coastal wetlands by estuarine drainage area in the south Atlantic.
(Source: NOAA 1991a). ‘

(Acres X 100)

Estuarine Drainage Salt Marsh? Fresh Marsh®  Forested and ScrubP Tidal FlauP Towl®
Ares*

1 Albemarle/Pamlico Sounds (8) 1,576 (14) 365 3) i 9,062 (80) 311 3) 11,314
2 Bogue Sound (65) 211 (22) 11 (1) 616 (64) 118 (12) 956
3 New River (46) 41 (16) 5(2) 203 (81) 45 (1) 252
4 Cape Fear River (13) 90 (6) 97 (6) 1,291 (86) 20(1) 1,498
S Winyah Bay (30) 124 (2) 308 (5) 5,472 (93) 6 (0) 5910
6 North and ,

South Santee Rivers (88) 129 (7) 174 (9) 1,613 (84) 1(0) 1,916
7 Charleston Harbor (10) 268 (14) 169 (9) 1,540 (78) 8 (0) 1,985
8 St. Helena Sound (100) 916 (21) 3210 3,036 (71) 25 (1) T 4,299
10 Savannah Sound (100) 322 (11) 141 (5) 2428 (84) . 9 (0) 2,900
11 Ossabaw Sound (82) 245 (10) 40 (2) 2,282 (89) 4 (0) 2,571
12 St. Catherines/

Sapelo Sounds (29) 352 (40) 46 (5) 461 (53) 13 (2) 872
13 Altamaha River (35) 0 81 (7) 976 (86) 2 (0) 1,138
14 St Andrews/

Simmons Sounds (66) 1,134 (20) 157 (3) 4,420 (77) 59 (1) 5. 771
15 St Marys R./Cumberland Sound  N/A N/A N/A N/A N/A
16 St. Johns River (96) 168 (2) 2,646 (25) 7,665 (73) 2 (0) 10,481
17 Indian River (95) , 24 (2) 591 (57) 368 (36) 45 (4) 1,028
18 Biscayne Bay (79) 104 3) 1,556 (41) 2,059 (55) 49 (1) 3,769
South Atlantic Total 66,666 (11) 6,743 (11) 44,615 (76) 747 (1) 58,770

2. Values in parentheses represent the percent of county grid sampled by NOAA. Areas with less than 100 percent coverage
may not be completely mapped by the U. S. Fish and Wildlife Service.
b. Values in parentheses represent the percent of total Estaurine Drainage Ares wetlands grid sampled by NOAA.
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Table 13. Marpol Annex V- Garbage disposal restrictions. (Source: DOC
1988c¢). :
GARBAGE TYPE ALL VESSELS EXCEPT PLATFORMS OFFSHORE PLATFORMS
AND ASSOCIATED VESSELS AND ASSOCIATED VESSELS
: Outside Special Areas In Special Areas® _
Plastics- including synthetic = Disposal prohibited Disposal prohibited Disposal prohibited
ropes, fishing nets, and :
plastic bags
Floating dunnage, lining, Disposal prohibited Jess  Disposal prohibited Disposal prohibited
and packing materials than 25 miles from
nearest land ’
Paper, rags, glass, metal Disposal prohibited less Disposal prohibited Disposal prohibited
bottles, crockery, and than 12 miles from
similar refuse nearest land
Paper, rags, glass, eic., Disposal prohibited less Disposal prohibited Disposal prohibited
comminuted or ground® than 3 miles from
nearest land
Food waste not comminuted Disposal prohibited less Disposal prohibited less Disposal prohibited
or ground than 12 miles from than 12 miles from
v nearest land nesrest land
Food waste comminuted Disposal prohibited less Disposal prohibited less Disposal prohibited
or ground® than 3 miles from than 12 miles from
nearest land nesrest land
Mixed Refuse Varies by component? Varies td Varies by component?

2 Includes all fixed or floating piatforms engaged in exploration or exploitation and associaled offshore processing of
seabed mineral resources, and all vessels alongside or within 500 m (1/3 mile) of such platforms.

b The Mediterranean, Baltic, Red and Black seas, and Persian Gulf.

¢ Must be able to pass through a screen with a mesh size no larger than 25 mm.

d When substances having different disposal or discharge requirements are mixed, the more stringent disposal requirement

shall apply.
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Table 14.

Southeastern Atlantic states.

LAWS OR

vi.

Restrictions on Gear eor
Method

A. Geners|
B. Mesh Size, Minimum

C.  Net Restrictions
(1) Channel Nets

(2) Seines

(3) Cast Nets

(4) Dip or drop nets,
bridge nets.

(5) Butterfly, float nets.

(6) Shrimp Trawie

D. Catch Limis

Trawling Sesson(s)

Trawling Aress, Legel

Shrimp Count Law
{Minimum)

Bait Shrimp Trawling

LLegal most areas.

Legal, ail wasers open
bo shrimp trawiing.

all weters open o
hrimp trawling. 100
person per day in
arsas.

No ruies.

n afess open to
hrimp trawiing.

L egal in open aress (no
pestrictions, except
mesh size).

by Division and based
shrimp size and
nce of juveniles of
her species of economic
rmpornance.

ied by reguiation

rawling prohibited
one hour after
® Sat. 10 one hour
sunset Sun.

Stwop netting Wegal.
Seinss - 1° strerched.

;
j
h

i |f
i i
i

s
i

1
s
i

it

limit is 48 qt. (heads on).

Oftshore - May 15 - Dec.
31, (Commission may
open or cose any area by
discretion). Winyah and
N. Samee Bays may be
opened by Commission.

Two bays. ofishore waters
only.

No provisions.

No speditic provisions;
trawling illegal in
restricied aress.

Night trawiing ilegal
172 houyr aher sunset 0
12 hour before sunrise.

136

in recom years. Six
sounds are Intrequently
apenad on a condiional
basis.

45/B. heads-on
{50/, Jan., Feb.)

(To open).

Legal in designased zones.
Recreational - 10" trawi
(max.). Commercial
20" trawl {max.).

Night trawiing illegal,
for commercial food

shrimping 8 pm 10 5 am .
EST.

Summary of shrimp management laws and regulations for the

$twp netting legal.

Minimum mesh only pertains

0 inakie COLREGS:

Shrinp trawis- 1 1/2° body,
1 16" bag in Northeast region
for dead production

Not aliowsbie gesr.

Beach or hawi seine no gremer
than 100 t in length, for
recrestional uss only; legal
in cenain areas only

Legal in most inside waters;
no size bmit;
recloational use only.

Landing or dip net with an
OpeRing no larger than 98
inches around the perimeer;
recreational use only,

Laga! for live bakt, in Volusia
County, prohiblled between
March 1 and June 30, not
tishad under power; legal for
food production in SE Region-
no larger than 28 fest around
parimetef, RO More than two
nets per vessel

Legal in cpen areas. o size
lierits outside COLREGS:;
inshore regional configuration
restrictions; minimum mesh:
1 W2 body, 1 14" bag.

None for cormmercial; S ga!
heads on ShAMP Per person
or vessel per day.

Florida East Coast Shrimp Bed
ciosed to power trawling for
food shrimp between April 1
and June,

Specific areas ciosed
permanently to harvest by
QOar typs and user group.

47 heads on/70 taile per
pound- 1000 shrimp only.

Logal in most open waters,
under permit requirerments
and spedilic areal gear
restrictions. Minimum mesh
for live balt shrimp irawis-
1 1/4" body, 1"bag.

Uniawiul to catch shrimp by
uvse of trawi nets during night
hours except during June,
July, and August.



Table 15. Number of North Carolina licensed vessels indicating shrimp trawl use for
1982-1991. (Source: NCDMF)

CHARTERBOAT FULL TIME PART TIME PLEASURE TOTAL

COMMERCIAL COMMERCIAL :
# % # % # % # %.
82 1,758 20% 2,931 34% 4,047 46% 8,736
83 1,726 21% 2,634 32% 3,866 48% 8,325
84 2 0.03% 1,694 22% 2,632 34% 3,316 43% 7,644
85 4 0.05% 1,894 23% 2,540 31% 3,656 45% | 8,094
86 .3 0.04% 2,069 25% 2,510 31% 3,620 43% 8,082
87 1,879 26% 2,274 31% 3,166 43% 7,319
88 1,929 28% 2,005 29% 2,867 42% 6,801
89 2 0.03% 2,008 30% 1,910 28% 2,874 42% 6,789
90 2 0.03% 1,966 30% 1,832 28% 2,786 42% 6,576
91 : 2,280 32% 2,008 28% 2,812 40% 7,100
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Table 16. Number of -South Carolina shrimp trawl licenses from 1960-91.
(Source: SCWMRD). '

| FISCAL YEAR

JULY 1-JUNE 30 RESIDENT NON-RESIDENT TOTAL
1960 - 1961 : 287 134 421
1961 - 1962 281 89 370
1962 - 1963 305 156 461
1963 - 1964 269 97 366
1964 - 1965 221 111 332
1965 - 1966 251 116 367
1966 - 1967 271 97 368
1967 - 1968 294 196 490
1968 - 1969 , 321 166 487
1969 - 1970 365 | 251 - 616
1970 - 1971 368 211 579
1971 - 1972 491 A 356 847
1972 - 1973 ‘ 573 . 305 878
1973 - 1974 667 389 1056
1974 - 1975 624 | 336 960
1975 - 1976 689 302 991
1976 - 1977 838 291 1129
1977 - 1978 593 196 789
1978 - 1979 693 311 1004
1979 - 1980 944 454 1398
1980 - 1981 1084 418 1502
1981 - 1982 742 312 1054
1982 - 1983 828 393 1221
1983 - 1984 885 465 1350
1984 - 1985 608 206 814
1985 - 1986 644 192 836
1986 - 1987 633 285 918
1987 - 1988 655 323 978
1988 - 1989 630 254 884
1989 - 1990 586 - 311 897
1990 - 1991 579 378 957
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Table 17a. Historic Georgia commercial shrimp trawler license d

ata from 1979.

91. (Source: GDNR).
Length
Category 79-91
(feet, lom)|1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 *19090 19951 AVG
<20 511 458 227 317 345 167 212 171 127 87 93 83 98 224
20 - 29 284 226 114 169 199 104 148 119 81 100 92 54 79 137
3 - 3 64 59 42 42 52 as 45 54 58 57 46 32 29 48
40 - 49 87 85 59 74 69 54 64 79 51 59 56 46 56 65
50 - 59 128 124 93 96 96 73 84 89 80 92 80 68 84 91
60 - 69 219 203 141 153 166 139 154 183 133 147 126 108 126 154
70 - 79 135 155 76 96 107 738 81 101 93 102 106 97 110 102
80 - 89 7 11 6 9 ] 5 1§ 18 11 3 11 4 9 9
90 - 99 0 1 0 0 1 1 0 0 0 0 3 0 0 0
>100 0 ) 0 0 0 0 0 0 2 2 1 1 1 1
Unknown 36 3s 7 3 2 4 17 10 12 7 5 4 5 12
Total 1471 1360 765 958 1046 658 820 819 658 666 619 497 597 841

Table 17b. Georgia commercial shrimp trawler license summary for 1991-92

license year. (Source: GDNR).

