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ABSTRACT

A biomconomic simulation model of the middle Atlantic
surf clam {Spieuly golidisaima) Tishery hma bean daveloped
from a aurvey of biclogical and wconomatric relationahipa.
¥hile identifying the biological input parametera available
in the literaturs, the economic saubmodel of the fiahery hae
hean devaloped with price and landingas tims asrjiesa data,
and with data obtained through the ume of survey
quastionnalres and intervieswe with surl clam Tisherman and
procaessprs. Alternative managemsent acenarios in the
Fiehery have hean svaluated from indumtry cosats in both the
hatrvaskting and proceasing mectors and analyeis of the
demand for raw proaduct corfronting surf clam fiehsermean.

Multiple ragrsmsion analyeina of Lime serien datae
indicates that wurf clam ex-vepsel prices may be hegakively
related to aurl ¢lam landings wheraaa hard clam prices are
positively related to ax-vemssel ccean guahog pricws and
ex-venasl oyaster pricens. The strength of this relationehip
conTirmas the ptatus of ocean quahogm as very close
pubstitutas for surf clamsa.

The resultes of cass studieses uning the model muggesnt
that the Hid-Atlantic Fishery Managemsent Council han
followad a prudehnt course of acktion in managing the surfl
clam Fimhery. The modal alaoc projecis that, 1) learger
yisld quotas may be possible in the immediate future
without jecopardizing aurl clam population mtability, )
overcapitalization in the fimhery appearse to remain a
preblem, and 3) the sconomic outlook for ths oparatore of
amall vepsels ramains relativaly bleak.
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A BIOECONGMIC MODEL OF THE HWIDDLE ATLANTIC SURF CLAM
( SPISULA SOLIDISSIMA) FISHERY



INTRODUCTION

The concept of saverelgnty over tarritocrial watars
adjacent to coastal states has basn a subjaect of
international dabate for more than 300 years, Puring ths
past century, tha diacovery of natural gas, aoil, mineraln,
and abundant TFiahery resources an and above the continental
shalfl of the United 3tates has provided motivation to
extend jurisdicktion over virtually tha sntire shelf
region. In 1976, the Flishary Conservation and Managsment
Aot {FCHA) eptablished a 197 mile wide Fishary Consscvation
Ione sxtending Lrom the beesline of the United mtates
tarritacial san, In 1983, a 200 mila wide Exclusive
Bvonomic Zone was wsteblished by Presidential Proclawation,
further asserting sovsreign righkts over occean raacurces
within 200 mileas of the bassline from which the bresadth ol
tha tarritorial s¢a ia maasursd { Fadaral Registsr. 13983
The FCHA dirscted that managemant plans bs drafted [For all
non-migratory spsclies harvestsd within the Fishery
Coneervation Zons. Cartain highly migratory spacisa, such
afs tuna, wers axcludsd from managemant, Hanagemsnt plana
werwe ko be dralftad upon the basia of maximum sustainablse
vyield (X3¥}), modified by any relevant aconomic and mocial
Tfactore, to develop an optimum sumtainable yield {03Y),

The requleits dekta for optimum managemant ol thesw spacias,

howavar, wWers nok immediately mvailable to policy makars.



in many cases, pPolicy im atjill Tormulatsad upen the baeis of
inadagquats daka. Early management plans ware, of
neceseity, based upon educated guemsses and limiked, but
beet information aveilsblas.

Tha objesctive of thie study ia to demonatrates how
affective management of an offmshore Fishery can be achieved
through the developmant of a bioeconomic simulation model,
and the provision of improved sconomic date.

The First Atlantic coast Tishary to be regulated

under thea FCHiL was tha offmshore clam fishery comprised of

surl clams {SDisula pclidipgima’ and to a lamasr extent,
ocean quahoge (Aroticpg jicewlapndical. The surfl clam Tishary

iz the focua of this investigation. Hanagement attasntion
wam lnitjally focused upon tha offshora clam fishery
becaume ovarcapitalisation threatensd the resocurce with
Aaconomic axtinction. In 1977, ragional management of tha
surfl clam Fishery was provided when fsderal regulaticns
wars promulgatsd under an approved managamant plan ( Fedaral
Reginter, 18977},

Prior to implementation of managament efforts, it
bacame svident that ths surf clam indumktry was suflfwring
from an sconomlc 1ll typical of many indumtries exploiting
common propsrty rescurces. Individual Cirme waps
ovarharvesting in communal leshing aresas. The <pan accocsaa
market resulted in & leval of Fiwhing sffort much greaater

than reaquired for optimum sconomic and biologlceal return



optimum outpukt in an sconomic system occure at tha point
whars marginal costs are squmal to merginal revenus, an
inorsaszsa in output above this point will result in a net
saconomic loas to industry. The divergencs bstwasn prilvate
marginal coakta incurred by individual [isherman and mccinal
marginal cocstas incurred by sociaty as & wholes has besen
documanted in a numbar of open accass [Cisharias
{ Demaat=z, 19671. Markst failures have besn Btudlisd Ly
using Fimhery models { Gordon, 19%4; Christy and 3cott,
1965; Smith, 19689; Carlmson, t970; Copess, 1970). In the
casa of the surf clam fishing industery, the Mid-Atlenkic
Fishery Managsmant Council beliaved that s reatrictive
managament program would be the best course of mction to
fallow ip order to reaverss ths downward trends in economic
and biological yiald in the Cishesry.

Thus, managamant of the surf clam fiahery rspreszsasnts
a cass study in regional or multi-stete allocaktion of
resources. A principal objsctive of the fishary managsmant
plan initially drafted by the Mid-Atlentic PFimhsry
Hanagameant Council was to mtabilizs the abundance of
declining middle Atlantic murf clam populationa, and then
te rebuild these populmations to levels that would austain
totnl annual harvests of 50 million pounds of meats. To
achiwve this objective, the plan sstablished a varieky of
regulations, including an annual totel landings quota ofl
+. 8 million bumhals (30 million pounds of mantsx), Ad a

result of these stringesnt managemant regulmtionas, total



middle Atlantic surf clam landinges (rom the Tfishery
conservation sone declined from 43 million pounde of meats
in 1977 to 31.4 million pounds of meatase in 1978 ( Hurawski
and Jurchuk, 1979}, Hational Marine Fisharisas Servica
biological ansagsaments have ihdicated that surf clam
biomass off MNew Jarmey increaswed in 15982 dus to strong 1976
and 1977 yaar classes (Mid-Atlantic Fiahery Hanagemant
Council, 1982). Data Ffrom the loghook records of surf clam
fishesrmen furthar auggest that initial managsment sflfortnm
have succwsdsed in atabllizing the abundance ol the
resource, Thia is svidenced by tha Cact that quarterly
mean catch par wffort indicea did nokt vary grewatly during
the peariod of 1978 through 1381,

Although the curcent fishery management ragima for
surf clame has addresged the important problem of stock
replenishment upon the baales of maximum sustainable yield,
controversy aurrcunds many of ths managament plman
regulations. Economic dislocation of the labor TForce in
the Ciahing sactor of the industry, curtsiled zuppliss of
raw product for clam processcors, and the axpensa,
dilfficulcy, and poasible geographic disparity of enforcing
and adminiatering cumbwrsome ragulations have all besn
cited by varioua sources, including indusatpry
raptressntati ven, as undepirable by-productsz of the currant
surf clam managament plan.

The complaxity of biolagical and sconamic

internctionsa in many fisheries makass aAssassamant of a largs



numher of management optionse an sxtramely Fformidabls tank.
One method by which alternabtive Tinhery wmanagemsnk
skratagises may be avaluatad is through the davelopment of
biocaconomi¢ modele ( Anderson, 1977; Grant and GrifTin.
1979} . Hodel development in a 1logical and aystematic
mathod for repressapnting the reaponss of a natural rescourcs
to propoasd alternative management plans. Hodal
davelopment, howesver, ia sxtremely tima-consuming and data-
intensive for flshery managsment.

By definition, an sconometric modal attempts ko
quantify an cbserved relationaship batwean tweo or morms
sconomic varlables. For sxample, the price of a commodity
in a market may ba regarded as & Tunction of the quantity
of that commodity supplisd, the prices of substituts
commodities, disposabla income, and other factors.
Economic theory dascribes hypothsatical and actusal
functional relationahipe comprising the whole of an
sconomic mystiem Econometric ressarchers sstimate theae
relationships, messurse them, then statimtically teat Lhem

The purpose of this study is to survey and rafine tha
biological input paramsters and economstric realaticnahips
raguired for the deavelopment aof & reaslisetic bhiosconomic
aimulation model of the middle Atlantic surf clam fishery.
Thess relaticonships have besn used to conastruct a
aimulation model of the fishery with data From thie
auUTVvVey. Thes model can be uned for assaseing the impact ofF

altarnative managemant atrataglies upon clam industry



profite and levels of clam poapulation abundancs. ¥hile
idantilying the bicological input parameters available ip
the litsprature, this atudy hese samphasized the devealopmant
of an sconomic submodel of Lhe fishary. Industery coaks in
both tha harvesting and processing ssctors have bean
identiried and determined, analyeim of the demand Tol* raw
praoduct ¢onfronting surf clam Tfishermsan ham bean
undartaken, and the potentinl economic impact of the
sxiating fishery management plan hea bhesn inveatigated and

described.



Chapter 11

Tha Surfl Clam Finhery ne a Bioceconomic 3System

Concept of & Fishery Jimulstion Nodel

Simuletion models have long been uasd to soclve
probleame in the physical scisnces;, snginesesring, and
businsen. Howavar, only in recent ysars have they bean
used tao analyzses and understand the bshavior of dynamjce
bivlogical and socliosconomic systams. Finherien, as
dynamic aystams, may realistically be described through the
ues of simulation models. Indawd, & numbsr of ganaralized
aingle spacise fishery simulators have been conskbrucked
{Haltersa, 1969; Devanney et al., 1977, hndarson et al.,
1982) . The moet relishle models, howsvear, uss apecias
spaciflice characteriskice of & stock and Flahery. Halters
[Y959) has noted that the fishery simulation modal in
aimply & bookkeeping procadurs amploywd to solve commonly
used squations Tor density, growkth, and yield hy age group,
and to join age groups ovar time, Thus, simulstion models
can represant the structurea of a Mish population as a
series of specific compartmants rapresenting an age or siae
portion of the total Tish populaticon. Changss in the
struckure and size of the population can be dapicted by

maving individuals CFrom one compartmint to apothar with a



sariem of rate aguations.

Sigsanwine (977} has ldentified the ilmportant
activitien that remova the Fish from a given compacrtment
and advapncs tham to a neaw compartmant, Fimhing results in
a conkinuous transfer of Fish from an ags or sigse
compartmant to a yield compartmant. Haktural mortality
resglte in a continuous decey of sach age-eige compartment
and a lose of fiah Trom tha saystem Aging results in
diacrete advancemant of fieh to thse naxt higher age group
at tha basginning of sach year or designeated time interval.
Recruitmant is reapresented as the dincrate mddition of
individuals to the youngest ags group ol the modal at the
heginning of esach year cor other tima jnkterval. Growth
results in ecoentinuous ilncrease inp sizw, Aand c¢can thereloras
move ilndividuals from one s8ize compartmsnt ko anothep. If
age, Jgrowth, mortality., and recruitment to & Cishery can be
described and incorporated within a sst of input varimhles,
a ranlistic modal of the Fishery may be developed. Onca &
biological mimulator is constructad, estimated yields may
ba provided as inpukt Eo an economic submodal which
Quanktifieas the raletionahip batwaan harvast snd annual
aconomic rant in the Fiashery.

A concepPbual medel of the major biological and
aconpomic aspscta of the middle dtlantic aurf cleam fishary
is presented in Figure 1. The hiological rates and
variables influsncing the movement of clama through the

eystem, mand the sconomic inputs and paramsters reguired to



Figure 1

Concaptunal Model of Hid-Atlantie Surf Clam Fishary
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supply of clams aveilable
For procemming.
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satimate sconomic health of the Fishary are displayed in
thi=s [Cigure. As Pigure 1 1llustrates, the surf clam
fishary can be compartmentalised, and the Factora
controlling the Flow of biomass and sconomic rescurces
betwaan compartments <¢an be identifiesd.

Flow through the aystam, depictesd ipn Figure 1, bagine
in compartmant X., which contains thea biomass of clamns
nawly recruited each year toc the middle Atlantic stock.

The middle Atlantic stock is defined to include those clama
in the Fichary Conwervation lona {(¥C2), an abtea reaching
from three to 200 milen affshore 'rom Cape Hatteram toc Cape
Cod - or the area offshore of wastern Long Island (Figure
2.1 Thin 18 the region under management jurisdiction of
the Mid-Atlantic Fishsry Managamant Cauncil, Although
thare is o amall inahore fishery for surf clams, this
analysin ie confined to tha offshores fishary of the PCZ,
Thers are inadaguate dats available to include inshors
clama undar state jurisdiction in this anmlysis. MHormover,
recant statistiocs indicate that surf clam harvesting
activity is concentrated in the FCZ (during the past savan
yaars oanly 7-13 psrcent of the raported surf clam harvast
has been identified mam having hean takan From thes
tarritorial seal. Environmental factorse, and the aize of
the parsnt stock in each subragion influence recrultmant
succeas and tha movamant of clame into subregionel
compartments X:, X3, and K. (Ropse &t al., 1976;

Murawskl and Surchuk, Y%3%). As notad below, the relative
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kAren Dasigrnations Used for Surf Clam Aspemsamenta
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Arma Denipations Deed for Surf Cles Assssmmnts

r
SURF CLAM L
ASSESEMENT AREAR = B NAUTICAL MILES
. 38 METERS
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43 METERS

1% Hlﬂ!iLH WMITIRS
w3 MAUTICAL anLES

iFrom #ireran wt al.. 1970
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importances of thess factors in deatermining tha recrultment
succeas cof cleams is prepently unknown. Compartwants Xz,

I;, and X4 contain tha biomass of surf clama in thraas
distinet subregions, northern Naw Jarosy, southsrn Haw
Jarsay, and Delmarva. The threes subregions ars groupings of
Hational MWarine Fiwhariens Service msurf clam survay atrata
identilfised to be homogenious in depth and ssediment type

{ Brown st al., 1977},

Within the threa zubregiaonal compartmants, ssasonal
growth ratea datermine thas avajilability of asurl clam
bicomamms to CFiahsarmean. Processwea of natural mortality move
clams from amoh of theas combpartments into compartmeants
X2, X4, and Xy wheras they ars loat toc the syabam.

Fishing mortality, which ia depandant upoen rishing asffert,
moves clama From each of the subregional compartments intec
compartmenta Xa. Xv, mand Xio. Thaae compartments

conkain tha hiomasa of tha middle Atlantic surf clam
hRarvest within sach subrasgion. Compartment X;: ccataine

the biomass of the sntira mid-Atlantic harvest.

CopsePbtumlizetijon of Harveatipng ghd Processing Jectors

The lavael of surl clam harvest 1s determined by input
from a harvesting sactor submodel depicted in Figure 1
Hours of rishing by sach vessa]l class in sach subregion are
input ta the systsm through compartment X,3, and are
contrallad by sffort restrictions ¥isld quotas, and

waather. Compartment X,s: contains efleactive Fishing
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efTfTort described ae stflfort dayes of [leahing. Effactive
fishing effort is deatearmined by converting slffort hours to
effort days and multiplying by the number of vesasls
presant in the fishary, and by a catchability coefficient
dearived sapatrately For aach venszsl clazmn ( Andearson at al.,
1982; HMid-Atlantic Fishery Managemant Council, 1981}, One
alffort day may be taksan to sgqual 12 hours of fishing
activity. Yassel survayw and intarvieaw data described in
Chaptar IY have indicated that a fiashing trip involvas
approximately 12 or more hours of ateaming time to trawvel
ta and from the 2lam bade, and 12 hours of actual Tiszhing
activwity. Elements within compartment X,s Ffunction as
input to the biovlogical submodal usaed to calculats clam
harveats. Compartment X1« contajna the number of vessesls
in sach of thres meparates sizse catagories within enoch
subregion. Thia compartment determinas the sffasctivse
fishing effort conteined in compartment X,»s. The number
of vesssls wikthin asch [ishary subregion 1s detsrmined by
vessel profits and returns ta vesssl ownars and operators.
It is reasonabls to sxpeckt Fishing activity to be
cancentrated in subcegions where the highest return on
tnvestmeant could be achisved. In the absence of limited
antry, it is alse reasonabla to sxpect the sntry aof naw
veasela into the fishery if returns excwsd thoss available
in other sesctors ol the sconomy, Similarly, vessels could
be expected to exit the Tishery in timea of low available

returns on lnvestmeant. VYeseal profits, contained in
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compartment X:s, sre detesrmined by total Cixed and
variabls Fishing coets contalned in compartment X:., and
by harveaking revenuss inpukt from the processing sector
aubmodel. Total coste ars g funcktiaon of Lfishing effort
contained in compartment X:; and unit Fiehing costs
contalined in compartment X.:. Thoss costa ware derived
by vesszsel survayas and intarviesws descvribed in Chapter IV,
Revenus From (ishing aperations, conktmined in compartmant
Ivry, is & Function of surf clam price and aupply. Both
price and supply are inpute from the procsssing seackor
submods].

The processing sector submodel of the Fishery is also
dapicted in Figure 1. Hithin the processing sscteor cf the
surf clam fishery the ex-vesmeal price of surf clamm in
determined by input varisbles in a processar demand
function canteined in compartment X;.. This relationmhip
dascribens aurf clam ex-vaassl price, compartmant XIz:, an
a function of supply, compartment XI.», and the pricea of
apacian used as mubstitukes For surf clems, Xz,

H¥holasale prices that ars ssscociated with varicus levelws aof
procasmor prolitas are contained in compartment X:s.

Theas prices sre a Cunction of the unit conts of
proceseing, ¥X3a, totml processing costs, XZzi, and the
Aaupply of clame procenaed, Xie.

Tha remaindar of thia chaptsr is devoiad to
tdentificatian of the biological lFactors influsncing

movament of clam biamass through the aystem, The procsasaot
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demand rfunction ia derived in Chaptar 11II, and Cishing and

processsling coat inputs ares quantified in chapter IV,

Life Histery and Povulation Dynamisa

Spawning of surf clams haa baen studied along the Naw
Jersay coast {Ropes, 1968). Reproductive bahavior of surfl
clama off Haw Jarsay is not atypical of the spawning
activity occcurring throughout the middle Atlantic region
Ropen determined that mejor spawning ocoeure in mid-July Lo
aarly August with & ascond minor spawning in mid-October to
sarly MNovember. Equal proportions of each sex cecour, with
harmaphroditiem being obssrved am an anomaly { Ropes, 13680},

S3tudies of age at sexual maturity have indicated that
saxual maturity is attained within two yemrm aftar larval
sattlament (Ropes, 1978H). Balding (194D0) reportad that
surf clams in MHassachusatts waters resach saxuaml maturity at
a langth of 45 mm (1.9 inchen? a shaort times after resaching
ona yuar of age.

Although temperatura has not clearly basn observed to
be o atimulus for spawning, it im believed that & minimum
temparature threshonld zan elicit a spawning response, and
ie the driving mechanism dictating whan epawning will eccur
{Ropesa, 1968). In the laboratory, abrupt tampsraturwe
change can induce apawnlng sctivity. Howsvar, it is
believad that gradual gonadsl davalopmant prior to
apawning, accompanied by the production of neuroasaretory

producta, leads to the induction of apawning activity
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([ Loosencff and Davim, 1963). Although Ropes' 1958
Publication cited above im thea most muthoritative study of
surl clam spawning behavior, msveral sarlier investigationna
have reaported tamparsture-dependent spawning activity in
thim speciss. Haptman and Blidwell (1946) indicated that
populations of surf clame occoccurring in the acean of [ Leong
Island, Naw York warsea observed to bagin apawning whan watsr
temparatures renched 16 degreas C, Stickney {(1965) reportaed
that the cptimum temperature rangs for spavning and
developmant of larval surf clama ise 14 to 20 degress C. A
review oF the available scisntiljc datsa eappears to indicate
that, in the middle Atlantic ragion, progresesivse
development of the gonada to a turgid or ripe stats during
the period of warming tempesraturas to bstwawen B and 12
dagress C preacedses the first annual spawning of surfl

clams, Ripaness and sensitivity to spawning stimuli
pracead the natursl spawning period of surf clams by many
montha, Thus, sesssonal tempsrature changs appaars ko ba a
aignificant envivonmental determinant of spawning patterns

in surf clams,

Larval Development

Aftwr Fertilizationm, larval surfl clams pass through
deavalopmental atages typleal of bivalvesm [ Etrochophors,
vealiger, and pedlvaliger), Figure 3 depickts stmges in the
devalopment of aurfl clam larvas, Lacosanoff and Davie

{i19563) have mtudied surl clam larval davelopmant



Figure 3

Stagwa in the Development of 3urfl Clam Larvas
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Stagen in the davelopmant of surf clem larvas: {a) adult sale
and femsle clama apavning, (b) spsrm, (c) ¢gga, (d} unfarcilized
258, («) two-call stage of division afcar fartilisscion,

{f) four-cell stage, {§) eight-cell stape, (h) trochophors
larva, (i} valiger larva wich velum extended, and (i)
pedivaliger -larva with foot and valum saxtanded.

{From Ropaes, 1980)
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exCanzively in tha laboratory. Larvae hava baen raimad to
tha pediveliger atage in 19 daye at 22 dagrass C. The
warly veliger atage can develop 2B hours aftar
feartilization at 22 degrwses €, Lut forms mors slowly at
lower tesmparaturaes. Sticknay {196%) noted that larval
growth appsars to be optiwum at 20 degrees C, but is
inhipited at higher and lowsr tempsratures. When hald at
20 degraeaes C, larvas metamorphosed 18 to 30 days alter
Tertilisation. Recent rassarch has indicacted that Bkman
traneport and upwelling, can influance yeur class succesn
in many spacles of marine organisma by transporting larvae
to and from arsas conducive ko survival { Norcross and 3haw,
1983} . Becausa of their relatively long period of larval
developmant, 20 to 30 days, recruitment succssgs of surf
clamz may he depeandent upon Tactors such am: 1) occurrencs
of optimum environmental temparaturss fopr larval
development, 2) favorable wind driven circulatory pattearne
[live surf clame havea naver bhean recovared from depths
greater than 126 m, and clames living in tha bsach aocnes are
frequently washed onto land by ssvere storma ( Ropas,
1980)), 3) mbundance of larval food resources canging from
nanno-and ultraplankton to larger phyteplanktsrs, and 4)
abundencea and distribution of predators. Tha impartuncs of
thene factors in influancing year class success in many
fisherien has besn wel]l documented { Applagate, 1983;

Austin, 1%72; Cumhing, 1972).
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Clam Ravelovment and Envircpmental Factors Affecting Growth

Alter rasthing tha pedivaliger stage, juvenile clams
akim the substreste sasrching For a auitable areas within
which to assume an infaunal exietence. Factaorm inllusncing
the location of settlament are presently unknown. At thw
time of seattlement, the pesdiveligers ars wbout 25%0 microns
long. Ropes {1578 haa muggested that the anvironmanktal
factars most important to year class strength after
metamorphosis arew: 1) adequacy of food abundancs
{principally diatoms}), 2) oaygenation of bottom water, and
3) mbundance of predators. Thara are, howsver, few data to
support these hypothasan.

Few diswsses of sconomic aignificance have Deen
identifiad in surl clams. A protozcan hyparparasits, the
haplesporidesan Urgpporigiym apisuli, has bean chssrved to
infect an anisakid nematode [ound in surf <lama (Parkins et
ml., 1975}, Thia infection, while apparently causing Ceaw
prablems for surlf clama themselvas, turne tha meat of the
adductor muscle and foot brown whan the haploaporidean
sporulates. Thim typw of brown maat, whila probably not
harmful to consumers, has heen withheld from tha markast.
Although dissenase has nhot basn documented in surl clama,
thers are undoubiedly some parasitic organisma that
contribute to aurf clam natural mortality.

Tha sffect al sbundance of food upon surtf clam growth
has basn investigated. Ambrose &t al. {1980}, AsaBuming

that raducktion in surf clam food abundance occcuremd with
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increansd distance offahorse, comparsd =urfl clam graowth
ratses at near shore and offehore stationa. Hatasr
temperaturs, depth, and popu..tion density ware alsc
correlatesd with growth rates to detsrmina thelr relative
importiance. The reasults of this study indicated that more
raplid rates of growth can bs obpsarved at offeshore stationnm
rather than inahore atations. Ambross =t al. thus
hypothesized that variables such as tamparaturws, water
depth, and poepulation density may be mora limiting to
growth and subeequent year class strength than food
abundancs, although food densities wars not massursd ibn
this study. Corrslation of thess snvironmantal parawmakbers
to growth rate wanm undertaken. Intercorcelations bstweaan
the independent environmental varlablas, howsvar, chacured
the importance ol sach tc tha growth of clama, Ambrosas at
al. stated a bellel that lowsr water tsmperaturs, greaakar
water depth, and decreassd populakbion denaity offshoraea wars
responsible for Faster groswth rataesn. Thia was not,
howsver, quantitatively damonsetratsed in thair study.

Jones {1980) found an inverse corralation betwaan Lthae
growth rate of aurf clams and sean surfacs tampearatura, H=
noted that 1t isa not clear why cocl ysara are mabs
conducive te growth and recrultment than waArm Yearas.
Temparaturs may influsncs growth rats dirsctly, ar do aco
indirectly through cther factors such ams availability of
food, nutrisntm, or oxygan.

On at leasnt ons occamicn low oXxygan lavelme in tha
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Middle Atlantic Bight have given rise to mame mortalitien
of surf c¢lams ( Hational Marine Fisherles Servioce, 1975).
Howaver, in the abssnce of anomalous climetological
conditions and sxceseive nutrisnt loading, low oxygen
lavels do not gensrally prasant a problem for aurf oclams.
Aececording to Ropes {1978), predatiom is probably
greatesat upon mmall Juvanile surf cleams bhecauass of their
mize and inability to burrow deaply into hottom mubstrata.
Fimh, crabs (Canger itroratys and Cancer boreplig), and
moon anails (Lunatia heros and Polinices dubligata) hawve

all been identifled As predators of juvenils and adult surf
clamn. Studjiens in Chincoteagues Inlet have documantsd that
holes were bored In 50 parceant of the shalls of awmall surf
clama { Ropes and Merrill, 15700, Franz {1977) reportasd
that off Long Island, New York, moon esnails prayed mostly
upon clama less than five yaars old and 80 mm long.

It should be quite evident from the resesarch results
discussed above that surf clam recruitment auccess is
dependant upon complax interaction among s number of
anvironmental Tactors. Aa such, diflficultiss ars
ancounterad in attempting to develop a biological
predictive model of recruitment for surf clams. Haltsra
{1956%) has indicated that vecruitmant into many fish
populations, at the atart of any ysar, may bs soms Tunction
olf the spawning stock present and a set oF age apeciflic
raproductive potenktials, Spawnsr-rsoruit curvea have bawsn

proposed to sastimate the relationship batwssn mtock size
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and recruitment in fiwh mtocks (Ricker, 1954; Baverton and
Holk, 1957: Larkin «t al., 1964}, 2url olam recruitmant,
howavar, is highly variable. Hanzock ¢1973]) has noted
Ehat, “*cocklas and octhsr burrowing bBivalves ssaem to be ablas
tc maks a apactacular recovary from low abock lavels. HWith
clams and sacallops, sxtremaly lresagular racrulimant seemm
ko be n function of wvariabls envicronmental factors. which
mank any depandance on spawning stock. Hith clams,
racrultment ina 80 irregular that any ralationship bhstbtwaen
parent stock and recruikts 18 not apparant®™. Becauns Lherae
is no damonsbrated or guanktified relationsahip batwasnh
paraent stock and recruite in the aurf clam fishary, year to
yaar varisbility cannct be predicted beyond that pericd ol
time during which a spacifiled population of pre-recruit
cohorts graduslly sntara the fishary. I population
surveys cah provide reascnably accurats satimatss of the
initial surf clam poPulation siae and age Btructure, than
individuml year class pobulation aize and weight may ba
reliably predicted within a period of time termed tha

Planning horizon.

Pobulation DPynamics, Age ond Growth

dneca an incoming yeaar olass has bsan recruited to tha
middle Atlantic regicn, L1t beacomea possible to derive
differsnce sqguations describing the fluctuations in
population size that pecur with time.

Aroweth of clama wikthin disarsts time intsrvala canh
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baat be deacribed through the devalopment of species
specific greowth curves, Surf clam grawth ham Lhean
aNtenailvely studied by a number of investigators using
savaral different mathodm {( Jonws »t al., 1978}, Thens
atudians ipdicata that growth may be vary accurataly
deacribted through the uase of the von Bertalanffy growth
saquation (von Bartalanpffy, 1938). Belding (1910) mtudiwed
sutrf clam growth off Caps Cod, Mamsachusetts by keaping
clams in sand fFilled raft boxzes and pariodically maasuring
thair growth. Annulay shell ring formation in surf clams
has bean verifiesd and studied by: Hestman and Bidwall
{1946} off Long Imland, Hew York, Ksrewell (1944), off
Prince Edward Island, Canada, Welch (1963) off Poilnt
Fleavwant, Hew Jersay, Caddy and Billard (1976) off
Buctouche, Cansde, Lossch and Ropas {1977} off ¥irginla,
Murawaki and Serchuk (1979) ofl ¥irginia, Hurawski (1977)
off Maryland, and Murawski and Surchuk (4979) Ehroughout
the middle Atlentic pregion, Ropas et ml. (9970) mtudiad
shell siges ol discrete mattlements of surf clams at ysarly
intervales at Chincokeaguas Inlat, Virginia, and Yaney and
Walzh {19588} reportead the growth of a discrate ssttlement
of aurf clamms during ths saummer at Boothbay Harbor, Haine.
Growth atudiens have recantly besn parformad by cutting thse
ahells of msurf clams and measuring ring distances directly
on the ssctioned shell and upon an impression created in
plantic { Jonens ot al., 1978), fhe von Bsrtalanffy growth

equations derived From aome ol thess studiss are displayed
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in Table 1, Chang ot al {1976) examinad the relationship
batwasn shell length and clmm weight to detearmine whather
imometric growth ls avident in surl clams. & statistical
teast of isometry wae insjgnificant for ahell leangth versunm
drained meat weight, Theralfors, applying the von
Bartalanf{fy growth squation based upon leangkth and waight i=
valid. The twaxlimum age attained by asurf clams aaldom
sxcendes 25 yeare offshora and 16 years ilnahors ( Amhrose et
al., 19803, Figuirs 4 displays a genaral growth curva lor
aurl clams using ths esquation of Chang at al. {1976}, It
illustrates a pattern of growkth during whieh 50 pesrcant of
maximum length is achisved by yaar thres, 75 pesrcant of
maximum length is achieved by vear six, and 95 parcant of
maximum length 18 achieved by year twalve, Hesn length at
seaxun] maturity is 70 mm ( two years of age, and tha aga at
which clams reach ninsty percent of their maximum length

(157.3 mm} im might and one half yesars.

Lenath-Hejght Relationships

The length-drained meat waight relaticnship in surf
clams, where wt=(m)(length)‘*', ham been reported (Chang
st al., 19768; Mid-Atlantic FPieshery HManagement Council,
1979; Mid-Atlantic Fishery Nanagament Council, 1981},
These relationaships are provided in Tabls 2. Using ths
relationehipe in Tables 1 and 2, growth and resultant meat

weight of post larval clamsa can be mimulated.
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FPigure 4

Gensral Age and Growth Relationship for Surf Clams
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Table 2

Length-Drained Weat Waight Relationship in Surf Clams
Reight {gi=(a}ilength mm '"*’

duthorp Arsa Sampled a [-]
Mid-Atlantic Fishary New Jerszey . o000 2. 8251

Hanagement couneil (1981}

Mid-Atlantic Fishary Delmarva L0011 2. TB75
HNanngement council (1981)

Mid-Atlantic Finhery Mid-Atlantic . Dao2s58 2.6224
management Council (1979}

Chang et al. (1978&) Mid-Atlantic LQD0+264 2. V76
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Haat Heiohi Lozs Dus io Processing

Barker and Herrill {1967} atudisd the ssasonnl
variation in meat weight avident Iin surfl clams taken off
Caps may and PFoint Fleamant, Hew Jarasy. Theay concludsd
that meat waight is geanerally constant throughout the ysar,
with a slight decrease svident during op after the =pawning
period. Thim ment weight decreass during ths apawning
period is reflected in higher clam processing cosks per
pound of meat producaed, They aleoc svaluated the waight
loss dus to Pprocessing mp drained clam ment weighte wers
mensured before and after procesaing. Parcent waight loxa
dum to removal of atomach and gonad tissuse from tha meate
of saurf ¢clama was between 11 and 20 perccant of total wst
tissua wealght. Haat weight loss resulting From procesming

activity ocan be mimulated using this relstionehip.

Matyral Morta)ity

Clamp arse removed from the aystem through processss
of naturml mortality and fFishing mortmlity. Saveral
authora [ Ropas, 1980; Chang et al. , 1976; Murawski and
Serchuk, 1979) have rsparted a surf clam papulation
instantanaocus natyral mortality rate of betwean 0. 20 - Q. 26
calculated ams an mannual ynit for all age claszes . Ho age
ppaciflic sstimates of pnatural mortality have been provided
By any inveastigators, All of the astimates clted above
wersa derived through the use of ags compomsiticen and cohort

analyaie to determina survival rates and subsaguent
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inatantansoua natural morctelity reates.

Population Structure

Population sgtructurs may be dalfined sm the zizw, mex
componition and numarical sbundance of ysar claspss ar
cohorts 1n a population, Davalopment of an analytical
biological planning modsl resQuires the acgquimition of
atanding mtock data. Speciflying levels of population
abundance, while requiring soms approximation, is not as
arbitrary as attempting to mpecify unknown
atock-recruitment ralaktionshipna. Eatimatens of murl <clam
population atructure have besn derived by Huraweki and
Burchuk (1981 and Andersmon st al. (1982}, Chang st al.
(1975), umed catch and effort data to entimate the 3ize by
waight of the middle Atlantic surf clam population for thes
¥yaars $965% to 1975, Thass satimatasa, displayed in Table 3,
provide an approximation of year clamm strangth for thres
year old clams during a ten ysar period. Hurawski and
BEerchuk (1980} have provided rslative abundance indicems for
aurl <lam populations off the coaste of Dalmarva, scuthsrn
Haw Jarsay, and northern Raw Jarmay. dbundance eatimatass
havae basn taken C(rom sampla tows of s aktandard sias in each
localw, Abundance indicas have heen provided lfor clamna
lasa than 5.5 inches and greatser than 5. 5 inches. Uaing
thess abundance indices, Andearson et al. (1982) sstimatsed
the populastion structurae of pre-recruit cohortes ope through

Fiva {clams less tLhan 5.% inohas long! and mix through
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Table 3

Eatimatad Recruitment Side in WHeight and Numbers of Hiddle
Atlantic purf Clame L4955-18753"

Taar Kojght ¢ 1 Numberas (10*%)
1965 51,982 1, 321
1966 164, 563 1,931
1967 99, 427 1,036
1968 99, 437 1,308
1969 99, 296 i, 499
1970 191, 597 Z,077
1971 2248, 384 2,291
1972 173,817 {1,836
1973 71,758 905
1974 53,932 675
1975 53,615 600

* Chang et al. (1976
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twenty=-fiva (clama greater than 5.5 inches long) in 1981.
Bansd upon the data providad by Murawski and Sarchuk
c1981), dnderson ot al. (4982) estimata the numarical
abundance of surf clams greateyr than 5. 5% inchas long to be
approximately 2.2 X 10'' off Delmarva. Thie satimate wan
derived by dividing the number af ¢clams takan par
experimental tow by the number of square maters coverad by
a tow, and multiplying times the number ol square metars
coverad by knowh Dalmaprva clam bads. Using thia astimats
and relative abundance indicwss, population estimates were
derived for ¢lams lams than 5.5 inchas long and greater
than 5.5 inches long off northern New Jersay, asouthern Haw
Jerssy, and Delmarva, Uning these data, Anderson st al.
sptimatad the population structure dimplayad in Table 4.
dlchough this population structure raflects the limited
knowlsdge of the distribution and abundance of surl clams,
it isa in accord with reports in the literature that
saouthern Naw Jarwey doss hot hava 2 atrong ysar clase which
will recruit to the flshery over the naxt fiva yeurs.
Rwasanable abundance sstimates are sszential to the
development of & realistic analytical Fishery modsel.
Limited information concearning abundanca and distribution
is perhaps the waakwst link in the chain of information
requirad for the development of a surf clam fishery model.
Whils confidence can be placed in tha ordars of magnituds
of theze estimates, it is more difficult to assess their

Frecision within one order of magnitude. Hevarthelenn,
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they represant an adequate data bhases Cor comparing the

ralative maerite of altesrnative regulatory stratsgisnm.

Blifort. Fishino Power, and Catchability Coalficientp

After Accounting for aurl clam growth (X;, Xi.
and Ya) and natural mortality (Xs, ¥Xi, and X2}, it
ia posmibhle to calculates Fishing mortality ( Xs, Xe, and
Zvo) mand subsequent leveal of harveat Lo be used as Lnpuk
intc a proceasalng ssctor sub-modsel. Fiahing morteality will
vary ag & [unction of Fishing effort (Xs31 and
vassel/gear Tishing powar {Xiy). Host [requently.
Ffishing mortaiity (Fr is expresesed as a Ffunctiaon of Tismhing
affort {¥) and catchablility coefficient (qQl, whars
F=iq}{0l). In this sgumtion, [ reprasants aflfective iahing
affort and q, termed the catchability coelfficient, la an
oparator relating fishing affort to Fiahing mortality.
Fiehing mortality rates are most freaquantly expressed an
instantanescous annual unites [(Rounsalfall and Evarhart, 1953;

Rickear, 19568, Royce, 1972)

I=-11n 5]
I=M+¥
= Instantanecus total mortality rate.
M=Instentaneous natural mortality retas.
Fulnstantaneous fishing mortality rate.

E=3uyrvival ratws.
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Ssvaral investigators have estimated the relative
finmhing power of vessels in the surf clam fishery. Chang
#t al. 11976), using cateh and offort dates from the middle
Atlantic region, satimated a catchability coafficient Cor
the antire surf clam filishary. Thias astimate did not
account Tor differsnces in gear eflficiency and fishing
powar hetwsen [lahing vaseels, Effective offort was
maasured in hours, and an sstimate of the catchability
coalficient {q) was 6.0 X 90°* affort hour " '. This
aames study also determined Fishing powsr coafficienta using
veasel horespowsr ap & criterion of evaluation. Pishing
powsr coefficients determinad using <catch par unit elffort
dats and veesel horsepowsr data are dieplayed in Table 5.
Recently, estimateas of catchability coslfficieants have basn
calculated asparately [or sach of threse veamsl classes
dafined on the banis of gross ragistered tonnage { Anderson
«t al., 1982). Effort was meamured on the bamis of fishing
trips. Using the squation, Catch/VenselaiCatchability
Cosflicient){ Effort Trips)i(Surf Clam Population 5izw),
catchability coelliciewnts for sach size category of vesnmel
ware calculated, Data on catch per unit of sflfort and
sffort were Availabla [rom Hational Marina Fismheriaes
Sarvice publicationms and the Hid-Atlankic Fishasty
Managsment Council. These catchability coeafficienta were
calculated for clamem of length gresater tham 5. 5 inchanm,
Depending upon gear afficlencies, catehabillity coafficiente

may be lowar Tor clams of length lags than 5.5 inches.
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Fishing Power Coeflicianta in the surlf Clam Fiahery
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Probably this ia because emall clamsa are not captured
betwean the dradge alate, Howavear, inadequestes dats saxist
Ea test thia hypothesls. Eatimatam ol catchability

coafficients derived by Adndsreon st al, wars:

Clasas I Vemsels = 9. 850%4 X 10" affort tpipe *.
10-50 Grose Regiatered Tone)

Class II Vesselsm = 1. 1898 X 10°* effort trips t.
150-100 Groems Regiastersd Tonaml

Claas III Yesesals = 1, 8BB4 X 10°* effort tripa™‘.

(>100 dQrose Registered Tonm)
Effort tripes ar elffort days ars & very conveanient unit of
sffort to uee in the aurl clam fishery bacaume [ishing
activities da not occur over A& pPeriod of tima longer than
12 ta 24 hours, Vesusls return to port with their catches
after a slngles day-long lishing trip. The datarminmation of
catchabllity cowfficient ia important hecauae it permits
calculation of harveat levals [rom aeffort and population
data.

Alfter & thorough review of the litsrsturae, it hescomsan
apparant that, while development of a complex blelogical
simulator will vrequire more informatian akout the effackn
of environmental factors and atock miaa upeh recruitment
Buccena, Adequate data do axist to devalop a modsel capable
of accounting for age, growth, netural mortality, and
fishing martality. Cartainly then, adsquate data do axinat
toc develop & biclogical mimulator capahle of providing

yield data to an aconomic sub-model of the Fishing
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indumtry. Thie type of model, while lsss uselful as &
predictor of l1long rangs absclute CFluctuationa in population
levele, CFinde itxs greatest valusa as A mahagamsant kool
capable of asmessening ths marite of altesrnative management

strategies in the mhert run.



CHAPTER II11

DEMAND ANALYSIS

This chaptear cutlines ths procedurs followsd to
darive a mhort run price modeal for murf clams iln the middlae
Adtlantic landinga marckat. The model is postulated to
s«xplajn tha damand [for clama confronting middle Atlantic
aurl’ clam Fiasherman. Thia relationship will provids prica
lavals to be used in the determination of total revenus
aceruing to murf clam vessel ownerns. Fishing revenus iz =a
function of sx-veaaael price and leval o harvest. The
primary function of thim price relationship is, thersfore,
to pradict cartain sx-vesssl price levals assgnciated with
variouys lavels of harvest and prices of subakitbuta
commadities. Estimates of total vesmmsl revenuws can then be
caleylated and ranksd according to management option,
thareby providing resource managsars with a tosnl rfor
avaluakting the marits of sach propomsed set ol regulations.
Yarisbles In She Price Equation

In an industry-wide survey conductad by the muthor
{ Appendix B), procssming firme have idantifiad factors that
ara influential in determining #x-vesnal prices for surf
clamm. The mize of clams offered for sala is & price
determinant. According to current managsment regulatiaons,
aurl clamm harveatsd in the Fishery Consservation Iones must

be of a langth greater than or equal to five and one half

as
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inchas in order Lo be harvewted, Three of the ten major
firms purchasing surf oclams indicatad that s price
differential is paid For different size caktegoriss of surf
clama, Swall clams, usually taken inshors, arae mors costly
te procsas than large clams taken alffshors, Although mize
categorias ars nok clearly deafined by procsssors, s premium
prica may be paid for a shipmank oF clams iFf the proceascr
deturmines that thay are sufficiently largas, Clam aias may
theralfore be viawed am influential in deatarmining price,
wikth large clames commanding highar pricas.

A raviaw of the fismhery price and damand literaturs
indicateas that ssvaral additiconal acconomic variakbles have
alec been coneidered in price modals for clamm, Yiegilico
{19731, in a review of fishery deamand literaturs, specilfied
savaral variablaas Ehst may datsrmines sax-vemmel prices Cor
aurlf clame. Vingilic's study indicated that quantity of
fimh product landed, inventory of fiah product, fish sizs,
conaumar ineoma, and the prices of aubstitute products, may
all bhe important in specification of a price madal for aurf
clams, Economiste at the Virginia Peolytechnic Institute
and Etate University have devalopad a preliminary
aconomatric model of ¥irginia'e hard clam fisheary,
Praliminary studiems have indicated that ex-vessel hard clam
price may ba determined by landings of hard c¢lams, consumasr
deamand for hard clama reflected in retail prices, and the
prices of substitute products available (Kernsa, 1381).

Such a price model may be applisd to the surf clam
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Ciehery. Using only summary landings data from Flishery
Statistions of the United 3tates, the Mid-Atlantic Fishary
Managemant Council has develeped predictive annual snd
quartearly price aquaticns for surl clames { Hid-Aklantice
Fishery Hanagemsant Council, 1981}, The annual model
described surf clam price as a function of Unitad 3tataa
per capita surl clam aupply, Unitad 8States par capita occsaan
quahog supply, and dellated United 3tates par capita

intome. The quarterly model incorporated dats For a five
year period from 1976 through 1980. Surf clam prics waa
detsrmined to be & function of Qquartsrly United States surf
c¢lam landinge, quarterly United 3tatea ocean quahog prices,
and quarterly United States per capita disposable incoms.
Dummy variables were used to conktrol Tor perceived
structural differances in the fishary. Cesmine and Strand
(1978) postulated cthat surf clams may ba viewad am an
sxhaustible resource. They hypotheasized that the price of
aurf clame may ba a Tunotion of time, msurf clam supDply, and
the price of one aubstitukte commodity, hard clams.

