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2.0 INTRODUCTION

The Magnuson Flshery Conservation and Management Act (Pybilc Law 34-265) provides tor exclusive
United States management authority over the flshery resources within s fishery conservation zone
sxrtending from the seswerd boundary To the Unjted States territorial sea (*hree nautical miles tor
+the Gult of Mexlco states of Loulisiana, Mississippl, and Alabama and nine nautical miles for Texas and
the west and northwes?t coasts of Florida) to a point 200 miles from shore, Resoonsibliity far
deveioping & shrimp fishery management plan for the Gulf of Mexico is vested In the Gult of Mexico
Fishery Managemsnt Council!; and Implementation and enforcement of any reguiations pertinent to the
management of fisheries within the tishery conservation zone are the responsibillity of the Secrerary
of Commarce and Secretary of the Department wherein the U,S, Coast Guard is located.

Successtul Implementation of the olan will require unity of purpose detween federal regulations
and those of the ftive Guit states (Florida, Alabama, Mississippl, Louislana, and Texas), Authority
tar implementing state reguiations is vested In the Fiorids Department of Matural Resources, the
Alsbams Decartment of Conservation and Natural Resources, the Mississippi Marine Conservation
Commission, the Louisiana Wildiite and Fisnheries Commission, and *he Texas Parks and Wiidilte
Commission,

The tishery addressad s composed of six species, occurring in the area of Jurisdiction of the
Guif of Mexico Fishery Management Council| as weil as In the territorial seas adjacent thereto and the
assoclated bays, Inlets, wetlands, and upland aress as appropriate, Species Include drown sheimp
{Pengaus aztecus ives), white shrimp (Penasus set!terus Linnaeus), oink shrimp (Penseus duorasrum .
Surkenrond), and royal red shrimp (Hymenopenasus robustus Sol?h'), plus seabobs (X!phopensus kroyer!
Heller) and rock sheimp (Slcyonia brevirostris Stimpton), which are Incidental bycaten, TTOmnago-
mant unit 1s to be equal 10 the tishery throughout [ts range; however, feders! implemsntation wili
occur only In the fishery cpnuruﬂon 0N,

Bloiogical aspects of the shrimp species have been reviewed, and the maximum protebie cartch is
estimated at: {(3se Sec, 4.7,1.1)

Brown shrimp -e 132 miiilon pounds (talis) per vesr
White shwimp - 64 mifilon pounds (talls) per vear
Pliak shrimp - 20 mitliion pounds (tails) per year

Royatl red shrimp 0,392 milllon pounds (talis) per year

Each yvear's take of brown, white, and pink shrimp wiil be heavily influenced by water salinity
and temperature during critical periods of estuarine shrim growth, Maximuym sustainabie yield (MSY)
sstimates for the seabdods and rock shrimp cannct be made with any suthority because they are caught
incidentaliy by fishermen trawiing for the other specles,

Sesbods and rock siwimp are caught inclidental o the three msin species of p.nuld shrimp, WSY
estimates are weskened Decsuse of lack of data,

None of the stocks asppear to be diologicaily overtished,
Malor concern for future stocks |s related to concern for adequate habltat, particularly for the

astuarine~dependent brown, white, and pink shrimp, which sccount for most of the annual shrimp
harvest,

' The genus Hymenopenaseus 13 the same as Pleoticus asccording to |sadel Farfante,

21
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The sf fects of shrimping on sea tyrties and incldentally caught fintish are considersd (n tne
olan,

The fishery is the most valuasble and orobebly the most diverse in the nation, Harvesters inciude
(1) a large commerciasl fleer fishing the inshore, nearshore Gulf, and open Gult waters, (2) an
undetermined (but large) number of recreationat shrimpers meiniy fishing the inshore and nearshore
Guit waters, and (3) a substantial number of belt sheimpers mainly fishing the Inshore waters,
Processed products Include frozen, canned, fresh, and dreaded shrimp as wall as a Nost of specialty
[tems, Present management regimes diftfer in the fishery over the aliowat!e size of shrimp at tirs®
harves?t as size [s related To whom can harvest and process the shrimp,

Untortunately, socloeconomic dats are Insufficlient for this complex fishery to evaluate fuliy *the
relative needs of various user groups for shrimp of different sizes, Care nas therefore deen taxen in
making recommendations o reduce the waste of current culling practices so that one user group wli} '
not be favored over ancther, No recammendations are made on limiting fishing ef fort decause ™he
resource !s not blologicaily overtished, There is Insutficlient sociceconomic data to suggest methods
or reasons, consistent with MFOWA, to |imit entry at this time, )

Ouring a period of pudilc review of the Draft Fishery Mansgement Pilan and Enviromnmental imoact
Statemant, 21 publlic hearings were nNeid and written commments wers recelved by mell, Public comments
and responses are contalned In the Flnal Environmental impact Statement,

The plan is 10 be revieved anmually so That managemen? msasures can be eveliuated for their taipe
ness and ef fectiveness and 30 that ofther methods of optimizing yleld can be sssessed,

Probliems in *he Fishery (See Section 8,3)

The Counci! has ldentified the tollowing problems associated with the fishery and the present
management regime and has orepared the plan objectives o address and alleviate them, In 2 free
access fishery, a managesent regime To maximize proteln yieid and economic return to the ftisherman Is
of Importance,

1) Contilicr among user groups as o ares and size at which shrimp are *o be harvested,

2) Discard of shrimp through the sastetul practice of culling,

3) The continuing decliine in the quality and gquantity of estuarine and assoc!ated Inland
habltats,

4) Lack of comrehensive, coordinated and essily ascertainable menagement suthor!ities over
sheimp resources throughout their ranges,

%) Contlicts with other fisheries such ass the stone crad fishery In southern Florida, the
groundfish fishery of the north central Guit, and the Guif's ceef fish tishery,

6) Incldental capture of ses turties,
7) Loss of geer and trawiing grounds due to men~sade underwater obstructions,

3) Parvtlial lack of basic data needed for mansgement,
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2,1 Goal and Objectives

GOAL :

To manage the shrimp fishery of the United States waters of the Gult of Mexlco in order to a**ain
the greatest overall benef!t to the nation with particuilar reference to food production and recrea
tional opportunities on the basis of the maximum sustainable yieid as mdified by relevant economic,
soclat or scological factors,

OBJECTIVES:
le Optimize the vield from shrimp recrulted o the fishery,

2., Encourage hablitat prorection measures To prevent undue loss of shrimp nabdl rar,

3. Coordinate the deveiocoment of shrimp management mmasures by the GMFMC with shrimp managemsnt
programs of the several states, where feasible,

4, Promote consistency with the Endangered Species Act and the Marine Mammsi Protection Act,
S. Minimize the Incldental capture of finfish by shrimpers, vhen appropriate.

6, Minimize contlicrs detween shrimp and stone crad tishermen,

7. Miniwize adverse «ffects of underwatsr obstructions to shrimp trawiing,

8, Provide for a statistice! reporting system,

2,2 Manasgement Messures Considered and Adopted (See Sec, 8,3,1,1)

In order to obtaln the above objectives, the Councl! has adopted the following menagement
neasures:

Measure !: Establish a cooperative pesrmanent closure with the State of Florida and the U,S,
Departmant of Commerce of The ares dslineated in Table 8,5+1 to pratect smail pink shrimp
until they have genera!ly. reached a size range !arger than 89 talis to the pound,

Measure 2: Estabiish a cogperative closure of the territorial sea of Texas and the adjacent
U.S. FCZ with the State of Texas and the U.5. Department of Commerce during the tims when a
substantial portion of the brown shrimp In these waters weigh less than a count of 53 fails
to the pound (39 heads-on shrimp To the poundl.

Meesure 3: Recommend that all Gulf states consider establishing shrimp mansgement sanctuaries
In important segments of nursery grounds under their sole jurisdicrion,

Messure 4: The Gulf of Mexico Fishery Management Councli! has estsbliished an Internsl committee
*o review and assess the status of Gult fishery haditats, with particular attention ro Those
tactors which might further stimulate "the downward trends In quaiity and quantity of fish
nabitats,” (Atiantic States Marine Flsheries Comission, et al,, 1977,)

Messyre 5: The Gulf states are encouraged to adopt flexible management procedures which would

provide reguistion by administrative agencies of the shrimp resources in inland waters and
territorial sess.
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Mgasure 5: The Gult srates are sncouraged *o adopt reciprocal |nternal management lec!siors
flexible encugh to allow joint management of snrimp with other states and with *he Depar+—en>
of Commerce,

vgasure 7: Deveiop and Implement an educational grogram to Inform shrimoers of the current
status of ses turtie populations and of oroper methods of resusclitation and refurn *o sea of
Incldentatly captyured ses turties,

vgasure 8: Encourage research on and develooment of shrimping gear In order to reduce the !ncl=
dental cateh without decreasing the overall etficlency of shrimping or excessively Increasing
the cost of gear,

Measure 9: Consistent with the Stone Crab Management Pign, estabiish s seasonal closure of a
portion of the Ory Tortugas shrimp grounds In order to svold gear conflilicts with stone crap
¢ i shermen,

veasure 10: The Guif of Mexico Flshery Management Councli wii! attemot to reduce, where
feasible, the ioss of of fshore trawiadle dottom by establishing within GMFMC, a canmitree *o
monltor and review construction of offshore reefs, with attention o the needs of the reef
tish and shelmp user groups. N

Measure 11: All staristical reporting requirements wiil be mandatory,

2.3 OCoerational Detinitions of Terms Used

Acceotable Blological Catch (ABC) s s sessonally determined catch that may differ fram MSY for
blological ressons, it may be Iower or higher than MSY in soms years for specles with fluctuating
recryitment, |t may do seT lower than MSY [n order o redulld overfished stocks,

Annual Crop Is a species which Is harvested essentialiy as a O-year class (less Tthan one year of
age),

Soats are crafts that displace less than five gross tons,

Cateh Per Unit of Efttor? (CPUE) is the total aumber or welght of tish harvested by a defined uni?
at tishing ettort,. -

Commercial Shrimpers are shrimpars who seil any portion of thelr cateh,

Culling is the practice of discarding those shrimp caught which are smaller than a size the
¢isherman wishes o retain,

Oetermination for Totsl Allowsdle Level of Foreign Fishing (TALFF), The foreign allowable catch
Is determined Dy deducting the expected domestic anmual harves?t from the optimum yleld,

Detritus is considered as decaying plant meterial and Its sssoclated community of micromcopic
plants and animats,

Domestic Annual Fishing Capacity (DAFC) s the total potential physicai fishing capacity of the
fieet, moditied by logistic facrors. The components of the concept are:

8, An Inventory of tortal potentlisl physical capscity, defined In terms of appropriaste vesss! and
gear characteristics (that [s, size, horsepower, hoid capacity, gear design, erc.).
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n, Loalstic factors determining tota! annual fishing capacity, (that [s, variations In vassal
and qear oerformance, rip lenqth between fishing locations and landing ooints, weather
" constralnts, etc,),

Domestic Annual Processing Capscity (DAPC) [s the amount #hat can be processed | f suopiies are
availiable,

Equltibrium Yieid (EY) Ig the annual or sessonal harvest *hat maintaing *he resource 3+ aporoxi-
mately the same level of adbundance (spart fram the effects of environmental veriation) In succeeding
ssasOns Or vears,

Esrtuarine Deoendent Speclies are those organisms that mus? camplete a portion of their lite cvcie
within an estusry,

Exnected Uomestic Annyal Harvest (EDAM) 1s the toral expected catch of *he U,S, sheimp $laer, -

Fishery Conservation Zone (FCZ) Is the ares of federa! jurfsdiction, beginning at the cuter iiml+
of the states' territorial sess and extending 200 miles fram shore, -

Fighing Eftfors is the total flshing gear In use for a specifled period of time,

Fishing Mortallty Includes all deaths to the exolclted cooulations assoclated with the harvesting
practices, -

Growth Overtishing is 8 level of effort which prevents he explol ted ocooulation fram providing
tts maximum yleld but does nat Impare the reoroductive capacity of the stock,

incidental Carch refters to the cafch of species other than the target spacies (bycateh),

Iniand Waters (Ingide waters) are sreass of state jurisdiction and Include ali havs and 1agoons
inland from the base!ine from which the territorial seas |s measured,

Maximym Economic Etticliency (MEE) Ig that level of fishing effort at which the value to soclety
of the las? unit of shrimo produced Is equal fo the cost to soclety of producing that unl?t,

Maximym Economic Yield (MEY) is the level of harvest fram the COMON Droperty resource that
maximizes the stream of generated net Incomes over *time,

Maximym Sustalinable Yleld (MSY) is an averaae over s reasconsble lenqth of time of the largest
carch which can be *aken continuously fram 8 STOCK, under curreat enviromments! conditions,

Natural Mortslity Includes deaths from al! causes except capture by man,

Omnlivore |s an animel which ests whatever dead or alive animal or plan® meteriai is available.

Cotimum Yield (OY) with respect *o t*he yvleid fram a tishery, means the amount of fish:

(a) ehich will provide The grestest overs!! beneti® to the nation, with psrticular reterence *o
tood oroduction and recrestional ocoportunities; and

{b) which Is orescribed as such on the bas!s of the maximum sustainadie vleld fram such fishing,
as moditled by any relevart econamic, soclai, or ecological factor,
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Recreational Shrimpers are shrimpers who do not sel! thelr catch,

Recrultment Cvertishing Is used to dencte that leve! of fishing eftort which reduces the sscawni~g
stock size tO the poinT where there [s a reduction in the amount of young recruited to the flishery.

Spawner-Recrult Relationship is the gquantifiable reiationship between Tthe number of reoroduci ng
adults and the resylting number of young recrulted to the fishery,

Stock is a group of fish manageabie as a uni?t,

Target Specles are the species at which the tishery Is directed,

Territorial Sea !s the area of state Jurisdicrion sxtending from the baseline to three nautical
miles seaward for Alabames, Mississipol, and Louisiana, and TO nine nautical miles for Texas and *re

Florida west and northwes? coas's,

Total Aliowable Leve! ot Forelgn Fishing (TALFF) Is any surplus in the ocptimum yield adbove *he
expected domestic annual harvest,

-

Unit Fishing Eftort is a measure of harvesting pressure which has deen adlusted o account for
ditterences In the adliity of doats and vessals of ditferent types 1O harvest The resource.

Vesseis are cratts with displacement greater than or squal o five gross tons, . -
Yesr~ciass Is the fish spawned in a given year,

Yieid Is the amount of a species harvested by man,
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3.0 DESCRIPTICN QF FISHERY

3.1 Area and S*tocks invoived

The ftishery being addressed is comorised of *he species [isted Delow and occurs In +he area of
Jurisdicrion of the Gult of Mexico Flshery Management Council as wel! as In the ares of Jurisgicrion
of the various Gulf states Inciuding rheir territorial seas, assoclated Days, inlets, wet!ands, and
upltand areas as approoriate,

Consideration of this large area is necessary Decause of the migratory natures of *he explol ted
species and fishermen, thes critical role of estuaries in the life cycles of the dominant shrimp
species, and the Impacts upland aiterations may have on *he quality of shwvimp habdl tar,

Sheimp species within the tishery are:

Brown shrimp (Penasus asztecus |ves)

white shrimp (Penaeus set!ferus Linnaeus)

Pink shrimp (Penseus duorasrum Burkenrosd)

Roys!l red shrimp (Hymsnopenasus robustus Smith) -
Seabobs (Xiphooeneus kroyer! Heller) INCIDENTAL BYCATOM

Rock siwimp (Sicyonis brevirostris Stimpton) IMCIDENTAL SYCATOM

In addition to these shrimp species, shrimpers also catch ses turties and other shel itish and
tintish, The ses turtie catch Is of concern Yo *he development of this plan because all the sea
turties which occur (n the Gulf are !isted as either endangered or threatened under the U,S,
Endangered Species Act which prohibits capture of endangered species., Though orimery responsibliity 7
for protection of these ses turtie soecies |les with the National! Marine Fisheries Service and the
U.S. Fish and Wildiite Service, the pian contalins sppropriste suggestions 1o minimize the Impact on
sea turtie pogulations, The Incldental catech of aother shellifish and fintish (s aiso of concern
becsuse mych of this cateh Is discarded at ses, Since much of the discarded catch is dead or dlies as
a resul? of beling caught, this operstion lardely reresents a direct conversion of national resources
into food for scavengers, Msny of These resources can bDe used Dy other nationsl Interssts, Primery
responsibiiity for menaging these resources 1les with the GMFMC, NMFS, and the Gult states,
Management pians are currently being prepared by GMFMC for two mejor bDycateh groups=—groundtlsh aad
resf tish==in which sopropriste measures are suggested o reduce this Dycateh, in addition, the
groundtish menagement plan contalng & thorough treatmant of current ef forts to develop markets for
these discarded species,

Brown shrimp range along ™he north Atiantic and Gulit of Mexico comsts from Martha's Vinevard,
Massachusetts, Yo the northwestern casst of Yucaten, The range s not continuous but s marked by an
apoarsnt absence of brown shrisp along Florida's west coast between the Senibel and the Apslachicols
shrimping grounds (Perez Fartente, 1969), In the U.S, Gult of Mexico, catches are high along the
Texas, Louislans, and Mississipp! coasts, :

Mark=recapture experiments Indicate a mixing of brown sheimp populations aiong the north central
and northwestern Gult coms?t, A soutiward dritt of drown shrimp off ™he Texas ccast towards Mexico has
been proposed (Gunter, 1962), There !s some speculetion thet the Mississippl River mey act as 2
barrier o sast-west migration,

Brown shrimp are caught ocut 1O af least 50 fathoms, though most come from less than 30 farhoms, -
The ssascon beging In May, peaks In June and July, and gradus!ly declines to an April low,
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white shrimp range along the Atlantic coast from Fire Island, New York, to Saint Lucls !alaer,
Fiorida, and along the Guit comst from the mouth of the Ochlachonee River, Florida, to Campecne, In
the Gylt There are Two centers of abundance: cne along the Louislana coast and one in the Campecnae
area (Perez Fartante, 1969),

There apoears To dDe a Qenerasl mlx!ngA ot white shrimp west of +he Mississippi River *o at lsssr
the northeast cosst of Mexico, with an observed northward migration along the Mex!co=Texas sncre *o a*
1sast Aransas Pass, Texas, during the spring (Lindner and Anderson, 19%6), A reclioroa! sout'ward
movement In the fall and winter has been oroposed (Gunter, 1962), |t has been suggested that again
the Mississippl River may act as a barrier in esstwest migration (Lindner and Anderson, 19%6; Faraz
Fartante, 1969),

wWhite shrimp are s comparatively shaliow-water shrimp, with most of the cateh coming from lass
than 1% tathoms, Annual catch has two Desks: The major one In late summer-eariy fal!l, with an Octobar
nigh; the minor one Is the "Easter tishery™ on over-wintered shrimp which pcesks in May, Largest U.S,
catches occur west of t™he Mississippl River to the Fresport, Texas, ares, though catch [s consideradles
along the entire north central and western Gulf,

Plak shrimp range slong the Atiantic from lower Chesapeake Bay south to arcund the Floride Xeys
and up and sround the Gulf cons?t to isis Mujeres, Mexico, They sre altso found In the Bermuda !s!ands
and the northern cosst of Yucaten, Major concentrgtions sre off sout’west Florids and In the south=
eastern part of Golto de Campache (Perez Farfante, 1969),

The two major pink shrimp grounds In the United States sre the Tortugas and Sanidel grounds In
southwestern Floride, There Is {ittie movement of shrimp Detween Thess grounds, and they are derived
trom largely different estuarine areas (Costello and Aller, 1969), ’ v

Pink sheimp cateh cones mainly from less than 29 fathoms, with g peak catch at 11 to 1% farhoms,
Secause of continuocus recrultment in southeastern Florida, t™he cateh exhibits a drosd peak October
through May, U.S, cateh is meinty restricted o Filorida and Is greates? in soutwestern Florida,

Roya! red shrimp are despwater shrimp occurring as far north as Cape Hatterss, North Carollna, *o
as tar south as the coast of the Gulanas, and primarily In depths of 140 to 300 fathoms, Concentra-
tions of royal red are known 10 exist In three geographical sress: (1) east of S+, Augustine, Florida,
In the western Atigntic; (2) south=southeast of the Ory Tortugas In the Florida Straits; and (3)
southeast of the Mississippl River Deita In the Gulf of Maxico {Roe, 1969),

Seabots are caught most often in shaliow wvaters st six to seven fathoms or less and aimos?t never
in estuaries (Renfro and Cook, 1963}, U.S, catch Is highest along the Loulsiana coast in October
through December,

Rock shrimp occur slong the Atiantic cosst from Virginia to the Florids Keys and up along the
Guilt coast to Caba Catoche, Maxico (Cobb, et al,, 1973; Hildebrand, 193%4), Mejor concantrations occur
at Cabo Catoche, Mexico, and in the Caoe Canaversi, Florids, srea (Cheistmes and Efzold, 1977), Major
Gult cateh (1971-197%) comes fram the Panhandie ares of Florida st depths of 10 to 22 fathoms
(Chrisrmas and Etzold, 1977),

5.2 MHistory of Exploltstion

3.,2.1 Domestic Fishery

3-2


https://ees,-.Nt
https://orcioos.ct

3.2.1,1 Description of User Groups

The sheimp fishery of the Gulft can bde divided [nto four general categories of users == Marvesters
(directiy [nvalved In the taking of shrimp), orocessors, marketers, and consumers,

The actus! Taking of sheimp |3 done by recrestional fishermen, cowwercial bal* shrimoers, and
comercial (tood) shrimpers, The commerclel shvimp user category includes empiovees as wail as ocwners
ot vessels and may b8 divided Into smal{er boat coerarions, which ere rastricted to Inlsnd day and
shallow oftshore activitien, snd the of fshore vessels, which range fram the territoriel sess out to
the (imivs of *he FCZ and iInto foreign waters,

The structure of the shrimp flshery (ncludes & [arge number of harvesters, the boatyard and Qear
Industry, and the suodliers of Ice and tusl (essential [nputs for sivimping cperations),

Processors [(nciude ™e sivimper as 8 tirst jevel procsssor, [f he hewds t™he sirimp, Flish houses
mey pertorm one or sl processing activities such as hesding, peeling, greding, oacking (n (ce, and
treezing, cooking, or drying, The none=sihr[mper processors handie the shrisp between the tish house
and t™he durchaser, The three basic Tyoes of processors are: (1) producers of "green® (fresh)-or frow
zen shrimg: In 1974 they sccounted for 88,23 million pounds valued at $152.8 million, or 59 percent of
the total value of shrimp produced In *he Gult *hat yesr; (2) ™sresders,” who [n 1974 produced 52.56
mil{{lon pounds of dreaded shrimp (Inciuding Imports) valued at $75,.7 miliion, or 29 percent of the
toral valve of shrimp processed In *™he Gulf reglon (Florids and Texas scoounted for 91 percent of the
breeded shwrimp); (3) canners, who generally use ssmli= Yo mediym~gized shrimp; such cenning plantd are
located primerily In south Loulsians and Mississiop!, with the greatest concentration found In the
Orieans orsa, They sccounted for $13,1 milllon worth of conned sheimp represented by 1,9 miillon
standard cases, or seven percent of the total value of all shrimp processed (n the Gulf region, In
sddirtion, *here Is 8 wide arrey of speciaity [Tems such as dried sirimp, gumdo, evc,

P

Restaurants are aise an (mportant prooessing entity, It (s estimated that more siviwm are
consumad [n restaurants than used in homes, The role of reataurants as srocessors ranges from
minimel, {imited *o the sctual cooking process, 1o the handiing of shwimp (n raw and unpeeled form,

Marketing of sheimp [nvoives every stage of the industry; *here also are groups which engage
solely In marketing, with their processing function [Imived 7o possible repackaging, Tramsportation
ot shrimp (s ysuaily handled Dy frucks aperated by the wholesaie marketing entities,

Consumers ers given a choice of severs! different ways 1o purchass sivimp, ranging from heads-on
to stoveeready status,

3.2.1.2 CGoneral Deseriotion of Flshery Eftore

Prior o the [ntroduction of the otter trawl In 1917, most shrimp were commercial Iy harvested (n
shalicw inshore srees with haul saines, Write shrimp were *he main sheimp caugh® and merketed unt (|
the sarily 19508, OQuantities of seabols and bdrown shrimp were used for dried products, Dwring these
vears, fishing ef forts were concentrated (n aress where white shwimp were sbundant, From 1917 to The
{ate 15408, mos? sirimp were caught from vessels rigged with single otter trawis which operated
within about six miles of shors, However, vessels occasionsily wen? out sdbou? ten miles and, In some
ingtances off Louisiana, out tifty miles, Wing or butrterfly nefs were 8is0 used in Louisiana passes.
B8y the eariy 19%0s, Incressed markets for brown and pink shweimp and the discovery of new fishing
grounds initisted 8 period of rapid expansion of *he s imp Iindustry, As a result, some vesseis beg
to move tarther offshore becsuse of the incressing difficuity of meking proftitabie catches on tradi~
tional tishing grounds, By the early 1960s, U.5. shwimp vessels were #ishing oft the coasts of Mexico
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and South America. A mejor changs in gear methodology ook pisce In the late !950's with the [a+rom
duction of double=rig trawling, Two smai! trawis were oulled Instead of a singie large net, resui*ing
In a sybstantisl increass In catch efficiency and 8 reduction of handiing problems, Double=rij *rawis
vere used by MOST vessals fishing for plink and brown shrimp, More recently ™he twin=traw! has became
popular In the oftshore Gult shrimp fiee? because of |¥s etticlency (Figure 3.2=11), wiesn eni(g
arrangement four small trawis are towed instesd of two fram & singie vessel. The Inshore shrimp
tishery is primer!ily confined 1o the territorial vaters of each of the Gulf states, There are
numerous smaiil bos?s rigged with single ofter Ttrawis which harves? siwimp cammercially from the bavs
and mersnes, Some of the bosts may fish In *he Guit during fasvorable weather conditlons, especiaiiy

tor shite shelimp,

Fishing eftforts for rovel red shrimp occur [rtermitrentiy when shrimping siong the comst is poor,
Roya! red shrimp are harvestsd from vessels using a single trewl, The deso-water hadltat of tne
soscles necessitates The use of heavier winches and cables than are used To catch shal iow-water shrimp

species and, in general, the use of larger vessels,

The livesbal? shrimp fishery is generally limited *0 bDays and the shel iow inshore waters of the
Gult, Balt shrimp catches on ™he Florida vest cosst consis? primarliy of pink shrimp, which_sre hare
vested In shaliow grass beds from dosts squipped with single or double side~frams *rawis, The belt
shrimp fighery In the remeining Guit states s usual iy dependent upon white and brown shrimp, which
are harvested with boats rigged with a single otter traw!, Mortality of the live shrimp Is minimized
by trawiing for short durstions during the cooler early morning hours and then rapldiy sorting the
catch, The iimited capecity of live=hoiding facliitien adonrd the boat and the perishedility of Lve
sheimp protably restrict bait shrimping coerstions O sress near the dealer whers the catch Is sold,
The dealer In turn, however, mey Trangpor? [ive shrelmp considersble distences, J.e8., 200 or wore
mites,

Recrsational -shrimping ef forts are genersl iy concantrated in shel low inshore vaters, *hough few
Individusls mey occasionally venture Into the territorial ses during favorable weather conditions, It
Is uniikely, however, that any recrestional shrispers cperate in the fishery conservation zone, The
boats used [n the recreational shrimp fishery are usus!iy outbaard or inbasrd pleasure crat? rigged =
tow 8 single ofter trawi ranging from sbout 16 7o 40 feet In widrh, AIThOugh mos? of the recrsations!
cartenh Is harvestead with otter trawis, orher Quar such ss cast nets, wing nets, channe! nets, and dip
nets may sccount for & substentisl smount of the harvest In ioceiized arees,

The actual amount of tishing effort spplied In the siwisp fishery and & more descriptive anaiysis
of the gesr employed are discussed In detell In severs! other sectlions of the management plan, For
sxampie, see Sections 3,2,1.4, 3,3,2,1, 3,5.2.4, 3.9.3.2, 4.7 and 9,0, Fishing etfort in the shrimp
tishery from a physics! standpoint Increases Through more vessels entering the fishery and through
more technologlicaliy efficient harvesting techniques. More units of effort due these two fectors
cccur due to Indusiry responses o Nigh profit levels and refurns on Investmen?, Decause of the coen
access cheracteristic of the shrimp fishery and some periods of rapldiy rising product prices, fishing
et fort somgtimms reeches levels beyond that which ylelds satisfactory econamie returns during certain
time perliods. The ressons for this occurrencs in g fishery and Its relation to periodical iy ooor finam
clat years In the shrimp fishery are discussed in detall In Sections 3,9,2.3 and 5.1,2.

3.2.1.3 Cateh Trends

Trends In the shrimp fighery discussed Ners are based on two dats sets, The tirst Is the
reported commerclial cateh by species (U,S. Department of Commarce, 19%59-1379), The second Is the re=
ported commercial landings by state (U.S, Department of Conmerce, 1880=1975), Thase two data sefs are
not identicali., The catch is the amount of shrimp caught In & specitic Inshore or of fshore area.
Landings are the totai caten, whose origin may not e known, dellversd st a port and soid commrcially.
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3.2.1.3,1 Commerclal Cateh Trends by Species

Annys! Catch Patterns

The aversge anwa! reported cawmercial catch of shrimp C.".ono standard deviation) by species 1a
the U5, Guit area:

Brown sheimg | 66,3 18,8 miiilon pounds (talls)

White sheimp | 36,9 X 7.2 miliion pounds (tails)

Pliak shrimp ! 13,0 X 1.8 miillon pounds (ralls)

Roys! Red sheimp * A3 L 091 mlition pounds (talls)

Sesbod shrimp ** 1.4 X 1,6 mililon pounds (Talls)

Rock shrimp *8¢ 5315 338 milllon pounds (talls)
V19631977
¢ 19%9-1975 .
*  1939-197%

e 19711976

-

The mos? recen? information, 1977, Indicates tha? brown, -thfo and pink shrimp sccaunt for 97 percent
of the rotal cateh, This reflects essentlally no change fras the average Total cateh of 98 percan
for *he 1999=1979 perlod, ’ ‘

Shrimpers, Orocessors, CONSUASrS, and reEourcs mansgers recognize *he historicat annual variation
In annual catches of the dominan? specles (brown, white, pink), The vulnersblilty of sheimp during
the critical estuarine growth phase 5 eavironmenta! pertubdations Is the baslic cause of carch
variation (Section 4,1}, Grittin and orthers (1976) calculated g yield funcrion for shrlmp using the
level of dlscharge from the Mississippl, DOlscharge vas useful decause of Its Impact on salinity and
towperature while t™he shrimp are in the nyrsery ground, Two recent iacldences of envirommentally
induced problems with shrimp production resuited In the Small Business Administrartion (S8A) declaring
areas of Loulslana sand Texas to Nave suffered econamic disasters, Troplcal storms In coastal aress of
Taxas during 1979 caused heavy raing which SBA found t© adversely affect the siwimp cateh, Heavy
soring rainfalis In Loulsiona during 1980 were judged by SBA %0 have severely impsires brown sheimp
catch, Soth of thess natural events caused unaccaptabls veriation, In the eyes of SBA, In earning
potential of smeil businesses, The variation In catch of the three minor species Is more relsted *o
the market conditions and ™e supply of ofher shrimp than o variation in thelr abundance, This Is
oarticularly evident for sesbob shrimp, Priserily a fall-sarly winter fishery off Loulsisna, caten nas
tallen only once between 1969-1973 campared to the white shrimp fishery decline in cateh during five of
those years (Fig, 3.2=1 amd Flg, 3.22),

Cateh for s glven year sopesrs 10 be Indegendent of *he precseding vear's caten, The absence of
any deflined spawner-recrult relationship suggests that the shrimp catch can fluctuate widely from vear
to year, The critical determinant Is estuarine envirommenta! cond!tlons which vary anmually, often
timas radically, NO soparent or significan? iineer trends In annual catches of bdrown, white, or plink
shrimp (Fig. 3.2=1 and Tadle 4,7<1) Aave yet been determined,
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Figure 3.2-1. Annual reported commercial catch of browm, white,
and pink shrimp from the US Gulf of Mexico (US Dept. Com.,
Gulf Coast Shrimp Data, 1959-1977). Weight is in pounds of
tails,
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Annual cateh of minor species has Incressed with *ime (Tatle 4,7-3), As ef fort [ncreased "y
Narves? major species, the cateh of minor specles Incressed (Tadle 4,7«13, Annusl cateh of roval ~ed
sheimp ranged between 4,600 and 270,000 pounds of talls with an average Increase ot 14,000 2 5,000
gounds of Tails per year (1963~1978),

The accectabliity of seebod shrimp in Loulsians by the canning Industy was In part ~rmsponsible
for the catch increase over the 1963=1973 period (Fig, 3.2-2). The seabod cateh results in part from
Incidentlial cateh during white shrimping wrivitios (Tadie 4,7-5), *hough a targeted fishary deveiocos
when price Is high and other shrimp are In short supply (P, Junesu, personal cawmunication, 1378),

The reported catch of rock sheimp is relatively recant, with the first report cceurring In 1971,
Cateh for the 1971-76 period is listed in Tabie 4,7-3, Rock shrimp are mostly CBUgh? inclidentally
with ather species, especialily pink shrimo (Tadle 4,7-9), however, s smal) directed fishery does exis?,

Arsa Disrribution of *he Catch .

The reported commercial catch of shrimp is classified Dy NMFS into 21 aress siong the U,.5, Gulf
CG'? {?'9. 302'3’; _

The aversge annual commerclal catch dy area Is compared for brown, white, and pink shrimp In Fig,
3.2=4 and for royal red, sesbod, and rock shrimp In Fig, 3,2-9,

Srown and white sheimp exhiDi® & simllar broad peak In catch fram the Apalachee to Brownsviile
areas, Plink shimp catch i3 substantial In the Key West o Apsischee Say sress, There is iittie
overisp of dominant pink aress with brown or white shrimp,

Brown shrimp catch normelly exceeds two milllon pounds of talls anmualily In each of the NMFS grid
aress in the Bllox! o Browngville sress, The Fremort area normaliy has The iargest catch, averaging
12 miliion pounds of talls annually, Whlte shrimp cateh normally excewds four mii 11on pounds of Tails
annually in the Barstaria, Terrebonne, and Atchatsiays sress, Catches fram the Rockefe!ler thraugh
Frewort sress sre also normally high, sversging abaut 2,9 milllon pounds of talls anmually, Plink
shrimp Narvest |s concentrated in the Dry Tortugas aress with an annuas! catch of nine million pounds
of talis,

There sre two main areas for the royal red shrimp catch, One Is oft the Ory Tortugas aress: the
other is off the mouth of the Mississtipol River and |s reported for the Bllox] and Barateria aress,
Cateh Is nighest fram Jamuary through June and In Seprtember and ocours at degths of 100 vo 300
tathoms, Seabod cateh Is normalily hNighest in waters assoc!ated with the Loulisiana cosst, oeak catch
normally occurring In the Atchafalaye asres at 0.3 million pounds anmuaily, Rock shrimp cateh (1971 *o
1979) is mainly limited to vaters sssociated with Florida, Annual cateh s highest In the Panama Clty

and Apaiachee sress.

Month, Deoth, and Slze Patterns In Catch of Brown, White and Pink Shrimp

Brown and white shrisp exhidi? distincy annual cycles In thelr abundance and size at 4! fferent
depths In the shrimping grounds of *he U.S. Gulf, AIthough pink shriep have an expected size~depth
relationship (Section 4,1), thelr seasonal and size patherns In reported commrcial cateh are nor as
dramatic as those of brown and white shrimp; pink sheimp have a more or less continual recruitment in
the Ory Tortugas ares and Florids has oracticed srea closures PO protect undersized pink shelmp, Pink
sheimp caten (Fig, 3,2-8) exhibits a peak fram October through May at 11 %0 13 fathoms, Seasons!l sa*
terns in size or depth of cateh are aot proncunced because of the fairly continual recrul tment of olnk
sheimp In the Ory Tortuges area and closure of the Tortuges shrisp bed by Florida to protect under-

sized shrimp,
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Area code index to prominant city, bay, or federal game reserve associated
with the area:

1. Key West

2. Dry Tortugas ) -
3. Everglades '
4. Naples

S. Tampa

6. Tarpon Springs
7. Apalachee
8. Panama City
9. Fort Walton
10. Mobile
11. Biloxi
12. Chandeleur
13. Barataria
14, Terrebonne
15. Atchafalaya
16. Rockerfeller
17. Calcasieu
18. Galveston
19. Freeport
20. Corpus Christi
21. Brownsville

Figure 3.2-3. National Marine Fishery Service Shrimp Fishery Grid Zones
in the US Culf of Mexico (US Department of Commerce, Gulf
Coast Shrimp Data, 1959-1973).



Figure 3.2-4.
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Average reported commercial catch of brown, white, and pink
shrimp along the US Gulf Coast (US Dept. Com., Gulf Coast
Shrimp Data, 1959-1975). Catch is represented as averages
reported for the 21 NMFS statistical reporting zones along
the US Gulf Coast (Fig. 3.2-3).
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As shown In Flig, 3,2+6, the tisrhery on O-year ciass Drown shrimo normally starts in iniand vavsrs
1n Mgy on shrimd Of a count greater than 67 ralls to The pound, The Inshore catch peaks In June a* an
averige catch of 6.8 milifon pounds of Talls, Aithough It consists mainty of smeller size shimg,
this inshore cCateh Is pooular among recreationsi and smail bost commercial shrimpers whose gear Joes
not normally allow them to fish The open waters of the Gulf,

The oftshore tishery for drown shrimd peaks In July and Augus? at deo?hs af 11 0 20 tatroms,
The dominant size class in the reparted commmrcial cartch Is 31 to 40 ralis to the pound, The acrual
avoéago size shrimp caugh? may De much smalier since a conslideradie number of undersized strimp are
discarded off the Texas cosst (Baxter, 1973; Sections 4,7 and 4.3) and the primery Drown shrimo catch
during this *ims also occurs off the Texas coss?,

The Seotembar Srown shrimp cateh s dominated by 26 to 3O talls«to=the=pound shrimp at 16 o 20
fathoms, The catch becames further restricted o desper waters and larger shrimg In October o
Decemder, The Janusry to Apri!l pattern Is relatively constant, with greatest cateh in apen Gulf
waters of 21 o 40 fathoms and of sheimp of & count less than 21 talls *o the pound,

The size=depth-month patterns in white shrimp catch are not as siaple as Those of brown shrimo,
but they do refiect *he anmual nature of the white shrimp’s |l fe cycle. The fishery on the O-yeesr
class white shrimp, spawned In *the spring and summer, essentially begins In August and September
(Fige 3.2=7), The white shrimp cateh In Internal vaters contains much larger size sheimp than does
the brown shrimp cateh, This size difference reflects the rapld growth rate of white shrimp and their
tendency to leave the sstusries at a targer site than brown shrimp, Catch remsins camparstively nigh
from August To November, Though [t is essentially iimited to water shoreward of 11 fathoms, The com
parative Increase In sheimp cateh in the 68 talls and over count group In Octoder through December
reflects a deciine In *he growth rate of white shrimp as well as a algration of shreimp to descer
waters, Both of these phencmens are associated with cold fronts sdvencing during these months and the
accompanying decline In temperature,

Cateh deciines from December through February, The deciline retflects, In part, adverse weather
conditions for sheimping dut &lso the dwindiing supplies and camparatively smei| size of white sivimp
during t™is period,

in Mgrch through June with *he soring warming of The estuaries and shal iow Gult, the overwintered
white shrimp are balleved 10 ehibdit an Increase In thelr growth rates, This increase is reflectsd in
the commarcial cateh: paeit size classes of white sheimp shift from those greater than 67 talis *o the
pound to 31 ro 40 talis 10 the pound In March, To shrimp 13 1o 20 talis o the pound in June and July,
The Mgy and June Inghore cateh of white shrimp reflects the reentry of overwintering enite sivimp Invo
the sstusries for a period of pre=spawning growth,

Cateh by Size, State, and Specles for Brown, White and Plnk Shrimp

Ditferent harvesting strategies have deveicoed smong the severs! Gulf states, Thess diftferences
iargely reiate to the evolution of the domingnt tisheries at dlfferent *imes (Section 3,2,1,2), The
Loulsiana~Mississippl ¢tishery deveioped comparstively earty on Inshore and nesrshore Gult con=
centrations of white, drown, and sesbod shrimp, The brown sheisp fishery In Texss and the pink shrimo
tishery In Florids deveicped In the 19508 on of fshare concentrations of shrimp in comparatively dee
water, in large part local managesent stiil refiects ™he needs of the historical fisheries in these
aress for shwimp of certaln sizes or of thelr gear reatrictions 1imiting the depth of harves?,

Tables 3.2«! and 3,2<2 compare estimtes of the average commarcial (1963 to 1976) cateh of drown,

white, and pink shrimp In the various reported size categories In terms of pounds and es?imeted nurmber
(see Tadle 3.,2~2 for method In which number of shrimp were estimated),

3=12



Semw » amemt ab Sut seey

g Wy FY ] e I | R LA 4 o 1t -1 [
.

L & & . . - -
ROk
. .
i L
| ", .l o, .
. . 1
1
" L L
ﬁm —— - L A weniiindion et
= y N
.ml"'i —— P SN -‘. . --‘ el it — —
> — N —
; ‘ USRI ¢ - ——» -L- * -4 —
Neow | .
TTTTTI e = et et _A ——e .
-~ ]
Fra 03 & 10 - o ————— [r—— " e --—-A ———. e -
1"
-
TYITT L ——— e W— - — — — o A— _-.4—-.' o -—‘. el — -
H
b .
irfsraIh -~ m — o o — co— P
b B
M
rerTnn —— - L UEppis> NI SSR S —
JUPRENT
O . e e e . e - -

Figure 3.2-6. Brown shrimp average catch in the US Gulf by size, class,
depth, month (US Dept. Com., Gulf Coast Shrimp Data, 1939~ °5).
Code to size of shrimp: 1 = under 15 tails per pound;
2 = 15-20 tails per pound; 3 = 21-25 tails per pound; 4 =
26-30 tails per pound; 5 = 31-40 tails per pound; & = 41-50
tails per pound; 7 = 51-67 tails per pound; 8 = 68 and over
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Figure 3.2-7.
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Figure 3.2-8.
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Pink shrimp average catch in the US Gulf by size class,

depth, month (US Dept. Com., Gulf Coast Shrimp Data, 1959-1975).
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Cateh from *he states of MIssissingl and Alabama were comd|ned due *o simi(arities In the mimimm
size of harves?t and over(apoing &ress In the reported catech statistics,

The brown shrimp cateh off the Texas coast sccounts for 45 percent of the toral poundage and 2%
percent of the number of brown shrimp caught commercially In the U5, Guit of Mexico, The cateh asso=
clated with Loulsiana accounts for 40 percent of the poundage du?t 84 percent of the number of commers
clally caugnt brown shrimo, The asoparent discrepancy [les In the fact *hat Louisiana is estimated to
narvest a rremendous numder of shrimp in the smalles? cowercial siZe cateory, soms 34 percent of
aversge totai cartch of drown shrimg In the Gulf, Much of these shrimp are utliized (n the Loulslang
canning Industry, Conversely, the reported cateh of brown siwimp off Texas, peaks at s larger size,
31 10 40 talls to the pound of shrimp, There are no shrimp canneries In Texas and much of thls oro=
duct Is utilized by *he frash=frozen Industry, The introduction of several peeling machines has
recentiy ailowed utiliization of smeiler shrimp, however, The Mississippi-Alademe and Florida catches
of brown shrimp exhidiT & osak cateh gt 31 ro §7 valis O t™he pound size category,

Loyisiana has Dy far the largest cafteh of white shrimp, sccounting for some 82 percent by numder
and 77 percant by welght of the sversge reported cateh, As with bdrown shwimp, T™e pesk [n cateh
occurs In *he smalles? commerclial size group, though there Is 3 camoaratively batter mix of {arger
size shrimp than with Drown shrimp, The Teaxas white shrimp cateh peaks at & size simiiar ?0 *he brown
sheimp catch, or 31 to 40 ralis to the pound. Though the Fiorida white shrimp catch peaks st the same
size class as 178 Drown shrimp cateh, The Mississipoli-Alabemm cateh of white shrimp peaks at & (arger
size, 15 vo 20 talls to the pound [n terms of welight, and 31 10 40 talls o *he pound In terms of*

Aumber ,

Florids accounts for 98 percent of the pounds and numbers of pink shrimo caught in *he reported
comercial tishery of the U.S, Gulf of Mexico. Founds and nusbers both peak at a size of 51 to 67
talls to the pound,

Although the praviously ment (oned difference In hervesting strategies Mhas resulted In larger
shrimp being harvested In Texas vis=s=vis Loulslians=Mississippl, there has deen a trend toward (anding
more smaii shrimp, Calllouet, ot al, (1979) report that for brown and white shrisp in both Louisians
and Toxas there vas & significant trend Toward [(ncreased praporticns of smell shrimp In *he 1939 o
1976 catches. Loulsiana catches contaln greater provortions of smell sheimp than Texes catches, It
I's Important ¥0 ngte that the proportion of Loulsiana inshore cateh [n the 88 count and smalier cate
gory Increesed markedly during 1963 to 1976 wiTth *he mejor change occurring between 1973 to 1978
(Sass, 1979}, Sass reports the major change 1o be in The size composition of the white shrimo catch,

3.2.1.3.2 Landing Trends by State

The historical pattern of landings smong stetes during 1880=1975 Is evident In Figure 3.2-9,
Landings data difter fram the catch dats used In The preceding section, Landings sre recorted |[n
heais=on units and are attridyted T the state vhere off=[caded regardiess of cateh {ocation, Tue *o
the lengthy historical period portrayed, the data may not have been collected consistentiy; however,
the dats are sultadies for reflecting iong run frends and accurstely deplict [n recent time the frequen
tluctuation In [andings. :

Before sbout 1920, Loulslians and Mississippl were the dominant sirimp producing states In the
Guit, Between 1920 and 1948 the fisheries off Texas and Alabems began To rivel that of Mississioni.
AT the same tims, 'oulsiana's (andings far excesded any of the other states. During these eariy vesrs
the tishery was seinly an [ngshore and shal low water fishery predominantiy of white shrimp, with minor
catches of seadbob and brown sivimp ysed mainly as drled shrimp, Afrer Worid War 11, the tishery began
to expand, Sudden Increases of landings In Texas and Florids wers dus to the dliacovery of concentra=
tions of ottshore populartions of brown and pink shrimp, respectively, and The sucoessful deveicoment

s
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Table 3.2-1. Average weight of catch of brown, white, and pink shrimp by size and Btltel in thousand
pounds of tails (US Dept. Comm.. 1963-1975).
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Tabls 3.2-2. Estimatad average nu-bar‘ of browve, white, and pink shrimp by sfze and ototcz ia thousands of ehrimp (US Dapt. of Coms., 1963-)973),
Stse
{Tatle pey Pound) Totsl
Shrisp State 48 & gver 31-6} 41-30 J1-40 26-30 1-2% 13-20 Undev 13
Srowm A 3% 4954 123y 1770 $13 4] n -— 12434
ALA-MISS 151042 131134 3618 33699 b3t L} 13513 (131} "n: 440
La 2189333 154116 13920 93397 35159 35640 34354 (13 1 1621837
~ . il ) Py VIV 13459 P 11] 1 120093 1364 $043 1000974
Ly MmN 415193 259309 439330 181334 171843 k0423 13431 4078203
Wnite na 12840 9048 3649 3709 1782 189 bl 1) [ ] 327
ALA-NISS $34) 1) P11} 236 (3171 b1 2] 436 p1 1) 31984
LA 420010 1312 2518 134204 193) 0123 (331} ] 444 134421%)
¢ e e..1) . prei}] 4)010 11638 18140 11006 1630 188489
anr 673405 166409 13294) 190169 91301 87509 “in [ 13} ] 1317204
Pink LA Y1100 188731 sy 20 I 28643 970 343 541393
ALA-N13S 19 4638 2763 1628 (11 b1} 0 1 13 $135%
LA F1Y) 19 112 122 i1 1) ? - 1%
™ ) 18 2 113 Y] 19 18 ‘ 1 2124
Ly 78834 193604 101392 100783 4019 9049 %43 333 333908
Species CULY piLH HY 883444 12 750284 unnn 188303 176083 1133 8149313
Conbined

‘Iho wusber of ohelmp caught In soch alse colegory was sotinstod in the lollcvl-.‘po-acvi

1t aine
squsls

Undet
13-20
21-23
16-30
3-40
41-30
5)-42

60 and over in Flo or Tx
&8 sad ovar brows or pink

48 sad over hrown er pink
shrimp In L

48 and ovar whits shimp
fa Ls or Niss-Ale

lrlotldo - stetisticsl ares 1-9.
Fig. 3.2-) toxr location of statistticel sres.

13

cimp Hise-Ala

ALA-MISS = statiecicel ares 10-11.

11,3
1.3
13
"
3.9
43.%
3%
[ 1]

L]
18
[ 1]

Then susber equals
pounds tises

Loulslans = statistical sves 12-17.

"

Tenas = statisticel sres 18-21.