Length Live Food
Category Commercial Balt & Balt
(fest, loa) FL GA sC NC UNK Food Total GA Total

<20’ 0 96 2 0 0 98 36 134
20 - 29 0 77 2 0 ] 79 26 105
30 - 39 3 24 9] 2 0 29 0 29
40 - 49' 2 38 4 10 2 56 0 56
50 - 59 7 64 7 6 0 84 0 84
60 - 69' 16 86 12 11 1 126 0 126
70 - 79' 26 58 14 11 1 110 4] 110
80 - 8¢9 0 5 0 4 o} 9 o ]
g0 - 99 0 0 0 0 0 0 0 0
» or = 100 0 1 0 0 0 1 0 1
Unknown 1 3 1 0 0 5 0 5

0
Total 5§55 452 42 44 4 597 62 659
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Table 18.

(Source: FMRI).

Number of active Florida east coast shrimp

COMMERCIAL RECREATIONAL
INDIVIDUAL VESSEL TOTAL TOTAL
1986 107 45 152
1987 159 98 257
1988 185 90 275 267
1989 308 143 451 536
1990 214 85 299 647

trawlers from 1986-90.

Active Florida east coast shrimp trawilers In the white shrimp and balt shrimp
filshery from 1986-90. {Source:

1986
1987
1988
1989

1990

LICENSES
146
332
322
458
328

WHITE SHRIMP
TRIPS
4,056
4,054
4,413
4,556
5,279

FMRI).

140

LICENSES
65

163

202

295

149

BAIT SHRIMP
TRIPS NUMBER
5,382 33,323,500
6,010 32,663,000
5,725 36,298,600
5,278 28,225,500
4,125 21,908,100



Table 19. Number of -permitted fisherman using shrimp trawis in each south Atlantic
state from 1950-1989. (Source: Fishery Statistics of the U.S. [1950-76] and NMFS
[1977-89]).

North South Florida
Year Carolina Carolina Georgia (east coast) Total
1950 2,201 453 613 518 NP
1951 1,942 977 660 418 NP
1952 1,938 694 563 5§73 NP
1953 2,136 - 718 502 744 NP
1954 1,963 575 506 587 NP
1955 1,766 730 587 508 NP
1956 1,824 826 ' 713 783 NP
1957 1,817 989 793 907 3,807
1958 1,380 951 1,096 1,080 3,723
1959 1,509 812 1,106 1,034 3,821
1960 1,875 819 953 982 3,667
1961 1,407 702 1,092 1,000 3,534
1962 1,410 740 1,177 889 3,569
1963 1,349 665 1,156 813 3,368
1964 1,361 503 1,104 676 3,119
1965 1,314 489 1,095 661] 3,075
1966 1,313 442 1,079 697 3,099
1967 1,241 476 1,076 633 2,904
1968 1,126 633 1,139 612 2,957
1969 1,171 718 1,219 543 3,048
1970 1,326 642 1,003 527 3,004
1971 1,500 874 1,277 559 3,731
1972 1,638 938 1,231 491 2,988
1973 1,856 993 1,218 465 3,811
1974 1,878 1,164 1,406 392 3,283
1975 2,032 1,218 1,530 349 4,340
1976 2,011 1,162 1,562 429 4,456
1977 1,649 921 896 454 3,549
**1978 1,345 1,221 1,105 549 3,389
1979 2,380 1,416 - 1,427 931 5,125
1980 2,571 1,323 1,282 1,368 5,610
1981 2,876 1,026 884 1,147 5,388
1982 3,182 1,298 999 971 5,684
1983 3,099 1,295 1,199 877 5,780
1984 2,901 785 965 888 5,087
1985 3,333 792 843 895 5,312
1986 3,815 1,089 1,178 750 6,069
1987 3,078 - 1,240 968 899 5,442
1988 3,327 1,231 1.014 765 5,676
1989 2,980 1,229 841 893 5,300

*includes fishermen from both documented and non-documented vessels
**Florida and, therefore, total South Atlantic figures are estimated
NP = not published
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Table 20. Season comparisons of participation, effort, and catch parameters in the
South Carolina recreational white shrimp fishery. (Source: SCWMRD).

Permits
% active permits
Assistants/permit
Participants
Season trips/permit
Effort (trips)
Quarts whole shrimp/trip|
Million pounds of
whole shrimp
Pounds/permit
Pounds/participant
Percent of total fall
shrimp harvest

1987 1988 1989 1990 1991
NA 5,509 6,644 9,703 12,005
NA 92 82 94 89
NA 2.50 2.14 2.79 2.24

21,735 17,749 17,171 34,662 34,821
NA 6.99 5§.73 7.78 6.56

40,101 . 35,609 31,624 71,183 71,034
29 22 27 26 21

1.80 1.16 "1.25 2.75 2.14

211 188 283 178
83 65 73 79 62
29 32 24 41 29
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Table 25. White shrimp reported commercial landings (Ib whole) for known .
distribution in state and EEZ waters. (Source: NMFS, NCDMF, and GADNR).

JOTAL TOTAL OF STATE % OF EE2 % OF

. UNKNOWN UNK % KNOWN KNOWN KNOWN KNOWN KNOWN
YR ST DISTRIBUTION OF TOTAL INSDE 0-3nm STATE DISTRIB. TOTAL JOTAL
78 NC 40,854 0 40,854 100% 0%
7% N 238,181 0 236,161 100% 0%
80 N 563,004 4,484 567,488 9% 1%
81 N 11,987 0 11,367 100% 0%
82 N 171,330 1,348 172,608 9% 1%
83 K 450,221 84 450,308 100% 0%
84 NC 91,508 5,437 97,038 94% 6%
85 NC 44,888 0 44,066 100% 0%
86 NC 112,083 0 112,063 *100% 0%
87 N 288,344 . 4,857 290,001 98% 2%
88 NC 83,489 04 . 83,888 100% 0%
89 NC 695,502 0 698,502 100% 0%
90 N 1,149,207 0 1,149,207 100% 0%
90 N 1,410,004 0 1,410,004 100% 0%
78 £ NA NA NA
79 &£ 4,402,005 0 4,492,908 100% 0%
80 < 4,256,974 11,005 4,268,060 100% 0%
g1 £ 1,887,088 7.441 1,504,408 100% 0%
82 £ 9,408,807 2,267 9,408,084 100% 0%
83 £ 9,408,103 . 80,471 3,585,574 28% 2%
84 £ 500,501 18,188 513,867 7% 3%
85 £ 639,282 13,138 652,390 8% 2%
86 £ 3,201,288 47,881 3,399,148 9% 1%
87 £ 4,478,318 176,340 4,851,688 98% 4%
88 < 2,683,383 8171 2,680,854 100% 0%
8 £ 4,447,183 673,733  5,120.91¢ 87% 13%
g0 < 4,208,408 T 1,808 4,208,308 100% 0%
g1 < 6,804,880 152,62¢ 6,837,506 98% 2%
°78 **GA 598 0% 51,501 2,741,083 2.792,504 1,224,380 4,016,875 70% 30%
79 GA 0 0% 88,533 1,300,820 1,389,162 6,831,631 7.820,893 1% 82%
80 GA 378.070 8% 82.858 2,113,049 2,195,707 3,850,977 5,846,604 3% 62%
81 GA 530.066 13% 68,147 1,089,200 1,057,955 1,530,749 3,488,105 56% 44%
82 GA 858.801 18% 94,012 2,807,482| 2,801,474 1,144,842 4,048,316 72% 28%
83 GA 1,024,008 17% 407.279 2,898,195 3,405,474 1,533,303 4,938,868 69% 31%
84 GA 248,682 15% 5,698 747,017 752,718 607,915 1,960,830 55% 45%
85 GA 1,035,206 23%| 706,170  2,201,613] 2.907,783 585,202 3,482,988 83% 17%
86 GA 3,262,903 80% 340,643 1.504,748| 1,845,391 372,224 2,217,815 83% 17%
87 GA 4,788,140 81% 64,121 845,599 909,720 228,552 1,138,272 80% 20%
88 GA 4,594,693 79% 235,625 829,272| 1,084,896 177,189 1,242,085 88% 14%
**°g9 GA 4,033,258 74% 146,699 . 923,821 1,070,520 324,508 1,995,028 7% 23%
*reg0 GA 4,695,703 82% 68,823 351,758 420,580 1,387 421,017 100% 0%
***91  GA 4,493,616 95% 68,836 94,902 163,738 77,375 241,113 68% 32%
786 R NA NA NA
79 AR NA ’ NA NA
80 FL NA NA NA
81 FL 2,651,777 93,098 2,744,875 7% 3%
82 R 1,527,444 514,408 2,041,852 75% 25%
83 FL 2,257,982 148,270 2,406,252 94% 6%
84 FL 1,793,863 74,275 1,068,138 8% 4%
85 F 2,437,477 65.133  2,502.610 7% 3%
86 AR 1,845,980 191,208 2,037,185 91% 9%
87 FHR 2,015,686 202,243 2,217,929 21% 8%
88 FL- 2,424,430 166,126 2,590,556 94% 6%
89 FL 2,213,015 230.244 2,443,259 - 1% 9%
90 FL 1,656,195 616,219 2,172.414 76% 24%
91 FL 1,801,126 967,901 2,859,027 68% 34%

*May-December only
**Georgia dats in fishing season; State and EEZ totais based on percentage of known distribution
***preiiminary data
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Table 26. Brown shrimp reported commercial landings (Ib whole) for known

distribution in state and EEZ waters. (Source: NMFS, NCDMF, and GADNR). :