In aummary, it would appear that middle Atlantic
ex-vepsel surl clam price can be realistically described as
& function af the [cllowing varisbles; production,
ax-vansel prices of substitute commadities, conaumar damand
reflacted in retail clam product prices, amize ol claws,
quality of clam meats, processor invantory of fresh and
frogzen product, consumer income, &hd timae. Some of thase

variablas srs not includsd in the prics modal developsd
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below because their distant reletion and esignilficances to
surf clam price doss not warrant a rceduction in the modal's
degrass of fresdom. Cther variablea ars not included in
Eha price modal bescause adequate time seriss of data do not
axiat, and satislactory proxy data are not availabls [for

Ehaaa variasblen.

Yariobles Included in ths Annlivein

An azxamination of the variables sxpscted to influsncs
aurlf clam price indicatens that there are a number of
pignilficant variables For which time asrises data are
availahlsa, Thesa variables have besen included in tha
middla Atlantic pricse model.

Quantity of surf oclams landed 1n the middle Atlantic
ragion warse sxpectad to bas nagatively related to price.
Tima marias data cof monthly landings of surf clams are
available and weres included in the price sguation,

Tha quantity demandead of & commodity hes traditionelly
bwan wxprasaad am a function of ites price, the prices of
all cthar commoditias, and consumer lncome, Q=F{p., P2,
Pr,...0n.y), wharea p:...px repressant the prices of
substjitute commoditias and ¥ rcepresents consumer income
{ Shumpatar, 1954). The results of 4 processor BUuUrvay
( Appandix B) and a review of the literature have identirflied
substitukte commodities for surf clams. Cessine and Strand
{ 1978) have noted that largs "chowder™ hard clames { Yepyus

marcenaria) taken inshors may serva as substiktutes for =surl
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clamm, Surl ¢lam processjing industry exacutives note that,
as a result of improved procesming tschniquem, ocean
quahcgs hava baccme completely submtitutable for cannedq
surf ciam products, "In the canning industry it doss not
matter how amall clamm are, you can atill grind them up,
In the bremded clam steip busineaa, a large oot is
reduired, Companise that are not s4lling breaded product
can usa the esmailer ocean gquahog. ™ (Personal Communication,
dndraw Drawsr, Y3821, A aurvay of elam procssassrs han
indicated that congumsers may viaw the Following fitams anm
subsatitutes Cfor aurf clam products: all clam products,
including whole and processsed hapd and moft clams (¥Yenyg
meccwnncia and Mys srensrjia), oyaters, ssafood steaw and
chowder products, breadad shrimp, and breaded Fiah
producks. ¥Yimgilio {1973) indicacen that poft clame and
ccean uahogs may be viswad as close subptitutes [or aurf
clama, Miller and Haash {1970} have indicated thakt there
may be a seamonal pattern of clam consumpticn that
complamente a msazonal changs in oyater copsumption.
Monthly sx-vasmel landings and valuye datas ars
available For ocean quahogs, hard clama, scft clams, and
oystars f'rom the middle Atlantic market arass. The
ax-veassl pricam of theamss speciesg wars sulscted to be uped
as bubstitute commadity varisbles in the price modal.
Honthly landings dakts, in pounds pf mests and dollar valus
of landinga, ware available [or al)ll of the middla Atlenkice

states sxcept Delawars. belaware state landingm wars not
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recorded, and weres therefors excluded from the price
modal. As indjcated balow, Lhe amall portion of total
landings contributed by this state justifise its
a¥clusion. Monthly middls Atlantic landings ware obtainad
by aggragating the landinges of each individual stats,
Dallar values cof landinges in +ach month were similarliy
smymmad over all lfour staten. Ex-vesesl prices wara
calculated on the bamis of meats landed, and thep deflataed
by tha producer price indax to constant 1967 dollarms, This
yaar in used in U. % Deapartment of Commerca reports as n
atandard for calculation of a deflator indaex. Hhan
adaguates data are avallable, other variablas may bes
cansideared in the development of an ex-vemnal price
aquakion, Howavar, adegquate monthly timse seriss data wers
not available to inoclude Che following relavant variables
in the ax-vasasl price squation: consumar demand reflected
in retnil surl clam product prices, clam mize, quality of
clam maats, and pProcesscr inventory of clams. Hholesnls
fish prices from Fulton Pianh Market in Mew York, and
Hational Marine Fisheriea Se«rvice records of anoual cold
storages holdingm might be usaed to mesasure the influence of
conaumar demand and processar inveantory, These variadbless,
howavar, ware not included in thies analysin.

Disposable incomse, oftsan included in demand anmlyein,
has nct bean included in the surf clam price wquation
bacauss, am Visgllio (1973) notes, "Dimpomable inooma, i=s

regardad aa insignificant with respeckt to the demand for



surf clame st the processor lavel. This judgemant reesta
upon tha fact that the psrcentags ol disposable pr caplta
incoma devoted to the purchams of all clams ia
appraoximately O, K 000% parcent.” Alt hough soms have
advocatad tha uze of par capita supply data to avolid
confusing thea timea trend Cor population with one that might
raflect othar affacte { Foota, 1957), pear capita data aras
net used in this analysis becaume a monthly tima seriss ofl
thia parametar was not availablas. Annual or quarterly daka
could not be esxpscted to yield msignificantliy improved
resulktm,

Ocean quahoge, bacaume of thair status am nearly
petrlTfeact mubstituta commoditises for surl clama, dessrve
apecial consideration. Historical ex-vesssl pricea for
aocean quahoge should certainly be included in a surf clam
price maodeal. HMiddle Atlantic clam processcrs have shipped
large numbarme of ocean gquahogs to their plants ko ba usmed
in canned products. Bince 1976, moat of this produck, 80
to 90 percant, has come [rom ports in Neaw Jerssy and
Maryland. Prior to 19758, haowaver, the centsr of the ocean
quahog Ffishing indumtry wasm the state of Rhode Island.
Prior ta 1976, therws wara virtually no landings of ocsan
quahogs in any sastscn masboard astate except Rhode Island.
The primary landings markst for thie product, howsvesr, has
always conaiasted af clam processors in the middle Atlantic
atatan. Ocean fquahogs wers shippesd to middla dtlantic

plantas in refrigarated trucks. Becaumse of the importance
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of thie clam as a pubstitute commodity Tor surf clame, and
becaume & middle Atlantic fishary lor thia apeciss has only
devalopad in recent years, monthly Rhode Isaland 1andingms
and valua dats for ocsan quahogs covering the antira
history of the Cishery have bean included in the data set
uged to develop s middle Atlantic price model fov aurl
clama.

An ex-vensel price mode«l rfor aurf clama in the middle
Atlantic landings marksat is thus rapressnted by the

followlng squakion:

Poeli Qs PansPoco PuesPar,Ba1, Bez, 840, Heuat
¥hara,
P, = Daflated ax-vaseal surf clam price.
Q, = 3url clam landings in pounds of maakns.
Pey = Dalflated sxX~-vessal ocesan Quahog price.
Pie = Deflatsad ax~vamsal poft clam prics.
Poe = deflatwd ex-~vessal hard clam pricse.
341,842,843 = A dummy variables ussd
tc explain seascnal price [luctuations
Miuw = A dummy varjiahle acceounting for the
effacta of the surf clam management plan.

Tha results of the procesaing and harvesting sactar
survays indicate that surf ciam demand may alacken durjing
the aummer months creatlng s molft asasonal mackast.
Procaasors attribute this slacksning of demand to

fluctuatione In consumar prafecences for soupm and
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spacimlty products. The effect of this shift upon
sx-vengal price is teatad through the uzse of dummy
variables.

Hdum ie 28 dummy variable inserted to dencribe the
efTects of tha surl clam managemant plan satablishad in
1977, A numbar of etructural changes in tha Clshapry
oceurred with the implementation of Ciahery manhagumant
regulationa. In addition to supply constraints, mipimum
#ige liwit restrictions resultsd in the subatitution ol
oce#dn quahoge for amall surf ¢clame, and tha harvesting of
larger murl clams. Tha net affect of thsse changss wam to
ralas sx-vemmal pricas in the years altsr ragulations were
Placed in Torce. Tha effect of structural changa in ths

fisheary is ralflected in slightly higher ex-vesssl prices.

Mechaniem of Price Formation

A suprvay of surl clam processing [irms and fimherman
haa indicakted that, while it is genserally accspted that
industry-wide prices sxiat, short run sax-vesasl prices do
fluctunake significantly depending upon & number of
determining Factors. Reasults of the processor survey
{ Appendix B} indicates that there are in fact no formal
contractual or written agreemants betwadn clam proocsssars
and baat ownars to deliver quantities of clama at apeciflic
prices. Mowt procesming Cirms have long standing
agreements or relationshipe with surf clam fisharmen. Hoat

of these informal verbal agrasmanta hava esisted for 12 to
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1% vaars, To purchasw clama, proecassors musk contact
fimharman, request a spacilic supply of 2lams, and Qquota
tha ax-venswl price that they would be willing to pay.
Clam [isherman are thus given the option of sgresing to
aupply clame at s gquoted price, or contacting diffarant
procesaors to sSesk higher pricaesa. During pariods whan
clame are abhundant, Tisharmen olften contarct procesaing
Cirma direckly to offear clama for aalw. Thue, For varying
pariods of time there is a relatively standerd industey
price whioh fluctuates depanding upon, among onther factors,
the supply of clama cffered Tor sala. The atandard
industry price [luctuates as processing firme raiss or
lowsr their prices. Cnea induskry executive [ Andrew Drewasr,
Farsonal Communication, 1982) ham provided tha followlng
account of ex-vessel aurf clam Pricing:

If a company increases its price it talls

the catchers that it nessds additional

suppliese, othesr catchers then come in and

asll at & higher price. Other procsssors

muat then raise theilir prices in aordsr to

obtain product, Procegscors will [ollow

tha price leaader, 3ince thers arw

genarally leas than tsn companieas tput

buy <lama, individual companies can t

alford to pay higher or lowsr prices

for any length of time, they ars mors or

lasm Ferced inkto lina. Hhen prices ars

rising, price information filtere back

to indlvidual processors through tha

cakchers. When prices are declining,

processaors sews raflsctions of this in thse

markstplace.
Thux, guantity of clam maats harvested, temparsed by leps
than parfeck compatition ameng processing Cirma, appedars to

be a mignificant short run determinant of sx-vemasl clam
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Price.

Harkst Avea

the First tapk to be undertakan in an analyeim of
commadity price formation is detearminpation eof a releavant
markst area for price, This model confines itmelf to a
conmidaration of eurl clam price in the middis kflantic
region, Thea sntire middle Atlantic region constitutes =
relatively homogeanescous aXx-vesssl market arams feor surf clams
and releakead shellfinsh products. This argumant is supportad
by information abtained from a survey of aurf clam
Fiahermen and proossmors., and also by the results of
asvaral recent analyses of clam price formation.

During the period of tima spanning ths yesrse of 1950
through 1980, Hew England ports contributed only 0.5
parcant of the surf clam meates landed in the United
3tatkes. The remainder of the landings have came From the
middle Atlantic states of MHew York., HNaw Jearsay, Oulawars,
Haryland, and ¥irginia. Surfl clam landings in Delawars
have historically contributs«d only 3.8 parcent of the clam
meats landed in the middle Atlantie ragion. Furthermore,
landings in Dalawars have besh inconaistant. Faw aurf clams
were landed at Delawars ports during tha ysars of 15970
through 1975, These data would indicats that 96 percent of
the sx-vesnsl landings markst for saurf cleams sxiate at ports
in Ehw Four middle Atlankic atetes oOf Naw York, Naw Jarsay,

Maryland, and ¥irgininm. Landinga from thesa states comprias
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virtually the esntire surf clam catzch taksn in the United
Statas. IL was detarmined, thar«faore, that theasas Foup
middle Atlantic stakbes should compries the market area to be
used in the developmant of an sax-vesas] pricea modal.

Thea homogenelity of thies markest areaa may be inlCerrad
From the procassor aurvey ( Appeandix B). Five of the Etan
middla Atlantic mhucking plants surveyad do not operata
landing Facilities at their processing plante, ¥irtually
all processaing operaticons, even the dockeida plants,
purchase & large portien of their raw produckt diractly from
catchers landing clama at middle Atlantic portnm, Clama are
then shipped tc plantas in refrigerated Truckm, Although
Processing plants prefer to obtain clams [Crom the nearsat
available port, clamm are routinely shipped from all of the
middle Atlantic portm to processing plante throughout the
middle Atlantic region. Homogeneity of Lhe middle Atlantic
ahellfish market has been further substantiated by resource
aconomisate at the Virginia Polytechnic Inaktitute and State
Univarmity. in analysis ol varianca of hard clam prices in
eastern seaboard statews has indicatsd that prices in the
middle Atlantic mtates ars not signiTicantly diffesrent. It
wan determined that the middle Atlantic region constitutans
a large hemogenesous market area for hard clams ( Rerns,
1981). Interstnate tranaport of shellfish has, in [act,
craated n large relatively howmogeaneous markat in the middle
Atlantic region. Tha moblility of the surlf clam f'leat, and

the willingneas of processing firms to purchasss product
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wharsaver lt is available, clearly indicates that the middle
Atlantic ntatas of ¥Yirginia, Haryland, Hew Jeraesy, and Haw
York compriae a wall defined and relativaly aell contained

market armsa.

Statistical Emtimation Procedurs

Ordinary least agquaras ragression was upad Eo
satimate the prices modal deacribad above. Use of tha
pingle wuation least squares approach appeare to be
Juatified in this caee bacause, ag indicated below, all of
the indepandant variablss in the price aquation may bs
viswnd am sxogenous variablas.

Argumanta have heen developed to support the usme of
both single squation and mimultanaous agquation methods in
demand analysin. Fox (1953} hazx indicated that the
deciszjon regarding the use of single or multiple aguation
approachen im dependeankt upon the purposs of thae
inveatigation, and the possibls joint depandences betwasn
depandant and independant variabhlas. Fox notas:

“If the purposa of the investigation ie to
astimate the sxpsctad price associatad
with given valuas lor such variablase as
aize of crop and conasumer incomes, the bsnt
anawear can be obteinad by least AgQuUAras
ragrasaion with pricse dependant and other
varisblea independent. If tha Durposs ias
ko amtimate the elasticity of demand and
othar atructursl coefficienks, thias
squation may nat giva an unbiased
satimatae. It will do Bp if, and only iT,
current supply and othsr indepandsnt
variahlas are not maasurably affected by
pPrice during the marketing pariocd. Thann
conditions ars approximately mat for Tarm
productna. Il they ars not mat, a sysktam
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of aimultansous squations is nesdesd 1T
valid setimates ol Ewversl coelficiwnte aor
interest to weonomiste and commodity
analysks are to bhe obtained. "

Support for the ums of tha single sgquation approach is
evident in the work of Visglilio (1973) who identifies thas
proponentes of this approach,

*Fookws (1957) eupported the posltion that
the eingle squaticn approach under cartain
canditions providesa valid eastiwmatens of
demand slaaskicitby. He proclaimad, *1In
mome Analymen wa can Asmumse that the
guantity supplied i8 esmentcially
unaflfeckted by current pricae. .. Under thanme
circumstctancan ws may be able to obtain
valid satimates of the elasticity of
demand by use of & least squarasn
regrassion analyais Lor which price ia ths
depandent variable and supply and moms
demand ashifters ares used as indespendant
variablea, " "

Other rssourcs sconomiste have saddressad the proklem ofl
datsrmining whethar to uss single or simultansous squation
ayateamn. Herking (19271 has notad that:

"Even though shifte of the supply and

demand curves are corraslated, a curwvs

which La Ffitted Eo the pointe of

intearsection will be weaful for purposes

aof price foarecesting, provided no naw

factors are introduced which aflfect prics

during the pericd of atudy, "
Tha purposs cof thise study 1s, in Ffact, avaluation of tha
afficacy of existing management eCfortms through
Forscamkting. Hildreth (19608} and Xlein (1980) both hava
argusd that the umae of single squation ordinary least
squarss analysis may be appropriate in wituaticns where the

investigator haa adequete g pPriori knowladgs of the

accnomic sector being studied, Hildreth has statsd:
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"It is the responeibility of emch

ampirical tessarchetr to make the bast

choicea based on available kXnowledge ol

atatietical proparties of dilffarent

procedures under altesrnative

ciraumatances, his § pPrjorl knowlsdga and

belijefs about the workings of the eaconomic

suctor being studied, and the papticular

Purposs of tha study. *
Yiegilio (4973) further notas:

“The bast prediction of wconamic variables

is often provided by the =ingla equation

leaat squares apptoach; while the unblassd

satimation of parametera such am damand

alanticity may require a simultansous

squation approach "
The choice ol the single equation method, therelfore,
appears to be justified if sithar of two conditions are
satiafind. Fivet, the primacy objectivae of the study
should be price preadiction. Becondly, mimultaneaity sheuld
not exist betwasn current price and currant quantity
during tha market period.

Development of & price modesl is undertaken in this
atudy in order to avaluate the accnomic impackt of
aiternative surf clam management strategien. A primary
abjective of the atudy im the prediction of prices under
diffecrent manageamant regimes. This study thersfore
satinfies the Tirst condition listed abovae. The Bsecond
condlition ims alea satinlied bewcauss, during the monthly
market period surf clam supply ie primarily determined by
population mktock aize, level of Finhing aflort, weathsr

conditions, and the cperating achedules of surl clam

Processcrs. The importance of these Factors in determining



54

aurf clam supply has beasn substantiated by the results of
the survay of surf clam flaherman undertaken in this
invaestigatian, Undar thes sssumption that menthly surl clam
landings ars an saxogenouns variabla, single aquation
ordinary least pquares resgrassnion provides the best lipnear
unbisassd setimator of price. Thie amtcimation technique can
produce an accuratbs unconditionmsl Foreceaszt of ax-veasel
price. The most practical alternative to the uvae of
ordinary least squares reagreaalion would be to run a Lwo
atages leaast squares procadura (Johnskon, 1963). Given the
complex nature of the asupply function describhed above, the
uss of crdinary lesast squares regression is probably khe
moak realietic, and cartainly the most atraightforward
technique availahlea to pradict sx-vessasl prices in a

comparative mansgemant model.

Reagpulte

The sax-vasasnl landinges and valus data ussd to darive
the demand model wera both locatad and identifiad hy mtate
and aggregated [or the entire middle Atlantic region.
Monthly daflflated ex-vessel surl clam prices were calculated
uaihg the producer priocs index. The time meries ( Figura 5}
illumtrates n general increass in landings, Dpeaking in
1975, This peak is followsd by 2 subatantial decline in
landings during the yeara following 19875, Seasonal

fluctuations in landings, while hot clearly discernible,



Figurs 3

Surf Clam Landings
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mey be indicated. Dellated sx-vessel surl clam priceas
axhibit relative stability until 1976, ranging from $0,13
per pound to $0.08 per pound. In 1976, thers wasm a mabrksd
increane in deflated price to $4. 26 per pound. This prica
incraanme ia probably dus to resiricted wurf clam supply
resulting From rasourcs despletion in 1976, and landings
qucotas established in %377 ize limit restrictions may
have also in part been rasponsible for ex-vessal pricas
increansen. Dummy variables have besn introducad inkto ths
price model to meaBsure the uffucE: of seasonal demand
shiftse and sxternalitiss imposed ;y the satahlishment of a
new management rsgime,

Bivariate linear regreaselons of daflatad sx-vazsal
surf clam price on aurl clam landings, on deflated ocean
quahog price, on deflated hard ¢lam price, on daflated acft
clam pricse, and on deflated oyster prics werae dearived.
Thasa variablas ware choman upon the bamje of their
relationship as subetitutss CFor surf oclam meats. i damand
squation wan satimatad uming ordinary least agquarss
multiple vregraasion.

¥Yarioua combinations and transformakbtions of the data
wara appliad, inecluding log tranaformations and generalized
firat differeance squations. In determining the typs of
transformation to ba umad, one sseks to decreass ths
hatarogenaity of variance, bring the dats clomer to
normality, and produce an additive modal of the indespandent

variablas. As Snedeaceor and Cochran (19880} note, the
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tranaformation that restores additivity will unfortunately
usumlly dirffer from the transformation that impreocves
hamogeaneity cof varianee or induces near normality. Given
thia conflict, thare 1a not likely toc be an ideal
tranpafarmaticon for a singls body of data. It has bssn
auggaskted kEthat, in viaw aof thes simplicity and elliciency of
an addijtive mocdel, muceh can be asaid lfor giving primary
attantion to ramoval of non-addiktivity whila remsaining
attantive to hatearcgeneaity of variance ( Snedeacor and
Lochran, 1980},

Tha ¢ritarion used to chooas the appropriate
relationship was the squared corrslation [or a signilficant
ragramselon occefficient, and a double logarithmic
ralationship was chossan an the appropriats transformation.

Thare wars goms miasing valussa of ocean quahog prices
in the time sarieas of data. {cean quahog pPrices were
repcrted on & meathly basia only from 1969 through 1982
SP35 (Statiatical Packaga for the Sccial Bciances, relesasa
7-9, 1981) was uswed to mnalyzw tha data, This packagwe
provided aeveral options for dealing with mimsing valuss.
Each correlation coaflficisnt Le thus computed using racordm
wikth complets dets on the pair of variables correlatasd,
regardlases of whether the reccords have missing values on
any othar veariable. Optione included: %) limtwiee delstion
from tha computation of all records with missing valuss,

2} pairwiese deletion of records with miasing values, 3)

mean substitution {all misaing wvalues, Yy, are replaced



58

with the masn of ¥».). The analysia waa performed uming
asch aption. it was detesrmined upan the baxis of squared
corralation that the I[irat option, listwise deletion ol all
records with missing valuss, produced the moastk
atatintically mound equaticn. 3ince all of thes miseing
ohsarvatione cccurred in a block of dats befora 19fi%, the
DPurbin-Watascn statimtic was computad correctly. The numbalp
of workahle cbsarvations was peducad [rom 276 to 14%.
Howaver, this mathodology snaurad cthat pmeartial corrslations
"wara all computed From the same papulatcions. The resulktnm
of the ragression analyais are diaplayed in Table 6, An
Table 6 indicatea, the equation demonstrates ressconably
aclid statistical properties, and appears to parform wall.
Ths sguarwed correlation, R?, im high, sxplaining 94

parcent of tha variation in middls Atlantic ax-vamaal
price, All of the regresslon cowfficiante aras
gignificantly differant from asro with at lweaszst 37 parcant
asdurednens. An overall F test for goodness of Fit olf the
regremplicon wgquation indicates that the multiple correalation
ie significantly different from aetro with greatar than 99
parcent asaursadnass. Thie result, hawsvar, should be
intarpreled with remarvation dus to the indication of
autocoerrealation deascribed balow. A aajuanktinl plot ol the
regiduals wasm sxaminad and provided no svidenca ol positiwve
or negative hateroscsdasticity. A fregquancy diatribution
of tha scandardized residuals aupsrimposed upon a standard

normal curve indicatad that the residusle are approximataly
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normally distributed. Examination of the correlation
matrix indiceated that, while there ia some degres ol
multlicollinewarity, thie is not a problem of importance, In
fact, one could infer that the aigniflicance ol ths
regregeian cosfficianta may be aslightly underastimated as a
reault of variancea inflaticn maacciated with
multicolliinearity.

Certainly, the moat signilicant problem with this
price squation is the svidence of some poaitive asarial
coreelation. The T value of the Durbin-Watson atatistic i=s
rather low, indicating sacoms poeitive aAutocorrelation of Ehs
srcor terms in the sgquation. Thia reault is not unexpected
since the dace bass wead to develop the price equakion is
monthly time sariss datas. S3arial corrslstion has basn
noted in esvarsl ssasanal and monthly seafood demand modsle
developsad From similar data ( Faugh and Norton, 1969;
¥isgillo, %973; Ceseine and Strand, 19768; Xerne, 1981},
Autocorreslation of the erraor compenant would wviclate the
Gauasn-Markecy assumption that the covariance aof the error
terms muat aqual sera, The sstimated regression
coaflicient fie thue underestimated, resulting in inflatsd T
ratios, and tha sppearance of graakter levels of
pignificancea than in fackt axist. SBome sconometricians have
argusd that, when asrious sutccorrelatiaon is evident, tha
abasclute valuw of the T ratios should be quite large to
sanaure & highly eignificent relationmhip bestwesn tha

dapendent and indespsndent variskblses (Granger and Hewbold,
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1974, The T ratioam of the regreesion coelficients in thia
seguation lie within an accepiabla ranges (2 14-31.04).
Correction for autocorralation as dewscribed belcow wana
determined to be impractical and, deapites moms serial
correlation indicated by the Durbin Watson Coefficient, the
sfuation represents a useful tool for the projection of

monthly ex-vessel aurf clam pricex,

Dipguspion

Hith the axception of the ssasonal dummy variahble,
the aigna ol all regression cosfficients in the demand
aquation are conmistant with thearetical and g priori
knowladga of the Fimhary. Surfl c¢lam ax-vesasal prices wers
nagatlively related to surlf clam landings, hard clam prices,
and s wintar Cishing asaasn during tha monthe cof Decembar,
January, and Fabruary. The price of a commodity inm
normally sxpacted to be negatively relatead to the prices of
substituts commoditiaesn. The regrexmion coefficients of thae
daquation are diaplaysd in Tables &

The negative regression coelflTicient of the ex-vesnel
aurf clam Quantity variabkle conforms tqa esconomic thecory.
The price flexihility estimate [or surl clams of -. 0586
would indicate that surf clam price slapticity of demand in
relativaly elastic,

Tha negative ragresmion cowfficiant amsociated with
winkear saason is contrary to the wxpected relationahip.

Dacraanwd wintar landings dus to bad weakthsar and increased
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winter demand for soub and chowder products were sxpacted
to rasult in highar ssasonel pricaes. Several dummy
variablas ware initially ilntroduced into tha regression
equation. Spring, summar, and fall dummy variabhlas, and
various combinations of thesa variablas, were dropped Crom
the aquation becausa they were atatistically
insignificant. The nagative regression coelficient on thae
dummy variable can be attributed to psvaral factors. This
afjuation did not account for proceasasor or retailer
invantorias, The confounding effectas of inventory shifte
may actuslly produce & lowsr winter pricw despita higher
consumer demand during theas months. An additional
axplanation of this negative price-senson relationmhip may
be inharent variation in seamconal demand (or savaral
different aurf clam products. Although soups and chowdars
may ba In graater demand during the winter montha, it in
certainly pomsible that demand for other surf clam
producta, clam strips, minced clamm, clam juica, and
atuffed clams, may damonatrate peaks during the sypring,
aummer, or fall aeaszonsa.

Tha nagative regression coefficiant of the sx-vansel
hard clam ( Yenus wercensrif’ price variable would appear to
contradict sconomic thaory. Tha complexity ol ths
relaticnehip hetween hard clame and surf clams, however,
axplains the obesrved resultk. Hard clams displacea surf
clamm in the acup markat. Rising ex-vennal prices of hard

clame ara often indicative ol clam harvests containing a
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largs parcantage of chowdsr gradae clama, This result
ocours becausms, if taken in sufficlent quantcity, lcocwer
pricad, less daslrable, chowder grades hard clame are culled
bafors a pale is madea, The ex-vesumel prics of hard clams
thus riasm aince the harvest ia consideread to be mors
dusirable by procsssgors and shuckers, If taken ih legsn
abundancea, chawder grade hard clama are not culled before a
aale ins made and ex-veasel hard oclam pricea reamain
sanatant. Therefore, ax-vessal surl clam prices Are
negatlivaly affected ky riming hard c¢lam prices, bacauss
¢iming hard clam prices are cften magociated with the
availability of more chewder grade hard clams in the poup
markat, Tha increased availability of chowdar grade clams
functions to drive down the ax-vesswl price ol surf ¢lama.
Surf clam ax-vazxasl prices were positively related to
ax-vesnel occean quahng pricesa, ex-vesnasl oyster prices, and
a dummy variabls sceounting [for recent atructural changes
caused by new management regulationsa. Ex-veasawl ocean
guahog prices demonstrate a highly mignilicant positive
realationship with ex-vesnal surl clam prica. The sktreangth
aof thia relationship confirme the atatus of ocean guahoga
as vary closms aubatitutes For surf{ clama. The poEitive
relationahip bektwesan ex-vessal surf{ clam and oyatar prices
indicates a dewgres of subsktitutability of oyatera for surfl
clams. This result is in Baccord with the views sxpressed
by many surf clam procesmcors, who belisved that cyaters and

surfl clama are campetitora in the Boup and meafood
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apacialty marksts. The dummy variable, uped to account lor
a structural changs In the fishery induced by the surf clam
minagement plan, indizcates that managamsnt has Functioned
to increamss the ax-vesssl prica of surf clamm,

Ex-veasael soft clam priceas weares not significantly
relakted to ex-vessal surl clam pricaes. This variable waa
deroppad from the prics sagquation. Such » regult i=s not
unesxpacted. Although amall numbers of soft clams are
procensad to provide clam atripe, soft clams are not ussd
to produce scupPp, ochowdars, cor other surf c¢lam food
productsa. Ocensn quahogs, chowder grade hard clama and
oyaters ware ldentified as the closest substitutes for aurf
¢lama. Thess speciwn are all used in scups, chowdaers,
stawna, and spacialty products. Thus, the price squation
atcurataly relfleacts both thecretical sconomlc preceapts and
a pricri belielns regarding the demand for surf clame in the

middle Atlantic landings markst.

Frohlems and Puture Repsarch Hesde

Conatrucktion of an improved ex-veseesl price modael far
aurf clams would require the development of &8 reslistic
aupply ralationeship., and sxperimentation with additional
variahlem inn tha price squation. Davelopment of a surf
clam suppPly curve will be very diflCieculk, il not
impoasibhle, beacaums binding quotas ars ussd to manage Lths
fishary,. Therelforse, the eqQuation devsloped above must

suffice Cfor thiasa analyein. Az Ilndicated abave, an



atcempt was made to correct this price egquation for

autocorrelation. Using the mathed of Thail and Hagar

{1971, the (irat order autocorrelstion coalfFficient
calculated, and nll variables wera transformed into

gansraliaed Cirst diffecences as indicatad balow.

2 = nf(1-172d) + k*m? - ¥

where:
2 = Estimatsd autocorrelation cosfficient
d = Durbin - Wateonm coeallTicient
k = Humber ol variables in the equation
n = Humbar of observations in the time

Earisn

¥ ¥ - ¥

X & Xjv— Xjy-1

where:
y = Traneformed deapendent variabla
¥y = Dapendent variable in time pariod ¢t
¥Yi-1 * Depsndent variable in periecd t-1
x" = Transformed {ndependant variable
¥;¢* Independeant variable in pericd t
Xit-1 * Indapendent variable in pariod

t-1
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Tha genaralised Ffiret differsnce wsquakion Tfailed to
Produce an improved model. There ars two probahbls rsasons
why thie correcticn did not improve the model, Tha
Durbin-Weatson co#fficient tests [For any non-randomnsear in
tha srccor tarm. The problam might, in fackt, be caussd by
amitted variables, noet saukocorrelakjon.

It is hard to Form a judgement about the amount of
bBiams that coculd bhe cauesd by omitted variablesx. A varishblae
sauch aa gurf clam landings c¢culd be positively correlaktad
with omittead variablag auch ss surl clam quality or size.
Omimsion of these varjiables could result in ovarwskimation
of the regremaicn cosflficieant on surf clam landings.
Similarly. high lavels of processgor inventoriess may be
corralated with lower surl <¢lam prices as well ax lowar
ccean quahog prices, Omimmion aof this varjiable would
result in underestimation of the regression coelficiant on
ocaan quahpg prics. Future reasasarch might attempt to
ipclude wome of the variablas identifisd abave in & surfl
clam price model. Adequate time zariea data are nct
currently available to davelap a more comprahensive price
modal. It ia mlmo pPossiblie that highar order
aukocorrelation is &4 cause of merial correlation. It han
bean demonstrated that, if high#sr order autocorralation
doss presant s problem, it ia much better to apply ordinary
laant agquares ragression analysis than to correct for lircast
ordaer autocarrslation (personal communication, Moaody,

1982) . Future ressarch might, therefors, [ocusa upaon
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identification of the higher order autocorrelstion
problam. Despjita ite limitations, the price modal
developed sbove abppesars to ba fuite satiafactory for
svaluating the afrecte of alternative purf clam managament

strateagies,



Chapter 1Y

Cost Analysis

In order to develop a reallatic biceccnomic modal of
aurf clam fishing snd processaing opsrationm, it is
impavativa that inlformation about the cost astructurs of thas
fiahing and processing induatry be gathered. Thaae data
area olftan vary difrficult to collect dus to the realuctancsa
cof antreprensurs and businesasmen to diecloss informaktion
parcaived to ha of values tov competitornm. Fortunately, aome
data demcribing the cost structure of the surl clam Fiahing
industry have bean gathered by the Kational Marins
Fisheriem Sarvicas. These Jdata ars reportsed in ths
Ragulmtary Impact Raview of Amendmant %3 to tha SBurl Clam
and Ocaan Quahoyg Fishery Managemant Flan {Mid-Atlantic
Fishery Managamant Councll, 1981). Thes coat inputsa
geaneracted for use in thie model have baen darived Crom Eths
Regulatory Impact Reviesw, am wsell as from a survaey cf all
aurf clem Cishing and procensing firms in the United
Atates. The surveys smployad ars displaysd in Appendix B.
The following chaptar identifies the variasble and Fixsd
consts incurred during businesms oparations in the surf clam
induatry, desscribss the capital and raw matesrial inputs
requiresd by procemaors and CFishermen, and characteriaas thas
aurl clam pProcamEling industry. The chapter alac axplaine

tha procedurs followsd to gather thase data.

sourcee of Fishing 3sctor Data

68
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Survay qusabtionnaires provided in Appandixz B were
mailed to the ocwnars or operatora aof 320 fishing veasselnm
licensed to hacvest surf clamse or ocean quahogs in the
United Statan. Personal interviswe bamed upon the results
of quastionnaire raturne wera conducted with ten veassl
oWwnare. Thum, virtually all veasaele licenesd to fish for
surf ¢clama or ccaan guanhoga in the United States ware
conktacted. Ranponseas were cbtained from 35 activa aurfl clam
vassels, o approximately ten percent of all licenamed surf
clam Ffiahing veazela. Although this reprasants »
ralatively amall percentage return, it should be noted that
many vassels licenmed to harvest surf clams ara not
preswntly oparating in the fishery. Currant regulations
regquire that, in the middlse Atlantic region, vesszals must
narvest at lemat B, 000 bunhels of clams from the Fishery
Conservation Zone (surf clama or oceean quahogs) snnually in
order to receive a parmit in A saubeeguent year. In Haw
England, permite alf vesswla Lhat do not mast thina
critarjon can ba renewad indelinitely without raquiring
that the permit holdar actwally harveat any surf clams or
ocean quahogs. Thua, many HNew England ownara retain surl
clam and ocean Quahog harvesting pearmits while fishing fer
groundfiah or lobstera. A numbar of Haw England clam
vaagel ownars responding to the questionnaire survey
indicated that they plan to initiate CFimhing cperations for
ccean quahoges in the Cuturs. Bi-weakly and monthly logbocok

reporte aon Fishery Conservation Zone surf clam fimhing
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activictias ware abtained from the Hational Marine Fisharien
Servics lor thes years 1978, 1979, 1980, and 1981 {(National
Harine Fisheriess Servica, 1981}, These reporta indicats
that, az of July 198%, the last month examined, there ware
a total of 145 veanmels licensad to harvest suprf clams and
ocean quahoga in Naw England, and only 63 veaselas licenwed
to fish for ocean quahoge only. According to Hational
Harine Fisheriss Searvice logbook records examined, an
averaga of only 70 veseels wars actually sngaged ip clam
harvesting activities dupring each monthly reporting pariad
from 1978 through 1981, The total number aof licensed
veoadals wanm 331 inp 1982, The low parcentage raturn of
survey questionnaires can thus be aAttributed both Lo tha
reluctanca of fisherman to discloee any Tinanciml
informaktion concarning thelr operations, and to the large
numbar of licanse holders who do¢ not cperate their vesasls
in thes Fiahary. According to MNational Marine Fisheries
Sarvice atatistice, anly 44 vassasls harvest approximataly
70 percenkt of Fishery Conservation Tone surf clams

( Natlional Harine Fisheriae 3arvice, 1981}, 1t would
appear, therafors, that aven a emall sampls of [iahing
venasln waokwld ba quite represantative of harveskting

activitiaon,

Identified Couts of Fiehing

Survey raturnsa and a review &f tha liktaprakurs hava

indicated that the Fallowing coat categories define Lthe
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aurl clam fishing opsration. Yenrel zosts have basn
asgregated according to thras vasasl s2i3s ¢classas. Thin
division ies in kasping with the convention amploysd by the
Hid-Atlantic Fishery Hanagswment Council for various
analyaes of tha surf clam fiashery. Tha thras veanssl
clagews have daan datsarmined upon the basis of grosa
ragistered tonnage. Class I vesaels are leas than or squal
to 5D gross tregistsared tons, Clawn I vesnsls are betwaen
51 and 100 groes regimtared tonm inclusiwve, and Clams III
vessels are grwater thanm 100 grose pceJistersd tons. Fixed
costw of Tieshing includa: 1) port feeas {(wharfage), 2) [Clxed
boat and squipmant repair and maintenance coste {(this
includens servicas for walding, slesctricians, mechanics,
ahipbuilders, and the marine railway), 3) vessal hull
insurance, 4) personal liability and indemnity insuranca,

5} lean interewt payments, 6) licennse fess and taxes, 7)
legal-accounting feen, and B8] depPreciation on vessels and
agqulipmant. Yariabla fiahing coats includa: 1) labor, 2]
fusl and oll, ¥ food, 4) variabla maintenance, and 5)

variable supplines.

Quantificetion of Identified Fixed Copte

Bacause of the diveraity of vesnels esngaged in the
surf clam fiahary, and the variasty of opsrations managamant
strateagias in the Cishery, i1C in difficult to identifly
avarsge comtas of Flehing for surf clama. Coatms within

spacific cateagories may be widely divergent from one
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fiehing operaticn to ancther. Table 7 dispplays the mean
valuea ol vemse] characteristics for vesszels aamplad in the
Fishing industry survey. This table raflecks the great
variation in physical characteriestices of vesselrs compriaing
the murfl clam flest. Table 3 displays data obtained Crom
surfl clam fiahing license applicaticns by the Mid-Atlantic
Fiashery Managsmant Cauncil, and further damonstrates the
divermity of surf clam Fleaet charactapriatica. Thess dats
describe the surf clam Fleat in 1579, According to tha
Council, "Tonnage per vessal prenged From one to 306 tone,
with an avearages of 110 tons. Vessael length ranged from 194
ta 146 TFest, with an average of 81 feet. Craw pize rangasd
from two tp seven men, with an average of thres men. The
anize of tha dredges ussd on suri clam vesesls rangsd Crom
22 ko 240 inches in width with an averagsa lsngth ol 8B
inchea® (Hid-Atlantic Fishery MHManagemsent Council, 1981%),
Pavelopment of 4 blioeconomic managemsnt modeal
requires sstimates of average operating sxpsnases to be uasd
e input paramsters. Average costs are thersfore described
and defined bhelow. Costs are defined in 158t dollars
becauses this was the laat year for which complete data wars
availabla at the time of the vesssl aurvey. Whera desmad
hacessary, comkts that have bswn cbtalined Cfrem ths
literature have been inflated or deflated to 1981 dollars

using the consumear pPrice indax.
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Maan Characteristice of Vessela Sampled in tha Surl Clam
Fiahing Industry 3Survey

Charscterimtic
Length

Draft

Fuel Capacikty
Cruising Hanga
Age

Ho of Dredges
Blade Width
Crow 3izw

Load Capacity

Markest Yalus

class 1

R i
4. .25 It
530 gal
100 mi

21 ¥r

200 bu

953, 333

Clasp 11
74.9 [t

7.4 It

2,893 7 gal

B91. 3 mi
22. 4 ¥r
1.1

83.5 in
2.0

8O0 bu
$225, 000

Clans JII
ad. 3 ft
11 Tt

10,9000 gal

5,000 mi
10. 3 ¥r
1.0

96.6 in
2.3

1, 400 buy
$530, 000
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Takle B

Hean Veamel Charackeristice Obtainad From Yaseal Licansen

Length Groseg Tonnage Crew 5ige
Kinimum 8 't 1 2
Kaximum 146 It ans 7

Average a0 It 108 k|
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Port fee sxpenses wers not uniformly incurred by all
vaszala in the surf clam Fishing flest. Hany vesssl
ocparators owned their decking facilitles and therefors
raported no port feea. Movemant betwesn ports, howsver,
often necweasitated paymant of port Ceea, Avarage port Cee
coats, when iLncurred, wara $200. 00 per month or $2, 400. 00O

pPar YeAr.

Boat Reppir., Hull Insurance, Peprsciation, and Interemt

The fixed costce of boat vrepair and maintenance, hull
inauranca, depraciation, and intereat payments warae
daterminad to be very clomaly related and uniqua to wsach
vaasal. 1t im virtually impossible Lo msparata theas
aupanaes into well defined average costs repressntative of
aach vesasl olasa, although such & proceadure was initislly
attamptad, Thia finding ia in agreement with the
Ragulaktory Impact Reaview ol Amandmesnt £3 to the Surl Clam
Fiahary Managament Plan. "Charges or hull insursnce,
maintenance, depraciation, and interest are probably unique
to seach vennsl, and are determined by age, vesprel
conatruction, vesmal activity, type of cwnership, snd
lapngth of current veessel ownershirp. Theeas four cost items
remain the aame, given the size of the vessel. For
exampla, 6 new atesl hulled vesssl would have low hull
iheurance and malntananca coskts and vary high despreaciation
ahd interast costs, An 0ld woodsn hullad vesss] would hava

very high inaurance and maintenance costs and vary low



76

depreciation and interest costa" {Mid-Atlentic Fishery
Hanagamant Council, 19813, For same wxtramely old vessels,
hull inaurance WAl jdentiTied as an unacceptahbhles opsrating
aXpPaADSA. Table 9 provides the aversge annual costs for
theawe itema am identilfied by the aurvey cof surf clam
Fiamharman conducted For thie study. Tahle 10 displays a
limk of tha slectronic equipment ragujired to conduct aurf
clam Fiahing operations and associated avearage annual
depraciation sxpsneen. Tabla 11 diaplays avarage
depraciation sxpenses awaociated with other durabls
aquipmant, average Annual coata Fapr hull insurance, fixed
aquipmant repair and maintenances coates, and other {ixed
costs. Avarage annual values [or intersst costa and vepsal
depreciation sxpenasa are not indicated bacauvuews of the
great variation in thess sxpensss among vesaals within tha
saame Aiza classes. Thame values provide intareating
comparativa atatisticas. As noted above, howavar, it is
impogsibla to amsign meaningful absolute values to aach of
fthese coata when they are conslderad indepandently. The
individual magnitude of each ol thase axpansans ins
determinad by tha operating strategy ol sach vessel owner.
Distribution of expanses among the copt categoriess s
depeandant upon tha opsrator' s decision to usas old or naw
agquipment, & mors realistic, albalit leea pracise, approach
to defining thass coskts hae besn cutlined in the Reagulatory
Impact Review of Amandmunt #3 to the Surl’ Clam Ocean Quahog

Fishery Hanagement Plan ( Mid-Atlantic Fishary Managemsnt
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Tabla 9

Summary of 1981 Average Reported Fixed Fishing Coats

Clwmes 1 Clams 11 Clags III
F Cost {H=14) [H= 3 EM=3)
Port Feesn $2, 400 $2, 400 $2, 400
Boat Repair,
Hull Inmurance,
Yeonal Dapreciation,
Intarest Caats $34,0040 $49, 00D $78, 40Q
PL] Insurancs $5, 0Q0 $5, 0010 $10, 000
Licanse Faea, Taxes 31, 000D $2, 00O $4, 000
Genaral Admin.
Expancen $5a0 $1, DOO $1, 000

Total Fjixad
Coate $43, 200 560, 490 $94, 500
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Electronic

Equipmeant Requlrad For surf Clam Fiahing
Yaanal Opsration

Egquipment
Aadar
Fathomater
¥YHF Radic
CB Radio
Scannar
LORAN
Plotter
Autapilat
Enotmetar
Avaragsa
Yearm of
Equi pmant
Lifm
Average
Replacamant
Coat of
BElectroninc
Equipment
Average Annual

Depraciation
Expenae

(% of veagmels operating with equipment)

35%
33%
100%
a%
o

I5%

$15, 333

$3, 086

I H=22)

100%
100%
100%
50%
254
100%
-1
S0%

J8x

$25, 285

$7.057

0%
100%
t00%
5%

D%

$42, 500

%$9,500

All Vepzwels

2%
100X
100%
43%
21%
t1o0%
79%
43%

29%

$27. 000

45,400
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Avarage Annual Fixed Coatzs of Vesgsl Oparation

Claman I
Cogte (N=14)
Equi pment Repair
and Maintenancse %5, 000
Ingurancs %$3.100D
Yasmal
Depreciation Highly

Intareast

Main Engins
Depreciatian

Fump Engins
Iepraciation

Time Betwean
Engina Overhauls

Main Engine Life

Replacamant Comt
of Engins

Coat per ODverhaul
of Main Enginas

Legal-Accounting
Feers

Hydraulic Dredge
Depreciation
Expanss

Raplacems#nt Caat
alf Dreadgsa

Dradge L.fe

Pbepreciation on
Othar Gear

Port Fase

Gen Admin Coete

Class JI
1 H= i

$20,000

$10, 000

Clasme 111

=9)

$49, 000

%14, 000

Yariable Depending Upon Size/hkge

Highly VYariable Depending Upon Size/Age

$1, 40D

$1, 400

3 ¥r

27.5 ¥r

$10, 000

$7, 000

$1, 300

%5, 600

$8, DODO

5% yr

$5, 000
$£2, 400

$900

$2,283

$2, 293

E. 4 ¥yr

20.6 ¥r

$25,166

$12,333

%1, 397

51,572

$8, 333

5 3 »r

$5,000
$2, 400

42,000

$2, 166

$2, 166

H/A

$50, D00

$13, 000

$2, OO

$1, 625

%68, 125

5. 25 ¥yr

$5, 010
$2, 400

%4, 000
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Table 11 Conkinued

Cogts Clasn 1 Class 1] Claans JIT

Licanes Faus
and Taxas %y, 000 $2, 000 24,000

Note: Engine depreciation hae beén cAalculatad asa overhaul
coat/avaerage time between overhauls,

Overhaul coats for main and pump anginen arwe
approximataly squal. Pump engine lifa ia eatimated
to be 208 longer than main engine.