See



Milon pounds haats - on

el T T

—— e w
——csseon Euidh
so=ce=ce Alhame A

= T ,—.-/‘:: . “-‘:_':-.‘-’t.~, ~—— q#-l A-)(MA—/— \\
i

980 900 20 920 630 oco 960 BA

Figure 3.2-9. Annual reported commercial landings of shrimp (heads-on) by
Gulf atate (US Dept. Com., 1880-1975). Note that landings
data are for heads-on shrimp off-loaded within a state
regardless of where they were caught. Thia graph is not
directly comparable with catch data used in this report.

L

1960



of markets for These species, The gradus! deciine [n landings from Florida (west coast) at*er !354
may retfect 4 change [n {anding patterns of shrimp caught [n Central and South America, The drama+(c
deciine In landings In Loyisiana from 1945 to about 1961 may retlec? a salinity=induced snit+ [~
astuarine oroduction of the srate from predominantly white sheimp 20 a mixture of brown and enite
shrimo, However, data are Insutticlient ro support this hypothesis.

The cerfod from the mid=19%0s to 1979 clearly deplcts two Important features of siwimo landings,
First a mature fishery (s evident fram the standpoint that landings overal! are neither increasing
nor decreasing over Time, The maturity I3 aiso visibie from the fact that no trend In the shars of
landings has develooed since the mid-19%0s, Florida [andings mey have decreased siightiy but
Louisians and Texas have maintsined their resosctive relationships, Figure 3,2=9 also reveals +har
ma jor tluctuations In [andings are common, PFeaks and valleys occur frequently and are large (n magni-
tude, Since 1959 the annual {andings have reversed the trend set In the preceding vesr on the avarags
about 50 cercent, This Is [nterpreted to msan that jandings folliowing a good (bad) year are equaily
{ikely *0 Increass or decresse. Shrimp businesses are often financlially stressed Dy the varlation (n
landings, The tigure (3.2«9) Indicates that shrimp harvesters cannot assure Themseives of a stavle
catch by Jjourneying to adjoining states. Generally, poor (or successful) seasons occur simyitanecus!y
In the srates.

3.2.1.4 Descriotion of Vessels and Gears Employed

Earily Guif coast shrimp frawiers were generally shallow=dratt cpen skitts ranging in length trom
15 to 2% feet and powered by Inboerd gaso!ine engines. These eariy designs wers gradualiy replacesd In
the 1920°'s by trawiers constructed with decks and pllior houses (Christmes and Efzoid, 1977), The
introduction of the diess! engine In the 19308 was considered a major advencement over gasoline
engines [n rerms of safety, reliabl{ity, and reduced maintenance, The Iimited holding faciiities and
range of these eariy trawiers conflined shwimping operations o aress reistively near the major
strimping ports, As a result, many cosstal aress of the Gulf were [naccessibie tO the smai| trawiers
(johnson and Lindner, 1934, clited In Christmas and Etzoid, 1977),

Untll the late 19408, commerclial shrimp landings In the Guif of Mexico consiated orimerily of
white sheimp (idylt, 1963), By the sariy 19508, however, Increasing quentities of brown and plnk
shrimp were Deing caught and sold In response To a growing public acceptance of rthese unfamiilarly
pigmented soecies (idyll, 1963), The strong demand for shrimp and the opening of new fishing grounds
oft Florida, Alabams, Texas, and Mexico Initiated a oerliod of rapid growth in the size of the shrimp
fleet, The expansion of oftfshore tishing grounds dictated the need for larger vesssis with grester
horsepower capabie of remsining at sea for extended perliods, I[nnovations [n deslign and construction,
such as stesi hulls and onboerd freezer units, were [ncorporated Into The newer offshore trawiers of
the [ate 19408 (Cwistmas and Efzold, 1977),

Captiva (1968) steted that the modern trends In the design and construction of sheimp trawliers
were: (1) the increesing use of allieweided stee! construction Instesd of wood; (2) more powerful
engines, (3) onboerd Ingtaliation of sorting, ocackaging, and freezing equipment; (4) more camforrable
crew accomodations; (93) development of multipuroose vessels which may be reoldly rerigged with a
variety of fishing gesrs; (6) modern hydraullc sauipment; (7) Increesed use of modern electronic
equipment; and (8) [(ncreased use of newer hull materials such as sluminum and fiberglass=reintorced
plastics,

The shrimp boat design most commoniy seen (n the of fshore waters of the Gult of Mexico is
belleved to bes a derivation of Greek designs used I(n the sponge fishery on the Florlids west coast
Cigyil, 1963), The "Florida=type” vessels are characterized by the forward placement of the
wheelhouse and engine room, Current construction trends are toward larger offshore Florlda~tyoe
vessels ranging from 75 to 80 feet or more In [eng?h (Christmes and Efzoid, 1977),
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The "8iloxi-tyoe" vessel design, with the wheeihouse and engine roam att, is used primarily *-¢
shrimping in the Inshore waters of the Guit reglon (idyitl, 1963}, These vessels range fram 30 *+5 45
teet in length and are less common than the Florida=type designs (ldyil, 1963),

The boats used in Inshore shrimp fisheries are made of wood or tliberglass and range In isng*™
fram 16 to 30 feet, Most of the boats use gasoiine=powered inbosrd or outboard motors for orapuision,
and some may be equigped with powersd winches to retrieve nets, The smeiler bosts are rigged In a
variety of ways and are orimariiy contined to sheltered inshore waters, The larger bhosts may
occaslional iy #ish offshore |t wveather conditions are syitadie. The "sosqulfo® fieet of Loulsiana Is
made up of numerous smail boats, generslly operated by one person, that sheimp commrcelally in the
Inshore bays and marshes, These boats sre fypically shal low=dratt, cpen skitfs,

Desp=water trawling for roval red sheimp In the Mississiop! and Tortuges grounds has deen
steadliy increesing [n the past few years., Royal reds are fished by wood, steel, and atuminum vesse!s
ranging In length from 56 to 86 feet, Most of the vessels are double=riggad and are capabie of .
shrimping In both the shallow and deep water of the Guif, Smslier vessels and doats usuatly do nor
have the sinch capaclity or sutficient stadiilty In rough seas to fish for roysl reds (Kiims and Ford,
1970),

Although the otter trawl |s the most cammn of the gears used In the Gulf shrimp fisheries, orner
kinds of gear ars also used, The star traw! vas developed for shal!cw-water shrimping In the Gulf of
Mexico (Marinovich and Whiteleather, 1968, cited In Xiime and Ford, 1970), Sideframe trawils, used
aimos? exclusively to harves? Delt shrimp on the Florida wes? coss? frams Cedar Key to Naples .
{(Woodbura, et al., 1937; Saltomen, 1963), sre virtusily unknown In the other Gult states, Researchers
are conducting experiments #ith the electric fravl, beam trawl, secsrator trawl, and excluder pans!
Other gesr types used by both commsrcial and recrestional shrimp fishermen inciude haul seines, cast =
nets, channel nets, wing nets, and oush nets,

The hau! seine was the primery geer used to hervest shrimp until the Introduction of the otter
trav! In Beautfort, North Carciing, between 1912 and 1917 (Christmas and Etzoid, 1977), Tulian (1920}
reports that the otter traw! was Introduced Into the Loulsliane shrimp fisheries In 1917, The use of
the otter trawl spread raplidly among shrimp fishermen in Loulsians decauss of *he incrsase In catch
per man-hour possidble over hau! seines,

An otter fraw! consists of 8 heavy mesh beg with wings on sech side designed +o funnel the shrimp
Into the codend or tall, A peir of otter bowrds or frawl doors positioned at the end of each wing
hold the mouth of the net open by exerting & downward and cutwerd foroe at towing speed,

The two dasic after trawl designs used by the Guif shwimp fiee? are the flat and the semi-ba! loon
trawis (Kiims and Ford 1970), The mouth of the flat trawl is rectangular In shape, whersas the mouth
of the semi-belloon design forms s pronocunced arch when in operation, The besic design of each traw!
tyoe is shown in Figure 3,2=10, The semi-beitioon designs tend to maintaln sn efficlent snape under
repeated towing stralns; +iat nets require perliodic rerigging and rehanging to meintaln max!imum
etticiency (Christmes and Etzoid, 1977), The two—seam semi-~bsiioon traw! (Figure 3.2-10) was Intro-
duced In the Gult of Mexico In 1947 (Marinovich and Whiteleather, 1968, cited 1n Christwas and Etz0ld,
1977), The two~seam design was follcmed dy The develicoment of The four-seam semi-beiloon trawl, which
has "s shorter [ib with wings on el ther side befween the top and borttom bDe!llles,” wheress the "top and
bortom bellies were joined directly togefher® [a the twoesesm design (Christmes and Et2old, 19773,

The tour-sesm traw! maintsing an efticlent shape under towing strains and therefore crestes less
reglistance In the water than the two-seam trewli,

About 90 parcent of the fishermen in the royel red fishery yse 5% to 75=foar flat otter trawis,
and the remainder use semi-beliocon trawls ranging in widtn $rom 435 to 60 feer (Kiimm and Ford, 19703,
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Figure 3.2-10. Diagrams of the four basic designs of otter trawls used
by the Gulf of Mexico shrimp fleet (after Christmas and
Etzold 1977).
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Figure 3.2-11. Diagram of the twin-trawl rig (after Harrington et al. 1972).
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Try nets are small otter trawis about 12 to 15 feet In width which are used to test areas far
shrimp concentrations, These nets are towed during reguiar trawling ooerations and !ifted
pericdicaliy 10 aliow the fishermen to assess the amount of shrimp and other fish and shelltish deinag
caught, These amounts In turn determine the length of time the large trawis wiil| remain set,

Until the late 1950's, most sheimo vessels pulled single ofter trawlis ranging fram 80 to 100 faer
In widen (l1dyll, 1963), Oouble=rig trawiing was introduced Into the shrimp fleet during the late
1950's, The singie 'arge traw) vas replaced by two swailer frawls, esch 40 to 50 teet In widtn, «hich
vere towed simyitanecusily from stoutly constructed ocutriggers located on The port and stardoard sides
of the wesseis. The port trawl was fowed about 150 fee? in Dack of the stardoard traw! to prevent
fouling, The advantages of double=rig trawiing are (1) Increased catech per unit of effort, (2) fewer
handiling problems with the smet) nets, (3) lower inltial gear costs, (4) a reduction In costs asso=
clated with damage or loss of the nets, and (3) grester crew safety (ldyti, 1963),

The haul seine consists of a large rectangular panel of webbing ranging up to 1,000 feet in
length and 20 fee? in deoth, It was mainiy used before 1917, At that tims mesh size ranged fraom 9,5-
to 1 ,5=inch bar and a large crew was required o set and fish the net, Typicaily, a corkiine buoyed
*he top af the net and 3 leadiine was attached *o Tthe bottom edge, Hau! seines were freguentiy
constructed with bags or pockers where the captured shrimp were forced to congregats, Mmougi\ he
has! selne Is no longer used *0 harvest commercial quantities of sheimp, I+ Is stii! licensed 1n some
states,

Cas? nets asre used mostiy Dy sportsmen siong tidal creeks, bayous, and we!rs where shrimp
congregate seasonally, Cast nets are cirailar, usually ranging tram six to 12 feet In dlameter, with
& tendiine sewn arcund the periphery of the net, A cord line passes through 3 metal or plastic
thimble Iin the center of the ne? and radiates out 1o savera! smsller cords which are attached at even
Intervals to the leadiine, Cast nets are usually constructed of nylon webbing with a 0,25 to 0,75
Inch mesh, The nets are thrown In a clraular pattern and allowed 10 sink to the dottom, The cord
Ilne Is pulled In, causing the leadiine tO De drawn 10 the center of the net where the shrimp are

trapoed,

Channel nets are stationary nets which resemble otter trawis and catch emigrating shrimp In
narrow cuts and dayous Iin aress with large tidai amplitude, The mouth of the net Is held coen with
anchors or poles instead of trewi doors, The contents of the net are periodically dumped (ato a small
skift or & box located onshore,

Buttertly or wing nets are dugs constructed of nylon webbing which are hung on a rectangular
frame and attached to the side of & dost, Boats euipped for "™uttertiy® shwimping anchor themsse!ves
heading Into the current and lower the nets Info the water perpendiculsr o the gunwales, The tids!
currents are Then alioved 1o swemp emigrating sivimp inte the mouth of the ne?, The net can be
checkad without ralsing ™e freme by |ifting the codend on bdoerd with g lazy line and amptying the
contents lato a sorting bax, The net [s then put overdoard to resume fishing while the caten s
sorted,

Push nets, which are occasionally used ?0 cateh sivimp In shal low=vater areas of Florida and

Texas, are smail mesh bags hung on rectangular frames, The operation of a push net usually invoives
an Individua!l wading and pushing the net defore him In shaliow water,
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Table 3.2-3. Estimates of Foreign Catch (in tails) of Shrimp (1971-1975)
in Waters Now Considered as Within the US Fishery Conservazizn
Zone of the Gulf of Mexico (Data from Charles Fuss, NMFS,
personal communication 1978).

Foraign country involved: Total
Bordering ¥ Estimaced catch estimated
ear
state | ~ Cuba Mexico Panama foreign
catch
--------- - = PoUNAS = = = = = w - w = - -
Florida 1971 57,440 0 0 57,440
1972 10,240 0 0 10,240
1973 20,480 0 0 20,480
1974 75,000 0 75,000
1975 135,000 105,000 0 240,000 -
1976 0 0 0 0
6-year average 49,693 17,500 67,193
Texas 1971 0 2,783,300 0 2,783,300
1972 0 83,820, 0 83,820
1973 1,710,000 0 Q 1,710,000
1974 1,110,000 90,000 0 1,200,000
1975 1,665,000 225,000 0 1,890,000
1976 722,750 0 126,000 848,750
é-year average 867,958 530,353 21,000 1,419,311
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Tadle J.2-4. (Lstimates of Monchly Toceian Effort and Cacch Directad Towsrd Shrimp (1971-1974) tn Vacers Now
Conalderes an Within the US Flanary Conssrvatins lsse of chs Culfl of Mexico {lats lu-
Chacleas Puse, WUS, perecusi commuaicstios 1978). Weight te tatl weigne.

Principal Ratinaced Lacinatned Lstimated Cacinstad
“:::::‘ Tear fishiang :‘::::: tishing days wmber of cateh por tacal catehr
smaths Jer _vesss} vessel days vassel day {pevads)
--wmewwe s mmwewnann REMILEE P * e w s e s eeE - E e om
Tlerida 1973 — -— — — — -
1972 -— - — — - —
1973 - —— - — - —
1974 — — — - - —
1973 July H ® £3Y] 300 105,000
1979 - -— — — had bl
Taxas m Juaa 128 14 2,048 195
July 348 is 8,520 o18
August il 14 178 433 1,783,308
1372 June ? 1 2 35 .
July s 16 L {439} 9,820
1974 July 3 30 ” 500 .
October ) n ”° 300 30,000
1978 July s 30 140 300 R
Muguat b 0 110 500 115,000
1976 - - - - - -
... eseeseensassanswe CUBE TSR S e s m s e s e e "
Plsxida mm Jamsary 10 1 180 13
February [} 14 »* 248 57,440
1972 Pahruary H ¢ 1% 1 120 10,240
1973 Tabeuary 4 1 6 320 20,480
1974 Jamary LI § 30 » 500
Sevanbar [} 3 - 110 500 15,000
1973 Fehruazry 3 3 90 300
Magust L) 30 10 308 135,000
1976 - - - - - -
Tanas 19171 Sepcmber H 2 1 — —
1972 - - — - - -—
1973 April 3 » *0 300
May ] 3o 130 300
Juse Y | 30 430 500
July 3 » 1,17 300
sugeat 12 » "0 300 1,710,000
1974 April 3 » ] 500
Nay 10 » 306 00
June 14 » o0 500
July b} ] 0 1,050 500
Auguas U] 0 300 300 1,110,000
-1973 Jume 1 » %0 300
July o 30 1,100 500
Auguet & 3 1,200 300 1,665,000
1976 Juns 13 13 23 3%
July n 3 178 158
Auguat 19 13 {478] 50 {636,250}
®mso N e e ehwacanne FEMEM S e e e s .wewwaemwe oo
Tlerida im - - - - - -—
1973 - - - - - -
1874 — - - — - —
1973 - - - - — -—
1976 - - —-— - - -
Tanas 1971 — —— —-— — - -
19712 — - — — - -
197} — — —-— - - -—
1974 — - - - — -
1973 - - - — - -
197¢ Jammary 1 ] L] 330
Ssptamdar ] (1] ] 350
Ccteber 1 3 30 130 124,000
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3.2.2 History of Foreign Expioitation

3.2.2,1-=3,2.2.3 General Description ot User Groups, Fishing Effort, Vesse!s and Gear Emoloved

Foreign shrimn flshing In the U5, Gult of Mexico has been virtually nonaxistent In 1977-1978
(Charles Fuss, NMFS, personsl cowmunication, 1978) as g result of the passage of the MFOM, Prior to
1971, Mexican vesseis had been shwimping In U.S. waters for meny years; Cubans entered the fishery In
1971, and soms Panamanian boats shrimped of f Texas In 1976 (Table 3.2+3). Annual narvest for Tne
years 1971=1976 ranged from rerc to 2,8 mililon pounds In resources In inland waters and in ralis oft
Filorida, Mexican harves? off Tewxas ranged from zero to 2,783,000 pounds In talls, Cubdan boat activi*ies
aoft Texas were concentrated In the months of June, July, and August, the pesk bDrown shrimo ssason
{Table 3.2-4), It is estimmted that 30 boats worked 29 days per month and harvested 408,000 pounds in
talls per month, Mexican Doats, oresent In the same waters during the same period, In 1971 rotated
34% and took an estimated 2.3 mililon pounds. The catch fell sharply In ensuing years, Cuban boat
activities off Florida occurred meinly durling the winter months; from cne ™o ten vessals were
iavolved, and the take was as high as 139,000 pounds In ftalls annually, Seven Mexican vessel!s took
105,000 pounds of shrimp tails of ¢ Florida In July 1975 (Charies Fuss, NWS, personal communlcation,
1978), Foreign vessels sre of the same conflguration as the U,S, offshore flee? and ytilize simllar

gear. -

3.2.3 Fishing in Foreign Waters

The United States and Mexico signed g treaty In November, 1976, conceraing U,S, siwimping activity
In Mexico's portion of the Gult of Mexico affected by the 200-mile extended Jurisdiction, A three and
one=half year phasecut period was negotiated, and all U5, shrimp tishing within Mexico's 200-miie
offshore fishing zone was terminated My Jesnuary, 1980, '

Historical U.5, Shrimping Activity In the Gult of Mexico

The shrimp grounds In the Gult of Mexico begin with Area 1 oft the southwestern tip of Florida
and extend to Ares 40 Just off Quintana Roo; these arsas and deoth zones In ten-fathom Increments arse
shown in Figure 3,2=-12, Aress | to 21 off the U.5, coms?, and Areas 22 o 40, off Mexico's coast,
conform Po Tthose usad Dy the National Merine Fisherlies Service (NMFS) in collecting and revorting
sheimp landings dats. -

Landings from Mex!can weters decreased from sround 18 to 10 mitllon pounds for the period
1962«1974 with the average for the last flve vears bDeing 9,6 milllon pounds (Table 3,2,5), The
decrease In landings came from regions 31 to 40 off the Yucatan Peninsula where cateh drapped fram 12
mililon pounds to four millilon pounds., Landings from Aress 22 to 30 remsined falrly constant at tive
to six mllilon pounds, During 1970=1974, 90 percent of U,5. shrimp landings came from U5, waters and
10 percent from Mexican weters, Withia the last five years aimost two=thirds of the landings from
Mexican waters came from Aress 22 to 30 on the Texas side of the Gult,

Tota! vatue of cateh (nominal dollars) from Mexican waters (Arees 22-40) remgined talriy constant
at $13 miition, Aress 22 to 30 have becoms reiatively more valuadle ™o Gulf shrimpers In the US,
than Aress 31 to 40, While Mexican vessels degan to fish in U,S, waters [n the sarly 1970s, thelr

cateh and assoclated vaiue was negilgidle,

Days tished in Mexican waters decreased fram arcund 30,000 to 16,000 between 1962 and 1974, Most
noticeable In this shif? was between 1965 and 1966 when days fished dropped in Aress 31 to 40 of
Mex!can waters, Days fished In Areas 22 to 30 of Mexican waters remained nearly constant at about

10,000 days for the !3~year period.
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Oteeribyrion of Landings from Mexican Water

Landings data for the peried 1970 to 1974 indlicate that more than 99 cercent of the cateh *ram
Mexican waters was landed in Florida and Texas (Tabie 3.2,6), For the five Gult states an average of
85,0 militon pounds (90 percent) of the shrimp landed during the 19701974 period came fram U,S.
waters shereas 3.5 miiilon pounds {10 percent) came from Mex!can waters, Elghty-nine percent of
Floride fandings (and revenye) came from U,5. waters and !1 percent from Mexican waters, Texas eas
somewhat more dependent on Mexican waters since 17 percent of its landings and 19 percent of Its reve=
nue cams from Mexican waters,

Table 3,2,3, Total landing and value by U.S, vesseis and days fished from statistical reporting areas
in Mexican waters of the Guif of Mexico, 1962-1974,

Landings Value Days Flshed -
Year 22-30 3140 22-40 22-%0 31-40 22=40 2230 31=40 22=40
wasumi| 10N pOUNdg=ene camacsen| | j{on Semawasme ¢1000) == .

1962 5.9 15,9 19.8 5.0 10,7 15.7 11.9 26,5 38,90
1963 3.3 10,7 14,0 2.5 7.7 10.2 5.9 20,4 26,5
1964 5.2 12.3 17.4 3.9 7.5 11,4 a,9 22,1 31,0
1969% %.0 11.4 16,3 3.7 8,0 11,7 7.8 20,1 27.9
1966 8,1 4,1 10,1 5,6 3.5 9.t 10,3 7.2 17,5
1967 5.0 5.0 10,0 4.6 4,5 9.1 71 7.3 14,6
1968 8,1 8,3 14,4 8,0 5.9 13.9 11,8 1,1 23,0
1969 4,1 4,2 8,3 4.9 4.4 8.9 9.2 1.8 16,8
1970 5.2 3.9 9.1 4,9 4,2 9.t 1.7 7.8 15,5
1974 6.3 2.7 9.1 8.3 5.1 11.9 10,9 4.5 14,8
1972 8,3 3.4 11,7 11,8 4,4 16,0 12,3 4,9 16,8
1973 5.7 4.4 10.1 11,1 7.7 18.8 10.9 7.2 17,7
1974 4.8 3.4 8,2 8,1 4,3 12,4 10,3 4,7 15,0
1970=1978

Average Got 3.6 9.8 8.8 4,7 13,6 10,3 57 16.0
Sercant

of Total

Guit 5,4 3.7 10,1 7.3 4,0 11,5 6,7 3.7 10,4

Source: Grittin and Seattie (1978),

329



Mogt of the catch taken from Mex!can waters and brought to Texas was tanded In the ports of
Brownsviile and Port lsabel, For these ™o ports, located across the Rio Grande Rlver fram Mexiza,
58 percent of the landings come from U.S5, waters and 42 percent from Mexican waters, Thus, vessals
cperating out of Brownsvilie and Port |sabel were very dependent on Mex!ican waters,

Based on a4 Griftin and Bearrtie (1978) article, Table 3.2.7 shows the number of Florida and Texas
vessels that were estimated to be directiy affected by the 200=mite extended Jjurisdiction by Mex!co
before the phase~in of the tishing moratorium was begun, The average number of Texas vessels that
fished In Mexican waters for the perlod 1971-1974 was 35635; for Floride, *he average was 8%, Of rne 565
Texas vessels, 464 figsned In Areas 22 Yo 30, 207 fished in Areas 31 t0 38 and %9 fished in Areas 33 *o
40, The Floride vessels were more devendent on Arsas 39 o 40 where 80 of the 8% vesse!s fished.

Only nine of ?M‘Florlda vesse!s fished in Areas 31 to 38 and only one tished in Areas 22 ro 30,

Economic Consequence of Mexican Extended Jyrladiction

Grittin ang Beattie (1978) reiled on sconamlc theory and statistics! models T0 estimate the ecom
nomic conssquences of extended Mexican jurisdiction, The nature and extent of *he economlic los ses
estimated were highly dependent on assumotions made with respect to shrimp prices, costs, length of
adjustment period and alternetive uses of shrimp vessels,

~ Slightiy more then 10 percent, 30,600 units, of the total effort (real days +1shed) expended by
U,5. shrimpers on the Gulf shrimp tishery occurred In Mexican waters during the 1970=1974 period
(Gritfin and Deatrie, 1978), (n thelir snalysis, Grittin and Beatrie (19378), assumed that these 30,500
units of etfort (E, In Figure 3,2=13) would be diverted fo U.S, waters shen Mexico's extended Jurls=
diction went Into full effect in 1980, Assuming that the U,5, Gulf of Mexico fishery was In open
sccess equi iibrium where total value product (TYP) equals rotal cost (TC), a temporary dlsruption of
that equliidrium vas expecrted,

Present Value of Negative Rent Stream

when the 50,800 units of ef fort exerted in Mexican waters wers diverted to U,5, waters over a
*hree and one=halt vesr period ending in 1980, the [ndustry as a3 whole was estimated to Incur negative
rents ?uponrlly. Since rent is Zero at equliidrium In an Open=sCCRsSS COMMDN Property rasource, rent
{(r) was remporar!iy negative dus 1™ the excess ef fort, The term rent refers o "excess profits."
Excess profit may be defined as & return over and above the normal prof( T return o labor and capltal
used In the fishery,

The expected Increase In sffort (E™ = 30,600) resuited In an increase In total value product of
shrimp from $147,6 mililon 10 $156.4 miltlon and In tora! cost (TC) from $147,8 mililon to $161,.4
miflion (Grittin and Beattle, 1978), At 291,400 units of effor?, rent sccruing to the +ishery would
bs a negative $5.1 miillon per yesr, :

Assuming the Industry was no fonger [n equiilbrium atter beling removed from Mexican waters, It
moved toward the equilibrium of fort leve! of 260,800 units 14 costeprice reletionships did not change,
The magn!itude of the real cost 19 the Industry can be represented by the anmual stream of net loss
over that period of tisa uatil equilidrium is resched, Table 3,2.8 shows the present vaiue of the
stream of losses for aiternative adjustment periods ranging from one 1o seven years, and prices per
pound of shrimp landed ranging from $1,70 to 33,00 assuming & ten percest discaunt rate over time,
Adjustment was assumed o take place In equal Increments of ef fort each vear until equiiibrium was
reestadiished (1.e,, at 250,800 unit of eftore),

At 8 price of $1,70 (see Tadle 3.2-8 for other orice and time scenar!cs) per pound of shrimp
landed, and a8 three-year adjustmant period., *he present value of the stream of net iosses was esti-
mated to be 38,5 milllon, Assuming the same price and discount rgte but five years To adjust the net

.
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Table 3.2=6. Total pounds and value (and percentages) of shrimo landed In the five Gulf states,
Floride, Texas ant Brownsviile/Port |sabel by arees of the Guit of Mexlico, average over
the tive years, 1970-1974,

S ——— O o eV Aot
e — e e e o e A sttt

Ares Filve Gult Srates Filorida ‘ Texas Brownsviiie &
Pore |sabel
Pounds Dol fars Pounds Dot lars Pounds Doilars Pounds Dotiars
(mit) (mit) (mil) (mli) (mit) (mtt) (mil) {ml1)
UeSe:
1=21 83,0 103,.6 15.% 151 38,2 49.5% 9.9 12,8
(90) (89) (89) (a9 (83) (84) (58) (54)
Mex!co: .
22-30 6.0 8,7 * * 9.9 6.8 8,0 8.6
(8) (7 {13) €12) (34) {31
31-40 3.8 4,7 1.7 1.9 1.9 2.8 1.4 .24
{(4) {4) (1 (1) (4) ¢} (8) (9)
Toral Gyit:
1=40 9.5 117.0 15,2 18,9 46,0 9,1 17,3 25,3
(100) (100) (100} (100) (100 (100) (100) (1o

% Less *han 100,000

Source: Grittin and Beattie (1978), p. 17,

Table 3.2=7, Numder of vessels from Texss and Florida fishing In the Guit of Mexico by areas,
1971=1974,

ewanuaveewel loridy Vessels:

Texas Vesse!ls

Toral® Total ®
Yeur 22«40 22-30 31=38 39-40 22-40 22-30 3138 3040
197 570 460 158 78 75 4 1" Iy
1972 632 28 193 T4 9% Q 7 as
1975 615 480 523 23 9% 0 14 L1
1974 444 33 153 30 9 1 s 177
Average 563 4695 207 59 as 1 9 80

Exetusive of dupliication

Source: Griftin and Beattle (1978),

3=31



present value of the stream of |osses was estimated to be $12.1 milllon, Obviously, the longer *=e
adjustment period, the targer the ioss,

Kiso presented In Table 3,2,8 are estimates of the present value of the negative rent stream
assuming alternative sheimp prices, Since a chenge in product price shifts TVP and rhus the
oqui tibrium effort level, the estimetes presented assume that costs of production shitted simyita=
neously so that the same (260,800) equiiibrium effort level was mintained, Given this assumprion,
the present value of the streem of losses was estimated to be $12.8 miliion assuming & $2.50 sarimp
price and three years to edjust, AT the same shrimp price dut assuming 8 five~year adjustent seriad,
the present value of the [oss stream was estimatad to be $18,0 miiilon,

Table 3.,2-8, Present value of U5, cos?t due to Mexico's extended jurisdiction In *he Guit of Mexico
tor aiternative adjustment periods and product prices (assuming equllibrium effort ar
260,800 units and a ten percent discount rate,)

Exvesse! Price Per Pound

Years o :
adjust $1,70 $2,00 $2,%0 $3,00
-mi|ilon doilars -
1 4.6 5,5 6.9 8.3
3 8.6 10,1 12.8 15,4
s 12,1 14,3 18,0 : 21.8
7 18,2 18.0 22,7 27.4

Source: Grittin and Sestrie (1978)
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1.3 History of Management

3.3.1, Management !nstivtyrions, Policies, Jurisdiction

intand water management of the Gult shrimps fishery (s hesed on the laws ang reguiations of the
tive srtates attected, All the states have restricrions on the size of shrimp which may be *aken; st
have exclusive sTate suthority for the determination of shrimping seasons; all require ilcensing of or
permits for various types of shrimp dealers and vessels; al!l provide for restricred waters *o0 some
degree; all have penaities for viclations of laws and regulations; Florida, Alabeme, Mississippl, ang
Loulsiana have some administrative suthority ?o negotlate reciprocal shrimp agreements with other
states while Texas has none, All Gylt states have sgencies concerned with wetiands mansgement; shrimp
habi tat protection In nursery aress comes within thelr purview as advisory or rule=making bodles,
Fioride, Louisiana, Mississippl, and Alabems have federally spproved Coastal Zone Management Programs
which would embrage al | the laws and regulations of the governing bodies, barh local and state,
atfecting the state=controlied shrimp fishery and nursery sress., The five states al! have reporting
requiremsnts, byt the type of information asked for and the diiigences with which I+ Is sought vary,
Leuisiana, Mississippl, and Alabams are authorized 10 collect Taxes dased on volume from shrimpers
and/or processors. None of the states have a8 iimited entry law,

Algbams: The Departmant of Conservation and Natura! Resources |s responsible for shrimg #ishery
management, |Ts powers Inciude determination of cpen and clased seasons, regulation of time, place,
and mathod of taking seafcod, and authority to require submission of statisticsl informetion from
shrimpers and processors, Dlirect supervision of sesfoods is handled by the Department's Division of
Marine Resources, headed by a director named by the Cammissioner of Conservation and Natural ‘
Resources, A thirteenmpmber advisory bosrd mesets at 1eas? twice sach year 0 review regquiations pr-
posed by the Commissioner and to astabiish poiicy on praposed legisiation, The advisory bDoard can
revise or repes! regulations proposed by the Commissioner, or It can sdopt ite own regulations by a
two~thirds vote and the consent of the Governor, All sesfood In state-owned waters is declared *o de
state property, Yetlands management in Alabeme is under the jurisdiction of the Coastal Area Board
{appointed by the Governor), Its area of authority beging at the tentoot contour line and |s con=
cerned with habl tar pratecrtion, A fourteen-member advisory commi*tes of experts in all fleids of
coastal usage advises The Cosstal Ares Bosrd, Alsbeame has entered into reciprocsl shrimp agreenents
with Loyisiana, Mississippl, and Fiorlda.

Texas: Overall control of *he Texas shwimp fishery ia eivher vested In the sixemamber Parks and
Wildiite Commission sppointed by the Governor or controlled by fhe legisiature, The Commission
estabilishes rules and reguiations in some constai counties and may adjust the cicsed Gult seasson;
entorcement Is handied by the Texns Parks and Wiidiite Department, The Toxas Shrimp Conservation Act
is spplicabie al! aiong *he Texms coust bDecause the Commission has adopted It as & regulatory policy,
State Jurlisdiction extends sewserd three lesgues (nine natical miies) from the cosstiine, The state
distinguisheas between Inside waters~-ai! btays, passes, rivers, or aorher bodles of weter landward from
the Guite=and cutside waters, extending fram the shoreiine seaward to The extent of Texas jurisdice
tion, The Texas Comnstal Coordinetion Act reguires The Texas Natursl Resources Councli to study
problems and issues In connecrion with cosstal natural resources and to submit a bDiennigl study witn
recammendations for acrion on identiflied probiems, The Council is aiso to recammend research and data
acgulisition priorities. Texas has no reciprocm! shrisp agreement with the other Gulf states; leglisia-
rive sporoval of any such agreement wauld be required, The Commission Is empowered to coordinate any
Texas shrimp management plans with those drafted for the tederal fishery zone,

louisiana: The Wildiite and Fisheries Camission has exciusive control over the shrimp flshery :
and the shrimp industry. Rules and regulations are promuigated by the seven=member Commission, Its . 7
members are named by *he Governor o serve overiapping terms and represent various segments of flsh=
and wildilte~related Industries snd sportsman's groups, Administration is handied by the Departmen?

3=33


https://111an.,.nt

ot Wildiite and Fisheries, The Decartment's Ottice of Coastal and Marine Resources |s responsisie far
enforcing requiations and monitoring the shrimp tishery, A severance tax, tavadle by the tirse
purchaser and collected by the Department, |s levied on shrimp Taken fram Loulsiana waters, Oata
reporting |s required trom shrimp processing plants and wholesale dealers, The Decartmant nas a
Iimited degree of authority to enter Into reciprocal agreements with other states, Loulsiana’s jyris-
diction extends seaward three nautical miles from the cosstiine, The state differentiates between
Inside waters, Including the large bays, and outside waters. Shrimpoing seasons are set for inside
waters; there is no closed season for cutside waters. Reguiations proposed by the Commission are
subject both 10 review by the Joint Senate and Mouse Nastural Resources Committee and to the
Administrative Procedures Act which requires publlic notlice through pubilcation In *he Loulslanas State
Register prior to thelr adoption by the Commission, The State Department of Transportation and
Deveiopment Is in the process of develioning a Coastsl Zone Management Program covering coastal marsnes
and estuaries and extending to Loulsiana's sesward doundary, The vast Loulsisns shrimp nursery
grounds are Incliuded in the territorisl limits to be covered by the program,

Mississippl: The poticy meking body of the Mississipp! Department of Wildiife Conservation Is a
# ive=member Commission on Witdlite Conservation, Exscutive authorlity Is vestad In the Director of
Wiidilte who Is elected by the Commission for a four-year term, A Surems of Marine Resources !s super-
vised by s director experienced in marine corservetion; this Burssy sids the Commission In "formylating
policies, discussing problems and considering other metters.” The Commiasion determines seasdns,
restricted waters, and size of shrimp to be taken, The Commission Is suthorized to requlire such
reporting as may be nesded to meet the needs of any resesrch project, and persons recsiving such
questionnaires are required o respond factually, Fines are Imposed for fallure to respond or for
talsitying date. A severance tax Is imposed on all shrimp processed, trensported In or fram the state,
or caught within state waters, The state has & bDroediyeworded statute covering reciprocal sgreements,
The Bureau of Merine Resources Is suthorized to study "plans, oroposals, reports, and recammendations®
tor development and utlilization of cosstal and of fshore lands, waters, and merine resources, .

Florlda: The Fiorida Department of Natural Resources 1s the state's sheimp #ishery reguliating
agency. |t Is empowersd o adoot rules and regulstions governing "method, manner, and equipment” used
In taking shrimp and to define arses where shrimp may be caught, Its Division of Marine Resaurces Is
charged to "preserve, manage, and protect® fishery rescurces and 1o reguiate vesssis and fishermen
"within or without® the baundaries of the state, However, the legisisture has adopted numercus local
laws (general bills of loca! application) which regulate shrimping in the particular countles,

Special county scts govern shrimping sessons in Apslachicols Bay, St, ¥incent Sound, and the area from
Cape San Blas to Cepe St, George, By legisiative act, 0me nursery areas are permanentiy closed to
ail sxcept balt shrimping, Florids hes unltorm rule=making procedures for ail administrative
agencies; these procedures regulre prior notice, an econamic Impact statement, and an opportunity for
"substantial iy affected™ persons to chalienge proposed rules on the grounds of Invaild exercise of The
sgency's lega! suthority, Proposed rules are 3iso To be reviesed by » legisiative Administrative
Procsdures Committes, Floridas has no statute specifically taxing the *aking or handiing of shrimp,
The Department of Natural Resources Is suthorized to enter Into reciproca! agresments with other
states, giving shrimpers based In such states the sams "rights and privilieges” that reslidents of
states In which they are fishing heve. "

3.3,1.1 Regulatory Measures Empioyed to Requiste the Fishery

The tollowing Is summarized from Cralg, et al, (1978),
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Legal Size of Shrimp; Catch Limits

Texas: (n 1981, Texas smended [ts sheimp reguiations to eliminate | TS minimum size res™(ction o+
39 whole sheimp to the pound on Gulf S ImD 30 [ong as there Is & Sheimo FMP (n place which provides
for a closed sesson In the FCZ which corresponds to the Texas closed Gulf sesson, Cowmsrcial shwimpers
are not iimited as to amount of shrimo Taken In outside waters; 300 pounds per day [Imi? In soring
coen sesson for inside waters; no [imit on fali cateh In major days; however, August 13 to Octabder 31,
minimum count of 30 whole Is required; no count restriction November ! to December 13, Recreational
si impers may tske 100 sounds per day In outside waters, !5 pounds per day fram mejor days in soring,
and 15 pounds per day In fall open sesson. Commercial balt sirimpers are {imited to 200 pounds per
day,

Loulsiana: Ingide waters size [imi® [s 68 whole shrimp to the pound; [imi® not aopiicadle [n oute
s {de waters or to any species taken during soring Inside waters Ooen seasan, nor 0 bHrown sShrimp Taxen
atter November 20, There are no catch [imits on commercial shrimoers; unilicensed recrestions! shrimpers
are {imited to 100 pounds per dost per day., Balt shrimp are exciuded from size reguirsments,

Mississiopl: Size Iimit Is 88 whole shwimp To the pound, Balt shrimpers sre limited Po a maxi~
mum of 20 pounds of dead shrimp, In addition, Bays are aot opened o [lve belt shrimoing unt il such
time as the shrimp are determined by sample catch to bDe 99 whole shrimp to the pound of larger, No
cateh [imi*s othervise, i

Algbema: Size lImit [s 68 whole sirimp o the pound, Balt sivimp are exceoted. There are .
no catch [Iimits tor commerclial including belt shrimpers, Recreations! boats are Iimited to 25 pound- -
per boat [n areas coen to commerclal shrimpers and 135 pounds per Doa? In balt sirimping areas. o

Florida: Sratewide size lImit for shrimp taken In state waters |3 47 *o rthe pound, heads on, and
70 talls to the pound; In three Panhandle counties [ocal size limit (s 39 to the pound, heads on, [n
open Inslde bays and sounds, No cateh limits,

Licensing of Vesseis and Flshermen

Taxas: Commercial Gulit shrimp boat, bey shrimp boat, daif sthrimp bos?, and sport shrimp *rawi
must be [(censed; "John Doe® [icenses are also required for the captein and eesch crewmsn of commerc)al

vesse! and a personsl [lcense for each recrsational siwvimper,

Louislanag: Commerclal boat {lcense Dased on length; no license needed for recrsational bosts:
{{cense required for all gear sxceot noncommercial 16 fee? and under In [ength,

Mississippl: VYessel! [icense !s besed on leng?h; balt shrimp boats and Interstate vessels pay
additional annual fews, No sivimp gear [l[cense required,

Alabama: Yessel! [(icense for Alabsma residents and nonwresident shrimpers required uniess there
Is reciprocal agreement with state of thelr residence; gear [[cense [s based on length of trawl,

Florida: VYessels sre registered according 1o size; permits are required for trawling but no
charge |s assessed, Alien and nonres{dent commerclial fishermen are required to obtaln (icense,

Season

Texes: Inside waters [n major bays are open May 15 to July 13 and August 15 to December 15,
Qutside waters are normally closed June 1 to July 1%, sudject to 13=day alteration [n ocpening and
closing, White shrimp may be caught during the cliosed sesson at zero to four fathoms during The Jay,
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Outside waters are also closed December 16 to February 1, Ouring the closed season seadbots —ay e
harvested during *the day, byt caftch can contalin no more than ten percent of cther species, Zero *s
seven fathoms ar alight closed year round,

Louislana: For Inside waters, the soring season opens no [ater than May 23 and continues sor at
teast 30 days or untli technical data Indicate & closure |s needed to protect newly recrylted wnite
shrimo; howsver, at least ane zone must have a 50 day-open season., Fall season opens the third Wonday
1n August and closes December 2!, Commission may set speclal seasons, No cicsed season [n outside
waters,

Mississipl: The season copens flrst Wednesdsy In lune, dependent on shrimp size of sampie ca’ch,
and usualiy runs from the second or third week of June untll Cecember 1 unless declared otherw!sse,

Alabsma: Closed from iate Aprll to mid=june, depending on sampies,

Florida: Season varies according to ares, -

Regtricted Waters

Texas: Alfl passes 1O and from outside waters are closed to ftrawling, Shrimoing In Inside waters
is limited to major bDays and del? bays as defined by law, Ofther Inside waters are classitled as nure

sery areas and no shrimping I3 allowed,

Loulsians: State and federsl wildilfe refuges, Bayou Judge Perez, and sanctuaries ln'Lako
Pentchartrain and Lake Catherine are restricted waters,

Mississlopl: Commerclal sheimping Is forbidden within one=halt mile of mainiand from Migsissiopi~
Alabams 1ine west to Bayou Caddy, of f Gulf Isiand National Sesshore, and In all dayous with the excep~
tion of twa pipeline diftches In Hancock County, (Shrimping within the one~half mile sanctuary !Is
Iimited to licensed !lve=de!lt desisrs,)

Alabama: All rivers, streams, bayous, creeks, and portions of bays designated as nursery areas
are restricted. No shwimping ls allowed within 200 yards of the beach of ¢ Dauphin isiand and Mobile
Point from May % o September 13,

Florida: Portions of Sants Rosa Sound, Tortuges siwimp Ded in Florida waters, and that portion
ot the Tortugas shrimp bed in the FCZ are closed to Florida residents, Other areas are subject fo
loca! seasonsl restrictions, Certain aress designsted as stats parks or recrsationsl aress ars closed
to commercial tishing,

3,3,1.2 Conslstency Requirements of Cossts! Zone Management Act

Congistency provisions of the Cosstal Zone Mansgement Ac? requirs a Councit, In preparation of a
t ishery mgnagement pian, 10 address and consider the extent of tishing within state waters, on the
premise that good manegement princlples “requlre that the FMP sddress an Individual stock of fish as a
unl? throughout its range, Including its presence within state wvaters,® Counclils should "make every
stfort %o coordinate thelir FUP development activities with the state cosstsl rone agencies,.”

3.3.2 Mansgement and Regulation of Foreign Fishery

The present extent of the U5, flshery conservation zone in the Gult of Mexico Is detined on te
basis of two treaties on maritime boundsries, one with Mexico and the other with Cube, Bofh treaties
are now pending Senate advice and consant to ratification, In the meantims, the maritime baundaries
specitied In the treaties are belng app!led provisionatly,
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Access to the FCZ tor foreign shrimp flshermen muse be predicated on an avallable surpius of
shrimo [n excess of the U5, harvesting capacity, as well as s Governing International Fishery
Agreement (GIFA) with their nome country, Likew!se, for U.,5, shrimp fishermen $o galin access ™o *mg
zones of exciusive fisheries jurisdiction of Mexico or Cubs, there musT D8 a surplus over the harvesr™
Ing capacity of the domestic tishermen Involved, Cubs has a GIFA with the United States of fective
September 26, 1977, However, the MFOM does nat permit allocations t0 The fishermen of elther cauntry
uniess a shrimp surplus {s determined,

The current U,S,-Mexico Fisher!es Agreement as discussed In Secrion 3,2,3 aliows for no access
to shrimp by US. fishermen in Mexico's tishery zone, The United States continues to naegotliate «itn
Mexico In an effort to obtaln some form of shrimp sccess. U.S. fishermen have no access o #isn or
sheimp In the Cuden fishery zone, The U,5.,~Cube Convention for the Conservation of Shrimp was
terminated on April 28, 1978, after Deing In foros twenty vears,

3.4 History of Research

Other than the work of Percy Yicscs and various annual reports by the Gulf states, |1ttie was
recorded about Gult shrimp until the 1930's, During the 1930's, the various Guif states and the U.3,
Syresu of Commerclial Fisherlies initiated 5 series of Intensive studies on the Iife history of white
sheing (Lindner and Anderson, 19%56), These mark-recapture and sssoclated studies provided the basls
tor cur knowiedge of Guit shrimp as well as providing a model for subsequent studies and an Initial
groupo of flshery scientists knowledgeable about Gulf shrimp and thelr enviromment, .

The history of research since that time [s 100 extensive and diverse o summrize In t™his
section, Indeed, this eatire plan attempts to summarize oniy that portion of *he research which s
directly relevant to the mandates of MFOMA,

No articies were encountered which wauld Indicete studies on U,S, Gulf shrimp had Seen supported
by toreign countrlies.

3.5 Socloeconomlic Characterization

3.5.1 Outpu® of *™e Subject Domestic Reported Commercial Flshery

Measured by the value of shwimp at dockside, t™he shrimp flisheary Is the most valuable of aill
domestic tisheries, averaging 23 peronnt of the value of sl fish and shel t1sh landed in the United
States for the perlod 1964 through 1979, Trans!lated into doilars, the 1979 fish and shelitisn
landings were worth $2,233,679,000, Shrimp accounted for $471,573,000; salmon, $412,776,000; and tuna,
$158,387,000, The Gulf of Mexico commrcial sheimp fishery In 1979 accounted for 30 percant of the
dockside vaiue of the US, shwimp landings and in terms of pounds of shrimp, the retative Guit contri-
bution Is 61 percent of the U.S. shrimp landings,

3.5.1.1 Exvesse! Yalues of the Catch

Exvessel vatue of Gult of Mexico shrimp landings Increased aver six=fold between the late 1930's
and the late 1970's (Tabie 3.5,1 and Figure 3,3,1), Although the overal! trend In volume was uoward
for the twenty=two year period, most of the increase In value of landings was due TO iIncreases in
sxvessel prices, Since 1964 total vaiue of shrimp landings only decreased in 1974, Setveen 1964 and
1970 total value Incressed steadliy while after 1970 tota! value of shrimp landings Increased dramati-
catly. The overall trend In prices has bDeen upward since 1967 csusing most of the Increase in total
value, Prices geners!iy moved in opposite direction than volums landed, causing the total value trand
to be much smoother, Price movements changed direction in twelve of the twenty=two years, decilining
two years In a row only In 1958 and 1939 while Increasing three years In a row during two periods,
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Texas, with an average of 46 percent of the value of all Gult of Mexico shrimp landiags, nas

consistently had the largest exvessel vaiue of ail the Gulf sTares,

of the average annual valye of the landings,

percant ftor Alsbama,

Loulsiana accaunts far 28 nercgar

Florida ranks third at 13 percent of The rotal val,e,
Yalue of shrimo landings Increased in ail states detween 1998 and 1977 (Tadte 3,5.2), Average anma!
rate of incresse in value of landings ranged from 5.2 percent for the Florida west coast to 16,6

Texas and Louisiana, the *wo mos? Important srates, averaged over nine sercant

per year,
Tabie 3.5=1, Total volume and value of U,S, Gulf of Mexico shrimo commercial fandings, 19%58-1980
Heads=on Collars
Year pounds doilars per pound
. DA A A . m —
19%8 173,394 63,87 37 .
1959 193,503 50,348 «26
1960 208,723 57,6831 .28
1961 133,799 43,6%0 o33
1962 141,726 60,557 A3 )
1963 203,116 85,559 31
1964 179,032 62,699 o33
1965 195,237 70,907 368
1966 179,230 82,975 A8
1967 22%,7351 90,575 .40
1968 204,024 93,829 Ry
1969 200,429 101,062 .50
1970 230,474 108,186 47
9N 227,376 138,274 .50
1972 .228,941 164,101 W12
1973 182,206 171,8% «94
1974 186,211 138,042 74
1979 170,084 178,227 1.09
1976 210,078 273,222 1,31
1977 265,903 296,783 1,12
1978 248,327 319,59 1,29
1979 206,564 377,642 1,82
1980 204,914 293,212 1,44

Source: Fishery Statistics of the Univted States and Fisherlies of the United States,
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Arga Distridution aof the Yalue of *he Catech

Figure 3,32 compares the sverage value distribution of the combined brown, white and plnk shrimg
catches from 1959 to 1973, Area 19 (the Freeport, Texas, grid) nss the highest exwvesse! value, It
has sccounted for an average of 19 psrcant of the toral value. Waters adjacent o Texas provide 42
percent of *he sverage shrimp catch value., The value of the catch of t Loulsiana accounts tor 36 cere
cent of the total value; Florida, '1 percent; and Alabame and Mississippi each six percent.