~ TOTALOF _ STATE % OF

TOTAL EEZ % OF

UNKNOWN UNK % KNOWN KNOWN KNOWN KNOWN KNOWN

YR ST DISTRIBUTION OF TOTAL INSIDE _ 0-3nm STATE DISTRIB. TOTAL TOTAL
78 N 2.249.717 230,145 2.479.882 1% ”%
7% N 3,111,979, 31,636 3,143,815 0% %
80 N 7.880,722 3,085 7,883,807 100% %
81T N 1,831,908 0 1,831,808 100% o
82 K 5.247,47¢ 0 6.247,47¢ 100% o
83 K 3,010,872 20,085 3,030,727 9% ”
84 N 3,875.27¢ 87,327 3,862,808 8% %
85 NC 10,284,109 93,053 10,377,162 290% %
86 N 4,082,084 38,807 4,118,881 0% . %
87 K 1,102,142 2,705 1,104,847 100% o%
88 N 5.207.383 18,158 5,315,539 100% %
89 N 5,080,871 0 5,080,971 100% "%
90 N 5,148,317 0 5,148,317 100% %
81 N 6.772,058 0 6.772.058 100% %
78 S NA NA NA
7% SC . 1,540,741 0 1,540,741 100% o%
80 < 2,888,938 10 2,688,948 100% (. 3
81 1.326.814 1,014 1,327,828 100% o%
82 < 1,880,582 0 1,880,832 100% o
83 & 1,778,388 "0 1,778,988 100% %
84 S 1,811,780 3,658 1,815,458 100% %
85 S 2,876,564 16,002 2,803,486 0% b, 3
86 S 2,718,244 4,484 2,723,608 100% %
87 £ 1,033,042 4,702 1,098,644 100% o%
a8 £ 1,628,788 688 1,628,473 100% %
89 SC 2,134,728 708 2,195,430 100% %
90 £ 1,875,974 . 1,875,974 100% o%
91 S 2,312,583 24,773 2,337,338 0% 1.3
**78 °GA 0 % 0 966,844 966,844 260,830 1,236,683 7% 2%
79 GA 0 0% 0 412,606 412,808 744,458 1,157,064 ¥B% 64%
80 GA 122,874 ™ 0 874,462 874,462 816,012 1,600,474 52% 8%
81 GA 81,347 12% 0 527,003 527,003 83,802 610.805 8% 14%
82 GA 208,123 10%) 6.762 891,180 897,952 80,278 978,220 2% ”%
83 GA 278.322 21% 100 991,863 991,983 31,643 1,023,808 7% ™%
84 GA 235,310 20% 0 873,757, 873,757 84,802 958,559 1% ”%
85 GA 395.944 20% 12,368 1,076,642| 1,080,010 514,860 1,803,871 8% 2%
86 GA 550,652 42% 0 693,177 693,177 55,108 748,283 3% %
87 GA 352,720 74% 4,592 118,554 123,148 3,486 126.831 9% %
88 GA 557,007 5% 4,413 92,778 97,191 1,256 98,447 9% %
**89 GA 1,025,242 78%) 0 278,918 278,916 2.834 281,750 9% %
**90 GA 970,328 84% 0 181,371 181,371 0 181,371 100% %
**91 GA 673.143 0% 0 9.719 9,719 44 9.783 100% %
78 REC NA NA NA
79 AEC NA NA NA
80 FLEC NA NA NA
81 ALEC 503,481 16,325 519,806 7% %
82 FLEC 547,925 42,399 590,324 8% P
83 RAEC 583,148 19,724 602,872 97% ™%
84 RALEC 528,008 8.366 537,384 28% 2%
85 RALEC 1,229.485 18,797 1,248,282 8% 2%
86 FLEC 544,146 17.504 561,650 ™% »
87 AEC 398,940 2.398 401,338 0% 1%
88 FLEC 545,148 8582 546.000 100% %
89 REC 696,143 12,437 708,580 98% 2%
90 AEC 556,002 307.486 863,488 4% B%
91 REC 338,753 132,738 471,491 % 2%

‘May-December oniy

**Georgia data in fishing season; State and EEZ totais based on percentage of known distribution

***preiiminary data
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Table 27. Pink shrimp reported commercial landings (1b whole) for known:

distribution in state and EEZ waters. (Source: NMFS, NCDMF, and GADNR).

TOTAL TOTAL OF STATE% OF EE2 % OF
UNKNOWN UNK % KNOWN KNOWN 1IONOWN KNOWN KNOWN
YR ST DISTRIBUTION OF TOTAL INSIDE 0-3nm STATE DISTRIB. TOTAL TOTAL
78 N 435,624 4,790 440,414 0% %
7% K 1,516,192 42,723 1,558,815 % %
80 N 1,350,822 20.670 1,371,182 8% 2%
81 N 711,388 0 711,386 100% %
82 N 1,883,622 21,087 1,584,589 0% ™~
83 N 2,818,783 14,204 2,833,087 9% "~
84 N 1,128,745 148,388 1,277,111 ”% 12%
85 N 1,211,837 43,094 1,254,851 7% %
86 IC 1,882,204 21,846 1,004,050 0% %
87 N 2,080,832 28,208 3,018,230 0% "~
88 KN 2,688,581 43,074 2,711,855 0% %
89 N 3,133,539 12,795 3,148,334 100% %
90 KT 1,402,802 101,189 1,504,081 "% ™
91 K 2,514,528 89,461 2,547,989 9% %
78 S NA - NA NA
79 & 8,508 0 8,508 100% o%
80 S 9,123 43 9,188 100% %
81 S 8,534 4,498 13,082 5% 5%
82 S 17,062 0 17,882 100% %
83 S 6.501 56 6.557 90% %
84 S 20,823 are 29,001 0% %
85 SC 38,808 5.519 44,215 8% 12%
86 S 18,078 4,384 20,480 % 21%
87 < 10,238 4,088 15.108 0% 0%
ss S 17,041 23,894 40,9935 2% 8%
88 £ 11,800 1,256 12,885 0% 0%
90 £ 488 578 1.098 “% 8%
91 S 3,882 114 3,996 7% ”
*78 ""GA 0 0% 0 286 206 24,571 24,858 % 29%
79 GA 0 0% 0 1,208 1,208 12,043 13,336 10% 90%
80 GA 0 % 0 1.570 1.570 23,432 25,002 "% %
81 GA 906 o%| ] 5478 5,478 9.7587 15,235 B% 64%
82 GA 459 2% 0 6.077 6.077 20,397 26,474 2% ™
83 GA 947 10% 0 474 474 8,382 8,856 ”% 95%
84 GA ] % 0 674 674 5,851 6,525 10% 90%
85 GA 2.286 ) 200 0 200 31,336 31,536 ~ 99%
86 GA 0 0% 0 184 184 43,472 43,656 % 100%
87 GA 3,794 2% 0 0 0 13,758 13,758 % 100%
88 GA 13,114 31% 0 491 491 26,542 20,034 2% 0%
*ec89 GA 936 % 0 0 0 29,827 20.827 0% 100%
*erg0 GA 0 o% 0 0 0 12,144 12,144 0% 100%
***91 GA 5,125 0% 0 0 0 7.817 7.917 0% 100%
78 FLEC NA NA NA
79 RAEC NA NA NA
80 FLEC NA NA NA
81 AEC 749 129,784 130,533 % 99%
82 AEC 0 114,224 114,224 0% 100%
83 RAEC 4,997 45,222 50,219 10% 90%
84 ALEC 21 78,650 78,680 % 100%
85 FLEC 3,187 108,036 111,223 % ™%
86 FLEC 1,755 131,737 133,492 1% 9%
87 AEC 7.388 81,221 88,588 % 2%
88 FLEC 17,840 117,029 134,669 13% 7%
85 FLEC 2,190 207,766 209,956 % 9%
50 REC 3,005 136,453 139,458 2% 90%
91 AEC 1,424 124,868 126,202 % 09%

‘May-Decemper only
**Georgia data in hshing
***preliminary data

season; State and EEZ totals based on percentage of known distribution
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Table 28. Number and race distribution of commercial shrimp fisherman, South
Carolina, 1980. (Source: SAFMC 1981)

Qwner Captain Non-Owner Captain - Toml
No, % Na. % No. %
White 929 93.7 395 84.6 1324 90.8
Negro 5 58 68 14.6 125 8.6
Others 5 0s 4 08 9 0.6
Total 99] 100.0 467 1000 1458 1000

Table 29. Number and age distribution of commercial slmmp fisherman, North
Carolina, 1980. (Source: SAFMC 1981).

Age .

No % No., % No, %
<20 2 21 0 0.0 2 1.1
21-25 4 4.1 2 2.6 6 34
26-30 13 134 3 38 16 9.1
31-35 10 10.3 5 64 : 15 8.6
3640 17 17.5 6 17 23 13.1
4145 13 134 9 115 22 12.6
46-50 14 144 8 10.3 22 12.6
51-55 10 10.3 9 115 19 109
56-60 3 3.1 11 14.1 .14 8.0
61-65 6 6.2 10 12.8 16 9.1
66 _and over S 5.2 15 19.3 20 11.5
Total 97 100.0 78 100.0 175 100.0
Average (vrs) 42.6 52.3 46.9

Table 30. Years of education of commercial fisherman, North Carolina, 1980.
(Source: SAFMC 1981).

Education
No. % No, % No. %

1-5 8 8.2 7 9.1 15 8.6
6-8 25 25.8 13 16.9 38 218
9-12 50 51.5 34 442 84 48.3
13-16 ' 12 124 18 234 30 17.2
16-19 2 2.1 5 6.4 7 4.1
Total 97 100.0 i 100.0 174 100.0
Average (vrs) 10.1 10.5
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"Table 31. Number and age distribution 6f commercial shrimp fisherman, South
Carolina, 1980. (Source: SAFMC 1981).

Owner-Captain ~ Non-Owner Captain

Age

No. % No, % No, %
<20 11 1.1 2 4.7 33 2.2
21-25 66 6.6 82 17.4 148 10.0
26-30 134 13.4 84 17.8 218 14.8
31-35° 163 16.3 67 14.2 230 15.6
36-40 172 17.2 55 11.7 227 15.4
41-45 143 14.2 52 11.0 195 13.2
46-50 134 13.4 33 7.0 167 11.3
51-55 83 8.3 36 7.6 119 8.1
56-60 49 4.9 23 4.9 72 4.9
61-65 28 2.8 11 2.3 39 2.6
66 and over 18 1.8 6 1.3 24 1.9
Total 1001 1000 4N 100.0 1472 100.0

40.2 36.3 39.0

Average (yrs)
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Table 32. Number and age distribution of commercial shrimp ﬁsherman,
Georgxa, 1980. (Source: SAFMC 1981).

Age No. %
<1 12 2.9
21-25 | 41 9.9
26-30 51 | 12.3
31-35 52 12.6
36-40 | 84 203
41-45 ' 54 13.0
46-50 36 8.7
51-55 40 9.7
56-60 26 6.2
61-65 9 2.2
66 and over 9 . 2.2
Total 414 100.0
Average (yrs) 39.1

Table 33. Characteristics of trawler captains by mobility class in South Atlantic
states, 1976. (Source: SAFMC 1981).