Dapreciation costes ol octhar genr includea hoaes,
cablan, wote.
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Council, 1981). Under this approach, the rfixsd coskts of
boat repalr and maintenspces, hull inaurancs, dapresciation,
and intareat payments are satimated to squal ssven pearcant
of thes value of the veassal, Thisa wvalue estimate i=
depandent upon the tonnags of the vesesel and the annual
landingms of the wvenzel. Uaing thie apprcach, the avarags
anhual fixed costa of hull inaurmnce, maintenance,
inkterwet, and depreaciation Cfor aach veagsel class wars

astimated to be: Clage I Claps 1] Clazp I11
$34, 00O $4%, 000 $78, 000

Pereonal Liobility and Indemnity Insurance

Yeesel insurance costs have sscalated dramaticelly
during the past decads. Bacauss many ve&silal owners are
coveared under an “umbralla” insursnce policy, the fishing
indusktry aurvey conducted lfor this study has not parmittad
separation of personal lisbility and indemaity or "FalI"
lnsurance from vesssel hull inBurance eXpansece. Avarags
annual total insurance sxpans#s for a Clags I vesmsl wers
reported toc be §3,100,00, Average insurance expenzse for s
Ciase II vesssl were §6, 000 0G0, and aversage insurance

sxpensens for a Class I1] vesmel were $10,000. 00,

Licenps Feeg and Tuxes

Although not taxed unifoermly in svery stats, vesaal
owners indicatwd that psresonal propsriy taxes are paid on

aurl clam TFishing vespaals, State licenmes are required Cor
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aurl clam Fieshing within the atate territorial waters of
Dalavars, HMaryland, Naw Jerney, and NHaw York. Al]l veszela
must be licensed by the United States Coast CGuard and
obtain a Tederal fishing permit TFor surf clams and occean
guahogs, ocean quahoge only, or New England surl cleams
conly. Average annual license Fees and taxes were reported
to ba $1,000.00 for a Clasaas I veseel, %2, 000.00 for a Claanm
Il vesnael, and $4,000, 00 Ffor a Class [I]1 veawel. In
¥Yirginia personal property tax liabiljty im highly
variable, depending upon home port. Citisn and countien
use different valuaktion Cormulas and ftax ratas. In tha
City of Hampton, vessuls ars valuwd at ten pesrcent of
purchase prica, apnd area nesessed st %$4. 7% Cor evary Ekan

dollars of wvaluatian.

Legel-Accounting fees

Host veasal ownere surveyed retained an accountant
to handle tax reporting and corporate record keaping.
Lagal aasistance was alse occasionally requipced. Avarags
annual expense for these itama ware reported to ha
$1,300. 00 for Class 1 vesssala, 51,397 00 for Clase 11

vesarln, mnd ¥$2,.000. 00 for Clapas III vesssle,

Generpl Adminjetretive BExDPenses
An additional Fixed coat of canducting Fishing

aoperations was identifiad categoricsally as gsneral

adminiatrative sxpenses. Thisa cost category includes
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travel, offlfice sxpensss, and land based sguipment
dapreciastion sxpanaasn, Mast independant fisharmen operatad
of fices in thelr own homsa with no additional amployeen
required. VYertically integreated Ffiahing opsrations
minimizld’fi:ud coats of Cishing by conducting operationsa
from large consclidated cantrel oflficen. Eastimated
additional C(ixed adminiastprative costs were reported to

aqual $400. 30 per year lfor Clasa 1 vasmels, and $500. 00 per

vaar for Clepse II and III veaassls.

Quantification of Identified Yariable Coptes of Fishing

Labor repressnts the largeat variable expenss
incurred by surf clam vesasal operaktorns. fegen are paild to
craw mambars and vessasl captains aas percent sharas of groas
stock, Tha avearags boat ahars (or both Class I and Class
I1 vesswls wan reported to be thirty psrcent of gross
atack. In sach oass, twenty percent of the gross atock was
resarvad as compensation for the vessal captain. Clame 111
vespale reportad an average crew and captain boat shars
totaling thirty-five percent ol gross stock. Twanky
parcaht of thia total wam paid as crew combpenaation, and
filftean parcant was paid as compensation to vesssl
captaine. These Wage eotimates are in agreament with labor
cost estimates of the Mid-Atlantic Fiemhary Managamant

Council, which total ons third of groes atock for the
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sntire surf clam fishing Fleet (Mid-Atlantic Fishary
Managsment Coupcil, 1981}, Owners who are alsoc capteins cof
their vessels collect the captein'a share plus any
additional incomea accruing am veasssl aarnings.

It should be notsd that socme lndividual vessel owners
may pay largsr bost shares, taking their cown companeaktion
as a greater poartion of crew ahare inetead of higher incoms
through veasgesl sarnings. The Hid-Atlantic Fishary
Kanagamant Council has notad that, "Soms corporataly ownad
vasasla, which pay crew sxpansss such Af personal gear,
Ffood, and taxes, may pay o considerably loway crew shars. "
Howavar, if total companEation and banefite paid by CLhe
ownet to the crew are includsad, labor ¢osts are geanerally

quite uniferm

Fusl Expenpsp

The second largest variable cost incurrad by vazsal
awners im the cosat of Tusl. Survey rwsulkts indicate that
Fusl and cil costs for surf clam fishermen increased 100
parcent batwaan 1977 and 1581, Fusl prices hava, hcocwever,
remained atable during the past Ffour years. Ths average
price of a gallon of fuel mavailable to aurf clam veasasl
ownars in 1981 was $1.10. In 1982, this price daclinasd for
the Tirut time in & decade to $1. 0% par gallon. Fuel coate
ars dependent upon vassel [uel afficiency, which ina
datarmined by veassl age, #ngine apecificationz and

tunea-up, anhd vesssl design. Diffsrancem in requirsd travel
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distances to the surf{ clam Leds snd weather conditions miso
determines fual coatnm, Daspite thess differences, it i=s
poasible to ldentily varisble Ffusl sxpanses amsmaciatad with
sach veaasl clasn, Yasnal owners provided data describing
fuel consumption during a Fishing Erip. Clasa I vensasln
reaguired an avarage of 300 gmllona of fual per trip, Claans
I1 vessale raquired an aveprage of 500 gallons of CFusal par
trip, snd Clase III vessels required an average of 600
gallonas of Cus«l psr treip. Thess valuas can bs sxprasssd an
gallons of fual consumed per bushel of clams harveskted.
Hational HKMarine Fishsries Service loghook dats for 1378,
1979, +%80C, and 1981 may be used to derive average catoh
per trip watimabes for sach vezsewl claax, Calcoculatktionse
indicats that during these years, Class 1 vesssls conaumed
an average of 1. 75 gallone cof fuwl par hushel of aurf clams
harvested, Clasa II wveasels consumed an averags of 2.14
gallons of Cuel per bushel of clams harvassted, and Clasna
I1I veasels consumad an average of 1.47 gallone of Fusl per
bushsl of clams harvested. Clasas 11 veassals would thus
appear to be leasm [usl efficient than Clase 1 or Clasw II1
veassels with respact to harveating capecity. If the
population danmity of surl claws were to incresss
anignificantly, luel costs par bushel harvestwd could bs
axpeacted Lo deacline, Howsver, givean the crelative atebility
of Hatjonal Harine Fisheriss Service catch par unikt ofl
affort statintics, thene fuel copnsaumption statistica appear

to accurstely relflect presant variable fual coatms in the
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fishery.

Qther Yariable Coptg

The remaining variable costa of oconducting Cishing
opsratione inhclude the cost of food and miscellaneacus
Euppliea consumed during a day of Cishing. Such supplies
include raplacement blades For dredgeas, rope, and Jear
replacement parte. Averags food cost per trip was reportaed
to be $60.00 for Clama I venssle, and $80.00 fer both Claas
IT and Class III veamsels. An averags variablae cost
saatimate Tor bhoth Ffood and miacellanscus mupplies sgualsd
$372, 00 par teip for Claam | vesnsels, #3791, 00 per trip for
Clams II veabwle, and $577.00 par trip Cor Class II1
varsala., Thase valuss can bes wxpresasd as spproximate cosbs
pPar bushel of clamas harveatesd by uasing Hational Harinas
Fisheries 3ervice logbook statistics of bushels of clams
harvested per krip in 1978, 1979, Y980, and 1981, Onca
thin calculation ie performed, it is evident that food and
miacallanecus supply comtm have amounted to $1.99 per
bushel harvemtsd for Claszsa I vessals, %1.74 per buahel for
Clages II vepmels, and $Y. %5 per hushal for Claam III
vasssls, Thans coak sstimatea raflsct ths sconomlies of
acale aspociated with larger vesasl sias.

Table 11 summariass the average annuesl reportad
Fixed coets ol surl clam fishing cperaticons, and Tabls 12
aummarizes the variables costs of condueting aurf clam

fishing ocperations. Variable coats ars raportad as hoth
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Summary of 1981 Averaga

Yariable Fishing Coakg

Crew Nagan

Yarjable Cogte Clape 1 Clags 31 Claos [I]
20K Groas 20% Gromss 20% Groanm
10 Groae 10% Groass 1%% Groame

Captain"a Hages
Fuel

Miscellaneous
Supplien and Food

Coata of Switching
ko Ocean quahpgs

Coata of Switeching
to Red Crahs or
Lobetare

A00 gal/day
$372/day
{ $1.9%/bu)

325, DOO

$150, 00G

500 galsday
$371/day
{($Y. 74/ bu)

$25, 000

%450, 0QQ

600 gal/day
$577rday
{$t. 56/hul

$25, 000

$150, 000
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coate par one day [Cishing Erip and sas costs per bushel of
surf clama harvestad. Almo reported in Teable 12 arw
satimated coste of switching from the surf clam fishary to
ocean quahog or lobhater/read crab ishing oparations. Thse
reavlktes of the Fishing industry survey conducted lor this
investigation indicate that, 1l vesssl owneras wers no
longer able to opsrate at & profit in the surf clam
Fiahery, 85 percant of the vesssls currently equipped to
fieh only for suril clama would attempt a parmanent awiktch
to a dirscted CFishary for cosan quahoge. Tha avarags
satimatewd mwitching cost to go [(rom murf clam to ocaan
guahog Ciahing operations was eptimated by Fimsharman to
squal $17, 500. 04, As notad in previousm chapters, oceaan
quahogs ara generally smaller than surf clama, Thum,
switching to & diracted Fishery [Cor this species would
raquire walding additional slakts on the hydraulic dredgass
uasd for surf olam harvesting. Btart up comts Associated
with the initiakion of new and unfeamiliar fiahing
oparations also comprime an undefined portion of awitching
coptn. Switching ta lobmter and rad crab Tinhing
opesrations was ildentifiesd am the next most attractive
option after ocean quahog fishing. The avarage costa
ammcciated with this switch wers satimated to be

$150, 000, 00, Yeasaul owners surveyed alpo indicated that
thay would switch thair fizshing opearations ko targek upon
bottomlfish should surf clame becomes unavailabls, hut no

awitching coste sware reportad, dpproximataly five parcant
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of tha vesssls surveyad reported that they would Jamve Lhe
commercial fimshing industry if chsy ware unable to hapvest

surf clams.

Infleationary Changes in Costs

In addition to raquasting deta defining tha comst afl
fiashing opsrations, the Tiehlng industry survey conduckad
For thisa study molicitad astimates of operating cocat
changes that have occurrsd during the pasat ten yeara,
Reaponsas to these quastions indicatced that: during the
fiva ysar pariocd batwaen Y976 and t981, boat repair and
maintenance costs increassd 75 pearcent, port fess ramained
relatively conmstant, interast races on loan payments
increased 100 parcent from an annuel pesrcentages rate of
&l ght percent to an annual rate aof 16 pearcent,
lagal-accounting Cfease increaswd 50 percant, and during the
thraa yaar pariod between 1977 and 1981, fusl sxpanaana
incraasad 100 psrcant. These codl Lncreages have inflictsd
hardahipe upon <clam harvesters because, during the periocd
of genaral caat increaaswe, the sx-veasssl price of aurr
clama declilned Trom more than $12. 00 par buwmhel to lass
Ehan $9.40 pear bushel. Hanagement quotam Also reducad Eha
allawabhls c¢catch during this daame period of time.

The results of the Fishing industry survey and a
raviaw of the literature have provided realistic astimaten
of aurf clam fishing comts to be used as input yparamaters

for tha economic aubmodel of bthe harvesting asctor. All or
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the surf clam Fishing vessel ownars surveyed provided Lheaas
data reluctantly, and msoms were unwilling to provide data
at all. Tha large vartically intsgrated [irma ware the
luant coopearative providers of sconomic data. T dewvalop
modal input paramsteres in even grestsar detail, cellection

of data will require the Cforce of law.

Sources of Frocesping Sector Dakp

Thers ars two market levels in the surf clam
processing ssackar. Clam shucking operations purchasing raw
product ex-vaspei conatituts the Firat market luevel.
Cannere and clam spacialty product producsrs comprise the
sscond market leavel. On the mecond leval, pProcassors
purchasa shucked clam meats that are produced by clam
ahuckers an the Cirat laval. Producers may alsc produce
thajir own shucked ouktput in a veartically integrmted
cperation. Thus, It is not always poasible to distinguish
the lines of demarcation betwssn these levels, “In the cass
whare largs procssging companisa are varticslily intsgrated
Ffrom thea wholesaling of packed surf clam products teo
angaging in Fivhing operationa, dimtinct lineas of
saparation among market lsvels bacomes extreamely vague or
non-saxiestant” (¥imgilio, 1973). The processing planta of
interest in this etudy, howaver, are those thst purchass or
obtain theair clams directly from fiahing vessasla, The
processaing sactar in thie modal ia therslfore definad as

that portion of the industry obtaining sx-vamanl clams and
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procensing thoge clame into raw or froxen meats to ba
further procsassed.

Survay fueationnaires ware mailed to all 30 plants
procewaning aurf clama and ocean guahoge in the United
States, and peracnal intarviswe werw conducted with »ight
of the nine ownsras or managers ol purf{ clam and cocsan
Quahcg processaing plante ijn ¥Virginisa. Data weres obiainad
From 12 differant processing plantas repreasenting 40 parcent
of the ideantified surf clam processing opsrations in the
United Statas, Moat of the clams harvested in the middle
Atlantic region ara purchassed by ten companiesa. Fiva of
thess major purchamors participated in this astudy. Sevaral
large vertically intagrated Firmas declined toc participate
in the study. Those Cirma indicated that thay Feared
laakage aof c¢onfidantinal information and escconomic data ko

compatitors.

l1dentilied Coate of Precessing

Besesd upon the results of the processor murvey, ths
following coat catagories have bhesn identilfiad for clam
shucking opesrationa. Most of thess costs are aither
variable or semi-variablae: raw product costa, comt of
trapneporting clame into plants, reoyalty cost paid for the
usa of eviscerating machinery, labor coaktms, cost of salt or
other chamicals vsed in the washing stags aof proceassing,
coat of diwael Fues] used to heat plant and water, coat of

propans used in ahuecking machinary and forklifts, cost of



92

packaging material, welectricity coata, depreciation of
machinery and equipment, repair and maintenance costs,
overhead coste [(includee officea and adminlstrative
axpanaan)l, and inmurance costa. Clam-shucking cperations
aall clams in tha fresh states to comPanies that slics Eham,
bhread them, freszs them, can them, or incorpoaraste thsm inkto
other apacinlty products, Am thae price of clams rises or
falla, the melling prica of ahucked weats rliesa or Calla.
Shucking operstions thus define all of of their processing
costes in tarme of comte pet unit of ahucked outpui, and
determine the cort of shuckad meats by adding these costa
Plup & profit margin to the ex-vessal price ol clams. In
so doing, procassors thus attsmpt to maintain a stable
proflt margin. In most pleants, procsasing comte mrs
avaluated semi-annually and adjusted for inflation LT

deemad necassary.

Quaptifjcatjon of Proceseing toste

Table 13 displays the mean parcentage cof total
proceseing coats that processors allocated to sach coet
category identified above. It i somawhat difficult to
characterize an average clam ahucking operaticn becaune
sconomlas of macale, geographic loeation, and management
affsctivenesns all contribute to operating elfliclency.
However, am Baumcl {1961% nokeas, "In compatitive
wquilibrium, svary firm in the industry must have the sams

coats, for the product pricea will be the sama lor all such
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Table 123

Surf Clam Proceasing Costs 1981-109892

Coet Cabtegory Hean Percentage of Proc#saaing Cost
Par Foupd of Meal
Eaw Product *

Tranaportation ol Raw Product

to Plant 6. 7%
Fayment lFor Use of Patented

Machinary 2. 3%
Labor Coste 15. 0%
Fuel il 3. 4%
Propana 4. 3%
Blectricity 7. 7%
Bquipment Depresciation £. 2%
Repair and Kainktenance 9.8%

Cverhsad [(Includes ALl Othsr
Admipistrative and Miacallaneous

Coste) 14. 7%
Insurance 2. 8%
Legal-Accounting 1. 2%
Storage and Frasaing 1. 3%
Salt aad Other Chemicalsa t. BX

* As notwed in Chapter 3, the coat of raw product
Tluctyates depsending upon ita availability and the
prices of aubstitute commodikiaea. It ies therefare
conalidered separntaly from obhar proceasing costs.
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companian, and both marglinal and average costa will sgqual
price for all rirms. " Morgsover, as i1llustrated bslow in
the dipcussion of processing plant charactearistics, many ofl
the clam-ahucking operations surveyed ara similar in scale,
annual volume proceseed, plant capasity, and other
operating characteriatiocs., Labaor costes, avearaging 15
percent of processing costs, constitute the largaast single
percentage of total procasesing coste exclumive of raw
product coste, Many plant opsrators, howavar, ars
gurrently reducing labor costs through inocressad sutomatlon
of mhucking, ssparating, and washing activitien, Ovarhemd
cpates, squipment repair a&nd maintenancs coxtm, Fusl coatw,
traneportation coste, and packaging cosakes contribuke
decresasing parcantageas pf total yproceassing costs
reapacktivel y.

Thea total coat of procemsing a pound of clam meats
did not display great variaticon among procsesseing opsrations
survayed, Praocensing costm do, howavar, demonetrate markad
eeasonal Fluctuation. Procasmara have indicated that,
during the apring and fall monthe prior to clam spawning,
tha yvield of meats Ppar bushel of clama is highar than
durling the summer and wintar monthe after apawning has
occurrad, Thus, processaing comta pear pound of clam maate
are raduced twn to Cifteen parcent during the highsr
yialding monthe. During the menths of law yiald, lwsse mest
is produced, alithough the sams number of ahells muast be

handlied. DPuring the aummer and winter montha of 1981-19B82Z,
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the mean cost of proceassing <lam meats waz 30. 34 pap

pound. During the epring and fall months the mean cost of
procedsing clam meate was §0. 31 per pound. Thenw
processing coste are slightly less than the ldentifjed
coets of procwwaling ocean quahogs because ocean quahogs Ale
smaller and more ahella must he handled, Mean coat of
processing ocean quahog meats was reported toc he $0. 40 per
pound during thea summer and wintsr Ciahing ssasons and

50. 34 per pound during the spring and fall fishing swasons.

Industey Profit Margin

Amn notad above, the price at which shucked maats are
apld is determined by adding raw product coste and
procassing costa to a profit margln. The profilt margins
(raturn on ipvestment) of the processing Flems
particlipating in this atudy ranged from tean pearcent to 1%
Percant ol processming coste. The mean prolfit maprgin
ideantifiead Tor aurf clam shucking oparations was 11.7
parcant of procesasing costme, Some limitad data wers
obtained identilCying profit margina associated with higher
levalas of the clam proceassing indusktry (( e secondary
proceasing of raw product). Thaae dats indicated thatk
profit margina ware considerably lower, approximately [ive
percant ol opsrating costm, for sscondary processing

oparations farther removed from ashucking apsrationa.

Progsmuing Plant Chorscteristicsg
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In addition to deriving aurf clam procesalng casts,
one objective of this research was to investigeate the raw
matarinls and caPital inpuks required For clam shucking
operations, and to characterize slemental Tacete of
processing opsrationa. The rewmainder of thia chapter
describee plant cparatione identified by the processsor

aurvaey.

Supply 3Jources, Products, pand Facjilitien

#hile moet of the businessen participating in the
study survey processad primarily surfl clams, soms plants
aleg procasasd cther apecise of shellfish, including
oystara, hard clama, and ocean dquahogs, Soma ascondary
procemssaing operaticons almo procensed canned veagatables in
addition to clam pProduckn. Many processing planta that
initinlly began oparations as auppliers of hard clams and
oystara later began proceassing aurl clams. Hore recsntly
they have beagun procassing ocsan quahoge hecause the supply
ol aurl clams has been limited by yield gquotas, Tha maan
langth of time that plants have basen processing surl clama
ia 11. A ysars. Thiwm ims in contrast to an aversge length cf
time of 2. 37 years Tor ccean gquahogs. Surf clama comprised
approximately 75. %7 percent aof the clama procseaad by the
planta surveyed, whiles ocean guahogse conskbituktsed
approximataly 21 pearcent of the clams processad. Tha
remaining 3. 79 percent of procwassd product war jdentcified

aa othar shellfish. Thus, aurf clames remain tha moak
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important product for moat of the proceseing plante
surveyed. & small number of plants have convarted thair
oparactione to oceaan gquahog meat production. 4#ll of the
Plants surveyad, however, process acme surl clams.

All of the plants survaeyad have ownad zurf clam
Tfishinhg boate in the pankt. In racent years, escalating
Tfishing coste and restrictive ragulations have caussd many
cWners to sasll wvaszszels and buy at laaat part of their raw
product from indapendant fishermean. Yamme] ownarship
averaged 1. 71 veassels par processing opsration, Im 3942,
the processlng plantes surveyed cbteained an averags ol 40
pearcent ol their raw product froem indepsndant fishermsn.
The remainder was harvested with proceasor ownsd and
aperated vessels. Thie percenctagew has changed in recent
yaara. Although inadequate deta wars obtained to detbtesrmine
the magnitude of thie changse, several Procesaors indicated
that prior to implemesntation of tha surf clam management
Plan, the industry-wide percentage of raw product purchased
from indepandent fishermen was 40 to 50 percent

Hons of the plants surveysd had wriktten contractual
Agreemantes with purf c¢clam Fisherman, but all processars
antersd into informal agresmenta with clam suppliers Tor
exclunsive rights to vessael haprvests. The mean number ofl
suppliers psr proceasing plant surveysd waa 5 4. The moet
important lfactors influsncing a deacision to requasat clamns
from a wpecilic indepeandewnt vesesal opsarator were quality of

product {(i.we. if the becat provides a full 32 bushels per
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cage mensured, reliabllity, and willingnesas to mell at the
pravailing markat prica.

All of the plantes surveayed indicated that they
wiahad to take daily daliveriam, but in mast cases werws
only able to obtain clame thrae bte four times pear wesk. In
order to ocbktain adequate deliverias of clama, PpProcassors
warw raguired to ssek dalivery from many different ports.
This miktuation its & result of similaritise in allocated
Fiahing time at geographically proximeate ports. For
sxampla, vegsels oparakbing out of the major clam produsing
porte of ¥irginie and Maryland, Chincotsagus snd ODcean
City, are currently limited to the aname twe days of finhing
avery waak. PFroveassors in Virginie wiehing te oparate mora
than two days par wesk must ship clame to Eheir plante
from portes farther north.

Indeapandant sources of surl clam supply have not
changead significantly during the past ten yesare. Tha
number aof supplisrs has decresssd, primarily as a reault of

curtailled harvesting activitiesa among processcra.

Qther loputn ppd Hapte By-Producte of Procesping

The labor requirementa of processing plante myurveyed
varisd depending upon tha capacity of the plant, Total
amploymeant rangsd frem 6B to 150 worksrs, The maan numbar
of smployeens pesr plant wam 92 6. surveyed plants averaged
8.6 palaried workernm, including managsre and suparvimora,

and 78. 8 hourly workers. Some of plante surveyed had not
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inatituted automated shucking operaticns at the time of thes
Aurvay. These plants amployed a piscework labor force of
35. 3 individuals per plant to shuck clame and camove
balliamsa. Plantms utilizing pliescework employesna upsd 50
parcent Cawsr salmried workesrs than plante without
Piesceworkars. Avaraga wage statiatice were unaveilablae far
aalarisd amplovass. Hourly and piscewolrk wagan [fluctusted
depending upon the geographic locations of thes plantsa.
Wages paid in rural ateas wara lower than wagam paid in and
nealr heaavily populated arsas, The average hourly wags pald
to procensing plant employess wan $4.35 per hour, and the
averages piescawork waga was B1. 42 par five gallon pot al
glam maats procasswsd,

The volume of meaks processad by tha plants surveyed
in 1981 ranged rom 1, 200, 000 poundms par yesr to 12,775, 000
pounds par yaar, Production was clusatared about the maan
of 4,250, 000 pounda of meate, Pounds of meaats procesesd isa
presantly despendant upon regulated supply and availebility
of clams,

Hante praducte produced hy processing plante
include: phell, clam visceral mass, and wastewater. All of
the plants surveysd treated and dimnponsed cof waste producte
Bimilacly. Clam shell is sithar shipped directly to
landfill disaposal mites, provided frea ol chargs to
processores r+quiring landfill, storead and sold as oystar
oulteh or road f111, or stored and plantsd on oyeter leaasaes

hald by the procesmsing Firma. Hona ol the Firma aurveyed
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indicated that they snccuntered or anticipated any
difficulty disponing of mnhell. Although all of the firms
indicated that thars is pPresently a markat Cor ahell
bringing $0. 30 to $0. 45 per bushel, Bsslling this by-product
reQuiras a relatively largs storages area. Lack of adaguate
atoraga mpace wanm clted as an impadiment to Bselling ahell.
Clam bally matarial is pumped to holding tankas fFar latar
disposal in municipal aswage aystama, Eruckaed ko landfill
disposal zites, or provided fres to parmons using it as hog
feed, Certilizer, and bait. Ho problama ars sncountarsd in
dispoaing of this matsrial. Proceansing firme indicated
that wastswatar disposal, aslthough not problsmatical at
this time, will bacoms prohibitively sxpenaiva lfor many
Cirma if efflusnt standardas become more restricktiwve.
Beacauss most plants diapome of wantaswater intc natural
smbaymanta or rivars, wastewater must mast standards mset by
tha Clsan Water Act Amandments for pH, auspsndad solids,
BOD, and 0il and graasa., Quarterly eflClusnt reporkts arse
aant by firme to bthair respactive staktes watar control
authoritian, and sffluvant is tastad annually ko verify ths
accuracy of cthess reportms, Eighty-five percant of the
firms surveysad weare capable of meating effluant standards
by aimply scresaning their wastawater, a relatively
jhaxpansive procadure. Most of tha sclida are therahby
capturad whan tha screen ia emptisad sevaral timaa par day.
The remaining Firma wersa raquired to sacreen thair

waatewatar and pass It through grit chambheps, air
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floatation tankes, and setiling tanks belfors discharging
#ffluent. The additional msetimatad cast of treaating the
wabttewater with thease systsms wams betwesen 40 and 50
thousand dollars per ¥y¥ear.

Because fresh watar 1s used in repeatad weahing
stepm, it is an important resourcs. Hatsr uas calculationa
across all shucking planta indicate that an averags of & 113
gallona of fresh water are required Cor every pound of clam
meats procesaad. Thisa Tigure ranged from 2.5 gallons of
Water per pound ol maate procesesd to 9.0 gallone psr pound
of meats proceamaad. Only one plant survaysd indicatsd that
obtalning an adequakte Frexzh water supply was a prablaem.
Geaographic location appamrs o determing whether Craah
water aupply limite production. In heavily populatad
arean, whara water is ohtained from municipal remsrvoirs,
wakter may becoms a limiting rescurece [or industrial
graowkh, Wheres wells are used as sources of Cresh water,
atate regulatory agencies apply annusl supply celilings.
Individual proceasing plante on ¥Yirginia'a Eagtern Shore
may presently pump up to 150 million gallona of water per
yvear from their walla. Thim total is much highsr than any
single plant’s annual water reqQuiresment. S5everal
procassars, however, sxpresasd fesars that aa the damand for
watar riszes with increasmed population density, ilnduskry
wil)l be allocated a amallar supply. ¥hather watesr will

becoma & limiting remscurce remaina to be demonatratad.
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Production Inventory, Seles, anhd Distribution Nebtwork

During warm waather, rapid proceassing (wikthin 24
houra of landing) of clame ia requirsad to avold spoilags.
Clama may bes hald as lang as [ive days withouk aspcilage
loss at temperaturss pear or balow [reazing. All of the
processaing plante surveysd, howavear, procsasad clama the
sama day thay ware deliversd, and tharefcore held litktle or
he raw product jinvantery. One third of the plants aurvesyed
held inventcries of procagasad meats Iin sither {rozen or raw
Cerm. invantories ranged from 25,008 to 300,000 pounds of
maaks.

Mone of the firma surveysd mold shucksd product
thraugh thair own retail cutlets, although ssveral
verticelly integrated firmas engaged in mecondary processing
apsrationes to produce products which were acld by the
firm, This survey would indicate, however, that a majority
of clam shucking oparstions swll product directly and
through brokers to othar [irma Tor further procemssing 1lnto
wholesanls products. Advertising wams not demcnatrated Eto ba
important at the primary lavel aof production. Only t6
percent =f the Firma surveysd angaged in any¥ kind of

advertimling ackivity,

Induetrial Prodyction Capacity and OGrowth Potential

Fluctumtions in the supply and prices of surl clams
have affectead tha growth of the sur{ clam processing

industry. Althaugh aaveral of tha firma aurveyad have haen
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opareting successfully mince the early 1900's, many
caompanles have rescently besen required to curtail harvesting
activitiesn, cut surf clam meat production, and shirlt
procenssing oparations to ocean Qquahcga. Hone of thea firms
survayed have introeduced new surf clam products into thair
markets, howaver mome Tirme curcantly sngaged in shucking
activities only are planning to integrate hreading and
freazing oparationa into their husinessnmss, Soma Cirma have
introduced naw Crozen oyster and hard clam producks ko
replace loest volume ofF aurf clama. Frozen cyasters on the
hall shell were identifled by shucking plant managara as
ans product with good Future markst potantial.

Hona of the plantas surveyad are currently producing
at full plant capacity. Procespora entimated that they
cauld increase their producticn from 10 to 100 percant
without any expansion or need for additional capital esxcept
increansed personnal. The calculatad mean possible
production increass over all plants surveysd was 72.5
parcent. Production capecity per wight hour shift was
estimated by mll plantas surveyed, and demonstrated
remarkahly little variation among planta. Production
capacikty ranged from 10,000 pounds of meats par shilt to
40,000 pounds of meats per ahift. Msan production capacity
per shift over all plants aurveyed was 22, 500 pounds of
mentn, Most plants survayed indicated that only tweo
production shifts could be utilizad because of the

necasaity For & third six¥ to eight hour cleaning shift.
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Thara dosws, howaver, appear tc be slgnificant
underutiliaation alf processing capacity in the industry.

Faotorms impeading msurf clam procemnsing plants from
operating at full capacity were lnvestigated. Tha problasm
moak fraguently cited wams the scarcity of Fresh raw
product. Shortagses may sxist bescauss of managamenk quotas
{l1ow resource abundance) and poor weathar. Processore
indicated that, with increased availability of raw product,
it would be posaible to boost production approximately ten
percent per year within market conatrminta.

Scarcity cof labor was not identilfised am & problam hy
any of the proocsssors asurveysd, althaugh workar shortages
wore temporarily sncountsrsed. Tha labor force smployed by
procensaing plants was identified am unmkillad or
sami-akillad with moat actjivities raquiring nc sducation ur
only ona to two daye of Erajining. A largs parcentage of
transisent warkars ars smployad by procassing plantnm.
Quality of availables parsonnel and wark [force turnover wara
identified am prohleams by most Procamsing firme surveyail.
On tha Eaataern Share of Haryland and ¥irginia, procassing
Plants amploy worksre on an avaning shifk. Thoae workers
alao work a daytima shift at chickan or vegstabls
proceaning plante. Processorm indicatad that wark lorce
turnover averaged 20 parcant annumlly.

Unionization is nok popular smmong workeras in surf
clam plankte. Thie may be attributashle to the tranaient

nature of emplayment in surfl clam processing plants. Hone
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of the plants surveysd ware wnionized. In recent years,
unions have tried to septer two plante, but ware dafeatad in
both cabes.

Capital and squipment required to initiate
proceseing operatjiones warwe Ldentifled as land, bulldings,
trucks, [ForklifTts., shucking machinsry, conveyor asystama, =
real wamher, [loatation ftenks, sxtracting eguipment,
washing equipmeant, pumps, a fresh watar wall aystam,
refrigeration and freezing squipmant, and boats. The
minimum esstimate of venture capital required to establish
such an opsration was #$500,000. 00, Ho sxclumive patsnte
would prevent acquisition of the necessary sqQui pmant.
Paymant Cor the rights to use sviscerating machinary,
however, would be reguiresd.

Although ndequate sourcaes of capital, labor, and
markat potential axist for businsess growth, entry of new
firma into the proceseing industry appesaras to be unlikely
while clam aupply 1o restrictsd by ahort natural aupplies
requiring restrictive managemesnt regulations. Limited
growth potential exista for processsing FLirmsa pressntly in
the indumtry. OGne third of the procesaing Cirma aurveysd
indicated that they will not expand busineas operaticanne
unleas olam supply limitations are sliminated. Two Lhirda
of the Tirma surveyad plannsd to expand, “"within the limite
of tha managament plan®, investing in more acphimticated
automaktion and axpanding inte new markets for breaded and

aljcaed clama, A parvasive businewss strategy under the
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current regulatory regime appears to be: 1) gain mccess Lo
more saxpenaive limitad supplies of clams by cutting comtme
through investmant in naw afficient equipmeant and
curtailment of esxpansive Fishing opearations, 2) increass
production at the sxpanas of compatitors, 3) vertically
integrate mnd axpand into new markeats for breadad or sliced
product, 4) expand produckion of chowder meats by
processing morea oceaan quahoges and hard clams and using
salvage more alficientliy, and %) where pomsmsible sxpand

operations ta process and sell oyatars and hard clams.



Meodel Ceonstruction

faing the pacramutsrs darivaed in the foregoing
chaptara, & surf clam managament model has bwen constructed
Lo weasure the responke oF middle Atlantic surf clam
papulaticons and the economic sanvironment to Cishing
activities., As npeted abova, & pumbar of gen#ralized
Fishary modals have baen previocusly constructwd. Hawever,
there have bewnh nho pravious effertes to develap an
analytical aingle apecias model Tor the middle Atlantic
surf clam fishsry, Anderson et al. £1982) develaopad a
generaliged multispecias, multjicohort Fishery model
originally desighed to inveatigate manageament options for
the New England groundlish fishery. ifter ita construction,
the model wam applised to inveatjigate auel clam and ocean
quahog harveating sctivities. Tha Andacson model, while
clearly inf'lusntial in the directiocn taken by thes preagnt
inveatigation, differe substantjally from this work as

illustrated in the following aection of thias report.

4 Unique Hodeling APproach

The loundation of the present analysia liee in the
work of many inveastigatora, but the managesmsnit modal
described below ia uniqua in tha sasvaral reapects. First,

this r#saarch guanktifies indueptry comta in both the
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processing and hacvesting msctore through = survey ol all
surl clam Fishermen and procesgors in the United States,
and interviaws with procefaors and fishermen in ¥irginis
and Maryland, The iAndarson modal cited above, on the ather
hand, developad empirical satimates of harvesting costs
using running time, fusl uma, and other Facktores raported in
the literature. Cartainly, thaswe astimates have basn
unelul as a starting point Tor a more comprehensive
invastigation, Homkt of the cost sgquations empiloyed by
Anderscen at al. wers geansralized for ume 1In & “typical”
multispecies Ciahery, and wars initially derived from
information on the Hew Bngland greundfimh Fiahery. The
praocessing ssctor was not includaed in the Anderson modsel,
and no survey work apecifiec te the surf clam Ciahery was
performed. Sacond, this research axamines tha relationship
batwaen ex-veaael prica, quantity landed, and ths prices of
subatituts mpecisa in tha aurf clam Fishary. Ex-vesseal
clam pricea c¢can thuys be expressed as a function of the
quantitien linted ahove. Thea Andercason approach was to use
a constant price model, the great weaknaass of which is that
it does not include dewand e«lapticities. At high levels of
¢lam harvest, this is & serious omiesion Failure to
account For cross elamticity of demand bhaktwasen subatitukba
apeacies and wurf clame can also l«ad to the davelopment of
an unrealistic model. Third, in sontrast to pravious
effarts, this ressarch emplaoys a Biologically based method

of calculating biomass in pre-recruit cohorts, Tha won
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Bertalanflfy grovwth squations and length-weight
relationahipa are used in thia model ko calculate biomans.
Fourth, while this reasearch aweka to develop a specien
apacific Fishery model, it im Flexibla enough to
lneorporate new biologicml and economic infermmtion am it
beccemea avajileble, and to savaluats tha permutations of
combined managemant strategiae, The model is capable ol
incorporating cohort apecific natural mortalitisas as well
ag total natural mortelities apecific ko any one of the
three middle Atlantic subregions. The Brody growth
coelficiant &an be alteared by saubregion or peason tog
aceount for tamporal or regiconal Fluctumtione in growth
rate, In addition te svaluating the harvest of mature
clams greater than 5.5 inchea in leangth as permittad by
current mapagement ragulations, the modal can detarmine tha
aconomic and biocolagical eflfects of harvesting clamms of
length amaller than 5. 5% inchen. ¥Yarioum TFixed and variable
coaks of vemssl operations c¢an be changed according to
vesasl clams or regionm to axamine the impact of changing
apecilic coatna. ¥Yariable processsing costa can ba altered,
the offacta of an sex-vasaal price floor ar changing fixed
procesning coatse can be saxamined, and vessels can he
parmitted to leave or antear the Fishery depending upon
profita availmsble inside the fishery relactive to thansae
outmide Lha fiashary. Effart hours can be altersd by
subregion and veamal claspg, landings fTaxers can bhe Lmpoaesd

by maubregion and by veassel olamsn, quotas may be imposed hy
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caagon, and ths movameant of vesssls CFfrom areszs of low
productivity £o arsas of high producktlivity may bae
investigated, Faw of thess managamsent options have besn
inciudaed in sarlier Ffishery modals.

%hjile thie reasgearch bujilda upon the work of sarlier
inveatigatoare, the model described below haes nobt been drawn
Crom any pravious investigestive work, This mode]l is an
impraovemant ovey aarlisr onus, and 1a ussful in improving

tha managsmant of thea aurl clam/ocean quahog rescurce.

Hodel Skructure

The model heas bean writtsn as a Ewkt ol squationa, and
hae besn programmad 1in FORTRAN lFor use on a digikal
computer. 411 of thie work has hesen parformed using
thePrime 450 computer at the Yirginie Inetiktute of MAarina
Sciwnce. The mod#]1 has been conatructad in the Frameawork
el %% pubrcutines contalning equations repre«ssnting the
fiow of resourcam through the Fishery. Each of thenss
subroutines ia called by a main program designed as &
hookkeeping Function to coordinate and bteack activities
accurring in thae fizhery. Thess aubroutinee and their
functions ar4e diaplaysd in table 14. The squations and
input paramatars uasd in sach subroutine are detailed in
modal program included in Appendix A.

Hain Pregram
At 1ts outsst, the main program calls subrouktins

INPUT to initimlize all modal variablss, and than



Table 14

Progrem Subroutinea and Funckjionm

pubroutine

Hain Program

INFUT

GROHTH

EFFORT

HARVYET

CQUOTA

Fupction

LR
2}

n

41}

5]

11

2}

1)

1}

L

21

Drives the modal.

Callas subhroutineas as

reguired on a monkthly ar
yvaarly hamina,

Maintaina and updatea monthly
and yaarly atatiskice,
Incremanhte model onh a monthly
and yaarly basis,

Ragqussts and implemankta uaasr
initiated changes 1n
managament variablans.

Initimlizam all input
paramsters and passes tham
to subroutinas.

Calculates bjiomamms changs in
aach aubragion by cohoert
bamad upon von Bartalanfrly
growth.

Calculates the number of
alfort days of fisahing pear
menkh of three clasaes ol
vepgals in threae subregions.
This is basad upon allowable
affart hours,

Calculaten, by thresa clasnss
of vesswsla, harveat in three
eubregiona in hiomass.

Checks tc see whethar
gquarterly harveskt gquotaa have
hean exceeded.

IF they have, it clomaa the
Cishery until the and of the
current guarter.



subroutine

YERRET

PRORET

HONDAT

SWITCH

YEHEX

YRPRNT

112

Function

13

11

1)

11

1)

13

Caltulnates avarage and kotal
vesadel revenues and prolfjits
by vesnsl class and subregjon
baaad upon defined Fiahing
coata, s#x-vennsl pricen,

and harvast.

Calculates procemsing comta
and wholeaals pricas
asupcinated with various
lavels of proflfit.

If requeatad by uasr, writas
monthly atatistica to an
output file and to the uner'a
tarminal.

Calculatens profit potantial
in all aubragions according
toc vemaal clasms and moves
vegaela from aubragicna of
low profit to mubregions of
high prefit.

If reqquentad, calculatsna
potentisl return on inveat-
ment available ocutaside the
Cishery and moves vasnslsa
either into or cut cof the
FCishery according to profit
potantial. Moratorium on
vesaoasl entry—-exit may alao
ba imposasd.

Hritea annual statiatices to
an output rile and to the
uner's tarminal.



interactively rsquestes input concerning the number ol
yeaars to bs manalyzed. It aiso requasts instructionnm
regarding the gensration of monkthly or annual cutput.
Initial management options ars sntered &8s variables in
subroutine INPUT, and may be alterwd after the completicon
of aach year of analysis or at the end of an antirs
aimulation run, Thies cption permits coneidersble
analytical flaxibllity. The majin program next anters a
lacp responemible for yearly incrsments. If ex-venaoal
pricens ars nct Fixed, the price model nastsd within
subroutine VESRET is autcomatically invoksd. The program
hext =ntears a loop accounting For monthly time step
incraments. Hithin this loop subroutines are called to
daTine monthly growth and natura)l mortlity, Cishing eflart,
and harvest according to vesssl ¢lamm, aubregion, and
cohort. A check in psrformed to determins whether
quarterly harveat quotas have bean sxcawdead. Il they have,
the FTishery is closed until the besginning of tha next
Quartsr. A1l of tha caloulationes peclformed in thesa
aubroutines are displayed in detail in Appandix A.

ilfter calculating monthly harvesksa, ths main program
muat again recalculate cchort sige Bseccounting For Cishing
morteality. To accomplish this, harveats for sach ol tha
three vesmsel clapses ars added together and subtracted from
cohort waight 1n msach subregion, The total weight of #ach
cechort group is 2mlculatsd aa ths producst of cohort aize

and the weight of clama in & cochort {(derivad Taorm
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aubroutine GROWNTH). At thisa peoint, tha maln program
separately calculates the size and weight of the Bsurf clam
population 1n esach subreglon and the agygregate middle
Atlantic population.