A comparison of the value of landings (Table 3.%2) and the average percent of the value of caten
(Fige 3,%3=2) Indicates soms spoarent differences, for exampie, Texss and Fiorids have !arger percent-
age values In landings (see adbove) than arse sccounted for in percentage value of cateh, whersas
Mississiool and Loulslana have sma!ler values 1n landings than expected from the reported value of *ne
cartch, These dlitferences reftlect the mobliity of mych of the Guylit fleet, For example, yntil recent)y
many vessels from Fiorids and Texas, because of ™eir proximity, had shrimped of f Mexico and landed a
partion of their cateh In the Unitad States, Some vessels from Florida often migrate north in the
spring and summmr to fish off Mississippl and Loylsiang and then Texas, Yessels from Loulsiana
trequent the shaliow weters off Galveston, Texas, fishing for white and dDrown shrimp, Texas bosts way
tish of f Loulslang during the Texas closed season in June and part of July, Alabsma's Sayou La Batre
vessels have the capabliity to "rogm®™ the Gult [n search of shrimp, Though they are larger than the
average sized vessel In the northern Gulf,

Hervesting regimes exert a substantial influence on exvesse! value, Texas regulations, for
example, result In much greater landings of largeresized shrimp than do those of Loulsiana, A 19358~
1979 study showed Texas orices for brown shrimp o be 1,5 times that of Loulsisna drown shrimp, and
1.2 times that of white shrimp (Calllouet and Patella, 1979), \

Al*hough there have been variations in *he relative Importance of the exvessel vsiue of brown,
white, and pink shrimp, the drown shrimp Is the most valuable, accounting for 52 percent of the total
value of all species from 1958 to 1967 and tor 56 percent of rthe total value from 1968 to 1977, white
sheimp are The second mostT valuable species, The relative position of white shrimp increased from 25
sercent of the total value In the 1958+1967 period to 30 percent of the total value during the 1968~
1977 pertod. The percentage of totat value of Gulf shelap cateh attridutable o pink shrimp has
fallen from 21 percent in *he 1958«1967 period o 13 perceat for 1968-1977,

Approximetely 57 percent of the anusl value of the drown shrimp catch Is from Texas, 28 percent
trom Lou!slana, and the remmining 15 percent from Mississipol, Aladame, and Florida (Flig. 3.5=3),

Loulsians waters furnish 61 percen? of the vaiue of the white shwrimp harves?, Texas 30 percent,
Mississipp! five percent, Alabemm three percent, and Florids one percant (Flg, 3,.5-4),

The Florida catch accounts for 97 percent of the totel! pink strimp weive (Fig, 3.3=5), The Ory
Tortugas area accaunts for 70 parcen? of this velue, Seabod are concentrated iIn the Atchafaiava River
area of Loulsiana (Fig, 3.3=8), These waters furnish 92 percent of the value of the catch, Texas
adds four percent and *he remminder comes from srees east of T™he mouth of the Mississippl (Fig.
3.5=6), Florida accounts for 98 percent of the rock shrimp exvesss! value (Fig. 3.9=7), The roya! ~ed
tishery 1s concentrated in two sreas (Fig. 3.5-8): the Dry Tortuges catch Is 45 percent of the total
value, while the catch off the Mississipp! Delta Is 42 percent of the value,

Price Structure and Sensitivity by Size Distridution of the Catch

The orice per pound of shrimp varies In direct proportion to size. There are signitlicant orice -
41 fferences Detween size groups of shrimp, Price differeatialis play a key role in the sybstitution of



Tabie 3.5=2. Exwwssal value of shrimp landings by state

Florida
Yenr west Coas? Alabams Misslssiool Loyisiana Texas
1,000 dotlars
1958 16,312 ' 1,984 S 2.m 13,533 29,56%
1959 9,7%2 1,991 2,345 13,067 23,193
1980 12,198 2,090 2,899 15,881 24,506
1961 11,094 1,194 1,281 8,913 21,208
1962 14,956 1,647 2,220 14,988 27,149
1963 12,256 2,419 2,484 19,789 26,591
1964 13,322 2,630 1,808 18,794 26,144
1965 13,90% 3,65 2,323 19,984 31,241
1966 12,427 4,920 2,791 24,390 38,489
1967 10,476 8,049 3,122 24,873 45,359
1968 12,69% 7,964 5,477 25,623 45,870
1969 o 12,02v 8,788 4,011 33,38 42,384
1970 15,108 8,040 3,810 34,614 48,814
1971 12,983 11,451 4,362 43,28% 64,191
1972 17,309 14,661 4,968 47,066 80,099
1573 22,601 14,185 3,698 44,511 86,879
1974 21,449 13,490 3,223 32,203 67,679
1979 21,799 17,843 3,825 40,968 87,902
1976 36,842 30,393 8,418 79,688 119,881
1977 39,97N 33,487 10,113 87,183 128,620
-nercent
Average
Annusi .
change 5.2 16,8 6,9 9.9 9,1
for 1958«
1977

Source: Fishery Statistics of the United States,
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cortalin sizes for others Into various products such as breaded shrimp, fresh=froZen, and somcialty
items, This orice structuyre sppesrs ™o be partially sensitive o changes In *he size distripution of
the cateh (Toevs and Jonnson, 1978),

Larger shrimp are consumed orimarily through restaurants, while madiums are sold to breaders,
treah seatood retaiiers, canners and other processors, Smel! shrisp are often processed [ato canned,

dryed or specislty products,

A more recent study (Chul, 1980) siso Indicates an existance of separate murkets by size of Gult
sheimp; large (under 30 count), medium (30 1o 30 count), end smei| {over 30 count), Exvessei demand
tor shrimp was concluded to vary significantiy by size of shrimp, Oemand Is higher for the larger
sizes of shrimp and with the exception of sl stwimp, the larger t™he size the greater the price
response To changes in supply, Price responsiveness was, however, shown to be small within reglons of
the Gulf: eestern, northern and western Gulf,

3.5.1.2 Wholesaie Yalue of The Product

Total value of processed shrimp products more than doubled betveen 1971 and 1977, increasing trom
'$253,7 miilion to $328,9 aiilion (Table 3,5=3), Texas has consistentiy Deen the leading state, with
Floride's west cosst second, In percantage terws, Aladems has had t™he largest growth rate while the
Texas growth rate was the smal les?,

Froten raw headless Is by far the most Important processed product form sccounting tor 33,9
percent of processed shrimp products [n 1976 (Figure 3,%9), Bresded shrimp ramks second with 21,0
percen?, Percentage production by ststas dy product type 13 shown in Flgure 3,510,

wholesale price of processed products depends on exvessel prices, decresss or Incresse !n product
welight through procwssing, costs of marketing and prooessing and dessnd for the procsssed product,
wirh the exception of exvesss! prices, none of these parsmeters are reported on a conslistent and
continyous besls In published statistica, Wholesale prices camputed by dividing volume of procwssed
produc?t into value of processed products are an estimete of velue per unlt of product as |+ leaves the
orocessors s tablishment,

whoiesale prices Incressed for ai! processed products between 1358 and 1978 with the largest
percentage increase for raw hesdless at 7.3 percant annuatly (Table 5,%=4), Annual wholesale prices
vary widely becasuse of exvesse! prices, processing costs and demend shifts, Exvessel price veriations
are protmbly the sost Important fector determining vartation in wholesale prices. Breaded raw
products have conglistentiy teen ™e lowest velued products per pound since 1961, Required pounds of
heads=on shrimp per pound of proesssed product are: 1,38 pounds, rew headless; 2,04 pounds, raw
pesied, 1,0 pounds, dresded rew; 3.13 pounds, peeled and coacked; 3.21 pounds, canned; and 7,89 pounds,
dried (besed on conversion tactors in Fishery Staristics of the United States), Multiplying these
tactors by the exvesse! price gives the cast of raw product per unit of processed product and s
referred 10 as ™he raw product squlvalent price, This compoonen? is the largest part of the wholesale
price, Wholesaie price variation Is then expected 10 vary directly with exvesss! prices and the
amount of veriation !s directiy related to the conversion factor, Percantage of wholesale price
variation is greates?t for products utiiizing & high ratio of shrimp To processed product,

The difference betveen the raw product equlivalent price and the wholessle price Is the markering
margin, This Imputed merketing margin covers fransportation, prodessing costs and protits o
procesesors, Meurkgting sargias were Imputed for rmw headless, bresded raw, and cooked and raw peeled
processed shrimp products (Table 3,%5=3), These mrging were estimated by subtracting the Imputed raw
product equivalent prices from the wholessle prices. T™e rew product equlvaient prices wvere estimated
by muitipiying the conversion factors discussed adove By aversge exvesse! Gult of Mexico s imp prices
reported in Tadia 3,51,
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Table 35.5=3., whalesals values of processed shwimp for Gulf of Mexico states

State 1971 1972 1973 1974 1973 1976 1977
witlions of doilers

Florida, w.C, 70,2 70.9 80,0 69.3 83,3 133.2 150,9
Alabame 11.6 23.2 30,7 20,3 28,9 39,0 68,53
Mississipp! 12,7 13,7 15,7 16,9 19,7 26,9 40.9
Louisiana 63,7 64,8 76,9 72.4 64,1 93.6 125.4
Texas 93,8 1.2 120.8 80.7 67,7 141,4 144,2
Gult Total 253,7 82,6 330,0 259."9 2%59.8 ‘ 436,1 528,.9

Numbers do not add due ™ rounding, Totals are correct,

Source: National Marine Fisherlies Service, Processed Flshery Products Annuai Summary

{washington, D.C.: Dept, of Commrce, various years),



Marketing marging for shrimp Increased from $,18 per pound of processed product [n 1958 +o5 §' 21
per pound in 1978, The increase was fairly siow through 1972 at which time the margin was 3,30,
Substantial increases rook place bDetween 1373 and 1974 and Detween 1976 and 1977, A comparisen of
exvesse! Drice movements from year to vesr with changes In marketing margins shows no overal! -ega~lve
or positive relationship, Marketing marging for breaded shrimp also Increased over *time Dut gt as
consistentiy nor as substantisily, Marketing marging for breaded raw shrimp increased trom $,30 ner
pound In 1998 *o & high of $1,10 in 1977, .

Marketing marging for oeeled sheimp generally Increased unti! the fate 1960's byt *hen dec!ined
throughout the 1970's, The negative Imputed margins during the late 1970's may ref lect the mergin
estimation procedure for this product. Raw product orice equlvalents may have been over stated |f
smatller than aversge size sheimp vere used In Phe processed product or 1+ lower valued Imported snrimg
were used for this processed product,

3.9.1.3 Domestic Marketing Channels .

The merketing of shrimp from the vessels To consumer may be handled through a varliety of channels
with as meny ss !! components (Figure 3,5=11), The usual participation !s more limited, however,
involving fishermen, whalesalers, orocassors, frangporters, and retsliers, Other sestcod products are
ususlly aliso handied by members of the shrimp murketing system,

Since shrimp may range fram five to more than 200 talls per pound, size !s the princlpal factor
influencing marke? channels and use, Larger size shrimp usually go 1o restaurants; those In the 30
o 63 per pound range 9o principally to bresders, fresh seatood retaliers, canners, and other pro~
cessors, Smalier shrimp are used by canners, driers, and specisity oroducers, In recent years there
nas been & growing frend to use the full range of shrimp sizes for bresded, peeied, and stove-ready

products,

Variation In use of marketing channeis deoends on many factors: shrimp size, processed form,
tocation of processor, degres of Industry concentration, source of raw shrimp, asount of Imported
shrimp used, and amoun? of foreign lsbor involved in processing, Area differsnces prevent extraoois-
tion of the Alvarez, et al, (19768) study of Florida's mrketing channels 1o the entire Guylf coast
(Christmas and Etzold, 1977), A teleghone survey of shrimp processors and middiemen In each of the
Gult states was conducted in the dratting of this plan, The survey reveaisd s general pattern of
marketing channels, shown In Fig, 3,511, The bold tines In the tigure Indicate major channels,

Dealers

The dealer Is the first middiemmn to take possession of the shrimp, “e normally operates docking
taciiiries with ailled provisions for service and storage. His relationship with the fisherman !s
that of purchaser of shrimp and, on cccusion, purveyor of fusl, ice, and supplies, But he may also
of fer tinanciasl services ranging from credit extengion ro mintensnce of records for boats based at
nis dock, In this relationship there Is usual!ly an understanding that the shwrimper's catch will te
handled by *he dealer; such a relationship may have a corrolary price Impsct,

Louisiana deslers surveyed reported purchasing shelmp on & reguiae basis from 80 o 120 crats,
with the median adbout 110, Oesiers may aiso gt shwimp from other cratt on a part=time baslis; some
operste craft of thelr own, '

Among the dealer’s functions are processing of shrimp for the market=-heading, grading, ocacking,
refrigerating, and storing, Some, especialily in Loulslana, have operations for handling of heasds-on
shrimp tor drylag., The drying operations reduce loss of shrimp due to spoliage and permit the utiti-~
zatlion of shrimp In periads of pesk landings,
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Table 3,54,

compuma———

i oo ————————— et A AT T—————

wholesale prices of Gulf of Mexico shrimp processed products, 19%8-1978

v

amma——

Year Raw? Raw® Breaded? Cooked® Cannea® Drieg?
Head less Peeled and
Peeled
19%8 .76 1,06 587 1,89 10,38 1,41
19%9 59 «82 62 1.54 8,89 90
1960 51 .98 «53 1,64 8,29 1,12
1961 .76 1.09 73 1.583 9.09 1,78
1962 92 1,24 .81 1,93 10,43 1,81
1963 «72 1.18 i 1,77 8,59 54
1964 .82 1,18 80 1,67 8,63 1.99
196% .83 1.18 80 1,87 9.683 1.99 _
1966 96 1.32 «30 1.97 10,66 2.02
19687 .88 1.37 85 1.92 10,21 1,69
1968 1,03 1,58 o4 .39 10,92 1.90
1963 1,09 1,73 1,00 2.04 10,29 1,74
1970 1.04 1,49 99 -1.97 10,91 no dats
9Mm 1.28 1,69 1,07 2,91 11,14 1,87
1972 1,44 1.90 1.24 1.9% 13,28 2.42
1973 2,42 2,29 1,48 3.44 18,91 3,87
1974 t.74 1.80 1.44 3.1 16,29 2,72
1979 2,35 1.77 1,61 3.36 16,74 4,92
1976 2.79 2.67 2,02 3.82 19,74 3.8
1977 2.81 2,41 2.22 3,43 22,66 3,88
1978 3.24 2.32 2.13 3.08 21,92 4,00
percent
Average
annual ,
Incraase 7.9 9.0 %e7 4,1 4,0 6,7

2 Price per pound of finished product,

5 Price per standard case of canned shrimp,

Source: Compyted from Flghery Staf?istics of *he United States and Current Fighery Statistics,




Table 3.5%5, Imouted marketing margins for selecred Gult of Mex!co processed
shrimp products, 1958-1978

|

Pealed
Year Raw Measdless Sreaded Raw Raw Caoked
dollars per pound
1958 <18 30 31 73
1999 .18 32 29 73
1960 .17 <35 1 )
1961 24 A2 42 40
1962 24 58 36 .58
1983 24 40 593 .80
1964 2% 36 41 31
1963 .28 44 42 34
1966 23 A4 .30 <53
1967 23 4% 35 87
1968 29 47 39 .92
1969 .30 .50 73 +47
1970 30 52 49 .0
1971 32 .47 47 83
1972 .30 -52 p‘s '031
1973 93 <54 o33 30
‘97‘ . .57 .?o Q” ‘79
1973 59 56 -e37 07
1976 72 T Q -.28
1977 1,04 1,10 13 -,08
1978 1,20 88 31 -.96

Source: Estimmted by multipliying conversion factaors reported In taxt by aversge anmual
exvesss! prices and then subtracting t™his valiue frg vholesale prices,
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Figure 3.5-5. Average percent of the total value of the pink shrimp
catch 1959-1975 by area (US Dept. Com., 1959-1975).
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Average percent of the total value of the seabob shrimp
catch 1963-1975 by area (US Dept. Com., 1963-1975).
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Figure 3.5-7. Average percent of the total value of the rock shrimp
catch 1963-1975 by area (US Dept. Com., 1963-1975).
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Figure 3.5-8. Average percent of the total value of the royval red
shrimp catch 1963-1975 by area (US Dept. Com., 1963-1975).
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Figure 3.3-9

Value of Shrimp Products of the Gulf States, 1976

QTHER
(includes specialties)
0.42

PEELED AND DEVEINED
(cooked or raw) FROZEN

15.62 RAW HEADLESS
55.92

NOTE: Some of the products may have been procesed from raw products
imported from ocher states or from foreign countries.

SQURCE: National Marine Fisheries Service, Processed Fishery Products,
Annual Summary, 1976 (Washington D.C.: Dept. of Commerce).




Dealer coerations tend to De seasonal in nature., AT pesk perlods the work force |s augmanted
jargely by women, teenagers, and memDers of the fishermen's famiiies, The workweek zan vary from
three to seven days, and the working day can last from six to f]fteen hours,

Most of the dealer's output Is sold directly To praocessors; wholessiers also ngr. largely In
this market, Nealers genersiiy have up to 10 major customers and ship their output in thelir own
trucks or with common carriers,

Processors

Procassors are the shrimp companies engaged in peeling and develnlng, cookling, freezing, canning,
breading, and preparing speclaity producrs., Some also deai In green headless shrim, requiring no
processing,

In the southeast region, Including the south Atlantic and the Gult of Mexico shrimp fisheries, 59
percent of the processors are single tacliity corporations; 235 percent are either corporations with
branches or divisions of oarent corporstions, Nearly halt of the Individual corporations are famiily
owned; six percent of all southeastern processors are pertnership operations,

The shrimp handiing and processing Industry is expanding In total volume, dut the rate of
withdraval of individua!l firms exceeds The rate of new entrants, A shortage of domestic landings
appears o out 3 severe comtraint on the entrance of new firms and *he expansion of existing ones,
Major factors contributing to the sheimp shortage are: (1) the deciine In US, landings of shrimp .
caught In Central and South American waters, and (2) the curreat exploitation of the major domestic
Guit stocks st thelir MSY levels, An exampie of the deciine in U,S, landings from foreign waters is
Florids's landings of Campeche shrimp, which have decliined” fram s high of more than 30 miilion pounds
in 1953 to two to three miiilon pounds annualiy (1970=1975),

There are an increasing number of processors who maintain thelr own fieets or dockside taclii=
tiem, Others continue to depend on dealers for their shrimp supplies, Oue to the seasonal nature of
the shrimp catceh, orocessors carry large raw product and frozen finished product Invenrtories, Unilke
dealers, orocessors tend to operate thelr plants throughout the year, Market forms of processed shrimp
Iacliude breaded, frozen, canned and specialty products (dried, pastes, sauces, and convenience (dishes),

Brokers and Wholesalars

Brokers act as an Intermed!ery between the buyers and sellers of shrimp products at the various
marketing levels, usually fram the verious marketing levels, usually from the processor !evel on up,
The blgges? use of brokers I3 I Interstate and InTernational contracts and sales, opromotion of new
products, and astablisheent of business contacts for new firms,.

Wholesalers also act as Intermadiaries In the marketing system, They take possession of shrimp
products and provide storsge and transportation funcrions tor firms In the Industry, thereby creating
benefits and econcmies for all tirms,

"ark.ﬂng

Channels used To market processed shrimp products very from firm o tirm, Some procwssors have
thalr own distridution channels=~such as an organization of sales representartives or 3 subsidiary
sel ler=-whlie many other firms aimost exclusively employ bDrokers to sei! thelr products. Though net
tiows cannat be glven, most processors do not |isit thelr geographic marketing terrifories as much as
dealers do; Indeed, most procassars sell on a national or at ieast reglonal basls, and many of them
export sheimp, primerily to Cansda, Mexico, and Japan, Tables 3,58 thraugh 3,58 provide data on
U.S. exports tor 1977, Data on exports by Gult processors are unavaliable.
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Figure 3.53-10
Percentage of Value Production, by States, of
the Major Gulf Shrimp Products

(Percentage figures based on wholesale dollar values)

RAW HEADLESS PEELED AND DEVEINED
Mississippi
6.8%

Mississippd
6.62

FLORIDA
WEST COAST
13.42

FLORIDA
WEST COAST
41.92 °

LOUISTIANA
20.82

BREADED CANNED*
ALABAMA 2.62

LOUISIANA 3.42

MISSISSIPPY
15.82

LOUISIANA 84.22

FLORIDA
WEST COAST
70.12

*All other states combined produce less than one parcent. o

SOURCE: National Marine Fisheries Service, Processed Fishery Products, Annual
Summary, 1976 (Washington D.C.: Dept. of Commerce)




Figure 3.5-ll
Major Marketing Channels for Shrimp Products

FOREIGN SHRIMP

U.S. SHRIMP FISHERMEN

FISHERMEN
DOCKSIDE
"DEALERS"
IMPORTING DOMESTIC
BROKERS OR BROKERS OR
WHOLESALERS N ! ? 7 “ WHOLESALERS
PROCESSORS:
Breader, Canners, Driers, JOBBERS
Freezers, Peelers, Sgecinlty
roducers
—
INDEPENDENT
BROKERS WHOLESALERS

Retailers, Restaurants,

Food Chain Warehouses,

Co-ops, Institutions, and Importing Countries

CLTIMATE CONSUMERS




Tanie 3.5=8, United States Export of Domestic and Foreign shrimp Products (Fisnery Statistics a¢ =g
United Stares, 1977),
B —

1 Tem Parcant of Total Quant ity
Thousand Thousand
Pounds Daltars Pounds Dollars

Fresh and frozen:

Domestic 74,8 69.5¢% 26,089 $60,731
Forelgn® 25,4 30.5 8,902 26,643
Totral 100.0 100.0 34,991 87,374
Canned:
Domes*tlc 99,9 99,2 8,966 18,066
Forelgn® 0,3 0.8 48 144
Totral 100,0 100,0 9,014 19,210
Totral:
'~ Domestie 79,7 74.6 35,055 78,797
Forelgn 20,3 2%.4 8,9% 26,787 )
Total 100.0% 100,08 44,009 $109,584

* Foreign shrimp exports are shrimp exported out of *he United States that were of foreigd origin -
prior to processing.

Table 3.%7, Exports of Domestic Fresh and Froren Shrimp, by Country of Destination (Fishery
Statistics of *he United States, 19771,

Country Percent of Total Quantity

Thousand Thousand

Pounds Dollars Paunds Ooilars

Canada 33,18 33.9¢ 8,634 $20,610
Mexico 33.8 3.3 8,811 19,003
Japan 18,1 19,7 4,718 11,9%7
Sweden 6.6 8,3 1,734 3,818
United Kingdom ‘ 2.4 : 2.4 630 1,474
Denmark 1.6 1.8 428 M1
Serwuds 0.4 .7 118 412
New Zealand 0.7 0.6 176 363
Nether{ands 0.3 0.3 124 312
Other 2.8 3.0 ’ 719 1,844

Totral 100.0% 100,0% 26,089 $60,731
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Domastic oer caplta consumption of shrimp nas !ncressed at s rate of 2.8 percent ser vesr (1355
1977}, a remarkatle Increase given that shrimo prices Increased by 600 percant shlie the Consumer
Srice !ndex [ncresased by siightly more than 100 percent, Exceptions to this general Incresse in
shrimg consumotion are associated with a siowing In the growth of the U.S5, econamy (1961-1962, 139685,
late 1973=1974) or with extrasordinarily nigh increases In shrimp orices (1971, 197%), In addition,
the energy crisis In 1974 was a tactor In reducing Important consumption in restairants,

Sheimo Is decoming a larger portion of the tora! seatood products consumed In the nation (1550
1977), A large part of *his reiative Incresse has come wit™hin the last few years desp!te a faster
growing price tor shrimp than for other processed fish products,

The socloeconam!ic characteristics of domes?ic consumars of sShrimp were assessed In 1969 (U.S,
Deoartment of Commsrce, 19?}). An ypdate of *his data s necessary In order t0 sval!uate what af fecr,
i any, management of shrimp decisions may have on dlfferent types of consumers,

3.5.1.4 Imports and Utiiization

The role of shrimp Imports In the US, sheimp Industry s substantlal, This role can De examined
from two sources, The first ls fraom an analysis of secondary dats that demonstrates how important
sheimp Imports are to U.S5. suoply, lilustrates the source of Imports and outiines the types of pro=
ducts Imparted, The second source Is from past econometric studies that sttempted to statistically
measure the Impact of Imports on the domestic Industry, These two sources are examined [n the next

-

sections, . . -

3.5.1.4,1 importance, Source and Type

The role of siwimp Imports In determining *the supply of shrimp Is desonstrated in Tadble 3,5-9,
The suoply of shrisp !a the U,S, annually Is determined by beginning stocks, landings, Imports, and
exports, From 1980 to 1379, the total supply of shrimp In the U.S, has ranged from 289,68 miliion
pounds In 1981 to the high of §18,8 million pounds In 1977, Supplies have aiwvsys been over 500
mitilon pounds since 1970, Supplies were high In 1974, fell In 1975, Incressed drametically in 1975
and 1977 and then fell In 1978 and 1979, Supoilies sre In part Influenced by the amount consumers are
wiliing to take off the market, Ancther factor of iate that has protably influenced suopiles has deen
the high cost of financing Inventories due o Nhigh interest rates, ™e ratio of Imports to U5, lan=
dings demonstrates the Importance cf Imports, Betveen 1967 and 1976, the ilevel of Imports ranged from
106 ro 119 percent of U5, domestic landings (with the exception of 90 percent In 1971), However, the
ratio was 54 percent in both 1977 and 1978 end 129 percent In 1979, Oomestic landings were quite high
tn 1977 and 1978 and low In 1979 snd 1980,

Apparent consumption of shrimp In the U5, was the highest on record in 1977 and 1978, Apparaent
consumption feli to 407.2 mililon pounds In 1979, the lowes? since 1971, The firgt=nalt year apparent
consumption tor 1980 (s two percent balow 1979 leveis, The ratic of imports to spparent consumption
was 83 percent In 1979, the highest ratic ever recorded. Per caplta consumption fei! to 1,85 pounds
in 1979, the lowes? recorded since 1969, This represents a deciine fram the all time high of 2,244
pounds In 1977,

The ratio of toral U.S. Imports to Guit of Mexico landings Indicates tha? during 1979, imports
were more than double Gul!t landings (208 percent), in the two previcus years the ratlio was 163 and
154 percent, Fram 1973 to 1976 the ratio had been detween 200 and 228 percent, It |s clear that
imports are an Important supply source to the U,S, sheimp Industry, Comoaring the 1960's +o the
1970's, Impores, U.S. landings and soparent consumption have ali Increased,

In the $irs? halt of 1980, the suppliles, consumption and prices of shrimp were down from 1975
leveis according to the U,S, National Marine Fisheries Service (1980), Landings in *he Gulf and sou*s

3=59



Table 3.,5-8, Exports of Domestic Canned Shrimo, by Country of Destination, 1974,

Country Parcent of Toral Quantity
, Thousand Thousand
Pounds Dollars Pounds Dot lars
Canads 70.7% 72.4% 6,340 $13,076
Sweden 3.3 8.7 493 1,209
United Xingdom 5.0 4,7 542 845
Switzeriand 3.3 3.2 33 82
Australia 4,1 3.0 368 53
Japan 3.9 2.9 343 526 -
France 1.9 2.3 . 169 417
New Zestand 0.9 0.8 a2 151
Other 3.7 4,0 ‘ 719 1,844
Total 100,08 100,08 8,968 $18,066

From Natlonal Marine Fisheries Service, Fisherles of the United States, 1977, (Washington, 0.C,: U.S.
Oepartment of Commerce, Apri) 1978},
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Table 3.5~9. Supply and utilization of all shrimp In the U,5,, annual, 1960~1979, with emphasis on lmports. Hands-off welgnt,

Supply ‘ Utitization Ratlo ot imports to
Year Beginning TN “90"“‘ Total Ending Exports Appareat Consumption u,S., Apparent Guit ot Mexico
stocks Landings Stochks Totat Per Capita Landings Consumption Landings
miition pounds »epoundsee -Parcent
1960 46,0 148,93 19,1 313,6 51,0 1.0 251,0 1,398 80 ' 47 97
1961 51.0 103,9 14,6 289.6 26,2 14.6 248,3 1,357 130 54 169
1962 2,2 119,2 152.9 291,9 37,9 9.9 250,0 1,346 128 61 (P2
1963 3.9 1507 67,3 355.9 55,8 20,4 279.6 1,483 1 60 130
1964 55.6 133.1 169,35 3544 45,5 22,8 290,10 1.518 127 58 150
1965 45.5 152.3 179,0 376,08 38,2 22,0 316.6 1,636 118 57 147
1966 38,2 148,2 1949 381.4 42,5 25,5 313.4 1,602 152 62 i3
1967 42,5 190,0 2021 434,6 57.6 34,9 3421 1,732 106 59 143
1968 57,6 184,1 210,10 451,8 55,8 29.6 366.4 1.838 114 57 164
1969 55.8 195.0 218,7 469,5% 62.5 47,4 359.5 1,785 "2 61 173
1970 62.5 224.3 245,17 532,5% .2 56,8 403,5 1,980 110 61 ‘ 169
n 72,7 238,11 213,9 523,2 69.9 57,5 396.8 1.924 90 54 149
1972 69.9 2%5.9 253,10 599.0 9.7 52,2 414, 1,989 107 61 176
1973 92.7 229.4 229.3 551.4 79.0 67,17 404,7 1,924 100 57 200
1924 79.0 224 .4 267,5 570,9 76,2 48,0 446,7 2,113 19 60 228
1975 76,2 201.6 2310 514,.8 47.4 41,2 420.2 1.9712 1 55 215
1976 47.4 243,0 210,17 561,14 61,0 40,1 452,0 2,106 1] 60 205
1977 61,0 2817.4 270.4 616,68 80,2 52.9 4085,7 2,244 o4 56 165
1978 80,2 255, 4 239.0 574,6 58.2 60,4 455,7 - 2,088 94 52 154
19719 56,2 206.9 267, 530,2 17.5% 45,7 401,2 1,85 129 65 208

8 Ajmost all Is tresh and trozen

Source: Shellitish Market Review, November, 1978, tast three columns calculated. Data for 1978-1919 trom the Shellflsh Market
Review, November, 1980 (ia print).




Atiantic were sharply lower, Imports were adove firs+ guarter 1979 levels but the lead deciined as
The quarter orogressed and Imports were sharply lower in the second quarter, High deginning Inven
tories were drawn down to 1979 levels by the end of June, 1980,

Landings of strimp In the Gult and south Atiantic ware 43 million pounds (heads=off) in *he tirse
hatt of 1980 which was 23 percent beiow 1979 ievels, However, during later months gains were made
that put fandings cioser *o 1979 levels,

Tots! imports of shrimp were 92 milfion pounds (product weligh?) la the ftirst hait of 1980, This
was elight percent beiow 1979 leveis., The major drop was bDecsuss of a restriction of Imports of ceeled
raw sheimp from Indla due to actions by the FDA because of quallty problems, Imports from Mexico vare
up slightiy, Imports of shrimp dy Japan *hrough July, 1980, were 16 percent lower than In 1579, This
decrease In world demand has aiso been a confridution to price problems In *he U.S,

Beginning lnventories In 1980 of 78 million pounds were 14 percent above the 1574=1978 average,
Iaventories on July 1, 1980 were 40 mililon pounds, seven percent above 1979 same period levels,
Inventories normally-drop to a sessonal low sbout luly 1 snd rise to & seasanal high about lJanuary !,
The steeper than normal Inventory drop of 49 percent in the #irst halt of 1900 was associated with low
landings and Imports and an effort to cut inventories to reduce carrying costs, )

Ag discussed in sectlion 3,5,2,3, beginning In late 1979 the price of 21«23 raw headless sheimp
tel! rapidly to & low of $3,82 In May, 1980, Prices increased again from June through Augus? bdut fell
agatn in October, 1980, due primeriiy to good late summer landings, Retal! prices nave remeinet high
and did not fall to the sams degree beginaing in late 1979, as did exvesss! orices and wholesale ori~
ces, This may explalin the tallure of consumption to Improve from 1979 levels in the second halt of
1979 and tirst halt of 1980,

The primery type of shrisp Imported into the U.S, are rav headless as shown In Table 3,519, in
terms of product welght, raw hesdless sivimp represented 123,4 mifilon pounds (59 percent), raw
peeied, 86,1 mitlion pounds (38 percent), canned, 4,2 mliilon pounds (two percent) and orther forms,
10.6 miiilon pounds (five percent) of the total Imports of 224,53 mililon pounds In 1979, These per~
centages have Deen fairily consistent the las? few yvesrs, .

The North American Continent continues o provide slightly over cne~half of all shrimg Imports
Inta *he U.S5. a8 shown in Table 3,311, Maico is the dominant suppllier with about 39 percent of atl
U.Se Imports, Panama, E1 Salvador and Nlcaragua are the other mmjor suppliers, The South American
Continent suppiied sbout 13 parcent of U.S, Imports from 1975=1979, down from simost 19 percent from
1970=1974, Ecuador, Columbis and Sraz!l were the msjor suppliers the last five years, Guyasna,
Venezueia, and French Gulans vere major suppiiers the first halt of the decade, Imports from Asia
incressed from 28 percent of the total from 1970=1974 o 32 percent from 1973=1979, The msjor
supplying country Is Indla at almos? !'7 percent, Increases were seen for indls, Indonesia, Thalland,
Talwan, Hong Kong and Bangledesh, Smel! smounts of shriep are imported from the continents of Europe,
Africa and Austraila and Oceanis,

3.5,1.4,2 Measursd Impac’s of impores

As stated in *he USITC (1976}, siwimp Imported [nto the U,5. have historically been free of duty.
Under the Taritt Schedules of the US,, shrimp are provided for under [tem 114,43, The duty~free st
tus of pesled shrimp In alrtight contaliners and other peeled shrimp | dried or cooked, but not breade” -
Is bound as & result of concessions granted by the U.S. In the sixth round of Trade negotiations
(Kennedy Round) under the General Agresment on Tarifts and Trade, The dutyefree status of shrimp In
other torms !s not bound, Imports that enter In the forms for which the duty=fres freatment is bdound
sccount for only & smei| part of the U.S. Imports of shrimp, A particular question *o be answersd
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Tabie 3,%=10, U.S, imports of shrimp dy product type, annyal 1960=1979, Product weligh?,

Year Qaw Raw Canned Qther Toral Total
Head less Peeled Heads=ot ¢
Aaligh*
1960 93,0 18,1 a 2,3 113,4 19,1
1981 101,3 20.3 a 4,7 126.3 134.6
1962 108.6 24,7 a 7.9 141,2 152,%
1963 111,7 9.9 4,1 6,2 191,2 167,3
1964 112,1 27.4 3,0 12,0 1546 169, 5
1969 114,2 32.0 2,2 14,6 162,.9 179,0
1966 129.9 37.2 1.3 9.8 178,59 194.9
1967 131,9 39,0 2,2 13,0 186,1 - 202,1
1968 129,0 47,9 4,3 9.7 189.9 2101
1969 121.3 63,8 3.6 5.1 193,7 218,7
1970 1490,0 69,5 3.3 5.4 2187 245,7
1971 123,9 60,1 2.7 4.3 191,3 213,9
1972 126,8 90,1 11 5,2 223,2 2%3.1
1973 123,3 T1.4 3,0 4.9 202.6 229.3
1974 132.0 83,2 G.1 7.7 28,9 267.5%
1978 117,2 76,7 1.1 6,4 201.9 231,0
1976 129.7 86.4 2,3 11,3 22,8 270.7
1977 12%,.8 87,8 2.8 11,8 228.0 270,4
1978 101,3 83,1 2.7 11,0 1980 23.0
1979 123.4 86,1 10.68 224,9 87,1

2 tngluded In other

Source:

She!ifish Market Review,

4.2

November, 1978,



Table 3.5-11, Imports of all shrimp Into the U.S. by country of orligin, 1970-1979. (Product weight) <,

1970-1974 Average 1975-1979 Averaqe
Comtryh 1870 1971 1972 1973 1974 1975 1976 1977 1978 1979 altifon percent aiition percent

pounds of totai pounds of total

miitions of pounds
North America

Mexico 72.0 74,6 80.7 .1 78.1 75.0 80.4 76,3 72,5 n.9 16.3 35.8 75.2 34.8
Panams 1.6 %3 10.1 10.4 10,1 %8 11.6 10.0 9.2 12,2 10,3 4.8 10.6 4.9
E} Salvador 6.4 6.7 %7 5.9 6.1 6.8 3.6 S 4 5.0 6.3 6.2 2.9 5.8 2,17
Nicaraguas 6.0 5.6 6.6 6.1 6.4 6.2 6.3 7.4 5.6 5.4 6.1 2.9 6.2 2.9
Guatamala 2.9 2.3 1.3 30 2.9 3.6 2.7 3.8 4.2 3.6 2.5 1.1 3.6 1.7
Hondur as 2.6 3.9 4.8 3.4 3.4 3.6 3.9 4,7 3.5 3.0 3.6 1.7 3.8 5.8
Others 9.1 5.6 4,9 5.3 5.6 4.3 4.9 10.8 4.3 4.6 6.1 2.9 5.8 2.1
Total® 110.6 108.0 1140  130.2 112,6 109.3 115.6 118.4 VO4.3 102.1} 1.t 52.2 110.9 51.3
South America
Guyana 10.2 9.0 8.9 10. 1 7.3 5. 4 4.2 4.6 3.4 3.7 8.7 4.1 4.3 1.2
fFrench Gulana 3.1 3.8 3.6 3.9 2.4 L9 1.4 1.6 1.7 3.6 3.8 1.8 2.0 .9
Ecuador 6.0 53 6.9 7.5 6.2 8.1 9.4 8.6 10.9 13.7 6.4 3.0 10,1 4.7
Venazuela 1.6 10, % 8.0 S 7 6.5 4.9 5.8 2.8 1.3 2.3 8.4 4,0 3.4 1.6
Columbla 4.8 4.8 6.0 6.0 6.2 5.7 6.3 5.7 4.2 4.1 5.6 2.6 5.2 2.4
Sur inam 2.6 2.1 2.1 1.9 1.6 3.t 3.8 3.7 2.0 1.5 2.1 1.0 2.8 1.3
Brazii 2.1 4.4 8.9 4.3 3.0 1.4 2.0 3.3 3.9 9.7 4.5 2.1 4.1 1.9
Others 1.2 6 1,5 1.0 .5 o7 1.0 .9 B8 1.2 1.0 5 .9 N
Total® 43.6 40.1 43.9 40.4 33.7 31.2 34.0 3.4 28.2 29.8 40.3 18.9 32.9 15.2

Europe 1.0 |1 ] 1.2 f. 4 9 1.9 1.5 2.2 o? 1.9 1.1 .1 1.6 o?
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Tabls 3.5~11. imports of all shrimp into the U,S. by country of origln, 1970-1979,

(Product welght) €,

1970-1974 Average

1975-1979 Average

Countryb 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979  amillion percent alition percent
pounds of total pounds of total
Asla miitions of pounds
indonesia 8 s 2.4 2.5 6.3 1.6 4.6 4.6 38 5.5 2.2 1.0 4.0 1.9
indls 3.6 22.8 3.5  20.6 3.4 29.6 4.6 40 39,2 3.8 28.4 13.3 36.5 16.9
Paklstan 7.1 2,9 2.6 1.4 s s s .8 .8 1.0 2.8 1.3 .5 o2
Thaliand 3.6 2.0 4.0 2.9 3.7 2.7 3.2 4.2 3.9 10.6 3.2 1.5 4.9 2.3
China, Talwsn .9 9 6.0 %4 %3 5.6 5.1 3.6 3.2 1.9 3.7 1.7 5.1 2.4
Hong Kong s s o » 1.5 2.2 5.1 3.9 3.6 5.3 .3 ol 4.0 1.9
Bang | adesh s e o7 1.2 2.0 2,2 3.7 3.4 3.5 2.7 .8 N 3.1 1.4
Other 12,9 6.5 10.8 12,9 23,9 12.5 11.9 11.0 5.5 9.4 13.4 6.2 10.1 4.7
Total® 58. 1 35.1 60.0 46,9 M.} 56. 4 7%.2 72.6 635 132 54.8 25,7 68.2 3.5
Austraillis and
Oceania 1.6 3.1 1.5 «6 4.8 .9 ] .8 .2 1.2 2.3 1.1 .8 .4
Africe 3.9 4.0 2.9 3.4 2.8 2.3 2,1 2.5 1.3 1.4 3.3 1.6 2.7 1.3
Grand Total€ 218.7 191.3 223.2 202.6 228.9 201.,5 229.8 228.0 198,2 224.5 212.9 100.0 216.4 100.0

8 o lListed separately in original data source.

b

Source:

The original data source usually Iists about 43 countrles.

1979 annual Imports from that country sxcesded 3.5 miilion pounds.

Totals may not add dus to:rounding.

Fisherles of the Unlted States, Anual Issues.

A country was )isted separately on this table It at any

time trom 1970 to



should a taritt ever be levied on ahrimg, s whether shrimp caught by U5, vessels dut landed in
toreign ports and then shipped *o the UeSe woul!d be taxed, See USITC (1978) tor a complete dlscussion

ot this polnt,

On Novembar 17, 1975, tne Natians! Shrimp Congress +lled & petition with the U,S5, Internationsi
Trade Commisslon for Impor? rellet pursuant o section 201 of the Trade Act of 1974, The USITC Insriw
tuted an Investigation to determine whether shrimp; fresh, chiiled, trozen prepared, or preserved
(Inctuding pastes and ssuces), provided for In item 114,45 of the Taritf Schedules of the U.S,, were
being Imported Into the U.S,. In such Incressed quantities as to D8 & subdstantisl cause of serious
Injury or threat to t™e damestic Industry producing an arvicie ilke, or directly competitive with, the
Imported article, The USITC (1976) regort Indicates that before a cause of Injury or threat of injury
can de found that:

1. An srricle |s beaing Imporred into the U,S, In incressing quantities,

2. That *he domestic Industry producing an article 1ike or dicectly. conpetitive with the
imported article 13 deing seriously Injured or threatened with serious Injury,

3. Thet such Incressed !mports of an srticle are a sudstantial cause of the serious Iajury o
the dommetic Industry,

Five of the six USITC caommissioners participated In the finding of the commlssion,  One cow .
misgsloner found that shrimp; fresh, chllied, frozen prepared, or preserved was bdelng imported in such
Increased quantities as to be 8 substanrial cause of serious Injury fo the domestic shrimp fishing
Industry, The comalssioner further found that fram the infarma?ion svaliabie that the shrimp [tems
were not deing !mported In such Incressed quantities as 10 bDe & substantial csuse of serious Injury,
or The threat thereot, 10 the domestic shrimp procsssing Industry, The "domestic Industry® was thus
defined a3 two Industries: (!) shrimp boets and (2) sirimp processors. Two other commissioners found
that shrisp was Deing Imported 1nto the US, In such [acremsed quantities as 10 be a substantisl cause
of serious Injury to the domsstic siwvimp catching sector, These two caommissioners did not address the
impact on the processing sector, The remsining two camissioners found that Increesed Imports of
shrimp vere not 3 subsrantial causs of any serious Injury or the threet thareot, which the domestic
shrimp tishing industry mey Do suffering, Further, they found that the damestic shrisp processing
Industry was Aot being seciously injured or thwestened with sericus Injury, The overal! determination
was such That shrimp werse deing imported info the U.S. in such Incressed quantitien as ™ be a
substantial cause of serious Injury to the domestic shrisp catehing Industry, Adjustment sssistance
to the Industry wes recomsnded,

Milier (1973) aliso discussad e role of shrimp imports, This dliscussion focused on the !mpact
of sheimp Imports at a Tims when the overs!) marke? for ssefocds was daciining, Miller (197%) Indica=
tes that the nesd and desirabliity for the U.S, 10 purchese sudstantial impores of shrimp has Deen
amply dewonstrated over *he long run, Starting in the eerly 1960's, Imparts as a rule supp!ied
siightly more than half the quenPity of shrimp suppiies In the U S, The growing level of desand
required these mports for satisfaction, [(mports kept production iines Busy In processing plants
during the oft seeason for U3, shrimp tishermen, However, Miller indicated that deglinning in 1970,
*he level of Imports fluctuated widely and contriduted to the volstlilty of U3, domstic stirim
mrkets, The primmry resson for this Is reflected orinarily theough changes In cometitive conditions
tor wortd shrimp suppiies, Jepan became a domingn? competifor for shrimp during 1973, The Japanese
bid sway nesded U.S, shrimp suppiies which csused 8 sharp price Incresss, Ouring 1974, Japanese
demand softtened, and *he world shrimp catch vas focused on US. merkets which were sott, Malor suooiy
ing countries such as Indonesie end Pakistan were foroed ™ adjust accordingly, The impact of the
world demand and supply for shwimp on the U.S, Industry Is never more readily asppsrent rthan today,
This exrernal factor |mpact on domestic prices, coupled with much higher energy costs and sluggl sh
consumer demand Rave ied 10 an unstadbie sconcmic situation In the shrimp Industry,



Doli's (1972) analysis of shwimp exvesse! orices from 1950 to 1988 examined *the [nt!yence of
imparts on domestic price, Dol! points out that mports were about one=third T™e size of domestic
landings in 1950 but degan to increase rapidly In 1955 and have exceeded domestic landings In every
year betveen 1961 and 1988 (*he last vear of dara covered in his analysis), Ooll's ansiysis suggesten
that during *he study period !mports had & larger direct Impact on exvesse! price *than on whoiesaie
price, Beglinning shrimp stocks (first quarter) were found To have & larger effect on wholesale price,
than on exvessei price., !mports entered throughout the yesr byt were largest during the fourth
quarter, Ooll nypothesized that Imports sre plsced In storege and sald during the tirs? and second
quarters when domestic landings are seasonally low, The effec? of Imports on sholessie orice I3
thersby ref lected thwough beginning stocks for the next yesr, Beginning stocks &lsc have an !woortant
attect on exvesse! price, Thus, over timm, Imports were estimated 1o have & 1agged ef fect on borh

prices,

‘Tha principal objective of Import restricrtions on shwimp is To reduce suppilies and thersdy eilini~
nate or lesson The negative orice effects of imports, The analysis by Ool! (1972) indicates thar
exvessel price leveis sre highly [nversely sens!tive o changes In the leve! of supoiies and positi-
vely related to Incresses !n consumsr income, Ooil (1972) stated spmcitically that exvessel orlces
were found o decrsese as beginning stocks and landings Incresse, but t0 Incresse as incoms Increeses,
The study aiso concluded That Imports have & negative Impec? upon domestic prices, I was estimted
that an iIncrease In (mports by one miiiion pounds, (hesds=ott) would, it sus?sined for five yesrs,
reduce exvessel price by six cents per pound, This sposers o be undermstisated, however, becsuse de-
Tusen the study period of 1950 to 1968, Imports Increesed an sversge of nine mi!ilon pounds per yeer,

Miller (1979) also cutiined threes questions which mus? be answersd regarding ralsing domestic
exvesse! prices. These are (1) how much of 8 cutbeck In suppiies Is nesded ™ dring about 3 desired
change in sxvesse! prices, (2) how should a cutdeck de sl iocnted, as Detween domsstic production and
imporrs and (3) what wouid be the Impect of reduced supplles on consumer prices? The second question
must be answered by politicel processes. Miller (1979) pertormsd an analysis using dates fram .
1960=1974 in an attempt o answer the other two questions, According to Miller's ansiysis, a 12 per-
cen? reduction In toral suoplies In 1979 of shrimp would have deen sccawmpenied by 3 20 percent
Increase In average exvesse! shrimp prices for the vear (assuming "resl® per cagita disposadbie income
dropped three perceat), (f, In this case, domestic landings matches 1974 totals, Imgorts would have
o be reduced sdour 43 miliion pounds, or 23 percent, (imports In 1974 entersd at an sverage monthiy
rate of 22.5 million pounds, with 3 high of 30 mililon pounds and & lTow of 18 mlillion pounds,)

For exvesse! prices %o Incresse 30 percent, total suppliies would have to heve dropped abour 18
percant, This wouid mean a 36 percant cutbeck !n Inparts (96 miliion pounds) assuming no change !n
the domestic cateh, |f nesds 1O U strassed That *hese are not precise estimates, given the short
comings of the statistical technigques op!ied, The ansiysis doss clesrly demonstrate that taking into
sccount the reiatively high level of carryover holdings going Into 1973, & substantlsl reduction In
imports would have Improved the sxvesse! price situation msasursdly If domestic production stayed
sbout the sams as In 1974,

Restrictions on Imparts of shrimp of fer one averwe of rellet for U5, siwimp fishermen, However,
1t neads 1o be recognized that reafricted Imports may run counter o the Interests of some sectors of
the shrimp Industry and would ilkely e cpposed by these sactors, FProcessors of bresded shrimp, for
eanple depend [n part upon Imports for their roaw meterlal requlirements, A ban on imports could prove
disruptive for these processars, Also, US, orivate capital underwrites certain foreign shrimp coera~
tions which producs for the U.5, merket, Adding to this the Internsticns! political Impilcations
makes 1t clear that there are periis, as wel! as bdenetits, in reatricting Imports of shrimp, and rhat
caution and thought should precede such sction, The Importance of ocutside suppilies of raw sheimo *2
the shrimp processing Industry during the mid=1970's vas docusented by Prochaska and Cato (1979),
Based on this srticie, shrimp landings during 1972 were greater than the smounts processed (n Tnat
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state for only North and South Carolina of ali southesstern states. Loulsiana, Texas, Aiabame,
Migssisgippl, Georgla and Florida shrimpers suopiled oniy abour 97, 84, 76, 37, 3% and 18 percent,
respectiveiy, of raw product needs of their processors, Ianternational trade and Imports are thus
quite imparrant to these states.