Characteristics | ____Mobility Class
I . )1 m v All Class

n=176 n=91 np=29 n=35 n =301
Age (yrs) : 43 42 40 33 42
Years of Formal Education 10 11 11 12 10
Years of Commercial Fishing
Experience 19 22 - 19 14 21
Percent of Captains with

Non-Fishing Employment 50 13 21 0 35
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Table 34. Unemployment rates* for coastal counties in South Atlantic states.

1970’s 1990
N.C. 7.6% 5.9% 6.5%** 4.8%
S.C. 6.2% 5.0% 5.8% 5.6%
Ga. 5.9% 5.1% - 5.7% 6.8%
FlL 5.8G%%** 6.0% 59%*** 5.8%

* (Source: 1970’s figures calculated from (1) North Carolina Statistical Abstract, Division of State Budget and
Management, North Carolina State Govemnment, 1979 (data for 1977); (2) South Carolina Statistical Abstract,
1980, the S.C. Division of Research and Statistical Services. S.C. State Government, 1980 (data for 1979); 3)
1980 Georgia Statistical Abstract College of Business Administration, University of Georgia (data for 1974); @)
1980 Florida Statistical Abstract, Burean of Economic and Business Rescarch, University of Florida, 1980 (data
for 1979). 1990 data from 1990 Census of Population and Housing Summary; Social, Economic and Housing
Characteristics: Georgia, Florida, North Carolina, and South Carolina).

»* Excludes N.C. coastal counties from the Albemarie region (Tymrell, Washington, Bertie, Chowan, Perquimans,
Pasquotank, Camden, and Currituck counties) due to lack of shrimping activity in that area.

=*=Includes only East coast counties.
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Table 35. Occupational distribution and length of captsin’s non-fishery
employment, 1976. (Source: SAFMC 1981).

Mobiliry Class
I I IO

Number of captains in sample 176 91 29

Number of captains with | .

non-fishery employment 88 12 6

Professional and technical worker 4 1 0

Managers and administratars 5 0 0 0

Blue collar-craftsmen, skilled

workers etc. 51 4 5 0

Sales and clerical worker 7 0 0 0

Self-employed 1 4 0 0

Laborers and others 10 3 1 0

Average length of non-fishery

employment for those working

outside the fishery (months) 8 6 4
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Table 36. Distribution of primary occupation of commercial fisherman, North
Carolina, 1980. (Source: SAFMC 1981).

Primary Occupation

Full-Time Captain  Part-Time Captmn
No, % No,

R

2,
o

Total

Fishing

Boat Building & Repair
Marine Transportation

Other Maritime related
Farmers :

Teachers, except College and
University

Former members of the
Ammed Forces

Managers and Administrators
Real Estate brokers & agents
Machinists ‘
Sheetmetal workers & tinsmith
Current member of Armed
Forces

All Others

N O NNNNW W WA

w
w
(=
w
(=)

[ ]

N NNNRA A Ates
-0 WO

NS NSNS - e

IS
o

[y
o
w

NW W WaLW

VN DN

w

N
D —

U

S bbbbae O Gwwyle

Total

97 100.0 75

8
(=

172

:
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Table 39. Respondent vessel Charac;eristics (1987).

MEAN __STND. DEV HIGH JLOW NUMBER
VESSEL LENGTH (ft) 60 11 80 37 61
HORSE POWER 286 82 450 120 60
YEAR BULLT 1970 10 1985 1941 54
MARKET VALUE(1987%)  $89,000 $49,000 $225,000 $8,000 61
PURCHASE PRICE $87,000 $56,000 $275,000 $7,500' 56
Table 40. Respondent operator/effort characteristics (1987).

MEAN STND. DEV HIGH LOW __ NUMBER
PERCENT HOUSEHOLD
INCOME FROM SHRIMPING 75% 28% 100% 20% 51
NUMBER CREW 1.6 0.56 2 | 0 53
DAYS SHRIMPING 120 63 250 0 47
IN SOUTH CAROLINA |
DAYS SHRIMPING 75 75 300 0 52
IN OTHER STATES
DAYS FISHING FOR 8 30 200 0 51
OTHER SPECIES
VESSEL OWNER YES 82% - NO 18% 60 responses

. OPERATED
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‘Table 41. Respondent variable and fixed cost estimates (annual 1987).

MEAN STND. DEV HIGH LOW __NUMBER
FUELANDOIL $11,000 $8,020 $50,000 $2,500 49
ICE $3,140 $2,815 $15,800 $400 48
ENGINE MAINTENANCE $3,620 - $4,470 - $22,800 $0 50
AND REPAIR '
TRAWLING GEAR $1,365 $1,905 $7,700 $0 51
REPAIR .
HULL REPAIRS $2,960 $3,420 $15,800 . $0 50
INSURANCE $2,480 $3,420 $8,200 $0 S1
(annual premium) : » , .
INTEREST PAYMENTS $2,540 $3,340 $8,700 $0 49
MISC. SUPPLIES $3,465 $3,460 $14,900 $500 50
GROCERIES $1,735 $1,185 - $3,500 $200 | 50
WORK RELATED $1,080 $1,000 $2,900 $100 49
TRAVEL EXPENSES *
PACKING AND $2,030 $3,270 $12,500 $0 48
HEADING EXPENSES
MOORING AND $335 $830 $3,100 $0 49
DOCKING FEES.
PROFESSIONAL FEES $590 $980 $4,700 $0 48
(lawyers, tax prep.) ~
OTHER MISC. FEES $120 $330 $1,400 $0 48
PERMIT FEES $240 $250 $700 $0 50
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Table 42. Respondent landings, price estimates and revenue and net revenue
calculations (annual 1987). :

| MEAN STND. DEV HIGH  LOW _ NUMBER
SHRIMP LANDINGS 24,100 14,575 59,100 8,500 32
(pounds, heads off)
PRICE PER POUND $3.20 $0.80 $4.75 $1.50 40
(average across counts) :
TOTAL SHRIMPING $74,030 $35,135 $147,750  $22,500 29
REVENUE (1987) '
NON-SHRIMP $1,450 $2,075 $2,800 $0 34
REVENUE . |
NET REVENUES (1987) $38,750 $35,900 $75200  -$1,400 29
(before taxes to vessel
crew and captain)
NET RETURNS TO

VESSEL (rents) (1987) $11,865 $10,450 ~ $30,457 -$20,850 29
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Table 43.

White shrimp commercial landings (heads on for closure months for the
South Atlantic for 1978-90. (Source: 1978-89, NMFS and 1990, State).

POUNDS CLOSURE PERCENT OF
NORTH SOUTH TOTAL TOTAL ANNUAL

Year CAROLINA  CAROLINA GEORGIA FLORIDA SOUTH SOUTH
Jan thru May  Jan thru May  Mar thru May Apr thru May | ATLANTIC ATLANTIC

l 78 0 4,150 6,493 33,934 44,577 0.50%

79 2,875 124,195 772,644 175,779 1,075,493 6.32%

80 19,604 178,046 823,894 236,415 1,258,859 8.83%

| 81 -0 16,034 5,490 46,765 68,289 0.82%

82 1,112 26,694 595,267 185,079 808,152 7.68%

83 3,323 330,200 473,237 111,973 918,733 7.41%

84 24,6812 76,397 15,389 32,908 149,304 3.65%

‘ 85 0 4,795 55,164 121,838 181,787 2.35%

86 32 43,631 613,139 180,437 837,239 7.63%

87 1,456 372,084 635,587 155,817 1,165,844 8.81%

88 105 183,687 305,126 95,255 584,173 5.35%

89 0 191,301 772,178 218,508 1,181,986 8.53%

Y 0 668 17,014 127,222 144,904 1.10%
DOLLARS CLOSURE PERCENT OF

NORTH SOUTH TOTAL TOTAL ANNUAL

Year CAROLINA  CAROLINA GEORGIA FLORIDA SOUTH SOUTH
Jan thru May  Jan thru May _ Mar thru May Apr thru May | ATLANTIC ATLANTIC

I 78 $0 $6,567 $13,076 $558,268 $577,911 2.97%

79 $10,269 $310,817 $2,505,895 $561,346 $3,388,327 7.27%

8O $54,823 $350,086 $1,802,429 $129,779 $2,437,117 7.97%

81 $0 $26,696 $16,181 $641,358 $684,235 3.51%

82 $4,275 $116,091 $2,210,560 $417,647 $2,748,573 7.86%

83 $12,971 $929,558 $1,847,106 $113,128 $2,902,763 7.81%

84 $90,820 $176,675 $57,423 - $321,688 $646,606 5.80%

85 $0 $12,042 $150,346 $596,685 $759,973 3.81%

86 $27 $111,649 $2,213,361 $495,443 $2,820,480| 8.55%

87 $4,693 $1,060,041 $2,058,865 $333,779 $3,457,378 10.78%

88 $299 $250,715 $1,127,409 $644,236| $2,022,659 6.91%

8% $0 $547,849 $2,362,445 $329,505 $3,239,799 10.61%

90 $o $1,147 $54,026 $1,497,973 $1,553,146 4.64%

|box indicates freeze year ]
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Table 44. Linear specification of regression (dummy variable = landings =
freeze year).

par. est, std. error I for Ho
intercept 6,811,607 1,356,125 5.02
dummy 6,832,888 1,472,237 4.64

CONFIDENCE INTERVAL: x % Z .2 6An

ilOTS X+ : 6,811,607 + L}iﬁ.:}z.’!_(l.ﬂﬁ) + 1_412527_(1.26) + 6,832,888
32 32 -
| " =6811,607 + 469,873 + 510,104 + 6,832,888
14,624,472
for

XSH: 681,607 - 1.35_6.525_(1.26) + 6832888 - 1.51202310.261
32 | 32

=6.341,733 + 6,322,783
=12,664,517

CONFIDENCE INTERVAL: 12,664,517 < U < 14,624,472
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Table 4S.

shrimp in southeast estuaries. (NOAA 1991b).