The naut task addresssd by the main program la the
calling of subroutines raquired ko ipvoke an sconomic
aubmodel of the harvesting and processing seciora,
Subroutine VYESRAET ia callad to calculate harvesating costs,
revanues, ahd returns. Tha ex-veszawl price modal located
sithin aubroutine YESRET im callwed to calculates harventing
coats, revenusas, and rekburns. Subroutine PRORET is naxt
called to calculate procemaing costs and to identify the
wholeaals prices that would bhe raquired to break svan, and
to achieve varjous lavels of return against costs, All of
theea mubroutines must communicate with sach other, and
with the main program, and must therafoprs pazs input and
output paramstara through common variables. After culling
subroutines comprising the sconomic submodel, the main
program chacks to ses if the usar requires monthly output
and Iif mubroutine MONDPAT should be callsd. This mubroutine
crestas monthly output files, writes data Lo thoms filasm,
and writes monthly output data to the user'a terminal
scTE®N,

The main program muat alaso determina how potsntial
proflta will arffact the movewent of fiahing veansels between
subregions of the middle Atlantic. Himtorically, the

middle Atlantic msurf clem Cishing flest hams moved an masse
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betwaen aubregions, axploiting the avalilable rescurce in a
aubregion until naw clam beds with higher profiot potantcial
wara located. Subroutine 3WIYCH surveys the profit
potential of sach middle Atlankic aubreagion on s monkthly
bamin, moving the fleat to aubregions where the highest
profita may ba raalizsd. Aftar accounting for monthly
Cleset movemank, the main program nexkt callms asubrouktina
VENEX, which ia responaible for woving vesmsls inte and out
ol the Fiahary. Thime aubroutine calculates veaasnel profitas
on an annual basis and compares them to rebturn on
inveatkmant capltal available outmide the Fimhery. Ir
potential prolfits are greater within the Cishery, naw
fishing vesssals snter the Fishery at ths end of sach yanr,
If & vesasel entry moratorium im indicated, veszels are
pravantad Trom antering the Tishery. I potential profitsa
arda highear in snothear lFishery, vensels leave the clam
Ciahary.

Alftar accounting for changens in lfiahing CFlast
distribution and eiae, monthly itarations are completed,
and tha main program laavens the monthly laop. At thina
time, the remaining subroutine, TRPRNT, is called ko craake
an output Cfile to recsaive annual daka, YRPRNAT write=x
anhual data to thim rile and te the ussr'a tarminal sEcresn.

Two proceduras ramajin ko be complatad by the main
program bsfore moving to a new yaar within the annual
loop. The user is givan tha apportunity to change

managemant parametsras akt the end of e«ach vear. The main



program requssts informatiocn regarding the following
variables: the prices of ocompeting spaaien oan bs changad,
landinga taxsas can be implementad cor changsd, monthly
elffort hour limits can ba changed in any subregicn,
quarterly quctae can be changed Tor any specilic guarter,
and natural mortality ratea can be changed eaccording to
subregion and cahort. The lamt task to be complebted by thna
main program ia the advancemant of clams In #8ch cochort
graup, after havihg aged cna year, to the next cohort
group. This occurs at the and of wach year.

At the conclusion of sach yewar, monthly procsdurens
are relnitiated to caleculate activity within the IFiashery
For a new ¥Yeaar. Once the end of the yearly loop isa
reached, output [ilem are closwd, and the usar 1a notifiad
that tha simulation run has endaed. The calculations
perlformad by sach subroutine ars dieplayed in dakail in
Appandix &.

The model conatruckt deacribad above has bean designed
apacifically to evaluate altsrnative managament atratagies
in the surf clam fishery. Gape in our knowlsdga of density
indepandant and dependant influsnces upon yesr class
strangth have precluded thse devealopmant of A mkock or
snvivronmental pradictor of recruitmankt. Am Rickar (1975)
notes, Lthe sbundance of mature spavwners in a [inh
population ia often of sufficient importance to make it of
rwal value for analyeis and predictjion, Bavetrton and Holt

{1957), Ricker (1958), and Cumhing (1972) have proposed
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aCtook-reoruitment relastianehips. The Rioksr model parmits
the partitioning of martality during tha prerscruil stage
of the 1lilfe #ycls into denaity depandent and density

independent mortallty:

R=ASa **

where A is the coefficient of denaity-indespendent mortceliky
and 0 is the coefficient of dewnmity independent mortality.
5 (the size of the spawning stockl] and R [recruited stock)
ara maasured in eggs spavwned and lifatime egg production of
racruits sulffering only natural morteality. In some capas,
variability in recruitmant unexpleined by the
asatock-racrultmant funetion can bs sxplained by abiotic
fackors. Haleon, Ingham, and Schaafl (1977) corralatad
deviationa in recruitment from a Ricker stock-recruitmant
function with anomalies in Zonal BEkman tranapart. Howavar,
uncertainties regarding the stock-racruitment relationahip
in tha aurf clam fishery, and the rasponss of the surl clam
fleat to increaming or decresasing profits have necessitataed
the use of mavaral asaumptions described in Appendix &
Despiktm itma lack of mophimstication in these arsas, ths
model ramaine an extremsely flexibla and uselful ool with
which to compares and contrast the possible advantages and
disadvanteages of managamunt opticons, and to make decisiohns
that pptimize sconomic and bioclogicm]l y¥lields. The

Following chapter descrlibeae the results of meveral
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dirferent approaches tc regulating harvestes in tha surf
clam fishary, and damonstrates how this model may be used

tc avaluate these managemant strategian.



Chapter VI

Resultie of Sleuletien Jtudies

The datas and relationshipe betwean economic and
biological paramatera describesd in previousm chapters wars
Fitted into the modal framework coutlined in chapter ¥, and
an svaluation of altesrnative managamsnt strategies was
conduckted. Before dascribing the results of wvarying
manageament variables, howsver, it ia important that & briefl
discuasion of the details ammociated with verification of
this model ke pressnted.

Caewell (1976) has defined two general purpesems far
which scoaystem modals can ba daveloped. This reassarch
project may be viewad in the contaxt of thsmse purposss.
Hodels may be devalopsd for: %) prediction ol tha behmavior
of atate variablae in response to speacific pomsiblae
parturbetions msnd 2) ths organization of thought concerning
the internal dynamice of an ecoasyatem. In the Former canse
the modsl is used primarily as a tool Ffor ecosystem
managamant decisions, This ressarch in concernad with
avaluating Cishery management altsprnativea and i1e thereafora
cancarnad with the first genaral purposs liated above. Ha
modal can, howaver, produce a faithiful one-to-one
reaflaection of reality. Data gaps snd ap incompletks
understanding of wvarious vate sxpressions tranasferring

rescurceas batwasn model compartmente have nacesmgitated tha
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use of aimplificationas descrihed in previous chaptars.
Haverthelesn, as Levine {1946) hae noted, "all modals leave
out a lokt and are in that sense CTalaa, incemplats and
inadagquats. The value of & modal is not that |t I8 Ctrum
but that it generate good testable hypothases relevant to
important problama". In that ragard, thia modal is quitae
useful. Development of thia model has in fact baan a
procesn through which gapa in the continuum of khowladga
hava been idantilied, the impack ol alternative manhagemant
atrategias haa bkaen svaluatad, and future resaarch naeds
have been ldantified.

Model verification testm the relationahip bstween a
model and ths resulta of & simulation, anawaring thw
quastions, how good is the progream and, dosas ths program
perform to ita demsign apacilications. DPevalopmsnktal
mathodas have baspn umsed fto verify this modwel, Structurad
programming, including top down deasign, has varified that
thera ia no circularikty of flow and no backward branching
in the maodel, Code walk throughs wera psrlformed during
model development, and tables were writtep deriving valuess
that all variables in the program must assume akt sach
atep. Tha zourca leavae]l debugger availahla on the PRIME
system was invaluable in this ragard, Documentation
devalopment nleo was used to verify the model. Bunning
commentary was inserted into the program ko faciliktate
analyeis and verify resultes. Becaume of the ralatively

uncomplicated FTeedback structure of tha model, pont
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developmental estatiszstical methods were not required to

varify the modal,

Cang 3tudies

A bioaconomic evaluation of the middle Atlantic aurfl
clam fiahery wax parformed under conditicons dewcribing
Aiffearent managemant scenarioca or cases, These acenarioa
include a range of management optiona, sach case
rapressnting a diffarsant approach to managing the fiahery
The flexibility bhuilt into this model's analytical
framawork would parmit many more differant casea or
permutations of managemsnt options to be svaluataed. The
casens prexsehtead in this chapter, howavar, weare sslsctad
bhecauass sach unigualy repressantas a bamic policy decisaion ar
perturbation having signiCicant impact. Hore apacific
questiona and problemes could bs addresssd by induatry
Plannsars and manhagere usming this analytical taol as the
nesd arines. In sach oass, al]l doller valuas of coatm and
pricea are based upon data cbhtainad in lats 1981 and 1982
These valuss may, therefors be considersd as 1982 dollars.

Cama numbar ones ism a bamseline simulation of what
ctould be sxpacted during a aix ywar planning horizon if the
Atpatus quo is maintained in tha fishary. Conditiona asxtant
at the and of 1382 wers ussd to simulata the basslines
situmtien. Annual landingms quotas of 4% milllon poundma af
meats, drainsd meat waight, were impossd by quarter, and

vepaelas ware lIimited to 24 hours of Tishing time par wesak.
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The fimhing fleet of 103 vessalas wae distributed according
toc vesaal cleses primarily in the southern New Jarssy and
Deimarva subregionsa, A& r#flection of thea minimal Cishing
affort concantrated 1In northern Haw Jerpsaay. A vesael
maratorium was imposed, preventing entry of any naw venmasla
into the Ffishary. Yanasela did not laave tha fishery. Thia
is & reflection of the current ajituaktion. ¥esowl owners
are sitremely reluctant to leave the fishery, esvan when
faced with lossss, hecause Lhey are threatenad with the
poesibllity af Tuture vesmsl cateh righta regulations basad
upon histerical landinge data. A minimum aliza 1limit of 5 %5
inchas wap impopsd upon all surf clams havvested in the
middle Atlantic r«gion, s constant rate af natural
mortality was assumed, and no landings tawas were imposad,

Caps numiber two maihtaina the same condlitions 1n thae
Fiahery, but l1lifta the moratorium imposasd upon both veseel
antry into and exit Crom the Cishery. Thias wauld reflsck a
management decision to abholimh hath the curvent morataorium
and any Cuture conaideration of A catch rights ayekam of
fishery managemant.

Caas number three simulates & management acanaric in
which Fiahary mapnagers might choose Lo regulste the fishary
threcugh the imposition of a landinge tax. Under Ltha
conditions of case number thrae, all offort pestrictions,
guotas, and the vesasl sntry—exit moratarium are removed,
The 5.5 inch Bsize 1imit is retained, howaver, an ex-vessasl

landings tax of $0. 80 per pound of clam meats inm
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imponesd upon aurf cleam Cisharmen in all Bsubregions, This
tax may wamily be converted to dollarms per bushal by uming
a8 converalon fFfactor of 17 pounds of oclam meats par hushel.

Casa number Cour sxaminew the impact of aliminating
the minimum siae limit rentriction, In thies casa, the 5.5
ineh aize limit restriction is dropped, permitting
Fighermaen to harvest clams am small as Cour inchams in
length. Clama of length ahortewr than four itnhchas ars
prerecruitas, coneiderad too amall to be useful to
procesmsora. This came thus eliminates all size limit
restrictiona while keesping the vesasal moratorium, guotas,
and sflfort hour restrictions in force,

Caseae number [ive, aix, and sevan demonetrate the
affacte of changing ex-vessal pricea of the cloaast markat
compatitor to tha surf clam, the ccean quahog. In sach of
thess cases, bamaline lishary conditions are maintained.
In cane five, the sx-vesawl price of ocenan quahogs is
increaansd by $4.10 per pound. In casa six, the ax-vensel
pricea of ocean quahogs 18 increased by $0. 20 per pound., and
in case pnumber saaven, the ex-venpal price of ovosan quahogs
in decreased by $0.20 per pound.

The situation of reastrictive guotae 18 reprsasnbiad by
CAse OnA. Cass sight depicts a situation in which an
anhual yield gquota ol 50 million pounda of clam mente, tha
estimated maximum sustminable yield in the [ishery, is
impoaed.

Cased pnumbhar nine and ten demonstrate the effects
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of high and low sffort hour restrictionm whils maintajining
all other bassline flshery canditions, Came nine increasesa
the parmittad monthly [(ishing houre by 100 percent and case
ten deacraanses the permitted monthly Fishing hours by BO
parcent.

The (inal case coneidarsd, case number slevenh,
axaminesa the impact ol aleavated lavala of natural
mortality. This came aspumas & natural mortality rate of
0D.80 in the northarn Hew Jersey subragicon during the second
yaar of modesl projections. Such & situaticn in Fact
accurrad in the aummer of 1976 during an ancxic svent wikh
asacciakted masalive Fiah kille. Case numbsr alavaen,
therafore, projacts what might be saxpected in the svent of

A aimilar oecurrsnos,

Rasulte of the Anslyges

Of tha many output variables gensrated by the model
for wach case, saven wera esslacted on the basia of their
biological and economic importance am indicators of
reflecting the «'fectns of fishery managemant. Changas in
theee paramesters were graphically sxaminad by genesrcating
annual plots aof the data with a graphics aubroutine, The
plotted variablea includea: number of fishing vasaasls in
aach vesssl cleasm, flest landings by veamsal claas, [lest
profits by veassel clamm, avearags monkthly profits pesr venssel
by venssgel clasaan, averags monthly profits per vazssl per

ywar by vazsel olass, aurl clam =stock #izes, and
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wholesale clam meat prices. The results of a nelecktad
seriass ol plokta are dieplayved and deanmcribed halow, Thesn

plots provide approximate values of each variable examined.

Case Humbsr 0Onse

Under the bassline conditions Limposed by came number
cna, the Clest Blzes would remain copnatant because of the
vesssl »ntry moratorium and the aasumption that vessels ate
vary realuctant tc leave Ehe {ishery.

As indiceated in Figures &, {leekt landinga in came one
rangs From 27 million pounds of clam meaktm in yedr one Lo
47 million poundes ofF c¢lam meats in year four. Tha trend in
landings damonstratanm & sharp increass between yearse Lbtwo
apd threa, & Qraduasl increass to peak landings at the end
of yeaar four, and someswhat lowar but constant level of
lapdingms bwtwsen yearm Tive and aix. Thase landings
reflact the population ages atructure deacribed in Chapter
1I11. Landings by claas 11l vesamels constitute more than 75
percent of thw ftatal clam meata landed. Landings by clanma
II1 and class I vempelms mhow little Fluctuation in laval
with clansa JI vewaels landing betwesn aix and eight million
pounds <o maata, and class 1 vamsmele landing one ta two
million pounds of mesats annually,

A plot ol case one flast profikts indicates that,
undar the bmseline conditiona total lest profits
would range From minus two million dollars during periods

ol remouyrce pcarcity to 5 5 million dollara annuaslly
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Figurs 6). ProJeactions indicate that surf clam fishing
fleet profits would 1norsase during Lha aix year planning
horigon Cfrom levels helow tha hreaak svan mark, to a pesak ol
5.5 million dollars at thea end of yaay four, and than kEesgin
a deciine, falling to the 3.7% million dollar lavel by tha
end of year aix. Haarly all of thias profit would be taken
by the claag JII fimhing vessal Flast. tndar bamelinas
conhditiong, the clama [ vesssl Flaat will not reach the
braak aven leval]l at all during tha aix ysar projsction.
The <laea JI fleet is projectad to reach peak prolfit levels
of approximately 0. 225 million dollars in yaar [lour and
then decline to proflfit levela of approximately 0.12 million
dollare by year aix, In all thraa vesasl claasen, Flast
profite axhibit a trend aof declinae after peaking in yeaar
four. This i# a rulleactjon of reascurce abundanca

Avarage profitms per veanael plotted by month are
displayed in Figurs 6. While providing a datailed pickture
of monthly and ssasonal fluctuationa in vemsael prefite, the
detail of thesa plote makea them less uselful than plota of
average annual dats for the identification of trends.
Maonthly plots of vessel prolits indicate that as quarteriy
landingas in year thrae bagin to excesd gGuotas, the Cishery
will be closed under baseline restrictions and fixed ccete
will reault in negative prolits. Figura & ahows that
monkthly profits per vessgal will ranga batwaen $16,000 and
$0, 000 for clams II1 vessels, beatwean $6, 000 and $5, 000 for

cleas Il vesaels, and babtween $2, 000 and $4, 000 for class I
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Figure &

Capa 1
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vasasls. This plot also ahowe a trend of prolita par
veausel Yesaking in year [our and declining through year six,
superimpoaad upon pariocdic monthly lompsens during closura of
the Cishery and regular declines in vesnmel profits during
the wintar seanscon.

Figure § displays monthly profite par vapaal
calculated on an average annual bamin. Monkthly prolfite
among cleas I1 vemssels [luctuate from -$1,500 in yaar one
to nearly %$7,000 in vear four, and decline to #5,000 in
year miNM. Monthly c¢lasms II1 veswsl profites are coneiderably
lowar, dropping to -$1,800 in ¥ear one, incresasing to
31,000 in yenar two, and falling once again to approwimately
$500 in ysar six, MWonthly profites among class I vessalns
ramain helow the break aven lavel, dropping to nearly
-$2,000 in year two, and remalhing at levals nenr -$%00
during other projeckted yaars, It should he emphasized that
these projections are faor nat profits aftear payment arl
veasal Ccaptain and craw wages. Yoesel ownara hava Btaysd
in the surl clam lishary for five years or longer balow the
braeak even level beacauma limjtad entry haes made a fishing
paermit a valuable il unmarkestable commodity,

Figure 6 diaplays aatimates of amatock eize, biomaaas of
clams graatar than 5 % inches long in each aubregion,
Hiddle Atlantic mtock zigze eptimateas in cese ona rangs from
approximately t2 billion poundm of meats to nearly 30
hillion pounds ol meats, reflecting variable recruitmant to

the fishery and managamant gquotas. Middle Atlantio mkock
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biomapa displays aAn increasaps to its maximum value in year
four, and than undargosx a constant decline through yesar
Bix, Biomanms in southern Hew Jearsay continues to decline
at a conatankt rats From the year aone laval of approximately
aix billicon pounda of maates tc levals of Leiwesn two and
threw billion pounds of meats hy ysmsar six, Rorthern Haw
JdJarawy bBicmaszas incrasases to a mAXimum EiZ3e of approkimately
4 billion pounde of meate in year three, sand than exhibite
a nearly conatant rate of decline through year six. Stock
in the Delmarva zubragion ahcws a gradual increase to 6.5
billion poundes of meatr through year thrae, incresases to 10
billien pounda in year four, and shows a gradua]l decliine
through year aix to levels aqual to those saen in nerthern
Naw Jeraay.

Avarage wholasals clam meat prices in case one at the
tan percent return leval For shuckers zhow constancy at
$1.03 per pound of meats for the firet two projected
yaars. Prices then drop to $0.99% per pound through yaar
Fiva, and Finally incraasa to $%. 02 during year six. At
the braak aven level, wholesale prices are considerably
lowar, dropping from $0. 94 per pound in year one to $0.90
per pound in yesars three, [our, and five, and increasing ko

$0.92 per pound in year six.

Cape JTHWo

Cage twn, deplcting the ahort cun impact af rpemoving

the vesswsl moratorium with basaline quotas, shows
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intaresting changes from the baaeline scudy. It ahould bhe
noted that thie mimulation does not reflect the long term
impact of ovepcapitalization that could ceccur if the vesmas]
moratorium wers resmaved. Figure 7 indicatsa that without
the vespel moratorium, the class III vessel [leet would
demonatrate a short run decreacsg in aize, The flest wauld
decrease In gig2s from 50 vemmels in year one to 30 vessels
aftar two years, and recover to 50 vessels by tha end cof
year f{our. This change in Fleet aize is a reflection of
profita available unider conditiones af fluctusting resource
abundance, management Qquotae, and the abzence of limited
entry assumed by case two. The class II1 Tlwet would
fiucstuate in aize betwesn 35 and 40 vesmela during years
five and alx. The clasa T] vesaal Tleek mize demonstrates
a deacreaase from ita year one siase of 33 vessels to
approximately 20 veasels alfter two Years, and increases
nearly to ysar onw lavela by the end of year [Cour. During
yaars {ive and sizw, the aizes of tha claan 1] vessal [last
declinas mignilficantly to approximately one third of its
EiZ# in year ons, The clase I wveasnel Cleat sahown a amall
decline in sizea after one year from 13 vesswle Eo 9
vaspeln, it increaews to its year one aize by year four,
and ahowa 8light daclines during years Cive and si¥.

This case indicatees that undsr baseline sffort
restrictions and guotas, removal of tha moratorium and tha
passibility of future vewasl quota aaaignmants based upon

historical cateh would resulk in & decraase in Flest aige
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Pigure 7

Canw 2
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among all venza]l clammas alfter six years <f Fimhing. This
decreass in flesat siase would be cancentratead in the cleass
I1II and class 11 Tiahing fleats.

Canme twe flaet landings are §illustrated in Figure 7.
Aa this figure indicates, in the abpsance of a vaanssel
moratorium, landings could be expectad to decline to 21
million pounds of meatms In year two, jncraaae to 40 million
Pounds in year four, and again declipe to 22 million pounds
of meats by yaar aix, Case two fleet profite are plotted
by veaasl clasa in Pigure 7. A= indicated, if the vessael
moratorium were lifted under baseline conditiona, changes
in fleakt profita would follow the same pattearn exhibited in
case one, Ovarall [lest profits would improve
considerably, increasing by approximately two million
dollars during year [Cour due to the elimination of
uaprolfitabla class I and clams Il [ishing oparations.
Claszms JII flest profitas would peak in year four and show &
ateaep deacline during ysars Cive and six. Clasaas II
opearations waould climb to a peak ol nearly ona million
dollare durithg yesar four and atabiligze at .5 million
dollars. The class I vansel fleet would hecome marginally
profitable, with profita Tfluctuating mhove and balow the
breamk sven lavsl.

Came two monthly profikts par vessel plotbted on a
monthly basis are displayed in Figure 7. This figure shows
that ramoval of tha vessel moratorium under baselins

reatrictions would cauma monthly vesasl prolfita to paak
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at %19, 000 among clase IEI vsamalas, 35,000 among clamm I1
veseels, and $v, 000 among class 1 vesasls during yesar
thres, thereby incrasasing averags profit par vessasl by

$3, 000 to %5,000 through the slimination of unprofitable
opearakions and the raduction ol the aumber of neceasary
cloaurens ol the Fishary. Daclineas in profits during yeara
four, Cive, and aix within the planning hoerizon follow
these maxima. It should bhe noted that theme declines in
prafita, may be sttributable to fluctuatjons in recruitment
to the Tfiashery. Loocking beyapnd the planning horiston,
tamporary mstock recovery and increassd Ciahing «fTert in
the absence of an sntry moratorium could exscerbate Ethae
problem ol declining profits and overcapitaligzation

Within Ehe planning horigan, ssasanal dips in profits per
vyesenl of 10-15 thousand dallars are svident during the
winter montha. Average manthly profite per vessel plotted
on an annual baaia in Figure 7 provide, with & amoothing
elffact, a furthar demcocnstratior that profits per vesssel
could bhe sxpscted to decline through year six aftar peaking
in year thras in casse two.

Removal of the veasel moratorium would not appsar fo
have a great impact upon stock mizae in the sntire middle
dtlantic region or any of ite subregicons if catech quatas
and hourly effort restrictions are meintained {FigQure 7).

Hith reamoval of the vessel moratcrium and maintenance
of all othar baaaline conditicna, wholaaals clam meat

prices are alightly highar at both the break even and
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ten percent raturn levels {Figure 71, This result ins
probably a Function of the decresased ahort run aupply of
raw product available to procesacrs under this managemant

optlion.

Cagse Thrae

Caza three removes all effort restrictione, fgquotas,
and the vesmal moratorium, regulating the fishery with a
landinga tax imposed uUupon clam Cishermen at the end of year
onea. Hith s landinge twxX sufficient to ralae Fliehing coRte
$0. 49 per pound of clams harvested, &ll three vesssl class
Flaetes demonsirata large decreasesa in size Ffrom year cone
lavels to yeapr Beix levels. Clearly, landinge Etaxes
aufficient to raise fishing coste %0, 40 pepr pound of meata
harvested ocut Fighing prefite 80 saesversnly that fleat size
ie dramaticaily reducsad

Thea alffect of & landings tax increaaing Cishing costa
by $0. 40 per pound of harvest upon clam landings is
illusktratad in Figura 8, Landingas paak in year two, alter
which reductions in flaet siza would lead to concomitantly
reduced landinge through year aix when lese than 50 millicon
Pounds ol maeate are landed. Clearly, such a tax would
reduce landings to leae thapn the maximum sustainable yiaeld
by year #ix through rather dreetic reductionm in the mize
of the sourf clam flaat. Thi® managament optien, however,
could ba expactaed to produce long run stock reductions

bacauae of ovarharveating during tha yeare immediately
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Figurs 8

Case 3



¥

K

A
AN
,-".'\ .
Y

2

FLEET LAMDEHG HY WEabEL O AS

3

. LA
e,

. R LTS

"‘b_ __._n___ - ..__:-:--_____ « iy A
T L.
T L

J IR g e g AL

a - [

YE AR

—_—— |
ACFRATE MORRR Y SETHTE S v SSE ALIEATT ARF e ST R ‘
angun 48 = |

l'\_\.. |
: R 4 I
k' PO B .
E . ""\\b\ _ : ,1 f
& £ ‘ |
E '_'.IL n - - — -e-— - E: i
] bwm o mTT R ' ‘ |
" ) .
:Er _ — . - = ‘m-:ua; L -N__.' L [ n“:tu u-\:a.
[T ! =i |
-pama aat
anas ' ———— = = 7= T - =l ' - '
1 i ' i 1 [ 447 = gl e LS L
YFaRs - i
s B T
" - . ]
;_ . \ -
i -
R : :
. L [ 1 L
LR ELINE TR L § -
p . wy . - _
LR | . . e
T Wae b ERR
, K
F L] [ 3 [
Ve bt e




MLRENETR OF VESSEL S N WD ALARE

FLOET PROVF. 37 5 5% 1~

*
.:'n -
_i, LS O
¥ K
n =,
[ . by
N \—.—- e
. — . PRI A
T T
- R LAh T "": wamme . :
- [ ] (L F] —_
1 1 H N H H
TEART

ECRIT



136

following implamentation of the tax,

The landings tax would produce hard sconcmic times in
thae aurf <lam fishing industry, Alfter impoaition ol the
tax, profite for the antire flest drop to or below the
break sven mark, with relatively large loasea incurred by
tha claseg III fleet in years four, Five, and six. A plot
of averaga monthly profit par vessel with a landinga tax
sufficiant to reiea Tishing costa by $0, 40 per pound of
maeats harvested {Figure 8) ruveals that the tax would
deprass profits emong all three veasel classews, The tax
would lead to monthly profit leveles of -%10,000 to -%$3%, D00
among all claasea of vesmels alfter ywar one, with class III
veegaals diaplaying the poorast parfoecrmance. Once AgAain,
seasonal fluctuations in vessasl profits are avident.
Monthly profites par vessel plotted on an average annual
baais with a landinga tax taising Ciahing coata by 30. 40
per pound of harvest reveale aimilar reaulte without
gsasconal fluctuations, The tax leadms to consiatent lommas
amang all classes of vesaels, with ¢lass ]Il veamssel losawea
being the greaktest.

The impact of o landings tax wpon surf clam stack
aigze im illumktrated in Pigure 6. The tax parmits an
ovarall raduction of middle Atlantic stock hy 160 millicon
pounds balow baselinea values at the snd of the six year
planning horizon. Thias reduction ie primarily a result of
increased fimhing affort in the northern Hew Jeremy

subregion. Although the [leat aize ia reduced, thes abeance
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of fishing hour reatrictions and Quarterly catch quotas
poarmita Cishing effort to increase in this subregion. Both
the Dalmarva and southatrn New Jarpey atocks remain
ralabtively unchanged in size From baseline valuss. Hiddle
Atlantic fishing effort ia conceantrated in northarn Hew
Jarasy bacause resource abundance, a functicon of the
PFopulation atructure input variablea, and profit paotential
are greateat there. Further reduction 1n sktock aizae cauld
ha sxpected beyond the planning horizon due te poor
racruitment resulting from recruitment ovarharvesting.
Wholeania clam maat price Fluctusations under the
landings tax are jllustrated in Figure B, Thess pricen
represa2nt only increasag in excesan of Ehat portion of thae
tax that would be pasesad tEhrough to procesaorsa. The
management option of a landinge tax initimlly depresses
wholesale prices by approximakaely %0, 10 par pound bescauma,
in the absence of quotsae, the supply of meaatm landed
initially increages, However, ae pralfitability of Fiahing
cperations decreases, Fimhing e«fTort and landings decline,

and wholesale clam meat prices bagin to eclimb,

Cons Foup

Cape Four maintaine all hacaline management
reatrictions in the Flahery, but describas the [mpact ef
harvesting clame amaller than 5 5 incham in length. Hinimum
size limita arw set at 4.0 inches for thia case,

The number of veasels in the fishary in this case
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remains constant because the venamel antry morstorium is
imposaad. Ae Figure 9 illustratean, tha harvest of amaller
clama has & amookhing impact upon flucktuationsa in Fleet
landings during the =ix year planning horigon. Totnal
middls Atlantic landinge during years one and twWo iRpcrense
by mora thah aight million pounds, peaking in year thraa,
and leaveling off in y¥eAre four through mix. The model
suggaats that aarly hervest of strong yaar claases cougyld
apread landings over m icnger porticn of the aix year
Pianning horizon. It should be recegnizad that harvestbting
smaller clame would dacresase the mean age of clama
racrujting to the fishery, and thue decrease the
theormtical yiwld per reacruit at esquilibrium. Ragulaticnna
parmitting & minimum 8i3e limit balow the maximum yield per
racruit can quickly lead to ocverharvesting. Strick
enforocament of quartascly harvest quotaa cam control thie
Prohlam, Howaver, changing the mipnimum aize limit in a
Tishery mahould be approached with axXtreme caution.

Tha madal suggests that availahle Fleet profita could
alea ba mpraad over a grester portioen of the planning
veriod il mize limits were lowered [(Figure 5!, Slightly
largar caktches bring substantial maximum menthly profite
for olama II and III vaasele, on the order ol 55 000 par
month Ffor clase [I] wvemaels and %3, 000 per month for claa=
Il vagsalnm, However, the necesality for a greaatesr number of
fiahery cloaures in tha absenca of higher quarterly guckas

would kaep averags monthly profita during the planning
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horizon at the aame levels= gbtained under baselins
conditicne.

By parmitting mora intensive harveating activity ofl
amall clame in northearn Hew Jersey and Delmarva, laowering
the aize limit to 4.0" would be reduce stock wide 400D
millien pounds by year amix. Thia would not msliminate thae
atocnk, bBut it wundoubtedly represents a gevers reduction.
GlLvan the uncartainty of abaclute biomase aatimmtaea, canmae
Fout results would indicate that mize limit reducticns
should be approachad with axtreme caukion. If amaller
slama could be harvaatad, wholesale clam meat prices would
be lowerwd ¥0D. 03 to $0. 04 per pound during ywarse one and
two, but would then recover to levales okbesrved under the

eprrant managament regimea for years three through aix.

Capopg Five, Six, and Jeven

The affects of increasing ocean quahog sxX-veegael
price hy $0.10 and $0. 20D per pound are examinad in canmen
flva and six respectively, and the effact of s $0.10 per
pound decressna in ocean quahog ex-veswal prica ia sxamined
in CaAS%w seven. Theaag cammes projsct thea scepomic impact of
p decline in the abundance of a substitute commodity for
pur{ clamm, This analysajim im restrictad to examining the
impact of these price changesa upon flest profitzx and
wholesale aurf clam prices. Although ocwan quahog pPrice
changas might bn expected to affect aurf clam laet =iza,

landinge, and stock aiide, Ltheas cases were pimulataed under
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the assumption thst the vessel moratorium, and the
reluctance of surf clam fisherman ko leave the Cishary,
would cause only minimal changes in fleet mize and aurf
clam landings. Further investigation of Flast size changen
eand landinga fluctustions would be poaasaible if tha
asaumpktion of a vessgel moratorium were liftad. As Figurme
10 indicates, a ¥0_ 10 per pound incrsauws in ocean quehog
prica would laad to highar ex-vessel aurf clam prices
during the puak harvest pariod aof ywears three and Cour, and
increases total Clesat prolfita more than one million dollara
above profit projectione undar the current management
regime. Ciags I vasegel Fleakt profikts would ba lilfted to
the break evan leval through year six. A plot of case mix
fleet profita (Figure 19} shows that an increase of %0. 20
per pound in ccean quahog wrx-vassel price would raimsa claase
I1l vasassl profite even mora, while having only a
relativaly amall impack upon clase [ and clams 11 veanawel
flewet profits. A plot of case gevan {lewt profits (Figure
12y demonstratem the impact of s $0.140 per pound decreane
in ax-veara]l ocaan quahag price, Tatal Flaeat profita are
50 parceant lowar than thosza ohparved in case one baseline
conditions. Lavala af prolfit in both the claaa I and class
Il vasawl Fleats remain balaow tha bhreak aven leval through
yaar aix, With an ax-veagal ocaah quahog price declina of
$0. 10 peur pound, clasg I and claag JI vesaels are abls ko

raturn a profit to their ownare during montha when tha
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Figure 10

Caae 5
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Figurs 11

Case &
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fimhery isn open. However, cloaurss necepsitated by the
quarterly gquota syatem puah thess vapaasls below Lhe braak
avan leaval when monthly profits par veszsasl are plattsd on
AN Avarage Aahnisl hamsis,

Hholesanle Burf clam meat prices could be axpected ko
increase between %0. 11 and $0.15 par pound during years Etwo
through aix with ocean quahog ex-veasel price increasaa of
$0.10 per pound { Figure 10}, A surf clam price increasa of
$0. 25 to #0. 30 per pound could be axpected with a $0. 20 per
pound ex-vessel ocean quahog price ipcrense (Figura 11). A
$0. 10 per pound drop In ex-vesssl ocean quahog pricesa would
produces wholesals surl clam meat prices only %0. 20 to $0.03

lowar during years tws Lhrough six (Figure 12}

Coeep Eight. HNine, apd Ten

The affect of a quotm imposed by the managemant plan
hae been examinad in cewa oDne. Came aight examinens the
impact of an intermediata yield quota of 50 million pounda
af meate par year. Thie ie the current aatimatsa ol maXimum
austainable yield. Case nine examinae the aflfect of
increaaing the «ffort hour restriction cailing by 100
percant abhove the bameline aimulation, and case ten
examines the effect of imposing an elffert hour restriction
cailing 50 psrcent lower than the baseline simulation.

Because conditions of the veamel moratorium remain in
force under all of these caases, no change in Cleet aize

will aceur. Am 1lluatreted in Figure 13, an annum] yieid
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Figure 12

Caaa 7
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queota of 50 million pounde of meates would permit Fieet
landings to increases by approximately tenp million pounde
per ya&ar during yeara threse, Tour, and five. Landings
would hegin to show a decline during year eix duw Eo
fluctumtions in year cleas strangth, A plot of the effectsa
of increasing allowable fishing affort hours by 100 pesrcent
above tha baaeline (Figure 14) sahowa that the sffact upon
landinges would be minimal, However, & 50 parcent cut 1n
allowable fiahing sffert houra would decrease landings by
almoat 30 milliion pounds during yeare threa, Tour, and five
{Figure 15]

Fleet profites would be affected by all of thena
managament cptionnm. Increaaing the annual yiald quota to
50 millien poundms of meata would incremsze fFlest proflite by
more than five million dellars Per vear during yaars threa,
four, and fivae. Fleet prolfits among claams I1 vessaels would
be modeatly affected, and profits among cleap II1 vespeln
would show little or ne changa (Figurs 13). Increaring the
monthly fishing elflfort hour ceiling by 100 percent would
causae widely fFluctuating flesekt profits during years
three, four, and (ive due to Cishery cloaures (Figure 14},
Thie is bacause profite plummet during pericda when thae
fiahary ia clioaad, Decreasing affort hours by 50 percant .
howaver, would have devaatating effects upon Fleat prefits
IPigure 15). An overall fleeat operating loas ol four
million dollara would be incurred during year two, peak

profita during years thres, Cocur, and Five would be cut an
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Figurw 13

Caea B



UMY L el N | ANGECY

HLEFTLANCINGS BY VESSEL (LASS

e— P
- o e g kel
- N T——
—.—— w —w—— .
' g — 7 : S
1 ? A 1 5 4
TEMAS
el

AERACT MO T AT R YL

=

Bowd R ’ ™,

S
.
k-3

v . i E——y
r&-. = FLTTRTRTN
L
=TI
TR —- —" - -- - ' - -
] 2 Ll L]
|
[LEE =R b - L -
o
s ' - .
N A = . l~
i 4
§ o e [
3
v SLFRT AR
| o, B
=
CRAMT
[T P
H . . t
‘LARGE

CACETE w T W RS

PROCE PES PCUND (Y

Al RACE RCNILT PRUHL S vt s

. Qe .
weee | H
HEL
] * S
R et
e | L |
] qr .,_}' - —— -
H Lo WP PO
:-m| WLk, s
w1
i o
cen] . . : . .o
LERITM e IR, AANE [ Fpall] [ TIH
Ly Rag
duld Wl
WHOLESALE (CLahd hCAT PcE =
1034 4
p— L
1 L
- -
e
F-\- -
- L 3
PRES
a " EmsEyrmm
4w - - - \ Thphnge
1 1 b ] - a
TEARS




144

Figure 4

Cama 9
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Figure 15

Caes 10
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average of three million dollare, and the earninga of all
threa vessel clasa flastes would drop helow the break even
laval by year =2ix (Figure 15}, Pleota of monthly profites par
vapaal provide even graatasr ineight intec the mechaniem
bahind thease trends. Hith an increasaed annual yiald quote
of S0 million poundes of meate, the Tisheary i3 closed only
during two quarters within the eix vear planning horiaon

( Figura 13). Average profits par vesasl, howaver, drop
balow the break svan mark for class I vespels by the

end aof year six. Cutting allowahle ef{crt hourms by 50
percent (Figure 1%) would elimineatae the necesalty for
guartarly closures of the fishary because reduced harvaset
would not excesad quartarly quotans, Howaver, resultant
lavala of harvemt would be too low to prevant any claas of
vagaal from ataying above the braeak even matrk by yesar aix.
Plete of maurf clam stock mizae by region indicate that none
af these management ocptions would seriocualy aflfect mtock
aigen in any aubregion within the asix year planning
horizon,

Hholasale clam meat prices could bhe axpectad to
increasa $0.07 to $0.02 par pound during years four, five,
and aix if annuml yiwld quotams wers raisaed to 50 million
pounda of meata (Figurs 133, Hholesale clam meat prices
are $0. 05 to $0.10 per pound lowsr when allowable [Cishing
alffort hours are increasgad by 100 percant. Thia decraass
in price ia due to the somawhat larger supply of cliama

harvestad under this managemant option (Figure 143,
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Wholesale clam mest price increases of $0.02 tc %0.03 are
demonatrated in cage tan (FigQure 15}. Under this
management option, rastrictiona in Fishing elffort hours and
a subsequent drop in surfl clams available to procewsaocrs

result in higher wholesalas surlC clam meat prices.

Case Eleven

The laat case ponaidered in thias analysis sxaminas
the impact of an anoxic event and asmociated maszs
mortalities aimilapr to thomae cbeerved in the northern Hew
Jersay aubreagion during the aummar of 1976, To simulakse
euchk an occurrence, hatural mortality estimates in northern
Hew Jaraey ware alesveted to 0,80 during the entirs maacond
year of the simulation.

Once agein, dus to the pewatrictive vessel moratapium
and the reluctance of Fishermen to lwave the Fishery, I'laet
size would not cheange in any vesael claes. The impact of
auch an cccurrence upon yYear claases racrulting into the
northarn Naw Jarsey fishery Aduring years three, four, and
fiva is avident in Figure 16, During these years, landingsa
declined by Cive to sia millien poundes of meats. In caswa
alavan, [fleaet profits are one to two million dollara lowar
during yaears thres to aix, and the clams I flast ir unalbkle
to aven apprcocach the break even lavael. The distribution oF
fimhing effort and biomasa among the three subregions of

the middle Atlantic region wouwld be altersd dramatically by
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Figure t6

Casa 11
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an anoxic evant similear to that desgribed in case e2leven.
A plot of middle Atlantic clam bicomaas saxpected during the
aix year planning horigon of casw ¢laven illustratea that
by year mix, overall biomase iw moee than five billion
pounds lower than under [Fishery conditions in case ona.
Hhile southern Haw Jarsey Btock size would not be greatly
afffactad, during yearas four, five, anpd mix, fimhing elrfeort
would shiflft from northern Hew Jarsey Lo Delmarva, Delmarva
satocks would bhe reduced by one %Yo two bhillion pounda more
than undar case one baseline conditionn. The northern New
Jaraey aubregion ahowas stock wmizes batwean three and Tour
billion pounda lower than baseline eatimatea during yearse
thrae, four, fFfive, and sBix. Decreassd clam landinga
following the anoxic evant reault in an increame in
wholeaalw surfl clam prices of $0.0% to %$0.02 par pound

{ Figure 16).



Chapter VII

Abjlitien or Potepntial of This APproach

Thims modal has baen devaeloped to provide & method by
which Fishery managseres c¢ould coneider alternatives for the
complex issues copfronting them in the development of
public policy. A raviaeaw of aurf clam lite2rature has hean
conducted, and thes skructure ol the surf cleam lfishing and
procesaing industriesa hava baun reasarched.

Modael predictione are based upon populmbion estimates
from the Naticnal Marine Fiaheries Service, The model
providea a short term (6 year) ocutlook for managersa
evalumting alternative dacirion choicas. This conatraint
is necaxsary bacause of uncerteinties regarding the
atock-racruitment relationship and the unknown eflfect of
environmantal variables on yaar class recruitment auccean

This research doea, howaver, provide a technigque by
which quantitative analymsis ol decision alternatives may ba
accomplimshed. The impact of managemant altsrnatives on
gtock mize may ba assesaed, and the impact of management
decimicne on the gconaumer through wheoleasale price
Fiuctuations evaluated. FPerhape moet migniflicantly, this
model provides setimatea ol futursa prefits or cash Flows in
tha Tishsery generated by aach alternative policy. With
thene data in hand, managera can proceed Lo apply

evaluastive caplitel budgeting techniquas, Thraee of the most
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broadly aAccepted teachniques, zalculation of intarnal rates
of return, calculation of net prepeant values, and the ups
of prolfitability indices are readily adaptable to the
cutput of this model, and could be employved to rank

dacialon alternativan.

Diacusejon of Came Studies

The resulte of model analyasa similar to thona
Eresented in the (oregoing chaptera could be uped Lo make
racommendatione for manageamant in the middle Atlantic surf
clam Fishery. The main objectivee ol aurf cleam managemant
Ak identified by Fishery managers ara to protect aurf clam
stockse to permit eventual sumtained harvests ApRproaching 50
million pounde of ments (Maximum Bustainakble Yield), to
minimize esconomic dislocaticns while encouraging safficiency
in the Fishery, and to provide the grealest degrees of
fraedom and Flexibility to all harveaatsra of this atock
conaistent with attainment of other managament objectives,

Aa the results presentesd above suggenmt, regulationa
aimulated in case one [(an approach aimilar to the current
mahagamaeht ramawork}) can eflfectivealy prevant
avarharvaating. Thim type of managemant Eramawork can,
howevar, Qive riae to sconomic inalfCiciencies,
unnaecassarily depreasing industry profitem and inflating the
wholasala pricae of aurf clam meaks. Somes have noted that
thisa regulatory approach ia also axpanaive to enforce.