Miller and Marasco (1976) also addressed *he question of whether or nat soms form of governmental
control shouid e Imposed on Tthe importation of shrimp Into *he U,S. This analysis was done Decause
at that time (1974 and 197%) the longest and mOST savere economic downturn occurred in the U,.5, swimp
industry, The orincipal issues addressed vere *™he justification for govermment [nterventlion, the
potential ef fectiveness o Intervention, and the long term imp!lications,

Beginning In late 1973, and through 1974, *he market for shrimp was unfavorsdls and fighermen
became concernad over the large quantities of shrimp imports eatering the U,S. markets that were
siresdy heavily over suppilied. Imports nommally sre required to satisty US, demand and to ke pro-
cessing 1ines coen, However, during this period prices vere depressed and mos? pecple !inked the
probiem to Imparts, The Industry turned o The govermmant for assistance, As Ml|ier and Marasco
{1978) point cut, government [ntervention s not always e best answer vhen *he market mechan!sms are
not effective in bdringing order to & cheotic market In a short tims period. Nonetheless, there has
been precedence for govermment Intervention t0 assis?t lagging market forces, particularly In agrie
sultyurs! compdlty situations,

Based on past periods, ™e market mechanism appears o work in the shrimp marke?, although Ina
highly volatile fashioa, The shrimp marke? sgosars 10 somatisss over react and over correct, After
1973, the rapid price rise and correction of ™e supply prodiem makes 1t appsar that it (mport )
controls had been Implemented, there would have Deen s more sericus shortage probilem due to the low
lavel of Imports In 1973, 1t shrimp [mpor?s act ss *he s*abi!izing fector In the serket and govern=
ment interterence Incresses the volatiiity of this tector, Import controls might not be In the best
interest,

Producers Tthraough consumers gein from reducing Inatabl ity In the shrimp market, Incowe stabii-
Ity among orimary food producers has aiways bSeen 8 nations! polley problem, The prooessing secror
depends heavlly upon stabliity of raw meterisl suppiles and rescurces, Consumers benet!t from s
lesser orice swing in the retal!l merket, Retall sirimp prices are siow 1o move downward during price
adjustment perlods at the wholesale and exvesse! level, Any conditions that move retal! prices *o
inordinately high levels contridute ™o oversii higher price levels and are thus Inflationary,

Miiler and Marssco (1976) slso reported & price analysis of the effacts of Imports which found
that Imports In & glven mOnth have considerstily less effect on exvesse! prices than any of the ather
major price determinants, Current sonthiy exwesse) prices are most affected by domestic landings, amd
in order of Inportance, cholce beet orices, retall marketing costs and wholessle marketing costs, A
ton percen? Increase In Inports was assoclated wl th one=tenth of one percent drap In exvesse! prices,
However, imports move first Info coid storsge, and these Inventory levels influsnce prices over time
In a cumylative fashion, Sustsining the one=month lncrease In Imports of ten percent over three
months lesds 10 a 3.4 percent drop In exvesse! prices, The Intiuence on price of the ather fectors,
however, stii| overshadows that of Imports, This conclusion Is consistant with recent findings by
Chul (1980),

Miller and Marasco (1978) concluded that Iimport restrictions benetits would probably be short
term and narrowly focysed. Oomestic shwimp flshermen would protebiy benefit, but consumers would pay
higher prices, !mports sopear 70 e & stabliizing factor in supply and 4o not exert trewmndous
influsnce on domestic prices. (mport restricrions did not appear 10 be the promising cure for merxet
insreblility In the shrimp Industry as snalyzed in 1976,



$5.5.1,% Economic impgct of the Domestic Fishery

The harvest, orocesaing, and marketing of sheims are the readily visible sspects of shrimp ytiil~
zation, Since esch vear various user groups generally [(ncrsase thelir demand for Guift shrimp resour-
ces, the econamic contridbution of users should be considered in decisions, The econamic Impact of t=e
commercial user grouns Is wore easlly estimated than that of recreational users, An Indication of an
Indus?try's impact can be made wit™h the use of muitipllier anaiysis, A syitipller shows *he rela-
tionship betwesn a orimmry, resdliy observabie econamic event and the toral economic activity srimu=
lated by t™e prisery event, Tha orimery event of landing sheimp ot a dock results In sales, income,
and swploymen?® In numsrous businesses. Iinsight to the overall Impsct of commsrclael landings s
geined by ldentitying the salies, Income and employmant muitipliers in the shrimp Industry,

A fow studies of fishery econamic Impacts Nave Deen completed In the Gult (see Jones, ot al,,
1974, Morris, et al,, 1979; and Nisson, of ai,, 1978), The most useful ansiysis was t™he Jones, et
al., study of the shrimp Industy In Texss, Oy making *he explicit assumption that thelr resuits .
retlect the genera! situation 1a orher Gult states, estimstes for the Guit were obtsined, Using a
sales multipiler of 3,09 vields an Impact of $1,2 bBliillon in 1979, Included in the $1.2 billion Is
the approximmte $377.8 milllon of landings and $789,3 milllon of Indirect and Tnduced output by sup-
port Industries, Olrect and Indicect Income payments to workers in shrimp related dusinesses were
estimgted to spproximete $336 million of ™e $1.2 blllion toral, The smployment of workers In
shrimping and related bdusinesses Is often & major element of isolated rescurce besed economics, Us!ng
the Texas results of 8 pecole empioyed directly In the shrimp Industry per $10,000 of igndings, lodi-
cates 30,200 individuais employed throughout the Guit in 1979, when the muitipiler eof fect (1,22) of
empioyment In shrisping vas included, the tortal empioyment eatimate for the Gult decame 36,800 indivie

dus!s,

3.%5.2 Domestic Commercial Fleet Characteristics

3.’-2.‘ ‘ﬂm Q' ”. "m

Gross {ncoms

Reported annual pounds sand exvesse! velue for domestic cateh of U.S, Gult shrimp by wessels and
by bdoats s compouted In Teble 3,312, Aanusi toral Income for DO'h vessels and Domts Incressed over
rhis rime perliod 1962-1974,

A 10,3 percent sverasge snnual growth rate In gross Income of sheimp vessels Is due o 8 2,5 per=
cent average annual growth rate in pounds of shrimp landed, plus an 8,0 gercent Incresss in exvesss!
price, A ten percen? growth ra®e In gross income o shelimp Doats Is due 70 8 3.2 percent (ncrease In
pounds caught and a 6.8 percant increase In exvesse! price,

As evident in Tables 3,513 and 3.5=13 this aversge annusl grawth rate (2.3 percent) in pounds of
shrimp landed has occurred fram sn Incressing number of vessels and bDosts in the fishery, Scats have
incressed thelir share of total deys flshed through thelr larger growth In nusters and average days
tished per bost, Vesseis while fishing slightiy more deyvs per yesr through the periad, ars exerting
more sffective ef fort becsuss of thelr upward frend 1a vessel size. Larger Norsepower and nets are
generally correlated with Incressed vessel size. Thus, The Incresse In totsl gross Income associated
with *he smai! Increase In catech resulfs fros sore vesse!s and bdoats, more days fished, and larges
vessels, Shrimp vasse! and bomt Information sore current than 1973 was not avalisble ot this writing,

ingight to the general trend in shrimp vessel numders Is evident from reviewing recent dats from
state agencies in the two larges? producing Guif states, Loulsiane and Texas., The number of ilcensed
shrimp vessels 1n Texas Incressed 23 percent detween 197% and 1979 (Swarrz, 1980), Approximately naif
of the growth rate was due 10 Increases [n vessels larger than 40 feet, Nelighboring Loulsiane
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Table 3.5-12. Reported annual pounds and value of the d-me-~tle 2iien of L0 ..
Shrimp by boats and by vessels, 1962-1974 (Christ=as and E-z20ic N

Million Price Per Total Days Pounds |
Pounds Value Pound Fished Effort Per Day
Year (Heads-off)  (Million §) (€)) (1000) " (1000) Fished
1962 45.4 - 33.4 0.74 88.5 144.0 513
1963 77.0 41.5 0.54 112.9 181.8 682
1964 71.0 40.7 0.57 114.4 186.3 621
1965 80.1 49.1 0.61 113.7 187.6 704
1966 78.3 61.9 0.79 187.6 190.5 688
1967 99.7 68.5 0.69 116.0 201.7 859
1968 83.7 68.4 0.82 121.5 218.1 688
1969 82.4 74.3 .90 147.8 273.6 557
1970 96.1 81.4 0.85 " 134.6 249.1 713
1971 91.3 100.8 1.10 137.0 259.0 566
1972 94.3 120.1 1.27 146.8 282.6 642
1973 71.0 118.6 1.67 140.0 269.7 507
1974 73.9 99.8 1.35 132.4 243.6 558
Annual
Growth .
Rate 2.3% 10.3% 8.0% 3.1% 4.7% -1.0% _|
Million Price Per Total Days Pounds
Pounds Value Pound Fished Per Day
Year (Heads-off) (Million $§) ($) (1000) Fished
1962 25.2 11.9 0.47 58.0 434
1963 33.3 9.4 0.28 38.5 865
1964 23.5 ' 9.6 0.41 S5.4 424
19658 25.5 9.5 0.37 56.7 , 450
1966 24.6 12.2 0.50 62.2 : 398
1967 30.6 12.1 0.40 66.1 463
1968 29.9 13.2 0.44 70.0 © 427
1969 35.8 17.8 0.50 . 82.6 678
1970 40.1 17.6 0.44 65.4 613
1971 42.5 23.7 0.56 67.9 - 626
1972 37.7 27.5 0.73 82.1 . 459
1973 33.6 34.3 1.02 98.0 343
1974 33.0 22.7 0.69 90.3 363
Annual
Growth
Pate 3.2% 10.02 6.8% 5.1% -1.7% _

From The Shrimp Fishery of the Gulf of Mexico United States: A Recgional
ment Plan, J.Y. Christmas and D.J. Etzold et al.
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Table 5.% 13, Annual estimates of vessels and boéfs In the U.S, Gut'f shrimo tishery

a—a————— T eSS

e ——————— e e T —

Year Number of Gross Tons Otter Trawls Number of
Gu!f Shrimping Par Vessel Per Yesse! Gulf Shrimpinag
vessels® oats
1960 2,941 41,3 1.76 3,089
1961 2,686 42,8 1,80 2,387
1962 2,600 41,9 1.77 3,927
1963 2,697 41,9 1.76 4,481,
1964 2,782 42,0 1.74 4,380
1965 2,849 2.7 1,72 4,785
1966 2,942 44,9 1.74 4,797
1967 3,148 48,9 1.78 | 4,983 °~
1968 3,430 52.5 : 1.717 5,109
1969 3,569 53,7 1.76 4,817
1970 3,579 53,8 1,73 4,499
1971 3,487 57.8 1,717 . 4,828
1972 3,683 9.2 2,20 4,500
1973 | © 4,091 9.9 1,78 4,723
1974 3,785 61,5 1,717 4,589
1974 3,680 (est,) %9,.5 1.78 5,0%4

* This total |s exclusive of duplication,

From NMFS data trom Flghery Statistics of the United States,

=71



Table 3,5=14, Cost of new U.S. Gult shrimp vesssls by various sizes and types of construction,

1971 to 1977

Year Vessa! Length and Type Cos?

1971 33 -~ 6% #+, wood and steel $ 57,000
68 = 72 tt, wood and stes! 76,000

1973 63 « 69 ¢+, wood 93,000
63 = 69 +2, steel 118,000
70 - 78 tv, stee! 114,000

197%: 68 +¢, wood 121,000
73 ¢+, wood 134,000
68 ¢+, steel 148,000
73 te, steel 185,000

1977: &8 f*, wood 147,000
73 #+, wood 144,000
68 ¢+, steel 19%,000
7% tr, stesi 220,000

Source: Warren and Gel¢tin (1978)

Tabte 3,915, Annual perticipation In the sudbject fishery Ly vessels and bosts

Yeor Vessels Days® fished Bosts Days #ished
per vesss! per boat
1962 2,600 34,0 3,927 14,8
1963 2,697 41,9 4,481 8.6
1964 2,782 41,1 4,360 12,7
1963 2,849 ».9 4,783 11.8
1966 2,942 38.6 4,797 13,0
1967 3,146 36.9 4,963 13.3
1968 5,430 39.4 5,109 13,7
1969 3,569 41,8 4,817 -~ 1049
1970 3,979 37.8 4,493 14,9
1971 3,487 39.3 4,828 14,1
1972 3,683 3.9 4,500 18,2
1973 4,091 34,2 4,723 20,7
1974 3,783 35,0 4,589 19,7

* Day * 24 hours of tishing Time

Source: Fishery Statistics of the U,$,
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experioncad 8 4! percent increese In !lcensed resident shrimp vessels between 1378 and 1979 (Roomrs
and Thompson, 19813}, Bosts iicensed in Louisiana Increased 47 percent In the same perlod, Licensed
sport sheimoers increased 22 percent, The Increase In total Loulsiana shrimp ilcensees (iicensed
sport, comerclal boat, comercial vessel, and nonrssident canmercia! shrimpers) was 37 percent for
the period, The recent ftigures for Louisiana and Texas Indicate that the grow™h In shrimg Industry
sarticipants continyed through 1979, The contribution of these additional vesse! and doat psare
ticlpants to the Increase In gross fleet income of ™e perlod Is unknown, Identiflicarion of the
groeth rate [n pounds and exvesss! orice Is necessary prior to specifying t™he productivity of rnis
me jor incresse In people and caplitel,

Net |ncome

Gross Incoms s kxnown to fluctuate widely In the shwimg fishery, The fluctustion I3 due *o:
{1) varlation in shrimg avaliadliity arising from uncontroliable eavironmental forces, and (2) price
variation resulting tram changes In econamic conditions of consuming nations, Groms income will fiyce
Tuate sharply when Doth factors are unfavorable, The mmjor tus! price Incresses since 1973 have been
the most visibie long term Influence on net incoms, Fuel is the largest component of apersting costs.
The Inadility to change to less fusl Intensive technology will mske net ncame heavily dependent on
cateh, exvesse! price, and now coat of effore,

Changes In these factors produce the varlation over the 1971«1977 period shown In Tadles 3,516
and 3,%17, Comparsbie cost and return dudgets for Loulsians vessels Indlcate positive returms to”
owner management and Investwent in 1978 and 1979, Tadle 3,5=18, Genersilization of results from the
studies yielding the dudgers concesl that ne? income veries by vessel size and hul! material, wooden
vesse!s (Warren and Griftin, 1978) and medium size vessels (Roberts, 1979) have sarned higher returns
o cwier mensgement than larger steel hulled vessels In the recent years of major cost and price
incresses, To get & batter picture of incressing cost and revenue for the perlod 197t to 1977, Teble
3.5«19 shows the index of Increasing cost and revenue for vesseis, indexes are calculated to refiect
naminal percentage Incresse in sach tem, The consumer price Index Is Included for comparison, Fuel
and fixed cost stand out as arees where costs have risen the most (Incressed 208 percent and 149 pere
cont, respactively), Total coat and total revenue have Incressed sporoximately The same aspunt over
the seven yesr period, In 1380 the exvesse! price on average tel! from the record high levels experi~
enced In 1979, Thus, with fusl orices rising continual iy over the 1971=1980 period, & major cost= '
orice squeeze occurred in 1980, Intormation oresented to the Gult Stetes Marine Fisheries Commission
annus! meeting In October, 1980, forecast negative refurns 10 The aversge vesss! cwner's managemsnt
and Investment (Roberts, 1980), The forecast was Dasad on large vessels (gregter than 83 #+,) landing
on the aversge 41,000 pounds of telis, This caten level would reflect the sverasge catch level for the
vesse! class experienced in Loulsisng during 1979, The ressonatieness of this vesse! cateh forecast
s reflected by comparing t™e 1979 and 1980 Guit landings. Through October 19080, Guif-wide landings
were slightly Righer then 1979 (Shwimp Statistics, 1980), The Louislana forecast Is thought 1o
reftect the financial situation facing the average of fshore shvimper In the Gulf, As cited eisewhere
In the plan, ™e severity of the financlal situstion s exempiitied by the Ocrober 28, 1980, U.S,0.C.
snnouncement of & $12,2 miliion aid orogram for Gulf shrispers.

As Indicated In Figures 3,001 throygh 3,6=3, the sale of incidentsliy caught finfish has no
potential 7o rellieve the tight net Incame situstion, In the short run, the shrimp vesse!s are of
Iimited usefuiness in other econamic endeavars, Therefore, T™he neer temm proapects sre for vessels to
be predominately dependent on the shirimp cateh, sxvesse! prices, and fusi prices to determine thelr
net Income,

The tluctuation In net income experienced Dy shrimpars on an annual basls ocours on top of seasonasl
variation, Sheimping In the Gult |s very sessonsl, Tadle 3,5+20 shows monthiy cash flows for 1971
(a year when orotits vere made) and 1973 (g yesr when substantional losses were made), !n both vears
the net flow of cash Is negative Jamuary through June and positive net flows are Incurred July
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Table 3,918, Average annual costs and returns for Gult of Mexico shrimp vessels, 30 to 80 fagr ;a
Tength, ail types of coastruction, 1971 tg 1977

19718 19730 1974¢ 197%¢ 19772
Dol lars
Retyrns .
Landings (pounds) %0,618 40,073 46,390 44,054 96,575
Price per pound 1,20 1.8% 1.70 2.30 2.39
Receipts from saies 60,742 74,139 78,864 101,324 135,216
Yariable cos?s
Ice 1,387 1,579 1,541 1,166 2,788
Fuel 6,561 9,%5% 18,976 19,144 20,154
Ne*, supplles, groceries 2,3%8 6,747 9,885 11,211 13,131
Repalir and maintenance 11,708 9,593 9,337 11,643 11,143
Crew shares 19,437 23,723 26,593 32,422 43,320
Payroll taxes a8 474 1,547 1,819 257
Packing 2,41 1,899 2,428 2,903 3,852
Subrotral 44,250 35,554 70,307 80,876 o4 583
Retuyrns above varliable costs 16,492 - 20,581 8,%%7 20,448 40,531
Fived Costs
I nsurance 5,532 4,291 4,308 4,840 5,877
Depreciation 6,333 8,177 11,229 12,607 14,623
Overhead 0 2,418 3,201 3,073 3,194
|nterest 2,256 . 2,811 5,604 5,984 6,880
Subrotal 12,221 17,494 24,39 27,504 30,374
Total Operating Costs 56,471 71,048 94,646 108,380 125,059
Prati® or loss 4.2 3,087 -15,782 =7,0%6 10,1%7
Reguired return to equlty 2,838 3,158 16,590 12,587 $,399
Return o cwner menagemsn? 1,638 -48 -32,372 -19,643 4,7%8
Vesseis in sample 23 103 109 1ot )
New cos? of vessel 77,949 100,641 138,188 155,168 179,981
Percant $inanced 87 &7 67 a7 a0
Depreciable 1ife (years) 8 8 8 8 8
Salvage value (perceat) 3% 33 3% 35 35
Regyulred return n?o‘
(percent) 10,29 9.50 13,00 !4.90 15,00

2 Florids and Texas vesseis In sampte

5 Floride, Mississippl and Texas vessels in sample

€ Texas vessels only In sample

d Reflects a base rate, determined by bond yleids, plus a financlal risk premium,

Source: (Blomo and Griftin (1978); Griffin (1978); Hayengs, Lacewe!! and Griffin (1974); amd Wardiaw

and Griftin (1974),
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Table 3.5=17. Oocllars per pound and pounds landed for typical vesse! fishing In the Gulf of Mex|=q
shrimg tishery, 1971 to 1977

Variabise! Flxed Torat
Year Fuel cos? cost cost Qevenue Pounds
197 0.13 0.43 0.24 1,12 1,20 50,618
1973 0.19 0,54 0.3% 1,40 1,89 40,073
1974 0,41 0.868 0,52 2,04 1.70 T 46,391
1978 0,43 0,99 0.62 2,46 2.30 44,054
1977 0.46 6,78 0.54 2,21 2,39 56.576.

' Does nat include crew shares, payrol| Taxes and packing.

Source: Computed from Table 3,516,

Table 3,518, Average annua! costs and returns for Loulslana shrimp vessels, 1978 and 1979

1978 size In toot 1979 size in teat
51658 66 andg G1-69 65 and
over® over
do! lars
Gross Income 94,409 166,459 104,386 188,564
Costs:
Assoclated with cateh 30,482 45,799 33,882 52,163
Assoclated with ettort 20,690 49,251 28,616 74,484
F I xed 8,309 24,549 8,230 24,034
TOTAL %,557 119,969 70,729 130,682
Captain's pay 18,708 2%,003 20,703 28,300
Return to owner's
management L investment 16,144 21,487 13,154 9,582
3 =48
b n = 44

Source: Roberts & Sass (1979),

3=73



Table 3,519, Index of Increesing totel cost and tatal revenus for vessels operating in the Gult of
Mexico sheimg fishary, 1971 to 1977, (1971 = 100),

Year
197 1973 1974 197% 1977
Yartatie Cost
Not proportional to cateh:
Fuel 100 148 29 292 308
Qther 100 118 134 159 17%
Proportional o cateh 100 121 159 183 213
Flxed comt 100 143 199 23 249
Torsl cost 100 108 167 191 221
Tortal Revemus 100 122 13 166 223
Consumer Price Index 100 110 122 133 159

Sourcs: Computed from Table 3,516

through Decemter, These moathiy flows Indicate the need for financlal planning within a year by
vessel cwners In the industry, The anmual budgets (Tadle 3,3=16) indicate the nesd for finenclal
planning over the lite af the vesset,

Fishing Activities Suppiemental to Shrimping

The rise of fuel prices has interjected an aspect of uncertalinty into the shrimg harvest busi-
ness, Shrimp vesseis ere sudject 1o cpersting with g fusl intensive technology, Overating costs are
tharetfors certain to rise more rapidly t™han t™he geners! orice level, This has promoted experi~
mentation with siwinp vesseis In other fisheries, Although there is much wrltTten on underutr!ilized
specles, shrimpers are experimenting with the sultediiity of thelir vessels In fisheries with
estadiished markets, The most prominent examples are ™e ref | tting of vessels T hervest swordfish,
snapper and grouper, and tunas. Equipping a vesse! to midewater long!ine for swordfish mey cost
$20,000 vo 340,000, Simliiar costs muy b experienced by shrimpers sttempting o bottom longiine for
reot tish or other species such as tiiefish, Minimel investwmnt |s required to equip a vesse! for the
pale flshery for diackfin Tuaa,

Toms siwimpers are wre active In refitTting vesseis for supplementsl fisheries, ™e most pro-
mising aiterngtive has heen !ongilining for swordtish, where es many as 40 to 43 vesseis sttewpted *o
erter t™is tishary trom Tams during 1980 (Joha Nicho!ls, Teams AlM, persons! communication), Not alt
thess vessels participeted the entire six month season, '

Work In progress has sttempted o measure *he econamic success of this siternstive for sheimp
vessels during 1980 (John Nichols, personal cammunication), Yessels normaily shrimp In Texas from May
through October snd have t™e possibiiities of & shewonth sesson for swordflish from November through
Aprii, The estimated Initial capital cost of first tine vesse! conversion f0 go swordtish longlinine
Is 326,203, This Includes structural changes !n the vessel, winches and atl the iongline equipment
for 8 19 mile longline, Based on preliminary projections for 1980, a shrimp vessel fishing for shrizo
during six months and aat fishing for six months woul!d have encauntered a loas of 336,309, Returns
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Table 3,3+20. Cash flow by months for Gult of Mexico shrimp vessels 50 to 80 feet In length,
1371 and 1975,

Jan Fed Mar Apr May June
.!_9.11.‘
Total Intlow 3,009 3,107 3,107 3,118 3,654 4,667
Total outtlow 4,370 4,292 5,043 4,967 4,567 s,617
Net flow ~1,381 1,148 -1,936 1,852 -913 -9%0
Accumyiated net returns «1,361 2,506 -4 442 -5,294 ~-7,207 7,987
19782
Tata! Intlow 3,503 4,001 3,9% 3,538 4,960 5,653
Total outtlow 8,07 6,298 ‘6,901 6,720 7,092 8,437
Net flow -2,568 2,297 -2,54% -3,18% -2,092 -1,784

Accumylated net returns ~2,5%568 -4 ,86% -7,410 -10,59% -12,687 «14,471

July Aug vSa Oct Nov Dec
M‘I
Toral Intlow 7,31 9,33 8,003 9,673 7,916 6,69
Tatal outtiow 6,25% 8,713 6,368 7,532 6,845 s,742
Net flow 1,112 2,841 1,63% 2,141 1,0Mm 954
Accumyiated net returng 6,543 4,004 -2,369 -288 =834 1,797
Totsl intlow 13,074 11,969 11,929 11,773 12,645 13,319
Tatal outtlow 11,6368 10,977 11,248 11,192 10,498 12,398
Net tiow 1,438 992 683 583 2,147 921

Accumyiated net returns <-13,033 =-12,041 11,358 «10,77% -8,628 -7,707

1 Florida and Texas,
2 Texas onty,

Source: Lacewell, Gritfin, Smith and Hayenga (1974); Gritfin, Nichals, Anderson, Buckner and
Adams (1978),
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above varisdbie coets would have been 37,743, However, fixed costs over the entire vesr were great
encugh to cause the loss, Converting the vesse! to longlining during the winter months would have
causad a total anusl return to the owner's equlty and manegement of $10,477, This results from
set ling 36,600 oounds of swordfish {$2.60 per pound) and covering borh the varisble costs of
longlining and the fixed costs not covered by shrimping,

The break-even point for the vessel owner wauld be at 6,500 pounds of swordfish while the crew
would bresk even at 46,000 pounds due T© the way in which crewshares are caicuisted, Wnile *hese dara
are preiiminary, I? is clear that swardfish longlining mey be & viable alternative for oniy s tew of
the vessels in the shrimp #ishery because of ™he |imivted swordfish resource.

Two factors In Phis supplementel activity sre especlally notesorthy, The supplemental fisheries
are not being developed as 8 vear round substitute to shrimping, Rather the msjority of conversions
are to the supplemental tisherlies for brief periods during the year, As shown in Tadle 3,5-20 .
shrimping vessels experience negative cash fiows in severs! months. Secondly, the shere system on
shrimp vesssis historically have placed the cast of fus! solely upan *the owner, Suppiementsl
flsheries which are not fusi Intensive may return more net incame to the owner per doflar of gross
income than the situation with shreimp, Conssquently, The supplementsl fisheries do not have o yleid
the sems gross Income as shrimping to be campetitive,

3.3.2;2 investmant in Vessels, Soats, and Geer

>
-

Tabie 3.5=13 lists anrual satisaten of the number of vessel!s and boats In the domestic shrimp
tlee?, 28 wall as eatimated grass fons and ofter trawis per vesse!, These estimates Indicate that =
since 1970 Guif shrimp vesse!s have aversged 76 percent of the number snd 83 percent of the gross ton=
nage of total U,S. shrimp vessels, The average gross tons per vessel In the Gulf Is hatt again as
large as that In *he South Atigntic ftleet, Since 1970, Guit shwimp boats have averaged 83 percent of
the totsl nymber of U5, shwimp boats, The Gult vessels are comparstively new: in 1979, 23 percent
of the vessels had been constructed vwithin the 1970 to 1973 period and 32 percent In the 1983 +o 19735

decade, .

Investment In vessels and gear is oniy avellable for s (inlted portion of the vessel component
of the tieet (Table 3,3=14, fram Werren and Griftin, 1978), As indicated, the cost of & vessel has
Jumped sharply during the 1970's, In addition, data fram one menufacturer Indicates the bdesic price
of a typical wood vesss! has Increased Dy 44 percent fram 1977 to 1980, The incressse of a fiberglass
vessel has been 42 percant, Iatiation, the trend ™o larger vessels, and add! tional equipsent are the
principal causes of the incresse, OJbviousiy, a larger Income I3 now requires to justify investmeant In
the vesse!s. Larger incoms has Deen forthecaming, however, Figurs 3,3=12 shows that the value of land=
Ings per gross tomn of vesss! has Increased by $190 per ton or more fram 1962 to 1974, Notice,
however, that catch deciined over 300 pounds per Ton for the same perlod,

The 18 year trend shown in Tabie 3.,5=13 shows s significant increass In gversge gross tons per
vesss!, This statistic may reflect ™e larger vessel's edliity o f1sh In Inciessnt wveather, I3
Incressed range, and |73 attractiveness T more campeten? crey members., There are no current studles
over a sutficlentiy long period of time to investigate econamic profitebliity by size of wssel,
however, studies that examined This question have been done for severa! Individual years (Lacewell,
Grlittin, Smith and Hayengs (1974); Wardiaw and Grittin (1974); Geittin, Nichols, Anderson, Suckner and
Adams (1978); and Griffin (1978); Roberts and Sass (1979), Figure 3,513 shows the results of a
regression anslysls of aversge cost dased on 1973 dats collected fram 115 vesseis In Florids,
Mississippl and Texas. In the regression analysis construction, length and effort (ef fort is Desed on
norssocwsr and iength of footrope) were used as dummy varisbies In estimating the sversge cost
squation, Al coatflcients vers significant at t™e 99 percent level, The estimpted cost squstion
explained 79 percent of the veriation of the data, Pradicted aversge cost velues for the 115 vessels
are platted with average cast on the vertics! axis and pounds landed on the horizontel axls, Yessels



Values and
gounds per
ton of vessel

1
700 =
600 Dollar value/vessel ton
500 -
400 )
300
Pounds landed/vessel tcn
200 |
100 3=
i L i 1 11 i { i A j i A
1962 83 64 65 66 67 68 69 70 7L 72 73 74

Figure 3.5-12= Pounds and Value of landings per vessel ton harvested in the Gulf of
Mexico shrimp fishery (calculated from Tables 3.5-12 and 3.5-13).
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tend to fall Into tive general classes, Notice [n Figure 3,5=13 tnhat ar any glven pounds oroduced
that larger vessels have g higher average cost which means they have a higher breaxeven orice per
pound, Converseiy, at gny given orice larger vesse!s must land mors pounds of sheimp T bdreak even,
A comparison of wood and steel vesssis shows That sTeel vessels have a higher average cost than wood,
wooden vesse!s with a higher effor? Index (larger engines and ners), but of the same length category,
have higher average costs per pound. This cou!ld be caused by less fuel ef ticiency and/or larger
Investmant In engines,

The combined Infiuencs of high fusl Drices and lowered exvessel shrimp prices In 1980 tocused
attention on The CosTorice squeels In the shrimp industry, Fuei efticiency In trawl fisheries,
Including shrimp, wvas & topic frequentiy discussed by shrimpers whea planning vesse! constrycrion and
ogeration, Untortunately, econamic budgets deveiocoed far vessels In' the mid To 1ate 1970's were nor
sutticientiy detaliied to make definltive conciusions adout vessel fusl efficiency In relation ro
vesse! size. Roberts and Sass (1979) report medium size (3! to 63 feet) shrimp vesseis In Loylsiana
during 1978 ned sbout twice the gross revenue ocer dollar of fusl as did large vessels (greater shan 55
tee?r), Since the large vessels caught shrimp valued at $3,14 per pound In 1978 compered to $2.47 for
medium vessels, [t Is evident that large vesssis are harvesting sheimp of & size not harvestadle dy
the medium vesssis, It should aiso 08 noted that the Loulslians resesrch Indicated smmii! (less then 5O
teat) vessel!s vere less efficient In terms of gross reverue per dollar of fus! costs than medlus
vesseis, Thus, caution |s advised when attempting Yo correlate vesss! size with fusl efficiency,

warren and Gritfin (1978) In & 1977 survey constructed econamic budgets for two shrimp vessel
groups. Seall wooden vesseis (28 to 33 feet) landed $7.74 worth of shrimp oer doliar of tusl cost,
Wooden vessels In the largest (36 to 80 teet) class landed $7,85 of shrimp per dollar of fuei cosr,
Angther aspec?t of thelr study polnts cut the prodiem of generalizing ebout fuel eftficlency of variocus
vesseis, While wooden vesseis In the large class landed $7.63 of shrimp per dolilar of tuei, steel
vessels of the samm leng?h class landed 535,88 of shrimp, Thus, specific studies would De necessary o
clarity the situation with respect o fusl! efficlency of various Types of vesse! types and sizes,
Analyses should explore efticiency by seversl criteria, '

Investment In new vessels apoears to be cyclical In nature; severs! consecutive good shrimping
years Inducs 8 major Incresse (n new cratt comstruction snd severs! consecutive bad vears resuit in a
proncunced reduction, An exsapie of t™is can 58 seen In the nusber of |icernses soid for wsseis to
tish In the Gult waters of Texas, Table 3,3=21, Econamic conditions In the Guif shrimp Industry twgan
*o deciine In fsve 1973, Econecmic conditions were unfavorsble through the alddle of 1975 when they
turned sround snd wers favorsble through 1978, in 1979 conditions wers neer the breskeven point and
1980 Iy & clear, negative net Incame situation, As s result of these econamic ups snd downs, Texas
Gult licenses 30i1d decressed fram 1973 1o 1976 by 89 vessels, & 18g effect of & yesr ™o g year and a
nalt, Licenses 30id incressed thwaough 1979 dut ere expected 1o decrease in 1981 decauss of current
economic praobiems,

The tavorsble econamic conditions from 1976 to 1978 precipi tuted an expansion in vesss! and boat
Investment In Louisians, Ous to *he lag of fect, expansion can e more accurstely portrayed by viewing
the 1976 o 1979 perlod, Resident shrimp vesseis Increased 4! percant between 1978 and 1979 (778 to
1,093), Boats In Louisiana Incresmed from 9,892 to 14,217, Using the aversge martat welue of
Loulsiana vessels In 1978, the Increase In vesse! [nvestmen?t betveen 1978 and 1979 vas estimated o De
$7.% mililon, Boat Investment In Loulsiana Increased $4.6 niliion for a camblined one yesr |ncrease of
$12,1 mitilon (Roberts, 1980),

3.%.2.3 Capitalization

Blological iiterature dealing with fishery management I3 replete with the discussion of
"avertishing®, The econamics profession has deveioped a similar Dody of 1lterature which artributes
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Table 3.%2'. Number of Texas Iicenses s0id for Gulf shrimping only

—— — —
Yoar Totsl Net Change
1978 1,763
1976 . 1,674 -89
1977 A 1,804 130
1978 1,8%2 . 48
1979 1,937 as

Soyrce: Swartz (1980),

the sventuallty of overtishing to the common property nature of fishery resources, Econamic va'.l-
ture aiso ldentities econamic vaste as an inherent aspect of hervesting common praoperty fishery

resources,

Factors A"wﬂn’ Caplitalization

As outlined In some detall In Section 3,1,2, economic capacity In any tirm is determined by the
level of product prices, ™e expected marginal productivity of inputs and Input prices, Industry
expansion or growth takes place when firms in The industry are eerning s protit, This expansion,
through the entrance of new tirme, or through Individual ¢irms growing larger, will cause greater
demands on resources, The incressed demand for resources Incressss Input prices which Increases pro-
duction costs to producers usiag t™he resources (iapuPs), At the same time the Increased supply of
products reduces finel produc? prices. This growth pattern continues until profits to individual
tirms In *he industry are ¢l ininated,

These same econamic forcas are at work In the #ishing industry, However, one primary resource
or Input (the stock of fish) §ate the production procsss Is common property rather then private proe
perty, The tish balong ™o no ane person, tut o all the ceople In common, They Secome private pro=
perty by Institutiona! arrsngessat or sfter they sre harvested, Thus, no "price® is pald for the tish
resource and the tishery s usueily referred 1o as an "open acceas® sifuation, The norma! restraints
thet increased npy? prices plaoe n Industry growth are thus Aok fylly sftective In comon property
Industries, That is, Inputs Into the fishery will continue to be used longer in the growth process
than they wouid in privete praperty Industries. This results In total Industry fishing effort beyond
the level necesssry to produce mmximum econcmic yleld (MEY), Total Industry tishing effort could sven
expand o the extent that maximum sustainsbie yleld |s surpessed, These events accur due to ratlionail
econamic decislions of flshermen scting as Individusis, increased effort by indlividua! fIshermen |mposes
sn unaccounted for cost on all other tishermen, This incressed cos? dus to overtishing eventually k
curtalls production, This situstion Is sometimes referred to as the "tragedy of the commons™, The
sxception to this occurs when growing consumsr demend [ncresses sxvesse! prices more then the
Increesed coats resuiting from overtishing, Since there !s no “"price® or "cost® pyt on the raw tish
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Ingut, Its orice does nov rise as the factor demand for |+ becomes grester as !t deccmes wire scarzs,
I+ the fish rescurce were "priced®, cos? would increass and fishermen would be encauraged to decresse
fishing effor?, and further caplitalization info the fishery would be discouraged,

Ouring pericds of econamic prosperity when shrimp orices are racldly rising, oroftits ro the
cwners of SIimp vessais have been over and above Tthe returns thelr capirtal coauld have sarned In other
sirernatives. in sconomic terms, “excess orofiT3® have deen genersted. Borh existing cwners and new
antrants Into the tishery have deen encouraged o make new capital Investments In the fishery, when
prices declined, vessels continue to fish In the short run even st & loss as fong as *he return
genersted covers variasble sperating (trip) costs, When revenues vere nat large snugh o cover
variable cos?s, vessels have deen tied up for periods of *tims, The normal decision of the owner woul!s
be *o sell the vessel and use the caplital eisewhers, However, as Is the case wi™h much agricuiturs!
equloment, shrimg vessels rwresent 3 ciassic case of asset fixity (Johnson, 1938), No entreoreneur
wants 10 Invest capital In g shring vessel That will yield 8 negative return which makes 1 gitticyir
o sel!l vessels, Thus, along with the other problems caused by the cpen accses nature of the sivimg
fishery, vesse! owners some?!ms face ecanamic hardships because of Investment decisions mede during

times of rapldiy rising prices,

in summary, the argument |is that glven an open sccess fishery and repldly rising prices (more
rapidly than costs) for the product, overampiteiization from an econamic standpoint {s Inevitabie and
wlil becoms worse as product price continues to rapidiy rise, The only way %0 siow down e overw
capltslization process Is to srtificiaily Increese costs of fishing to the fishing vesss! through fees
tor the right to fish, Fres sccass and rising demend wii! result In effort levels beyond that -
necesssry for the maximum econcsic ylield and poasidly beyond the?t required to harvest the maximum
sustainable yleid, This situation wili usually place vessatl owners in negative return situations
during times of falling demend for shrimp,

Focusing on the economic Impact of free sccomss, then, involves deiideration over the gquantrities
harvested and the effort and capltal sxpended, Mich debate normmlly occurs when praponents of MEY
management argue That aot only less effort but aiso lower harvests vwill be beneticlial to fishermen,
processors, and soclety st large. As Gulland (1972) Indicates, siwimp flsneries exhibit figtetooped
yield curves, At high leveis of effort, the Implication is thet reductions In fishing effort sre
likely to resuit In praportionally ssmiler decresses In sirimp landings. Thus, mensgement of fishing
effort at some polnt delow MSY must De concerned with the benetits and costs of reducing flshing
etforr, Economists note that free acomss 1o fishery resources leeds To overtishing, lower susteined
vield, and nhigher costs, WITh overtishing end lower sustained yleid previousiy ¢ited as not a vatld
concep? In the Gulit shwimp fishery, *™he benefits to soclety fram any benef!fecost ssasuremsnt mus?
mainly come from reductions ia harvest costs, Raducing the fatal hervest cos® wanid Involve reducing
the number of firms (fishing effor?) Ia the industry, There is evidence thet ofher msasures to reduce
tishing ettory, such ss quotas, gear restrictions, shartened sessons, efc,, actus!ly Increass caoltsi-
1zation and coats (Crutchtield and Zel iner, 1962).

Although the snnual nature of *he sivimp crap provides soms blalogical unigueness, the Gulf
shrimp tishery is subject to the sound scientific argument *hat ali mature fres accuss fisheries
become overcapital ized (overcmpitailization being the tishing ef fort or number of firms Deyond *hat
necessary to harvest the MEY), Very [!ttie snaiysis is required o show that the ldes! world, perhaps
MEY for the econamis?t or MY for the diologist, s better Than the lalssez=faire real wor!d of free
access o tishery resources (Coase, 1968), As pointed cut sbove, however, sethods to schieve MEY or
sven MSY may Do wore Durdensome To the resourcs users, socliety, and govermment, Simply stated, the
Issue of overcaplitalization and [Imited entry as & mens of eliminating I reaily only requlre thet a
proposed shrimp hervest be judged deatter or worse Tthan the existing harvest when al! benefits and
cosrs are conslidered, The problem of overcapitalization in the shrimp fishery, however, is nor as
simpie as might firs? oo,
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Capitalizaticn In *he Shrimp Flghery

The extent of overcap!®aiizetion In *he Gulf of Mexico shrimp fishery cannct De precisely srtateq
at this time from the standpoint of 8 specitic research study designed TO address Tnis question,
Grit#in, Lacewel! and Nichols (1976), ematimated the aptisum effort level for the Gulf sheisp tishery
tor 1973, Thls study Indicated that *he sguliideium level of effort under coen access fishery cone
divions at 1973 average orices with s norme! return to labor, manasgemsnt and investment was 201,800
unlts of effort or 2,277 vesseis, Actual tishing effort during 1973 was estimeted ar 304,431 unirs of
stfort or 3,435 vesseis. The cptimum ef fort that maximized econaomic rent t0 the fishery was 109,300
units or 1,213 vesseis, This generated an economic reat of 522 mi!lilon dollars, reduced rotal
Industry revenue from $138 mititon ro $S89 miillon and reduced shrimp landings trom 80 mlition ro 52
miiilon pounds,

{f [s clear that the manegement of the shrisg flshery to achlieve econamic cptimums would necessi-
tate 8 drastic reduction In the smount of etfort asppiied in the fishery, and hence & reduction in the
nymder of vesseis allowed Yo figsh, The results of such & management goal would be & [ower tors!
Industry cast, possibly lfower revernues (deoending on elasticity of desand for shrimp), fewer vesse!s,
nigher orofits per vessel and probably higher shrimp prices to consumers, To accompliish this ga! »
program would have 10 Do Implemented thet would tax away the econamic reat generated and return the
rent to society, The cantral question wouid de concerned with whether the benetit to society of such
a management orogram wouid be grester Than the cost o soclety of Implementing the program,

There are Two ather Issues, sech des!ing vith the demand for shrimp, that aisc have an effect on
the extent and Importance of overcapitalization, The first |s that Gates and Norton (1974) clesriy
dempnstrate that the level of tishing eftort (capital) yvieiding MEY (s a0t necessariiy *he same as
that representing meximum econcmic efficiency (MEE), MEE Is that level of fishing effort at which the
value *o society of t™he las? unl? of siwimp produced Is equal To the cost to soclety of producing that
untt, MEY ls squal to MEE oniy when the price of siwimp Is pertect!y elastic, that ls, when uniinmited
quantities can D8 purchased vithout the price rising. The demand for shrimp 1s qulte different from
*his situation, and the result |s That MEY and MEE are not identlical, in this case, MEE, nor rhe rent
mximization sssociated with MEY, aight e the sporcpriate econamic goai for soclety, Further, the
MEE gos! would Induce an even lower harvest than that of MEY, since the industry generates cos?s to
soclety by using & common property resource, These costs (nvoive the plysical, hummn and monetary
resources used in the fishery which could de better empioyed in ather sectors of the economy, Their
use In the fishery bids up rmeir prices theredy cresting Intiationsry pgressures,

The sacond lssue Is concarned with the [spact high leveils of consumer demsnds have on *the site of
coat savings from decressing *™he number of sheimping tirms (capitalizatica), Beil (1972) recognizes
rhat, at high levels of consumaer demand, meximum econamic yleid (MEY) and meximum econamic et ticlency
(MEE) for all prectics! purposes ere ldentice! goals, even In view of *the adove srgusent, |t MEE s
cong [dered the sppropriete econasic goal, then the degres of overcagltalization would e much less
during levels of Nigh demand for sheimp. While there Is some evidence of overcapitalization In the
sheimp tishery the econcmic performgnce of harvesting firme, their ocwners and enpiovees have at cer—
tain times appeared satisfactory, Performances during aother times have not been so satisfactory.

Parhiaps the most [(mportant factor thet reguiates the econamic status of the shrimping Industry !
consumer demand and t™he rise and feil of conmsumers discretionary income, Shrisp are normmily thought
of a8 & luxury consuser [fem with thelr comsumption highly responsive 10 *he avallabl iity of consurer
discretionsry Income., Estimates of e amount of shrimp eaten cutside the Nome In resteurant
situsticns range from §0 to 80 parcent of all stwimp sold, In tact, according to Quick Frozen Foods
(1980), 85 percent of the trozen shrimp consumed In the U,S, during 1979 vere consumed in the insTitu-
tional trade with the remeining sold at rersil, Thus, as discretionary incomm deciines the demand for
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shrimp deciines, Procsssors somet!mes have targe Inventories of shrimp purchased at nigher orlces
which mus? D8 s0id at & loss or heid until price redounds. Exvesse) prices normmally drop as *ne
deciine in consumer demand reaches the dockside !evel. The price movemsnt of shrimo as related *o
nigstorical downturnsg in the U,5, economy can be vividly Tliystrated, Miiler (197%) Indicates *har
nistorical downturng In sheimp prices have occurred during 19%4 to 19%5, 1958, 1963, 1967, 1970 and
1974, Four of These six years (s8i!| exceot 1363 and 1967) were recessionary years as measured by
deciines In real gross nsrional product while the oThers were associated with business downturns, The
same s!tuation occurred during 1977 and 1979 to 1980, The shrimp industry has aiso lagged behind *ne
general econamy in terms of recovery,

1+ 13 during rhese perlods of price decliines that the shrimp Industry has suffered through
perlods of sconamic toss, sarticulariy at t™he vessel level, As discussed seriler, the industry has
operated withou? mparent problems during periods of rising prices, “owever, sconamic success
during these periods has led to capital investment and relnvestment in the fishery to such leveis *har
shorteterm sconamic losses have occurred during the price dec!ine perlods, Further compounding rhesse
problems has been the rapld rise In the cost of diese! fusl which Is a mejor Inout cost Item in the

harvesting of shrimo,

The Importance of this rapld Increase In fusl prices vas mesked somawhat by The more ragid
Increase In shrimp orices, Most shrimp vessels were returning good protits and meny owners were using
nigh orotits to relnvest In the fishery during this perlod with replacement and/or nex vessels, Many
used *™is proflt as leverage caplital for new loens ™0 expand flee? sizes, Surdl, et al, (1979) report
thet a total of 311 shrimp vessels vere bufl? or on order for the Gult of Mexico during 1979, witn 271
buli? or on order for 1980, This represents sn sporoximete 10 percent Incresese In the fleet size In
about & one year perlod which reprasents § dramatic lnerogu In caplital Investment 1n the #!shery,

when the U.S. economy entered Into the recessionsry period beginning In ilate 1979, consumer
demend slacked and the price of 2123 raw headiess siwimp fell rapldiy vo & low of $3,82 in May, 1980,
This represented s deciine of 29 percent In a nine month perlod,

Fuel orices d1d not dectine, Investment signats misread during 1978 and 1979, when rapidly
rising stwimp prices mesked *™e Importance of the raplidly rising fuel prices, placed many sivimp
vesse) ocwners in severe econamic stralts, deginning In the serly sumwer of 1980, Betwveen 1971 and
1977, tust costs represented between 14 and 24 percent of tota!l revenues of mast sivimp vesseis.