Spatial distribution and relative abundance of white, brown, and pink

Southeast Estusries
AR II Pamiico/ -| Cape
Pamiico Neuse | Bogue New
. S Sound | Sound m River Sound River ;:"
‘SpododeoSq. TM®*ITMS[TM *ITM *ITMSITMS|ITM S
Pink shrimp ; o ej®j |O o
Penaeus J| |o ele| O ° oje| |oje]| |o|®
duoranim L ole| |o|e] |oje
E
| White shrimp Al O ol|of |O (@
s .
Penaeus Jjole| |vielo} |o o olo] lojolviole
setherus Llole elo 0 olo] lolo| lojo
E
Brown shrimp A (@] o|e e e
S ‘ !
Penaeus JIV|O e|e e oje o|e o|® ®|e
aztecus L o|o o clo| |lo|®| |o|®
E .
TM*|TMSITM *ITM *ITM S M SIT M §
. Pamiico/ Cape
Albemarie| Pamiico Neuse | Bogue New
Sound | Sound :::‘:: River Sound River ;w.:rr
Southeast Estuaries
Relative Abundance Salinity Zone Life Stage
e Highly Abundant T - Tidal Fresh A - Adults
Abundant M - Mixing S - Spawning adults
@] Common S - Seawater J - Juveniles
v Rare * - Seawater zone not present. L - Larvae
Blank Not Present E - Eggs
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(cont.) '
~ Table 45. Spatial distribution and relative abundance of white, brown, and pink
shrimp in southeast estuaries.

Southeast Estusries
Winyah snmas harieston Broad Ossabaw
Bay | jumes |"Haor | Sound | Rier | River | Sound
[Species/Lite Stage TMSTM‘TMGTHSTMSTMSTM
Pink shrimp A Jiol o Vi Ji¥] lolo JiY Jiv
s .
Penaeus J]| lojol |® olol |¥|Y] lojo] |o]o ooH
duorarm Ll lolo] o olol Iv|vl lole 3 3
E
White shamp AlYV OO ® 33 e 0|0 el o0
s .
possis  s|Jlolo| |o| | |o]o oio oio Ho olo|
L o0 r. o|e o\ e |0 010 o] (o]
E Jiv
Brown shrimp g 33 (@) e|e JIvl lolol lojo] |e|®
Penaeus J| |lele] |@ olel lole] |lele]| [o|O] |®|®
aztecus .| lej®@] |0 ole| lole| |oj®
E Jiv
TMSTM'TMSTMSTMSTMSTMS
N&S
Winyah CharlestonSt. H Broad vannah| Ossabaw
Bay S;:t.: Harbor | Sound ‘ River ‘S.Rmr Sound
Southeast Estusries
Relative Abundance Salinity Zone Lite Stage
e Highly Abundant T - Tidal Fresh A - Adults
@®  Abundant M - Mixing S - Spawning adults
) Common S - Seawater J - Juveniles
| Rare « . Salinity zone not present. L - Larvae
Blank Not Present E-Egos
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(cont.)

Table 45. Spatial distribution and relative abundance of white, brown, and pink
shrimp in southeast estuaries.

Southeast Estuaries
St Cathe/} Aamaha N"'";Ps:.m indian |Biscayne
| Sound Sound
[SpeciesiLife Stage T M S|T M 5|T M S|[T M S[° M §l° M S
Pink shrimp Al V]V V|V olo
s )
Penseus J (o] (o] viv ojojojoijo] |e|® e|e
duorarum L N | ro ol |eje]| |®|®
_ E
whesimp Al |@je] |o|e] |@|® vl Y)Y
S .
Penaeus J| lole| o0 |oj0j|®|®|® Joo Vi
setiferus .| lolol lolol lolo] |ele] |o|o] (YY)
| 3
Brown shrimp g eje| |[olo] |e|e Jivp [vY
Penaeus J eje] Ol0] |ejejvie|®] |O|O v
aztecus té ele| ool |V|V¥
T M STMGS|TMGS|TMS|°- M S|~ MS
St. Cath/ | Aamaha '”“""18&. Johns | Indian |Biscayne
Sapelo : St. Simon " :
Sound River Sound River Bay
Southeast Estuaries
. Relative Abundance Salinity Zone - Life Stage
@ Highly Abundant . T- Tidal Fresh A - Adults
® Abundant M - Mixing S - Spawning adults
O Common S - Seawater J - Juveniles
v Rare * . Salinity zone not present. L - Larvae
Blank Not Present E - Eggs
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Table 46. Temporal distribution of white, brown, and ink shri in
estuaries. (NOAA 1991b). ) ’ ’ p imp southeast

Southeast Estusries
Estuary Abemarie Sound Pamiico Sound  [Pamlico/Pungo Rivers
Month JFMAMJJASOND|JFMAMJIJASOND|JFMAMJJASOND
Species / Life Stage
Pink shrimp A — P c—3
S
Penaeus J .............. ! }oe sovend g
duorarum L . }
E
White shrimp A (- —]
' S
Penaeus J —
Ab
A
Brown shrimp ; —3 ' e S
Penaeus N e [ -
anecus L —
E
JFMAMJJASOND|JFMAMJJASOND JFMAMJJASOND
Albemarie Sound Pamiico Sound |Pamiico/Pungo Rivers
Southeast Estuaries
Relative Abundance Life Stage
EEE Highly Abundant g - Adults adults
. pnp— - SM'W
C—3 Common . L - Larvae
......... Ra'e E ° Eggs

Blank  Not Present
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(cont.)

Table 46. Temporal distribution of white, brown, and pink shritﬁp in southeast
estuaries.

: Southeast Estuaries
Month JEMAMJJASONDWFMAMJJASOND JEMAMJJASOND
SpoeiulthStloO .
_| Pink shrimp A s /.3
‘ s .
Penaeus J  — ] 41-_—_':—:14:::—:1
duorarum L (s (]
E
White shrimp A —
S
Penaeus J — — —
setiforus L — — —
E
Brown shrimp ‘s\ S _ |
Penaeus J ERE ===
aztecus L o= =
E .
JFMAMJJASOND|{UFMAMJJASOND JEMAMJJASOND
Neuse River Bogue Sound New River
Southeast Estuaries
Relative Abundance Life Stage
EEE Highly Abundant g .Asdm:n‘ng adults
jeoa ‘T“-*. - pa |
Abundant J - Juveniles
3 Common L-Léarvae
......... Rare E- ggs

Blank Not Present
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(cont.) . .
Table 46. Temporal distribution of white, brown, and pink shrimp in southeast

estuaries.

Southeast Estuaries
Estuary Cape Fear River Winysh Bay N&S Santee Rivers |
Month : JEMAMJJASOND|JFNAMJJASONDIVFMAMJJASOND
Species / Life Stage
Pink shrimp A - 3~ e T L
S .
Penasus J R -
duorarum L  aoo—
E
White shrimp A
S
Penaeus J
setiferus L
E
Brown shrimp g
Penaeus J
aztecus L
E
JFMAMJJASOND|UFMAMJJASOND|JFMAMJJASOND
Cape Fear River Winyah Bay N&S Santee River
Southeast Estuaries
Relative Abundance - Life Stage
BN Highly Abundant , g - gdults _ "s
— - Spawning adu
Abundant J - Juveniles
=3  common L - Larvae
......... Rare E = Eggs

Blank Not Present

169



(cont.)

Temporal distribution of white, brown, and pink shrimp in southeast

Table 46.
estuaries.
. Southeast Estuaries
Estuary Charieston Harbor | St Helena Sound Broad River
Month JEMAMJJASONDIFMAMJIJASOND|IJFMAMJIJASOND
Species / Life Stage
Pink shrimp A i - (-
()
Penasus J = y I e
duorarum L — seseressecosese —
E
White shrimp A o  —
s
Penaeus J _[
setiferus L [ m] (= -
E
Brown shriuip g T —
Penaeus J | ) -~
aztecus L - o O
E
JFMAMJJASONDIUFMAMJJASOND|JFMAMJJASOND
Charleston Harbor | St. Helena Sound Broad River
Southeast Estuaries
Relative Life Stage
B Highly Abundant g - Asdults
- Spawning adults
Abundant J - Juveniles
33 common L - Larvae
......... Rare E i Eg“
Blank  Not Present

170



(cont.) . ' . . . ;
Table 46. Temporal distribution of white, brown, and pink shrimp in southeast -

estuaries,

Southeast Estuaries
Estuary Savannsh River Ossabaw Sound bt Cath./Sspeic Sound
Month : JFMAMJJASOND|UFMAMJIASOND|JFMAMJIJASOND
Species / Life Stage
Pink ‘hnmp A v ecasssssensevssss pee  sessesses osssass § oo PUUSERUTD—
s sese SO0 SOease
Penaeus J| —— ——— c——
duorarum L
E S0 Socene
White shrimp A
S
Penaeus J |E
setiferus L
E
Brown shrimp g
Penaeus J |05l - - |
aztecus L -
E
JEMAMJJASONDIJFMAMJJASOND|JFMAMJJASOND
Savannah River Ossabaw Sound 1. Cath./Sapelo Sound
Southeast Estuaries
Relative Abundance ‘ Life Stage
EEE Highly Abundant g - g""“s o adults
- Spawning adu
_m Abundant J- Juveniles
T Common L - Larvae
......... Rare E - Eggs

Blank Not Prcspnt
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(cont.) ' :
Table 46. Temporal distribution of white, brown, and pink shrimp in southeast *
estuaries. : ‘ ,

Southeast Estuaries
Estuary Altamaha River 5t AndUSt. Sim Sound  St. Johns River
Month JEMAMJJASONDNFMAMJIJASOND|JFMAMJIJJASOND
Species / Life Stage
Pink shrimp A - .
- s oee
Penaeus N Bt — |- ﬂ’
duorarum L —— }
E .
White shrimp A
S
Penaeus J
setiferus L
E
Brown shrimp g
Penaeus J
artecus L
E
JFMAMJJASOND|JFMAMJJASONDNFMAMJJASOND
Attamaha River  [St. And/St. Sim. Sound  St. Johns River
Southeast Estuaries
Relative Abundance Life Stage
EEE Highly Abundant g-gdu's_ aduts
- Spawning adu
Abundant . J - Juveniles
T common L - Larvae
......... Rare E.Eggs

Biank Not Present
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(cont.) ,
Table 46. Temporal distribution of white, brown, and pink shrimp in southeast
estuaries. : A

Southeast Estuaries
Estuary indian River Biscayne Bay
Month - NEFMAMJJASONDWFMAMJJASOND
Species / Life Stage
Pink shrimp A
S
Penaeus J
duorarum L
E
White shrimp A
s
Penaeus J
setiferus L
E
Brown shrimp ’s‘
Penaeus J |C —
aztecus L — S
E
JFMAMJJASONDJFMAMJJASOND
Indian River Biscayne Bay
Southeast Estuaries
Relative Abundance - Life Stage
BB Highly Abundant A - Adults
Abundant 5 - Spawning adus
T3 Common L - Larvae
......... Rare E - Egos

Blank  Not Present
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b. Total Phosphorous (P)

Heavy Metals
a8 Arsenic(As)
b. Cadmium (Cd)
c. Copper (Cu)
e. Iron (Fe)
f. Lead (Pb)
g Mercury (Mg)

Chiorinated Hydrocarbons
a. Polvchiorinated
Biphenyls (PCBs)

b. Chlo;inated
hydrocarbons other than
PCBs (CHP)

Fecal coliform bacieria
(FCB)
Sludges (Shv)

Wastewater (WW)

Measure of all forms of phosphorus,
i.e., ortho and para-compouns.