Model aimulations auggent that we have currently
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antered a period within which greatar yiald gquotas may be
permiemihbla. IC thie ie in Fack trua, aconomic yield in
the Tishary could be improved without jewapardizing oc
macrificing future surl clam population stebility. Hodel
aimulatjona projeact thatk, Iirf yiald gquotas are not raimad in
the near future, even a 50 parcent decreasse in allowable
Cishing effort houra will not be anough to avolid Tishery
cloauras, The modal indicates that yield quotas aomewhat
closer to thea current estimata of maximum suastainablae
viald, 50 million pounds ol maate, would probably not have
datrimantal effecta upon clam akteock Bize within a six year
pPlanning horizon. Such wnR incresss would improve the
prefitability of the class II and claam IIl vessel Timhing
Fleete gignificantly, mand minimize economic dislocations in
the fishery by asasuring procassora of an sdeguate and
conetant supply of raw produckt, The need for fimhary
civsurens would mlso be virtumlily eliminated. In
conjunction with increassd ¥iwmld quobtas, modal case studies
indicate that totml mallowable [ishing affort hoursa could
aleao be increased without causing disruptive closurses in
tha finhsry. The choice of such a management cptian might
alac result in a small reduction in the wholeasls price of
clam meats.

Ovarcapitaligation in the Fighary sappeara Lo remain
a problem. Uncertminty regarding the futura direction of
surf clam management has aggravetad the prohlem of

avarcapitalization by keaaping many marginal oparators in
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tha [fiahery. As the remsults of casme two assumptiona
indjcate, removal of & vemmel moratorium coupled with
reatrictive yield quatas could result in an overall
decraasas in tha surf clam fishing {leat. Thims change is
basad upon potentiml economic return in the Fi=zhery. Thi=
razult woyld be deapendent upon the elimination el
uncertainty regarding {future managemesnt reagulations. The
elimination of unprofitable Fiashing operations would appear
te boost average f'lemet profits and bring even claas I
operaktions to marginal productivity

Hodel case ptudies suggest thet regulation of the
surf clam fishery through implementation of a landinge tax
would impome undua economiec hardaship upPpon the surf clam
Ciahing industry, and could jescpardize long run stock Biae
by permitting overharvemsting. An adequate level ol
capitalizetion with only modest mshort run declines in stock
Bizs could be maintained wikth a landinga bLax aufficieant to
increasa Timhing costs by 3%0. 40 per pound af memts
harvestad, but long run reductiona in atock siae would be
likely Lo occur. Moreover, vesagsl profits would he reduced
baiow lévels achieved undar current management regulations

Tha resultzs of thian analysias indicate that sizs
limit reéestrictions in the surf clam Cishery may desarve
further atudy. A lowar mize limit restriction could result
in slightly greater veamal earnings among claas II and III

vegsels while producing mipnimal stock aize reduckions
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during the aix year planning harizon. However,
uncarteaintiess regarding the stock-recruitment ralationship
in the surflf olam [ishery indicate that reduction in size
limits should be mapproached with extrems caution.

This analynmis sxaminss major managemant directions
that might ba [(cllowed to improve sconomic &fficiency and
protect atock mize in the surf clem fiahery during a 3ix
year planning horizon. It auggeata that the Mid-Atlantic
Fishery Managamenit Council has been following a prudent
couras of action. Resulte of this analysie suggest that
tha council should continue to manage the [Fishery using
quarterly y¥ield gquotas and effort hour reatriletionas.
However, considsration ahauld ba given tc lowating the
minimum size 1limit on surl clams. Lowaring the size limit
to 4. 0", wasentially an unregulatsd harvest, would appent
tc threaten stoeck integrity. Conmideration should aleo be
given to ralaing the yield quota to s lavel closer to
theoraetical M3Y, In the abasence of higher yi1eld gquotas,
the Tishery will experience a large number of closurés in
the aheort run. Modal reaults alec suggest that
coneideration ahould ba givan to aliminatiaon of the veagel
antry moratarclium, Additional data desaribing propansity of
aurf clam vessel operators to entsr apnd leave the fiahary
are raquirsad to determine whather lifting the moratcrium is
a feanibls option.

Using this model Fisheary manageras and planners may

tsat and refine the repulta of svan mora epeciflfic i1deas
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that could evantually lead to optimum managament

atratagiae, This maodal accomplishae 162 main objeckiveas,
It parmjtns the identilfication of asgmenksx aof the surf clam
Flshapry that dwsepve Furthep study, and alucidatas geanaral
trenda in (imhery bhehavior in responas to changea fthat
might bhe impoasd upoan tha f#y=stem by managamant decisions.
Continuad reaearch inte tha biology and peopulaticon dynamice
of the surfl clam ia vital to the conatruction of models
with & greatar degrea of raasliem Thia reaesarch has uzad
what ie known of surf c¢lam biglogy and investigated recant
changes that have occcurred in the aconcomy of the fiahary to
further our knowledge of the interaction baetwesn the

biclogy and aconomices of the Fiahary.
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Glossary

hge Compositich Anslysils - & generml method of =sstimating
Eurvival by comparing the numbar of spnimale alive at

AUuCCEgsnive agenm,

Autopcorrelation - Measurament of the degrees of coerralabion
among elemants of a given tima meries through the

une of laggead cosafliciaents.

Brody Growth Cosfficisnt - A growth rate coeffliciant
axpressing the differance betwean thes asymptotic
siza and the actual 2ige of a Fiah. A memaurs

al' growth rata,

Catchability Coeffacient - The fractiopn of a Fish satock

which is caught by a delfined unit of Fishing effort.

Conort Analysis - Computation ol the Tishing mertality rate
expariunced by a year claga & auccessive agea using
ite catch at sach age ag obtmained Trom catkeh

atmtinticse and yearly age compoaition datna.

Durbin-Watson Statimtic - A stetimtic used to test Cor
aarial correlation among the error tarms in

regrepsion analyein
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Economatricsa - The applicaticon of mathematical Torm and
atatistical teachniques to the tweting of eaconomic

theorias,

BEconomic Dislcocation - Dieruption of established sconomic

order becauame of Fajlure in normal market mechanisms.

Economiz Rent - Thncoma or gain that iepe a differential

return or surplua abovae costs,

Erffective Fimhing Effort - Rate of fishing effort which

accountas for effort and gear restricticons.

Exogenous VYariable - Criginating or determined entirely by
factoras extearnal to the squation system. Hot

influenced by other wvariablem in the equaticn.

Gross 3tock - Total revenue taken in by the [iahing versel.

Hataroacadasticity - A aituation which cecurs whan the
variance aof a asrieas ol obrervations around a
regreesion lind ie not constant. In a time saries, the
variaApce could become larger or amaller with the
paenags of tims, Thia ia an axample of

hetaroscedasticity, and the Gauaa-Markov assumption of
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cohstant variance ia wviolated.

Marginal Coat=s - Incremental comstes, or diffarential costs,

Marginal Ravenue - Differentinl revenue.

Multicellinaarity - Sevaral independent variasbles hmving

tha game line or planes in common. Thia would be

indicative of [ntarcoerrelation

Overcapitalization - An aggregmte level of investment in a

flehapry which preventa individual Ffirme from cbtmining

the optimum acopnamic return.

Private Coate - Economic oocats incurred by individual
Eicrms.
Social Coeta - Macrosconomic cosbs inpcurrad by the industry

aa a wholms or =2ociaety az a whole,
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Appandix A

The calculations performed by sach model subrowtina
are deacribed in detail below. Each sBubroutine is presanted
below in the order in which it sppeare alfter tha main
program, Thia arder is determined primarily by the
fregquency with which each subroutine muest ke umsed Ly the
model. The program coda follows the description of each

aubroutine.

Subroutjips GROHTH

Subroutine GROWNTH calculmtes the change in size of
each cohort resulting from natural mertemlity, and the
walght ol sach cohort resulting from van Bertalanlly
growth, The following equationa are usad to calculate

cohort size and weight:

(1) cqu.r = CDH:.r - Il.r * CGHlpr

whers:

COH:., = Population of clama in aubragion ¥ and cohort ¥y

Zaur = Hatural mortality rate of population in
eubregion X and cochort y

(2" Lnu,y = Liyary * (1-a'*x " ftrrme v 123 - Tpiiy,

where:
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L., = Bhell length of clams (mm} in saubregion x and
cohort ¥,
Livner = Asymptotic ahall length of surf clams (mml
B = Brody grouth coefficient for clems 1n regiaon x {( mm).
IMO = Month.
T« = Hypothetical time at whieh shell lsngth is agual tao

zergc ( yrmel,

(31 Wi, = (A * {lpn..,,")}) *= (B

whare:
Ht,., = Drained meat weight of clamm in aubragion x and
cohort ¥ (1ba),
A = Experimentnlly derived conatant, .000111 For Delmarva,
. 000109 for Hew Jereey (mae chapter II),

B = Conversion {actor #xpresasing grama as pounds (L C0Z2046)

Thia subroutine returna the Following values to the main

program: ahell length of clama in each region and cohort

waight of clames in each ¢phort and aubregion. A weighted
averaga of clam meat weight 1w umad in cohortas 6-25 to

calculata thea waight of clamsa greakter than 5.5 inches long.

Subroutine PROBET
Subroutine PRORET detarmines total and categorical

coata of processing clam meatw harveated in the Fighary.

Ae jindicated in Chapter IV, total proceaaping costm may
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fluctuates depending upon the season of the year. During
the monthe of January, February, March, July, August, and
Septembker, total processing coste are agual to the
winter-summer rate dascribhed in Chaptar IV, During the
monthe of April, May, June, Octobar, Movember, and Decembar
the total proceasing costs are gat equal to the apring-fall
trate dascribed in chapter LY. Yariatione in processing
coate arise Trom differences in meat weight resulting From
weight changen before and after mpawning.

The subroutine calceulates the number of bushela of
olamas availablea to processors and the poundes of meats [rom
this harvesat that are actually used by processing planta.
Two conversion Factors are used to derive thase valuas.

One bumhel of middla Atlantic wurf clams is considered to
yield an average of 17 pounds of meatr (Mid-Atlantic
Fishery WHanagement Council, 1982) and, as indicated in
Chapter II, one bushel of clams yialds an average of 11
peunda of clam meats after ramoval of the visceral material
and cleaning. Individual processing coats ara derived

uaing the following relationahips,

(4) €5T. = {PRCST! *= (PCST.?

where:
C8T. = {oat contributsd by category x toward processing a
pound of clam meats { %),

PRCST = Totel cost to produce a pound of meats ($).



PCT = Parcentage of toctal procesaing cost contributed by

coat category x | $).

{5y TC8T. = (CET.) *» (PLBS)

where:

TCST. = Total monthly proceasing coats contributed by
Cont cmatagory .

PLBES = Poundes aof clam meata produced during the month

{1lbs).

Total monthly processing coste are detearminad by summing
tha comste derived [for each proceeeping coatk category
ideantified in Chapter 1V, Becauae procesning coeies are
primarily aemi-variamble, a lowser limit on coats ia
identilfisd in saubrgutine PRORET. Procenaing coate that
fall below the ildentified flocor are discarded. Hholeaal
Fricas are caloulated i thisa subroutinae wuaing tha

follawing relationshipa.

{6) TREY, = (TPROC) * ( TPROF,)

where:

TREY, = Total industry ravanue refjuired tos obtain profit
¥ in axceas® ol coata (%),

TPROC = Total processing coata {(§).

TPROF. = Rate pf profit x in exceess of costs.

173
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whara:
WPR. = Wholasasle price ol clam meats asegccliated with
profit x in axcasa ol costa (5

FLBRE = Number ol poundsg of clam me#alks produced (l1bhs}.

aubroutine CQUOTA

The function of subroutine CQUOTA ia tc determine
whether quarterly harvest quotas heave been exceedsd, and to
maka it pogmible to s2top mll Fishing activitier if quotas
have bheen 2xcesded, To accompliesh this task, the
Bubroutine identifies each quarter of the yenar by keying
upon the moenth, kespa a running guarterly total cf clam
harveat lavels during each fjuarter, and compares this
running total with quarterly quotas applied %o the
fishary. I{f gquarterly Quctaa are in excesn of seszaonal
harvemst totals, the fishery remaina cpen. If, however,
quarterly harveat totala ever axceed guarterly quotas,
contrel ia tranaferred to a Bstep at the end of the
subroutine that ssts effort hours egquel toc zerc until the
end of the guarter. Af the end cf each gQuarter, control ia
anca again tranaferrad to £he beginning of Ehe aubroutina
where alffort hours ara reinatated and running quarterly

harvest totales are once again aet equal to TECOo.
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Subroutine MODAT

Subroutine MODAT ims responaihle For writing monthly
output to A& user's Ewrminal and %o an output Cile. Thia
subroutine opene an output File callead NODAT into which ftha
following datea are sntared at the termination ol aach
menth: curranpt year and month of the aimulation, quarterly
harvest gquots, and harvest during the current menth, The
following data are enterad separatesly [or noctharn Haw
Jarsey, Delmarva, and the entire middle Atlantic Ragion.
The=a date are segragated according to wvessel clase, numbar
ol vessela actively [Fiehing, number ol eflfort dmywe
utilized, asverage profit realised per veassl, total fleet
profits Cor each re#gion, customary captain'a share paid par
vagrel, and average veasel profits lesa customary ceptain's
ahatre. The following deta are antersd separately for each
aubregion and for the entirea middle Atleantic: number of
ramaining c¢lama in the naktural population greater Ehan or
equal to 5. %5 inchea in length. Thia antry 1= madse in
numbere, pounda of meat waight, and in bushels of clams. A
amall amount of information mbout the procesaing sector is
alao enterad aach month. The following data are snterad:
burhele of aurl clams procepmad, pounds of meatz produced,
total middle Atlantic procesming costa, and fthe wholaeaale
prices ol surf clam maats that would be asaociated with
breaking evan, sarning a 5% return over coats, earning a
10% return over coeta, sarning a 15¥ return ovar costsa, and

earning a 20% return over conta. Output ia wviaible on a



176
terminal acreen during a aimulation run, or may be printed

Trom the output file.

Subroutine HARVYST
Subroutine HARYST is rasponsible for calculmting
clam harveata in asll reglions, Harveat in each reglion is

calculated by region and cohort uesing the following

ralationshipa:

[3] H.l.R‘llu.-r,| -'l'ur, “ED-.; ‘RC‘F1I *CDH.,,

whera:
HARY,.,,.: = Harvesat in subragion of x of cohort ¥ by
veaaesl class 1.

¥.,: = Numbhar of vesaels in subregion x of claas 1z.

BEDr,: = Number of liahing effort days worked by vesseln
in publregion x and class zI.

Ch.,, =~ Catchabhility cosfFiciant Tor cohort y by vesael
clase z.

COB..,, = Population maize of clame in subregion x of
cohert y.

THARY. .. = Sum of harvests in subregion X by vesseals of

clamna 3,

{1(]] LETI-I = HARvIlei " HTI‘

whers:
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LBT... = Totml waight oF clame harvested in subregion =
hy vemsaelm of clamsms 2.

MT, = Rapresmntative meat weight of m clam in cohort .

ATtar the total weight of the harveast has baen detaearmined
for aach vesesael cleaas and subregion, thesse valuee are
summed to calculate total harvest for the entire middle

Atlantic rugion and Tfor each veszel class.

Zubroutine YEHEX

Subrgutine YENEX calculate= the numbar of vessels to
enter or lsave the liahery at the send of each year,
deopendisng upon potential profitms available, At the
beginning of thia subroutine, nine profit arrayes are
established, one Tor each veaswl <lams and subregion. EBEach
month, flest profits #¢a entared into a unique laocation of
the profit array craatad For aach epecilfic vessal claas and
subragion. At the and aolf the year, all of the monthly
array locations are gsummad to derive annual Fleet proflite
for aach veamel class and subregion. Yeparl profits are
compared to profita that c¢ould be obtalned by inveskting a
sum aqual to the markat wvalue of the Fishing vesasl at a
pravailing markat interest rate, If the rate of raturn
avajilable for a clasa of vesgal Cishing within any
eubpregion ia greatsr than the rats of return outsida of Ethe
Fishery, than the [lest size ia automatically increasased by

a uaer defined parcentage termad VINC,, where =
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raprepants veazsel claea. Il Ehe rate of return availahls
within the Fliashery is lower than that available outmide thea
Fishery, flest z2iae is decresased by a uper defined
percentags tarmed YDEC,, where I represents vesasl clasmss
To simulmte the ef{lfects of & moratorium on veasel entry and
exit Ffrom the {fishery, both ¥YINC, and YDEC, may bs aest
efjual to zero. As noted in Chapter IV, it ia wery
difficult to derive an average markat value for veasele in
any particular aize category; howevar, the procedure that
was used toc produce eatimatea of veaanel market wvalue
according to aize cleaamification wae described therae.
Survey data ware inadequate to meamaure the percentage of
veaasels kthat would leave or anter the fishery in search of
graater prolfita during any mingla yaar. There is no si1ngle
absolute sxpreasicon that may be used to describe veassel
movement into and out of the fiahery. In order fto simulate
the effacts of removing the veaael moratorium, VYIHC and
YDEC werw hoth initially sat eaqgual to 0O, 33, It ia not
unrealiatic to aaaume that if greater profitas were
availabla in anaothar fishery or occupation, and no
disnincaentives to laavea the Tishery existed (i. a4 the thraat
of future vasaal quata plans bamed upon lavels ol past
harvaat), one third of the [leaeft would exit the lishery
The difficulty associatad with predicting such behavior is
avidant in the atmtigtice dasccibing vesmal dimtribution in
the middla Atlwntic suri clam fishary. During the yuara

betweaen 1976 and 1982 inclusive, & period of time generally
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asgociated with depresssd and declining profite for class I
vesaelns in the [lehary., tha following parcent changea in
fleet mize occurred annually: -6 percent, -33 percent, -5
percent, +33 parcent, -50 psrcent, +14 percent, -& percent
{Mid-Atlantice Fishary Hanagement Council, 1982;. or
course, during thie sama paricd of time, Fishermen did not
l=ave the fiahary in great numbara because they were not
certain whether they would he abkle to reenter the [isheary
at a later datse, Thue, the relationahip describing veamel
entry and exit Ffrom the [ishepry reflecte a lIimited

knowledge of bYehavior among surf =zlam vessel owners.

Subroutine INPUT
Subroutine IKRPUT defines all variables initially
raquired Cor model calculations. In tebular Fform, this

Eubroutine defines the wvariables liated below.

¥:., = Humber of vemamls [fishing in subpregion L and
vasael class 3.

Chi,; = Catchability ccefficient for cohort i in
subregion j (egual to Tero when Tishary cloaen).

XHCD, = S[ige of cohopt L in noerthern New Jlaceey.

SCO, = 5ize of cohort i in southern Haw Jarsay,

DCD, S3ide of cohart i in Dalmarva.

E.IJ

Hatural mortaljty {inatanktanecum me monthly unitm)
Tor cohort 1 in subreglon J.

i0gQP

Ocaan quuwhog ax-veseal price.
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ZHCF = Hard clam i Hercenaris mercenaria’ ex-veesasal price,

Fiahing costa:

ZO¥P « Oyater eax-vasasel price.

C5Ti.; = Pixed comst of fishing where i1 ia a coat category
{1 = port feen, 2 = intareat paymante, 3 =
peraonsl liability and indemnity inauranca,

4 = licanae feoa and taxesa, 5% = lagal accounting
feaa, 5 = general adminiatrative axpans=sl
and j ims a veamal claan,

FUi, FU2, FU3 = Fual conaumpition aof eclass [, JI, and 111

vaapales respactively.

FUPR = Fual pricea

IKIS, = Miacellaneous variable Ciahing conte idapktified

in Chaptar I¥ where 2z rapressntsa vessel claes.

Ch5. = Percent of groas vesmal atock paid am crew wagas.

CEF5, = Percent of groas vessael atock paid am captain'a

wagasn,

Procemeing comts:

WCST = Total winter - Eummer procassaing coat.

AFCST = Total spring - fall procemsing cost.

TRH3 = Transpaortation coat,

FAT = Fayment of pateant [Faes.

¥LiB = Labor conmt.

ELEC = Electricity coat.

FULO = Fuel oil coat.

DEPR = Dapreciation cost.

REPR = Rapair coat.
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Z0¥VH = Overhend coat.

LIHS = Inaurance coant.

ILEGL = Legal - accounking Faen,

STRG = Storage coat

CHEM = Coet of chemicala.

EFLR = A coet Floor dalfined Tor procasaing operatjons,

Other variables:

ARATE:. = A discount rate representing tha pravaliing rete
of intarest in each aubregion x.

XMYAL, = Vesmel market wvalue eptimates for three clampes
of fishing vemssel 1.

Management variablaws:

EHRES. = Permitted monthly fishing el fort heours in

subregion x

TXL..: = Landingas taxes 1n aubregion x applicable to
veasel claass 3.

QUOTA, = Quarterly landinga permitted in quarter i.

HUTIL, = Hinter utilizwtion rete of permitbtad Timhing
hours among vessels in claes 1.

SUTIL, = Summar utilization rate ol parmitted fishing
hours amcng vesasl= in class 1.

SWTCH, = Fimhing coats incurred by vessels in class 2
Wwhan moving Fishing oparations from one
aubregion to anothar.

ARCY¥TH; = Time required to recover costa of moving betwesn
saubregiona For vesaelas of clasa 3.

BKJ = Brody growth coafficiant Cor clamea in watarms ofrl
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Hew Jarmsy.
BDEL =~ Brody growth coafficient for clams in waters off
Delmarcwva.
AYHT,,. = Wmighted average of clam memt waight in cohaorte
6 through 25, whare i = cohoert and x =
eubreagian.

EXFLR = Ex-vemasel price Tleor Tor surf clama.

3 tina ZH]JTCH

This maubroutine calculates the number of veasela in
epach clasa moving f{rom ane subragion te ancother asa na
functijcon of catch potential. Foteantial profite in aach
subregion aAre initially calculated uaing the following

equaticns.

':11] PEI-FqI ‘1.1}’ ED:.. *CAI.J "Cﬂ-.;

where:
PH:,,,: = Potential harvest in subregian x ol cohorkt ¥

by veaselns in claas I.

ED.., = Fimhing effoprt daye expendsad by vassels of claas
-

CA:.y = Catchability coefficient for cohort ¥y by vessaln
of clasa =,

CO..¢y = Bize of cohort ¥ in subreagion

(127 PYRy,: = LBT,.,, * [ SCP - TXEL.,.}
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PYR.., = Potantial revenus of flest Iin subregion x and
veasael claps 3.

LBT... = Pounda af c£lam meats harvested by vesnels in
subregion x and vessala claee I.

S3CPF = Ex-veesel surl clam price.

TXL..s = Landings tax per pound ol clam meate harveated

in aubregion x by veassla ol class z.

{13y POP..., = FOUST. «# ({(FU, » FUPR + INKIS.:]
~ EDl1l + [CRS; n P”R',:} ¥

{CP5. * PYRa .11

whers:
POP.,, = Fotantiasl operating cost of veasels in subregion
X and in clase 2.

FC8T, = Monthly fixed comsts of [(iahing by veaselns in
class 3.

FU; = Fual consumptian per trip of veaasels in claes 2

FUPR * Fuel price per gallon.

IMIS, = Miacellaneoue variable costm of fishing by
veszels in clams 2.

EDy., = Effort deys of fishing expanded by vesaaels ofl
clas=s 1 in subregion X

CR5, = Crew ahare of groas vesse]l stock.

PVR.,. = Potential gromes atock {total revenue) Tor a

veasel of clasa 3z fTishing in mubregion x
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CPS5, = Captain's mhare of groas atock for s vesmpal of

clasm 1.

{14] PR-.- - P'JE.,. - PUPu..

where:
PR.,. = Potential earninge of vessela in clase 2
Tiahing in subregion x. The other variablesa are

ag defined above.

(15) XPOTu.,; = PRa,s - (SHTCH,/RCVTM.?

where:
XPOT.,, = Profit potential of veeraals in clewes 2 Fishing
in subregicn x.

FRy,.+ = ¥Ymmaael parninga sa defined ahove,

SHTCH, = Coatk required for vesmela of clasy I to move
betwean mubregicna.

RCYTM, = Period of time within which a class 2 veasel
would expact to recovar hias coste tg move to

a new aubreagion.

Little is knawn of the willingness of surf clam
vaasel ownerms to move their Fishing operations along the
mid-Atlantic comet 1ine. Clearly, a willingnessa-to-pay
study would be umeful in determining thiam type oF behavior.

Such a study, howevar, ia beyond the Bccpe af this work.
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Data obtained [rom surveays=s and peracnal ilnierviewa ahed
little light upon the movement pattern of tha Tishing Fleet
between subregiona in search of higher profita.
Historically, howevar, the surf clam [l1weet has demonstratad
great mobility and a readiness to exploib nawly diacovered
clam bads. It ie, therelfore, not unreasanable to asaume
that one half of the vaseselam fiahing in any particular
eubregion would move fo A new subregion LT prolfita were
potentially grenter thare. Subroutine SWMITCH Lfncorporatbea
this buhavior pattern. I, in fact, = graaster percentage
of the fleet shilte cperatione to newly discovered clam
bads in many subregion, amubroutine SWITCH could
undereatimata the rate ol exploitation in that subregion
for a period of meveral months, Estimates of annual
harvest would, howsver, probably not ba affected to any
aignificant extent. If hiatorical surf clam flest movement
ia any indicatar of Tuture bhehavior, it appaars unlikely
that more than half of the lest would be willirng to move
within a month to clam beds in octher subragiona for the

aake of gremtear cAtches.

Subroutine EPPORT

Subroutine EFFORT celculates the number of allowable
fishing effort days utilized by veasele of each class
within each mubregion. The subroutine Tirat converts
affort houres into effort days. Subroutine EFFORT asaumsa

that one affort day is equal to 12 hours of [Flahing
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metivity. ¥Yannel surveyes and interviewe have indicated
that a fiahing trip involver approximately 12 or mors houra
of ateaming time to traval to and from tha clam beds, and
12 or more hours of actual fishing mactivity, fndaer
rastrictions of 24 hours of allowable Fishing mckivity per
week, most aur{ clam vesgale can make a maximum of only two
trips per week. Subroutine EFFORT almo accounta for
percentage of allowabla Firhing houre that are not used by
the clam Tiahing {leet. Full Fleet utilization of
allowable fishing hours ie olten prevented by bad waather
conditiane. Moreover, a significant number of surf clam
fishing vesmsels operata marginslly, harvesting only a
sufficlent quantity of ¢lame Lo keep their harvasting
permite, Theae vesael owhere Are sbtaying in tha Fishery
bacmuse Lhey expact that changes in manegament, increased
surf clam population aiga, and improved market conditians
will bring them greater Future profit potential. Thea
Hid-Atlantic Fimhery Managament Council haa identifiad the
avarasge percent utiltization of allowable Tishing Lime
according to veazel class in the surf clam fishery
{Mid-Atlantic Fishery Hanagament Council, 1981}, Theae
egtimates provide statistice to be used in subroutine

EFFORT.

Subroutine YESRET
Subroutine YE3SRET cmlculatea sconomic returns to

vepaael ownarse and aoparators. The firat step undartaken by
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thiw maubroutine ie tha impleamentation of Lha ex-vesgsl
pPrica modal. Semgonal Aummy variables are initielized
depanding upon the value of INO, and the ex-vesael price
aguation described in Chapter III is applisd. If ex-vesarl
prices are tc be {ixsd, output Efrom the price model i=s
ignored and surf clam prices are set esach year according teo
instructicns from the user.

After defining the variabhle SCP, ex-veapel surfl clam
price, subroutine YESRET proceeds to cmlculate vempal
revenues and coste maccording to vessml claas and msubregion

using the following equatiocna:

(16) ¥R.,, = XLBT..: =® {5CPF - TXL..,)

where:
¥R..:. = Revenuensa in subregion ¥ taken by vesseles of claas
-
ILET,..: = Poundms of clam meats harvested by veamals of
clams T in asubregion x.
SCP = Bx-vasael asurf clam price.
TXL,..: = Landings tax imposed upon meatzs landed by

vegaalas olf clasas 2 in mubregion x.

(17) ¥YAA..: = YRy, e/ ¥:e.«

whara:

YRA. ., = Avarage vesaael revenua in subregicn x by vesssls
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ol class =Zz. YR. .. As defined above.

¥Y..: = Humber of vesaels of class 3 in subregion =.

Total mid-Atlantic vesmel ravenue i= calculated
according to vesaal class by pummipng the ravenuas from esach
aubkregian, Yesaal coata are calculaked in 8 Fashion

aimilar to the algorithm deacribed above in subroutine

SHITCH. The Fellowing equations are amployed.
f18) FCST., = L+/12) » (C3T1, + C5T2, + CS5T3., +
C5T4., + CS5T5, + CS5TE:)

whara:

FCST: <« Total monthly fixed copte of Fishing for a vassel
of claas x.

CS5T1: = Annual ceost of port Tfees for m veasael of claas z.

C3T2: = Aggregate annual coat of boat repair, hull
insurance, apd intarast for a vesmel of clams =z

C5T3. = Annual cost ofF perscnal limability and i1ndamnity
insurance for a veasel of clase 2,

C5T4., = Annual cost of licenae Ffees mnd taxes for a
veeeal of class I

CS5TS. =« Annual coat of legal-accounting Fees Tor a vassal
of cjaan =z

CST6:. =« Annual cont of generml administrative axpensas

for a veeael of claan 2.
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{19y XOPu,. = FCST, + (0 FU. * FUPR +« ZTHMISB.} *

EDe.: + {TR3: * VYRA«, )}

where:
YOoP..: = Total monthly operating coate (Fixed and
variable) for a vessel of class 2 operating
in subreagiocn x.
FCS2T, = Monthly [Cixad costs ae described above incurred
Ey a vensasl of clase =,
FU, = MHonthly fuel upe For vesselas of class z.
FUPR = Fuel price par gallon.
TMIZE, = Monthly miscellaneous variable costes of Tiahing
for vesasela of claess z.
ED,,: = Monkhly =flort dayas for veasels of clamas z in
aubregion x.
¥YRA. .: = Average vesamel revenue {cr vesmseles of claga =

fishing in aubregion x.

{200 TCS5Tu.. = XOPu,: ™ ¥Y...:

whare:

TCS5T..: = Total {leet coete of clamsas 2 wvesmmals oparating
in aubregion x.

X0P,,. = Humber of vemsalz cf clams 2 [limhing in

subregion x.

{21} AERN. .. = YRA,.,, - XOF.,.
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whete:

ABERN. . = Average monthly earninge of a versal of claes 2
fimhing in subregion X.

YRA.,, = Averapge veagal revenue as delined above.

XOP = Operating coata am daefined above.

Total Fleat earninga Tor the entire middle Atlantic
region and average vagawl aarninga for the antire middle
Atlantic region are computed meparataly Cor each vemnaal

clama by aumming subragional totalns

Subroutine YRPRNT

Tha lasat subroutine to ha called in tha bioceconomic
madal is subreoutina YRPFRHT. Tha funetion aof this
aubroutine is to wrikte vyearly cutput to the user'e
terminal, and to an annual output filea, YAPRWNT, ocpenad by
tha main program, The [Firat tark performad by YRFRHT ima to
produce a Fishing mector summary or "anapashot” describing
conditions in the jhdustry at the end of aach yaar. Tha
Tfellowing infaormation isa praovided and megreagated mccording
to vaersaesl clask, eubregion, and region: nhumbar of vessasals
Tfiehing, nhumber of Fishing effort daye, total harvast in
pounde, total harveet in buehel=, apd total fleat prolfita.
After providing a Cishing sector summary, YRFRNT naxt
produces & biologlical summary. The blicomaae of clama and an

eatimate of thea number of individual clame in aach ocochort
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and aubregion and region are di=splayed. Finally,
subroutine YRPRHT producea an end of the year processing
EacLOor Bummary. Total annual procesping industry costa ara
diaplayed and identified according to the following coat
categories: raw product costa, franeportation copts, cost
of patents, coet of labor, cost of energy l(electricity,
fuel oi1l, propane}), packaging costa, depreciaticn coste,
ovarhaad costa, insurance coatas, leagal-accounting coska,
storage costse, and the coat aof chemicals umsed in
proceaalng. Alaoc disaplayed are the numbker of buahels of
clams produced during the praceding yveaar, the number of
poundg of clam maats produced by the proceseing indusktry,
and tha whoelaessala prices that clam ahucking plant owners
would be required to command for breaking even, and

receiving 5, 190, 15, and 20 percant returns over costa.
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SURFE LLAM FISMERY WANAGEMENT M2QEL

ITHRITIAL PROGPAMMING &=-30-83

COMMON 2)LOCKSE

laNpRnE sl e NN RNl

COMMON/FARY/ZMNTL o MN2] o MNI1 prNG] ;MNS1 g NNG] g HNL 2 s HNZZ yHNIZ s NG,
CHNEZ prNE2 yMNL 3 Y23 T3 HN e NS  HNEY 1511 M52 4HE31,HSR]L,
CHSEL ymSEL  HE1 2 mB 22 A5 2 ,HEG2 M55 HEE24H513,H523,#533,H5413,
CHESI  HEEI  WMD11 4 HD2ZL e MOIL D41 4 DS HDAY HDL 2 HDZ2 e MDI2Z 4y HDu2,
CrDSZ,,mDE2 ,HDI A 023,403,104, D53, MD&E3, YWY, V12, ¥13,¥21,¥22,
CVv2,vV31,V3aZ2,v33,5011,£012,E013.ED21,ED22,6D2%,5031,ED32,EQ133,
CLAYLY Ca2Y,CAR),,CA&l,LAS1,CAS] CAY2,CARZ,)CA2,Chu2,CAN2,CRAES,
CLA13,CAZ3,CA33,Caal CAS,CALA , XNCO) XNCD2,XNCAXXNCD&, INCDS,
CXNEDSE, SCD1,.SCE2,50D00 85804 ,5C05,5006,0001,0C02,0CD3,0C04,DC05,
COCCA»XNLYTL o XNLEBT 2y XNLETA ySLATLSLATZ2yS5LBTA,0LATL0LBT2,D0L8T2,
CDTOT o MATO Ty XLETOTS5LETOY DLATOT, XMALBS

COMMAONZGRWA211 22120213, 0140215216028, 1224T23:2244125,12642201,
CI32, 233,234,035, 230y XLNNI pXLNNZ s XLNNI yXLNN& s XLNNS  XLNRE,XLNS]L,

CXLNS 2 ALNE A XLNSAy XLNSS o XLNSEy XLNDL , XLNCO2 s XLNDA, XLND& , XLNDS , XLHDG,
CIMO;IPRSE s XRTRT s KM THZ s XWTNI s XM TG s XWTHS s XNTHE KWTSL AWT52,4WTS2,

EXWT Sy XMTE5 , XNTSA s KWTIL y ANTOZ, KMTD 34 XWTD 4 AWTDS s XWTDG, TWTNL, THTNZ,
CTWTNI, THT NG s THTNS s THTNG THTS L, THTS 2, THTST, TWTS 6, THTSS, TUTS6, THTDE,
CTWTO2 s THTD 2, TUT D4 TWTDS , THTOE TNPOP, TSPOP, TOPOP, TNNT yTSWT , TOWT
CTMPOP yTHNT s BN BDEL rdYWTHL JAYNTE2 , AVHTS]
COMMON/YRETZILSCP, ICQP, ZHCP, 20TP, ¥RN] yVRNZ s VRN, VRANL + YRANZ , ¥RAN3,
ETXLL L e TXLI 2o TALYI I THL 2 THL22+TXL2I, THLIL TRLIZ, TXLII,VRSL,VAS2Z,
CVRSI,VRAS1 VRAS2, VRASE,VRO1 ¥R D24 ¥YRDA,YRAD1 s YRADZ, VRADIYRTN,VRTS,
CVRTO,VRMA, FCSTL ,BCST2,FCSTA, CSTI1, 0521488731, £5T61,C5T51,C5TL2,
CLST22,C8T32,C85T42,£8T52,C5T13,08T23,C5T33,C8T43,05753, Ful,Fuz,Fyd,
CFUPR IMISL+2MIS2yIMIS 3 CR51 yCREZ4CRSICPSLCPS2,CPSITCSTNL
CTESTNZ TS TN TLSTS 1TSS 2y TS 3 TCSTOL, TCSTD2,TESTYOILEANML,
CERNNZ ERNNI,EANS) ,ERNS 2 ERNS , ERND L ERND2,ERNO 34 ERNNT (ERNST L ERNDT,
CTMAERM yBGMT ,4CP ,C8TE1, 5T 62, C5TE3,EXELR,
CAERNN] yBERNN2 s AERNNI  AERNSL, AERNS2, AEANS Y L AERNDT  AERNDZ ) AERND3

COMMONZ/PRET/WSCST o SFCSTPRACST yBUP,PLAS  SHLST  TRNS,PAT , XLARLELEL,
CFULOsPROP4PRG4DREPR,REPR yZOV Ry JINS s ZLEGL g STREG,CHEM ,TTENS, TPAT,



1%,

CT XL ARy TELEC yTRLUL O TOROF , TPRG s TOEPR Y IGYV Sy T LINS o TILEGL s TSTRG, TCHEM,
CTPaCyPFLR,TREVI ZTREV 2, TREYI, TREVL y TREVSyWPRIJWPRZ ywFRI,WPRa,
CHPRS,TREDPR

CoMMON/ENEX A XMVALY MY AL  MYALA, ARATEL JARATEZ ,ARATE, VINGY,
CVYINC 2o VINC3,VDECLI,VYDEC2VDEC]

COMMONAEERTAEmMBE] EMPSL yERRSI pWUTILL s UTIL2 oW UITILI, SUTILL,SUTIL?,
ESUTILA

COMMAN/CUOT/QRRS1 yRNRSZ ., RHREI QUCTRI, JUBTA2 y QUCTAZ, SENRTI3EMRTZ,
CSEMRTASEART&,QUITAS, QUEBTA
EEHHEH’SHTEH/SHTﬂHl ] SHTCHE, SWTZHA * RECYTMY ¥ RCVTHE’ ACYTM]

COMMON/YRLYFAEDL ] ZAED12,4EU13,RED2]18ED22,AED224ED3],AET22,4ED23,

CAEDOMAL  AEDME D  AEDWE 3 ANLOT) yANLATZ  ANLATI ASLETY ASLETZ,85LET3,
CAOLATI ;ADLAT2 pADLETA AMAL D] ,AMALEZ , AMALB3,YEANN] ,, YERNNZ,TERNN],
CTERNS L . YERNSZoYERNSI ) TERNDLYERNDZ s YERND A ATHT NG ATH TS0, ATWTD4,
CAXNCOS, AXSC0&  AYDCISyABUN BBUS,ABUDAPLRSHAPROC,

cnsncsT,lTnNs.AP;T.1:Ll!flELEt.lSULu.LPnn#.nrlﬁ.nnfﬂn.luvn.nlus.
CALEGL pASTRG yACHEM WP RL4ANPR? JEWPRI,ANPRAJAWPAS .

laRalalNy

CPENCE,FILE
QPENCTFILE=

COMMIN
HARY =
GRwWw =
VYRET =
PRET =
ENEY =
ISHERY)

p NN e sl Rl R Eal =T e Ralata

caLL

DPEN QUTPUT KEILES FOR WMONTHMLY AND YEARLY DATA

TUONDAT ")
"YRDAYT ")

BLOCK IOENTIFICATION

CONTAINS
CONTATINS
CANTAINS
CONTATINS
CONTAINS

CONTAINS
CONTAINS
CONTAINS

CALL dLiL DOF THE

INPUT

HARYEST PARAMETERS

GREWTH AND POPULATION DYNAMICS PARAMETERS
VESSEL RETURN PARAMETERS

PROCESSOR RETURN PARAMETERS

VESSEL' ENTRY=-EXIT PARAMETERS(ENTER DR LEI?E

EFFQRT CALCULATITH PARAMETERS
VESSEL SWITCMING PARAMETERSCMOVE BETWEEN REGIONS)
ANNUAL TOTALS OF DUTPUT YARIABLES

INITIALIZED PARAMETERS

WRITECL,y=)"Y0Uu WAVE ACCESSED THE SUR® CLAM BIODECIONDMIC

EVALUATIONS
WRITE(1ly%)

EOITING'

WRITE(L,®)

"MODEL. INITIAL PAQAMETERS MAY BE CHANGED 2Y

"THOMASIMODELPINPUT.FTT,.”