Since fus! orlices almos? doudied Detween 1977 snd 1980, snd price (snd hence total revenues) feil bdy
aimost 30 percent from 1979 highs, 17 Is essy 10 see ™at fusi casts couid have represented aimos?
halt of Total revenues. Veny sivrisp vesse! owners have not deen sble *o meet "ortgage daymants and
have attempted ™o generate sSupport for controis on Imports in sn attempt to stimulate domsstic prices,
Representatives of the shrimp industry met with the Secretary of Commrce during October, 1980, *o
discuss *he econamic sifuation In the shrimp Indusiry,

This meeting resuited In a statement issued by the Secretary of Cammerce oa October 28, 1980,
This statemen? Indicated that Tthe shrimp Indus?ry wvas facing s criticsl economic situstion, A com?
price squeeze caused by rising fusi costs combined with dec!ining consumer demand and deoressed prices
had placed a significan? portion of shrim harvesters In Jecpardy of dankrupfcy and had undermined The
long=time viabliity of *he Industry. The Secretary offered s prograa of assistancs o help shrimp
vessel operators weather t™he current sconomic and energy crisis and o pramote resfructuring the
Industry fo enhance long=term productivity and cawpetitiveness, In summary, the srogram calls for the
tformation of a higheleve! NOAA task force o oversse. ™he Implemsntation of:

Te $11 mitlion of Department of Commerce funds made avalladie for low cost toans with *he possi-

niitty of an additional $3 mitilon In the future. Thess monlies will resyit from removing a
moritarium on the Fisheries Loan Fund and through EDA funds,
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2, Encoursging passage of the American Fisheries Pramorion Act which will piace $20=30 miii]an
In toreign fees In the Fisheries Loan Fund by late 1981,

3, Examination of the feglstative possidiiity of & vessel dedt consolifdation program wirh
possidle interest subsidles,

4, Assistance on s case~Dy~case bDasis with EDA ioans for refitting of vessels for participation
In underutiiized tisheries and purchase and instal lation of ner energy and ofher cost=saving
equipment for vesssis remaining In t™e shrimp tishery, A direct one=time fusl adjustment
grent requested by Tthe [ndustry was not feit fo be consistent with the pollicy of encauraging
fuel conservation,

s, Use of 3200,000 In S«K money In 1981 to make avaliadie fishery production and marker services
tor shrimp cperators desiring to sell Thelr vesseis info underuti!ized tisheries,

6, Making svailable $! mililon for a mjor seatood consumer education and Intormation of fort,

7. Support for a shrimp merketing council,

-

8, Formation of a top=ievel comittes o Identify resesrch and develocoment priorities directed
at improving vesse! productivity and efticiency with first attention given the sheimp produce

tion sector, ) -
9. Provide support through S=X money for the estab!!shment of a Shwimp Ressarch Foundation,

10, Directlion for the U,S, Internetional Trade Cammission to bagin the [mmmd!ate examination of
the range of possidbie remadles under existing Tew of any nerm shrimp 1mpOrTs are causing the
domestic shrimp Indusiry 1o suffer thraugh thelr ef fect of a dampening on orices, The U.S.
Trade Representative wli! aiso Do asked 1o estabiish an Interagency task force 1o analyze *he
impact of shwimp Imports and to provide recommsndations whether temgorasry impor? reliet
MASSUreS ars necessary and sdvissdle, Talks will aise be held with shrimp exporting

countries,

Hence, |+ becomes qui e spperent that with an open access fishery and rapldly rising demand, *he
capitalization level of the shrimp fishery can de dramatically raised, The influence of uncontrollable
sxternsi factors such as rapldly rising fusl prices and the normel consumer demand related prics
novements then mekes the overaspitsiization cuestion soperent during the less satistactory econamic
periods, The relevent quastion becomes @ e positive econamic denetits enjoyed during periods of
rapldly rising price outveligh the negative benef!ts which become evident during periods of iow prices
and o what degree would |ialted scoess raduce these negative denef|ts?

3,9.2.4 Annus! Perticipation in *he Flshery

Annual participation in the fishery may be msssured In terms of total domts and vesss!s par—
ticloating in the fishery, A more precise estimate includes consideration of Time spent fishing such
as vessel and Dot days flshed snd/or man days fished per period of tims, Theas aifernative sstimtes
of annual perticipation ere considersd In this sectlon,

Yesseis and Soets

The nusber of dasts and vessels In *™he Gulf of Mexico shrimp fishery are avellisbie In publlshed
torm through 1973, Shortcasings, however, exist In the data, Boafs and vessels recorded in Fishery
Sratistics of the Unlted Stetes contaln dyplication when Individusl srates are reviewed, These dara
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recard the number 'af cratt landing shrimp In esch state. Oue *o the mabl ity of the fleet some boa*s
and vessals are recorded in more than one sTate, Guif rotals but not state totais ars adjustet ‘or

duplication,

Toral sheimp vessels fishing In *he Gult of Mexico Increased from a low of 2,600 In 1962 to a nign
of 4,091 In 1973 for the 1980 to 1975 period, After 1973 the number of shrimp vesse!s In the Gulf
deciined to 3,690 by 1973 (latest year of oubiished data). .

The number of vesseils landing shrimp has Deen grestes? In Texas each vear since 1960 (Table 3,%-22),
Oversil the number of vessels iIncressed over the 16 vear per!od ™ a high of 2,294 in 1973, Loulsiana
Is *he second most {mportant state for landings by shrimp ofter trawl vesseis, The Loulsiane Trend in
vessel numbers Js sinilar to the trend for Texas; the number gradually Incressed and reached a peak in
1973, Florids and Aladams aiso have had [ncrsases In number of shrimp wsseis over *he perlod and
both also had pesk years In 1973, Mississippl s the aniy stete showing an overali decresse in number

of shrimp vessels landing In thelr ports,

The total number of shrimp otter trawl boats gradually Incressed to 5,109 In the Gulf of Mexico In
1968 and then deciined 0 4,500 1a 1972 (Tadle 3.,5=23), By 1979, the number of shrimp bDoats increased

*0 5,054,

Loulsians has ™he greates? nusber of shrimp ovter fraw! boats landing In her parts,
accounting tor between 80 to 70 percent of &l siwimp Bos?s in the Guif, Texas and Mississipp! are
the next twvo states In Importance In terms of nuaber of shrimp boats landing in thelr ports, Both =
states experienced an Incresss In number of shrisp boats over the 16 yesr perlod, Number of sheimp
bonts landing caten In Floride and Alabeme deciined over the sams tisa perlod,

Tronds In susher of ofter trawl shrimp DOATS were (e8s Conslistant by state Than were Prends in
number of shrimp vesseis, Year—toryesr varlistion vas greater and peak years were usuaiiy different
for esach state, Years of peak shrimp bdos® activity by state were: 1966, Texas; 1972, Loulsfanag;
1968, Mississippl, and;: 1963 for both *he Florids vest coas? and Alabema,

Comparison of doat and vesse! totals with and without duplication (Tabie 3,%=22 snd 3.%=23) gives
an Indlication of perticipation of vessels and boats In the siwimp fishery In states other than thelr
home state, The nusber of vessels recorded In more than one stets ranged fram a low of 1,022 In 1962
to 8 high of 2,080 in 1973, If esch vesse! only lands shrlimp In one orther state In addition to irs
home state, These est!metes reprement mxisum estimartes of vessels participating In the fishery In
nelghboring states, [|f sach wese! tishing outside of its home state landed shrimp In ail Guif sta=
tes, & minlmum of betveen Z70 and 520 vessels would have participated In tisheries curside of thelr
homs states. These wminimm snd mxisum sstimates provide & renge on The number of vessets par—
ticipating In fisheries In ofther states,

Betveen 1960 and 1987 relatively few boets landed shrisp cutside of Thelr home states (Tedle
3,5=25), Atter 1367 no hoats landed shrimp In Guit states other than the!r homs ststes,

in addition To the participation of Gult of Mexico bonts and vesseis In severs! Gulf states *there
has been recen?t reports of movemen® Inta Gulf waters by ™he south Atlantic fleef, ssoaclally during
perlods of low production In the south Atiantic states, Studies now under way pinpoint current casusl
evidencs of moblllty, E

Only unpubiished estimates daveloped from The "code book™ used Dy port agents are avalisdie for
current Indications of the number of vessels and doats participating In the Gulf of Mexico shrimp
tishery (personal commumications with J, Ernest Snell, NWFS, Mianl Conter), These estimatas sre
based on the vesse! code book through June, 1980, T™he toral numder of shrimp otter trew! vesssls In
the Gult of Maxico was 4,589 as of June, 1980 (Teble 3.5=24), This reprasents s conslidersbls !ncreese



Tabie 3.5#22, Number of shrimp otter trawl vesssis Dy state, 1360 to 1978

Year Florida Alabama Missississipol Loulslana "axas
west Coast
1960 869 222 435 1,235 1,521
1961 873 187 447 962 1,541
1962 823 168 431 903 1,275
1963 847 47 432 1,262 1,356
1964 901 230 409 1,343 1,387
1965 849 295 409 1,299 1,371
1966 886 : 366 410 1,542 1,809
1967 891 397 351 1,422 1,67%
1968 386 487 486 1,847 1,81%
1969 932 306 464 1,502 1,806
1970 813 448 452 1,693 1,723
1971 756 436 344 1,517 1,931
1972 849 A% 310 1,624 1,900
1973 1,054 350 383 1,908 2,294
1974 913 439 243 1,446 2,006
1973 932 453 23 1,387 1,758

A ——————————————————

Year Totsl exclusive Toral® Inciuding Vessels In more than one state
of dupilcation duplication Max Minimum®
1960 2,941} 4,282 1,791 448
1961 2,586 4,012 1,326 332
1962 2,600 5,622 1,022 256
1963 2,697 4,144 1,447 362
1964 2,782 4,266 1,484 m
1969 2,849 4,219 1,130 343
1966 2,942 4,413 1,47 368
1967 3,146 4,736 1,990 398
1968 3,430 5,201 1,77 a3
1969 : 3,569 5,210 1,641 410
1970 3,579 5,19 1,5%0 388
1971 3,487 5,004 1,517 379
1972 5,683 5,134 1,491 383
1973 4,091 6,171 2,080 520
1974 3,788 3,049 1,264 : 316
1975 3,690 4,769 1,079 270
a

Comouted as the summation of vessels landing In each state,

[+ 4

Maximum nusber of vessels landing In more than one state, Computed as the dlfference in tortals
with and without duplication, Assums sach vesss! flishes only [n one other strate,

0n

Minlmum nusber of vessels, Computed by dividing maximum number of vessels by four, Assume sach
vesse! tishes In all states In addition to [ts homes state,

Source: Flishery Statistics of the United States,
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Taple 3,5=23, Number of shrimp otter trawl boats by srare, 1960 to 1975

Year Florids Alabama Missississiopl Louisiana Taxas

west Coas?t
1960 %0 206 8% 1,999 a2t
1961 104 192 346 1,920 12
1962 IR R 234 386 2,443 333
1963 127 247 387 2,867 313
1964 107 4§ 360 2,967 £3%
196% 114 206 396 3,236 845
1966 98 . 203 380 3,261 361
1967 98 174 504 3,402 124
1968 84 139 634 3,471 791
1969 76 1% 615 3,452 549
1970 76 149 600 3,2%0 420
1971 70 169 618 3,465 506
1972 66 179 540 3,62% 438
1973 82 156 452 3,603 430
1974 78 127 416 3,981 187
1978 73 , 133 435 3,549 344
Yeer Tatal exclusive Torai® Including Bcats In more then one state -
of duplication dupllcarion Mex | mum® Minimum®

1960 3,089 3,101 12 3
1961 2,987 2,99 4 1
1962 3,927 3,944 17 4
1963 4,481 ) 4,517 36 9
1964 4,360 4,360 0 0
1965% 4,78% ) 4,797 12 3
1966 4,797 4,803 6 2
1967 4,983 4,989 L] 2
1968 5,109 35,109 Q 0
1969 4,817 4,817 0 0
1970 4,499 4,495 0 0
19M 4,028 4,828 0 0
1972 4,8489 4,848 0 0
1973 4,723 4,723 0 0
1974 4,989 4,589 0 0

0 Q

1973 5,054 5,034

® Computed as the summation of boets (anding In sach state,

5 Maximum number of boats land| ng In more than one state, Camputed as the dittference [n totals
with and without duplication, Assume each vessel! fishes only In one other state,

€ Minimum number of bosts. Computed by dividing mexImum number of boats Dy four, Assums each
vesse! fishes In all states In addition to [ts homes state,

9 Reported incorrectiy as 4,300 In pudlished statistics,

Source: Flshery Statistics of the United States,
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tram 3,690 vessels In 1373 (Tabdle 3,%5-22), The number of boats also Incressed from %5,0% 1a 1975 =4
5,473 In 1580, The reiative importance of Individual states Ia terms of number of hos?s and vessels
is the same a3 Indicated in the previcus discyssion, however, the numbers recorded Dy sfate are icwer
dus to 8 lack of dupiication In the 1980 estimates,

Acat and Yesse! Days Flshed

Annysl participation in the shrimp fishery can De aoproximeted In seversl wavs. Tots! days (24
nour units) fished represents an estimate besed on the number of 2oats and vessels and number of davs
tished oer cratt, Torsl vessel days tished were 88,400 in 1362 atter which Time total vessel davs
increased To & maximum of 149,184 dagys In 1969 (Tadie 3,3=25%5), Overs!l the number of wesse! days
tished per vear Incressed 32.8 percant from the 1962 to 1964 period to the 1972 to 1974 periad. This
Increass In annual osrticipstion (n vessel days per yvear was mainiy g function of the number of
vessels which Increased over the period while there was no oversli trend in numder of days fished per
ysar, However, peak number of totsl vessel days oer year were assoclated with years with high days

tished per vesssl,

Annus! participation In the boat fishery vas sooroximateiy 50 percent of the participationm In the
vesse| tlshery during t™he 1962 to 1984 period (Table 3.3-29), The large increass In average days
tished per boat over The perlad, however, [ncressed tortal days fished Dy boa?s ™o sporoximeteiy 65
percent of rotal deys fished by vesmais, Total days fished per bout Increased from sporoximately
50,000 days at the teginning of the period to sooroximately 90,000 days per yesr during 1972 ro 1974,
Overal! the total days tished by dath boa?s and vessels vas 229,802 days annually during the 1972 ro

1974 period.

The love! of annusl participation Is a functlion of profits In the flshery which depend on catch,
costs and prices, Data are nct avaliable on all of these variables over time, Cateh per day fished
generglly decliined for both bout days and vessel days over the 1962 to 1974 period (Tabls 3,%=12),
However, incresses In prices were sufficlent that tots! annual revenus per boat and per vessel
more than doubled over this perlod, (Table 3.5=26), The total nusber of hoats and vesssls pare
ticiparing in vhe tishery was positively related with exvesse! orlices (compare Tadles 3,52 and
3.5=13), ~

Mgn=Days Flshed Per Season

Totsl man=days fished Der 30880M On vessels was esTimnted as the number of vessel fishermen (from
Tabie 3.%28) multiplied by the number of deys fishad per vesse! per year, These vere computed on a
24 nour day basis, “en=duys on dosts were camputed In the same way (from Table 3,%=27),

Tots! manedgys on vessels varied widely fram yeer to vear with an overs! | Incresss of aoproxime-
teoly 30 percent bdetween t™he 1362 to 1964 period and *™he 1972 to 1974 perlod. (Tadble 3.5-28), Totasl
number of days fished on boats remained relstively stadie between 1964 and 1971 but then Incressed
conglderably, Total days tished on boats and vessels aversged 326,181 days during the 1962 to 1964
pericd and then incressed 34 percant to an average of 437,894 days per season during the 1972 tro 1974
period,
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Table 3,3=24, Number of commerclal vessels and boats participating In Gult of Mexico shrimp +ishing
by state excliusive of dupilcation, 1980

State and Reglon Vesseis? 3oats?
Florida West Coust 690 17%
Alabame \ 465 150
Mississiopl 0 430
Louislana 1,300 4,000
Texas 1,830 700
Total Gult 4,58% 5,479

3 pgcorded vessels and doats landing thwough en ldentified dealer,
Source: Code book ysed by port agents of the NMFS, Personsl communication with J, Ernest Snell,

Table 3,525, Annual participation In the shrimp fishery by vessels and boats, 1962 to 1374

Yessels Boats

Dws‘ fished Total days Total days Days fished
Year Number per vessel fished Number fished : per boat
1962 2,600 34,0 88,400 3,927 $8,120 14,8
1963 2,897 41,9 113,004 4,481 18,3597 8.6
1964 2,182 41,1 114,340 4,360 95,372 12.7
1963 2,849 0.9 113,673 4,785 56,463 11,8
1966 2,542 8.6 113,561 4,797 62,361 13.0
1967 3,146 3.9 116,087 4,983 66,274 13.3
1968 3,430 ‘ 35.4 121,422 5,109 69,993 13,7
1969 3,549 41,8 149,184 4,817 52,508 10.9
1970 3,579 7.6 134,%70 4,498 83,118 14,5
197 . 3,487 .3 137,09 4,820 68,073 14,1
1972 3,883 9.9 146,992 4,848 88,234 18.2
1973 4,091 34,2 139,912 4,723 97,7868 20,7
1974 3,783 35,0 132,475 4,589 90,403 19.7

3 Day = 24 nours of fishing time,
Source: Flishery Statistics of the U.S,
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*abla 3,9-25.

“rss salas ser vessel and per soat, 1962 *o 1979

Toral boats

Computed from Tabiles 3,5=12, 3.%=13 and 3,52,

Gross sates Sross sales Gross saias

Yesr and vessels ser vesse! per vessel per homt
(carteh staristics) {carch statigring:
- dollars

1962 &,%27 9,278 12,846 3,030
1963 7,178 8,8%2 15,387 2,098
1964 7,142 8,778 14,630 2,202
1955 7,634 9,288 17,234 1,989
1986 7,739 10,721 21,040 2,54%
1967 8,129 11,142 21,774 2,428
1968 8,539 11,222 19,942 2,%84
1969 8,386 12,05 20,818 3,699
1970 8,074 13,399 22,744 3,918
19N 8,318 16,389 28,907 4,909
1972 8,183 19,234 32,609 5,672
1973 8,814 19,498 28,990 7,262
1974 8,374 16,485 26,367 4,947
197% 8,834 20,188

Tahle 3,%=27(a),

Resident vessel sheimp tishermen for the Gult and Gult states (1938 to 197%)

Torat Florida
Year Guit® vwest Const Algbams Mississiool Loulsians Texas
1958 8,171 2,669 518 1,221 2,749 4,%92
1999 a,22% 2,%20 577 1,261 3,238 4,222
1960 7,849 2,119 564 1,106 3,432 4,142
1961 7,186 2,091 462 1,152 2,613 4,268
1962 6,661 1,993 Y. ] 1,174 2,348 3,406
1963 7,252 2,601 4% 1,157 3,380 3,824
1964 7,121 2,2%4 582 1,000 3,908 3,749
196% 7,223 2,108 706 1,010 3,341 3,657
1966 7,466 2,140 a2 1,020 3,924 3,787
1967 8,219 2,161 961 912 5, 7e2 4,723
1968 8,891 2,412 1,184 1,198 3,824 4,932
1969 9,266 2,3%0 1,283 1,168 3,987 4,975
1970 9,388 2,033 1,143 1,12 " 4,450 4,737
9N 9,042 1,897 1,160 85! 4,063 s,247
1972 9,934 2,199 1,168 766 4,170 5,264
1973 10,573 2,710 1,438 904 4,948 6,312
1974 9,733 2,3 1,17% 819 3,678 5,419
1973 9,907 2,428 1,179 573 3,552 4,751
Source: Flshery Staristics of the United Stavtes

*  exclusive of duplilicatlion between states

% esrimares for 1975 are all the lates? avallable
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Table 3.%=27(b), Res!ident fyii=time boat shrimp tishermen for The U,S5, Gulf, by states (19%8 »*5 1375,

Totral Florida
Year Gyit® ves? Coss? Alabams Mississiopl Loulsians Taxas
1958 4,3% 219 348 322 2,824 545
19%9 4,280 149 340 279 2,789 758
1960 4,116 140 348 248 2,836 570
1961 5,903 147 518 208 - 2,568 573
1962 4,108 172 371 218 2,818 565
1963 4,443 203 . 398 220 3,098 554
1964 4,491 160 380 252 2,974 705
1965 4,457 178 338 23% 2,997 738
1966 4,312 142 3 178 2,919 ‘e
1967 4,199 110 279 188 2,549 6§99
1968 3,988 104 2 146 2,910 601
1969 3, 1N a8 188 150 2,914 Y 3.1
1970 3,774 97 174 200 2,79 512
1971 5,879 93 1hA] 254 2,808 553
1972 3,794 75 177 218 5,188 475
1973 4,078 ) 158 200 3,192 474
1974 3,937 o4 128 222 5,130 366 .
197% 4,159 7% 147 216 3,168 se

Source: Flshery Statistics of the United States

Tabie 3.5=28, Man-days fished per seeson, 1962 to 1974

s ——— — —
M ——— — -

Man-Oays Flshed (24 Hours)

Year On Yessais On Boats Total

1962 228,474 80,798 287,272
1963 303,89 38,210 342,069
1964 292,673 56,528 349,201
196% 288,198 52,593 i 340,79¢
19648 208,108 56,098 344,244
19687 303,281 55,794 399,075
1968 313,328 54,638 367,961
1969 387,319 41,104 428,423
1970 352,914 54,723 407,8%7
1971 355,38 54,694 410,045
1972 380,407 £9,0% - 449,458
1973 361,997 84,418 446,012
1974 340,693 17,%% 418,214

Computed trom Tables 3,519, 3,526 and 3,%5=27,
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3,5.3 ODomestlc Commerclal Processing Characteristics

3.5.3,1 Total Gross Income from the Shrimp and A)) Related Fisherles

Annusl production for the Gult region by sroduct type of shrimp is shown In Table 3,529, Saw
headless shrimp appear to ganersts the most revenue for Gulf orocessors: they constityte 493 percent
of gross Income In the 1967 1o 1976 *ime pericd, Raw pesied sheimp make up 26 percent of the *oral,
and breaded shrimp 17 percent, Although it involves & substantial smount of poundage processed,
canning accounts for oniy ten percent of revenue, and the remalining o percent Is sp!i® betveen dried
shrimp and cooked and peeied shrimp,

3.95.3.2 Iinvestment in Plgnt and Equlpment

The number of seafood processing plants in the Gult rotaled 3%6 In 1976 (Tablie 3.5«30), No da*a
are avaliiadle for the capltal assets or the vearly Investment in sheimp processing el *her at natlionai
or at Gult-wide levels, Data are available at the national leve! to construc? an accurate capltal
serlies for all canned znd cured seatood processing plants and for all fresh and frozen seatood
processing plants, These data wili be useful for comparative purposes !f, at some future time, a
sheimp processing caplital series can be constructed, N

3.%.3.3 Totsl Emoloyment and Labor !ncome

-

Starisrics for the Guif shrimp processing Industry cannot be lsolated from the totsl #ish
processing data, Table 3,531 glives the pattern of emplioymen? and Table 3,532 shows the average
hourly wage, for the nation and for the Gult reglon, The annual rate of incresss In tish processing
omp loyment has exceeded the national aversge for all manytfacturing industries, Employment, reflected
In borh yeariy averags and sessonal high, deciined for Loulsians and Texas In the 1970 to 1978 Inter-
val, while the other three states In the GSult fishery all registered Incresses,

3.5.4 Recreational Fishing Cheracteristics

Fram 193% ro 1970, the number of marine recreational fishermen in the U,S, Gulf of Mexico more
than doubled, ftrom 1,1 mililon to 2.3 mililon, and expenditures by recrestional fishermen more *han
quadrupled, from about 398 mililon to 3409 miftion, A 1973 marine recreational survey conducted by
the National Marine Fisherles Service suggested that the total poundage of shelitish, In terms of iive
wveight, taken by recreations! fishermen amounted ro more than 36 mlillon pounds, or about 29 percent
ot the tintish catch, Brown, 1981, estimated In excess of 239,000 recreational participants In
shrimping In the Guif exclusive of Fioride In 1979, He estimated the Gulf recrestlonal catch exclu-
sive of Florids to be sbout 10,3 siliion pounds In 1979 and 6 mililon pounds in 1980,

Mogt of the shrimp caught Dy recreational flishermen are taken with otter trawis ranging from 16
to 40 feet In width, Seines, cas? nets, dip nets, butterfiy nets, and push nets are also used In some
arsas, (T Is not possible from avaliable data *o determine what portion of the total recreational
sheimp cateh s used for home conmsumption and what may be soid commercially,

Stare=~by=state summaries of the recresstiona! shrimp fishery are:

Florids west coast: No permit |s required; tots! catch and ef fort are not quantified, The
number of boats Is estimated at 500 to 6%0 (Charles R, Futch, Florids Department of Natural

Resources, personsl communication),
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Tanle 3.5=29. voiume and value from Sult of vex(co shrimp processing plants, 1958 to 1973

Yeor 8readed cooked and raw Cooked and peeled Raw headless shr:

Coitars Founds Mitars Founds oitars foungs

thousand

19%8 20,854 19,392 2,265 2,568 43,474 57,284
19%9 18,004 18,156 1,739 2,227 32,914 55,486
1960 2%,608 25,530 2,379 2,851 45,263 74,730
1961 32,018 25,541 2,354 2,839 31,993 42,297
1962 33,399 25,870 1,925 1,968 43,743 47,646
1963 30,437 27,092 2,463 2,748 44,748 62,143
1964 35,4%9 31,6861 2,243 2,745% 44,27 58,29%
1965 43,211 ' 3%,608 3,580 4,216 48,589 58,928
1966 52, 001 36,349 3,707 3,703 54,207 56,242
1967 43,494 32,319 3,922 4,039 81,121 $1,860
1968 53,257 35,687 4,327 3, %9 76,448 74,20%
1969 - 59,545 37,398 5,510 5,318 88,031 80, 452
1970 55,900 35,462 : 4,586 5,751 91,342 88,061
197 61,083 36,048 5,378 5,013 112,342 87,860
1972 76, 451 38,763 4,004 4,038 125,1%9 " 86,824
1973 95,767 40,680 4,927 2,09 149,473 43,5842
1974 75,173 32,088 © 4,788 3,032 114,077 6%,537
1978 58, 066 26,716 4,519 2,533 132,084 56,133
1976 92,333 28,933 3,549 1,832 255,877 as7 459
1977 119,016 53,178 4,182 1,213 308,533 109,¢ g
1978 136,733 63,687 7,338 2,318 359,521 109,6 -
Year Raw Pesied Canned Orled

Dotiars Pounds ilars Faunds oilars Founds

thousand

1958 4,402 S, 309 16,799 22,034 493 1,688
1959 §,0% 9,437 13,299 21,207 291 1,555
1960 19,919 13,702 14,0833 24,428 796 3,430
1961 13,05 15,402 8,780 13,142 749 2,019
1962 14,380 14,825 16,502 21,584 598 1,79
1963 17,298 18,676 17,%03 27,765 380 2,194
1964 19,139 21,997 11,929 17,892 461 1,092
1969 21,208 23,430 19,260 27,724 347 1,329
1966 26,443 25,664 20,383 26,057 6335 1,640
1967 33,033 30,842 19,833 28,489 82 1,704
1968 31,7113 31,088 ,079 27,527 1,088 2,707
1969 42,280 30,852 20,898 27,683 1,138 3,141
1970 45,3%40 40,228 26,730 34,5684 Nele nea.
o7 48,934 36,893 23,787 29,130 1,3% 3,498
1972 47,380 n,n7 29,160 29,937 1,439 2,876
1973 43,31 4,6M 38,024 27,420 1,2% 1,558
1974 33,937 24,145 31,137 26,131 1,401 2,487
1973 34,824 25,249 17,486 14,23% 2,931 2,87 ;
1976 67,685 32,437 32,6086 22,511 1,748 2,217
1977 62,683 25,9567 48,27 2,073
1978 83,839 83,314 33,953 2,042

Source: Processed Fishery Products.
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Tabie 3.5=30. Number of processing plants In +he Guif coast states, 1670 to 1978

. Florlda
Yeor Toral west Onast Al abams Mississippl oulsiana Taxas
1970 43% 438 4“ 43 122 88
1971 428 127 48 4“4 128 81
1972 417 118 51 42 124 82
1973 407 118 b)) 40 118 80
1974 360 103 44 37 112 64
1975 3% 106 43 37 104 50
1976 356 13 43 36 109 55
1977 3as8 107 %0 38 139 54
1978 425 139 50 40 136 §Q

Source: Flshery Statistics of the United States snd Processed Fishery Products, Mnual Summary,

-

Table 3.531, VYearly average and ssamnal high employment in ssafood processing

5

Total Guif Florida west Coast A | sbama
_Year Yearly Avg. Sea, High Yoarly Avg. Sea. High Yeariy Avg, Ses. High
1970 11,527 15,659 3,507 T 4,137 87% 1,383
1971 11,488 18,912 3,562 4,321 1,018 1,590
1972 11,477 15,372 3,409 3, 1,158 1,732
1973 11,408 15,440 3,477 3,9 1,198 1,786
1974 9,316 13,245 2,953 3,473 1,040 1,496
1973 9,058 12,028 2,860 3,519 1,003 1,419
1976 - 10,399 13,590 5,393 4,014 1,297 1,839
1977 11,148 18,481 3,482 4,228 1,488 2,298
1978 11,164 15,159 »ny 4,487 1,284 1,869
Mississippi Loulsisna Texas
Year Yearily Avge Ses. High Yeariy Avg. Sess Hligh Yearly Avg, Se8. High
1970 990 1,438 3,177 4,612 2,978 4,069
1M 1,025 1,604 3,122 4,699 2,m 3,698
1972 1,087 1,564 3,262 4,775 2, %61 3,328
1973 1,016 1,468 3,233 4,807 2,483 3,430
1974 1,088 1,518 2,933 4,242 1,282 2,58
1978 1,039 1,468 2,733 3,780 1,429 2,042
1976 1,124 1,330 2,063 3,958 1,720 2,249
1977 1,293 1,782 3,103 4,676 1,778 2,497
1978 1,290 1,788 3,140 4,811 1,733 2,404

Source: Flshery Statistics of the United States and Current Fisherles Statistics.

3-97



Table 3.%=32, Hourly wage rates for seatood processing 1958 *o 1976

Year ‘ Canned and Curodi Fresh and Frozen
Nation Guls ‘ Nation Gulf

1958 $1.97 $t1,.10 $1.17 $ .82

19%9 1.68 1.18 1.18 . .83

1960 1.79 1,29 1,20 .54

1961 .19 1,29 1.28 .90

1962 : 1,88 1.32 1,41 .98

1963 1,91 . 1.34 1,41 ]

1964 1.94 1.368 1,46 1,02

1966 2.12 1,59 LPYA 1,28

1967 2.19 1,64 1,80 1,35

1968 2.28 1.72 1.90 142

1969 2,34 1,868 2,04 1.62 .

1370 2,74 2,19 2.00 1,60

1971 2.86 2,29 .17 1.73

1972 3.09 2,81 2.5%9 2.38

19?3 3.3‘ 3.6‘ 20’2 2.“ -

1974 3.60 3.27 3,07 2.79

1979 3,87 3.92 ) 3.52 3,02

19768 4,50 4,10 3.65 3. 3¢

Source: Census of “anutacrturers and Annusl Survey of Manufacturers, U.,S, Deparrtment of
Commerce,

Alsbame: About a third of +he ocwners of bosts in the comstal counties less than 25 feet In
lenqth owned 16~foot trawis, for which no licenses are reauired (Swingle, e al,, 19768}, There are
mare than 5,000 such bosts, Swingle, oF al, (1976) estimate thet recrestions! shrimpers harvested 15
to 25 percant of the total cateh in +he Inland waters (Tabie 3,%=33), Brown, 1981, eatimated 20,423
recreationsl participants took 78%5,242 pounds of whole shrimp In 1979, and 29,194 took 710,492 pgounds
in 1980, Because of cateh timivetions, some recrsetional sheimpers often purchase commprclial |icensas
during ocven commercia! sessons to avold poundaqe restrictions Imposed on sport shrimpers,

Mississippi: Weaver and Chelstmas (n.d.) estimete that recrestions! shrimpers constlituted an
avarace of 87 percesat of the licensed shrimoers in 1974=1976 and took more *han a half miillen pounds
of shrimg or adbout one~eighth of the reported Inshore cowmrcisl catch during the three-year period
(Table 3.5=33), Brown, 1981, eatimated 8,929 participants in 1979 catching sbout 900 thousand pounds,

There is no distinction batween commerclial snd recreations! shrimpers under the law, [(n their
stydy, Weaver and Christmas cilassifled recreationa! shrimoers as those who reportedly did not seil

thelr catches,

AN
;
,,'}

Louisiana: More recreationsl shrimpers are located In Loulisiana than In any other state, It is
sstimated *hat in 1973 sporr shrimpers in Loulsiana eguipoed some 30,000 boats with orter trawls and
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narvested some 23,5 mil{lon pounds (Neads=on) of shrimp, Tabie 3,%=33 (U.5. Army Corps of Saglnaers
n.d,). AT the oresent time, HOTh the number of boats equlipped with trawls and the total caren are
orobably much nigher, Brown, 1981, reports 173,943 particioants catening 7,8 miflion pounds in 1973
and 122,522 carticlpants catehing 3.8 miilion pounds In 1980, No license is required for recreational
trawis up 10 16 feet, Licenses ars reguired for trawis In the 17« to SO=foot range, The smaller
trawl ocerators may take up to 100 pounds of shrimp, heads=on, oer day with no size (Imi*ations, A
sport tranling {icense permits The shrimoer Yo take as many shrimp each day as he can, orovided the
shrimp are not soid, Recreational shrimosrs often purchase commercial [Icenses which permit them +5
sheimp on & partetime basis and sall all or part of the cateh, Mog?® of the shrimp s0id go *o outlers
which are not statistically moni{tored, so the magn|tude of this commercial cateh canndt be defined,

Texas: King (1973) sstimated that 1,1 percent of the Texas shrimo harvest was caught by
recreational shrimoers [n 1973, Recreational shrimpers harvested about 846,000 pounds trom Taexas'
vays and about 55,000 pounds trom the Gulf waters sdjacent to Texss (Table 3,5=33), Brown, 1981,
recorted 49,853 participants taking 1.4 million pounds In 1980, Licenses are regulred of Texas
recreational fishermen, An additional llcense s regquired for trawis, Cast nets, 4ip nets, h-;gs,
and minnow seines do no? require licenses, Cateh [imits are two quar?s per person during any I[nland
waters closed ssason, Up to 100 pounds may bDe taken [n major bays during the open season, August 19
to Decomber 15 and trom Gult waters under state jurlisdictlion during the July 16 +o May 31 season. The
1imi® Is 1% pounds In major bays during the May 13 o July 15 sesson, Recreational shrimpers are pro=
hibited from selling any portlion of thelr catch and are subject to the same slize restrictions as com
mercial fishermen,

-

Personal Communicetions trom Flshery Managers

The tollowing Information on recreational shrimping was col lected by means of personal come
munications with f{shery management personnel from sach of the five Gult states.

Florida west coast: Mogt of the [nteres? (n recrestional shrimping aopears to be centered (n the
Apalachicols Say reglon, The boats used [n the fishery range In size fram about 15 feet to large
cabln crulsers, and include a number of smal| (2025 fee?) fullyerigged shrimp hosts, . Mogt of the
recreational effort s expended on veekends during syummer arnd autumn by residents of the coastal coun=
ties and adjacent [nland countlies, Trawls range In size from 14 to 18 feet wi?™h an average size of 16
taet, Other gear types are seldom used o harvest shrimp for homs consumption, The popularity of
recreational sheimping In Florida aopears to be related to the retall orice of shrimp rather than to
the avallablility of *he resource, The number of participants (n the recreationsl shrimp fishery may
Increase [f sheimp orices continue o rise, (Charles R, Fytch, Assistent Chieft, Buressy of Marine
Sclence and Technology, Florida Department of Naturs!l Resources, Tal ishassee, 9 May 1978),

Comparatively [Ittie recrestional shrimping occurs on the Florida vest cosst, Some recreational
effort mey occur out of the Cedar Key area Dy [niand county residents fraveling o the coest for the
wookend, There may have bDeen 8 decliine In the numder of perticipants (n the recreational shrimp
tishery in the pas? few vears because of the rising orices of tusl, nets, and equipment, Aiso,
obtaining the necessary [nformation on how t0 shwimp may be more ditficult here than [n other areas
(Jeftrey A, Fisher, Marine Advisory Agesnt, Paname Clty, 10 May (978),

Alabame: Enforcement officers have observed an apparent increase (n the number of recrsational
sirimp boats In the pas?t few years which [s belleved o be meinly due o the rising retall price of
shrimp, The nusber of participants wili orobebly [ncrease [+ shrimp prices contimye 0 rise, Most of
the recreationsl effort |3 expended in the Mississippl Sound and [ower Mobiie Bay where the greates?t
concentrations of brown sivimp occur, Some recreational effort may occur In Wolf and Perdido Says du*
{s small by comparison, Recreationsl shrimpers reside orimarily In Baldwin and Moblie countlies,
aithough some (ive In the Iniand counties and travel to the coast to shrimp, Residents of otner
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Tab «5-33, Gulf of Mexico recreational shrimp tishery:
hours, a.d, = anqler-days, m,d, =

the sur:

msthods, number of sport trawis, estimated total effort (m.h man
man-days, and T = trips), estimated total catch and data source by state and year.

WV i o

State Year Survey Method Number of Estimated Estimated Data Source
Sport Trawls Total Effort Total Catch
(ibs, heads-on)
" Florida West Coast y v k4 E4

Alahame 1972  Postal and Telephone Survey 5,121/ v 217,051 Swingle ot atl,, 1976
1973 Personal Interview 5,727 309,644 m.h, 204,57 Swingle ot al,, 1976
1974 Personal Interview 5,727 189,944 a,h, 290,541 Swingle et al,, 1976
1979  Interview and Telephone v 53,330 T 785,242 Brown, 1981
1980  Interview and Telephone hI4 88,53 T 710,492 Brown, 1981

Misslissippl 1974 Personal interview 1,555 19,998 a.d, 166,667 Weaver and Christmas n.d.
1978 Postal and Telephone 1,770 13,410 ».4d, 176,353 Weaver and Christmas n.d,
1976 Survey 1,874 16,57) a.d. 182,110 Weaver and Christmas n.d,
1979  Iaterview and Telephone v 31,642 ¥ 901,343 Brown, 1981
19803/ 1aterview snd Telephone y 11,464 T 70,528 Brown, 1981

Loulsiana 1968  Telephone Survey 14,000 378,000 m.4.5/ 19,000,000 U.S. Fish and Witdlife Service, 1972
1973 v 30,000 472,000 m.d. 23,600,000 U.S. Army Corps of Englneers n.d.
1979  Interview and Telephone v 482,414 T 7,795,024 Brown, 1981
1980  Interviev and Telephone & 189,329 ¥ 3,838,740 8roun, 1981

Texas®/ 1973 Postal and Telephone Survey 10,117 A/-3/ 900,623 King, 1975

, « +118,080

1979  interview and Yelephone hI4 95,315 T T979,004 Arown, 1981
1980  Interview and Telephone v 107,486 7 1,363,770 8rown, 1981

3/ The nusber of recrestional trawls (< 16 teet In length) In Baldwin and Mobl le Countles, Alabama, was estimeted for 1972 based on the assump-
tions that all recreational fravls were owned by boat owners and that all recreational shrimping was conducted from boats < 26 teet In
tength, The estimated number of recreational trawls in Loulsiana during 1973 was based on the assumption that 25 paercent of the licensed
sport boats were squipped with trawls to harvest shrisp. The total number of trawls ia Mississippl was based on the results of a survey of
licansed trawl holders who reported no sale of catch, In Texas, the total sumber of recreational ftrawis was determined from direct counts of
the nuwber of "individual Aalt-Shrisp Trawl® ijicenses sold during 1973,

2/ o data available,

__3_/ Catch estimates for 1973 and 1974 were based on the assumption that there was no change In the aumber of trawis owned since 1972,
4/ Not determined. |
_53_/ incomplete,
6/ Based on the assumption that 14,000 shrimpers fished an average of 27 man-days each In 1968,

1/ The estimated total catch and eftort tor 1973 were projections hased upon the result‘of the 1968 survey.

¢
ﬁ/ Does not Include data for May/lune.



states have been oceriodically observed trawiing recreationally (n Alabama, Mos?t of the racraestisnal
effort occurs on The weekends, and To a lesser extent, atter work on weekdavs. The boats general iy
range from 14 o 30 teet In length, with the majority [n the 14 to 20 fogr class., Vos* of the
recreationsl catch |s harvested wi{th 18«foor ofter trawis. Ouwners of 16=foor trawis sometimes
purchase commerclial [icenses to avold the poundage ![Imlftations [moosed on recrsational she|mgers,
(Steven R, Heath, Mar|ne Bloiogist, Aiadema Department of Conservation and Natural Rescurces, Nauphin
isfand, 11 May (378,)

Misgissiopl: Recrearional shrimping occurs primerily [n Mississios] Sound between Bllox| ang
Pascagoula, with g comparatively smei | effort (n the vicinity of Waveland, Most recreational
shrimping [s conducted using & small boat (30 fee? long or [ess) ocutéitred with a singie 16=taar +rawl
w{th one t0 two pecole aboard, The mejority of the recreationasl shrimpers reside In Harrison and
Jackson counties; relatively tew [ive In Hancock county, The numder of ([censed Prawis n Mississiagi
has Increased sharply in the las?t three years, (Tom Yan Devender, Fishery Blologist, Gult Coast
Qesearch Lab, Ocean Springs, 8 May 1978,)

Louisiana: There are a large numder of ocarticipants In the recreational shrimp Hsﬁ«y. About
25 percent of the estimated 200,000 recreational boats registersd in Loulsiana are equipped with otter
trawis. Although the mejority of the recreational catch Is taken In ofter trewis, some ef fort occurs
with wing nets and cast nets, Wing nets may bDe attached to fixed platforms or bdoats; cast nets are
used' In the Rockete! ler Refuge, Lake Pontchartrain vicinity, and ofher accessibie marsh sress, The
boats used for recreational shrimping range In [ength fram about 14 feer and up, Most of the resi-
dents of the coesteal carishes wha own boats 16 feet (n length have ofter trawis, Many recrestional
shrimoers are residents of larger cities and choose *0 shrimp In the wvetiand areas neardy, However,
on a typical trip, recrestional shrimpers travel 50 to 80 miles t0 srimp [n coustsl areas,
Comparatively few pecole from the northern part of the state above Baton Rouge ftrave! to the coast to
shrimp, There (s no known recreational shrimping by residents of orher states, {(Harry Schafer,
Chiet; Wililam S, Perret, Federal Ald Coordinator; Judd Pollard, Blologlist, Oivision of Oysters,
Water Bortoms and Seafoods, Loulsiana Wildlite and Fisheries Commission, New Orleans, 5 June 1978,)

Texas: The general Increese [n the number of "individus! Bair=Shrimp Trawi®™ [lcenses soid in
recent years suggests that the nusber of particlipants (n the Texas recreational shrimp fishery has
shown the same growth trends as The other Gult states. The growth of the recreational shrimp flshery
in Texas may be ativibuted T (1) population growth [(n the coastal arees, (2) an [ncrease In lelsure
time, and (3) Tthe rising retall price of shwimp, The boats used dy recreational shrimpers average
about 16 o 21 feet In {ength, Mot of the shrimpers reside in cosstal countles or adjacent [nland
countien, There {3 no known recreational shrimping effort by residents of other states., The majority
of the recreational cateh [s taken with otter trawis, (Roy 8, Johnson, Regional Director, Cosstal
Flsharies, Texas Parks and Wi[dIife Department, La Porte, 13 June 1978,) :

3.5.5 Subsistence Shrlnlng_

Accwpting the definition of a subsistence shrimp fisherman as one who catches Just encugh shrimp
*0 orovide for immediate sustenance of his family, no Individusis, commumnities, or socleties titring
into this category could be Identified as part of the Gult of Mexico siwimp tishery, Thers are
apparentiy some fishermen who pertlaliy subsist on shwimp, In 8 Drosder sense, there are substantial
numbers of south Loulsiena residents who alternste their sudsistence activity fram shrimping *o
crabbing, trapping, and hunting and who have [(TT(e or no [ncoame orther than That derived from these

activities,
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3.%.6 indlan Treaty Flshing Characteristics

No treaties or Congressional actions with Indlang (Native Americans) which would attect a Suit of
ugxlco fishery mansgement plan have been located. One lawsul?t, cending In Federal Dlstriet Cour® ¢ar
the Eastern District of Loulsiana, seeks *0 enjoin enforcemen? of all Loulslang wiid!ite and tishery
{aws “unsupoorted by legitimate conservation considerations™ as aopiied o *hree trides domiciled |-
Ltoulsiana, [T seeks *o coverturn Loulsiana laws regquiating gli! nets and selnes, defining *he (Ine of
demarcation bdetween Inside and outside waters for shrimping, and requliating nets and gear used for
taking shrimo, By having them deciared unconstifutional as apolled to Houmas, Chittimacha, and Zhoctaw
ingdlans on the grounds that tresties entered (n*o Detween France and Spain and varicus indlan trines
vere carried over In ful{ torce by the terms of the Loulsianas Purchase.