A group of elements present in the
environment from natural and
anthropogenic sources that can
based on EPA standard methods that
messure environmentally available
“metals”.

A mixtre of hydrocarbons found in

petroleum comprised of hundreds of
chemical compounds.

A group of aromatic compounds of
two fused benzene rings and two or
more chlorine atorns: used in heat
exchange and insulating fluids.

Includes the chlorinated pesticides,
aromatic, and nonsromatic.

Enteric bacteria which enter water
in fecal material of human or animal
origin: presence of pathogens.

Solids or semi-solid materials
generated as a result of potable or
industrial water supply treatment,
sanitary or industrial wastewater
treatment, or flue gas scrubbing
using wet processes.

Water that has come in contact with
pollutants as a result of human
activities and is not used in a
product, but discharged as a waste
stream.

174

Table 47. Pollutants included in the National Pollutant Discharge
Inventory(NOAA 1985).
Pollutants “Definition Effects
Oxvgen-Demanding Materials Measure of organic material in a Can result in depletion of dissolved
Biochemical Oxygen Demand discharge that can be readily oXygen concentration: low
(BOD) oxidized through microbial concentration ¢an result in death to
Paniculaie Mater
Total Suspended Solids Measure of suspended solid Increases turbidity and botom
material. deposition: many toxic compounds
are bound 1o, carried by, and
deposited with TSS particles.
Nugrients
: Measure of all forms of nitrogen, N and P are major plant mutrients.
*. Toul Niogen () Le., nitrite, nitrate, ammonia-N, and Excessive amounts in water
organic forms. overstimulate plant growth; ’
resultant oxygen depletion may have

Jethal effects on marine organisms.

Can be toxic to marine organisms

and potentially 10 humans through

consumption of contaminaied water
and organisms.

Acute lethal and chronic sublethal
toxicity 1o marine organisms;
interference with cellular and
physiological processes, e.g.,
feeding and reproduction.

Toxic 10 marine organisms; highly
persistent; potential human
carcinogen through consumption of
contaminated water or organisms.

Varying degree of acute and chronic
aguatic toxicity, persistence, and
human carcinogenicty.

Main effects are on public health
and quality and safety of seafood.

May contain concentrated levels of
contaminants found in wastewater,
especially pathogens, heavy meuals,
and toxic organics, contaminants
found in flue gases.

May contain concentrations of
various pollutants or be
contaminated by heat, or when
discharged into marine waters the
extra influx of fresh water may
affect salinity gradients.



zo—-rr—%
oam o3

wmr

W o
»n O
3 3
v |

-----------

57596163 65676971 7375777981 83858789

Figure 4.
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South Atlantic shrimp landings by species for 1957-90.
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A- Towing boom or outrigger; B- towing boom topping stay; C- topping lift tackles; D or D-1.
towing boom outrigger back stay; E- towing boom outrigger bow stay; F- modified boom; G-
boom back stays- ratline structure; H- boom back stay plate on tramsom; J- boom topping lift
stay; K- single block tackle; L- single block tackle; M- trawl winch; N- heads, two on trawl -
winch; O- center drum for trynet warp; R- leading block for try met; S-.1, S-2, S-3- trynet lead
block; T- main fish tackle tail block; U-1, U-2, U-3- trynet lead block; any one may be used to
accord with selection of S-1, S-2, or S-3; V-.boom shrouds; W-.chain stoppers for outriggers.

Figure 5. Rigging arrangements for double-rig shrimp trawling (Adapted from
Kristjonsson, 1968 In: SAFMC 1981).

|
|

HALF WIDTH OF NET UNDER TOW:

APPROXIMATELY 20 FEET
CLEARANCE SPACE BETWEEN NETS

JRYNET

A
i

Figure 6. A diagrammatic representation of double-rig shrimp trawling
(Adapted from Kristjonsson, 1968 In: SAFMC 1981).
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Figure 7. Weekly white shrimp prices, Georgia, 1987 by count.
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Figure 8. Weekly white shrimp prices, Georgia, 1988 by count.
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Figure 9. Weekly white shrimp prices, Georgia, 1989 by count.
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Figure 10. Weekly white shrimp.prices, Georgia, 1990 by count.
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iPERCENTS IN DECIMAL FORM
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Figure 11. Percentage of catch < 30 count white shrimp 'in Georgia, 1987 by
week.
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Figure 12. Percentage of catch < 30 count white shrimp in Georgia, 1988 by
week.
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Figure 13. Percentage of catch < 30 count white shrimp in Georgia, 1989 by
week.
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Figure 14. Percentage of catch < 30 count white shrimp in Georgia, 1990 by
week. :
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APPENDIX 1

Commercial brown shrimp landings by state by month (1978-1991)
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APPENDIX II

Model for white shrimp landings for South Carolina
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Abstract. — A stock-recruitment reistionship (SRR) was developed for white shrimp Penaeus
setiferus in the central coastal ares of South Carolina. The SRR is 8 Beverton—-Holt-type curve for
which May and June commercial fishery landings represent stock and August-january landings
represent recruitment. A variabie, August salinity io Charleston Harbor, was selecied by the siepwise
regression process, and it was combined with the Beverion-Holt equation 10 produce a model that
exphinedu.s%oﬂhevarinioninAuant-Jnmhndinu.Theﬁulmoddmnudwm
a family of SRR curves in which each curve corresponded 10 & different salinity. This mode! was
sufficiently robust 10 forecast below-average, average, and above-average fall landings from readily
obtainable data collected in spring and summer. These findings support South Carolina’s existing
management strategy of protecting spring spewners as much as possibie afier severe winter weather

when the brood stock has suffered heavy monality.

In South Carolina, as in most other coastal states
in the southeastern USA, the commercial irawl
fishery for penaeid shrimps is composed of two
temporally segregaied fisheries for the white shrimp
Penaeus setiferus and the brown shrimp P. aztecus.
The primary fishery is for white shrimp, which
account for an average of about 60% of the annual
landings (McKenzie 1981). White shrimp are oc-
casionally caught in large quantities in May and
June. the primary spawning season. but the largest
landings occur from August to January (hereafier
referred 10 as the fall fishery) when the progeny of
the spring spawn are abundant. The majority of
.the large shrimp (=120 mm total length), which
are not capured by fishermen. move south along
the coast and small shrimp remain to overwinter
in the estuaries (Lindner and Anderson 1956;
Farmer et al. 1978). Annual commercial landings
vary considerably: the poorest harvests follow un-
usually severe winter weather, which results in the
nearly 1oual loss of locally overwintering brood
stocks (McKenzie 1981).

Shrimp landings have often been related 10 water
temperature. Williams (1969) found a highly sig-

' Contribution 272 from the South Carolina Marine
Resources Center.

nificant statistical relationship between the com-
bined shrimp landings of all shrimp species for
North Carolina, South Carolina, Georgia, and
Texas and heating degree-days (an index of cold
weather) for each area. Tumer (1977) found an
inverse relationship between shrimp yield (kg/
hectare) and degrees latitude. Hettler and Chester
(1982) noted that a causal relationship of temper-
ature 1o production (landings) was biologically ap-
propriate and that major variations in pink shrimp
P. duorarum in North Carolina are probably due
10 cold induced monality of overwintering shrimp.

Several researchers have linked rainfall and riv-
er discharge 1o shrimp landings. Hildebrand and
Gunter (1953) and Gunter and Hildebrand (1954)

" showed a relationship between annual harvest of

12

white shrimp in Texas and rainfall of the same
year and the two previous years. Barrett and Gil-
lespie (1973, 1975) and Barrett and Ralph (1976,
1977) noted that rainfall and discharge of the Mis-
sissippi River, along with water iemperature, were
imponant influences on commercial catches of
brown shrimp in Louisiana in May. They reasoned
that excessive rainfall and river discharge diluted
estuarine and nearshore waters below tolerance
limits of brown shrimp, thus limiting available
optimum nursery habitat. Browder (1985), using
multipie-regression analysis, found a strong pos-
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itive reiationship between quarterly landings of
pink:hﬁmpndawmterlevel(mindaof
freshwater runoff) of the previous quarter (3
months) for three quarters of the year.

Water salinity has been correlated with com-
mercial harvests of shrimp. Hunt etal. (1980) found
that salinity and water temperature in April and

‘May are imponant variables affecting brown
shrimp harvests in Pamlico Sound, North Caro-
lina. Production of brown shrimp in Louisiana has
been related 10 estuarine water salinity and 1em-

- perature (Ford and St. Amant 1971). McFariand
and Lee (1963) found that white shrimp and brown
shrimp could osmoregulate over a wide range of
salinities but that white shrimp seemed more tol-
erant of low salinities. Pond rearing studies have
shown that sslinity may be an important factor in
growth and survival of postlarval and juvenile
white shrimp (Hysmith and Colura 1976). Thus,
it is clear that environmental conditions influence
shrimp survival and growth and, ultimately, com-

Several studies have produced mathematical
models to predict shrimp harvest. Walker and Sai-
1a (1986) used environmental variabies to produce
harvest models for brown and white shrimps caught
off Texas and Louisiana. They reiated ocean cur-
rents, river discharge, water temperature, and sa-
linity to shrimp landings. Stepwise regression pro-
cedure was used to produce a relatively accurate
model (R? = 0.84) for white shrimp landings in
Louisiana (GMFMC 1980). This model included
May-August river discharge and an estimate of
commercial fishing effort. Staples et al (1984) de-
_ veloped catch-prediction models for Penaeus mer-
guiensis for the Gulf of Carpentaria, Australia.
Their best model, which was based on the sum of

. summer and autumn rainfall, explained 80% of
the catch variation of the fishery. Because onmly
rainfall daia availabie prior 10 the autumn harvest
were of predictive value, the model was not of
practical use. A second model was developed,
however, based on spring and summer rainfall,
and it could predict catch with a standard error of
+19% in a year of average rainfall.