HRITEC] ,6) " rasd 0 xR vandak RN R I Nkdbeghen ki sdnnnsy ”

WRITEC(L,=)
WRITELl,%)

*HOW MANY YEARS OF FISHING DO YDU WISHM Y0 SIMULATE®

REAQL1,%) IYRSS

WRITECLl,#) “DD YOU REQUIRE & PRINTOUY OF MDNTHLY OATA"
READ(C1q4%) ANSE
FORMATCAL)
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INVYGRE A~NUAL LICP FOQ YEARLY INTREMENTS

03 10 1=1,TITYR3S

wRITE{l,&x) "IF YOU wl25H4 TOD EIx SURE CLAM EX-VESSEL PHICE2*
WARITECL %) “THIS ¥YEAmRy ENTER THE PFRICE. IF NOT, ENTER®
WEITECL,%) *lERD 40y YO INYEKE THE Ex~YESSEL PRICE WICEL"
READ(C1 %) EXELR

IYRS =T
INITIALIZE AWNNUAL DATA AT IERL

SEHATI =}
SEMRT2=Q
SEARTIng
REHRT&ax]

AEDL11 =0
AEDLlZ2=(
AEJ13=(
AED21wD
4EDZ2wD
AEDZ23aD
AED31w9
AS232=D
AEDR32=D
AEDMAL=D
AEUMAZw]
AEQMA3=D
ANLBTIal
ANLBT2=0 v
ANLBT3aD
ASLAT1a20
A5LAT2eD
ASLETIsD
AJLET1=0
AJLATZa]
ADLBT3=D
AMALB120
AMALB 2 =)
AMALB3I=D
YERNK1=D
YERNNWZED
YERMN3I=D
YERKS51s=0
YERKS 2u0
YERNS =D
YERND] =D
YERMOZ=(
YERND 3=
ATHTHA=D



I xNnRal

aEpNaNp]

lxNnlal

ATWTS 5D
ATWTCE=D
AxnNCO&=D
Ax5CC e}
AxDCI5=]
ABUN®]
A3USx()
ABUIO=D
APLBSYsD
&FROC=0
ASHCST=D
ETRNS =0
ARLT=(
AXLASR]
AELECa(
AFGLLRY
ASROFwQ
AFELs=(
AJE®R=]
AcvYma(
AINSa(
ALEGL=(
ASTRG={(
ACHEM=(

INYOKE MONTHALY LO0P FOR BLL MONWTHLY INCREMENTS AND CALCULATIONS

0l Z0 Jel,12
IMge g

CALL MONTHLY SUBROUTINES INVEKING GAOWTH, NETURAL MORTALITY, AND
EISnING EFEQRT

IE{IMO.EQ. 1. 0R.INMD 8C . 4, DR  IMD  EQuT . OR.IMS.EQ.I0ITHEN
EMRS1=RwRS] .
ENRSZaRHRS2
EMRS3IsRHRS]
ENDIF
CALL GROWTH
CALL EFFOAT
CaLL HARYST
CaLL CJufiTa

RECALCULATE COWIRT SIZE ACCOQUNTING FOR FISHING MORTALITY

KNCOL=XNCOL~(HN]L1+HNLIZ2+HN1D)
XNCC2oXNCO2~{HN2L+HN22+HN23)
ENCOI=ANCOAI-(HNII+MNIZ+HNID)
AMNCOAmXNCOA={HMNE&) ¢+ HN&Z+HN&T)
XNCOSaXNCOS=({HNS1+HNS2+HNEI]
XNCOSsANCDA-C(HNLL +HNGEZ+HN ST )
SCOL1=S5CO01-CHSL1+HSE124M512)
SCO2nSC0G2=-C(HS21+H522+H52])
SCO3=SCO3-¢HE31+HS3241533)



[a ¥ g N ulal

s Ralal

Croy 0

Cr MO

[aEp Nyl

S5CO4aSCCb=(MSal+M3824H543)
SCI5=SCO5=(M551+H552+H552)
SCI6a350ce-{nE8]l+M5462+H5463)
ODCAI=0CC1~(MDL1+HD12Z+HD13D
DCIZagLo2=(HR21+m022+0D22)
0CA3=JCL3-(HDAL+W032+KHO3D)
DLO&udCl4=mlelenDa2+enDil)
DLCSwDClS=-(RESi+nuS24nD52)
WCo6aZlC&=-CHDE1+nDB2+H043)

CALCULATE TLTAL WEIGHT OF EACH NIRTHERMN KEW JERLZY
COosgRAT GROUS

TATHl=XWTNIANNE D]
TWTHN2=XWTN2RXNCLD 2
TATHNAsXuwTNIRXNLDD
TUTHNGuXWTHAEXNCD S
THTNS=XuTHNERXNLDS
TUTNE=XWTNERXNKCDA

CALCULATE TOTAL NORTHERNMN NEW JERSEY POPULATION SIIE AND WEIGHT

THNPOPaXNCO1+XNCO2+XNEO3+XNCDL+ANCOS+XNCO4
TRNWTeTWTNL+THTNZ+THTHI+THTNG+=THTHS+THTNS

CALCULATE TLTaL WEIGHT OF FACH SOUTHERN NEW JERSEY CCHORT GROUP

TuTSieXwTSInSCAL
TuwTS2=XuTS295002
TwTS3uXWTE3x8L03
TrTShuxuWTS4aSC04
THTSS=xuT5%48C05
TATS&uXWTSEwSL06

CALCULATE TOTAL SCUTHERN NEW JERSEY POPULATION SIZE AND WEIGHT

T5POP=SCOL+5CO2+SCDISCR4»8CD5+5C 04
TSWTe TSI+ THTS 2+ THTSA+THTS e TWTSS+TUTSS

CALCULATE TOTAL WEIGHT CF EACH DELMARYA COWDRT GROUP

TWwTDlexwTD1%DCOL
TWTO2wXAdTOZ2xDCN2
TWTD3IsEwtDILDCO
TuTODA=XWTOMxDL 0%
TWTOSuXuTRESeDCE
TuTDa=XwTDHWHCIE

CALCULATE TOTAL DELMARYA POPULATION SIIE AND WEIGHY

TOPCOPaD{D1+DCO2+0C0A+DLD4+0DCO5+0C0E
TOMT=TATDl+TRTOZ2Z+THTDA+TUTDR+THWTOS+TWTDS

CALCULATE TOTAL MID-ATLANTIC POPULATION SILE AND WELGHT
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C
<

LALL PRINTLUT

THPIEaTHPOIP+ TSP P+ TLPOD

TN TEaTNWT+TEwT+TOWT

Catl ECOND™IC SURRDUTINES (WESSEL RETURNS,
3% MZNTrELY DATRE IF RESUIRED

CALL WESREY
WRITECL,%) S(P
CaLL PRORET

IECANSAE.EQ."Y"3CalL MIDAT

CRANGES

c
C
"

G

ANKUAL EFFIRT DAYS

AEDLI=&EDL1+ED]]
AEDi1Z2=AEDLI 242012
AED13=RED]13-E013
AEDZ1=AED21+ED2]
AED22maE022+ED22
AED231=3ED23+FD21]
AEDI1=AEDI]1+EDA)
AED32=AED32+ED32
AEQAMI=AEDIZHED2]

AEDMAL=AED1]1+AED21+A4FD3]
AEDMAZ2=AEC12+AED22+4E032
AEOMA3I=AEDL1 A+ AED2 3+ 4ED32

ANNUAL HARRVYEST
ANLBT1wmANLET)Y«XNLATI

ANLBT2=AMLATZ&XNLETZ,
ANLBT2nANLETI+XNLET]

ASLAT1=ASLET1+5L8T1
AS5LBTZ2=ASLAT2+5LBT2
ASLBTIaASLATIHSLATE
AULATI=ADLETI+DLET]
ADLATZ=ADLBTZ+DLET2
ADLATI=ADLAT2+DLATY

AMALAYI»ASALR]I+XLATOY
AMALB Z=AMALBR2+SLATAOT
AMALBI=AMALR2+DLATOTY

VESSEL EARNINGS

YERNN1aYERNNI+ERNNL
TERNNZIwYEANNZ+ERNKZ
YERNNAwYERNKI+ERNN]
YERNS1mYERNS1+FRNSL
YERNSZ=YERNS2+ERNS2
YERNS3I=YERNS3I+ERNS]
YERND1=YERNDL+ERNDL

LN

PROCESSOR RETLRNS) anT

URDATE 4NNUAL TOTALS QF &LL YALARAIAPLES INCORPORAITING MONTHLY
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YERND2=YETND2+ERNDE
YERNDI=YERNDA+ERND]

SIIE ZF PCFULATION GREATER THAMN S Ll/s2 INCAHES IN LENGTH

ATHWTHSeTHWTNS+ ATHTNS
LTWTSEaTWTSS+4TWTSA
ATHTOAwTHAT 4+ ATWTDA
AXNCDS=XNC D&+ AXND D4
AXICDaaSC0s+ 25004
XD 0AnDT s »AX L%
ASUNEATHTNASLITLE
ABUSTATKTSSA17,.0
EBUD=aTWTDE Y700

ANNQDAL PROCESSING SELCTOR SUMMARY

APLASeRPLABS+FLES -
APRIOCEAPACC+TRPRACL
ASHCST=ASHESTHSHEST
ATRNERATRNS+TTRNS
APAT=APAT+TPAY
AXLAB=AXLAR®TXLAS
BELECwAELEC+TELEC
AFULCwAFULDTFULD
APRCD=APRIP+TRRLCP
APKGEAPKG+TPUG
ADEPR=ADEPR«TLERPR
AJVr=ADYR+T2OVH
AINSeRINS+T2ING
ALEGLwALEGL-TILEGL
ASTRGeASTRG+TSITRG
ACHEMaALHEM+TCHEM

CALL SUBROUTINME Hﬂ“Ikd‘HESEELE FRDM DONE REGION TC ANOTHER

CaLL SWITCH

CHANGE NUMBER OF vESSELS IN ®ISHERY If END DF YEAR ~AS DLCURRED

CALL VENEX
END OF MONTHLY LDOP INCREMENTS

CONTINUE

CALCULATE AVERAGE ANNUSL WHOLESALE PRICES REQUIRED FOR
PRDCESSDR RETURN DF 5%, 10%, 15%, 20X, AND BREAK EVEN

AREY1i=APERQLC

AWPRIWAREVIZAFLABS
AREYZ2aAPROL WY, 05
AWPR2IaAREVI/ZAPLAS
AREVI=APRPROCH1.10
AWPRIZAREVI/APLES
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AREVA=LAPEICHI 15
AwPROSAREVAFAPLES
AREYE=APE 1,20
AAPRE=RAEEYEREFOPLAES

CALL SUSRCUTINE TO PRINT ANNUAL JaTa TC OUTPUT FILE aAND ECHC T2
SCREEN

CALL YRPANT

IFCIYRSLEQ.IYRESIGE TO 20
WEITELL %} TEND DOF YEAR ",ITYRS
WALITE(Ll,®> “D0 ¥OU wilISn TO CHANGE PRICES OF COMPETING SPECIEST
READL1,4) ANE1]
IE{ANSL.EC."Y "ITHEN
WAITEL{Ll,%> “"ERTER WEWw OCEAN QUAHOL PRILCES
READ(CL,%) IQOLP -
WRITELL o) TENTER NEW HARD CLAM PRILE”
READC)%) INCP
WRITECY %) "ENTER® MEW (JYSTER PRRICE’
READCL,=} I0OYF
END IF
WRITE(l.%) *LC YOU WIS™ TO CHANGE TME LANDINGS Tix*
READ(Llya) ANHSE2
IPCANS2.ES. Y "ITHEN
WMRITECL ) "ENTER NEW LANDINGS TAX IN ODOULLARS PER POUND FQOR

NORTHER

Cw*

WRITEC(] %} “NEW JERSEY®

READCL.#) TXL11

TALL2=TXL11

TXL13=TX11] -
MRITEC1,=> TENTER MEW LANDINGSE TAXx FOR SOUTHERN NEW JERSEY”
READC] %) TXLZ2L

TXL22=TEL2]

TIL2I=TXL2]

WRITE(1,2) "ENTER NEW LANDINGS TAX FEOR DELMARYL®
READ(Cl,%) TxL3X

TAL22=TXLA1

TILI2aTXLI]

END IF
WRITE{l.%} ~D0 YOU WISH TD CHANGE EFFORT WOUR LIMITS PER

MOMTH"

READCI4%) ANS3

IFCANSILEq. "Y "ITHEN

WRITE(1,%) “ENTER EFFORT MDURS FOR MNORTHERN MEW JERSJEY®
READC],%) EHRSI]

RHAS1aENRS51

WRITEC(L %) TENTER EFFORT HWOURI FOR SOUTHERN NEW JERSETY®
READCL,®) EMRS2

RHRSZ=EHRSQ

WRITE(],=x) "ENTER EFFORT WDURS FOR DELWMARVA®

READCL,2) EHRS2
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RHRSI=EwAS]
EnD IF
WRITELY %) ~20 YOu WISH™ TO CHANGE QUARTERLY SUBTAST
READCL &) ANSS
IFCANS& . Fo. Y )THEN
WRITECL %) "ENTER QU2TA FOR FIRST JUARTER"
READ{1l.®) JubTA]}
WRITE{L.,#) "ENTER QUCTA4 FCR SECOND QUARTER”
READC], =) QURTAZ
WRITE{1,%=) TENTER QULCTA FOR TYIRD ZUARTER®
REAJD(Lls%) CLCTAZ
WRITELLly%) *ENTER QUCTaA FDR FOURTH QJUARTERT
READ{l,*) QUCTa&
END IF
WRITECL,=) "0O0 YOU wISH TO CHANGE THE NATURAL MORTALITY RATE
AN
cr”*
WRITECLl,4) “REGIONT®
READCLl,4) ANSSE
IFCANSSEQ."T"}THEN
WRITECLLl %) 20 YOU WISH TO CHANGE RATES IN NORTHERN - MEW
JERSEY "
READCL %) ANST
IECANST.EQ. “Y "2THEN
WRITE(1s%) “ENTER NORTHESN JERSEY NATURAL MORTALITY RATES

IN

IN

] v
CERTS DONE ThRJUGHM SIX, SEPARATED BY COMMAS”
READLLa%) ZT11,212.202,216,4715,218
END If
WRITEL] 23 “09 YOU WISW TO CHANGE RATES IN SOUTHERN NEw
JERSEY "
READC1,4) BNSE
IFCANSS.EQ. Y *2THEN
MRITECL.®) "EMTER.S5DUTHERN JERSEY MORTALITY RATES @Y CDHEET'
REMD(Ly%) I214222,2234224+125.126
END IF
WRITE(L,%w) OO YOU WISH TD CHANGE RATES TN DELMAAVA"
READC1,4) ANES
IFLANSI EC,"Y "ITHEN
WRITECLy®m) *EMTER DELMARYE PAYES BY COMORT™
REASLY,®) 731,232,233 ,22346,738,734
END IF
END IF
<
C
C ADVANCE CLAMS IN E&C+« COMORYT TO THE NEXT COMWORT SINCE THEY
C HAYE AGED ONE YEAR.,
C
¢ NORTHERN NEW JERSEY
T

XNCOSeXNCOL+XNCOS

XNCOS={XNCOS~XNCOSI+XNC D4
ANCDAwE ENEDLA=XNC Q44X+ XNCOD
XRCCAs{XNCOA=-XNCOA)+ANCD2
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INCO2=(ANCT2=XNED 2+ XNCE)
AMCZ1=XNC01-XNCD]

SCUTHERN NEW JERSEY

vy M

S5Co&m3CCE+5(D5
S5CO5e(5{35~5C05)+5( 0
SClawm{S500a~SCC&J+5CC3
S5C23s(5C03-5CO2)e5(C02
SC02=(aCC2~5CL23+5001L
SC31=5C001-5201

DEL™ARYVA

InEp N

DLo&eDCL5«DC0S
OC05=(DCDS~-0C0E)«DCCe
DLDan(0CT4-DCRLI«0C03
0COa=(0CO3-DCL2)+0C0O2
QCo2=(DCO2Z-0CO23+DCC1
0CD1s3CC1-DCO1

END YEARLY LOOP &m0 INCREMENT TO NEXT YEAR

L= )

CONTINUE

"R " NaNallal

[ =]

WRITECL,%x) "END QF SIMULATIONT
CLOSEC(H)

CLOSECT)

sTOP

END

™
]

SUBROUTINE GROWTH

THIS SUBRQUTINE CALCYLATES THE CHAMGE IWN STIZE QF EACH COWORT

RESULTING FROM NEZTURAL MORTALITY ANDL THE WELIGHT OF EaACH CORORT

RESULTING ®ROM VON BERATALLANFEEY GROWTH. THE WEIGHT OF CCHORT
UMBER &

IS 3ASED UPON A& WEIGWTELD AVERAGE [OFf YEAR LCLASSES & THROUGH 20D,

oM EoOMmOan

COMMIN/NARY Z/MNLL yHNZL HNI)  MNE] g HNST  HNG] o HNI 2 HNZ2 2y HNDI2 s HNG 2,
CHMNE2 yMNE2 yMNL I HN2I ANy HNG d NS HNEI yHEL L yHEZL ,HSD1 ,HE 41,
CHSEL ,H563 ) M52 4522, M52, 542 4852 HEE2 HESL13, 23, HEAI M543,
CHSS3, ASAl, MD1L ,HD21 MDA, D41 051Dl 4012 4MD22HDIZ vDa2,
CHOSZ yHOE2 pHB 13 D22, M3y D@3, MD53  HDS2,v11,¥W124¥13V22V2d,
CYZA,vA1, V32, VIN,.EQ11,ED012,E013.,ED02),ED22,,ED23,EDI1LEDILZHED3D,
CCAll,Ca21,CAa%]1,Chal CASYyCASL,CA12,CA22 CA32CAS2,CA82,CA542,
COALAZCA2ZI A3, CAG,CAS3,CA63, XNCO)  XNCO2,XNEDY o XNCOL, XNC DS,
CxnNCD&E,5C01 ,5C02,5C03,5C0&,5C05,5CD6,DC01,0C02,0C023,D0C04,DCO5,
COCOA  XNLBTY , XNLBT 2 XNLATI ySLBTL sSLBT o SLOTIOLBTLOLETZA0LET2,
COTOT yMATOT o XLBTLT ySLETAT,DLETOT,, N MALRS

COMMON/GRW/Z11, 1124253, 21%s215,2144221,2224223:+224,025:42264131
CIA2 230,236,238y 135 3 XLNMNL g XLNNZ yXLNNI ELNNS 3 XLNNS s XLNNEZXLNE]Ly

CELNSZ) XLNS3 s XLNS4 s XLNSS ) RLNSSy XUNDLy XLND2 , XLND Y, XLND & XLNDS o XLNQS,
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CIFC o ITRS pXWTNI S W TNy XWTHAy AW TN s XWTNS MW THA X WT51 , 0uTS2,XxuT%3,
CANTS G AWT S Sy NWTSE g XWTD Ly XWTD 2y XWTDI K TOLy AWNTES p XWTOS, THTNL YW THE,

CTWTH, TWTNG y THTNE TUTNA , TWT Sl TW TSy TW TS 3 Tl T oy THT S S THTSATAT1,
CTaTE 2 s T T T T Dy TH TS s Tt A, THROPTEPOR , TOPOP  ThuT , TSWT , TOWT,
CTHPOR , TMWT o AN G EDEL yAVWTAL AVl TSE2 , AVWATAED

COMMON/YRET/ZLSCP Z00F g ZHOP  I0YP ¥PNL  VRNZ y VRN s VRANT JYRANZ ,VRANS,
CTNLIL, TXRLI2 LY TXLZ1,,ToL22,THLZY,TXLAL TALIZ,yTEL3A,¥RS5),¥YRE2Z,
tvnsa.vk151.vnlsz.vnnsa.vnnl.vnnz.vﬁns,vn&ul.vnﬁnz.vtnna.vqfn,vars.
CVRTOyYRMA FLETL oL ST2  FOSTICSTLIC5T21,C573L,08T4L,L5751,05T12,

COST 2208732 s C8Ta 2 ST 2,,C5T13,08T23,C5T733,C5T43,C5TS3FULFUYZ,FUI,
CRUPRy IMIS1 IMIS2yIMIS3 LRSI CRI24CREI,CPS51,CP52,CP52,TLSTNL,
Y STNZ s TCSTN I TS TSl TOSTS 2, TLSTS A, TCSTRL »TCSTD 2 TESTOAERNNI .

EEﬂHHi,ERHHE;ERHSI.ERHSI.EEH531EﬂHﬂl.EﬂNDE,EEHD3¢ERHHT;EEHST.ERHﬂT;
CTHAERN yMGMT ,SCP,CS5TEL ,CSTAZLCE5TSA,EXFLR,
CAERNNL y AERNNZ y AERNNIJAERNSY s AEANS2 ) AERNSIZAERND ] AERNDZ4AERNDS

COMMONAPRET /WSS SFUSTPRCST yAUPPLYS SHLST s TRNSyPAT s XLABLELEL,
CEULO,PRIOP,PKG s DEPR REPR ¢ ZOYH o LINS o ZLEGL+STREG,CHEM , TTRNS,TPAT,

CTXLAR, TELEC , TEULD ,, TPROP, TPRG , TOEPR,TIOVH TIINS y TILEGLyTSTRG ,TCHEM,
CTPROC yPELR ¢y TREV] . TREVZyTREVITREVA TREVS (WPRLWPRZ,WPRI  WP4,

CWPRELZTREFR
COMMONYENEXZXMVALL (XMVALZ y XMVALI ARSTEL (ARATE2 yARATEN, WINC],

CVINC2yVINCR,YDECI,VDEC2,vDELD

COMMON/ERRT FEMRS] o ENRS 2y ERRSIHWUTILIWUTIL2Z,WUTILA,SUTILL,SUTILZ,
CSUTILA

COMMON/ JUCT/RMRS1,RHRS2 yAMRS3,,QUOTAL,QUOTAZ)QUOTAS,SEMNRTL, SERRTZ,

CSEMRTI SEMRTAWQUOTAL ,QUOTA -
COMMON/SHTOH/SHTCML ( SWTCHE  SWTCHI  RCVTMI L RCVTMZ,RCVTMI

COMMON/TRLYZAEDL] »AEDI 2y AEDL1 I AED2) ,0ED22,AED2,AED3L , AED32,AED23,
CAEDMAL JAEDMAZ JAEDRAS L ANLBTL  ANLBT 2 ANLATE , ASLATL, ASLAT2,A5LAT3,
CEILATL ,ADLATZ  ADLATI, AMALD] JANALBZ , AMALEY ,TERNNL1, YERNNZ, YERNNY,
CYERNSL s YERNS2 s YERNSI, YERND] s YERND 2 YERND Sy ATWTNS JATUTS S, 4TUWTDS,
CAINCD &+ AXSEAS AX0OCDS ABUN S ABUS  ABUD ,APLES ,APROC,
clSHcSquTI"S|lPlT|llLlﬁ|IELEC|IFULE|IPEEF|‘PKGI‘DEPI1lﬂVH;IIHS!
CALEGL pASTRG yACHEM , AWPRY JAWPR2Z yANPRY ,ANPRA ,AWPRS

CALCULATE THE SIZE AND WEIGHT OF MORTHERN MNEW JERSEY LORCRTS

CALJULATE THE LDSS TAO EACH NORTHERN NEW JERSEY COHORT DUE TO AGE
SPECIFIC NATURAL MORTALITY

MrMEmotO,m
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ENCClaxhiQ1=-211axnCO]
ENC o2 =XANCR2=-T]12ukNCE2
INCoA=mKNEI3-212uXNCED
EMEJh=XhLl&=F]1&=xXNCCL
XL oSe2NLS5=T1%uxNCE S
INCCosXhlZa=214RANCCE
c
[ CALSULGTE LENGTH CF INDIVIDUALS IN EACH NORTHERN JERSEY LO~IRT
GROUP
c
Exz. 7182818
XLhNLl=lét taw(l-(Een{-ONJ={In]r12,.0-,0255]3))
ELNNZolEd e ]l=CEaaC=0N % {IMI+12)/712.0~.0255321)
TiNNAIn b sun(]l=CEna(=0N)R({(IMD]+24)r12.0~.025520)2
RLNNeeloh, A4 (] = Eas(-BNJx{(TW0+343/12.0~,0255)33])
KINNS =l AE . S4n{]-CEmnC=BN InCIMIvaB) 0 2.0~.02585))))
Kb =l 8. 842 (] = ERG{ BN N (IMT+50) /712, 0~.0255032)

G

C CALCULATE THE AVERAGE WEIGHT DOF IWDIVIODUALS IN EACHM NORTHERN

JERSEY

C COWART GROUP

C
EThR1=L . 000100 (XLNN1ak2 B251))*,002045
AThZ2el . 000100 {XLNNZ2Esa2,825%51)),. 002045
AWTHIaL 000100 ALNNIe>2, 53251 )0, 002065
KdTheE=( , 0001008 XLNNean2 B282 ), Q02045
X THSu (0002005 CXLNNSEn ) 5281 ))% 002048
EWMTNATAVYWT AL

CALCULATE THE SIZE ANC WEIGHT OF SOUTHERN KEW JERSEY CSHCRYS

CALCULATE L3555 DUE T0 MaAaTURAL MORTALITY

R e N Eal e

5CO1wSCOL-7215C01 -+
SCo2=5CL2-222%5002
SCOoA=sSCO2-72355%5C03
SCOex=SCO4~22405C04
SCOs=SCDs=-725a5C05
SCoe=SCA6~22405L06
C
c CALEULATE THE LENGTH OF INDIVWYIOUALS IN £4CH SOUTHERIN JERSEY
CORORT
o
KLNS1 186,640 {l=-CEn{=ONJR({IMO/)2..0-.0255)22)
XLNSZ221 6884 =CEa(-PNJALCTIMO+123/12.0=,0255))12
XLNSA=lbha bl ~{Enal{-0N)R({IMD+24)} 12.0~.0255%2))
XLNS #2166 640 () =(Exa(~BNJX{{IND+IE/12.0~.0255)))>
TLNSE=lbb  ban{l~(Eual-AN)n{(IM0*48)/12.0~.0255%)2))
XLNSAE=1&& , S (l={Exal{~-8NJR({IND+60)/02.0~.02%5))))
c
c CALCULATE THE WEIGHT OF INODIVIOUALS IN EACH SOUTHERN JERSEY
COMDRT

-
KWTS1o( . 00D300%(XLNS1xuZ . B251))8. 002048



s

a2l [alaEaNal sl

la N p Ny

c

C

L
MEATY
c

KaTS2=(, 000100 { XL S2%2, 825120, 002066
XATS3=( 000100 CXLNSDOR2, B251))5.002045
XwT54=( . 0001000 XLNSeun2,.832%51))%,.002046
RMTSEmC 0001004 N NS, 3251 ))u. 002046
AnTSEmAVHTS

CALCULATE THE SIZTE &WD WEIGHY [CE pELMARVA COMORTS
CLHLCUYLATE THE LCSS DUE TO NATURAL MORTALITY

DCI1=0CGI-I31%0C01
DCA2aCCR2-23222C02
DCR3=DC03=-233%0C03
OCJew»DCC4-734xDCTs
DCOS=OCLS-735aDCES
DLO&=0C0&=-13&xDC e

CALCULATE THE LENGTH COF INDIVIDUALS IN EALH DELMARYS [On0ORT

XLNDI®]l88. 43 1=-(Ean{~BDEL*(IMO/12.0=,0794)32)

XLNO2=166ab e (1~-CEXxa(~800La{(IMO+12)/12.0-.0T754))))
XLHNDIo 16,438 (]l -(Eox{~-80ELS{{IM0+24)/12.0=-,079422))
XLND4ul b6 430 1l=-LENe{~BDELO{{IND+343/12.0=-.07%42))3
ALNDS #1568, 430 (1l -(En{~BDELe((IHD«4N)/12.0-,0794))))
XiLNDE=1bb,,43a{ )~ Ex3{~RREL®((IMS+40)/12,0=-.0T79433))

CALCULSATE Trf® WEIGHT 0F INDIVIODUALS IN EACH DELMARYA CORCRY GROUP

XedTIE=( 000111 XLNDIwe2, TET5)}0%. 0020456
XWTD2a( 00011 = XLNC2ex), TETE)38, 002046
KWTD3= (. 000111={XLNDI2aZ2,T4675))x.002044
XTD4A={ 000111 XLND&52,TETS)) N 002045
AATDEm( . ﬂﬂﬂlll#(lLND!ttZ T&TE)Iu. 002048
IWTDEmAVHTED

RETURN
END

SUBROUTIME PRORET
THIS SUBRCUTINE DETERMINES THE PROCESSING COST FOR & PDUND OF

COMMON/MARY/MNLYL ;NZL ¢WN3IL g HNG] yHNS1 HNSL s HNTI 2 s HN2 2y HNDZ  HNA 2,
CHNS2 s HNAZyHHT B MNZI NI NG I p NS, HNE I o HSL1 4 HS21 ,H53] 4561,
CHSS1  MSE61 WS12,HS22;MS532,HS62 NS5 2  HSE2 s HSLIsHS2A,HE33 M543,
CHESSA  HSOIHD11,MD21 40N, AD&L yHOSL , MDEL s HDL2,HO2Z +HDI2 4 D4 2
CHDS 2, HDAZ s HOLA MDD 23D, MO I HOE I, HDAY s VL1 V12, V13,V 21,V22,
CV2y,v31,v32,va3,ED11,EDL2,ED12,ED21,ED22,8023E031,ED32,€E023,
CCAL11,Ca21,CAA1,CA4L,CAS],CASY.Ca12,CA22,)CAB2,CA42,C052,0042,
'ECLIE-.CLZ!-CI!!.Eli!.tlihtl&!,!ﬂtnl p XNCO2 ,XNCON, XNC D&, XNCD S,
CXNCOA,5C01,5C02,5C03,5C04,5C05,5C06,0001,0C02,0C03,0C04,DC05,
CDCOG s XNLBATL pXNLET 2 XNLATI  SLBTL, SLAT 2, SLATY,DLATY  OLETZ,DLET],
COTOT MATOT A XLBATOT ,SLATOT,DLATOT X MALBS
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COMMON/GRAZ211 4212020347040 T154226,F219722v223082%422542264231,
CI32,4233423ay A8 4236y MLNML P XLNNZaXLNN3yXLHNG  XENNS XLNNG, XLNST,

CUXLMNSZ  ALNSI s XLNSG s XLESS o XLNS A XLNDI y XLND2, XLNDY s XLND&y XLANDS o XLHDA,
I LY RSy NWTNL X MTNZ s X TNy Xl T e X TNE XM TS s XEWTS ] AT 52 XTS5,

CluTS#;IHTSE.IHTS&-IHTEIfIHTEE.IhTﬂlilHTDﬁuIHTDi,IHTDE.THTHI,THTNE;

CTWTNA T THG s THTNE TN, THUTSLy THTS 2 THTS 3, THTS &, TUTES , TWTS46,TWTOI,
CTWT D2 s Tty THTL& , TuTOS  TWTDA L TRPCP yTSPOPTOROP, TNWT , TSwT ,TOKT,
CTMPLP TMWT ANy BOEL s AVMTE L4 AVHTSEZ , AVWTE]

COMMONAYRET AILECP p JCGP y IHCP L TOTF  ¥RAL s VANZ s VRNT , YRANT , YRANZ p WRAND,
CTRLLIE s TXLIZ s TNLI A ToL2YyTHL22yTXL23,THLAL, TXLAZ2WTXNLID,¥RIL,,¥RS,
C¥R$3|HE!SIgHRlSEi?Rii!ivlﬂlpﬂlbz;vﬂﬂl|¥Elﬂl,FE&DE,ER!ES.HETN.?E?S,
CVRTD WRMA,,FCETY ,FCST2FCST3,C8TEL,L5722,05T31,05T41,C8T51,C057142,

CLSTR22, 05722, 08142, 05752, C8T13,C8T23,C8T32,05T&3,C5T752,FUlyFUZ.FU3,
CFUPR yIMIS1 yI™ISZIMISIHyCRE1,CRE2,CRSICPEL,CPE2 (P53, TCSTHL,
CTCSTNZ2yTCSTNATCSY51,TCETS2 YOS TYS3, TCSP0L.TCSTD2,,TCSTDALERNNL,

CERMNZ g SRNMI L ERNSL yERNS2yEANSI ERNDLERND 2 ERNDILERNNTY ERNST LERNDT,

CTMAERNyMGMT o SCP,C8TaL ,C5T&2,C5TE&3,EXELR,
CAERNNL AERNMNE JAERNNI L AERNSL JAEONS2 G AERNSIAERND )L, AERND24AERNDD

COMMONAPRET /WSCST SR ST yPRESTLALUL  PLAS  SHEST o TRENS s PAT o XLABLELEC
EFULD;PRHF.FKE.DEFH.REPEpIDFH.IIHS.ILEGL-STRG,EHE“.TTRHS,TPAT,

CTXLAB, TELEC ;TR LD, TPROP, TREG,TDEPE , TIOVH o TZINS S TILEGL,,TSTRG, TCHEM,
CTPROC +PRLRy TREVLyTREV2 , TREVI, TREVA ¢ TREVSyWPR1 yWPRZIJWPRI,WPR&,
CWPR3sTREFR .

COMMON/ENEX /7 XMV ALY o XMYAL2 o XMVALI JARMTEL yARATE2 yARATES,VINC]
CVINC2 YINCI,VDELY,VDELZ,YDECT

COMMON/EFRT/EHRSL o EHRS2 yEHRSIGWUTILL  WUTILZ e WUTTILILSUTILY»SUTIL2,
C5UTIL3

COMMON/QUOT/RHRSY ,RARS2, ARSI, QUCTAL,JUOTAZ,QUOTAD,SEHRTL,; SERRTZ,

CSEARTI SEARTA , QUOTAL,QULTA
COMMONR/SWTCH/SHTCHL g SWTCH2Zy SWTCHI ,RCYTH] ,RCYTMZ yRCYTHI

COMMION/YRLY/ZAED11 . AEDIZ AED13,AED22 yA 8D 22 AED2IAEDD] JAED32,4E0D33,
CAEDMAL yAEDMAZ J AEOMAI y ANLOTL  ANLET 2 o AMLATI JASLOTL ASLAT2, 45L8T3,
CADLBTL 4 ADLETZ JADLET I AMALDBY ;AMALE2 , AMALBI, YERNNLYERNNL ,YERNNI,
CYERNSI . YERNS? YERNSI YERNDL ,YERNDZ s TERNDS yATHTNS L ATWTSE ATHTOS,
CAXNLG DO pAXSCOE s AXDC D6 s ABUNSABUS ,ABUD (APLES , APROL
CASHLS T ATANS y APAT JAXLABJAELEC,AFULD +APROPyAPKGA0EPR ,ADOVH, EINS,
CALEGLASTRG; ACHEN  AWPR] JAWPR2 ,AWPRI ANPRA AWPRY

aNalnl

SET SEASONAL PROCESSING LI5TS
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IF(IME.ES,.3.0R, IMA.EC.1.0R.IMCL.ES,2)THEN

PRCST=wSCST
ELSE IFCIME. B0, 4, CR.TIMO.ED, 5.0, IMG.EJ.63THEN
PRCSTaSKECST

ELSE IFCIMI.E 3alR.IMOLEQuTLOR.IMLL.EQ.BITHEN
PRLUST=WSCST '

ELSE

PRCST=SEL5T

END IF

CALCULATE THE NUMAER 0OF BUSHELS OF CLAMS AVAILABLE TD PRCCESSORS
BASED UPON THE MEAT WEIGHT HARVESTED '

JUP= XHALES/17.0
CALCULATE POUNDS DF MEARTS FROM MWERVEST ACTUALLY USED &Y

ROCESSING
PLANTS (i.e. 11 POUNDS OF USABLE MEATS PER BUSHEL DF CLaMS)

PLBSwBUP=L].C

CALCULATE TOTAL COSTS OF PURCHASING AMD PRIOCESSING THIS SHELL-
TOCK

A T I Mo an izl aNp¥nl

SHCST=SCPRYMALRS
CTRANS=PRCSTHTRANS
LPATwPRCSTRPAT
CXLAR=PRCSTHNLAR
CELEC*PRUSTRELE(
CEULOmPRCSTRELLD
LPROPwPRCSTaRROP
CREGePRLCSTRPKG
COEPR=PRCATAHADERR T
CREPR=PRCSTRREPR
CIOvHaPRLSTHEIOVH
CIINSwPRESTYRIINS
CILEGLaPRCSTHILEGL
CSTRG=PRLCSTHRETRG
CCHEM=PRCSTHCHEM

CALCULATE TOTAL PROCESSING COST QR EACH CATEGORY
BASED UPON PDUNDS OF MEAT PROCESSED

el aYaXn]

TTRNSaC TRNSHPLRS
TPATRCPATRPLES

TALAB=CXNLABRPLAS
TELEC=CELECRPLBS
TEULO=CFULONFLRS
TPROPaCPFROP=PLES
TPEGeLPEGRPLAS

TOEPRwCDEPRRPLAS
TREPRuCREPREPLES
TIOVHeCIDVHAPLRS



S

[a e Eal gl aEaEuXal

MDD N

TLINS=CITIHNSuP 85
TILEGLACZ Byl nPLES
TSTRGaCSTRGRPLIS
TOCHEM=CCHEMRP LAY

CALCULATE TOTAL ™ID-ATLANTIC PROZESSING COSTS FDR MONTWLY PERIDD

TPRC e T TENS e TR AT+ T LAS+TELEC+TFULJ+*TRRCP+TPEG*TOEPR+TREPR 4
CYIOWH+TIINS e TILEGL*TSTRG+TCHEMeSHCST

SET PRCCESSING COST FLDCE EJuAL TO SEMI-VARIABLE COST “InNIMUM FQOR
PERIAD &ND CWECK T2 SEE IF THIS FLOQR 5HOULD SE INVCKZID

IF{TPROC.LY.PFLROTPRDOL=PFLR

CALCULATE WHOLESALE PRICE OF SHUCKED OUTPUT ASSOCIATED wiITH
0%y 5%y 10%, 15%, AND 20% RETURN TO PROCESSDR BEFORE TAX PAYMENTS

IFCPLBS.NEL,ODITHEN
TREY1mTPROC
WPR1=TREV1/PLAS
TREVZaTPROLWL .05
WPR2mTREVZI/PLAS
TREVIaTPROCHI 10
WPRIeTREVI/RLES
TREY&=TPROC=1,15
WPR&mTREVL/7PLAS
TREYS=TPROCx1.20
WPRSaTREVS/PLES

ELSE
TRE¥1w(
TREVZ=D
TREV3=( -
TREVLa]
TREVS=(
WPR1l=a]
WPR2={Q
WPRA=]
WERGw)
WPREE=D
END IF

RETURN
END

SUBRUUTINE CQUCTA

THIS SUBRCUTINE CHECKS TO SEE WAETHER QUARTERLY QUDTAS HavE SEEN
EXCEEDED AND SETS EFFQRT MOURS TO IERD I™ THEY MAVE

COMMON/HARY/HNLIL yHN21 o HNIL pHN4D s ANS] s HNEL yHNTI 2 gHNZ 2 g HN 32, HNL 2,
CHNEZ yHMNEZ g HNT1 I HNZI MNI I  HNGY  ANS I INES ,HEY] HS2T p 831,541,
CHSSLyNSAL W51 2 yHSZ2 ) HEDZ NS42 552, HSE2Z ) HS1 3,523, H533, 0543,
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CHES3,HSE3 M1l ,H021 MU LeM0&] 051 4051401244022, 1D32,H042,
CHOGSZ ymD& 24134 MI2I  HUI A OGN, HOS 3, 0L V1] o V12, W13, ¥W21,4¥22,
C¥23,¥31,v32,v33,E011,ED12,ED123,ED21,4ED22,ED234EDIL1,ED3.,ED32,
CCAll,C822,0432,CA41,Ca5]1,L86]0,08324CR22,CAD2,CR42,0452,0452,
CCA33,CA23,04823,0443,CA53,C883, XN001,XNC02,XNCOAANC06XNCDS,
CXNCDO& o S5CCL,SC02450CA 5004 ,SCE5,5C0&,DE01,0CO2,0C02,000440C25,
COCOE ) XNLET Yy NLET 2 ENLATI, 50L8TL,5.L8T2,5L8T3,0L8T1,DLRT2,3L8T23,
COTCY MaTOT  ALETOT,SLBTOT,DLATOT ,XMALBS

CUMMON/GOwr 21191242120l osl)50l18222)4222 223422440 254226,132,
CLlAZ 2220734 238 3% XLNNLIpXLHNZ s XL NNI s XLANG s XLNNSy ELHNESXLNS]

CELNSZ XLNS I g ELNG e XLHSS o XLNS &) ILNDL o XLND2 XLNDA XLNQ&a o XLNDS XL N0DS,
CIME , IY RS K WTNL W T XM TN KT X WTHS XWTNS  XWTS] EnT 52,4 XWTS3,

CRNT S Say AWT S S g XMTS Sy ANTO L XWTD 2 AWTD Iy X W TRy XNTDS s XWTDE 2 TWTNL +THTHZ,

CTHTNY  TWTRG y THTNS  TWTNE  TRTS Iy THTS 2, TWTS A, THTS 4, TWTSS, TWTSE.TWTD,
CTWTD2 e THTDY  TWNTDG s THTDS o TUTDA s THPOP , TSPDE 4 THPOP, THuT  TSwT, TOWT,
CTMPOP g TMMT AN oBOEL ) AVMTEL ,AVWTEZ L AVWTAS

COMNON/VYRETA/ILSCP, I00PIHCP , Z0YP,YRNL, YRNZ VAN  YRAN] ,VRANZ , VRAN],
CTAL)TaL 12 Tl TNL2L ,TAL22,THLZ3 TALILsTRLIZ, TELID,VRE14V¥R52,
CYRSA,VRASL.VRAS2,YRASA  ,VRD] ,VBD2,VRDA,VRAD]Y , VRADZ,VRAQI ,¥YRTH,VRTS,
CYRTO ¥RMA ,FCST] PCST2 W FCSTI,C8T11,C5T22,L5T21,C5741,C5T51,05T12,

CCST 22, 08T a2 CSTR2, 08T, CSTLI CST22,CSTA,CSTA CSTEI, FULLWFULLFUD,
CFUPR IS, 2IMEIS2,MISDH LRSI LRSS+ EREILCPELLCPS2Z,CP5ILTCETNY,
CTCSTM2,  TCSTNI  TUSTS) TESTS2, TCSTEI,TCSTDL,TCSTDZ, TCSTDI,ERNNDL,

CERNMNZ yERNNI ERNS] s ERNS 2, ERNSI  ERNDLERND2,ERND3 , ERNNT L ERNST L,ERNDT,
CTMAERN MGHY ,SCP, L5761 ,C5T62,C5T63,EXFLR,
CAERNNY s AERNNZ yAERNNI W AERNSL yAERNS 2+ AERNSI JAERNDLyAERNDZ,4ERNDD

COMMON/PRET /WSCSTY ) SFCSTyPRCST;BUP,PLAS  SHCST  TRNS 3 PAY XL AB,ELEC,
CEULD L PRAC PG DEPRyREPR p IOV ZINS o ZLEGL s STRGCHEM TTANS,TPAT,

CTALAB, TELEC, TEULLD,TPROP, TPRG+TOEPR , TIOYH  TIINS s TZLEGLTSTRG 4 TLCHEN,
CYRPROCIPFLRyTREVI TREVZyTREVI TREV 4, TREVS 4 WPR1 4 WPRZ,WPRI  WPRE,

CWPRS, TREPR
COMMON/ENEX/AXMYALL o XMYAL2yXMYALY, ARATEL ,ARATEZ  ARATE3, ¥INCL

CYINCZ VWINCH,VDECL,vDECZ,¥DECD

COMMON/EERT/EMRES] yEMRS2 p EXMRSI o WUTILI o WUTILZ o WUTILISUTILISUTILZ,
CSUTILA

COMMDN/SUDT/RHRSL ,RARS2 yRARSICGUOTEL;QUDTAZQUOTAISENARTL,SEMRTZ,

CSEMRTI,,SENRTS,QUOTA&, QULOTA
COMMON/SWTCA/SHYICHY, SWTLH2, SHTEHBrltiTHI.IC?THI-ECHTH!

COMMON/YRLYZAEDLY1, AED)ZAED13,AED21,AED22,8ED22, AED3]AEDI2HAEDDT,
CAEDMAY yAEOMAZ yAEDMAI JANLATI ;ANLAT2 ,ANLATI,ASLATLI,ASLBYZ,ASLET],
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iaN gl pNyl

£0%

CAOLBT  yA0LET 2 yB0LET I AMAL 3, AMALS2  AMALBI  YERNNL  YERNNS ,TERNNS,
CYERNSLyYERNE Y yYERKRS I YERNDL s YERND 2, TEARNDA ATWTNE,ATWT S &, ATHTD S,
CAXNCD S (LXSCO8,2XDC0AyABUNASUS,ABUD,APLBS,AFROC,
CASHL ST ATRY S AP AT JAXLAB QA ELEL ,AFULTD APROP L APKGLADEPR,A0VH, AINS,
CALEGL sASTRG ,ALHEM , AWP Al A WPRZ,AMPRI  AWPRA,ANPRS

SEAS=(TINMT+2. . 023/3.0
IF(SEAS.LE.2)THEN
EH2LSi=RHES]

ErIISZ2RHPEZ

EMRS3I=RHREST

GUOTA=QUETA)
SEHRTLIwSERRT ] +¥MALRS
IFCSEHRTL.GELQUCTAIGO T 20
ELSE IRCSERS 0T 2. MNDL.SEAS.LELA)THEN
EMRSLeANRE]

EHRSZ2agmR52

EMASIapPNRS]

CUITA=QUITA2
SEHRTZ=SEHRT2+XMALAS
IFCSERAYZ.GE.QUOTAIGE T4 20
ELSE IECSELS v GT o ANDSEAS.LELA)THEN
EAR5]1aRHRS]

EMRS2=RMRE?