3.%.7 Outputr of Domestic Commercial Balt=Shrimp Fighery

A baltegshrimo Industry of congldersbie econamic [mportance has arisen In some areas of rthe Gylt
of Mex!co dus to the popularity of shrimp, [Ive or desd, as balt for numercus varieties of saltwater
game #ish (Sectlon 4,1, Predation), Easch of the Gult states has laws reguiating the balf=shrimp
Industry, Generally there are no restrictions as o ssason, count size, or ciosed aress, The balr
tishery [s based primerily on the Juveniies of brown, pink, and white shrimp, with pink shrimp
dominant tor Florida and brown and white shvimo dominan? [n the ofher states,

Orter trawis, side=frams trawis, cast nets, seines, and beited frans are used to harvest dalr,
The cateh (s sorrted rapidly, and shrimp are placed [n aerated [Ive~balt vellis, Live=dal? shrimping
ooerations are conducted primerily at night, '

A statenby=gtate SUNCY:

Floride: An average of 74,73 miliion shrimp, valued at $1.42 mililon, was oroduced In the 1968«
1979 perlod (Table 3.,534), The number of permits {ssued Incressed fram s 1968+1969 fow of 182 +o 761
in 1974 (Table 3,5=34), A decline In the total catech has accompanied the [ncreass (n permits (Table
3.5=34),

Alabame: Swingle (1972) reports thet 24 bonafide bal? dealers In Baidwin and Mobl (e counties
soid 1,544,000 (ive shrimp with a retall vaiue of 364,500 during 1968, In eddition to the ilve dDalt
sales, & toral of 22,200 pounds of dead sivimp was 3olid for belt wivh g reval!l value of 312,040,
Saiteshrimping Is a pertetime ocoupstion, orimerily during the May=September period, for most of the
bal? dealers; 40 [lcanses were Issued for 1977«1978 fiscal yewr (Steven R, Heath, Alabams Decartment
of Conservation and Natural Resources, personal communicstion,)

Mississiopl: Crrum. o al, (1976) estimate That Dalt=shrimpers In the coastal counties of
Mississipo! harvested a Totsl of 60,317 pounds of [{ve shrimp with a retall value of 396,804 during
May to November, 1971, In sddition, they estimate that 44,860 pounds of sivimp valued at 329,875 were
used as dead del? during the same period,

Loulsiana: Seltwater fint(shermen In Loulsiana used an estimeted 1,529,000 pounds of delt™
shrimp during 1973 (US, Fish and Wi{di1te Service dats 1976, cited [n U,S. Army Corps of Englneers
neds)e Live baliteshrimping [n Loulsisna comes under strict regufetion, and & $1,000 property, cash,
or pertormance bond must be posted Dy the dealer s surety for observance of reguiations, The numder
of [lconses Issued during 1971=1978 varied Detween 11 and 28 per yeasr; a recent high was 29 in 1974,
and the 1978 total was 12 (W,.S, Perrer, LOWF personal communication),

Taxas: Chin (1960) sstimates *that s toral of 460,995 pounds of [ive balt=shrimp and 206,624

pounds of dead balteshrimp were harvested from Galveston Bay from June 19357 to May 19359, The rotal
retail value of the catches were 3653,520 and $112,78% for (ive and dead balteshrimp, respectively,
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Stokes (1374) estimates that a total of 53,181 quarts of live bait=shrimp with a retall value of
$26%,90% were harvested In the Lower Lagquna Madre arsa from November 1970 rhrough October 1972, \ueg
estimates that a2 Ttotsl of 2,540,000 sounds of [ive and dead balt sheimo valued at $6,790,000 were
narvested on the Texas comst In 1978, There were aporoximately 1,500 commercial bait=shrimp ncat

| 1eanses [ssued that vear,

3.5.8 Area Community Characreristics

3.%5.8,1 Tots! Population

A very substantial settiement of the comstal srea has occurred during the twentieth century,
resulting in substantial changes *o the estuarine habltat of rhe Gult shrimp populations (Lings!l! and
Saloman, 1977,

The most recent psopulation trends In *he coastal arss are oreserted in Flgure 3,518, The come*at
parishes/counties display no uniform pattern of recent population change, However, on a stare~by-stars
camparison the coastal parishes/counties That have baen experiencing ™he most rapld growth *end *a be
situated along the Fiorida coast, Severs! Loulslians, Alabame, Misslissipnl, snd Texas countlies that
show moderately strong arowth apoesr ¢ do %0 In conjunction with *he spread of pooulation in and
araund merropoiltan aress, Rapld qrowth of Florida counties has long been associated with retirenent,

\

-

Tabie 3,534, Toral number of beitesheimp sermi®ts Issued, toral |ive shrimp production and value of
the catch in Florida for the vears 1968 througn 1979 (atter Christmes and E+zald 1977,

Live shrimp
Year Perm]ts oroduct fon Yatue
(x 108 ndividusts) tx 10° doitars)
1968 182 87,02 1,49
1969 \ 182 88,99 1,76
1970 | 399 18,72 1,40
19N ' 401 67,04 1,23
1972 344 73,64 1,32
1973 361 70,31 . 1,34
1974 761 61,30 1,29
197% 699 71,43 1,59
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The shrims industry makes Its oresence fel? in virtuslly 81! ports that (le on or near *he Suls
of Mexico, However, in only a handful of ports could |+ be considered the dominant indystry, The
ports tend aiso to be sites of shipbuliding, petrochemical manyfacture, and marine transpore,

3.5,8,2 Toral Emoloyment in Shrimp Flshery

Average total empicyment In the shrimp fishary can only be estimeted, A maximum estimate wouid
be to assume ali seafood wholesaling and processing empicyess were associated with processing and
marketing of shrimp products, Under this assumption and with 1978 seafood processing and wholesaling
data and 1975 numbers of full Time fishermen, 1T is estimated that toral empgloyment in the Guit Is
31,440 at seasonal pwaks and 26,692 on an ennus! besls (Tadle 3.%33), Florida and Loulslanas are
leading states In the employment of processing empioyees whiie Texas is the lesding stare for
empioyment in seatood wholesaling, Louisiana 1s the leading state for toral employment,

An atternative, more conservative, estimation is to proportion processing and wholesaling
emp loyment in the same proportion as velue of processed shrimp products Is to toral processed proe
ducts, in 1978 processed sivimp products were 59 percent of tatal processed seafood products in *he
Guit, With *als proportion, total Gult seasona! sirimp related employment is estimated to be 25 884
empioyess while the yearly average !s estimsted to de 22,608,

Tabie 3,535, Employment on shrimp bomts and muls and in seatood procwssing and wholesalling, 1978
and 1978, respectively®

Seafood Processing Seatood Wholesailng
State Av.ngu Avcugcs
Seasonal Yoarly Seasong! Yearty
Florida Yeat Coast 4,487 3,717 546 501
A labams 1,869 1,204 181 101
Mississippi 1,788 1,290 151 35
Loulisiana 4,511 3,140 817 498
Texss 2,404 1,753 1,268 81%
Total Gulf 13,199 11,164 2,763 2,010
Full time Flshermen Totail Empioyment
State Vessels Boats : Seasons! Yeariy
Fiorida West Coast 2,423 7% 7,533 6,718
Algbams 1,179 147 3,376 2,711
Mississlpp! 573 218 2,728 2,174
Loulslana 5,522 5,168 11,918 10,328
Texas 4,751 353 8,976 7,852
Total Gult 9,359%  4,159® 31,440 26,692

8 Latest years avsilable, For total employmant 1+ Is assumed 1975 level of fishermen represent 1973
leveis,

b Total exclusive of dupiteation,

Souce: Flsherles of *he United States, 1979, and Tables 3.%28 and 3,5=27,
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Flgure 3.5-15. Estimated Change in Population, 1970.75
Magnitude of the

Change Gulf Area
Minus All Gulf
Florida ‘ Florida Countlies
Gains

40% or more J v
30 -39.9% /8 17
20.299% 77 7 v,
10 - 19.9% 7 m

5.9.9% T, v,
0. 49% v v,
77222 P,
l - l l |

) 10 5 10 5 10 15

RN
N\

Number of Counties



3.5.8,3 Relationship of Sheimp Flsheries to Total Work Force

Cansys Information about numbers of shrimp fishermen |s unavaliable as 1+ Is masked among counts
of pecole emoloved in agriculture, forestry, and tisheries, A frequency distriduytion of Gult
counties, in terms of the percent of the fabor force that was empioyed, Is given in Figure 3,%146, 1+
does not aopesr thet shrimp tishing Is a mejor contributor to overa!l! emgloyment in most of Guif
counties, The highest proportion empioyed In agriculture, forestry, and fisheries combined was 30

percant,

Table 3,5=36 compares, dy county, the number of pecole ldentified as empioyed In the fisneries,
mining, contract construction, and petrochemical menufacturing Industries (county Dusiness patterns)
tor Texas and Louislana counties Identified as mejor centers of shrimp industry activity, The data
indicate that the shrimp Industry is overshadowed In all these unlts by orther merine=or!ented
Industries alone, The data suggest that the shrimop industry could nor contribute, even at | ts peak,
much more Than 2% percent to +the empioyment proflle of any of these Gulf countles. In most cases, The
pesk contridbution very likely !s tar less than 2% percent, ‘

The presence of other industries in the shrimp ports Is a mixed blessing *c the shrimpers,
Ottshore oll, In particular, can provide of f~season emplioyment, However, In 8 number of ports
shrimpers have had to relinguish berthing space *o offshore oli or ocsanic transshipment, both of

which provide more revenve 1o port authorlities,

3.6 Interaction Between and Among User Groups .

3.6,1 Shrimpers Intersctions

Recreationat, balt, and commarclial offshore and inghore shrimpers are the mejor dirsct users of
the shrimp rescurce, Though sasily grouped In this menner, there are differences w!thin groups that
cccaslonally result In disputes. There are differences on +he size of shwrimp preferred for harvest as
wel!l as varied technigues used by the groups To harvast, The migrating natyre of shrimg make them
initially susceptible o capture In shaliow aress where gear alternatives are greater as opposed to
the single technology of trawiing by offshore sivimpers,

The Inshore caommercial shrimper, particulariy in Loulisians, 8130 has more business siternatives
than the offshore siwimper, A survey of Loulsiana sirimpers using undocumented damts In 1978 reveaied
that spproximetely 90 percent refained fulletims employment other than shrimping (Sass and Roberts,
1379), The nigh incidence of casual siwimpers In inshore areas of Gulf states signifies the supple~
mantal incoms appromch 1o sheimping, The large number of participants In the Louislans inshore
tishery, as welil as fisheries In other states, can occaslionailly stress the abillty of shoreside faci-
lities t0 adequately handie the catch, The then record sesson In 1977 stressed canning and lce faci-~
{ities to the polnt where some shrimp spolled prior to utilizarion, This occurred only during the
Initial wesk of the Mgy=June Inshors season, Subssquent seasons have not resuited in & shortage of
Tes, Loulsians fecliities sre adequate to suppor? the processing and merketing of the Loulsiana
catch, inshore shrimpers whether full=time or part=tims generally cperats their boats sione with a few
occasiong! ly using one or two cresmsn when Csteh rates are high, Yessals operating s portion of trelr
time inshore typlically have one or two crawmen on basrd, This difference between inshore boets and
vesseis s marked by a greponderence of family members or friends serving as cres on the boats while
the fraditionsl crew relationship of sharing the value of the cateh prevalis on Inshore vessels,

Otfshore vessels operated by t™he owners are characterized ly several methods of sharing the pro

ceeds from the catch, Basically all rhe share systems call for the vesse! and caotain with crew *o
recelve a share of the value of t™he catch after cartain expanses are deducted, The expenses deducted
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Table 3.5-36

Employment Patterms in Major Shrimp Counties
of Texas and Louisiana, 1976

Number of employees Seafood Other
Fishing Canned Fresh or
Hunting Whole-~ Cured Frozen Contract Mining Petrochemical
Trapping salers Seafood Shrimp Construction Manufacturing
uisiana
Calcasieu 3531 612 1816
Jefferson aé 157 160 289 13288 7052 509
LaFourche k31 981 956
Terrebonne 191 93 113 (100-249) ‘1886 - 71312 (100-249)
Xas
Brazoria 128 60 6432 675 (5000-9999)
~ . ) +(2500-4999)
Cameron 1075 59 (500-999) 17170 89 (100-249)
Galveston 108 50 3125 - 505 6532
San Pacriclo 300 451 1048. (500-999)

Note that no eetablishments are reported in any of the seafood trade or processing categories. This 1is despite
Aransas Pass does

the fact the Aransas Pass, in San Patriclio County, touts itself the world's shrimp capical.
have a sizeable shrimp wholesaling and processing industry.

data are not very adequate even for our modest purposes.

Again, thig time for county business patterns, the



may vary 8s do ™he percentages going to the captain and crew, When seven compliex MeThods of dertar—
mining shares To caotaln and crew were ansiyzed by converting to a8 common denamingtor, *hey wers snown
to range fram 21 0 28 percent of gross revenue (Sass and Roberts, 1979),

1+ *he vesse! operator Is not the cwner, a dltferent relationship exists, The cagtain and crew
share from 42 to 33 percent of the "Take™ == the net value of shrimp less a portion of such operating
expenses as fuel, ice, prooessing charges, and gear repalr, AlIThough cresmen have traditional iy
resisted sharing the cout of fusi (Grittin, or al,, 1976) the large fusl Increases of *he 1970's has
resuited In soma shitt 7o sharing fus! expenses (Roberts, personal communication),

There Is ancther compiex set of relationships == between The owner and the dealer where the
shelmp are yniomded, in some areas There !s no spperent bond; [n others, with such fiuctysrions as
periodic ice shortages or marked shrimp suoply-demend fluctyations, s falriy permanent reiarionship
may deveiog, The reiationship seams to work to the daneti® of Dath dealer and owner In some cases,
tor mxample, when Ice, fusl or shrims supplies are scerce, This kind of relationship, In whieh borh
parties are mytuslly Interdependent, apdears o be an smicable one with few signs of antagonism or
contilet, In other areas, where |t is customary for g deaier rather than a banker to sdwance
operating capital PO the shrimper, the leck of Independence In business transactions spparently can
lend to sntagonism,

Ethnlc Interactions have grovided few confilcts untll Yietnamsse fishermen became Incressingly
Invoived in the bey shrisp tishery of the Gulf cosst atter 1973, 8y using aggressive and of ten sore
efticiont tishing strategies, this graup Nes became sconamica!ly competitive with the esteb!! shed
tishermen, The Yiethamase gJeneraily fish longer hours on shorter trips, mey use smaller crees (of ten
tamily members), and are equaily skilled as compered with thelr American counterparts, Because of
their lower operating costs, theift, wiliingness to experiencs more herdship and risk, and reinvest=
men? Into battar equioment snd fecilities, ™e Vietnamese fishermen have Decome well estabiished In
the tishery (Guit and South Atianric Fisheries Develcoment Foundatlon, inec,, 1981),

This sams repor? estimates t™he numders of Yietnamese owned Doy sivimp dDomts on the Gulf coas? as
fol lows: '

Port Ares Number of Boats
Panams Clty M-W
Pemsacols 20
81loxl 78
Placquenines Porlsh ' 50 - 33
Gaiveston Bey 70
Patescios 4% - 50
Roeckpart-Fyiton 5-38
Aporoximate Total Guit Cosst 315 « 3738

Cont {1crs have occurred Datween the Viethramsse and the 1ocal fishermen, with the latter sccusing
the former of vioiation of fishing reguiations and customs, Action programs Dy state and other agen-
clas have Improved the understanding of language, reguilations, and locei customs by the Vietnamsse
t ishermen,

Other erhnic groups making up The ownership of bomts and vessels in *he Gult sheimg flshery
Inciude Anglos, Mexican-Americans, Hondurans, esstern Eurcpeans, and persons of French descent, These
groups have been well assimitated iInto the Guif fishery, and thelr oroblems Tend to b the problems of
the Industry as & whole (Gui? and South Atigntic Fisheries Develcoment Foundatlion, inc,, 1981),
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1,6,2 Pravaient Contiicts with Shrimpers and Ofher National Interest

Gult shrimo are harvestad by one of the largest and most diverse group of flishermen [n *ne
nation, Harvest occurs from the shal lowwwater estuarine areas out To cpen Gult waters of 300 fstmoms,
The recorted commercis! fleet averaged 8,300 boats and vessels Trawiing an average of some 5.2 miliion
hours annually during the 1970 to 1974 period., Al informarion indicates a generasl Increase !n *-ese
tlgures, In addition, there Is growth In the number of recrestional users (3.3.2,1), Confiicrs of
These groups with other nationat Interests mey invoive:

1) Capture of fintish and shetifish, which sre harvested and then dlscarded.

2) Incidental capture of sea turties,

31 Loss of estuarine habd! tat necessary for growth and survival of bdrown, white and pink shwimg,

4) Gear contlicts with stone crad fishermen in southern Florlide,

S) Accldental or Intentional creation of undervater obetructions 1o shrimp trawiing, -

The danger To boats and vessels from underwater otetructions relates to safe navigation as wei)
83 hazards to trawi geer, Significant prodlems caused dy underwater otetryctions In Loulsians waters
and the Gult are being rectified by two goverrment programs. Flishermen can spply to the feders!
governmant for compansation to cover damagé O gear, vessels, and lost income resuiting from unders
water obstructions In the FCZ (U S.0.L. 1979). A comprehensive program eatablished In 1980 enables
Loulsiana shrimpers to receive compensation for demsge to geor and vesscis from obsfryctions in srat.
vaters (Dept, Naturs! Resources, Loulsisna, 1980),

Measures are suggested In Section 8,3 1o alleviate these conf!licts through conslideration of the
needs BOth of shrimpers and other national Interests, Two of these contiicts (those over sea turties
and tinfish) are treated !n more datall In this secrion,

3.642.1 Incidental Caten of Fintlish by Shrimpers and Shrimp by Groundfish Fishermen

The discard of the incidental cateh of fintish during commrclal shrimping operations In the Gulf
of Mexico Is 3 matrer of concern 10 fishery managers. During the process of sorting strimp from the
remainder of the cateh brought Ia by & frawl, most of the Incidentsl cateh die from trawiing,
handiing, and exposure defare They sre discarded., In recsnt years this probiem has decome accentusted
by the movemen? of shrimp trawiers into offshore areas radltionally used dy the groundfish fleer,

Selde!l (1979%) eatimated that four 10 12 pounds of finfish are taken for each pound of shrimp hare=
vested. The annua!l fiatish discard vas aoproximated In Tadle 3,6+1 by myltiplying the low and high
estimaten (four and 12 pounds, respectively), by the total yeerly shrimp cateh In the Gulf of Mexico,
The analysls of sxperimsatal tows taken In the nor?h central Guif by the Nationa! Marine Fisher!es
Service, Pascagoula Latoratory, Indicates that fishmtoeshrimp ratios vary widely Dy season, locm!lity,
year, and tishing strategy, The fisheto=shrimp ratlios presented In Tadie 3,6=2 are compasite figures
computed from many tows taken In *he Inshore and oftfshore aress of the north central Gult, Up to 70
percent (Dy weight) of the discard are species ysuable dy the groundtish industry,

Ouring the period of concesntrated sirimping effort in estuarine aress, shrisp tfrawis capturse and
kill large numbers of [uvenile groundfish and other species, At present [T is not known if current
levels of trawi=Induced mortaiity of juveniie fishes in estuaries have & detrimental ef fect on
offsrore groundtish popuiations,
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Guif=wide the Income trom sale of incidents] catch taken In shrimp trawls Is low, Statisrics
reported to NNFS In 1974 indlcated (Dy states): Florida, 1.7 percent of the value of t™ e shrimp
landings; Alabama, 13 parcent; Mississiopl, 7 percent; Louisiana, 0.8 percent; and Texas, 0,5 sercen*
(Figures 3.6=1 through 3.6=5), Specitically, only 19 percent of Loulsiana shrimo vessei caprains soi3
a portion of the Incidental cateh (Sass and Roberts, 1979), The Income potential was further
constrained by markets, quailty, and fish size. Sixty percent of those sel!ling some of the Inclidental
catch responded That they were not able to sel!l all of the food fish harvested, The conclusion !s
that shrimp vessals are highiy speclialized units dependent aimost entirely on Income from the sale of

shrimp,

There Is no Information currently avallable on the magnitude of the Inclidental carch discarded by
recreationa! shrimpers, Mogt of the recreational catch and ef fort occurs In estuarine areas, The
toral amount of finflish discards, bDesed on The estimeted number of participants In the recreational
shrimp flshery, may De substantial in soms states, Louisliana has by far the largest number of sar-
ticipants in the recreational shrimp tishery, followed Dy Texas, Alabams, Mississippl, and Florida,

No quant!tative dats are avallsdble on the mortality of the Incldental catch taken during !ive
balt=ghrimping operations, Balt shrimpers ooerate primerily at night In the estuaries, The mortailty
ot the Incldental cateh Is protably minimized bdy: (1) the short duration of the tows; (2) the spesd
at which the caftch I3 sorted; and (3) cooler, humid conditions at night,

Juhl (1974) estimates that the average Incidental catch of sirimp was eight pounds and seven and
a halt pounds {(heads=on) per hour of fishing effort by Industrial and foodtish trawiers, respectivejy,
Aithough quantities of shrimp are caught and marketed by the industrial and foodfish fleer (Gutherz, et
al,, 1979) these catches are not specificatiy iisted 1n the snnual sumwaries of ianding sratistics
pubiished by the Natlonal Marine Fisherles Service, '

3.6.2.2 Hablts, Distridution, and Incidenta! Capture of Sea Turties In rhe Guit of Mexico
(See Appendix FEIS for detall Information)

Six of the seven species of sea Turties In existence are found In the U,S, Guit of Mexica, These
sea turties are sometimes acclidentally caught during trawiing coerations for shrimp and groundfish,
The tisting of the Xemp's ridley, hawksblil, lesthertmck, and Florida populations of the green turtie:
as endangered species, and of ™he green, loggerhead, and oilive ridiey turties as threatened species,
necess|tated s caretul consideration of the effect of shrimping on these speclies. A conslderable
sffort was mede to document what was known sbout the 1itfe history snd factors aftfecting the decline In
thelr numbers, and sirimping operstion messures which would alleviate these prodiems, (See Appandix
FEIS,) ‘

Exploitation and habltat loss are two mejor causes of the drastic deciine In ses turtie numbers,
Incidental capture by shrimp and groundfish fishing cperations is incressingly Important as popuia=
tions deciine, Preservation measures are ailmed at reducing adult and subedult mortaiity and
Increasing Juveaile recrul tment,

The accldental capture of ses turties during strimp and groundfish tishing acrivities Is a major
problem along the southern Atiantic and Guif comsts (Ogren, et al,., 1977}, An estimeted 800 to 1,200
ses Turties are caught each year oft the south Atiantic comst (besed on Hiilestsd, et al,, 1977;
Uirich, 1978), Similar sstisates for Inclidental turtie catch In the Guit of Mexico asre not avaliadle,

All of the Gult states have laws almed at conmservation of sea turties, At the federa! level,
designation of critical habltat aress Is under consideration, Headstarting =« prorection during
fneubstion and the #+irst year aof |ife ~= 3tiil Is In *the experimentatl stage. Predator control,
primerliy for raccoons, can protect nests from destryction,

3=111


https://eur-r-.,,.,.ly

Table 3.6-1. Annual Gulf of ‘Mexico shrimp catch and estimated finfish
discards using fish:shrimp ratios of 4:1 and 12:1,
1959-1975. Shrimp catches were converted to heads-on
poundages from headless data furnished by the U.S. Department
of Commerce, 1959-1975. Discard ratios encompass the range
reported by Seidel (1975) and are presumably based on
round (live) weight.

e e el i

Year (heads-on) 4:1 ratio 12:1 ratio
(million pounds) (million pounds) (million pounds)

1959 143.4 573.6 1,720.8
1960 166.1 664.4 1,993.2
1961 90.7 362.8 1,088.4
1962 106.6 426.4 1,279.2 )
1963 176.5 706.0 2,118.0
1964 150.1 600.4 ) 1,801.2
1965 167.7 670.8 2,012.4
1966 163.4 653.6 - 1,960.8
1967 207.7 830.8 2,492.4
1968 180.4 721.6 2,164.8
1969 187.8 751.2 2,253.6
1970 215.6 862.4 2,587.2
1971 211.4 845.6 2,536.8
1972 208.2 832.8 2,498.4
1973 165.3 661.2 1,983.6
1974 169.1 676.4 2,029.2
1975 157.9 631.6 1,894.8

1/ Heads-on poundages were estimated from headless data using conversion’

: factors for each species and average percent species composition of
Gulf catches from 1959-1975: browm shrimp -- 1.61, 55%; white shrimp
-= 1.54, 32%; pink shrimp -- 1.60, 11X; sea bobs -- 1.53, 1X; royal
red shrimp -- 1.80, 0.8%; rock shrimp -- 1.67, 0.22. The conversion
factors for all species except rock shrimp are from the U.S. Deparc-
ment of Commerce (1959-1975). The conversion factor for rock shrimp
was computed from data published by Cobb et. al. (1973).



Comparison of fish discard ratios derived from crawl'daca

Table 3.6~2.
collected in the inshore and offshore areas of the Gulf of
Mexico between 87° 30' and 91° 31', 1973-1977 (data
collected and summarized by the National Marine Fisheries
Service, Pascagoula, Mississippi).
Inshore Offshore
Year Sample Sample
size Ratio size Ratio
1973 52 4.9 - (1) (1)
1974 19 1.0 15 4.3
1975 47 5.9 52 203
1976 27 3.6 53 12.6
1977 24 2.7 19 6.0 .,

(1) No dacta.
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Tabls ).6-). fotimated snnusl diocard (watvic tens) of tha ain asjor specles of finfiohen takeon duriag loshore and effehere shcinpling sperations in the
Gulf of Neaice fusa §7° 20' e 30 MW", 1969-1976. Puscentagss in pecenthesss veler Lo the parcest congssiiinn of the total coatch feor
ssch apecion and ars conposite figuren dacivad fron dats cellecied during 1973-1977 (deta collectad ond summarizad by the Netlonel Mariae
Fishertas Sesvise, Fescagoule, Hisatastppt). :

Sllekers -
Tesr Atlsatis Sond Sea Atleatie Silver Atheatie Sond Atlentic [TITT] See
Craabes Sentrout Spot Catitoh Cutlasstioh Sestyout Ceoshoar Saatcout Cutlsnsiioh Spet Sastrout Caslioh
{)2.91) f18:43) ) £3.98) £2.2%) 12.98) £3:2%)

1989 18,00 9,028 .03 6,598 3,30 1,498 133,208 14,790 12,00 1.9} 4,00 4,113

1970 15,89 9,839 9,459 4,004 3,400 1,549 148,378 15,3683 12,738 8,409 3. 102 4,33

s 33,19 10,728 18,220 1,990 s, on 1,70 133,343 16,998 13,90 9.1% 3,37 (18} 1)

j3 24 16,204 8,401 8,49 4,008 4,004 1,302 142,087 15,8 12,934 8,330 5,149 4,00

(3 1) ] 18,349 3,93 3.936 4,300 3,300 .2 8,9 9,930 016 3,088 3.2 1,13

[§ 11 19,304 $.303 5,303 4,408 3,568 1.0} 93,580) 19,130 8,401 3,543 3,368 1,056

1§ 23] 6,183 3,130 3,10 3,100 2.9%0 (3 1] 24,203 16,107 [} ] 3.1 3, 56 2,984

197 19,430 9,34 9,31 4,10 3, 04 1,323 1,18 14,856 1..n 8,007 (18} 4,040

+
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Table 3.6-4.

summegisnd by the Matious) Nevins Pisheciss Service, Fascegosla, Nississippi).-

Latimated parcent species conposition of the tatal catch of fiallshes takan L shring travie for ssch of the oin major spacien
dtacasdad Sa the inshure and affshers wetars of the Cull of Masico Detwaes 87° 30’ snd #1* J0°, 19701017 (daca solleciod ond

Tenr Atlostte

(11}
[§2 0]
11 1}
isis
o0

Bend Spes m‘u Atleatis Silvee Aclencics fond Ati:n:i oot Bilver .8:.“
1.3 Y 1.4 s 1.4 0.6 m m ) @) Q) T
.2 2.¢! TR 1.2 1.0 - 8.9 WY m 3)) 12 ‘.0
.2 1.9 R 1.0 .3 3.1 3.2 .3 6.2 Ly 1.8 0.t
I Y 1.4 %) 1.3 0.3 .1 . 1.0 ”e 3.0 )
1.9 X 16.7 3.0 5. 0.3 .3 . 3.1 T 't} 63

Viaciudes Silver Sastseus.

) lne data seversge.

e secovda ol having hees capiured.
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Figure 3.6-1.

Annual Florida landings and value of shrimp and marketable incidental
catch, 1959-1974. Poundages are in round (live) weight. Source:
Fishery Statistics of the United States, 1959-1974.
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ALABAMA
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Figure 3.6-2. Annual Alabama landings and value of shrimp and marketable incldental
catch, 1959-1974. Poundages are in round (live) welght, Source:
Fishery Statistics of the United States, 1959-1974.
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Figure 3.6-3. Annual Mississippi landings and value of shrimp and marketable incidental
catch, 1959-1974. Poundages are in round (live) weight. Source:
Fishery Statistics of the United States, 1959-1974.
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Figm‘-e 3.6-4. Annual Loulsliana landings and value of shrimp and marketable incidental

catch, 1959-1974. Poundages are in round (live) weight. Source:
Fishery Statistics of the United States, 1959-1974.
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Figure 3.6-5. Annual Texas landings and value of shrimp and marketable fncidental
catch, 1959-1974. Poundages are in round (live) weight. Source:
Fishery Statistics of the United States, 1959-1974.



Ot the sea turties In the Gu!t, the Kemo's ridley Is In the greatest danger of extinction,
Almost all of Xemo's ridley nesting Is restricted to a smali stretch of beach nesr Rancho Nusva,
Tamauilipas, Mexico, although nestings are aisc recorded for Padre Island on the Texas coast,
Seventeen recactures of tagged nesting females show that these ridieys are distributed throughout mos*
of the Gult. Eight == al| taken by shrimp trawiers == occurred In 1969 between Srownsville, Texas,
and the mouth of the Mississippl, Captures of Kemp's ridleys through the vears are recorded from
Srownsviile *o the Dry Tortugas off Florida; 17 is bdelleved that these turties migrate along *the
shores back To Mexico for nesting, Ons of the smaliest 3ea turties with & primary range in *he Gulf
of Mexico, the ridley Is & turtie of coastal aress = primarily a3 carnivore and a dorttom feeder.

The National Marine Fisherlies Service and the U,S, Fish snd Wiidiife Service are currentiy
Invoived In research and public workshops whose goal is t0 restore Those sea turtie populations in a
manner conslstent with the requirements of the Endangersd Specles Act, Three spprosches o reducing
rhe Incidental catech are most prominent: flrst, delinestion of critical nablitats and restriction of
trawiing In these aress; second, an education program to Inform strimpers and graoundfish fishermen of
*he methods of, and reasons for, adequately handiing incidentatly captured sea turties In order, to
reduce mortality; snd third, development of gesr such as the excluder paneil, which reduces t*he capture
of sea turtles during trawiing cperations, Currently work s underway on ail three aporoaches,

3.7 State and Federa! Revenues Derived From Shrimp Fishery

‘State and federal revenue tigures from the sivimp fishery sre not lsolated by data processing
systems of the state agencies In the Gult; these data are Included, however, st the federal level with

non=related activities,

The only avalladbie documentation applies to !icenses. and severance taxes Imposed by the states,
Revenues by states are ![sted below:

State 18317 1978 1973 1974 813

Texas 581,084 $845,536 5887, 768 $969,899 $644,781
Loulslana 645,867 517,877 405,851 408,152 408,507
Wississippl 54,696 43,389 7,912 42,483 37,842
Alabame 46,285 25,846 19,017 17,099 16,218

Florida west
coast 470,109 450,431 439,4% 431,078 398,062

Such [Ttems as taxes pald for fusls, Income, social security, and employment security by
participants In the shrimp fishing ef fort do not apoear In any statistical breakdown, nor 1s there any
pinpointed material on govermment Income derived from the onshore processing and distributing ssgment,
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4,0 BI0LOGY DESCRIPTORS

4,1 Llte Hisrory Features

General Features of Tthe Species

The general ilfe cycles of trown, white, and pink species of shrimo are similar, Adults scawn in
the Gult, Fertile egqs hatch into free=swimming larvae, and the larvae pass *hwrough a series of
molits, During the postiarvae stage, the shrimp enter an estuary and become bottom faeders,

Within the estuary the juveniie shrimo feed mainiy at the mershwater or mangrove-water intarface
or In sutmerged arass beds. These areas soparentiy of fer both a concentrated food suooiy of detrirus,
algas and microfauns and some protection from predators, Growth and survival In rhe estuary are
largeily dependent ypon tocatl sallinity and tempersture regimes, As they grow larger the shrimo snitt
to deeper waters and become more predacious, A a variasble size 2.7%=4,7 In (70 to 120 mm) they
emigrate to the Guit, This emigration Is a function of size, tide, and temperature. Growth cont!nyes
at a raoid rate in the Gulf under ootimum temoeratures, though 1+ deciines as shrimp approsch their
maximum slze. Spawning probebly occurs before the shrimp are 12 months old,

Major ditterences In the (ite cyclies of *he brown, white, and pink shrimp are due fto shitrts in
the time and space at which various |lfe stages resch their meximum adbundance, These shitrs
apparentiy allow the species *o avoid direct competition even when one species predominates In the
same general geographical area. in areas where shrimp stocks co=occur, management has bultit its
harvest strategies around these shiftts, For example, the Louisiana estuaries sre closed In winter and
sarly soring In order fo protect Juvenile brown shrimp, The inshore bHrown season is cicsed when
aporeciabie numbers of juvenile whites appesr in frawls for brown sirimp,

There are five overriding tiologlical factors which seem 1o account for the resiilency of the
shrimp resources:

1) The migration of the |ife stages through several environments,

2) The food habits of juveniles and subadults in the estuasry provide access to rich, widely-
based focod supoly, ‘

3) The avvarent raplid growth rate of shrimg under favorablie conditions resuits in 3 harvestabis
size shrimp within & short tiae,

4) High fecundity and extended spawning sesscns helip to prevent recryl tment overtishing in spoire
ot Intense tishing pressure.

3) A large porticn of the Guit Is Ineccessible to harvesting, e.9., rocky dottom, loggerheads,
eTe,

The cther three shrimp species explolited In the Gulf (royal red, sasbod, and rock shrimp) are not
esruarine=dependent and apparentiy spand thelr ilte cycies within the ococen waters of *he Gulf, Royal
red shrimp ditter considerably fram other species In that they: !) are harvested from depths of 100 ro
300 fathoms, 2) have an estimated five year classes occupying the seme fishing grounds, 3) exist in a
relatively stable environment, and 4) do not reach sexus! matyrity as a zero=ysar class shrimo,
Seabob shrimp are harvested, aiong with white shrimp, October *hrough December when they migrate
towards the Gult beaches from desper water, In response to advancing cold fronts, Rock shrimp are
harvested mainiy from Florida's sandy bottoms, They are taken primerily as bycatch,
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Sexual Maturity

The minimum size at which shwimp become sexually matyre (males==fully deveicped spermatsorares;
temaias~~ripe ovaries) are iisted In Table 4,1=1,

Soawning, Larval Develooment, Recryitment of Postiarvae to Elther Estuaries or Flishing Grounds

Srown Shrimp

Rentro and Srusher (1965) found brown shrimp spawned In Guit waters of greater than ten fathoms
trom soring fo esrly summer and continuousiy at 23 to 80 fathoms, Two pesks were noted, a major one
in September to November and a minor one April to June (Renfro and Brusher, 1963}, A February *o
March spawning peak has been proposed (Gunter, 19%0; Kurtkyhn, 1962), based on juvenile abundance in
estuaries;: however, no direct evidence was oresented, Temple and Fisher (1967) note that of¢ thne
Texas coas? planktonic stages of Penaeus species ware greatest &t 14,8 tarthoms from Augyst to November
and In 25,2 +tarhoms and 44,8 tathoms from Sectember to November., They sugges? that as these peaks
corresponded 1o pesks In the occurrence of adult brown shrimo at these depths, the larvae were rhose
of trown shrimo, The reported commerclal catch peaks in July on the zero=year class; and spawning
reaches Its helght atter this July pesk and occurs during the Intense fall offshore fishing season for

brown shrimp,

Baxter and Rentro (1967) tound that postiarve! brown shrimp recrul tmant o Galveston Bay peaks In
March and mid=Aprii, Second and *hird pesks are sometimes noted June through September, Estuarine.
recrul tment may occur siightly esrtier In Loulsiana, White and Boudresux (1977) and Galdry and wnite
{1973) revort that postiarval brown shrimo recrul tment normally peasks in Loulsiana In February *o
March, Thus pesk recrultment of postiarval brown svimo o The estuaries occurs months atter the se
In spawning,

Basing their claim on a comoarison of their work with Baxter and Rentro (1967), Temple and
Fisher (1967) proposed an overwintering of postiarval brown shrimp in the Guit, They suggest that the
posriarvae burrow Ia the otfshore Bottom and awai?t the advent of warmer Temperatures bDatore entering
the estuaries, In support of This theory they note *he laboratory work of Aldrich, er 8l, (1967)
which showed that postiarval bdrown shrimp burrowed at low temperatures.

White Shrimp

A single female white shrimp relesses Setween 300,000 and 1,000,000 eggs In s spawn {Burkenrcad
1934, Anderson, et al., 1949), Spawning occurs In Guit waters at four to seventeen fathoms, spring
through fail (Lindner and Anderson, 19%6; Renfro and Brusher, 1984; Joyce, 1963%; Bryan and Cody,
1973)., The spring soswn Is belleved o be accomplished by femaies which have overwintered, while the
tali spawn is largely attrituted to females spawned in the early spring (Lindner and Anderson, 19%6),

Multiple spawning of white siwimp In a singie season is bDelleved o occur ZKlng, 1948; Lindner
and Anderson, 1956; and Rentro and Temple, personal communication in Persz Fartante, 1969),

Oft the Texas cosst the greatest abundance of planktonic stage Penseus specles occyrred from May
to Aygus? at 7,6 tfarnoms (14 m) (Temple and Fisher, 1967), They suggest that this pesk was composed of
white shrimp and note that the time corresponded to the reported spawning pesk for white shrimp,

Larval development requires bBetween ten to twelve days (Johnson and Fielding, 1936) and two to
three weeks (Anderson, ot al,, 1949), By the time the postiarval stage Is reached, *he shrimp have
normal ly entered the estuarine nursery areas (Anderson, et al., 1949), However, Anderson, et al,
(1949) reported that "schools of adult white shrimp have Deen known #o aporosch the coas?t and spawn
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Table 4,1.,! Estimate of the Minimum Sizes at which Shrimp Resch Sexua! Matur!ty (Fully Jeveionsd
(Fully Developed Spermatophores for Males and Ripe Ovaries for Females)

Species/Sex Size (Total Leng*n) Source

8rown sheimp
mailes 140 (assumed) Renfro (1964)
femates 140 Rentro (1964)

white shrimp . :
males 155 {Perez Fartante's [1969]
conversion of Burkenromd's
, [1934] estimate) -
temaies 133 (Perez Fartante's [1969]
conversion of Surkenrosd's
{1934] sstimate)

Pink shwimp
maies 34 Peraz Fartante (1949)
temales 92 ‘ Eiored ot al, (1961)
Royal red
males 129 Anderson and Lindner (1971)
femaies 158 Anderson and Lindner (1971}
Rocik shrimp
males 34 - Cobb et al, (1973)
42 Kennedy et ai. (1977)
femaies 49 Cobdd ot al, (1973)
64 Kennedy et al, (1977)
Seabob
males fleB,
fomaies 63 Anderson (1970)
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close to inleTs, When such s soawning occurs, the eggs may be swest through the 0asses on [acam|sg
currants, and larvae (nauplil) may reach the nursery grounds within a few hours,”

Pastiarval white shrimp recrul tment to the estuaries of the norThern Gult occurs over a8 fairiy
unitorm rime perlod, In Mississippl 1t extends from May *neough October (Chrisrmas, et al,, 1966),
in Loulslana, vostiarvae are orimerily recrulted to the estuaries from July to August Though recryl ™=
ment negins In June (Galdry and white, 1973; White and Boudresux, 1977), In Texas, postiarval white
shrimp recrul tment To the estuary extends from Mgy fthrough OQctober (Baxter and Renfro, 1967),

Pink Shrimp

Pink shrimp In the Dry Tortugas area spawn yeesr round at 12 to 26 tathoms, with a more Intense
spawn In soring *hrough fall (ingle, et al,, 1959; Cummings, 1961; Tabb, e al,, 1962; lones, et a!,,
1964, In Perez Farfante, 1969), In the Tampa and Apalachicola areas, spawning occurs In summer, and
Juveniies overwinter In the bays (Christmas and Etzoid, 1977), Matosubrato (1974) estimates fecungity
at aboyt 500,000 eggs per female,

Minimel farval development time Is 15 days (Ewaid, 1963; Jones, et al,, 1964), In the Dry _
Tortugas, estuarine recrul tment Is continuous, wi*h pesks in abundancs reported for Aprli to June
{Tabd, et al,, 1962) and July through October (Jones, et al,, 1964), A May through December recruite
ment of pink shrimp In Mississippl |s reported (Christmas, et al,, 1966), in Texas, Copeiland and
Trultt (1966) report an August to September psask In recrultment, .

With the three major specles, copuiation is nor direct!y sssociated with spawning, Indeed, Ferer
Fartante (1969) suggests multinle copulation for white and pink shrimp, since femaie white shrimp
aften lose the astteched spermatophors and femaie pink shrimp shed the spermatophore upen maiting,

Royal Red Shrimp

Anderson and Lindner (1971) observe that the St. Augustine population of rovai red shrimp nave a
ma jor spawning peak during the winter and spring, with some spawning occurring throughout the year,
Thelr analvsis of length=freguency distributions by sex for ail samole pericds comdined suggests That
recryitment to the flshery begins at one vear of age but Is nor caomplete unt!!l the shrimo reach ’
maturlty at about three vears of age, They naote that the majority of shrimp taken In thelr samoies
vere tully mature, Even though this pooulation Is cutside of the management ares, this information is
thought o be Ttrue of the Guif of Mexico stock,

Rock Shrimp

Soawning of rock shrimp In Guit waters off Tampe to Fort Myers, Fiorida, Is continuous, with a
peak in October through January (Cobbd, et sl,, 1973), Oeveicoment time o postiarvae requires 29 days
in the laboratory at 70° to 76° F (21° vo 24,%° C) and 24 to 27 pot (Cook and Murphy, 1963),

Cobb, et al,, (1973) note that rock shrimp less than 1,2 in, (30 mm) total length appeasred in
thalr sampies in March, Mgy to July, and November, whereas siightly larger Individuasls occurred in ail
ather months excen? December, They thersfore suggest recrultment to the fishing grounds occurs vear
royund,

Rock shrimp are not teileved T0 be estuar!ne dependent (Eldred, 1399; Joyce, 19635; Cobd, ar ai,,
1973), Cobb, et al,, (1973) suggest that the sirimp found by Rouse (1369) in Chatham River, Florida,
weore other species of Sicyonia and not rock shrimp, The life cycle of rock stwimo |s apparentiy
passed in offshore waters and mainly at deoths of 10 to 45 ¢ (18 ro 82 m) (Cobb, et al,, 1973},
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Seabob Shrimo

Junsau (1977) reports gravid seabob females were taken In pesk numbers along the Loulslana
beaches in July and Auqust, while smaller non=gravid females were taken In large numbers Detween
Dacember and March, He concludes that spawning most |ikely occurs In the Guif between July angd
Necember,

Rentro and Cook (1963) observe that early larval develooment from spawning to firs? prorozoes!
stage requires 58 hours in the laboratory at 73=7%° £ (23°%°to 24° C) ang 27 potr.

Junesu (1977) reviews current information avalisble on seabob shrimp and concludes with Rentro
and Cook (1963) that the species is orobably not estusrine depcendent and s found most commonly +rom
the beach line to Gulf waters of five tathoms (S m) and are orimarily caught In one to two tathoms
(1,8 to 3,6 m) atong the Louisiana coas? (within the Territorial Sea),

Emigration of Srown, White, and Pink Shrimp From Estuaries

The time, size, and causes of emigrarion have {mportant menagement Impiications for brown, wh!te,
and pink shrimp, The specitic ressons for thelr importance may vary from area ™o ares, In Loulslana,
with its large Inshore hervester groud, the setting of opening dates must Inciude a recognition thar a
portion of the catch may be los?t for smaller boats [f the shrimp emigrate before The Inshors seassn is
opened, Conversely, in Texas and southern Fiorida where estuarine and nesr-shore Guif harvest is
restricted, the expected emigration time Is needed in order to close offshors waters to protect The.
emigrating crop,

In general, emigration is keyed to environmental condfﬂons such as tides, temperature, or
salinity, Flshermen take advantage of This knowiedgs and fish *he surface waters of channels and
casses with a duttertiy, or wing net used at night, aithough ef forts during the day ars sometimes
revarded,

Brown Shrimp

Copeland (156%5) samnled sbb tide March to December In Aransas Pass, Texas, He tound that brown
shrimp emigration peaked in sssociation with full moons In May through August, the high tides and
faster currents ot full moons being & stimulus to emigration,

Trent (1967) samoied the main tidal pass to Gaiveston Say, day and night on the edbing rides (May
10 August) with a bottom trawl a8 wei! as from June o Augus?t with @ surface trawl, Cateh per unit
sttfort was greater on the bottom during the day and at the top during Tthe night, though the difference
was not significant, A

Trent (1987) found two pesks in abundance of emigrating shrimp: one in mid-May and ancother In
mid=June, The mesn size of emigrating shwimp increased linesriy from 400 tall count (38 mm) on May 18
to 40 tall count (108 mm) on Juiy 28 or 0,14 in, (3.6 mm) per week, (See Tabie 4,1.3 for length=
welght conversions),

Galdry and wWnhite (1973) observed that emigration of brown shrimp from the Loulsians nyrsery
arounds occurs in two stages., The first movement normally beging at a size of 264 to 413 rall count
(60 to 70 mm) when juveniies leave the shal iow marsh areas for The open bays, These bays serve as a
"staging area® vhere the shrimp continue o grow and feed untl! they begin 8 second movemant--the
migration to of fshore waters=~gt s size of 3,3 to 4,3 in (90 to 110 mm), This offshore movement
veqing in middle to late May, Increases In intensity In June and July, and continues In diminished
magn i tude untll November when essentialiy ail the shrimp have left tha bays.
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Blackmon (1974) samoled a smal! *tidal pass In Caminada Bay, Loulslana, fraom May to November o-
the ful! and new moons, He found that the mean lengrth of emigraring shrimp qeneraily increased *--m
3 in, (79 mm) In May to 3.8 In, (98 mm) In September anc *hen deciined to 3.3 in, (84 mm} in Novemnaer,
Mean lengths of omtqraﬂng shrimp were siwvays greater than thosa :n the bay: during the May *o
Seotember period, The average emigrating shrimp was at teast 0,27 in, (10 mm) larger than |ts sverags
couynterpar? In the bay,

The highest percentage of emigrating brown sheimp occurred during or just ather twliigne, ' No
correlation was found Detween the percentsge of emigrating shrimp and current speed, temperature, or
satinity, Olstribution of emigrating shrimp In the three-merer water column changed with time of dav,
During the day, peak dentity of emigraring shrimo was greatest on the Dottom: at twilight, +he teak
occurred in the middie; and at night, The peak occurred in the top meter (Blackmon, 1974),

white Shrimo

wWhite shrimp that enter the Loulsians estusries ss postisrvae in the spring and early summer
emigrate to the Gulf In Seotember through November (Galdry and White, 1973), Those white siwrimp
postiarvae recrulted to *he sstuary later In ™he summar and eariy fall may be forced offshore by
advancing cold fronts in October to December at a size much smaller than that of shrimp emigrating In
+the summer, These "later=recruited® white shrimp overwinter in *he nearshors Gult and reenter the
sstuaries at an aversge size of 100 mm during the spring warming, After @ second period of growth,
they emigrate Yo the Guif to spewn In the sSpring and sarly summer (Lindner and Anderson, 1996; Galdry
and wWhite, 1973}, : -

Pliak Shrimp

in the Everglades nursery aress, Yoke!, e* al,, (1969) cbserved that juveniie plink shrimp
emigrate almost exciusively at night, and on night obbd rather than night tiocod tides, Catch per unit
stfort of emigrating was 37 shelmp per minute as during new and full moons opoosed to 20 shrimo per
minute during ™e flirs? and third lunar quarter, The ef fect of moon phase was directly dependent upon
the relative asbundance.

They observed that the size of emigrating shrimo ranges from 2 1o 43 mm (caraspace tength), and
averaged 4 mm (carspsce length), Using Kutkuhn's (1966, Fig, 7) carspace length vs, weight plot for
pink sheimp, the size range equaTes 7o & weight range of uo 1o 80 g for male sirimp and an average of
2.0 10 2,5 g for melie and femmie shrimp, The average shrimp leaving the Evergiades s in the 300 to
200 ralls to the pound range,

Migration Patterns In Offshare Waters

Brown Shrimp

Brown sheimp relessed off the Mississipol coast In June (Kiims snd SBenigno, 196%) traveled less
than an average of one mile per day from the reiesse site, An of fshore movemant was not apparent
since less Than one percen? of returns cams from waters desper than 16 fathoms, The longes? distance
traveied wvas 39 mlles==from the release site off Horn Isiand to the Mississippl River's Southwes?t
Pass, This intormation indicates that the Mississippl River may not be an absolute berrier Tto brown

sheimp migration,

Most of the brown sivimp relessed oft Grand iste, Loulsians, In July (Kiime, 1964) were recap-
tured near the release site. A siight seaward and westward movement was noted,

Movement of brown shrimp released off Galveston, Texas, In July led Xilme (1964) to suggest that
brown shrimp from the Galvestan estuary were recrulited to the fishery all along the Texas coasr,
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Brown shrimp released oft The centrai Texas coast at 21 to 24 tathoms In Aprll (Kiime, 1964)
showed I1tT1e Coastwide movement, No major of tshore movement was apparent fram April o June because
99 percent of The returns were within 25 fartnoms and none were deyond 30 fathoms,

From an examination of commercial catch ftrends, Gunter (1962) suggested a southward dritt+ of
brown shrimp oft the Texas coast In the fall,

The commercial catch sratistics Indicate that brown shrimp migrate out to The deecer waters of
the Guif, The Inshore catch peaks in May *o July on shrimo smaller than those measuring 67 ralls to
the pound, After Texas opens |ts Territorial Ses, offshore brown sheimp cateh In the Gulf as a whole
oesks In July and August at deoths of 11 to 20 fathoms, with most of the landed shrimp being 5! *o 4y
" talls *o the pound, By December, the largest cateh comes fram 26 to 30 fathoms, and the 15 to 20
taiis to the pound shrimp predominate, Geners!ly, the dats Indicate a four o five fathom per montn
deoth migration of the catch, However, the relationship of the shitt in the caten to the actual deot™™
migration of the shrimp |s somewhat obscured by the Texas closure In June and mid=July and by the
multiple vaves of shrimp emigrating from the estuaries, ‘

white Shrimp

white shrimp east of the Mississippl River to Mobllie Bay tend to migrate fram the estuaries *o
desper waters along the darrier islands and towards the Mississippi River Delts during the summer *o
tali (Lindner and Anderson, 1956), The Mississippl River may act as & berrier to east=west movement
(Lindner and Anderson, 19%96;: Perez Fartante, 1969), -

Other than the of fshore=onshore migrations and a tendency to concentrate between Ship and Trinisy
Shoals, Lindner and Anderson (1936) observed no definite migration patterns of white shrimp along the
Louisiana coas?t west of the Mississippl River during the fal! and winter,

Kiima (1964) noted a cosstwide movement or dispersion of tagged white shrimp giong the Louisiana
cosst between Cameron and Verwmiliion Bay, Perret, et al, (1978) observed that movement along the
western portion of the Louisiana coss? vas mainiy westerly, though the majority of the tagged shrimo
vere returned within 60 nautical miles of the release srea. )

Lindner and Anderson (1956) observed a migration of white shrimp fram off the coast of Mexico *o
Argnsas Pass, Texas, during the soring, There aiso aooesrs to de 3 reciprocal southward movement from
centrg! and southern Texas Into northern Mexico during *he fgl! and winter, From an analysis of
reported cammercial catch patterns, Gunter (1962) suggested & simitar southward movement of white
shrimo,

Plak Shrimp

Juvenile pink shrimp emigrate from the estuaries of southern Florida Into the deeper waters of
the Gult, Costeilo and Allen (1965) found that the nursery grounds of pink shrimp on the Tortugas
grounds were estuaries fram Filoride Bay and fram as far north as Indlan Key, whereas the nursery
qrounds of shrimp on the Sanibel grounds were estuaries fram indian Key north to Pine island Sound,

They observed |ittie movement of shrimp batween the Tortuges and Sanidel grounds. Iverson, et al,
(1960) observed that larger pink shrimp tended T occur at deeper depths on the Tortugas grounds,

Roval Red and Rock Shrimp

Apparently nothing is recorded about migration patterns of rovel red or rock shrimo,
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Seadbob Shrimp

immedlately foilowing passage of 3 cold fron®, seabob shrimp aiong the Louislans coast migrata
~ toward the beach from offshore aress, In July and Augusy, gravid femaies alsc move ciose *o srore
(Code Junesu, personal cammunication In Christmas and £vz0id, 1977},

Substrate

The substrate orsferences of shrimp appear to be Important to their distribution patterns atang
the Guit comst, In genersl, pink and rock shrimp prefer calcarsous sediments and are found mainiy
along rhe Florids cosst., Brown, white, and seadod shrimp prefer 30ft mud or peat bortoms and are
tound mainly along the coast from Texas to Alabames,

The juveniie brown and white shrimp prefer & soft mud or peat bottom with large quantirties of
decaying organic matter or vegetation (Witliams, 1935, 1939; Mock, 1967; Jones, 1973), Sand or clay
syubstrstes are somerimes satisfactory for young brown siwrimp, uniess *hese substrates are bare clay,
sand, or sheil (Willtams, 19%9), Adult Drown shrimp are found on mud or siit and also on mud, sand,
and shell (Perez Fartante, 1963), In the Gult, white shrimp are aiso found on muddy or silty batrtoms
and on clay or sand wlith fragments of shell (Sporinger and Bullls, 1994; Hildebrand, 19%4, 195%%),

Pink shrimp sooarently oreter firm mud or siit Duttoms with coral sand contalining a mixture of
mollusk shells (Sporinger and Bullls, 19%4; Hildebrand, 1954, 1955; Wililams, 1958) and tirm sand

bottoms (Fartante, 1969),

Roval red shrimp show no acoarent preference for s particular sediment type; they occur on sana;
siity sand, terrigencus, and calcarecus sediments (Roe, 1969),

Rock shelimp occur most frequently on sandy bortoms (elther terrigencus or blogenic) and only
sporadically on mud bortoms (Hildsbrend, 1954, 1999; Cobb, et al,, 1973), Hiidetrand (195%) sugoes?’s
bottoms were "strays® from aress of hard sand, In South Caroiing, the rock shrimp is called the
corsl shrimp because It Is occasionslly taken from cors! bdanks {(Lunz, 19%7),

Seabod shrimp are taken from bDotrtoms of mud, siit, or siit mixed with sand (Nelva, 1967;
Christmas and Etzold, 1977),

Food
Larval Stages
Larvs! stsges ars planktonic and eat algee and 2000 lgnkton (Pearsan, 1939; Ewaid, 196%), Nu*rient
levels of Guif waters may 08 & necessery environment for larval stages bDecause a high density of food
causes poor survival due to entangiement,
The postiarvel stage is nor strictly planktonie du? is capadie of deposit teeding (Pearson,

1939), Zlen=Eiden and Grittith (1969) have ted this stege on slgae, Artemis saiing nauplil, and
groundtish or shrimp in the iaboratory,

Juveniles to Adyirs
Juveniie and aduir brown, white, and pink shrimp ingest whatever is availadie, Inciuding decaving

organic matter, animals, and plants (Vicoss, 1920; Weymouth, et al,, 199%%; Flint, 1936; Darneil, 1958;
Broad, 196%; Perez Fartante, 1969; Odum, 1971; Jones, 1973),
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Jones (1973) intensively studied the food habitats and absorotion efficiency of Srown shrimg ' *5
4 in, (25 to 104 mm) In a Loulsiana marsh, He observed a8 shift In diet and habltat as sneimo grow
tarqer, Juveniles 1 to 1,79 in, (23 to 44 mm) were concentrated [n the nearshore environment, -ere
they Inglscriminately ingest the top laver of sediment containing detritus and microorganisms, Jones
ciassitied this stage as omnivores or encounter=feeders, At 1.8 o 2,95 in, (49 to 64 mm) they
selected the organic fraction of the sediment and were classified as opportunistic omivores, A+ 2.6
to 4 In, (65 to 104 mm) shrimp had dispersed trom the nearshore environment o *he deecer witers of
the marsh and became active predators feeding intensively on poiychaetes, amohipods, nematodes, and
chironomid larvae. However, they continued fo inges? detr!ifus and aigae and were classitlied as
omnlvore predators (Jones, 1973),

Darnel! (1958) found the foreguts of white shrimp 3.6 to 5.6 in, (91 to 142 mm) contained sand,
detritus and ground organic matter, and fragments of mollusks, ostracods, copencds, insect larvas, and

forams, '

Eldred, et al,, (1961) tound pink shrimp In the Tampa Bay contained both animat and plant
remaings, These included squatic mecrophytes, red and blue=green sigee, dlatoms, dinoflagel iates,
polychaetes, nematodes, shrimp, mysids, copepods, 1sopods, amphipods, mollusks, forams, and ¢ish,

Rock sheimp are spoarentiy nocturnal, generalized carnivores (Cobd, et atl,, 1973), Small bivaive
mo!lusks, decopod crustacesns, gastropods, and gther crustaceans are an [mportant part of the diet
which aiso incliudes foraminifers, nematodes, poiychaestes, ectoprocts, echinoderms, and ¢intish (Cobd,
ot al,, 1973; Kennedy, e* al,, 1977}, .