An index of caich rates for postiarval shrimp
was used in some prediction models. Sutter and
Christmas (1983) produced a model for prediction
of the brown shrimp harvest in Mississippi waters
with multiple linear regression techniques. Their
three-variable model was relatively accurate, ac-
counting for 80% of the variability in brown shrimp
landings for several years. However, data from §
years (1967, 1975, 1977, 1979, and 1980) were

not included in the analysis because values for the
postlarval index were judged 100 low to be real-
istic. This index seriously limits the usefulness of
a forecast model in some years and can be very
expensive in terms of field and laboratory effort.
Berry and Baxter (1969) demonstrated that use of
a postlarval index was not effective in predicting
harvests of brown shrimp in the northwestern Gulf
of Mexico. .

‘We sought to develop 8 model to predict shrimp
landings in South Carolina because harvest fore-
Casts are important 10 user groups and can be used
to alter regulations. Commercial and recreational
interest-groups often ask for explanations as to
why shrimp stocks fluctuate. Understanding the
causes of stock variability allows managers 10 re-
spond to unsubstantiated claims (e.g., overhar-
vesting by recreational fishermen, overharvesting
of spawners, water pollution, nutrient overioad-
ing) from user groups that are concerned about
periodic declines in stock abundance. A model
that can explain major shifts in shrimp abundance
would be very useful in forestalling neediess reg-
ulstions and legisiation. Additionally, businesses
tied t0 the commercial and recreational fisheries
often request forecast information when planning
budgets and purchasing supplies for the ensuing
fishing season. Although most commercial fish-
ermen will fish regardiess of projections of stock
size, many will plan their fishing strategies (out-
of-state travel, targeting other species, purchase of
new gear, etc.) around production predictions.

The most useful model should be one that in-
corporates easily obtained data. Comparison of
postiarval catch rates, which are relatively expen-
sive data to obtain, with commercial landings in-
dicates little correlation, although very low catch
rates of white shrimp postlarvae precede poor har-
vests of white shrimp in South Carolina (J.. D.
Whitaker, unpublished data). Thus, the use of catch
rates of postlarvae in most years is considered im-
practical in a shrimp model. Environmental data,
however, are easily obtained and abiotic factors
affect growth and survival of shrimp. In this paper,
we present a model based on environmental vari-
ables and abundances of spawners to describe Au-
gust-January landings of white shrimp along the
central South Carolina coast.

Study Area :
.The South Carolina coast can be divided into
three distinct areas. The southern district has large
barrier islands and large open sounds with rela-
tively small freshwater tributaries. The central dis-
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trict, the area examined in this paper, is bordered
on the north by the Santee River and on the south
by the Edisto River. Like the southern district, the
central district has large barrier islands, but most
are separated by relatively small inlets. Charleston
Harbor is the only large, deep body of water in
the central district that is comparabie 1o the sounds
of the southern district. Charieston Harbor, how-
ever, typically has 2 much lower salinity than that
of the southern sounds {Ballentine 1972; Tiner
1977, Mathews et al. 1980). The northern district,
except for the Winyah Bay-Santee Bay area, has
very littie freshwater discharge, no large estuaries,
and relatively few shrimp. In a first attempt to
model shrimp landings for South Carolina, we lim-
ited our study to the central coastal area (Figure
1).

Data Sources

Dawua for water temperature and salinity were
obtained largely from the Tides and Water Levels
Branch of the National Ocean Survey Office (Na-

_tional Oceanic and Atmospheric Administration,
Rockville, Maryland). Temperature was measured
with a mercury thermometer and salinity was con-
verted from water density measurements obtained
with a hydrometer. These were recorded once dai-
ly, without regard to tidal stage, at the U.S. Cus-
toms House Wharf on Charieston Harbor. Total
number of observations per month usually ranged
between 15 and 25. Observations were rarely made
on weekends. A few data gaps were filled by in-

FiGure |.—Sampling locations for hydrological con-
ditions in Charlesion Harbor. The study area includes
the South Carolina coast between the Edisto and Santee
rivers.

s

cluding supplemental observations determined
with a mercury thermometer and induction sali-
nometer for sampies taken at the Marine Re-
sources Center of the South Carolina Wildlife and
Marine Resources Department (SCWMRD) at Fort
Johnson on James Island. Fort Johnson is about
3.2 km across Charieston Harbor from the pri-
mary observation site. Because of relatively large
semidiurnal tides averaging 1.6 m in Charieston
Harbor (NOAA 1985), water salinity can fiuctuaie
considerably, but temperature varies relatively lit-
tle during a single tidal cycle. Salinity observations
taken daily at the same tidal stage would have
provided a better indication of nontidally caused
fluctustions, but the month-long averages are ad-
equate as a relative index of overall conditions.
Salinities measured in Chariesion Harbor were
highly correlated with salinities measured in
smaller nearby creeks.

River discharge data came exclusively from the
Cooper River and was measured at the Lake Mar-
ion-Lake Moultrie diversion canal near Pineville,
South Carolina (USGS 1972-1986). This obser-
vation site is about 72 km inland from Chariesion
Harbor and was the most seaward observation site
available for the years included in this study. The
average daily flow rate of the Cooper River during
the period of the study was 423 m¥/s, the highest
discharge of any river in the central district (Ben-
nett et al. 1986). Other rivers within the central
district, including the Ashley River, are tidal and
drain relatively small coastal areas. The next high-
est average flow rates occurred in the Santee (96
m?¥/s) and Edisto rivers (76 m?/s);, these river
mouths are 68 km north and 56 km south, re-
spectively, of Charleston Harbor, at the bound-
aries of the central coastal district.

Rainfall data were recorded at the downtown
Charieston weather station, which is on the
Charlesion peninsula in Charieston Harbor. Being
centrally located in the coastal district, this loca-
tion should provide an index of coastal rainfall.
The Cooper River discharge should refiect the ef-
fects of upstate rainfall on estuarine salinity.

Landings data were collected by the Office of
Fisheries Sutistics of SCWMRD and were limited
to those from the central coastal district of South
Carolina for the months of August through Jan-
uary of the following year. Occasionally, white
shrimp caught elsewhere are landed in the study
areca. Our observations indicate such landings are
unimporiant. South Carolina fishermen typically
return 10 port daily and unload shrimp locally.
Although some vessels fish in other areas when
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catch rates are low, a nucleus of vessels remains
in the area year-round. Data for fishing effort were
not available 1o calculate catch per unmit effort
(CPUE) for the entire study period; therefore,
hndinpmundnthedepeudem\mhhlcin
our model. Examination of landings, CPUE data
formtyan(kilommperhouperay).md
numbers of commercial licenses suggest that fish-
in;eﬁ'oninSothamlimmdtoulhndinpm
directly related. Examination of recent CPUE dana
indicates that there is adequate effort 10 harvest
the availabie resource at or near the level of max-
imum exploitation every year (A. Applegate,
SCWMRD, personal communication). These ob-
servations suggest that the fishery is being fully
exploited and that landings are a reliable index of
stock size. Williams (1969) determined that total
landings in North Carolina could serve as a de-
pendent variable as well as his catch-effort index.

Mede! Development

There are several well-known linear regression
methods: multiple linear regression, all-possible-
subsets regression, and siepwise regression. Mul-
tiplerepeuionisnotminbleinthisusem
one does not know, a priori, what variables should
be included in the model. The all-possible-subset
regression was not used because the
number of possible variables greatly exceeded the
number of cases. We elected 10 use siepwise regres-
sion procedure, which examines the significance
of each variable at each step, selects the “‘best”
variable based on F-statistics, and deleies any pre-
viously selected variable subsequently found to be
insignificant (program 7R from BMDP 1983).

Peak immigration of postlarval white shrimp
into South Carolina's estuaries occurs from June
. through August (Bearden 1961). During these
months, juvenile shrimp are abundant in the tidal
streams, salt marshes. and other shallow estuarine
areas, where they grow rapidly (McKenzie 1981).
Therefore, we chose to examine environmental
data for the months of May through August. En-
vironmental variables considered for spring and
summer of 1970-1984 are monthly average water
temperature, monthly average salinity, total
monthly rainfall in Charleston, monthly average
river'discharge for the Cooper River, and 2-month
averages (May-June, June-July, July-August) of
water temperature and salinity.

Severe winter temperatures have been related
10 high monalities of overwintering white shrimp
in South Carolina and, less frequently, in Georgia
(McKenzie 1981; Daigle 1984). Experimental

%

TARLE }.—Mean catch rates of white shnmp dunng
1976-1977 in double-rigged 6.} -m botiom trawis towed
for 30 min at five locations in Charlesion Harbor. Weights
are for whole white shrimp. Dead shrimp (tnean number
per sampie) had been obviously dead before collection
and were in a siate of decomposition.

Mean aumber Mesn botiom

Live shrimp of dead wmperature
Dete (kg shnmp [y )
Dec 1.2 179 0 118
7.10 19.6 0 11.4
15, 16 239 0 12,
21,22 70 ‘0 9.5
. 29,30 336 0 9.4
Jan 4.5 5.0 0 8.5
1213 23 0 2.2
17,18 03 34 8.6
26,27 0 18 s9
Feb 1.2 0 4.0 6.4
7 0 0 6.7
14.18 0 0 9.5
23.24 0 0 10.8

sampling during the severe winter of 1976-1977
showed a decline in weekly catch rates with de-
creasing water temperature and zero catch rates in
the spring (Tabie 1). Sampling during other un-
usually cold years has provided similar results.
Following severe winters (1976-1977, 1977-1978,
1980-1981, 1983-1984), South Carolina’s fall
landings were 12-43% of the 19701984 average.
We believe that severe winters deplete the spring
spawning stock and contribute to poor recruitment
and low fall landings. Lindner and Anderson (1956)
reported that there were few adult white shrimp
along the South Carolina and Georgia coasts dur-
ing spring following the severe winter of 1939~
1940. South Carolina’s white shrimp landings in
1940 were 46% of the previous 2-year average, a
decrease that Lindner and Anderson attributed to
cold kill of overwintering shrimp and few retum-
ing migrant shrimp. White shrimp that had mi-
grated south in fall and ecarly winter were heavily
fished in Florida waters. The intense fishing effort
off Florida has continued. and it is thought that
few potential spawners survive t0 migrate north-
ward into South Carolina waters (McKenzie 1981).
Hettler and Chester (1982) also demonstrated 2
relationship between winter water temperature and
subsequent landings of pink shrimp in spring and
early summer. Because overwinter conditions af-
fect numbers of spawning shrimp in spring {Lind-
‘ner and Anderson 1956), we included variables
for winter conditions for December through March:
monthly average waler temperature, 2-month av-
erage water temperature (December-January, Jan-
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uary-February, February-March), and tempera-
ture-days, which is the total number of days in
which Charleston Harbor water temperature was
8.5°C or less. To more directly examine spawner
abundance, we included indexes of May and June
spawners: (1) SCWMRD catch-per-unit-effort data
for white shrimp collected in estuarine sampling
in April (CPUE), and (2) total landings of white
shrimp during May and June in the central district.