EMRSAagMRS)

SUODTA=QULCTAS
CESMRTISEHTITIANMALDS
IF(SEARTA.GE.JQUCTADXGA TO 20
ELSE

EMRAS1aRNRE]

EHRS2=RARSZ

EHRSIAwAMRED

QUOTA=QUOT A A
SEMRTaxSEHRT A+ XMALRS
IF(SERRT4.GE.QUATAIGO TO 20
END IF

GQ TO 30

EAAS1=(

EMRSZ=D

ERR5320

RETURN

END

SUBRROUTINE mODaT

THIS SUBROUTINE WRITES HSMONTHLY QUYPUT TO THE USER®S TEARMINAL
AND TT A FILE LALLED mMONCAT

COMMOMN/HERY /HNIE s HNZ L s MNI L MNG1 g HNS1  HNGL gHNIZ HNZZ  HRI2  HNG L,y
CHNSZ g HNE2 s HNT3gHNZA HN I HNAI  HHE I s HMNE  HS1 L MS2L H53L 50l
CHSS L ME88] HS1 2, MS522 M52, HS&A2  MS52  HSA2 ST  H523,:HM833,H542,
CHMSE3,HSEA,MOLL ,HD21 s 031, MDA yHOSE yHOAL G HD1 2 MD22HO 22 JH0GT
CHD52 4HD&2y MDA, HDZ3,H03 3, HDAZ  HD5 3, HDA3 W11 ,V12,¥13,¥21,¥22,
CW2,¥31,¥12,¥33,ED11,ED12,ED13,E021+ED22,E023,EDA1,ED32,ED22,
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CCALL,UA2Y,CA3],Ca0),CA5 ,C081,0512,0A22,CR32,C042,CA52,C4052,
CCAla,yCa2dCaY3,LAn)yCASI CASI XNCTLXNCO2Zy XNCO3 e XNCT&, XNCD5,
CANCDs,5C21,5C02,5C23,5C 3« ,5005,5C06,0001,0C02,DC03,0C04,0C05,
COCOe W XNLETY p XNLAT 2y XNLETS ,5LATL oSLAT2ySLET,DLATY,0LET2,DL8T3,
COTOT yMAT Ty XLETCTSLATOT, DLETIT X MALAS

COMMEN/ZGRAW 2 w1124 8301402154210+ 72142224 223012442254 2264131,
CI32923347344 235134 MENNL pXLNNE s RLNN3 ) XLNN& o NLNKS p XLNNE jXLNS]L

CALNSZ g XLNS T XLNS4 s XLNS5a XLNS&, XLND Ly XLNDZ s KLND3 p XLND4 o XLND5 s XLNDS,
CIMOp TYRS o X WTHL X WTHE s EWTN L AW T NG XWTHS s X W TNy KW TS o KWT524XuTES,

CXNTS ey XWTS S s AUT e XA TOL o XWTO 2y XWT DA KXW T O XWTDS g XWTOE, TWTN] , THTNL

ETHTRA gy TWTHa g THTNE TWTHE , THTS L s TWTS 2 , TWTS 32 TWTS 4, THTSS, TuTSA,THTD],
CTWTO2 ,TﬂTDS ’THTD"I yTHTDE ,THTﬂﬁi TNROP .TSPEP ¥ TDPD'P'TNHT .TSth. TOnT,
LTMPOP s THMNT yBNJy BDEL s AV NHTEL pAVUTEL AVRHTAD

cunnuufvnEszLs:n,:unp.zncn.:urp.vnu1.uauz.vnua.vnnu1.vanu:,vniga,
CTMLIL, TALL1Z,TXL13, TXL2),TXL22,TXL23,TXL32,TXLI2, TXLII, VRS, VRS2,
CYRS5I,VYRAS1 YRAS2Z s YRASI,VRDL,¥RD2, VRO, VRAD], YRAD2,VRADIVATN, VRTS,
CVRTD,YRMA 4 FCSTL . FCSTZoPFCSTAHE5 T, C5T21,C5T33,C5T4L,08T851,C5T12,

CL3T22,05T32,C05Ta2 LTS 2,L8T13,08T23,C5T33,L8T43,05TS3,FUlFU24FUI,
CEUPR IMIS1 ,IMIS2 4 IMISA LS CAS2,,CRSICPSYCPS2,CPS3,TLSTNL,
CTCSTNZ TCSTNA,TESTSL, TCSTS 2, TCSTS A, TCSTOL, TCSTD2,TESTYD3LERNND,

CERNNZ, ERNNI L ERNS L pERNSZ yERNS ) ERNDLyERND2ERNDI L ERNNT yERNST 4ERNCT,
CTMAERN y#GMT ,5CP, L5761 ,C8T62,05TH3,EXELR,
CAERNNL AERNNZ L AERNNI y AERNS] JAERNSZ yAERNSIJAERNDLJAERNDZ,AERNDD

COMMON/PRET #WSCSTySFOST ,PRCST JAUP,PLBS s SHESTyTRNSPAT » XLABLELEL,
CFULO4FROPPKG,DEPRyREPR,IOVH, ZINS s ZLEGL s STRG#CHEM, TTRNS, TPAT,

CTXLAB TELEC ,TREULD o TPROP,,TAKG yTOEPR yTIOVM , TIINSy TILEGL, TSTRG yTUHEM,
ETPEﬂE|FFLR|TEE?1lTEE“EiTRE”l!TEEUﬁ|TEE?5|HFEI;HPEZ|HPR3.HP?L|

CWPRS, TREPR
COMMON/ENEX/XMYALL o AMVALZ pXMYALILARATE]L (ARATEZ ARATEI,VINC],

CYINCZ VINCI,VOECL VDECZ,¥DEC

COMMON/EFRTZEMRS] 4 EHRS2 ERRSI WUTILL WUTIL2 4 WUTILA,SUTTIL1,,5UTLILZ,
CSUTILE

COMMDN/QUOTZ7RHRS]L s RES52 ,RHRSI,QUDTAL, QUOTAZ ,QUDTAISEHRT]1, SEMRTZ,

CSENRTISEMRTA ,QUOTA, QUOTA
COMMONZSHTCH/SHTCHE s SWTCHZ o SHTCHIZRCYTML , RCVTIM2R{VT M3

COMMDN/YRLYZAEDLY 4 AEDLI 2 AEDL13,AEDZ1AED22,AED23,AEDILHAEDIZ,AED2],
CAEDMAL p ACDMAZ s REDMAA  ANLETI  ANLBTZ ANLBTI ASLOTI ASLBT2Z,AS5LBT S,
CADLAYT L ADLERTZ o S0LBTI AMALBL1,AMBLAZ  AMALBI, YERNNL, YERNKNZ TERNND,
CYERNS L YERNS 2 YERNSI,, YERNDL A YERND 2 s YERNDI + ATWTNG  ATWT 34, 4TuTOS,
CAXNCOS )AXSCO6 AXDEDS yABUN  ABUS, ASUDAPLBS ,APRDC,
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CaSHCST JATRNS AP AT AXL AR AELEC ,AFULD  APROP W APKG,ADEPR JAZY M yAINS,
CALEGL ASTRGyACYEM yAWPR] yAWwPR2 yANFRI  AWPREJANPRS

inl gl

CHNCPSI=CPS1aVOAN]
CHCPS2e[PE2nvRANZ
CHLRPSI=CPESIRVARANT
CSCPSIvCPSiavaAsS])
CRCPS2mCPE2&VRAS 2
CSCPSA=CPEIRYRAL)
COCPSIsCPSInvRAN)
COCPS2wlPEdayRADZ
CDCPSI=CPSinyandld
WRITE{&,10) IYes,INC
WAJTEC1,10) TYRS,INMC
i0 FORMATC "1 "y "MOMTHLY STATISTICS FOR YEAR "o I1,.1X, "HMONTH ",12)
WRITECG,11) CQUOTA
WRITEC1,11) QUBTA
11 EQRMATCIX, "QUARTERLY QUOTas “,0516.TplX, “LBS"2
WRITE(E49) XMALBS
wRITECL149) xMALAS

9 FORMATCLIX y “MONTHLY MARVEST= *  T19,Gl4.7)1%Xs“LRS"
WRITECA,12)
WRITE{1l,11]
12 FORMATC 0", "EISHINKG SECTAR SUMMARY")
MAITEL4,13)
MRITE(1,13)
13 FORMATOLY "REGION "3 230y "NNJ s 128, SN "y TX,y "DELMARYE ", 32, "MID
ATLAN
CTILT)

TIimW11l4¥21+y31
WRITECS:14)¥11,¥21,¥31,T]
WRITECL3140¥WLE1,¥V214¥31,TL
1% FORMATCLIX y*CLASS I VESSELS w130 Fa, 011X ,Fa,0,1100,®%a, 0,9%,F4,0)
WRITEC&+15) ED11,EQZ1,ED3L
WRITEC1,15) ED1I,ED2L1,EDAL -
15 FORMATCLE p 2K "EFFORT DAYS 13X, Fd.2,9%,%F6.2,9X,F4.2)
TinXNLAT]+SLATI+0LAT]
WRITEC&,16) XNLBTL1 S5LETIsDLETL,T3
WRITE{1:16) XNLST1,5LBT1,0L0T1,T3
16 EORMATC LY 2 "HARVEST " Ay LA Iy X G1eaT s T39,GLla.T TS5,
ColaaT,TET, 614,73
WRITECE,L1T)
WRITELL$ 172
17 ECAMATCIN,2X, "AYERAGE PROFIT ")
Te&n(ERNNL+ERNSL+ERNDLY/CY11+V2leVi])
WRITELA,XB)} IEEHHlilElHSI-liEanIlTi
WNRITELLs18) AERMNL1;SERHSLAERNDL,Te
14 FORMATLIN p2X4 “PER VWESSEL () ubXyGlb, T, T, R14.7,754,0614.7,
LT474614.7)
WRITELE,1D)
WRITECL,19)
13 FCRMATCIN 20, "TOTAL FLEET*)
TSRERNNI+EENSI+ERND]
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WRITE(E+20) ERMNLLERNE)Y ,ERNO1,TS
MRITECl420) ERNMLERN31,ERND],T5S
20 FoQMATCLY y2X, "PROFITS (8) "y 9K, G1l%.T.T29, Elﬁ TaT85% ;0147
CTE&ETyGle.T3
Thuyl2+«¥22+v]32
WRITELG4D)
WRITEC] &9}
ToiwNCPSLIC5SCRE]+LDEFS]
WRITE(&,50) CHNCPS]1.C5CP51,COCPS5]1,72]
WRITEL1450) CHCPSL,CS3CPS1,C0CP51,T21

&3 FOAMATCLIX 2X, "CUSTEMARY CAPTAINS ")
53 EORMATCLIN p 2% 4 "SHERE C3) o1l X, 5l4eTsT9G bt yTSd 01&.7,
CTAET Gl%.T)
T22=AERNK1=-CNCAS]

TI3=AERNS1=-CSLRS]
T24maERNDI-COCPS]
T25nuT4=T21
WRITECH:51) T22.T23,T24,T725
WRITECL451) T22:T832T24,yT25
51 EORMATELX 2%, "AVERAGE PROFIT LESS /3%, "CAFTAINS SHAEE (!}'
C2X sl et T39,0)4 .7 Toa , GLlb. Ty TaT :G14,T7)
WRITECG21) V12:¥224¥32,74
WRITELL21) V12,V22,:¥32,75
21 FORMATCLlY, "CLASS II
WESSELS "y l2XyFl oD pllXyFa QO pllnyFa0,9%,F4.0)
WRITE(&4,22)EDL2,ED22,ED22
WRITEC1,22)ED12,ED22,€022
42 FORMATCIXN (2%, "EFFORY DAYS " 13X, F&u 29X Fi.2,9XyF8.2)
TOmXNLAT2+SLAT2+DLAT2
WMRITECS,:23) XNLET2,5LE5T2,DLATL,TH
WRITE{L,Z23) XNLET2,S5LETZ:DLAT2,TH

23 EORMATC LN p 2% “HARYEST "5 1My "CLBS) "y TR Gla Ty T39:016.T4T54,
ColéaeTaTETyGla.T) '
WRITE(&,24) roed
WRITECL1,24)
ra9 FDEH&T(lI-EI;'l¥EIIEE FRUFIT'J

TYu(ERNNZ+ERNS2+ERND2I/( V124V 224¥32)
WRITEL&,25) AERNNZ AERNSZ,AERNDZ.TH
WRITEC(L1425) AERWNZJAERNSZGAERNDZ,T9

25 FORMATCIXN 2%, "PER WESSEL (85X o6 XabGlaaT T29,614.7,4T54,
CG14ToTETG14.72
WRITELAy26)
WAITECLy 26D

24 EORMATCLX,2X, "TOTAL FLEET )

T10=ERNNZ+ERNS2+ERND 2

WRITEL(&:2T)Y ERNNZ ERNSZ2,ERND2,T1O

WRITECL,27) ERNNZ,ERNSZ,ERNDZ,T10

21 FORMATCLX y2X, “PROFETS C3) s PN oGlaaToVA9,G14,.ToT54,

COlaaTaTE7,G14.7

T24uCNLPS2+CSCPS 2oL DLPS2

WRITECH %)

MRITECL,49)

WRITECL,50) CNCPSZ,CS5CPS2,CDCPS2,T24

WRITEC&,50) CNCPSZ,CSCPS2,LDLPS2,T2s
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¥ESSE

29

30

i

2

33

kP

s

34
ATLAN

T2T=dERNNZ=CNCREZ
TZa=AERNS2-CSCPS2
T23mAERNDI~COEPS 2
TAG=T9=T24
WRITECE 51 TETeT2E,729,T14
mAITECL.51) T2T.T28,T729,T20
Tllavli+yWZ23+ey3n ’
WAITECS,28) V13,v23,¥33,7T11
WRITEC(L,28) ¥13,v23,v32,T1}1
FEORMATLIXY, "CLASS I11
LS " pllXsFa B iilixy®e, OellX Fo, 049X Fa.D;
WRITECA,ZR)EDL3,EDZ3,ED33
WMRITECY,29)EDLI3,ED23,ECA3
FORMAT(LIX g 2% "EEFIRT DAYS "yl ) FE.2,9X K8, 2,4904F6,2)
T13aXNLEBTA+S5LBTI+DLET2
WRITELS,30) XNLATI,SLAETI,JL9T3,T12
WRITELY+30) EMLSTI, SLETI,DLETI,T13
EORMATCLE p 20, “HARVEST " o 1%, "(LBS)Y s TR Gl 4 T, TA9,,G1la.TsTha}
ChGle.TsTEToGla.T)
WRITECL&,31)
WRITE(1,31)
FORMATILIY 2%,y "AVERAGE PROFEIT")
TI4w(ERNNI+ERNSIERNDII/(V13+4¥23+V33)
WRITECS432) AERNNIAERMSI LAERNDI.TL4
WRITECL1,32) AERNK3ILABRNSAAERNDD TS
FORMATLLN p 2%, "PEQ WESSEL 82" s&X, Gla.,T,TA9,G614.7,T54,
COleaTpToTyG14.T)
WEITEC&,22
WRITE(1,33)
FORMATI1X,2X%,: “TOTAL FLEET*)
TLIS5=ERNNI+ERNSI+ERND]
WRITECS,34) ERNNILERMSZ,ERND3,T1S
WRITECLy34) ERNMNI ERNSY, EAND3,T1S
FDHH.&TEIhIIr'PEﬂFIT-S Ci}‘.il IG‘I“T!T!?IGI‘CT!TS'{'E
CEI#.T;T&T;GI‘-?} . .
TilmCNC®332+CSCPSI+CECPS]
WRITE(S,145)
WMRITECL ,%%9)
MREITECL1,:50) CNCPS3CSCPS3,C0CP53,T31
WRITE(SH,50) CNCPS3,C5CPS3,CDCPS3,TAL
TAZ=AERNNI=-CNLEPS ]
TIIwaERNSA=CS5CPS2
Tl4mAERNDAI-CDEPSD
TISwT14=-T2]
WRITECSH451) T324733,T34,T35
WRITE(L,51) T32,T33,734,T25
WRITE{A,25)
WRITEC1,:25%
EORMATL "0 ", "STOCK SIZ2E CGE*/" CLAMS GE 5 1/-2°7° IMLCHES LONGT)
WRITECS,I)

WRITEL]+36>
FORMATCLXy "REGIDN "y 23X "NNJ "y L2Xy “SNI o T, "DELHMARVA 4 20, “M]C

CTIC")



TI4wANCTAH+SCL&+DLO0S
WRITECa 37 YNCO&ESC0&,D034,TLS
WRITE(1.,37) NNCDOS,S5CO4,0C058,TLS
37 ERMAT X s "IN IVIDUALS T h a1l e . Tyl 0l e T gl X aRlb . TolXy51la.T)
T1TwTwThE+TuTES4+THTOS
WAITECL +39) TwTHAE  TuTSE  ,TuTIE,T17
WRITE{&s38) THTNS  TATSS,TWwTDa,T1?
a5 FARMATC LN "MEAT WEIGHT “ p TX Gl e Tyl Gla Tl X ol Tala, 014,72
TIO®TWTNE/L1T,. O
T19=TWTSL 17,0
T20=THTDAA1T. 0
T21aTL1B+T19+7T20
WAITEC A ,3%) TiB, Ti9,720,721
WRITELL,29) T1%,7T19,7T20,T21
as PORMATCLX, "BUSHELS " 1% s GLla s T olXell bl el Gla.T  lX,Glu.T
WRITEC &340
WRITE[L,%0)
&0 EORMAT L “0 "y “PROCESSING SECTOR SUMMARY ")
WRITE(S 417 TPROC
MAITEC1,412 TPROC
w1l EQRMATCLY 2%, *TLTAL PROCESSING CASTS FOR MID ATLANTIC €83 °,2X,
COla4.T2
WRITE(&,%2) PLAS
WRITE{1.,42} PLBS
F) FORMATCLY 21, “P0OUNDS GF WMEAT PRODUCED", 22X 0L4.7
WAITE(&:4%3) BUP
WRITEC(1443) BUP
3 ESRMATCLX o 2X,y "SUSHELS PROCESSED",28X,G14.T7)
MRITECEH,&T> WPR]
WAITELL1,4T) wWPR]
&7 FORMATCIN 2%, "BREAX EVEN WHCLESALE PRICE PER PAOUNMD
(52" BX . FT.3) .
WRITECH ;440 WPR2
WRITE(l,44) WFPRZ roet
s FORMATCLIXN 42X, "WHQLESALE PRICE AT 5% RETURN (8)7,146X,FT1.3)
WRITECAHA45) WPR3
WRITECL1,;45) wWPR3
ok FIRMATL1X 2%, "WHOLESALE PRICE AT 10% RETURMN ($) 185X ,FT.21)
WRITE(&H 45 WPR4
WRITECL 44 WPR4
b FGRMATCLY s 2X s "WHOLESALE PREICE AT LSX RETURM C3) 7"y 15X,FE7.33
WRITE (S 4B WPRE
WRITE(L,48) wWPRS

%8 FIRMATYC1X 420, "WHOLESALE PRRICE AT 20T RETURN (33 ,15X.F7.3)
C

RETURN

END
c

SUBROUTINE HARWST

THIS SUBROUTINE CALCULATES CiLAM 2ARVESTS IN ALL REGIONS

IDENTIFY COYMON VARJABLES

IpNaNe Ryl
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CoMMOK/HERYZ7HNLL yHNZL pHHIL pHNGL gt NSl o HNSL pMNLZ yHN2 2 WN3AZ  HYG D,
CHNE2 s MNEZ ANT 2 N2 A M NG T HNES (ANEI g MEL1L s HE2)  HSD) ymSal,
CRSSL  RASE1 M1 2 MS22 ) M52 HS G2 ) HES 2 ) HSHE2ZpMELIGHSZAH533  H54D,
CxSE53,m543, D11 ,HD21 ;D31 ,MD&] ,H051,HOAL DL 2022, HD32,HD42,
CHDSE,MIE2 mD13,HD23 ;MDA MDA MDA, HOSI W YLIL s W12,¥12,¥21,V22,
LV 2 VI YA, Y32, ED110ED1Z,E0123,E021,ED22ED23,ED33,ED32,E8033,
CCall,Ca2l 421 ,CAbeY,Ca51,Ch61,C822,CA22,C032,CA82,0452,C242,
COALA s CAZ3,CA3,Caa3, CASI CaRN  XNCOL XNCD2 e XNCOYXNCOS yXNCDS,
CXNED&ES5C01 5002 5003, 5004 ,5CO5,5C0646,0C01,D0802,0003,D824,DC05,
COC TSy XN R NLET  y XNLATI  SUBTL,SLETZ, SLET, DLATL ,DLEAT2,DLET],
COTE T eMaTOT  XLETOT 5L YDT,DLOTOT ,XMALBS

COMMON/GRNALT1a 2129201342149 215: 218,222 s222 82342244 225,1264731,
C232,233, 234,235,236, XLMNNT XL NNS yXLNNI  KLNNG KELHNS  XLNNS  XLNSL,

CXLNS  p ALNS Ay XL NS e g AL NS Sy XLNG Sy XLNOL o XLNDZ y XLNDA W XLHD& s XLNDS  XLNDS,
CImd e YRS  XWTHL X WTNZ a XM TH Y X TN XWMTNS s XWTNGE X WTS L, XWT S22, XWTS5 3,

CXMT Sy KT S AT ey XWTD L s X W T2 AWTD Iy XN Ty XWTOS  XWTDA,, TWTNY ,THTHZ,

CTWTN T TNy THTNS TH TSy THT S Ly THT S e THT S THTSa, TWTSS , TWTSE,TuTDL,
CTWTDZ s THT O, TWTDA , TTODS s THTD& ,, TNRPOP, TSROP , TOPOP , THNWT s TSWT . TDWT,
CTMPOP g TMWT 4 BNJ(BDEL AVHTE] JAVNTAZ ,AVHTED

COMMON/VRET/ZILSCP IDQP  IMNCP  ICYPy VRN (VENZ ,¥VRN3 , VRAN] ,VRANZ , VRANI,
CIXLEY o TXLL2,TXLIA,THLZL,TXL2Z2,THLZA,TXLIL, THLA2,TXLID,¥R51,VRSZ,
CYRSIVAASL,,VRAS2VRASI,,VRD1 4 ¥ROZ, VRO, WRAD] ,VRADZ, ¥YRADI , ¥RTH ¥ATS,
CYRTO s VRMA «RCS T 4 FCS T2, FCSTI,C5T11,C8T21,C5T31,C5T41,C5751,05712,

C:ST21|EST321CET#Z'CSTEZ;CSTlli:5123|t5713|f$7#31t5T53¢FU1|FU2'FU31
CEUPR, IMIS)  IJMIS2,ZMIS3,CREL,CR52,CRE3,LPS51,LP52,CPS3,TCSTN],
CTCSTNZ ;TCS TN s TCSTE Iy TESTS 2, TLSTS3,TCSTOL+TLSTO2,TECSTDILERNNL,

CERNMZ s ERNN3 ERNS1 (ERNS2,ERNSI,ERND1,ERND2, ERND I, ERNNT ,ERNST 4EANCT,
CTMAERN MGMT ,SCPLCS5TE1,CSTAZoCSTEISEXELR,
CAERNNL s AERNNZ yAERNNI (AERNS1 JAERNS2Z, AERNS I JAERNDL ,AERND 2y AERND 3

COMMON/PRET/MSLST ) SECST 4 PRCSTBUP,PLAS,SHCST  TRNS+PAT ALABLELEC,
CFULOWPROP PRGyDEPR yREPR IOV Hy ZINS » ILEGL s STRGWCHEM, TTRNSTPAT,
)

ETILIE.TELEC-TFULD:TFHBP.TFKG;TDEPE:TIH?H-TIIHS:hILEGL:TETEGnTCHEMI
CYPROC,PPLRyTREYLI s FREVZZTREVIyTREVA,TREVS . WPR1 WPRZ,HPRI  WPR4,

CHPRS5, TRERR
COMMON/EMNEX/XMYALL ¢ AMVALZ y XMY ALY ARATEL JARATEZ ,ARATE I ¥INC],

CWINC2,VINC2,VDECL ,vOEC2,¥DELCT

COMMONZ/EERRT /ENRSY yEHRS2 p EHRSISWUTIL I »WUTIL2 yWUTILISSUTILISUTILY,
CSUTIL3

COMMONZGUD T #RNRSL s FHMRS 2 yRARS I QUOTALyQUETAZ JQUOTAN,SEHRTL ,SEHMAT 2,

CSEMRT I SENRTE,QUOTAL,, 2UDTA
COMMDN/SWTCH /7 SWTCHL p SWTCMZ SWTCHIZRCYTMI ,REVTMZ RCYTME



CUMMTh/ YRLYZREDE] 4 BEC1 7 wAEDLA L AED2L ,AEDZ2ZAED23,AED3)LAED32,RED33,

g EnEalnl

lpE g RNy

[ a N e Eulnl

2l pl

a N aNel el

CAECMAL v AED™A2 yBEDMAY g dNLBTY s ANLBTZyANLETIoASLATY sASLBT24a5LET3,
CAOLETI ADL NT2,60LBT2 AMALRY (ANALS2 JAMALSAYERNNTY  YERMNNZ  YEQRNNY,
CYERMS L YERMS 2 s YERNS A TERNGL YEXNDZ W YERNDI g ATHTNA ; ATwT A, 2TW TS,
CAKNCOA  BXSC6AX0CNE, A0 UN, 8BS, A UDWAPLASAPROC,
CASHCST s ATRNS yAPAT AN LA JAELEC ,AF UL APROPAPKG,ADEPR A0V, 4NS,
CAOLEGL yASTRGyACHEM  AuPR] ,AAPRE} AWRRD  AwPR&,y AWNPRS

CALCULATE TWME NCRTHERN NEW JERSEY WARVEST BY CLASS I VWESSELS

MN1levilaEDLLSCa)1axNCOL
AN21wVI1=ED]1]12CA2LaXNCO2
PNIlay1A#EQLInCaldlnxNCQl
ANG1eV]11wED]1=CALYEXNL D4
HNS1leV1inEDLInCAS L ANCES
ANAlev1laEDllwCab6lexNCDe

CALCULATE TOTAL NORTHERN JERSEY HARVEST 9Y CL&SS I WESSELS IN
BOTH wEIGHT anD NUMBER OF TNODIVIOJUALS )

MATLiapN1L e MNZL+MNIAL+HNGL1+HNSI+HNG]L
ANLATLIaHNLLlaXWTHRI+HN 21X THZAHN AL R W THI+ANL]I XYW THA+ B IS X W TN +

CHNA&IRNWTNE
CALCULATE TwHE NOBTYHERKN MNEw JEHSET HARVEST BY CLASS II WESELS

MNLIZmV]25ED])2%CAL25ANED]
WNZ22eyl2eEDL2el A2 22 XNCO2
HN3Z2ay12=ED122CA32uXNED2
AN Z2nyY ]l 2uEDL22CA42eXNL DG
NS 2e Y12 wEDL2xCAS2NNCDS
HNGZ®V1ZoEO]l 2eCAc2uXNC0S

CALCULATE TOTAL NORTHERN JERSEY WHARVEST BY CLaSS IT VESSELS
B80T INDIVIDUALS AND WEIGARY

ANTZ2uANIZ2+HNZZ+RNI2+HNL2+HNSZ +HNA 2
XNLATZaMNLIZAXWTHNLI+HN2 2O XM TN2Z+ N2 WTHI+ANA&2EXNTNA+ANS I EXWTHE +

CHNEZREMTNS
CALCULATE THE NORTHERN NEw JERSEY HARVEST 8Y CLASS JIT VYESSELS

HN1Yay13xEDI3uCAL AxNNCD]
MN23wW 1 3EDL XxCA230NNCDE
MNY3nyY13EDLAMCAIANXNCO]
MNednY13WEDLAwlA4L3aXNCO4&
HNS3wv 1 30EDL Al aS3nNCOS
HEE3aY]IuED 1wl AS3xXNC DA

CALCULATE THE TYOTAL NORTHERN JERSEY HARYEST BY CLASS III WESSELS
BOYrn INDIVIODLALS AND WIEGHT



METI= N2 e MNZ 3+ HNII+ NG I+ HNET 2+ HNS Y
ANLETIaWNL I X TNl *HMZIERWTHNZ+MN I TR XM TH A+ NN A A W TG+ NS 3D A WTRE .

CHRAZGBXEATYS
o
. CALCULATE TOTAL NORTHERN NEw JERLSEY MARYEST
L
XNNTET=mN Ty +MNTZ+ YT -
YLATZTaxNLETi+YyLET 2« KL LATA
C

c CALCULATE THE SOUTHERW NEW JERSEY MARYEST BY CLASS I VESSELS

H51l1av2laED214CAL1NSC0Y
ni2ley2]1xED2 1202 E¥SCC2
H531av21aED2luCadlsstll
MSelwv2luwER2l«Caslx50L4
HES1my2inER 2 eCASInSCLE
Miblmv2]loEDZlwCasiasCls

C
£ CALCULATE TOTAL SOUTHERMN JERSEY SARVELT BY CLASS I VESSELS
£ BOTH INCIVIDUALS ANDC wEJGHT
£
LRSS L LSRRI FAEL LREE LTSS L L SELEY Y]
ISR L LSRR I A SEL EFSR RS TN LA SO AR EELLTSE AL AR LEE IR 1AV R4
C+nSainlnwTsis '
c

C CALCULATE THE SDUTHERN NEW JERSEY WARYEST BY LCLASS II VESSELS

HS12xW22®EL220Ca]l 205001
H322eyw222E028m 42205002
n530ay d2RED 2240 A3 2R5L03
HS4dmy22RED22eCad sS04
H552av2InER22eCa5205008
Hi&2=V229E022xCa56225C04&

c LIY |

L CALCULATE THE TDTaL SOUTHERN NEW JERSEY HARVEST BY CLASS It
YESSELS

C

HET2mmS 124 HS 22+ HEA2 R84 24552 ¢Mis2

SLETZ=MS XM TSl M 22 mT S Z4+HS X NT S A Ml e AW T S+ S 2R MNT S5 +HS L2
CxuT3A

CALCULATE THE SOUTHEGN JERSEY MARYEST 8Y CL&55 III VESSELS
BOTH INDIVIDUALS &ND WEIGAHT

s EaNal g

H§13my232ED23wCALl3%S5CTL
K523ay2315ED2ARCA2 305002
HEIdmY2INED23HCATANSCDD
HSh3wV2InEDRIxCA4IRSC06
n553syv2ixEDdxCASdesLOs
ME53Ixy23SE0200CA6345006
c
C CALCULATE THE TOTAL SOUTMERN NEW JERSEY MARVEST &Y CLASS III

VESSELS
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BLTH INDIVIJUALS AMC wWEIGRT

HETInMS13+HS2 3G A3eniierSS2auts)
SLETAmw Sl AW TS L+ M 2 AN T 2 e S A W TS A M I T S 4+ A M TE G
CHSAAZAmTSA

CALCULATE THE DEt#MaRvA WARVEST 8Y CLASS I VESSELS

MOll=v3leEddisCallaDeadl
HO21=v3InECIIRCA212DCT2
MD31eV31xE021%xCa312LC23
MO&ley3ixER3tsCAaclellCs
MUSlmy3leEQIjaCAaSI=0CCS
HDALleV31HEQARCASLxll0s

CALCULATE THME TLTAL DELMARVA HMARYESYT BY CLASS I YESSELS
BCTH INOCIVICUALS AND WwEIGHT

HOT1emD11vHD21+wDI]+H0G1+HDS1 #4051
DL!Ti-Hnllnwanl+HazltlHTDE+HD!1#:HTD3+HD41¢IHTDa+Hn51t:uTD5+
CHDE1aXWTDS

CALCULATE THE DELMARYA WARVEST BY CLASS TI VESSELS

Mal2evw3ZwEQA2wCa]l 2xDCOL
HD22uv3IZSERAZHCA2220002
Wa32evwI22EQA2oCAR2=DI02
MOe2xy32AEDa2eChalullCi
HOSZ2a ¥V 322ER32aCas2»DECS
HD&Z2uvI2HEDA2AC A4 2x0008

CALCULATE THE TOTAL CELMARVA MARVEST BY CLASS IT VESSELS
BOTH INDIVIODUSLS AND WEIGHT

MOT2=ND12+M022+HD32+HD4 20 MD524HDEZ
OLATZaMD 12NN Tl 4D 22 oYX WTO2+MDIZEXWTDI+HOGZ0XNTDA+HO S EAWT DS
CHISZUXMWTDS

CALCULATE THE DELMARVA WERVEST 8Y CLASS IIL VESSELS

HU13=v33eED33xCal3apl0l
HD23=V33sED3AxCAZ300CA2
HWO33xy33cED33CAIINOCES
HD&3mvIINEDI2CALIR0COL
MD5AmVIIXEDIINC ASIROCOS
HO63=Y¥3IaE033aCASInDLCS

CALCULATE THE TOTAL DELMARVA HARVEST BY CLASY ITI VYESSELS
MOT3=HDL3¢HD2A+MDIT+NDLBeHDSEDI«HDED
DLBT3anDlloXWTD1leMO2InXWTOZ+MDAARANTDA+HOAARXWTOA+HDSIZAWTOS

C+HuD46=nuwT0s

CALCULATE THE TOTAL SOUTHMERN NEwW JERSEY MHARYEST BY ALL VESSEL
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CLASSES

M

SNTCTeHST1+HST24H5ET]
SLATCTeSLBTI+5L3TIe5L0T2

CALCULATE TWE TCTAL DELMARYA HAAVEST 8Y ALL YESSEL CLASSES

CoMn

DYCT=MDTI+MOTZ4nTA
DLETOTeCLBT1+JLATZ+TLETS

CALCULATE THE TETAL MID=ATLAKTIC MARVEST

lp Rl

EMATOTsXKTET+SNTOT+0T0T
EMALBS=sXLATOT+S5LETOT«DLETOY

RETUEN
END

[ 5]

SUBROUTINE VWEMEX

TMIS SUBRCGUTINE CALCULATES THE NJUMBER OF NEW VESSELS T7 ENTER OR
LEAVE THE FISHERY, BASED UPIN POTENTIAL PROFITS

mMeym

COMMON/HARY/HM11 g HNZ L yHNI L yHNGL o HNS] pHNSL pHNT 2 4 N2 2 p N2 s MNL 2,
CHHS2 y WNB2 s HNT 3, HNZ I g HNI g HNAD s HS 3 NS HS1 1 M52 44531 4HS 4],
CHSSL gMSEY p WSl faHS 22y HS 32 HEGZ W HSS 2 MSE2 NS M523, 833,543,
CHESA, S8, HD11,H02],HD3L yHDGL DSy HDAL,HDL1 24 HD224R0A2 4 D2,
CHOS2 ,HO&E2  HD13 ,HOZA MO I, MDA MO HDE3 V11 ,¥V12,V1D,V21,V22,
CVZ3svA14¥I2,¥33,ED11,E012,ED13,ED21,ED22,E0223,E031,£032,E033,
CCALL1,CA21,CA3]1,CA6Ll CASY,C06),C412,CA22,CA32,C042,CA52,C862,
CLAL1ACA23 CAZI LaRY CASA,CALY XNCOL+XNCO2,XNCII XNCD&,XNCOS,
CXNCO6,5C01,85C02,5C03,5C0&,5CDS,SCO&,:0CQ1.DC0240403,0C04,0C05,
COCO&  XNLET] o X WLAT 2 o XNLEATA SLATY (SLATZ,ySLBTI,OLATL,DLETZ,0L0T3,
COTOT e MATOT o XLBYOT ,SLATOT,OLOTOT o AMALAS

EEHHDH!GHH/Z!1.I]EJIIJuIIi-115.Zlﬁ-11111221223'22i11251226,131.
CI3240233,; 2344235, 734y XLNNL  XLNNZ o XLNNI ,XLNNA s XKLNNS  XLNNE,XLNE]Y,

CALNS 2o XLMNS3 3 XLNS A, XLNSS XLNSEy XLHDL o XLND 2o XLNDI, XLND&, XLNDS, XLKDS,
CIMD,IYRSy XWTNL XNTH2  XWTHNI  AWTNG y XHTNS  XWTNS p XNTS1  XWT52,AWT53,

CXMT S p INT S ANTS S g XTI o XWTD2 s XWTDA X WTDA, XWTDS XWTDS, THTNL, TUTNZ,
CTHTNS s THTHA  THTNS THTNG g THTS L s THTSZ e TS THT b TUTSS  THTS&,TWTDL,
CTHTDZy TMTO A s THTOA ;THTDS yTWTCE , THPOP+TSPOP , TOPOP y THNWT 4 TSHY, TOWT,
CTHPOP yTHHT (BNJ BOELAVWTAL AVHTE2 (AVWTAZ
COMMON/YRET/ILSCP o 20OPyIHCP o IOYP YRMY , VENZ ,VRNI YRANL  YRANZ ; ¥RAKD,
CTXLLY  TXLL 2 TXLY A TULZY s T NL 22 TXL 2y TNLAL,TELYZyTHLII, VRS, ¥R52,
CYRSI,VRAS] ,YRAS2Z,VRASA,VROL,YRE2,,VRDA,YRAD] ,VRADZ, VRADA ,YRTN,¥RTS,

CYRTD,VRMA,FCSTL  FCST2,FC8T3,C5T21,08T21,05731,C5%41,C5T753,L5712,
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CCST 22, 08T ST LTS, CSTIA,CaT 23,0873, C8T4I C5TS53,FUl FUZFUI,
CRFUPR Gy IMIS L o M2 IMIS 3 ERSL,,CRSZ,CREICPELLCPSI CPE3,TLETHY,
CTCSTNZyTCSTRY ,TCETSY » TCETS2, TCETSA, TCSTOL»TCSTD2, TCSTDA ,ERNN],

CERNMZ yERNNIJERNSL o ERNSZ v ERNS IV ERND L, ERND 2, ERND I ERNNT ,EQNST ,ERNECT,
ETMAERN,HGHT,SC“‘;EETél1€5T52.C57ﬁ3.EIFLR|
CAERNNL AERNNZ AEANNILRERNS] s AERNSZSAERNSI S AERND]L JAERND 2, AERND

CIMMON/PRET/WSCST o SFUST  PROST BUPPLES,SHCST , TRNSPAT  XLARELEL,
CFULD,PREP, PKG4DEPRREPR;ZO¥YHy IINSILEGL , STRGLHEM,TTRNS,TPAT,

CTXLAB  , TELEC TFULOTPROP,TPKGyTOEPR TI0VH, TIINSyTILEGL,TSTRG,TCHENM,
CYPRDC,PFLR, TREV1 TREVZ y TREVILTREVL,TREYS, MPR)L+WPRI, mPRI,WPR&,
CWPRS,TREPR

COMMONZENEX A X%YALL XMVALZ,,XMYA, 3, ARLTE] jARATEZ ARATEI ¥INC],
CYINCZyYINCALVDECL,VOECZ,VYOEC2

COMMON/EFRT/ERRSIZEMRS2 ¢ ERMRSI JWUTILLWUTILZyWUTIL3 SUTILY,SUTILL,
CSUTILA

COMMON/QUOT/RHRSL RHRSZ, RNASI,QUOTAL,QUOTAZ ,QUDTAISEHRTL,SEHRTZ,

CSEMRT A, SEHRT& ,JUOT A&, QUOTA
COMMON/SMTCH/7SWTCHL o SWTCH2 s SWTCHY , BEYTML ,RCYTM2 RCYTHM]

COMMON/YRLY/AEDL1 A ED12,AED13, 45021 AED22AED2A  AE0AL,AED22,AE033,
CAEUMAL JABOMAZ JHEDOMAT S ANLOTI L ANLAT2  ANLBTI ASLATI  ASLBT2,A50BT3,
CADLAT] ADLOTZ  A0LATI  AMALY] s AMALNZ yAMALRAI YERNNL ,YERNNZ YERNNS,
CYERNS L YERNSZ s YERNSI ,YERNDL  YERND2, YERNDI 4 ATHTNE ATHYSE,ATWTD S,
CAXNCOA, AXSCOAyAN0CCE s ABUNLABUS ARUL APLBS,APRDL,
CASHCS T, ATRNS s ATAT (ANLAS AELEC ,AFULD ,APRDP (APKGADEPRyADYH AL NS,
CALEGL s ASTRGACHEM ;AWPR] yAMPR2 yAWPRI AWPRS ,AWPRS

CALCULATE aNNUSL PROFIT AND WNUMBER BF VESSELS
EITHER ENTERING DR LEAYING THE .FISHERY

iaBaRalalyl

DIMENSICN XNPROF1(12), XNPROF®2{12), XNPROFI(12}
DIMENSIOw SPROF1(12), SPROF2(12), SPROFIC(12)
DIMENSION OPROF1C12), DPROF2(12}» DPROF3(123

0O § I=1,12
XNFROF1C(IJnD
XNPROFZ(I)=Q]
XNPRRQFI(I) =D
SPROFLC(L)=0
SPROFZ{L)=0
SPROFI(IInD
DPRAFLCI)=0
DPRUKEZICI)=D
DPROFM3I(I)w0
CONTINUE

N

£  HORTHERN JERSEY CLASS I
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K=IMG
ANPROFLCK)sERKRN]L
IA(K.EQ.1Z)THEN
XNAPRO1=D
DC 10 I=1,12
ANAPRIIaXNAPROL4XNPROFICT)
KNPROELI(I =0 '
CONTINUE
ALRETI=ARATEL XMV AL]
XMOIFLaXNAPRDL~ALRET]
TFCXNDI®L.GT.QIXTHEN
DYEL1=¥INCl®v1l
Y11=IFIX{DYELL1D+¥]]
ELSE T®CXNDIF1.LT.O0)THEN
DYEL1sVDECTI®YiL
Y11=v1l-TEIXCOVELL)
END IF
END IF

MORTHERN NEW JERSEY CLASS II

ENPROFZCKImERNNZ
IF{K.EQ.12)THEN
XNAPRO2=D
DD 20 I=l,12
XNAPROZ=XNAPROZ+AXNPROFEZ(I)
YNPROF2{I)"0
CONTINUE
ALRETZ2=ARATE2 XXMV AL2
ENDIFZuXNAPRD2-ALRET2
IF{XNDIF2.GT.DITHEN
OVElZeYINC2HY]12
V1i2eIFIXCDYEL2Y+V12
ELSE IF(XNOIF2.LY. . 0YTHEN
DVEL1Z2=VDEC2¥V1Z .
Y12ev12-IFIXL{OVEL2Z)
END IF
ENDIE

NORTHERN JERSEY CLASS III

XNPREGFICK)ISERNMN]
IFCK.EQ.12OTHEN
NNAFRDA=D

00 30 Is=1,12

ANAPROIaXNAPROI4XNPROFEIC(I)
XNPFROF3IC(Id=D

CONTINUE
ALRETImARATEINXMYALL
ENDIESnXNAPROI-ALRET
IFCXNDIFI.GT.O)THEN

DYELIavINCE®VL]

¥13=s1FINCOVELAD+yl3
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ELSE IFCNNDIFALLT.O0)THEN
OVEL3I=v¥DECARY]1]
¥13ay]13=IFIX{OVELD)

EnD TF

END IF

CSOUTHERN JERSEY CLASS I

SPRAFLIKI=ERNS]
IFCK.E2.12)TwEN
SAPRO1wD
DO 4«0 1=]1,12
SAPRIOI=SAPRCI+SPREFICI)
SPROQF1CI =0
CINTINUE
SOIF1=SAPROL=ALRETL
IFCSDIFL .GT.0)THEN
OvEZLlayYINCD1wV2]
YZ21eIFIXCLOVERL1)av21
ELSE IF{SDTIFI,LT.O)THEN
DVE2X1wvDEC1=2V2])
Y21lwmyW21=IIX{0OVEZL)
END IF
EnG LF

SCUTHERN NEw JERSEY CLASS IT YESSELS

SPROFZ(R)ImERNSZ
IFCK+EQ.12)TMEN
SARPRQC2=(
OO 50 I=1,12
SAPRD2=SAFPRO2+SPROFZCI)
SPROE2(I)m=}
CIONTINUE . u
S50IF¢wSAPROZ-ALRETZ
IF{SDI®2.6T.0)THEN
VOE22avINC2av22
V22wIFIX(VOE22)eV22
ELSE IN(SDIFZ.LT.O)THEN
OVEZ2=¥YDEC22¥22
V2a=v22~IFIX(OVE22)
END IF
END IF

SOUTHERN NEW JERSEY (CLAS5S IIT VESSELS

SPROFACRI=ERNSD
IF(R.EQ-.T23THEN

SAPRDA=D

GO 60 Is=t.)2

SAPROIa5APRDI+SPROFI(])
SPRCF3(I)=0

CONTINKRVUE
SDIF3eSAPRCI-ALRETZ

2ed
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IF{S0IF2.GT.0)THEN
OVEZXI=VINL2EV2]
WZ3alFflx(OVvE23)+v2l

ELSE ISCSDIR2.LT.Q)THEN
DYE2AsyDECABYES
V23 Z2-IFINCIVYEZY)

EnD IF

ENJIF

CELMARYA (LA&SS I VELSELS

OPREFL{K)=ERND]

IF{K.EQ.12)THEN

DAFPRO1=(
20 TO I=1,12
DAPRZI=0APRO1I+DPECFI(])
DPRIFICID =D

CoNTINUE

D2IF1=DACPRTI=A1LRET2

IFCODIF.GT.OITHEN
DYE3Ll=VINCIZVIL
V3I1aIFIXEOVEIL)evIl

ELSE IFCODIFI.LT.OXTYHEN
OVEAl=vDECL=VAl
¥3lmV3Il=-TFIX(DVEIL)

END IF

EMD 1F

BELMARYA CLASS I WESSELS

BPRIF2{K)=EANDZ
IFCK.EQ+123THEN
DapkDim()
DD BD Im=],;12
DAPROZaDAPRDZ«DPRDE2CID
DPRCF2({I)w]
CONTINUE
OoIEZuDaPRO2=-ALRETZ
IFCOBI®2.GT.0ITHEN
OYEAZaVINCZEVIZ
VAZeIFIX({DVEI2>+vi2
ELSE IFL{ODIFI LT . OXTHEN
OVEAZsYDEC V1D
W3i2ay3Z2-1FIX{DOVE32)
END IF
END IF

ri

DELMARVA CLASS ITI VWESSELS

DREROF3I(X >=ZRANDD
TF(K.,EJ.12)THEN
OAFRC =0
B0 9D I=1,12
DAFROI=DAPR0I+DPROF3I(I)

22 3
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GrAcF2{l1)=C
20 CONTINUE

DDIF3A=JAPRY3=-ALRETD

IE(OCImA CYLU)THEN
DvEMA=vINCAev22
WAInIFTX(IVETI)+¥]

ELSE IF(DCIF2,LT.0)THEN
I¥YEIIavQEC 2=Vl
¥V23av3a3=IFIACDVEZD)