Nothing |s spparently recorded on the food hablts of sesbod or roval! red shrimp,

Predation

Penaeid shrimp, in genersl, sre ingested by many carnivorous fish (Gunter, 194%; Osrneli, 199%8;
Fartante, 1969), Table 4,1-2 Iists some fish known ™o Ingest brown, white, or pink shrimp, Included
fn this iis? are speckied frout, bBlack drum, redfish, Atiantic cromker, southern flounder, bass, and
several varieties of cattish, Many of these prey species sre an Importeant component of the dycartch
discarded by shrimpers,

Growth Rates
Generatl Consliderations

As In most tisheries, growth rates are sstimated from changes in the length of the species with
time, Growth in weight Is sstimated by converting growth in length estimmtes to weight, Tadle 4,1-3
f1sts lengtheweight estimates for srimp,

The method of meesuring growth varies with the size of shwimp, Growth (In fength) of "smailer®
sheimp 1 to 3.9 In, (2% to 90 mm) Is normally sstimmted froam length freguency messurements of trawi
sampias taken In estuasrine nursery aress over a period of time, Growth (s sxpressed as the Increase
either In the mean size of The traw! sample or in essch of the pesks in the polymodal length=frequency
data with increasing time, GrowPh estimstes range fram 0,003 to 0,13 In, (0.1 To 3,3 mm) per dav,
Variabiiity has been attriduted to temperature, sslinity, recrul tment, density, and emigration,

Growth of "large” shrimp greater than 2.7% in, (70 mm) has normally been estimated from mark and

recapture experiments, A simple [inear retationship of length {(or walght) to *ime Is no* appiicadle,
The shrimp enter a self=iimiting period of growrh,
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Table 4,1-2,

Fish ident!fied by Gunter (1945) or Darnel! (19%8) as feeding on penseld shrimp

Specles

Comepon Names

Carcharnhinus leucss (Miller and Henle)

Dasyatis sabins (LeSueur) !

Lepisosteus spatula (Lacepede)

Eiops saurus (Linnaeus)

letalurus furcatus (LeSueur)

Bagre maring (Mitchell)

Galelenrthys fells (Linnaeus)

Morone Interrupts (Giit)

Microoterus S. saimoides (Laceosde) L

Selasnops ocellata (Linnaeus)

Micropogon undulatus (Linnseus)

Pogonias cromls (Linnseus) °

Cynosclon nebulosus (Cuvier and
Valenciennes

y 3, 8

Paratlichthys %«Mnﬂa (Jordan and
Glibart)

8utl shark
Stingaree
Altigator Gar

Bonefish, Shipjack, Bigeve
Herring, Ten=pounder

Bive cattish

Gattropsail cartish
Hardhesd or sea cat

Yoi iow bdess

Northern largemouth dass
Redt Ish, channel drum
Atiantic croaker

Biack drum

Speckied trout

Southern flounder

Assumed to Ingest shrimp by Dernet! (1958),

2 Oarnel! (19%8) states that when black drum are In the marine waters Guit
pengelid shrimp are a signiticant portion of its dier,

3 Gunter (19453) srates that in Texas stwimp are The pradominant tood of
speckied trout during the summer, However, when shrimp are scarce, as
In January, speckled frout shift to fish (Hugll species),

Darnei! (1958) states That pink shrimp are the stadle diet of speckied
trout In Florids,
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Brown Shrimp

Growth In length Is slow 0,019 In, (0,5 mm cer day) during January and February, Increases I~
March, and resches 3 maximum ,02=,13 in, (0,5=3,3 mm per day) In April and June (Loesh, 196%5; R{nga,
1965; Str, Amant, et al,, 1968; Broom, 1968; Ford and St, Amant, 1971; Jacob, 137!; Swingle, 13719,
This monthiy variation Ia growth rate has been associated with the soring warming ot *he estuaries
(S, Amant, et al,, 1962; Ford and St, Amant, 1971),

Parrack (1979) estimates growth rate of Drown shrimp from mark and recapture exper!ments con-
ducted In the northern Gult of Mexico In 1967, 1968, and 1969 (Clark, Emiilanl, and Neal, 1974), His
discussion Indicates that females grow more rapldiy than maies, weigh more than males of *he same age,
and attain a larqger final ltength and weight than meies,

White Shrimp

Growth rates of white shrimp estimeted from traw! samples range ftrom ,02-,08 in, (0,8 to 2,2 mm)
ser day in the summer (Wiillams, 195%; Guater, 1955; Loesch, 1963),

Growth rates of white shrimp have been estimmted by a number of workers from mark and nca;mro
experiments, Lindner and Anderson (19%56) marked white shrimp 200 to 18 tall count (5 v 180 mm) in
the south Atiantic and northern Gulf and calculated formulae for growth in length and weight, The
resuits Indicated that growth In leng?h was a function of size and month, growth Deing taster for the
smaller than the larger sivimp, and faster in Aprli +o June and September to December than from .
December to March, Kilms (1964, 1974) caiculated formuliae for growth In length and weight, in come
paring growth rates for two time periods, he notes that growth was faster [n August to Qctober than
September to November, He suggests that the difference Is dus to differences in water temoerature,

Pink Shrimp

Higman, et al, (n,d,) determined the growth of postiarval«juvenils pink sheimp held in enclosures
In the estuarine ares of Evergiades Natriona! Park, Myitivarisnt regression analysis was used to
determine significant relationships between weekly growth rate estinetes and week!y estimates cf
bdottom salinity, temperature, and dissoived oxygen, Salinif?y sppeared to be the mos?® important
tactor, Since the salinity regime of this ares |s dependent upon drainsge through southern Florida
Into the Everglades, pink sheimp sucoess In the Ory Tortuges may be related to locsl raintail In the
Everglades dralnage basin as wel! a8 to man~made aiterations which bdiock the normsl watert!ow
patterns,

Several growth estimates from tagging experiments are avalisdie, (verson and idyl) (1960) tagoed
pink shrimp in the Dry Tortuges In December, 1937, and recovered them through April, 1958, Females
increased In weight trom 39 to 31 tails per pound (n 43 days, wheress males increased from 60 to 30
tails per pound In *he same Tima, This spproximates 8 growth rate of .07 oz, (0,75 g) per week for
temale shrimo and of 013 oz, (0,38 g) per week for mmie strimp, The suthors caution that thase
estimates wers made in *he "unusually cold wvinter of 1937=1938 and may be siower than the growth in a
more norme! winter,® Kutkuhn (1966, Tablie 4) est!mates that pink shrimp tagged (n the Dry Tortugas
ares Sentember to Decamber 1961 grew from 5,9 g to 19,5 g In 12 veeks, Lindner (1966} also derived
growth curves for plink sthrimp In the Dry Tortuges.

Roval Red and Seabols

Apparentiy nothing !s recorded about the growth rates of seabods and royal red shrimo,
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Mor+al ity Rates

The death of fish In a population Is due elther to natural causes or to harvest by man,
Coafticients of flshing (F), natural (M), and *otal (I) mortality are detined as Instantanecus 198 *n
rarves for a cohort ot N (ndlividual fish over a short time, noted as at, The rate of decline of *ne
population numbers caver time Is presented as a tunction of these observed values,

The reported estimates of natural (M), tishing (F), and total (Z) morraiity of shrimp are com—
pared in Table 4,1-4, Values of the weekly natural mortality coetficient range from .01 %o ,%% or a
loss of from | to 42 percent of the population from the beginning to the end of the week, Estimates
of tishing mortality range from .02 to .96, Basad on recentiy daveloped data Dy NMFS the weekly
instantaneous natural mortallty rate of brown sirimp In offshore regions is beileved T0 be asoroxima=
tely 0,029 to 0,07% (Fox, 1981, personal communication), The variations in mortality sstimares maxe
ir ditticult to construct yleld per recrult modeis.

Yield Per Recrult

The pounds of brown, white, or pink sheimp which can be harvested from a given number of post~
larval shrimp reaching an estuarine system I3 a function of the population's rates of growth and
mortaiity, age at which harvest beging, and the rate of tishing mortality once Tthe shrimp are sudject
to harvest, The age &% which yield will De meximized wii! be dependent on the ftrade~otf detween
growth and naturs! and fishing mortaility,

Brown shrimp

There are no oubliished vield per recrult estimates avalliadie on brown shvrimo, M, Parrack (NMFS,
Galveston Lab) orecared a oreliminsry yield per recryit analysis using Nis sex speclitic growth rate
equations tor brown shrimp (Parrack, 1978) and two levels of monthiy Instantanecus natural mortality
rate, M= 0% and M = 10 (Annon, 1978), (These leveis of M on a monthiy Dasls compare 'O estimates
of M = 011 and ,023 on & weekiy besis,) 1 M = 05, yield vas maximlized when harvesting began on
shrimp six months of age, or 21 tails to the pound (assuming & sex ration of 50:30), 1+ m = 10,
yleld was maximized when harvesting began on shwimp five months of age, or 24 talis o the pound
{assuming & sex ratlo of %0:%50),

He polints out that these sizes sre much larger than size limits currentiy imposed in the U,S,
Gult, His angliyses Indlcate that I the above estimates of M asporoximate resiity and [+ F is at the
level estimated Dy Berry (1971), then current harvesting strategies employed (n the Gult result in &
harvest considerashly bDeiow the theoretical maximum, X!ime and Parrack (1978) revies the question of
the size of shrimp at harvest which wil! maximize yieid and state thet “dats on hand indlicates *hat
these two rates (growth and natursl mortality) beiance at 6~9 months of age or at & size of 20-30
shrimp talis por pound,” | thelr analyses are correct, then a reduction In the size at first harves?
ot drown shrimp In the U5, Gulf of Mexico would result in a decrease in proteln yield, Further, an
Increase In yleld is sxpected It *he size at tirst narvest of brown shrimp |s increased in any of the
areas of the U.S, Guif,

White shrimp

Data are Insufficient at this rime to estimate the expected yvield per recryl?t for white sheimp in
the Uos. GU”.

Plink Shrimp

The most extens!ive pubdiished yield par recrult estimetes of Gulf shrimp are for pink shrimp of#
southeastern Florida (Xutkyhn, 19566; Lindner, 1966; Berry, 1971), Aithough Thers |s some disagreement
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Table 4,1«4, Comparison of Ingtantanscus rates of mortailty (in weekly vaiyes) for shrimp [n *=g ;.3
Gult of Mexico (Modifled trom Berry, 1970)

Natural Flsh Total
Scecies Mortallty Mortal ity Mortality
» F 4
Brown sheimo .21 .06 27 Kiima (1964)
(Offshore) 028 - 075 - - Fox (1981) pers, comm,
white shrimp .08 06 - N 4 - 27 Kiims & Benigno (1985
04 = 12 10 = .13 g6 - 22 Kiima (1974) )
(Lake) 214 « 556 027 « 020 241 - 376 Pharss (1980)
Bink shrimp 27 .09 38 tversen (1962) )
.55 .56 IRIPERT Kutkuhn (1966)
08 - 12 12 = 18 23 Lindner (1966)
.02 = 06 16 - .23 22 - 27 Berry (1967)
208 = 11 03 - 07 o1 - 18 Costetlo & Allen (1968)
01 = 03 A2 = 16 07 < 16 Serry (1970}

betveen authors, the dats Indicate that s reduction In yleld will be expected [f pink sheimp are

harvested before They reach @ size of 70 talis to the pound,

Temperature and Salinlty

Temperature and salinlty sre Important driving forces In the ilfe cycles of brown, white, and
pink shrimp, atfecting growth, mortatity, migration, and spawning, These factors can be Incorporated
In models used to oredict snrusi yleld (see Section 4,7,1,2),

The major infiux of postiarval brown shrimp to the estuaries of the northern Gult occurs February
*o March (Baxter, 1963; Saxter and Rentro, 1967; Galdry and wWhite, 1973; Cheistwas and Erzoid, 1977),
Litrie growth Is expected until water temperature exceeds 20° C (St, Amant, et al,., 1963; Ford and St,

Amant, 1971),
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Table 4.1-5

Length-welght Converston Table tor Brown, White, Plok, aud Koyal Ked Shoimp (Seaes Coublned). (Eyuatlons are listed tn Table 400 409

O, = ...t S PN

ot g R amgtesiml e gt g i

s e PEE puund pes pound  per pound  per pownd  per pownd  per pound 0 oper posad 0 pes pusd
- .
b Y1 440 1708 5194 199% 420 6/ . ~
o 258 41 0 464 242 Y, _ . .
1o 164 264 221 39 152 240 . .
m n 178 147 222 101 162 137 241
90 w o 126 0o 155 n 1 9/ 124
o0 57 42 72 [T 52 [ ¥4 73 24
1o 43 10 52 8l 19 62 53 9
120 34 2% 40 ['Y) 30 &7 (Y] e
150 26 1 n 4 23 Y] 2 58
140 21 34 24 3 I8 3o 26 41
150 17 28 19 10 15 2% 21 "
160 Y 23 16 R 12 20 18 32
10 12 19 13 20 10 16 [ ) 26
1§11 10 16 1l 16 g» 145 193 22
90 9 4 9 14 L L o [}
200 7 12 8 12 . N y 16
210 [ g [ 111 L a 4 [ 1A

‘flub Foutaine and Neal (lQ?l)f

250—60 win estimates from Pesret (1966) and 70-210 wa estimates tioa Fontatne and Neal (1971).

v

Sltma (1969).
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Fostlarval white shrimp normaily enter the msjor bays of the Gulf when temseratures are anovae 75°
C (Baxter and Renfro, 1967) and are apcarentiy cotimum for growth and survival, As *the temperaturas
deciine In the fall with advancing cold fronts, growth apocarentiy aiso declines (Lindner and Anderson,
19%6; K1ims, 1974}, Annusi production in the northern Guit has been associated with estuarine
sallnity regimes, A simiiar salinity of fect, caused Dy different weathsr patterns seems o coerars |n
Texas and Loulsiana, Guater and Edwards (1969) observed a pos!tive correiation between The annual
successes (1922+1564) of white shrimo In Texas with the raintali In the state tor that year and Tthe
twvo orevious veers, They suggest that the iag effect of rainfall was 8 result of the arid conditions
of *he state, In Loulsiana, an inverse relartionship batween annuyal white shwimp catch and T™he annuatl
d1scharge of the Misslssippl and Archatalaya Rivers has been noted (Sarrert and Glilesole, 19733,
wWhite and Boudresux (1377) cbrained sratisticaliy significent iinear regressions of catch agalnst
river discharge by dividing the dats Into two periods, 1958-1968 and 1969«1974,

Gunter and Edwards (1969) suggest that high raintall Is necessary in Texas to dilute the
estuaries for cotimum white shrimp production, while lower than normel river discharge Is necessary (n
Louisiana tor cotimum whivte shrimp production, since these estuaries were less saline than those in

Texas,

Growth of postiarval and juvenile pink shrimg In Florida appears to deciine as salinity Incresses
from 10 to 28 oot and may increase as tempera=ture increases from 13° C to 32° C (Migmen, er ai,,
n.d,3, This apoarent reiationship between growth and salinity is In contrast to the cbeservation that
Juvanile pink shrimp normally occupy a higher salinity ares on nursery grounds than do brown or white
shrimp (Gunter, ot 8l,, 1564), -

Highest densities of rova! red shrimp are found at 9° to 10° C and mos? accur within 8% to 12° (
(Roe, 1969},

Migration and Spawning

Spawning of white shrimp has been associated with the sudden warming In the soring of the
oftshore waters of the northern Gult (Lindner and Anderson, 1956),

Both white and pink shrimp apperentiy seek deeper water as water temperatures fall in the fall
and winter and will reenter shailow water 1 remperatures rise (Lindner and Anderson, 1956; Tabd, et
at,, 1962),

Blosconomic Models

Gran® and Griffin (In press) and Blomo, ot al, (1978) have developed s biceconamic simylation
mode! of the brown shrimp fishery of Galveston Bay, Texas, snd I+3 sssoclated of fshore waters, The
model is designed o assess the change In yleld and reverus recruited to the fishery It various
restrictions are Imposed on either ares of cateh or fishery effort, Work Is currently underway to
adap? this mode! ro the Dry Tortugas plink shrimp fishery (Gritfin, personal comsunication, 1979),

4,2 Stock Unlr

A stock is defined as a group of tish manageable as a unit, This definition ditters from the
blologicatl concep? of & stock as & more or less freely Interbreeding population of a species,

The ef fects that strategies for Increasing the yleld for one of these species may have on ofther
species of national interes? as we!! as other mul?lpurpose uses of the ares Involved must e con=
sidered (Section 3,6), Managemsnt and conservation of Guif siwimp has been carrisd out meinly by the
soverat Gult states, Managemsnt policies employed by these states di ffer (Section 3,3,1); these
differences largely reflect ditferences In the history of exploltation (Section 3,2),
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Given this apparent genetic continuity, the need for a muitipurpose approsch to managemen*, ang
+he partlal lack of data necessary TO evaluate potential benetits derived by moditying current nanage-
mant practices, The GMFMC, realizing that management must conslider other multlpursose uses *ar
national resources and may have To conslider ares differences in harvesting strategles, nas adooted *~a
FMP group of speclies as the management unit for the Gult sheimp fishery,

4,3 CatcheEfforr Data

The Nationat Marine Fisheries Service has collected data on shrimp landed by commercial fishere
men, Grltfin (1978) has prepared estimates for the 1963=1973 perliod on unlt tishery effort for brown,
white, and pink shrimp, -

Pubilshed accounts of recreational and baiteshrimp catch and ef fort are comparatively sparce,
The few pubiished estimates of discarded catch are surwmrized In Section 4,7,

4,4 Survey and Sampling Dats )

Christmas and Etzold (1977) reviewed the ma [or survey and sampling orograms which exist In order
to monitor the shrimp resource and predict vlields, -

Texas: Texas has sampled i1ts key bay aress from March +o May for brown shrimp and from June to
September for white shrimp, In addition Texas Parks and wildlite Department aiso monitors Tthe size,
distrivution, and abundence of shrimp In the cpen Guif, .

Loulislana: Loulsiana has an ongoling shrimp monitoring program In the esfuaries March through
October, The orogram provides the data neetded Yo 38T the cpening date and predict the success of the

brown shrimp season,

Mississippl: There Is a vesreround monitoring of all of Mississippi'’s marine resources, Iin
addition, an Intensive sampling of juveniie shrimp occurs from mid-Apr!] through summer ro provide
growth and slze dats for opening of the Inshore bDrown shrimp sesson,

Alabama: An ongoing shrimp monitoring program extends from Aprll through Seotember of each year
to provide beckground deta as wveil as To set sessons,

Filorida: Florida surveys for age information, and for the |ife cycle and populstion dynamics of
rock and pink sheimp In of fshore waters,

NMFS: NMFS surveys orovide the number, welight, and soecles composition,

4,5 Hadbivtar

Brown, white, and pink shrimp use a veriety of habitars as they grow from planktonic larvae to
soawning adults, In part, this migration tends o separate the various !ife stages so that they are
not in direct comoetition for the seme resources, As planktonic larvae the shrimp feed on pohytopianke
ton and zoociankton and exist meiniy In the open Gulf, As postiarvae they enter the estuaries and
adopt & benthic existence at the marshewater, mangrove=water Interface, or within grassbeds., The
sstuarine phase |3 considered a critical stage because local fluctustions 1n temperature and saiinity
have a drametic affect on both the acres of mersh avallabtie for growth and the actual growth rate of
the shrimp, As the shrimp grow, they move away from the mershewster or mangrove~water Interface invo
desper, more open waters, At some point they bdegin an of fshore migration to the Gult, The major
species tend o be partiy seoarated In the Gult, 8Brown and white shrimp predominarte on the mud and
sandy mud bottoms of the northuwestern and northern Guif; pink shrimp predomingte on the coral sand
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bottoms of The southeastern Gulf, Adult brown shrimp *end to migrate to deeper waters (30 +o 50
tathoms) than adult white snrimp (10 to 20 tsthoms),

The weakest link in the ilte cycle chain is *he sstuarine phase of growth, Man's aiterartion of
the fraglie environment nas removed much of *he ares that would De considered sultabie shrimp Maditar,
Some of these alterations are easiiy assessed, These Inciude:

o Impoundments that orevent infiux of shrimo,
0 bulkheading that removes the critical marsh—water or mangrove=water intertace,
o alterations In frestwater discharge that create an untavorabie salinity regime,
The Immadiate eof fects of other alterations are nor as easliiy assessed, These Inciude:
o stimyiation of sclhangr Intrusion, |
o the continuing encraschment of polluted waters on the estusrine waters, -

Desplte any uncertalnty sbout the ef fects of these alterations, we do have Indications of the kind of
environment necessary for shrimp survival, Turner (1977) obmerved that the vieid of siwimp In
Louisiana's estuaries Is directiy related to The acreage of marsh, while that fram the northesstern
Guif of Mexico is directly related to the acrsage of marsh and submerged grassbeds, e found no
relationship between vields and estuarine water surface, aversge water depth, or voiums, His finding-
concur with the observations of Barrert and Glilesple (1973). that annus! bSroxn shrimp production In
Louisians Is correlated with the acresge of marsh with waters adbove 10 pot salinity, but not with
ascres of estusrine vater gbove 10 pot salinity, These findings suggest that +tha drown, white, and
pink shrimp yietds in the U5, Guif of Mexico desend on the survivai of the estuarine marshes,
mangrove areas, and grassbeds In thelr natural state., These arsas nat oniy provide postiarvsl,
juvenile, and subsdult shwimp with food and protection fram oredstion, but they help to maintain an
essential gradient between fresh and salt water,

4.5,1 Pnysical Descriptrion of the Habltats

The following parameters are used In characterizing shrimp hablitats arcund the Gult Coast:
1, Bortom tyoes
s. Oftfshore
b, Inshore
2, Surtace water discharge Into estuaries
3, Estusrine salinltles
4, Aresl extant of sstusries
3. Estuarine availabliity (access from ooen Guit)

6, Water questity (with emphasis on low nl!nlﬂ)

All of these factors vary over space and time,
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Hapitats can change from one *Tyoe to ancther, and The changes can be elther culturalily indyced
{l,8,, ti11ing or dredging of wetlands) or naturally induced (i.s,, subsidence of wetlands resyiting
In |*s conversion *o ocoen water), These changes are critically important to the Gult's estuarine-
jependent species. ODocumented evidence of the effect of permanent changes In essential habitats ig
severeiy |imited, except for the change In wetiand arees,

An Important camponent in the hadltat of the estuarine dependent shrimp Is *he wetiand zone along
the Guit cosst, Salinity ragimes critically needed for shrimp occur in these aress, and their primary
production (vegetation) is the basis for the shreimp’s detritus food web.

The wetiands along the Gult coas® have formed during aporoximately *he past 3,000 years, whan
atiuvial sediment suopliied To the coast exceeded that removed through erosion and subsidence, The
genera! ohysiography of the Gult coast hes favored extensive wetiand formation, Some 60 percent of
the coastal wetiand area of The conterminous United States accurs asiong the Guit comst, Tida! marsh,
mangroves, and submerged aguatics that comorise Tthis area amount to some 6.2 million acres, An
additional 8.4 miillon acres are classified as unveqetated estusrine open water (Crance, 1971;
Chabreck, 1972; McNuity, Lindel!l, and Sykes, 1972; Christmas, 1973; Olener, 197%),

Wetlands are not evenly disfributed along the Gult cosst, Some 63 percent of the emergent
vetiands along the Gulf are found In Louisiane as The resuit of an abundant sed!ment supply
transported by the Mississipp! River, Some 395,000 acres of mengrove are found a!most exciusively
along'?m Fioride cosst, While sudstrate and currents (to carry germinated seeds) are generally
tavorsble siong the entire Guif cosst, mangrove distribution Is Iimited to aress where hard freezes-do
not oecur, Submerged vegetation is found along most of the Guit coast dut !s particutariy adundant
and diverse along the shores of central and southera Fiorida., Information on submerged vegetation Is
generally lacking for other states, ‘

The relative abundance and type of submerged vegetation depends mainly on battom type, Turbidity,
satinity, water temperature, bottom siope, and tide! range (McNulty, Lindai!l, and Sykes, 1972). Aiong
the Guif coast of southern Fiorida nesriy 350 perceat of the estusrine bottoms are covered by submerged
vegetation, -Cover density generally decresses as one moves nortiward, with bays along The panhandle
having only five parcent of thelr bDottoms vegetated, Reports for Iscleted study sites Indicate rhat
the five percent tigure would nold for the remainder of the Guit coast, exceot for portlons of
Louisiana where the percentages would be less, and The lower Texas cosst where abundance is greater,
Lindali and Saioman (1977) regort 796,806 acres of submerged vegetation In estusries along the Guit, of
which 63 percent sre found ia Florids and 31 percent are found in the Laguns Madre and CopanoeAransas
Bays in Texas.

‘.5.1.' aoﬁ” Tym

4,5.1.1.1 Otftshore Bortom Types

There sre three general of fshore bottom type regions extending to the 200 m Isobath In the Gulf
of Mexico, One occurs fram the Texas-Mexico border to just west of the Texas«Louislana dborder, Hers
the of fshore zone consists meinly of sand and finer grain sediments, Occasionsl pockets of sand ang
shell are found from the 11 o 109 fms (20 m o 200 m) isotath, The second zone exTens eastward *o 2
paint approximstely even with Pascagouls Bay, Mississippl, and is meliniy 8 complex of fine grain
sedments with occaslional surface depos!ts of sand and shetll, The dominance of muddy bDarftoms In this
zone |s attributed to the deposition by the Mississippl River, The third region encompasses the
remaining ares of fshore Alabame and Florids, which Is aimost sxclusively comprised of sand, she!!, and
coral, Coral bacomes more prevatent siong the centrai and southern Florida comst,

The tirs?t two zones are orimarliy asssociated with brown and white shrimp, while the third zone is
primacily assoclated with pink shrimp,
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4,5,1,1,2 Estuarine Bottom Types

Many of the sstuaries found along the Gulf of Mexico represent drowned river valleys, which have
subseguentiy undergone some degree of fiil, Genersily those estuaries That still nave considersdis
treshwater tlow coming In at the head contsln boTtom sediments that reflect the stream load, Those
with j[ittie or no stream fiow are generally dominated Dy marine sediments and are usually coarser,
Estuaries formed by deitalc progradation and subsequent deterloration sre dominated by muddy beor*oms,

4,5,1.,2 Surtace water Discharge

Freshwater flow into the estuaries of *he northern Gult of Mexico s varlable In space and *ime
(Fige 4,51) largely because of differences In drainege besin ares, (i1thology, climate, and land use,

Two aspacts of surface water fiow are considered In terms of thelr eof fact on shrimp hadbl tar:
1) the volume entering the estuaries and 2) *he seescnal variabl!iity of the hydrography, Four reglcns
of surtace water flow are identifled:
1. Lower Texas coast -
2., Upper Texas coast through the Panhandle of Fiorida, except for the Deltalc plain of Loulsiana,
3. Delraic piain of Louisisna

4, Central and tower Florida cosst

Lower Tewas Coast

Rivers of the lower Texas comst have relatively low discharges, with pesks occurring in the
spring and fall, Low discharge is due to the semi-arid conditlions and reiatively smeil drainage areas
of the rivers, More to the south, The fall pesk Is tirs? noticeable on the hydragraphs of streams
entering the Matagorda Bay systam, In the San Antonlo Bay system, the fall peak Is very proncunced,
and, from Argnsas Bay throygh Laguna Madre, the fall pesk excesds the soring peak, In Laguna Madre,
however, the rtotal voiume of discharge i3 extremsly low, 9 to 200 cfs (1930-1977),

Qccaslonal heavy raing (often assoclated with troplcs! disturbances) can have a3 substantial short
term of foct on the estuaries and mey affect shrimp vleids If *he resulting flood waters enter the
estusries during critlcal growth perlods of shwimp,

Uoper Texas coas? through the Panhandle of Fiorids, except for the Deitslc plaln of Loulsiana

Mogt of the rivers fram the panhandie of Florida west to Galveston Say, Texas, have a peak
discharge In sarty soring, followed by low discharge during the summer and esariy fall months, Mean
monthiy orecioltation i3 genersily simllar thvoughout the year; however, a high degree of variabiilty
sxistTs from yesr to yesr, The differences in seasonal distridutions of oreclplitstion and discharge
are primerily artriduted to the sessonal dlfferences In evapotranspiration rates and To the spring
reiease of precipitarion stored In winter as sol! malsture and snow,

Oeitalc Piglin of Loulisianas

The Mississipol and the Atchataleys ars by far the larges? supplilers of fresh water to the Gulf
of Mexico (Flg, 4,5=1), Peak discharge usuaily occurs In April through May; 'ow flow typlesiily occurs
In September through October, During perlods of flood, fresh water, carried by the Gulf into *he
mouths of neighboring estuaries, resuits In lower satinities,
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Figure 4.3-1 Ten Year Mean Frashwater Discharge Iato Selected Gulf v
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Though extremely variable in magnitude, The monthiy flow of *he Mississinpi River is lsss
variabie in reiartion to sverage flow than any other gauqed rivers entering the Gulf, TS variance i~
tiow, however, has a notice=asble effect on the vield of brown sheimp In the Gult (Section 4,11 ang =n
white shrimp In Louisiana (White and Boudreaux, 1377),

Centrat and Lower Florida Coast

Stream tlow entering the Evergliades s lower than most aress of the Gulf, largely becsuss of +ne
small contribyting drainage srea, The additional Input of groundwater Is recognized, but Its signifi=
cance cannot de determined,

The seasonal tiood cycle is asymmetrical, The peek rises rapidly In early summer, continyes 14%0
the fall, and then droos siowly to a fow stage during the months of Apri! and May (Fig, 4,%«1), The
symmer maximum dlfters from most other Gult rivers In that The [atter are typically at low stage
during the summer, This difference retflects the greater Intiuence of tropical ciimste in the
Evergiades where summer showers are typnically Intense and resul?t In higher stream fiow desolte
evapotranspiration rates, From Charlotte Hardor north to Suwannee Sound, the seasonal hydrograph is
In transition between the summer<fail pesk of the south and the {ate winter-sporing peak common along
the northern Gult comst, South of Suwannes Sound T*he rotal voiume of stream flow Is smail,

4,9,1,5 Estuarine Sailnity

Throughout the Gult of Mexico estuarine saiinity is highly variablie In both time and space. -
Salinivy ranges from O ppt to a high of 115,9 ppt recorded In Laguns Madre (Hedgepeth, 1933, in
Diener, 197%),

Because of severe data insdequacies, 1t Is rather difticuit to make 3 Guilf-wide comparison of
salinity In the various sstuaries, There are few estuaries In which salinity Is continualily moni=
tored, In those which are monitored by public agencies, station locations are such (for examoie,
along ma jor dredged waterways) that data often do not refisct general condltions of the estuary,

This section Is limited to presentation of aversges and extremes; these values, howsver, are
generaily based on Iimivted data and present a superficial picture, As a resuit, many of the estusries
aoosar quite simliar with respect o satinity, The ensulng description of salinlty In various
estuaries |s based largely on secondary refersncs materiasl, and all values are for surtface salinities
uniess otherwise noted,

Lagunas Madre: The only estuary In the Gulf which Is almost continually hypersaline had average
annua! isohalines ranging from 33 to 59 ppr (1963=1966), with jower salinities cccurring ar tidal
casses rather than inland (Diener, 197%),

» Corpus Cheist! Bay: The Nueces River helps to maintain salinities lower than those of average
seswater, Most of Corpus Christ! Bay averasged dDetween 30 o 35 pot (1963=1966), Hypersaline con-
ditions can be expected during low discherge perlods,

CopsnowAransas Bavs: Salinity ranged trom 6 ppt In Copano Bay and 12 po® in Aransas Bay near the
Gult Intracoastal Waterway (Giww) during tiood perlods, to 32 pot In Copano Bay and 35 ppt In Aransas
Bay during low discharge periods of the Mission River (19631967, NcGowen, et al,, 1976),

San Antonlo Say: The Guadalupe River strongly infivences the salinity in San Antonlo Say,
During periods of tiood, the entire bay above the Gult intercoastal Watervay may De fresh; during low
flow, siightiy hypersaiine condltions occur In soms parts of the bay (1963=1967, McGowen, ot al,,
19768), Average salinitles range from & ppt at the heed to 20 to 25 ppt at Tthe GiwW and decrsase
slightiy on the lee slde of Matagords Island,
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watagords Bay Comolex: The Lavaca River and several stresms affect salinity, Salinities ~anze
from O pot at the head of Lavaca and Tres Pslacios Bays and 20 pot near Port O'Connor during *+lood
seriods, to 30 50T at the head of The bays and slightiy hypersaline conditions near Port O'Connor
during tow discharge (1965=19687, McGowen, or al,, 1976), East Matagords Bay |s separated fraom
Matagords Say prooer by rThe Colorado River Deita, Several streams fiow into East Matagorda Bay, ang
Its opening to the Gulf consists of & single narrow cut, Salinities hers are gensrally lower,
averaging !0 to 13 ppt and ranging fram a reported low of B ppt to & high of 24 ppt at Brown Cedar Tut
{1965=1967),

Galveston Bay Complex: Consliderable surface flow enters via the Trini®y ang San Jacints Rivars
and several small streams and Saycus, These are the westermmost estuaries Infiuenced by & humid climara,
- and hypersaline conditions are rare, Highest salinitlies are recorded in West Bay, averaging 25 *o 30
pot (1965=1967, Flisher, et al,, 1972), Galveston and Trinity Bays average fram 10 to !3 ppt near the
head to 20 to 25 ppr in the lower porrtions, Ouring nigh dlscharge, surface saiinity ranges from 2 oot
to 14 ppt, and during low discharge periods the range Is from 20 to 32 ppt (Fisher, et al., 1972),

Circulation between Eas? Bay and Gaiveston Bay Is rather poor (Gosselink, 1a press) perhacs
hecause of numercus oyster rests, and salinities are somewhat higher, The reccening of Rollover Fisn
Pass In 1593 Improved clrculation In the esstern half of East Day, -

Sabine Lake: DNredgling of the Sablne-Neches Ship Channel and the construction of the Toledo Bend
Reservoir are ciassic examples of how man has aitered the natural saiinity regime of Guit estuaries,
The dam stores winter surplius water, which (s reiessed In mid-May for hydrosiectric generator demands
(wnite and Perrer, 1973), The mid=May reiesse corresponds ™o the peask perlod of brown sirimo
sstuarine production, Atteration in this dischargs pattern means the loss of the lake as a shrimo
nabl tat (White and Perrett, 1973), ;

The natural opening of Sabine Lake to the Gulf was narrow and approxi-mately & m deen (Gosse!link,
in press), This narrowness, combined with the large discharge Infc the estuary, probadly resulted In
tow salinities throughout t™he ares. The SabinesNeches Ship Channet 46 ¢+, (14 m In depth) has
resulted |n unusual hydrographic changes, Sopoii fraom the channel Is continvous unti! the mouth of the
Neches River, at which polint an increase In lake salinity |s noted, The ship channel acts as »
corridor tacliitating saltwater Intrusion during low discharge pericds and ailows for more rapid
runcft of high discharge,

Comblined effects of the natural physiograohy and of these perturdetions have resuited In
reistively low and monotoncus sanual salinlty regimes, Salinities ar the estuary's head range fram 2
10 10 pp? (wet and dry vears) and from 16 o 20 ppt (we? and dry years) at the south end of Sabine
Lake (Fisher, ot al,, 1973),

Calcasiau Lake: This estuary is similar o Sabine Lake In 1ts size, 13 orlenration, and In thar
its constricted cpening to the Gult hes been dredged. Sallnity Ia the ship channsl nas Increased siace
1ts construction (Gossaiink, In press), Mistoric changes In oyster dlstribdution and In marsh acreage
and vegetation Indicate that salinity has Incressed In the lake. Means and extremss are not known for
the lake, But [+ seens that ssiinity here |s somewhat highee than In Sabine Lake (Barrery, 1971),

Atchatalaya=~Vermiilon Bays Complex: Saiinities are generally low dus to the Atchafalaya River as
wel! as to other lesser sources of fresh vater, A signiticant decrease in ssilinity has ocourred In
the Yermiilon Bay ares since 1930, and +he expected continued growth of the Atchatalaya Deita will
result in continued Nigh turdidity levels and lTower sailinities, If the Deita grows out to the oresent
coastline [T may act as a barrier decreasing water exchange with the Guif, The Immed|ate estuarine
area will probadly deteriorate In terms of siwimp habl tat over the foresesadie future, Over The long
rerm, 1t the normsl sequence of deltaic processes Is not Inhibited, the result will be a signiflcant
Iincrease In sstuarine haditat ares (Gosselink, In press),
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Terrebonne and Barataria Estuaries: Since artificial levies block the normal flow of *he
Migsissippi River, these estuaries are no longer grestly inflyenced by freshwater runctt, Duriag
t1ood perlods, Mississippl waters can enter Ints the mouths of *hese estuaries via *he Gulf of Mexizs
and create a reversal in the salinity gradient (Barrett, 1971), wWhile ssiinity cata is extremwiy
sparse, the extensive salt and trackish marshes Indicate favorable conditlions for shrimp nhabi tat,

Migsissippl Oeita: The Deltas marshes are generally tno fresh O be signiticant shwimo haditars,
Surface salinitias are usually near zero ppt; however, a weil=developed salt wedge moves upriver at
low stage.

Pontchartrain-Breton Sound: Marshes In Breton Sound have sslinities similar to rhose of *he
{ower porrions of the Sarataria and Terrebonne estuartes (20 to 2% pot, 1967=1968, Barrerr, 1571,

Mississiool Sound Complex: Salinities In Mississlippi Sound, despite | ts numercus vide passes,
are considerably less than those of the Gulf, Freshwater discharge Is considerable both directly (via
the Pascagou!ls system and weirs entering Into St, Louls and Blloxi Says) and indirectiy (via Mobdl le
Bay to The east and the Pear| River and Pontchertrain-Borgne system To the wes?), At the western end,
surtace salinity ranged from 6 10 20 cp?, while at the east end I ranged from 14 to 30 pot (1962~
1964, 1966=1969, Christmas, 19733, The ssat-west gradient reflects differences In surface water
Inputs,

In the landward estuaries, such as Bllox! and 5S¢, Louls Bays, surface salinities range trom less
than elgh?® ppt to 20 ppt, A fairly strong salinity gradient Is present from the mouths of the .
estuaries sesward to the offshore berrier isiands, This gradlent is most evident from Siloxl Bay to.
Dog Xeys Pass where surface satinities differ by sbout 12 ppt?, with & range of 10 to 20 pp? over the
131 m distance,

Moblle Bay: Moblie Bay is another example of a shel towewater estusry modified by a8 deep~-water
channe! that alicws for saitwatrer Intrusion, Mobile Bay receives wore freshwater f!low than any other
U.Se Gult estuary except for the Mississippl River and its tridutary, *he Atchatalays. Consequently,
saiinity has a strong Inverse relationship to streams flow,

Floride Estusries: In the panhendie ares and south to Suwannee Sound, salinity patterns are
simllar to those of the estusries 1o *he vest, Salinities are highly variable and are relates ™o
stream flow, which 1s substantisl for these srees, Choctawhatchee Bay is a glaring exceotion because
of 8 weli=detinsd persistent salt wedge (McNulty, et at,, 1972),

Cesplte the lack of major frestwater surface flow, t™he coestiine south of Waccesss Bay and north
of Tamps Bay has salinities similar to those of the large~discharge panhandie estTuaries, These iower-
than=ncema! Gult satinities have deen g factor in the presence of of fshore oyster reets and submerged
aquatics, suggesting the strong possibliiity of sorings emerging In the of fehore zons (McNuity, et ai,,
1972),

Relatively high satinities from Tempa Bay south through Florids Bay are due to the absence of
me jor stream flow and high evapotranspiration rates, The freguency and degree of hyperssiinity
generally increases In g southeriy direction, sxcept for the Chariotte Harbor srea where stream flow
Is normally sufficlient to mitigats hypersatinity, Hypersaiinity, a normal and frequent occurrence in
Florids Bay, is drought sbout by natural drought periods and Is intensified Dy man's diversion of
normg! freshwater flow (McNulty, ot sl,, 1972), Higmen (n.d,) discusses *he possidle Inverse
relationship between growth rate of postiarval and juveniie pink shrimp and satinity [n Florida Bay
estuaries,
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4.5,1.4 Estuarine Access

The area becomes closed as a nursery round |f uﬂands are impcunded, Indirect eftfects may e
considerable and may cause changes In water tiow patrerns, Control gates can close oft nursery
qrounds landward of the structures. '

Weirs constructed along the Sabline Navigarion Channel and *he Guit intracoastal Waterway In *me
Kelth Lake ares of southesst Texas To protect the nelghboring marshes from saitwater Intrusion wers
removed in 1977 recpening the Keith Lake area as a shrimp nursery ground (R, Fish, personal

communication),

4,5,.1.%5 Non=Salinity water Quality

The ef fects of poliutants on Guit shrimo Is stiltl relatively unknown, Pollutants can reduce tne
avallable estuarine hablitet area and resul? in high concentrations of substances harmfyl for numan.

consumption,
4,5,1,6 Currents -

The most Important process In producing currents In the Gulf of Mexico Is the stress of the w»ind
upon the water surface, Wnhile the loop current in the eastern Gult has bteen documented for some time,
a2 major current in the western Guit has oniy recentiy bdeen firmiy established (Sturges and Blana,
1976), The (00D current may serve ss an esstern boundsry To the Mexican current (Sturges and Diahss
1976), especially during susser months,

>

Tide! currents are of particular importance In the nesrshore srea and affect movement [nto and
out of estuaries, Oespite the smsi! tidal range thwaoughout the Guit, tidal current veloc!tl!es are
reiativeiy high, In the estusries high veiocity Is due 0 constricted outiers that characterize many
af the lagoons and bays, In Tthe nearshore ares, vater level changes occur over 8 shalliow continental
sheit, Wind can have 3 sronounced ef fect on *he overal!l water level change, Two of the mst dramatic
examples are cold fronts that push water cut of the northern Gulf estusries and tropics! disturbances
that ralse water leveis In these same estuaries, Shimp migration, from these esTusrine areas is
assoclated In part with the relstive magnitude of the tidal exchange (Section 4,1),

4.5,2 Hadira? Concerns

See Introduction to Section 4,3, Hebitar, and Section 4.8, Estimates of Future Stock Conditions,

4.6 Qualiity of Dats

Despite the Importance of the Gult shrimp fishery, there are some significant dats deflclencles
which limit the seiection of mansgement measures, Some of These deficlencies include:

-] tack of 8 clear understanding of naturs! smortellty rates, of temperature and sallinity
effects on growth rates, and of migration patterns,

- lack of data on utilization of the siwimp rescurces.,
Q tack of cost~sarnings and catcheef fort date,

4,7 Curren? Status of the Stocks
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4,7,1 Maximum Sustainable Yieid

4,7.1,t Exglanation and Specitication of MSY

The blologlcal characteristics which affect sustainable vields for penseid shrimp are unusual,
They are an annual croo. Very few individusis iive a year and the majority harvested are iess rnan
six months old, There is no demonstrabie stockerecrultment reiation and recrul tment overtishing,
glven present technology, Is essentlaity Imoossible, That is, (T Is not economically or technicatly
teasible o Ttake 30 many siwimp that there are T00 few survivors to provide an asdequate suptly for *ne
tollowing year. Because of these characteristics, tishing mortaiity and ylield 1n one year 4o nor
atfect vield in the following year, The maximum yieid In number for a gliven year Is essentially ali
The shvimp avallable Yo harvest, using current technology,

Growth overtishing |s caused by taking the avaiiable recruits at oo smil a size, I# growrh
overtishing Is occurring, allowing additional time tor growth will resuit In & grester tots! yield In
wveight, sithough the total number of Individuals will be less, The rapid growth rate of penaeid shrimp
makes them resisrtant to growth overfishing until high levels of effort are resched, Etfort in the
tishery has been Increesing rapidiy, and it (3 probadble that the tota! yield of penaeld shrimp_could be
increased 1+ the average size taken were larger, However, the poor quality and smei! smount of avall-
able data mekes [T difficul? 10 precisely estimate the magnitude of any Increase (see Sectlion 4,1),

The abundance (number of recrults) and therefore yleld and cateh per unit eof for?, vary greatly
fram year 1o year decending on the temperature and saiinity In the estuarine nursery aress, This is
svident when regression costticients ftor the different models are campared, For example, |inesr
regressions of catch on effort showed that effort alone explained onity 38 porcent of the variation
cateh of Loulsiana white sheimp and 37 percent of the variation in Guif drowa shrimp cateh, Multiple
regrassions including environmental parsmeters explained 89 percent and 88 percent respectively, For
brown shrimg, the environmental model oredicts that at & tishing ef fort of 100,000 units (essentially
the record vntll 1976), annual cateh would vary fram 37 to 88 milllon pounds provided Ttewerature and
salinity reanged within 1963=1373 leveis, If environmental condltions were more favorable, & greater
yieid would be expected, Given environmental conditions siightly better then previcusly observed and
nigh levels of effort, the maximum orobeble catch is estimated at 116,4 mitiion pounds *alls, 37.6
percent greater than the point estimmte of MSY fram a Schaeter surplius production model,

Surplus production models utililize frends In catch and tishing effort over a series of vears,
They were designed for, and are usually sopiled to, soecies with multipie yesr ciasses, (1,e,.,
individusl animais tlve loager than one year), They do not congider fluctuations in recrul tment
controlied by environment, but assuse That environmental effects are constant, The predictive ability
of these models, particuisriy tn the range of tishing ef fort which might produce overtishing, s ar
Its best for long=lived species and/or those which are not subject to large, envirommental ly produced
tiuctuations In recryltment, Because penseld shrimp meet neither of Tthese criteria, spollcation of
surplus prodyction models mus? Do made with caution and with an understanding of what is Deing pre
dicted by the mode!l, Estimmtes of MSY produced should De considered ss long=term averages which are
greatiy affected by environmsntal conditions, They shouid not dDe considered a mex!mum sl iowadbie catch
for a given yesr,