Examination of size-frequency data from land-
ings and field sampling clearly showed that small
shrimp captured in August were the progeny of
the spring spawning stock, Thus, we included Au-

gust landings in our fall landings (dependent varni-

able). For the period of the study, white shrimp
landings for the month of August averaged only
6.6% (SD = 4.3; range = 0.4—-12.7) of the August-
January totals.

When all of the previously described environ-
mental variables were included in the stepwise
regression procedure, water salinity in August and
temperature-days were the only significant (P <
0.05) variables for estimating landings. The re-
sulting model is (R? = 0.774)

Y = 1642.84 — 53.55S, — 8.21TD; (1)

Y = fall (Augusi-January) commercial shrimp
landings (kg);
S, = salinity (%o) for August;
TD = temperature-days.

Salinity in August accounted for 60.4% of the vari-
ability in fall landings and TD accounted for an
additional 17%. The deviations between observed
and predicted landings ranged from —567 to 58%.
We judged that this mode] was not adequate for
predicting fall landings and explored other meth-
ods that included an index of spawner abundance.

Even though the model from the siepwise-
regression process did not fit the observed landings
well, it identified two of the more important vari-
ables: August salinity and the number of days when
water temperature falls 10 or below 8.5°C (tem-
perature-days). Spring landings have a nonlinear
and reciprocal (inverse) relationship with temper-
ature-days (Figure 2). Once the number of tem-
perature-days exceeds about 18, further cold
weather has little effect because all shimp are al-
ready dead. We believe that fall white shrimp pro-
.duction is related 10 cold weather of the previous
winter only through the quantity of spring spawn-
ers that survived the winter. It could be argued
that winter conditions may have some other re-
lationship to fall production, such as an effect on

0 ¢ .

Spring Landings (10° kg)

° m n ) P ®
Number of Days < 8.5 C
FiGURE 2. -~ Spring (May and June) white shrimp land-

" ings (tonnes, heads off) versus number of days during

the preceding winter in which water temperature was
8.5°C or less.

potential predators or prey, or perhaps an effect
on nutrient levels. We have no data to support or
dispute this.

We investigated the possibility of a spawner-
recruit relationship (SRR) using spring landings of
white shrimp to represent spawner abundance and
fall landings to represent recruitment. The Sim-
plex optimization procedure (Nelder and Mead
1965) was used to estimate the parameters of the
nonlinear Beverton-Holt (1957) curve by mini-
mizing the following criterion:

SS = F [Yull) — Yol D

1=1970
SS = sum of squares; .
Yon(/) = fall white shrimp landings of the Ith
year,
aSp(I)
Youll) ® e |
ea(]) % BSp(D)
Y is the Beverton-Holt equation; Sp(/) are spring
white shrimp landings (spawners) and « and 8 are
constants. The resulting model is

272.83Sp

T+ 0.38285p " @

Y-‘ -
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An SRR curve was created from this model, which
accounted for 54.1% of the variability in fall land-
ings (Figure 3). Observed and calculated values
weteclo:einonly7of15yanmmined(l-'mm
4), and there were unacceptably large discrepan-
cies in several years.

Because August salinity was the first variable
selected in the stepwise regression process, it was
combined with the Beverton-Hoit equation to
produce a new model:

aSp
Yo A+Bsﬁ+‘+ﬂsp.

" The parameters A, B, a,and 8 were estimated with
the Simplex nonlinear optimization process, re-
sulting in .

140Sp

Yo = 119.7 — 47.625, + m . (3)

This model explained 86.8% of the variability in
fall landings. Observed and calculated values were
relatively close for all years of the study (Figure
5). Values of August salinity for 19701984 and
1985 were then used in equation (3) to produce a
~ family of Beverton-Holt spawner-recruit curves

(Figure 6). :

Di .

A model developed by Walker and Saila (1986)

for white shrimp in the vicinity of the Texas-Lou-

isiana boundary showed that landings were posi-
tively correlated with river discharge, and that
northwest winds (northeast Ekman transport) dur-
ing the spring and summer appeared to be corre-
lated with decreased landings. They speculated that
a northeasterly transport of larvae during the
mwnin;mwouldmythaeshrimpuway
from the estuarine nursery areas. The transporn
conditions for the area were also noted to affect
other factors, such as average tidal levels in the
marshes, which can influence growth and survival.
Zimmerman and Minello (1984) observed that high
seasonal tides on the Texas coast facilitated access
of shrimp to vegetated habitat in marshes. Because
white shrimp spawn relatively close to shore in
South Carolina (McKenzie 1981), and perhaps in-
side some sounds and bays, we believe that the
relatively strong tidal currents are usually much
more imponant in transporting larvae and postlar-
vae than wind-driven currents. Water levels in the
marshes are also largely the result of tides and not
wind. For these reasons, no wind data were ex-
amined in this study.

We find that water salinity is inversely related
10 white shrimp landings. Barrett and Gillespie
(1973) noted that ingshore shrimp-fishing grounds
in Louisiana included about 809,400 hectares
dmin:yunofhighninﬁllmdhi;hﬁverdis—
charge but increased t0 1,153,400 hectares during
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FIGURE 4. —Observed fall landings (1onnes) of white shrimp and caiculated landings based on the Beventon-Holt

equation.

years of high salinity. Although Louisiana’s brown
shrimp production is negatively related 1o rain and
discharge, the opposite may be true in South Car-
olina where, without the presence of a major river
system such as the Mississippi River, increased
rainfall and river discharge may help reduce sa-

linities 1o optimal levels and may expand available
nursery habitat. Browder (1985) noted that fresh-
water inflow can have positive or negative effects
on young fish and shellfish depending on the char-
acieristics of the particular estuary and the volume
of the freshwater inflow. She suggesied that changes

1200

Fall White Shrimp (10° kg)

e

1970 1972 1974 1976

1978 1980 1982 1984

Year

FIGURE 5.—Observed fall landings (tonnes) of white shrimp and caiculated landings from the recruitment forecast

model (equation 3).
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different salinity (S,, %o). Calculated values for fall landings (tonnes) of white shrimp are Jocated directly above or
below observed values. The numbers in parentheses are observed August salinity values (%w).

in water-flow patterns may reduce the ares of suit-
able bottom covered by water in which cerain
salinities or other conditions are favorable 10 es-
tuarine fauna. Penn and Caputi (1986) developed
a model for Penaeus eculentenus in Exmouth Gulf,
Western Austrlia that included an adjustment for
rainfall.

The relationship between salinity per se and
white shrimp growth and survival is unclear. John-
son and Fielding (1956) demonstrated good sur-
vival in high salinities (34%o). Zein-Eldin (1963)
also found that postiarval white shrimp can sur-
vive and grow in a wide range of salinities. Sub-
sequent examination of temperature-salinity
combinations. however, showed that postlarval
white shrimp produced twice as much tissue at
intermediate salinities than at salinities of 25 and
35%0 (Zein-Eldin and Griffith 1969). Hysmith and
Colura (1976) demonstrated that pond-reared
white shrimp had greater growth rates at 15% than
at? a\nd 21%s in ponds. Several field studies have
shown that white shrimp are often more abundant
in the lower salinity waters of estuaries (Gunter
1950; Williams 1955; Gunter et al. 1964; Loesch
1965). Our study does not show cause and effect,
but it gives strong circumstantial evidence that
salinity or some factor governed by or related to
salinity is indeed important for growth and sur-

vival of white shrimp during their estuarine life
phase. :
May~August temperature variables did not ap-
pear 1o be imponant, probably because water tem-
perature is above 20°C by the time postlarvae enter
the estuaries (Bearden 1961). Based upon rearing
studies of postiarval brown shrimp, Zein-Eldin and
Griffith (1966) suggested that temperatures greater
than 20°C bring about relatively minor increases
in the time required 1o complete postlarval de-
velopment. In a laboratory study of growth of
postlarval white shrimp, Zein-Eldin and Griffith
(1969) found similar growth rates for shrimp reared

.at temperatures between 25 and 32.5°C. They not-

ed that white shrimp are not abundant in Texas
estuaries until water temperatures are well above
25°C and that few enter the estuaries as late as
November when temperatures are below 20°C.
We have demonstrated that a spawner-recruit
relationship exists for white shrimp in South Car-
olina. However, a single Beverton-Holt relation-
ship is not adequate to explain the variability of
recruitment. On the other hand, a family of curves,
each curve representing a different August salinity,
explained 86.8% of the variation. Garcia (1984)
suggested that a flat relationship of a Beverton-
Holt type may exist for shrimp, but that environ-
mental variability masked the relationship. This
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appears to be the case for white shrimp in South
Carolina. Several researchers have proposed that
a Beverton-Holt-type relationship would be most
likely for shrimp (Garcia 1983, 1984; Penn 1984;
Ye 1984) and that a family of curves, each curve
corresponding 10 a given set of environmental con-
ditions, would be better than a single curve (Roth-

schild and Guliand 1982; Gulland and Rothschild -

1984). A previous effort 10 determine a spawner-
recruit relstionship for white shrimp in the Gulf
of Mexico was unsuccessful (Rothschild and Bru-
nenmeister 1984). In our study when spring land-
ings (spawners) in South Carolina were less than
about 10,000 kg, fall recruitment was poor (Figure
6). When landings exceeded this value, low salinity
in August improved fall recruitment.

Perhaps for South Carolina, fishermen do not
harvest enough brood stock to result in decreased
recruitment to the fall fishery, but it is apparent
that severe winter weather can reduce stock size
at this latitude 10 the point of being inadequate.
Poor fall landings of white shrimp following severe
winters have convinced regional managers that
morwlity of the overwintering brood stock results
in very low quantities of spawners and subsequent
poor recruitment (McKenzie 1981; Daigle 1984).
However, the effects of poor recruitment resulting
from severe winters can be offset 1o a limited ex-
tent by favorable environmental conditions during
the summer. On the other hand, fewer spawners
may be required 10 produce good fall harvesis in
years of optimal environmental conditions during
late spring and summer.

The present study indicates that spawner abun-
dance, at least in years following severe winters,
and environmental conditions can be important
for shrimp production in South Carolina. This
study also supports South Carolina’s existing man-
agement strategy of protecting spring spawners to
the extent possible afier severe winter weather de-
stroys a large percentage of the brood stock. The
mode] developed herein also can be used to predict
below-average, average, or above-average land-
ings for the central coast of South Carolina.
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APPENDIX 1V

Commercial white shrimp landings by state by month (1978-1991)
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