The Schaefer version of the surplus production mode! was chosen 0 estimmte MSY (n all three
specles because: sufficlient dats were avaliasble; It #1+ the data as well as other models which gave
similar estimates of MSY, and was mathematically sasier *o use, The estimate vas calcylated using
anly reported catch and eftort fram the commsrcial fishery, Estimptes of The recreationat cateh, bs.
carch, and discarded unders!ized stwimp are added,
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Schaefer

Commarcial® Recreational Salt Discard Tatal
Brown shrimo as 8 2 ] 100
white shrimp 38 a } 3 S0
Pink sheimo B 14 - 1 - 15

tor a total MSY of 169 miliion pounds of talls annualiy for the three spec!es.
For roval red shrimp, MSY vas estimated as 392,000 Ibs, of talls using & Schaefer mode!,

For rock shrimp, MSY was estimeved as 1.1 miiiion pounds of talls using a Schaefer madel, This
estimate Is & very poor one because most landings are Incidentsl catch, making effort esTimaves
unrelisdie,

For seabod shrimp, no sccurate MSY could be calculated due to lack of effort dats., Sesbobs are
treated as an [ncldental catch, to the white sirimp fishery where they sccount for an average of 4,3
percent of the toral catch or 1,4 mlilion pounds (talls) ftor the years 19%9«1975, This must serve as
the bes?t avallable MSY, The catch of seabobs Is aimost entirely within the Territorial Ses (Sec, 4.1},

For the three penseld sowcies, surpius production models Indicate only 3 long terw average vleld,
and not an aliowable meximum, The catch In any given year can only be estimeted using environmental
tactors and expected ef fort for that particular yser, -

A reasonable sstimate of the maximum orotmbile cateh of white and pink shrimp can be estimered by
applying the percentage By which the miximum probabie catéh of brown shrimp excesds the Schaefer MSY
estimgte To all species, Earimates of Delit carch, recreationsi catch and discards are then added to
glve a toral maximum probabie catch (see Sec, 4.7,1.2), These estimated are:

Maximum Commmrc) 8l

Schaeter Yieid Considering
Commerci al Envirormental Factors Recrea=~
Estimate {137,.6%) +lonai Batt Discard Totsl
Brown shvimp a3 117 ] 2 9 132
white shrim 3 52 8 1 3 64
Pink shrimp ‘ _t_:_. 19 - 1 - 20
Total 137 88 kT e 8 FIre

tor a roral of 216 milllon pounds of talls

4,7,1,2 Technical Description of MSY Caiculations

Yield Modeis Incorporating Environmental Driving Forces

To achieve reasonsble accurscy, the calcuiation of specitic yields for penseld shrimp must be made
for specitic points in time and must Include environmental driving forces, since yleid Is dependeant on
those forces and not on abundance in previous vesrs, Such madels are much more spprooriate and usetul
tor penaeld shrimps becasuse of the overriding Impact of T™he enviromment on yleld,

* All weights are in mitllons of pounds, tall welght
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The environmental modeis presented below do not estimate MSY [n the classical sensa, rather *-g
provide a vieid estimate for any vear under glven conditions, They #1t empirical relationshios to
observed data but are nar directly tied to blologlcal parameters of *he species such as growtn rate o-
mortsl ity rates, The estimates from these models become invalid (4 extrems and unreslistic values ara
used for tishing effort and/or environmental parameters, At asverage levels of river dlscharge and
sttort, thess model!s produce yield estimates which acproximate MSY estimstes from surplus production

models,

Grittin and Beartie (1978) artempted t0 do this using freshwater discharge from the Mississioo!
River as a proxy for estuarine saiinity conditions, Thelr formula, a moditied Solliman production
squation (Heady and Ollion, 1961) estimetes vleid tor that portion of Guit shwimp resocurces of all
speclies caught by vassels (l,e,, five gross tons or larger), It predicts maximum yield will be
atralned onily at intinite fishing pressure, although the rate of increase in yleld decreases rapidly
with Increasing etfort,

To estimete average yleld, equivalent to MSY, Mississiopl River discharge was used as an |ndex of
environmental driving forces, and the oradictive equation derived Is

v = 65930-0:601341.9 995701F) Eas 4.7-1

where Y 1s yleld in mitiion pounds of tails, O is Mississiopl River discharge In *housand cubic teet
" per second, and £ Is tishing etfort In thousand units, For a year wi?h an average river discharge

parrtern, thelr equation predicts an average ylield for Guit siwimp vessels of 128,7 million pounds of
tails, WwWithin rounding error, 90 percent of *his catch would be achieved at an expenditure of 314,37
effort units, The current range is 100,000 o 300,000 units,

For the ourposes of this plan, |+ vas necessary 1o consider each species Individuslty, For wnite
shrimp, the cata was avallable only for Louisians (Fig, 4,7-1),

The assoclation of Loulsiana’s reported commrclal cateh of white shrimp (on a vear-class basls)
to unlt tishing eftort and Mississippl River discherge was Investigated, [t was found that the log of
average river dlischarge for the May through August perfod (LMIJA) could de used as a forecaster for
the success of the coming vear's harvest (Y) i+ an estimets of commercial fishing effort (E) could be
made (Figure 4,7=4), '

Y » 127,8 + 6411 £ = 49,4 LMJJA (R = ,84) Eq, 4,7-2
shere Y is in miition pounds Talls of white stwimp, LMIJA I the !og of river discharge In 1,000 cts
and £ Is In 1,000 ynits, This time period sncompasses the early phase of estuarine growth, It was
also nated that the relationship in Eq, 2 wes Improved (incressed RZ) It the time period over which
river discharge was asversged was incressed from the Mgy through Augus? period 1O May through December.
Y = 129,1 ¢ 6411 E = 51,48 LD (R = ,29) Equ 4.7=3

where LMD (s the log of the average river discharge In 1,000 cts for the May through December pericd,
This longer time period essentially encompasses the first growing sesson for white shrimp,

These models could not be appiled o the entire Gulf white shrimo catch because shrimp production
from estuarine sress not connected to the Mississlppl River are substantial and do not always corre=
late well with Loulsiana production,

For pink shrimp no data was avallable to tit rhese Types of modeis,
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For brown shrimp In Louisiana, s corrsiation has Deen drawn between *he anNnual SuCCess of *-g
brown shrimp harvest and the temperature of bath the estuarine water during mid=Aori| and *ne scres of
marsh above 10 oot. (Barrert and Gl)liesple, 1973, 1975, 1976; Barrett and Raiph, 19771, in qanaral,
good production Is expected !t the spring is dry and warm, whereas poor production Is excected ‘or a
wet, cold soring. A simliar phencamencn has been observed In Texas (T, Leary, GMFMC, personai -~om-
munication, 1978),

Atter The success of the Lou!siana Department of Wiidiife & Figsheries In oredicting Ity brown
sheims harves? with these environmental variables, snd glven the fact that the successes of many of
the major brown shrimo fishery areas in the Guif are correlated with the Loulsians caten, "Sarrettisn
indicators were then tested tor their abiility to oredlict *he annual Gulf brown shrimp caten, Raesults
ot the muitipie regression squation generated are shown In Figure 4,7-2, The equation,

Carch = «51,75 ¢ 3,664 (Temp) - 0,01496 (River) + (Q,5061 (Etfort) Eqe 4,14
predlicts 88 percent of The annuai varliance in cateh, where "Catch® [s annual brown shrimpg cateh In
mitiion pounds, "Temp™ |s average water temoerature in degrees Centigrade at Grande Terre, Loulsliana,
April 16 to 22, ™iver® Is Mississippl River discharge In 1,000 cts March to May, and "Eftort" Is unit
tisning effort In 1,000 units (Grittin, 1978),

.in general, low treshwater dlscharge and high temperatures mean lerge ylelds (rtemperature Is the
most important factor), The estimated yield for the most favorsbie recorded caombination of
remperatyre (28,3% C In 1967), river discharge (480,000 in 1963) and effort (113,569 In 1972) !s 549
mitilon pounds, This compares with the best reported cateh of 91,3 miiilon pounds in 19687, To
calculate a maximum probeble yield, It is ressonadle to assume siightly better enviromental con=
ditions and higher levels of etfort, Using 27° C, 480,000 cts and 130,000 ef fort units, the vield
estimate Is 116,4 mililon pounds of talls, This estimate s 37,6 percent greater than the estimate of
MSY from the Schaefar surplus production mode! and more nesrly resembdies true condltions,

This model i3 an adequate predictor of reported anmal Gult bdrown shrimo harves?, aithough thers
Is conslideradle roam for refinement and Improvement, When the necessary dats becomes avalisbie, *his
type of model! shouid be used for sil penaeld shrimp,

Ag shown by *he calculations above, surplus DFOducNosn mode!s which do not incorporsts environ=
mental torces are insppropriste for thess species, They are only used because of a lack of the
requlred environmental dats,

Surolus Production Models

Kitma and Parrsck (1978) used the Schaeter form of the Genersilzed Stock Production (GSP) model
ro predict a MSY for the shallowewater catch of Gult shrimp (Drown, white, pink, sesbod, and rock
shwimp), They used estimates of reported commrcial cateh and days fished for the period 1956~1975,
exciuding 1937, 1961, end 1962 as vears of mejor hurricane activities and therefore not indicative of
normal tishing activity, Thelr equation,

-?
Y = B (,4%5928 - 9,387086 X 10 E) Egq, 4,74
(where Y = yleid In metric tons and € Is ettort in days fished) predicts an annual MSY for these
shal iow=water shrimp of 53 rthousand metric tons {121 million pounds) of ralts harvested by 225,000
days fished, They noted That annual catCh has fluctuated arcund this maximum since 1970 and conciude

that tne sha! lowewater shrimp "have been fuliy exploited in recent yesrs,."

in developing this plan an attemp? was made to find the most predictive mode! relating cateh T2
tishing ettort tor each of The shrimo species harvested In the U.S, Gult, Models used were the
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Figure 4.7-1. Louisiana white shrimp
commercial reported catch as a function
of commercial fishing effort and average
Mississippi River discharge.
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Figure 4.7-2,

Predicting the annual US Gulf of Mexico harvest of brown
ehrimp by the commercial fleet. TEMP fe the temperature at
Grand Terre, Louistana, April 16-22 in °C, RIVER 18 the
average Miselseippi River Discharge In 1000 cfs for March
through May, and EFFORT 15 1000 units of uanit flahing
effort. The solid line represents the solution to the
predictive equattofh and che points represent the actual
reported commercial harvesc,



Sollimen production equation (Ditlon and Heady, 1966) (for brown, white, and pink shrimp) and *ne
Generaiized Stock Production mode! (GSP) (Fella and Tomlinson, 1969; Fox, 197%5), Four levels sf =
were used In fiTting the GSP model: m = 0.5, 1,35, 2,0, 3,0, The parameter m is a measure of “ow 2
stock reacts to Increasing fishing ef fort and overtisning.

The avallable catch data Include the reported commercisl catch-ef fort data pubiished in *he 3ulf
Coast Shrimp Data (U.S5. Department of Commerce, 1963=1973) as wei! as ooint estimates of recreationat,
bai*, and discarded catch and {Iin soms cases) effort, To test the f1t of +the mode!s o avallanie
dats, onty the reported commercial catch and ef fort data were used, Since these were *the oniy dara
with reiiable time=series, catchwef fort estimates,

Brown, white, and pink shrimp commercial catch-eftort data (U,S. Oepartment of Commerce, 1963
1975; Grittin, 1978) are listed In Tabie 4,7=1, Yieid curves were fitted to *hls reported commerclal
catch and are compared in Fligure 4,7=3 and Table 4,7,2, Essentially, ali the modeis suggest that
brown, white, and pink shrimp are being narvested within thelr respective MSY ranges, W!th eacw
specles, the tit {compare the residual sum of squarses) Is generalty better with the GSP models than
with the Spliiman equation, and within the GSP modals the ¢it becomes better with increasing m,

Choosing one of these models over another because of the apperent ¢t of the data |s
questionable, The tit of the date points to any of the surplus production models Is relatively poor
because of fluctuastions in abundance csused by envirommental factors, Although the GSP mode! where m
= 3 sppears to give the best fit, This level of m Is ususlly associated with species which are very
susceotible to recrul tment overfishing, Penseld sivimp are very resistant to this type of over—
f!"‘l'ﬂg.

There are other factors which may be atfecting the fit of the data, Most of *he points (le ne.
the peak of *he yleld curve, This makes prediction of the effects of higher levels of eof fort
unrellable, A fraction of the catch |s unreported, |t this traction Is increasing and [s large, It
would cause the reported catch effort data to f1t $he curve where m s 3 more closely, Envirommentally
induced fluctustlions in adbundence cause great scatter In the polnts, (n *the case of white shrimp the
shaoe ot the curve s greatiy affected by one point, 1975, Removal of tnis point would resuit in &
large change In the right halt of the curve,

The Schaefer modei, which Is equliveient o the GSP where m = 2, was chosen as representative of
the current commmrcial catchwef fort refationships of brown, white, and pink shwrimp, The Schaeter
model appears to fit the data well, Is mathematicatliy sasier to use, and generates MSY estimates
comparabie to those of other models giving similarty good fits, The M5Y estimates excluding
unreported beit, recrsationat, and discards, were 85 mililon pounds of brown sheimp, 38 million pounds
of white sheimp, snd 14 mililon pounds of pink stwimp,

Catch and effort data for roval red shrimp are shown in Table 4,7=3; the data are compared to the
Generalized Stock Production made! in Table 4,.7=4, for m equs! to 0.5, 1.5, 2,0, and 3.0, As with
brown, white, and pink shrimp, aii modeis havae falriy simllar fits to the dats, Despite the
similarity, however, the Schaeter mode! I3 suggested as representative of the royal red shrimo since
they exis? in a reiatively constant enviromment In which at leas? Three year classes octupy the same
fesding grounds {Anderson, 1971), A MSY of 392,000 pounds of talis anmially Is predicred, This
result Is compatibie with Roe's estimate of a porential roval red shrimp yield of 423,000 pounds (in
Klima, 1976), i

Cateh and etfort estimates for seabod and rock shrimp are shown In Table 4,7=3, An attempr was
made to t1t the dats to the GSP mode! desplte the fact that the reported conmsrclial catch data for
seabob and rock shrimp Indicate that they are caught and ianded incidentally with other shrimp (Tables
4,75 and 4,7-5),
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The MS5Y's oredicted for rock shrimp are compared In Table 4,7-4, The Schaefer mode! (GSP, m = ’_
was chosen becsuse the oredicted relstion between catch and effort was simiisr *o other GSP models ang
because |t Is mathematically easy to use. The MSY predicted for rock shrimp Is 1,1 million pounds o¢
tails annuallv, This figure cannot be compared o published reports of rock shrimp density; rather |+
should be viewed with skepticism because the effor? estimates for 1971 Yo 1976 are poor (since the
species Is an Incidentat bycatch) and new tishing grounds for these sheimp may be tound, as a marxer
tar them continues o develop.

Solutions predicting a MSY were nat obtained for sesbob shrimo, This inabiiity to predict s MSY
Is due to unrelisbie effort estimates since seadbod sheimp are usus! iy landed inclidentally with other
sheimp,

Modification of Surplus Yieid Estimgtes for Penaseld Shrimp

The estimates of MSY from surplius production modeis for penseld shvimo must be moditied to
Inciude unreported catch, bait, recrestional, and discards, The demonstrated infiuence of envirdn=
mental driving forces must aiso be Included. These considerations have much less impact on other
specles In *this plan and need not be consldered for them,

"Estimates of recreational and balt catches of brown, white, and pink shrimp are listed in Tabies
4,7-7 and 4,7-8, In sddition, there are Important harvesting areas In the Gult where shrimp are
caught and discarded, Saome estimates of these discarded catches on an average annual bdasis are:

- tfive militon pounds (talis) of brown and white shrimp along the Texas cosst, June ?hrmg'r'u
August (Terry Leary, GWC, personal cowmunication, 1978),

o two to four milllon pounds (talls) of brown and white sivimp slong the Loulsiana coest
{Charies White, LDWF, personal communication, 1978},

o 316,000 pounds (talls) of pink sheimp in the Dry Tortuges for the 1963=1966 perfod (Berry
and 8enton, 1969),

The tack of sufficient dats seriss prevented the development of MSY figures for the recreational,
bait, and discard cateh, Because estimates of these catches are low In comparison with the commerclat
MSY figure, they have been rounded off and added To [T In The case of each of These three species,
This "add=on” is a reasonable approsch when, as In this case, the smount 1O be added s a smil
fraction of the total, An siternate sporosch would sssume trends in sannuat CPLE for recreational,
bait, and discarded catch o be similar to cbserved commrcial CPUE, adjust the point estimates of the
catches accordingly, and add them o the commercial catech and effor? In esch yvesr, While this mignt
be more technicaliy correct, the estimmted MSY would be unchanged. The "add=on® soprosch was only
necessary with drown, white, and pink siwimp because estimmtes for royal red shrimp are not deileved

to be significant,

The Impact of envirommantal factors on the Guilf brown sthrimp catch has been demonstirated,
Although the avallable data for whites and pinks does not ailiow Individual calculation, 1+ |s reasor
abie to expect 8 very similar Impact, This Is supported by visusl inspection of the figures for Gulf
brown shrimp cateh and tor Louisiang white shrimp cateh, Borth show a very similar amount of variation
In yieid, slightiy greater than 100 percent between the iowes? and highest yields,

{n order t0 estimate & maximum proteble ylelid for all three spucies, the percentage by shich
maximum protebie vield estimate for brown shrimp excesded the surpius production model estimate (130
percant) was appliied to sl *hree penaeid species, The point estimates for balt, recreational, and
discards ware then added on, The estimates for the "add=on® do not consider envirommental facrtors

=36
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Table 4.7- 3. Reported commercial catch and effort1 for royal red, sea bob, and rock shrimp 1an the
U.S. Gulf of Mexico (U.S. Dept, of Commerce, 1963-1976).

Year Royal Red Shrimp ' Sea Bob Shrimp Rock Shrimp

CATCH EFFORT CATCH EFFORT CATCH EFFORT

thousand pounds daye fiehed million pounds daye fished thousand poundes days fiahed

taile o tatls tails :
1963 5.0 8.4 1.14 709 —— _—
1964 | 4.6 6.1 .33 178 B -
1965 17.0 21.3 .71 790 ’ - _—
1966 23.5 36,5 .48 137 - _—
1967 37.2 88.4 .21 575 — -
1968 73.5 88.7 .69 2,420 - -
1969 271.3 506,2 : ' 52 817 - -
1970 40.9 65.8 2.13 1,905 - —
1971 64.1 90.7 .32 344 | .1 : .4
1972 36.6 34.8 ; 1.43 1,635 198.5 167.4
1973 230.8 410.3 2.97 3,548 177.6 299.2
1974 226.9 503.8 4.36 4,350 60.9 58.4
1975 112.6 229.7 4.58 4,580 673.9 463.1
1976 164.2 jgz2.1 74 1,641 8680.0 981.5

IDaya fished for sca bob and rock shrimp (1963-1975) was calculated by aseuming that the fishiug
effort for a given trip was proportioned directly as the weight of the various specles caught and
landed. Interviewed days fished estimates were converted to total days fished estiwates by using
the ratio of tnterviewed days fished to interviewed trips on an annual basis for royal red, sea
bob, and rock shrimp, 1963-1975. Estimates of 1976 days filshed for each specles were taken
directly from HMFS estimates on the Gulf Coaat Shrimp Data tapes.
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Table 4.7-5. Comparison of sea bob shrimp caught with and without other shrimp in the U.S. Gulf of Mexico

Year

1970
1971
1972
1973
1974

1975

Table 4.7-6

Year

1971
1972
1973

1974

LA

(GCSD, 1970-1975).

Sea bob shrimp
catch reported as
not occurring
with other shrimp

Sea bob shrimp
catch reported as
occurring with
other shrimp

Percent total sea

bob shrimp catch

occurring without
other shrimp

Catch of other
shrimp reported
with sea bob
shrimp catch

Ratio sea bob
shrimp catch
to other
shrimp caught

(million pounds) (million pounds) (%) (aillfion pounds)
.073 2.06 3.4 11.8 1:5.7
.003 0.25 1.3 11.0 1:43.7
.073 1.36 5.1 17.6 1:12.3
.782 2.19 26.3 8.8 1:4.0
. 740 J.62 17.0 13.8 1:3.8
<344 4.24 7.5 19.2 1:4.5

Comparison of the catch of rock shrimp caught with snd without other species of shrimp in the

U.S. Gulf of Mexico (GCSD, 1971-1975).

Rock shrimp catch
reported as not

Rock shrimp catch
reported as

Percent total rock

shrimp catch

Catch of other

shrimp reported

Ratio rock shrim

occurring with occurring with occurring without with rock catch to oather
other shrimp other shrimp other shriwp shrimp catch shrimp caught
(pounds) (pounds) (%) (pounde)

0 113 0 253 1:2.2
3,039 195,461 1.5 349,305 1:1.4
2,915 174,734 1.6 ' 651,469 1:3.7
7,813 53,064 12.8 270,293 1:4.4
11109 662,12 1.7 828,149 | I
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and are probsbly conservative for that reason. The maximum probable catches In mitllons of soynts .
talls for the Three penaeid speclies are:

Maximum Yield Consldering

Schaeter Enviroormental Factors Recrea=~
Estimate (137.6%) tional Bair Olscard Toral
Brown Shrimp 8s 117 8 2 5 132
white Shrimp 38 v 52 8 1 3 64
Pink Shrimo 14 g9 | — - —_— 25
Total 137 188 18 4 8 216

These estimates of probable meximum cateh, particulariy for white and pink shrimp are sub,{e‘cf o
cons!derabie uncertainty, and are only achievable under ocptimum envirommental conditions with nign
fovels of effort,

The Council will monitor data polints throughout the (ife of *he plan In order to obtain data
which will allow the derivation of specific formula for species other than brown shrimp,

4,8 Estimates of Future Stock Conditions .

Aithough effort is expecred to Incresse, there is no reason to belleve that recrul tment over-
tishing will occur, Growth overfishing couid occur and decresse the total yield If effort in inshor
areas continues to increase, Management msesures in the plan shouild prevent this from ocourring and
Incroase vietd bayond present levels,



5,0 CATCHM AND CAPACITY DESCRIPTORS

5.} Annual Caoscity

The capacity of any firm or Industry can bDe measured and/or exoressed In barh ohysical and econo
mic terms, These sxoressions wil! usually lead *o widely divergent conciusions regarding the empiri=«
cal mesasure of capacity, Both are valld and The use of each deoends upcn the objectives enich are *o
be saristied, The differences In physical and economic capecity as appiled TO *ne shrimp fishery are
dlscussed in the following sectlions,

S.1.1 Phvgical Domestic Annual Capaclty (DAC)

The caoacity of a production unit or plant such as a shrimd vessel or sirimp breading olant
ususily refers to an engineering Input=outpu? ratio, For sach Input level Tthere is & certain leve! of
output that can be expectsd 1o be produced, In *he case of a shrimp vessel, Inputs as measured’
rheough units of effor?, result In shrimp being caught., For a given vesae! and a given stock of
shelmg, more shrimp will D8 caught with each sdded unit of eftort untli st soms point, totsl outpu?
will deciine with more effort, Maximum physical capecity occurs at the polnt of absolute diminisning
returns for the Individual vesse!, The sams capacity relationanip exists thraoughout the sirimp
landing and processing system,

Maximum capacity In fishery management plans |s usually estimated for the purpose of determining
the total sliowable leve! of foreign fishing (TALFF)}, A demonstrated capacity and Intent to use that
capeclity equal o or grester than the optimum vield estimate fram the fishery Indicates that no
toreign fishing would be allowed, In *his plan, capacity was estimeted to be the highest catch per
day per vessel during & specitied period, *imes foral days fished for ai! vessels in the fishery,
Measuring highes? catch per day per vessel al3o provides an indirect maasure of the smount that was
landed and processed through the entire production and merketing system.

Domestic Annua! Cavacity Is considered Tc be the toral physical cacacity of the fleet and the pro-
cessing sector, The bDesic physical Indicators of the U.S, commrclal Gult fleet and its estimated
annus! capacity to hervest Gult shrimp are glven in Table 9,2«1 for the 1962 to 1978 pericd, The
number of commercial dosts Increesed from 1962 ro 1968, deciining In the early 1370's then Increased
to 1968 fevels In 1973, The number of commmrcial vesssis, aversge gross tons, sversge ef fort index,
and rotal days tished by vessels and boa?s Incressed generaltly over the 1962 to 1975 period, The
Increases in days fished by boats and Dy vesssis were similar over this period (Christmas and Etzoid,
1977, Fig. 17,

In entismting the DAC of the Guit shrimp fishery, the [ntent should B8 to use the largest snnual
catch per day exper!ienced during the 1983 to 1979 anaiys!s period, Thils figure whea muitipiled by the
number of days fished esch vear will estimare DAC in pounds, Note In Tadble 3,21 that the cateh per
day tished in 1963 and 1967 wvas 731,11 and 717.7 oounds, respectively, Although the sversge catch per
day was slightly higher In 1963, the DAC calculation was besad on 1967 for *wo ressons. Several eco
nomic varisdles reflecting orices and costs are indexed by using 1967 as the bese year, Selection of
1967 as the buse tor the DAC calculation wiil tacliitate wider use of the estimate, The second tactor
is evidant tram viewing the days fished columt of Tabile 9.2=1, The record dally cateh In 1963
resuited in large part from a 18 percent decresase In days tished fram the previous yeer, An obvious
trand over the fourteen year period covered in Table 5.2=1 |s the major Incresse in days ¢!shed,
Rather than ignore this trend Dy meking the DAC calculation on an atyplical dase, the simiiar tigure
experionced In 1967 was utliized, Thus, the cammercial domestic annual cepacity in the tollowing
years was computed by using 718 pounds per day as an estimete of M, in Eq. 5,22 in the folliowing sec
tion, The actual recorted days fished In eech vesr through 1979 were used ™o estimate the nation’s
cacacity 1o fish commercially for shwimp In the U,S, Guif during that yesr, These estimates are given
in Tadie 3.2=),

Swi
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Tabla 35.2-1. Besic Cetch and Cepscity Indicators of the Raported Cosmercisl U.5. Culf Plest snd Retimates of Domestic
Annusl Capacity’ to Narvest Shrimg.
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350....“‘ 88 BAC = £ x M whatre DAC equsle domestic sonusl capacity, B 1s the sbsarved daye fished, and M 1o the
naxtous ohenrved catch ‘cr day fished for & peak cetch yasr during the partod of ohbesrvation. ¢



in general, the annus! U.5, capacity to harvest shrimp commerclial iy [ncreased over the 1958 ~-
1979 period from an esrimgred 138 to 19) miition pounds of ralls snmualiy, This increase !» Domes*ic
Annual Cacaclty reflects a cenera! increase in the desire and physical faciiities *o harvest 5yl+
sheimp, In addition, recrestional and balt shrimo cartches are expected *O remelin at leas?® at currenr
levels, These levels have been estimated as 16 and four mllilon pounds of rails, respectively,

The uﬂélua toral Domegtic Annual Canscity to harvest U.5. Gult brown, white and pink shrime |s
211 mti11on pounds of ralls anmuglly, as of 1973, Estimared capsciTy at The present *img (1981) ig
280 milifon pounds, The DAC tor roys! red shrimp Is estimared to de 270,000 sounds,

5.1.2 Economic Capac!ity

In general, economic cadaclty is addrensed from the viewpoin® of the Individus! firm (or vesse!),
However, It Is also important to examine the econamic capscity of the Industry and the Implications of
these capacity levels on soclety, in extending the discussion *o econamic capscity, nat only Is phy~
slcal capacity Imporvant byt the rate st which the physicel cagec!ty is utiliized Is Important, Foyr
tactors are Important In determining physical cascacity and the rate of capac!ty utiiization, These
are (1) prices of the inpu®s employed In catching sheimp and the actuel cateh per unit of ef forr,

{2) product or sheimp prices throughout the marke? systam, (3) the avellisble cuanti®ies and associsted
orlces of products that subatitute for shrimp in the market and (4) physical Input congtralints such as
lce, tuel, etec,

»
-

The determination of econamic capacity in fisheries |Is comolicated by 8 number of fectors,
Fisheries ara common Droperty resources and the oroblem of cpen accwss with ao charge for the raw flish
(or shrimp) Inpu? Info the production process siong wifth the fec® the? one person's actlion or entrance
fnto rhe tishery af facts the production of other producers and causes unres! ized cogts on Them compil~
catea the capeci?ty question (see Sectieon 3,%,2,3), The fect thet shrimp Domts can be o 8 imited
degres converted and used for other fisheries on 8 seasons! baslis means thet the same vesse! or pro-
duction unit can have excess econaomic capac!ty for one fishery snd 1imited capac!ty for anorther,
Seasonal gluts and fishing patterns may stralin the capec!ty of dockside facititien and In tisheries
*here may 5o "good™ and "Had® oroduction vears dus To external factors such as *the environment which
makes The estimation of econamic capaclity difticuir,

The rational cotimum econamic capac!ty of the firm must e determined subject o borh short run
and long run congiderations, In the short run, The vesse! owner tries To maximize net profit tor the
glven vessel, Oniy in the long run Is the owner atforded the oooortunity to try 0 change vesss! size
and design to take adventage of econamies of scale and Theredy change *he net protir situarion, The
rational flem's cptisum econamie capaclty level of cutou? Is that poln? where the marginal revenue
{addition to toral revenus) for esch new unit of sffort Is jus? sgual *o the mergingl cost (addition
to total cost] of that unit of effort, it the cos? of an added effort unit is greater Than the added
revenue oroducsd by thet unl?, *he vesse! will reduce effort untll marginal revenue eguais marglinal
cost, This is *he cotimum econamic capacity of the tirm, -

Marginal revenue for each unit of effort |s atfacted Dy Doth *he price of shrimp and the addl-
+lonal shrimp caught for each added unit of ettaret, Sheimp orices affect the long run |ndusi™y caca-
clity In terms of Investwmant In vessels and squioment and orice also affec’s the rate of utlilization of
existing vesselis, Additional units of shrimp caught are sf fected by the avalisbie sTOck of sheimp and
rhe number of vesseils sesking to harves? from that stock, The cateh per unit of effort for s vesse!
decreases as each additional unit of effort Is apolled and the catch per unit of eftort Is also
attfected as more vessels enter the fishery, Additional vessets entering the fishery cause existing
vessels a3 vel! as The new vessels to fish harder (more effart) #0 maintalin *he same leve!l of catch as
before,
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Marginal COBT OFf the cost of each added unit of effort Is affected by ™he cost of InputS such ag
lce and fusl, HOwever, since there Is no charge or "Cos?® on the raw shrimp as an Inpu? In?0 *he aro
duction process, t™heir cost doss no? change &8s They DECOme more scarce due 0 the added eftort 5f more
vessels, A resl comt Is nat felt but the entrance of new vesseis puts an unrealized cos® on oThers ny
eftfectively making thelr cost per unit of ef fort higher: more vesse!s means eech vesse! catches fewer
shelmp at T™he same cos® or incurs higher costs for *he same leve! of catch,

External factors siso affect the econamic capacity of the firm through the eof fect of these fac~
ftors on marginsl revenue and merginal cost. The orice of siwimp s attected by consumer demend which
in tyrn I affected by the orice of substitute products and incame, Imports aiso aftfect the orice of
domesticaily caught shrimp, The sTock of shrimp, and hence the amount caught for esch unit of ef torr,
Is atfected by the enviromentsl fectors attecting shvrime growth, mortality and avaligbliity, The
cost of Inputs faced by shrimp producers is aisc affected Dy the demand by other industries competing
for these same factors of production,

Econamic capacity of a flishery Industry (rether than Indlvidual firms) can also be examined from
the viewpoint of society., This approsch estimates 8 return 1o all rescurces empioved In the #lshery
and deternines the most etficient alfocation of these resources fram society's viewolint, This ileve!
of Inpyt use !s usually called The meximum econamic ylelid level of effort, In an coen sccess fishery
{see Section 3,5.2,3) fishing eftort usualiy s beyond that level ot cotimum economic capac!ty from
the standpoint of maximum economic yleld, This level of eoffort generates econamic rent that sccrues
to the oroducing sector uniess Taxed away and returned o society, .

tn sumery, physical cspacity Is the saximue amount of shrimp That the Industry can catch, o
cess, and market, Econamic capaci?ty is determined by physical capecity, shrimp price plus total ¢
of production, :

3.2 Dats and Anaiyticsl Aporoach

Cateh (Y) can be viewsd as
Y = #(P) LE Eq, 5,2-1
where + Is The catchabl ity costficient; P, *he population density and £, the fishing effort, The
poouiation density wii! depend In large part upon preveient envirommentsi conditions, The expected
tishing effort will be The summtion of physical and econamic parammters !imiting tishing eof fort, as
vel!l as physical and sconamic parameters |imiting the landing, storage, end consumption of shrimo,
Domestic annual capecity (DAC) can be defined as
DAC = E x “c EQ. 5:2’2

where E Is annual deys tished end M. |s the average maxisum catch per day fished rthat could be
harvested, landed, processed, and later consumed, for that snnusl period of fishing ef fort,

In estimating the DAC of *he Gulf shrimp tfishery, *he larges? annusl catch per day (during a peax
year) tor the 1963 to 197% period and the actual number of days fished in esch year was used,

After 1973 *he annual number of days fished (E) was estimeted by & tinear regression of days
tished on year for 1968-1979,

Ea(=179%8.6) + 9,22 (yesr) r2 = .81

Gl
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The sirimp catch of the Guit vessal fleet in any year can be expressed Dy the +ollowing Iden+in,;
Yy = Yy (DV/V) (E/DV) (YVIE, EQ. 502-3

where Yv lndlcuiu The pounds cBught By vesseis, V represents *he number of vessels, Dv Is *he *oral
number of days flshed Dy the vesse! flee?, and E Is toral fishing effort of the vesss! fleast,

Simliarly, t™he sheimp catch by Gulf boats In any vear can De expressed as

Yh =« 8 (Db/B) (E/Db) (YB/UD) Eq. 3,2=4

where YD reoresents the pounds landed by boats, 8 the number of boats, and Ob the number of days
tished by all shrimp boats,

1.3 Expected Domest!c Annual) Harvest (DAW)

The Domes?tic Annual Harvest !s *he record and projections of sctual shrimp harvest,

5.35.1 Expected DAM for the Combined Species

DAH was sstimated from trends In the reported commercial Narves? and fram point estimetes derlved
. tor recrestionsi, balt, and discarded catches, Trends In commmrcial harvest and ef fort were exam! ned

by boat dats and vesse! date separstely,

The number of camsarcial vesselis (V) and t™he unit effor? per day fished (E/Dv) of these vessels
nave had statistically significant linesr Increases fram 1362 to 1574 tngt are represented by the

reiationships

ve 2481 + 117 R (R = _9%)  Eqe 33!
E/Dv = 1,57 + ,029 R (R? = ,86) Eqe 3o3e2

where YR Is the calendar vear minus 1961,

The cateh and of fort statistics for commrcial vesseis are listed In Tadle 5,5=1, Although st~
tistically signiticant tinear Increases In number of vessels and ef fort per day flshed existed for the
period, no significant frend was found in days fished per vessel (Ov/¥) or cateh per unlit of fishing
etfort (Yv/E), Rather these seemad 10 have exhidited averages of

38,1 days tished per vesse!, and
367,1 pounds (tal!s) per uni®t of fore,

The conclusion that cateh per unl® of fishing ef fort showed no signiticant trend durlng the
period needs periodic ressssssment, Cholice of the dase period 1s obwiousiy Important, Basing the
calculation In 19867 when the numder of Vesss!s was showing & mejor trend uoward when combined with the
major Increase In effective of for? per day fished would tikely lead ?0 a different conciusion, Since
1974 the nusber of vesseis has Incressed along with sversge vesss! fonnage, The Impilcation Is that
when camparable dats for the post 1974 perlod are avaliladie, these caiculations should De repested,

The practice of calculating DAM with equations Incliyding calendar vesrs as veriasbies {(see 5 3!

and 5,3+2) needs Improvessnt, Though & high RZ I3 obralned I+ must be recognized that use of the
squations ignores argumants made In the diological sections of the plan, That is, production In a
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Table 5.3-1.

Parameters used to estimate expected domestic annual harvest for the reported commercial
shrimp fishery.

-

VESSEL
YEAR CHARACTERISTICS _BOATS
humberl days fishedz ratio unit3 paunda3 number1 days Eiahed2 pounds per
of vessels per vessel effort to per unit of boats per boat days fished
days fished effort
62 2600 34.0 1.63 315 3927 14.8 434
63 2697 41.9 1.61 423 4481 8.6 865
64 2782 41.1 1.63 381 4360 12.7 424
65 2849 39.9 1.65 427 4785 11.8 450
66 2942 38.6 1.67 411 4797 13.0 395
67 3146 36.9 1.74 494 4983 13.3 463
68 3430 35.4 1.80 383 5109 13.7 4217
69 3569 41.8 1.85 301 4817 10.9 675
70 3579 37.6 1.85 386 4495 14.5 613
n 3487 39.3 1.89 352 4828 - 14.1 626
7! 3683 39.9 1.93 333 4500 18.2 459
13 4091 34.2 1.93 263 4723 20.7 343
14 3785 35.0 1.84 303 4589 19.7 363

1

From Table 3.5-8.

znata on days fished from Table 3.5-7.

3

From Christmas and Etzold (1977).




year |s not depandant on catch, production, or mature shrimp in the orevicus year, The weskness of
using the squations to predict DAN for 1980 and 1981 s evident from viewing the 1980 pregiction ('3
mililon pounds) and 1981 predicrion (144 mililon pounds) In relation to Nistorics) vessel landings,

Catch and days tighed staristics for commsrcial bDoats are listed In Tabie 5.3=1, The conmerci si
boat tleet has not exhibited statisticaliy significan? linear trends In nyumber of dDosts (B) or carvch
per day fished (Yd/Db)., The averasges over the 1962 to 1974 period have been 4,543 boats and 503
pounds per day fished, The number of days fished per boa? (OD/B) has Increased signiticantly (1962 o
1974},

Ob/ = 9,72 + .66 (Time) (RZ = ,53) Eas 533

The expected commwecial boat cateh In 1981 is sstimated (dy substituting the estimmted values for
8, Yb/Ub, and Db/B Into Eg, %.1=4) o De 34 miiilon pounds of ralls,

The expected reportsd commurclal cateh for 1981 (s 199 mililon pounds, Bait and recreationai
catches asre no? expecrted to dec!ine fram 1963 to 1967 leveis, A conservative estimate of expected
recrsational caten Is 18 millilon pounds (Talis) and four mililon pounds (talls) for the expected balt
shrimp, The totsl expected domestic catch is 218 miillion pounds,

‘These estimates of expected harvest mus?t b viewed with conslderadie caution because of iimita~
tions Inherent In the formulas or mode! being used, The periods for which catch is estimated are six
or more vears beyond the 1imits of the sveliable dats series, Such a large time extenslon incressds
the risk that The ocbserved trends mey change, The mode! assumes constant CPUE and Incresses In cateh
with Increasing effort, Catch per unit effort was assumed constant because *™he frend detween 1962 and
1974 was nar statistically signiticant, However, the dats does Indicate & downward trend as ef fort
has incressed, Because the cateh Is soorosching the maximm avalisble In s given yesr, further
Incresses In eof fort must, Inherently, decresse CPUE, When the data becowes avalisdie, *he est!mste of
expected harvest mey be reduced 1+ CPUE 1 deciining, T™he Councit will closely monitor the fishery to
estabilish the reiladlility of these astimmtes,

5.,3.2 Expected DAM of Roys! Red Shrimp

Roye) red shrimp deserve special sttentlon decsuse These deep-wvater sivrimp were subject to s
directed tishery, Avaliadle dats Indicated they were underexplol *ed,

in this case anmual cateh was regressed ageinst vear by simple linesr regression, ™e
reigationship Implies that as tiam progresses, catch wiii Increase, This has some vaiidity In that

o cateh has tended 10 (ncreese with timm (1963=1976);
o ™e major shrimp resources of t™he Gult ere deing harvested at levels sporoxisating lGYﬂz and

o there has been a geners! Increase In effor? In the U.S, Gulf shrimp figshery desplte the fact
that the major stocks are being harvested at levels sporoximeting MSY,

A simpie linear Increase Is not expected ?o continug as catch of This iimited rescurces sgproaches | ts
MSY, The relationship derived Is ,

DAM of roysil red stwimp » =890 + 14,2 (yeer) Eq, S.3=4
(Rz = ,41, H,S,)
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where year Is in The form 63, 64, etc, The expected domestic annual harvest of royal red shrimp I
260,000 pounds. Eq. 3.,3=4 is conslidered a crude estimator and shou!d be reevaluated as new data are

avaliable,

5.4 Domestic Annual Processing Capacity (DAP)

Cato (1973) regorted that 1370 shrimp landings In Louislana, Texas, Alabame, Mississippi, and
Fiorida represented 97, 84, 76, 37, and 35 percent respectively of the raw shrimp processed in each
state, There have been no subsequent studles to identity more recent conditions, |f simiiar flgures
acpiy atter 1970, then the capacity o process domestic landings exceeds domestic landings. The
deticlt is overcome with shrimp Imported from other states and foreign nations,

A 1972 (Alvarez) survey of tiftrteen Florida shrimp processors who accounted for 85 percent of e
state's production revealed that the Industry was utiilizing onty 5% percent of fota! plant capacity,
This poor utilizarion of plant capacity occurred desp!te t™e use of significant imporets from ofner
states and countries, On the average, firms In the "smal " class used more of thelr capaclity tnan dig
tlrms In the "medium® and “iarge™ classes, The same ralationship helid true Detween the "medium™ class
and the "iarge” class, A shortage of raw shrimp for procassing was responsible for the excess _capa-

clty,

Prochaska and Andrew (1974) polnt oyt that the entire southess?t s deticlient in rew shrimp
suppiies In comparison with processing capacity, A detalled anaiysis of the situation In Florida
reveals that shortages of rew shrimp result In an incressing shars of processed shrimp being oroduced
by a tow tirmg, '

wWhile excess capacity Is fremusntiy found In an industry, T™he avallsbie Informetion here clear.
leads to the concluslon that Gult shrimp orocessing capscity Is fer In excess of the region's
domestic landings,

The Floridas studles adequately addressed shrimp processing functions similsr to those In most
Gult states, Howsver, the absence of Information on shrimp canning operations maans that the resuits
cannot compietely descride the major Guif shrimp canning Industry. Capaclty msasures for the canning
Ingustry located In Loulislana and Mississippl were developed from key machinery capacities and 2
spacl tied number of operating days per year; the productlion yesr was based on 147 operating days
during the approximete 180 days of the inshore seasons, Average dally plent capaclty vas estimated to
be 4,400 standard cases containing 24 cans, each four and one=half cunces, When these flgures are
appiled to the 14 shrimp canners reporting oroduction In 1978, a maxisum capeclty of 9,035,20 standard
cases Is derived, In the three most recent yesrs Gu!f strimp canners prodyced 1,618,322 (1976),
2,104,828 (1977), and 1,464,722 (1978) standard cases {(U.,S, Decartment of Commerce 1979), Excess
cavaclty In shrimp canning ooerations exlists for a number of ressons, among which are the necessity of
designing plants 70 handle peak volumes of fresh shrimp, recent high ex=vesse! orices, and cash=flow
problems related to the ditficulty of tinencing Inventories, :

5.5 Additlions to DAM to Account for Jolnt Ventures

The domestic market for shrimp and shrimp products has baen sufficlently strong nistoricaily to
attract significant quantities of Imported shwimp, The econamic cllimete has been such that no
incentive exists for the transfer at sea of U,S. shrimp caught In the FCZ to flag vesseis of other
natlons, In fact, domestically based shrimpers have sought harvesting arrangements In foreign water:
1o secure Increased suopiies of shrimp, The catch by U,S. flag vesssls off Central and South Americ.
was reported to be 14 mllilon pounds anmyatlly worth abour $18 mllilen (GA,0,, 1976), However, thers
I's Information avaliable which Indicates that the practice as relates T Mexican waters decreased
signiticantiy between 1962 and 1974 (Grittin, 1976),
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The shrimping activities of foreign nations in the FCZ have been quite !imited. Fram 1971 »,
1975 narvest by Cubs and Mexico In *he FCZ averaged siightly more than one million pounds (G,A,Q,,
1976), Thus, there has been |Ifttie spatial iInteraction In the FCZ betwesn major shrimg narvesting
nations on which a transtfer bDusiness couid be based.

The lack of historical occurrence of the tramsfer of shrimn o foreign vesssis and a8 domestic
market strong enough to attract approximately 30 percent (Sec, 3,5.1,3) of domestic needs from
Imported shrimp lead to the concluslion thar transfers are unilkely to occur, The marxe? condl tions
are such that this conclusion should have merit over the next flive years, wWhile thils conciusion
relates to shrimp It |s possidle that the tramster of Incidental careh could be arranged, The
domestTic market condition for the bulk of the Inclidental catch 1s essentially the antithesis of thatr
for shwimp, Transter of some or all ot the incidental catch of cooperating vesssels o foreign vessais
may become an avenue to Improve the utlilzation of inclidental catenh,

w
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6,0 OPTIMM YIELD

e ———

A-grogram of Imoroved management ss specified In this clan Is excectsd *o Increase the yigl4 é~rgm
the fishery which is not operating at optimum narvest levels, Basic tactors limiting *he arrainmenr
of cotimum harvest Inclyde:

1) Contlict between yser graups as to area and size of shrimp To be harvested,

2) Ofscarding of shrimp through the wasteful process of cullling,

3) Continuing decline In quality and quantity of estuarine hab!tar,

4} Lack of comorshensive, coordinated, and eas!ly ascertalnable management authorities over
shrimp resources thraughout thelr ranges,

%) Confiicts with other fisherles such as the stone crad fishery In southern Florida, grcun'd*!sh
tlshery In the north central Guif, and the Gulf's reef fish #ishery, ’

6) Inclidentsl capture of seas turties,

7} Loss of gear and *rawling grounds due to man-made underwater obstructions,

8) Partial lack of The basic date needed for mansgement, , -

Specitlic objectives and measurss to alleviate these probiems and to attain OY ieveis are
suggested In Section 8,0, None of these measures are llkely o result In a reduction in present carcn

levels; some are likely ?o Increase vield In a menner congsistent with the National Standards for
Flshery Conservation and Management,

&,1 Determinartion of Qptimm Yield (OY)

Optimum yleid 1s defined as "the amount of fish

(A) which will provide *he greates? avers! ! benefit to the nation, with particular reference to
food production snd recresational cpportunities; and

(8) which Is prescribed as such on *he basis of the maximum sustsinsble yleld from such flshery,
as mditied by any relevant econamic, soclal, or ecologlical factor,®

I+ Is the Inteat of *his plan In conformance with the first of the natlonal standards to oreven?
overtishing while achieving, on & continuing basls, the cotimum ylield, The shrimp fishery, however,
Is unique for severa! ressons, Most shrimo harvestTed are adout six months oid, and few survive deyond
a year, They are prollfic spawners, and the guantity of one year's brood stock has no spparent rela~
tionship to the sbundance of the nex® year's population,

Natural enviroomental torces have s dramstic and overriding ef fect on the anmual ylelds of brown,
white, and pink shrimp (Sectlion 4,1), Because of thelr great fluctustion and the high spawning
ablilty of shrimp, a predetermined classical MSY s not a good Indicator to use in determining If
avertishing wiil occur, For example, the classical MSY levels were exceeded In four years fram 1566
to 1975, years of favorable envirommental condltions,

For these species of shrimp the cotimum yield essentially Is ali of the shrimp that can be
harvested from the stock gliven certain managemen?t conditions, Recrultmen? overflishing has not and
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will not occur with the yse of present technology and fishing gear, Management measures prooosed |-
Section 8 are Intended *o prevent grocma overtishing where [t may presentiy occur, thus achieving a
higher yleid from 3 sams level of recruitment, ‘

For the purpose of this plan OY should be regarded as a gosl 1o be achieved and exceeded under
tavorable snvironmental condltions without fear of damage 70 future stocks, (T should not bde come
sidered to e a celling adbove which recrultment overfishing occurs,

6,2 Specitication of Optimum Yield

In deriving OY from MSY gs adjusted By environmental conditions, the Councl| pald close attention
to the following criterias

1. Provide each associated processing [ndustry with the count size of the shrimp resource mist
suited to the severs! needs, ‘

2. Prevent discrimination among fishermen based on boat/vessel! slize,

3, Eliminate conditions whereln bost/vessels would shrimp In the FCZ and claim the landings came
from the territorial sea for inland waters and vice versas, depending on location of open
and/or closed waters,

4, Protect the resource during specitic perlods o Improve yleld, .

6.2.1 Shrimp Orher Than Royal Red Shrimp

0Y is determined to be: All the siwrimp that can be taken during coen seasons in permissible
asreas in a given tishing year with existing gear and technology. The Councli has determined that,
because of the annua! nature of the resource, & numerical vaiue for OY cannof be caliculated for any
glven year until the enviromments! factors can be determined and evalusted, However, under optimum
snvironmental conditions and maximum ef fort, t