EwWD IF

END IF

RETURN
END

SUBRJUTINE IKPUT

THIS SUMRDUTINE INITIALIZES ALL INPUT PARAMETERS FOR TME MIDEL

ND
FASSES THEW TO THE MAIN PROGRAW AND SUBROUTINEL WHERE TREY A&RE

RESUIRED FOR CALCULATIONS

laB Nl Nele] ©1

COMMAN/HARY AHNTL yHNZ2L s HNIL  HHNG L g HNEY yHNAL HNL 2 4 HN22 s HH3D s HNGL 2
CHANE? , MNED yMNTI I  N2I  HNI3 HNG S s MNS I HNEIHS1 Ly HS21,H531 ,HS &1,
CHSSL MS6) 51 2,M52 2 HE3 2 HE42, 4552, HSE2 41513, H52),1523 41543,
CHSS A, HSEI, MOy D21, #0231, HOM] ,HD5]1 ,#D5L D12, HD22,H032,H0L2,
CHOSZ2 yMOE2 WMDY, mD23 ;MDA MDA, wDSI HDAL W11 4 V124 V13,V21,¥22,
CW23, 3 ¥31a V32, v3d, B021,E5012,2013,E022E022,EQ023,ED2),5D22,8023,
CCArR11,CA21,CA%1,CAnNl,CASL,CH5),C012,C422,C432,C042,C0582,CA62,
CCal13,Ca23,Ca33,ChAad CAS3 LaB3  XNCOL e XNCDL2+XNCOI X KE0G, XNC OS5,
CXNCO&,5C0),5C02,5C03,5804,%C05,5C04,0C01,0C02,0C03,0C04,0005,
COCOSy XNLETL  NNLBT2 XNLEATY SLATL,SLATZ,5LATI,0LETL,0LAT2,DLET3,
COTOT yMATET o XLATOT . SLATOT,DLBTOT s XMALRS

CaMMON/GRM /12120213 114,215,2)0068,221,1224123,2244225,224,1131,
CZ32,233, 734y 35,236 XLNNL s XLNN2 y XLNNT , XLNNS o XLHNS  XLNNS, XLNSL,

CALNSZ g XLNSYy XLNSH pXLNSS o ALNS S, XLNDL s XLMND2y XLND3 g XLND4 , XLNDS ,XLND S,
CIMD IYRS o XWTRNI X WTHZ XM TNI XWTHS XM THS s XWTNG , XTS5, XWT 52, AWTS5]),

Wt S WY S S X W T S A XN T O s XMT Oy KWTDE KW TOA XWTOS  E T4, THTHL, THTNZ,

CTWTH T THE , THTN Sy TWTNGE  THT S TWT S 2 e TUWTS A s THTS A, THTSS , THTSE T TOl,
CTuTOZ s TWT O TuThG , THTD Sy TUTOE s THPUP L TSPOP , TOPDP yTHWT , TSwT , TOWT,
CTHPLR s THRT (BN, BOEL hAWNTAL  AYWTSE2 AVHTAD

COMMAN/YRET A RLSCR , 200P  2HCP L 20YP,YRNL VRN, VRNI  YRANL s YRAKNZ , ¥RANI,

CT XLl Ll e THLL 2y TXLLI Sy TUL 2L o TR 22 THLZ A TRLIL TNy TRLAA  YRS1 ¥R 2,y

CVREA,VRASY , VRAS2 VRASA ,WRD] yVREZ s YRODOI WRAD]I  VRADZ yVRAD2 VRTNVRTS

CY¥RTD ,vRWA  FLSTL.FC5T2,FCSYA, C5TLY,C8T21,L5T31,C5T41 ,LS5TES).,C5T12,

CCST22,C5TA2,C8Te2,CSTS2+:C5TE3,C8T23,C85T32,C5T43,CS5TE3,FULFU24FUI,



St

CPRUPR G IVMISY v IMIS2yIMIS3 jCRELHOCRSZSCRSIZCPS1HCPSEHCPS3,TCETNL
CTCS TNy TES TR TCSTS1,TCSTE2,TCETHI,TCSTDL,TCSTO2,TCETO2,ERQNN],

CERNNZ y ERMNY  ERNS L yEZNSZsERNS I, ERNDL ERND2yERNDIERNNT ,ERNST ,E£RNCT,
CTMAERM pMOHT  SCPRLWCSTaL CETA2ZWESTHILEXAFLR,
CASONMN] yAERNN2 JAERNNT  AERNS] AEONS2 s AERNSI S AERND ] (AERND 2 0ERNDA

COMMON/PRET/WSCST pSFLSTsPROST JBUP,PLES,SHCST TANS,,PAT (XLAR,ELEL,
CFULG,PROP, PG, CEPR RAEPRyICYHy IINS 4 ILEGLoSTRG,CHMEM, TTRNS,, TRAT,

CTXLAB, TELECyTFULDTPROPTPEG,TDEPR, T2OVH TEINSE ,TILEGL,,TSTRG,TLHEN,
CTPROCYPFLRTREV]Y , TREV , TREVI,TREVA ;TREVE , mPR] yWPR2 ,WPRI;MPRE,
CuPRS, TREPR

COMMONZENEX/XMVAL L XMYALZ , XMVALDY, ARATEL ,ARATE2 ,ARATEZ, ¥IKC],
CVINCZ o VINCIZVOECL (VOECZ,VIEC)

CIMMON/EERT/EHRSL 4EARS2 yERRE3LWUTIL], HUTILEqHUTIL!.SUTILI15UT1L2-
CS5uTILa

COMMIN/QUET/RHRS]1 ,RHES2,RHRSS , QUOTAL,QUOTAZ,QUDTAD,SERETL, SEHETE-
CEEMRTA, SENRTA,GQUOTAS,;3UOTA
COMMON/SWTEH 7 SWTCHY SuTEH 2 SHTEHI G RCYTMI ,RCYTMZ,REYTMI

COMMONSYRLY FAEDL]1 4 AEDL1 2 +AEDI3,AEDSL AEQ22AETQZALAEDALREDIZ,AED3D,
CAEDMAL yAROMAD JAFDME 2 ANLATL JANLAT 2y ANLBTAZASLATL (ASLAT JASLETE,
CADLAT] A ADLOT2 ADLEBTI , AMALBY (AMALEZ AMALAI,,YERNNL,YERNNZ,,YERKN],
CYERNS]  YERNS 2 sYERNSAZYERNDY y YERND 2y YERANDI s ATHTHE y ATHTSL ATHT DG,
CAXMCOb  ANSCOA  AXDCOS AR UN JABUSASUD L APLAS ,APROLC,

CASHCST  ATRNS o APAT s ANLAB AELEC ,AFULD,APROP 4 AFKGy ADERPR pACVH AT NS,
CALEGL s ASTRG 4 ACHEM  AWPRLIyAWPRZ AWPRI ANPRA A WPRE

INITIALIZE NUMBER OF VESSELS IN EACH REGION

nEnlals

¥Yiis0

¥12=(

¥vi1li={

V214 .0

w2I=s20.0

v2asZ0.0

“31'?-“‘

¥32el3.0

¥iles]l.0
c
C INITIALIYE CATCHABILITY COEFEICIENTS FOR EACH COHORT IW THREE
REGIONS
c

CAll=D

Cazliw)

Ca3lwg

CAs&lxd
CAS1l=D
CAaslw 0000009405
CAlZ=(Q



L

CA22=(}
Cad2e(
Che2=(}
Cas2a=p
Casle. 0000011898
CalieQ
Cazi={
Ca3i=0
Cie3ui
Ca53=0
CAasl=,0000018823&
c
C IMITIALIZE PRPULATION S5TRUCTURE (1.4. NUMEER DF INDIVIDUALS Iw
EalH
C CoHORT IN EACH REGIOND
c
ANCI1=23450000G00.00
XNCO2=146T0000000.00
*NCCA=]13200000000C.00
XNCO&=834R0000000.00
ANCOS=153200000C00,00
INCOS=4&580000000G.00
5C01w22£5000000.,00
5002=2345000000.00
5C0322355000000.00
S5CL6ew23465%000000,00
5CO05=22365000000.00
5Ch6=2¥9T00000030.00
CCO1=121050000000.00
DCD2#15500000000.00
DCO3=&T400000000.00
PCO&A=1S550000000Q0.00C
bCCS=11850000000.00
DCO&222000000000.00

c INITIALIZE AGE SPECIFIC NATURAL MORTALITY FOR EACW REGION

£11=.072
112,02
113=,02
Iléa, (2
115=,42
Tl1é4s.02
f2le,02
122%,902
I23s.02
Libn, 32
125=,02
126w, D2
f3iw, 2
132qw,.02
133=,02
T34m, 02
135w,02



AN aNel

sl RnEN

13s=,.02

INITIAL22E LENGTA CF

ALNM1=3R,354
L NNZEEF,ab
ALyNIe3Z &8
ELyYN&x]1%, 25
ALNNE2]123 90
XLNMN&=136,40
ELNS1=3R, 3%
KLMEZmET .66
XLNS3eG2. .80
XinNSa=ll0,235
ALNSSwl22,00
ALNS6a136.40
ALND1=239.37
AILNC2=T2.60
XLNDA=S6,40
XLNu4ellsa,77
ALNDSw]l2E,D9
XLNDA»I3T7,.%8

IoQP=,3518
INCP=3,0200
ZAYPw2,5000

CEST11=2400.00
C5T21#34000.00
C5T31=23100.00
CSTa4lw1600.00
C5T51=1300.,00
CSTE1l=a00.00
C5T1222400.00
CST22=45000C.00
C5T32=4000.00
CST42=2000.00
C5TS52=12397,.00
LCS5TE2#23500.00
CiT13=2406.00
CST23A=TROR0.00
C5T32e10C¢00.00
CST43=4000.00
CST53=2000.00
C5Te3=500,00

227

S4CA COMIRT GEOYP IN EACH O0F THREE

INITTALIZE PRICES OF CIMPETING SPECTES

INITIALIIE FIXED COSTS OF VYESSEL OPERATIONS

INITIALIZE FUEL CONSUMPTION TURING VESSEL OPERATIONS
CGALLONS USED PER TRIP)

FUla3jod.oo

FEGICNS



2t

Fy2e500.00
FUlwb0O.00

INITIALIZE FUEL PRICE
FuPia=l,10

INITIALIZE VAATAZLE MISCELLANECYUS CISTS OF VESSEL OPERATIONS FIR
THREE [LASSES

Ip Al al inEal el

IMIS1=372,.00
InIs2=171,00
ImI53=577.00
L
C INITIALIZE CREw SHARE AND CAPTAIN'S SHARE FOR THREE VESSEL
CLASSES
s
CR51=,20
CR52».20
CRSA=,20
CPS1=.10
CP52=.10
CPS3»,15%

INITIALI?E WINTER = SUMMER AND SPRING - FALL PROCESSING COSTS

a N pNw

W5C4T=,. 34
SECSTs, 3]

INITIALIZE vARIASLE PROCESSING LI3TS

lp R a N e

TRNSG=,067
PAT=, 023
KLiBA=,15
ELEC=.077Y . ek
FULO=,.034&
PROP=, 041
PXGm.DD]
GEPR=,0%2
EEPR';D’E!
IaVHE 14T
1INS=,028
LLEGL=.012
5TRG=.013
CHEM=.018

INTITISLIZE COST FLOOR E3R PROLESSING

oMM

PFLR=O

INITIALIZE RATE OF RETURN AVAILABLE DUTSIDE THE RISHERY FOR EACH
REGION

laNaNalyl

ARATEL=,10
ARATEZ2=.1C



sl e

sl ol

la R al e

aEaln laNaly aNalpl

(el ala

2t

ARATE3Is,100

INITIALIIS MAR®ET WALUE JF TwREES ¥YESSEL CLASSES

My ALIeET223, 00
XM LLZ2=225000,.00
FMY AL 3«S20000. 00

INITIALIZE NUMRER OF EFFQRT wOURS PERMITYED PER MONTH

EMRS51=95.00
EMRSZ*346.00
EARSIsIS,. 00
RARS51=295.00
RHR5Z=98.00
RHR53=54.00

INITIALILIE LANDINGS TAXES

TiLll=(
TaLl2=0
TXL13m]
TRLZ1=(
TrL22s{
TXLEZ3=(
TXLAY =]
TXL3IZa(
TALIE=]

INITIALIZE QUARTERLY QUJTAS

QUOTALI=6800000
QUCTAZ=8500000
SquaTa3=a%00000 . ..
QUCTA&«=5300000

INITIALIZIE WINTEQ UTILIZATION RATE OF PERMITTED MOURS

WUTIL1=.13
WUTILZ®.22
MUTIL3=,30

INITIALIZE SUMMER UTILIZATION RATE OF PERMITTED HOURS

5UTIL1=.11
SUTILZe. 22
S5UTIL2=,20

INITIALIZE SWITCHING COSTS TO MOVE TO ANDITHER..REGION

EMTCH1=g
ST HZa(
SHETCHI]



DY Oy 0y [ o I B g ] [l ) M

ialaRuNy)

oD

e 3l

INITIALIZE EXPECTED TIWE REZUIREZ TC AECCVWER SWITOWMING CCOSTS

RLVTwM1a1.0
BCVTeIx]l.0
RCyTM3nl,J

I“ITIALIZE SR2D0Y GECWT- CJEEICIENT FOR EALM REGION
EnJe, 2721
B0ELe. 2984

INMITIALIZE % INCREASE END DECREASE OF VESSELS IN FISnIRy
A5 A FUNCTICHN 7F PROFIT aND LI5S

vINCI=]
VINC2=0
¥YINC3eD
YDEC1=0
VODEC2=0
VOEC3=D

INITIALIZE AVERAGE WEIGHT FEJR [OWDRT A (HATURE CLAMS)
A¥WTS1w,]
AYWToZ®,. 3
AVWTGe, 3

INITIALIZE EX=-VESSEL PRICE FLLGOR #OR SURF CLAMS

EIFLEID.ZD
MGMTs]l

RETURN
END . o

SUBRCUTINE SWITCH

TRIS SUBROUTINE CALCULATES THE NUMBER OF VESSELS MOVIKNG FRDOM ONE
REGION TC ANDTHMEF

COMMOMN/HARY /A HNLL ¢ MNZ1aHN31 yHNGL yHNS Ty HNG] qHNLI2 N2 238N 3L NG,y
CHMS2 yHNOZ s HNT 3, HNZ A G HNI I WA NS o NGy MS11 HS2 4 MG 3141541,
CHSSI HSAL s HELZ yHEZ2 W52 HS62 1552 HE62 s N5LD 4 HS2IpHE33 41563,
CHS534r563,M0114HD21+HONL HDS1 ,HDSI HDSL4HDE2,HD22,HD22,H042,
CHDSZ yrD62;HD1 33,4023, HDA3,4D4 ,MDS 3y HDEI VI W V124 VE3.VILWVEZ,
CV23,V31,¥32,¥33,ED11,ED124ED13,ED2),ED22,ED23,ED31,£032,E023,
CCALLl¢CAZ1sCA3L CAn)l CBS1sCASY,CRY2,Ca22,CA32,CAL2,CA02,C052,
CCAlACA23,CAYI AR, CASI  CRAY XMEDL yXNLOZoXNCOA  XNCOG, XNCO5,
CXNCOG,SC01,S5C02,5C03,;5CC#5CO5,5C08,0C01,8C02,0C0340C04,0C05,
COCOG XNLATY o XNLBT 2y XNLBTY  SLATL SLAT2, SLATI, DLBTI JOLATZ,DLET,
COTAT  MATOT s XLBTOT ,SLBTUT,DLATOT L XMALAS

COMMONZGRAZTT122123 1132200 154006, 321,2220223,224,4225412684131
CLA24233p 2344235, 236 XLMNY s XLNNZ s XLNNI XLNNG XLNNS s XLENS, XLHS],



231

CRLNS2 s XLNS Yy XLNSG y ALNS Sy XLNSEy XLNDT 4 XLNDZ s XLNDI o XLND& o XLND5 . XLND4,
CIMOIYRS g XWTHL X WTNS XTI X TG RWTHS XN THS X WTSL 4 XWTE2,XuT52,

CAWT Sa g AWT S Sy XNT S AW Tl s X W TO 2,y KWTD A X WT DGy XWTDS y XMNTOSE, TWTNL , TaTN2,

CTRHTNI e T T y THTNE TWTHE , TWT Sl s THTS 2 TWT Sy THTS G THTSS  TUYSA , TWTOL,
CTwTC 2 s To Ty TuTOa s TUTOS T wTDS , TNPLR , TEPOP ,TOPOP , THNT , TSu T, TOWT,
CTSDDP  , THMWT SN, SDEL yAVNTAL AV WTAEZ  AVATAZ

COMMON/VRETZLLSCP y TOGP 2L P, 20YP  WRNI o VRNZ s VRNIZVRANI S VRAND, YRENT,
CT:L11.T:le.T:L1JfoLzl,T:Lzz.T:Lza,T:L;L.T:Laz.rILaz,vn51.vﬁsz.
CVWRS3,¥VRAS1,VRAS2,VRESA,WRDOLI,YRD22,¥YRDO3, YRADLyVRAD2,¥RANDILWRTN,VRTS,
CYRTD,VRMA)FCSTY  FCST2,PCST3,C5T11,C8T21,05T31,C874],08751,C5T12,

CCST2 2y ST CSTAZ LT 2 CET13,CET23,C58TA3,C5T43,L8753,FUl,FUZWFUS,
CRUPR pIMTS) 2MI52,IMIS3,CR51,CRE2,URSILCPS1,CPS2.CPS3,TCETNL,
CTCSTMZ TCSTNY ,TCSTFSL ,TOSTS2.TCSTSA,TCSTOL, TCSTDZ4TLSTOILERNNL,

CERNMNZ ,ERNNAY  ERNSY s ERNS 2 ERNS I ERNDL JERND 2y ERNDILERNNT L ERNSTHERNTT,

CTMAERN ,MGNT  SCP,CSTE1,C3T62,C5TA,EXFLR,
CAERNNIyAERNNZ JAERNNI,RAERNSY JAERNS2 AERNSI L AERNDY,, AERNQ2ZAERND]

COMMON/PRETZ/MSEST  SFECSTyPRECST oBUP PLAS ySHLST o TANS yPATy XLABELEC,
CFULOsPRCP yPAGyDEPRIREPR 4 2OVHy IINS+ ZLEGL 4 STRG ,CHEN, TTRNS,TPAT,

CTXLAB, TELEL yTFULC+ TPROPy TPRG o TOEPRyTZOVH TIINS s TILEGLyTESTRG,TCHEM,
CTPROC ,PFLR,TREVY , TREVY yTREVI, TREVAL , TREVS ,WPRL,WPRZ,WPR3,WPRS,

CLWPRS,TREPR .
COMMON/ENEX /XMYALL y XMy ALY MY AL ARATELARATEZ ARATEA, VING ],

CYINC2,VINCI,VDECL ,YODEC2,VDELS

EDHHDHIEFETIEHESI,EH‘SE.Eﬁ!S]gHUTlilfﬂuTILz;HUTILJ.SUTILI-SUTILZ.
CSUTIL)

COMMON/JUDT/RMRS1 4 2ARS2 ,RMRS3,0UDT AL, QUDTA2,,QUETAD,SEMRTY,SEHRTD,

CSEMBTI,SEMRTL ,CuOTAL,QUOTA
CoMMIN/SHTEH SHTOHE A TONZ SnTEHI  RCYTMI RCYTHMZ,REVTM]

COMMON/YRLYZAEDL] +BAEDL12,AED]I34AED21,3ED22,AE023,AEDIL,AEDIZ, AEDAS,
CAEDMAL yAEDMA2 pAEDMAI  ANLATL o ANLBT Z o ANLEBTI ASLATI ASLBT2,A5LETS,
CAOLETI1 ¢ADLST2 ADLEBTI AMALBL AMALB2AMBLEL, YERNNL, YERNNZ,YERNND,
CYERNSL,YERNS2 ,YERNS3 YERNDL ,YERND 2 , YERNDI JATUTHNE L ATWTS6,0TWTOD S,
CAANCOA, AXSCO&,AXDCHS +ADUNABUS, ABLD+APLESAPROL,

CASHCST s ATRNS s APAT yAXLAD JAELEC ,AFULDyAPROP APKG yADEPR 4DV HRINS,
CALEGL s ASTRG 4 ACHEM s AWPR] JAWPRI yAWPRI,ARPRAANPRS

CALCULATE POTENTIAL PROFITS FROM EACW REGIDN - (LASS I

[pEaRalaly

NORTHERK NEWw JERSEY



™ OO

lnEnl i

o

PHN11#]1,0=EDlloCa]])uxNCElL

Prkz21lel . 00EJ1lelbZ]etniED?
FuN3]le]l G0ER1lala3d1axnigR
PHN&Y1=] ,0nEdilwlaslexnNlOs
PHNS) =} D221 184l A818XKELE
DANA1e] . OnEQL1nCaAlaXNEDE

E_}:’.’

PNLET Lo PHNI IO XWTHL+PRN I X U TN ¢+ IHNI LN TRI¢PHNG LS X d THA+PHNS L &

EXATHE+IMNALIEXWTNE

PYaNLI=PNLETLI&(S(P=TXL112

PoAN]=CElSTI+( {CU1HFYUPR+IMISLIREDI I+ (CRELBPVANL)S{LPSLIEPYRENLID)

PRNK1=PYRN1~-PIPN]
SOUTHERN NEw JERSEY

Pr3llml. .0nED2luCallastcl
PHS21=1,05E0210CA2105%002
PHS2l=],.0ef021nCA3155003
PH54 1=} .0uED2lolanlas5C04
PM3S]al..0%ED21nCAS]1a5L05
PHS&1=1,08ED21aCAB 25004

PSLBTLaPHEL1aXATSL+PHEZ X WT S+ PR3l akWTS3+PHS LIS X ATSL+PHEE]L %

CAXnMTSS+PHSEE1AXNTSA
PYRELaPSLATIS{SCP=-TXLZI1)

POFSLaFCSTL+C(FULacyFReIMISLIIRESZ]IeCLRS1I4PVRSLI+(CLPEIRPYRSL DD

PRNSL1=PYRS}-POPSL

DELMERYA

PHD L 1=] . 02ED31lsCails=0C01
PHDZ1wl . .09ED3laCa2LaDl02
PHDJ31=]1.0%EDALl2CA3]1l0DCO3
PHD41a]l . 0&ED3 12l A&1wDL04
PHDEl=] . OEDNI&LASIDC0S
PHDS1=1.0eED31nlaslanCls

POLBT12PHDL1#XuTO1+PHDZL S XNTD2+PHDI1 *XKTD3+PHD419XNTO&

C+PHDS IS XWTOS«PHDELwXWT DS

PYRD1aPOLATIw{5CP=TXL31)

POPOL1wECSTI4((FUlafUPR+IMIS1INEDII+(CRI1IAPYROLIJ+{CPS1I2PYRD]))D

PRNDL1ePYRD1-P0PD]

XNPOTL=sPRNNL=-(SWTCHLARCVTHL)
SPOTIsPRNS1I=~CSWTCHL/RCYTHL)
DPOTL«PRNG]=CSWTCHLIZRCVTML)

CALCULATE SWITCHMING BEHAVIOR *0OR CLASS I VWESSELS

IF{XNPOT1.LT.S5POTL)THEK
IF{CPOT1.LT.SPOTI3THEN
IF{-FCST1.LT.SPOTLITHEN

V2Lw{VI1~TIFIRC{VYILl/2204(¥I1=TFIX{VaLl/220e¥2]

VilsIEIX(V¥1L1/2)
vi1sIFINCVIL/2Y
ENDIF

ELSE



<3

IF(=~CLS8T1.LY.DPOTLIITREN

IF{SPIT1  EC,IPETIITHEN
¥21=(v1i-TRIN(VYIlralddev2]

Vi1=TFIX(V11/2)

ELSE
VA1s{¥11=IFIx(ViLl/2))+{Vv2}~IFIRLVI1/22)+¥3]

V11sIFIxevllzs2?

W2lsTFIwgw21r2)

ENDIF

EnNDIF

ENDOIF

ELSE

IE{OPTTI.LT.XNECOTIITHEN

IB(=FCS5T 14 LT ANPITIITHEN

IFCSP0T1 . ES.XNPDTY)THEN
W21 {W2Z1=ICTX (Y31 r2)2+vil

V3lsIFTX{VALL2)

ELSE
V11a{v2l=-I%IX{Vv21l/23+(VAL-IFIX{V¥IAL/2)0+V1]

v2lnlI®Ixiv2lr2:

V3ImlFIXEVELAZ)

ENOIF®

ENDIF

ELSE

IF{=EC53T1.LT.DPOTLITHEN

IF{IKPET].EJ.OPOTLIITHEN
¥31a{vil=TFIX{V¥21/2))+¥3]

V2imIFIN(YV2172)

ELSE
V31a(WZ2]1=IET (V21 2 el Wll~I0TX W11 2 )eyAl

VZi1alFIX{v2lr2)

Y11aIEIX(VLLA2)

ENDOIL®

ENDIF T

ENOIF .

ENDIF
CALCULATE POTENTIAL PROFITS FROM EACH REGION - CLASS II

NCRTHERN NEW JERSEY

lalp R e

PRN12=1,0%ED] 2w CAL2XNCDL
PrAN22=],.02ED12sCAl2uXNCD2
PHN3IZe]  0eEDY 2eCal2e«xNCO]
PHN42 =1 0w EDL12b6C A6 20 XNC D4
PrNE2=] ,DeEQ]1 20l al2aXNCOS
PHNAL®L 05D 20CAL2®XNLLS

PHNLBTZxPHNLI2EXWTHL+PHNZZOXWMTHNZ* PHNIZOXNTHI+PHNAZBENTN&+PHNS ZEXWTNG

C+PHNEZSIWTNG
PYyRNZePNLBT2a{S5CP-TXL12)
PIPNZaFLST2+ ((RU2EFUPR+ ZMIS2ZIREDL 2o (LRS2ZOPYRNZI+(CPIIHPVRNZ) ]

PRNNZsPYRNZ=POPNZ

m e

SOQUTHMERN NEW JERSEY



PrRS12=l.0wEDZ24CRa22=x5001

PMS22e],00ED22wC 4225002

PRSIl OxED22%CA32asCOl

PHS&4 2= . 002 2ulda2%5C04

Pt 2el  OxEC22nC 4575008

FrS5E2e] O0ER22aCadnsSCils

POLET 2 M ] 2 am TSl + P H S 2 N TS+ PHS I IR W TS A+ PHS LI AWT S +PHSE20
CXATSR40omS a2 WTRA

PYRS2aPSLATZH(SCFPF=-TILZZ?

PORSZaci ST 2+ (R 2aFUPR+IMISZIRESIZS(LRSZRPYRSZ2)S{LPS2uePVRSE2))
PRNSZaPywRS2=PP52

c DELMARYA

PMDI2=1l.0sE032eCal2aDCD]

PHD22=]l . OnEC32aCA220DC0O2

PHDIZ2=) . OnEQ32uCadzebC0]

PHDe 2=l  0xED32na2eDC04

PHDS 2=l 0wED3I2aLaS2a0l0s

PHD&2=)  0uEDA2aC 862D 04 .
POLATZePMDI 2 ANTOL+PHDZ 25 XNTD2+PHDAZGXWTD I+ PHDA 2B XWT Dd+
COHDE 2 WTDS+PHDAZ X TDS

PyADZaPOLATZo(SCP=-TXLIZ)
PAPL2=ECST2+{(RY2uFUPR+IMINZIREDII+{CRE2PVYRDZI+(CPSIVPVRO2)
PRNOZ2sPYRD2-POPD2

XNPOT2ePRNNZ={SHTLH2/RCYTM2)

SPOT2eaPRNEZ=CSWTCHI/ARCYWTM )

DAOT2wPRND2=CSMTCRH2/7REVTIN )

L CALCULATE SWITLC™ING SEHMAYIOR FOR L£LASS IT VESSELS
C .
IFCANPDOT2.LTS5P0T2ITHEN
IF{DPOT2.LT.SPOT2ITHEN

IF(~FCST2,LT.SPOT2)THEN ,
¥22uCW12=IFINCV12/7200+CVA2=IFTIRN(VIA2rdldevd2

V12=TEIN{v¥12/72)

V3i2mIETX(VI2/2)

ENDIF

ELSE

IF(=FCST2.LT.OPOT2ITHEN

IF(SPOT2.EQ.0POT2ITMEN
N22a{V12=TIFIX(W12/203»¥22

Y12Z=IFIX(V12-52)

ELSE
¥32s(V12=-TFIRLV12/,2)20+(v22-TFIN(V22/2))¥}2

YIiXeIFEIXCW12r2)

Y2ZeIFIN(Y22r2)

ENDIF

ENDIF

ENDIF

ELSE

IFCOPOT 2, LT.XNPOT2ITHEN

TEC=FOSTZ LT XNPOT2ITRHEN



aRalnlNals

T

IE SR IOTZ . ELLXNPOT2ITHEN
VEZa{VAI-IFRINEYAZ A2)DeVW 22
W3ZmIFTXCWAZ/SLY
ELSE
V12V Z2=TFIXCVIZ/ZAZY »IWA2=TFRIX{NIZ/2D+Y]12
vI2=IETa{v22/2)
vizateialwd2rld
EnDI=
ENCIF
ELSE
IFC=ECST2.LT.OPCT2ITHEN
IFCANPOT2.E2.0PY23THEN
V32w W22=-]IFIX(vw22r/7203ev32
VZ2=IETINCw2IS LY
ELSE
¥A2a (V22 =TFINLV22/720)+{VY2~TIFIXCV¥12/222ev]2
vZ2sIFIX(W22752)
V12«TFTX{v12/22
ENDIE
ENDIF
ENDIF
ENDIF

CALCULATE POTENRTIAL PROFITS FROM EACKH REGIDN - CLASS III
NIRTHMERNW NEW JERSEY

PHNLI=] . 0cED130Cal3exni0l

PHH23Isl 0%ED]3=0a230xNC02

PHNA3w]l . 02E0]1 3=Ca332NCO2

PrN&3a] OED]13%fALIRNNCOS

PrNS3=]  0=ED) A= a53axNLDS

PHNE3 =1  0zED] 32l as3xxKl 05

PHNLBT3aPHN1 3w XWTNL+PHNZ IS XWTNZ+PHNIINNNTNI+PANLG IXAWTNE
CoPHNSIXNTME+PHNSEINXWTNG

PYRNIaPHLATIR{SLP=TXL12]

POPNIaELSTA+((FUIarUPR+IMISAIREDLIF(CREINPYRNII+(CPEISPYRNI))

PRNNIsPYRNI=POPN3

SOUTHERN NWEW JERSEY

PHSIAw] 02T 0Ca1325C0OL

M523}, O¥E02ARCA2ASL02

PHS3IY=1 0B 42336503

PHS43=]  DXEDIIxCA&43RSC 04

PrS5SA=]1 , OEQ23aCASIwSL0OS

PH5S&3I=] . 0%ED23eCAbdasSC0s

PELBTXaPHS] I XWT S +PHS 2 3 XNTS2+PHS AT SN PHS A ARANT Sk
CHPHES2&NWTSE+PHESEITNWTES

PYR5IaPSLATIR{SCP=-TXL2Y)
POPSIaFLSTA+((FUIREYPR+IMTISIIREDZ A+ (CRSINPVREIIH(CPIRPYRSZ))

FPARNSI=PYRS53=-POPSS

DELMARYA



I Enlyl

2 sh

PrD13s]l ,0%E023CAl3RDCT]

PrlZ23e]l , 0522302230002

#rDI3=l O%EQASCL3I=0CC3

Fuleld=) 028033 Chu3x0CCs

PulE3e] ,0xED23xCA53NDLTE

FHOEI =) . 0%EQXInCesI=l00s

POLBT2=FPHO1 3 XNTOL4PHOZ3x KT le PHDAIGXWTOA4PHDAIEANT Do
C+PRDS A X WTOS+PHD S IRXWTOS

PY¥ROA.aPLLBTIR{ECP=-TXLAD)
PCPCA=FLSTI+((FUIRFYPR+INISIINEDIIS{LRSIPYRIIIC(CPSITFYRDI)]
PRNIA=PYRIOI-PODPDD

EXNPLT I PRNNI=-{SuTCHAI/REVTHI)
SPOTAwPRNSI=CSWTCHIARCYTMI)

DPZT3=0RNDI=(SHTCHA rRCYTH])

CALCULATE SWITCHING BEWaAYIOR FOR CLASS IIXI WESSELS

IFCXNADTI.LT.S5P0TIITHEN
IF(DPOTA.LT,SPOTIITHEN
IFC=FLSTA.LT.SPUTIAITHEN
V2Xa{VIA-TFIX(VIA 2D+ VIAI=~LFTI(VIZ/r2)I+¥2]
V1deIfIN(Y23/2)D
¥3i3sIFIA(VWII/r2)
ENDIF
ELSE
IFC~FLST2.LT.OPCTIITHEN
IF{SPOTI.EQ.DPETI)TREN
V2Ia{yl3=IFIX(Y13s220e¥2]
¥ideslIFINCYIAr2)D
ELSE
V3i3a(V123=-TFTX(Y13/200+(V2A~-TIFIX(V2ILI)I+V]]
¥13=1FIX{¥13/2)
V23=IFIXx(¥23rs2) R
ENDIF
ENDIF
ENDIF
ELSE
IF(DPITALLT A NNPOTIITHEN
IEC=FCSTA.LTY.XNPOTI)ITHEN
[FCSPOTILEJ.XNPOTI)ITHEN
VZ2e(VAI=-TFIXCV3IAr2))eVv2R
V3d=IFIXINVIZ/2)
ELSE
V13wl V2A=IFINLY23/2)0+(VII=-IRIN(VIZ/23D4V]1]
¥i3=IFIx{Vv23,2)
¥33=IFIN{vw33/2)
ENDIF
EMILF
ELSE
IF(=-FLSTILLT.OPOTIITHEN
IF{XNPOTA.EQ.DPOTIITHEN
V33w W2A=TFIX(V23,2)24¥32
Vaa=IFIxC(v23rs2:



Y

ELSE
¥32a{V23-TFIR(VYII/ZII+(VIA=-TFIN(VIA /2D )+¥]3

VZAaISIaA(v23r2}

V13=IFIx(vwldsad

ENDLE

ENZIF

EN2IF

ENCIF

RETURN
Eno

SUSRIUTINE EFFIRT

THIS SUSRCUTINE CALCULATES TME NJMBER 0IF EXFORT DAYS
PER MONTH £0# FACH YESSEL CLASS

NOonO o

COMMON/HARV /HNTIL pANZ21 o oNIL yHNe] JHNST jHNAL o HNL1 2o HN22 g MNIZ FHNG 2,y
CHMEZ2 yMNSZ g HNYI I ANZI  HNI I HNL S p NS I NG ST 4 HE21,HE2L 4 HEA],
CHSS1 ) H5&14MS1ZsHS22, HED 2 HEG2 552 HSE2yHE13,M523,1532 M543,
CHMESI HE42,HO11,4nD2]1 ) HD21 DALl yHDS1 HOGL D12, 402240032 W02,
CHDS2 yrDE2 D13 D23, 4D, D43 HDSI ,HDAN V1T, ¥V]12,¥13,¥21,V22,
CVZ3,v3l,vI2,¥33,ED11,8D12,E013,5021,85022,+ED23,ED31,E032.,EL3),
CCal11,Ca21,C221,CA%1,CAS1,Can1,2A12,C022,C432,C842,CAS2,CA62,
CLa33,Ca2d,;CaACaad,CAS3,CRL3 XNCOL1,XNCO2 XNCOY, XHNCOG, XNCOE,
CXNCDGE,5C01 ,SC02,5003,5C04,500%,5C08,0C01.,0C02,0C03,0C0%,DC05,
COCIE s XNLET] o XNL AT 2o XNLET I o SLBT SLAT 2 5LAT3,OLATL,0L8T2,0L4T2,
COT T, MAT Ty XLEeTCT SLATIT,,OLATOY  XMALAS

COMMONAGREAZT 1w llda213,3 2 0,215,216, 21422241233220,1254y226,131,
ClA2,4Z33 T3yl 5 T G XLNRN] o XLNNI s XLNNI e XLNNA o XLNKE XLNNE,, XLKRS1,

ElLHSZiILHS!.ILHS#,ILHSE,ILNS&.ILHDI;ILHDEuIEHD3;ILHDﬁglLHDE|ILHDﬁr
CIMOpIVYRS s NWTNL  XWTNZ g XWTNS s XWTHG p XWTHS y XWTNE, LTSI, AWTS2,XuT53,

CXWT S h g AWT S S W XN TS s XWTD Ly XNT L 2 s XWTOA y XW T4y XN TS g XWTDS p THTNL g THTHZ,

CTMTRS s TUTHG TR TS s THTHA s THT S L THTS 2y THTS I, TRTS 4 THYSS  , TUTS6,TuTOL,
CTWHTD 2 TR, TWID& s THTOS s TWYDS s THPOP, TSPOP ,, TOPOP , TNWT , TEWT ,TOWT,
CTHMPOP , THWT y BN J o BDELJAYWTEL pAYWTSE2 y4VHTAD

COMMONAYRET AILSCPI00R IHED , J0YFyWRN] (VRNZ ,YRNI YRANL ,YRANZ ; ¥YRANT,

CTXLILlsTXLI2,TXLI3 »TXL21 o TXL22 TUAL23,THLIL,,TXLIZ,TXLII,YREL VRS2,

CVRSIWRASL s YRASZ W VRASI VRU1 VRO, VRII yYRADD JVRADZ o WRAJIIVRTN,,VRTE,

CVRTD, VRMA ,EFCST L FCST 2  FCSTA,C5T114C5 T2 8T ,C8Ta1l ,C8T51405T12

O ST 2 s CaT 32, 8T a2y C ST 2y CAT 1A, CST 23, CST A ST, CETS3 FULLFU2, 53,
CEUPR IMISL pIMIS2,2MISA,CRS1:CRS2,CRSACPSLCPSZ,CPSXTLETNL,
CYCSTHZ+TCSTHA TS TS S, TCSY S 2 TS TS 2, TESTOL ,TCSTD2,TLSTDI L ERNNL,

CERNNZZERNNY L ERNSL ERNSZ2ERNSIZERNDL +ERNDZERNDA,ERNNT 4 ERNST JERNDT .
CTMAERN  MGMT ,SCP,C5TE1,C5TE2,LS5TEI,EXFLR,



248

CAERNNT ,ACRNN? JAERNNI L ACENS) JAERNS 2 AERNS3 L AERNDLJAERNDZ44E0ND2

COMMON/PRET /W SLST  SFLEST  BRCST  BUPPLES  SHEST, TRNS sPAT o NLAN,ELEC,
CRuLL+PROP  PRGOEPR , REFPR I VM ZINS s ILEGL s STRGyCHEM TTRNE ,, TPAT,

CTXL AR TELE Ly TRULD s TRROP , TREGTOERPG yTIOVH s TIINS y TELEGL ¢ TSTRG,TEmEM,
CTPRAGC;PELR,TREVL , TREVZ, TREVA L, TREVL ,TREVE ,WPRI ,WPRZMORI,uPR4,
CwPRs,TREFR

CoMMONZENEX /X MVALL, XMYALZ XMYAL T, ARATEL yARATEZ  ARATE], vINC]Y,
EVINC2,VINCY, VDEC]L,,VDEC2,VDECD

COMMON/EZRT/ERMRSY  EMRS 2 4EARSI WUTILI 4 WUTIL2Z,wUTTILISUTILL,SUTIL2,
C5UTILA

COMMON/ QUIT/RHRS L RHPS 2 RHMRSI,,QUCSTAL QUOTAZ QU TAZLSEHRTYLSENRTZ,

CSEMRT A, SEMPT4,GUSTAR, QUOTA
COMMON/SWTCH/SHTCHL p SUTCHZ  SHTCHARCYTHML ,REVYTMZ 4 ROVTMY

COMMON/YRLY FREDLL AED1 Z AEDL YW AED21AED22AEDZI, AEDS1AEDI2Z,AEDI2,
CAEDMAL , AEDMEZ (AEDMAD L ANLBTY s ANLAT2 JANLATY ASLATY  ASLAT2,A5LET3,
CADLETL , ADLOTZ JADLETI pAMAL N (AMALED y AMALBY , YERNK]L ,YERNNZ,TERNND,
CYERANSL  YERNS 2 JYERNSA S YERNDL J YERND 2 » TERNDI o ATWING AT TS ATWTDS,
CAXMNLOA y AXSCO& o ANDEAS L ABUN ABUS  ABUDAPLBS , APROC,
CASHEST o ATRNS JAPAT JANLAN JAELEC yAFULDAPROP APKGyADEPRJADVH AINS,
CALEGL 1 ASTRG ACHEM  ANPRL JAWPR2 JAMPRIZAWPRS pAWPRE

CALCULATE EF®3R2T DAYS PER MONWYH FOR EACH VESSEL CLASS. EFFORT
DAYS = 12 HOURS PER EFFIAT DAY X AVERAGE PERCENT UTILIZATION OF
ALLGWABLE FISHING HOURS BY a4 VEISEL OF TH&aT LCLASS.

e NN elnlyN el

EC1=(EHRSL/L2)
EQ2=(EHRSZZ12)
EQ3v{EHRSI/12) "

SET PUTIL ACCORDING TO SEASON

laB Rl

IFCIMC,.GEL1D,OR, IMOLLE.I)THEN
PUTIL1=WLTILL

PUTILZ2=WUTILY

PUTIL3I=MUTILS

ELSE

PUTIL1aSUTILL

PUTILZ=50T2L2

PUTILA=SUTILA

END IE

CALCULATE EFEQRT [avY$

Lalpln

ED1I=EDL1%PUTIL]
ED12=ED1®PUTIL2
ED1I=ED1*PLTILY
ED21=ED2wPUTTLI]
EDZZ=EDZ2ePUTIL2



239

EJ230ED2WPUTILS
EDAL=EDIAUTILI
ED32=ED5mPUTTLE
ECA3=ED3nPUTIL?

£
RETURN
END
C
SUSRECUTINE VESGET
C
C THIS SUBROUTINE CALLULATE VESSEL RETURNS
c

CIMMON/MARY/HHNELyHNZL y NI L g MNG]L s HNEL pMNEL yMNI 24 HN22 (HNIZ y HNG D,
CANS2 yMNE2yHMNT I g MNZ2I MM HN4D NS 3  HNED A5 ,M521 ,HE531,M541,
CHS51l M54y HET 24 NS 22 HSIZyHEL2 552 MS62sHSLII S22, HES3 M543,
CHS33,m5462s4D11,0D21,A0I1oND&L, 4051 ,HDS]1,4012,022,HMD32,4H042,
CHOS2 yMDEZ,yMDL3,HO23, MO I3, HDE3 DI HOSA V114 V12,V13,V214V22,
CV2A,v31,¥32,v33,EDI1,EDI2ED12,ED21,ED22.,6D23,EDILHEQA2,EQ3D,
CCALLCA21,CAD1CA40,CA%L,CAOL,CA12,C022,CA02,C042,0452,0442,
CCAL3,Ca23, 0823, Caad,CASI,CAE3,XNCOLyXNEDR, XNCOAXNCOLXNCDS,
CXMLO&,5C0145C02,5C03,5C04,5C05,5C06,0C01,0CC2,0C03,D0C04,0C05,
COCO6  XNLETL o XNLBT 2y XNLOTI o SLETY,SLET2,5LBT3,DLATL,OLBTZ,DLET,
COTOT ,MATOTXLBTOT,SLATIT,DLATOT,XMALBES

COMMAON/GRW/Z1) 4212420342204 115,216922042229723,126,1254226,131,
CZAZ4 1339234912536 XLNNT o XLNNZ pXLNNT o XLNNG ¢ XLNNS s KLHNS 4 XLNSD,

CXLNSZy ALNS 3y XLNS&y XLNST  XLNSS o XLNDLy ELND2 s XLNDI s XLND® 4, XLNDS (XL NDG,
CIMISIYRS s EMTNL g NWTRZ o XWTNI N T ey XWTHE s NWTHE X WTS1 4 XATS2,XWTS3,

X WT S XN y XNT S X WTD L e XHT D2 XAWTD Y Kl TOA s XWTOE W TDE  TWTNI yTRWTHZ,
CTHTHI s THTR G s THTNS s THTNE TW TS Ly THT S 2, THTS A, TYTS A, TWTSA,TWTSS, TWTDL,
CTWTD 2 e T y T T Ua s TR Ty T TS TNRPOP s TEPOP+TEPOP, THWT ,TSWT,,TOMT,
CTHMPLP y TMWT BN BDEL yAVWTAL AVUTAED ,AVWTS]
CﬂHﬂﬂHfVEETfILSEPiIDQP|IHcP'IUT?|ﬂﬁH1,?RHZ.UEN]|?§IH1|“RIH2i?ElM3¢
CTELLIL TXLL 2T, TXLZ] T YL 22 TXL23, TXLIE,TELA2TXLIIWVREL,¥REZ,
CVRSIYRAS) ,VRASY (VRASI ,VRDI1 (v 02, WRIZVRADY s ¥RADZ o ¥ RADIJWRTN , ¥RTS,
CVRTD YRMA FCSTL 4k ST 2, CST,C5T12,C5T21,C8T31,05T41,C8T81,05T12,
LT 22.:C5T A2, L8 Th 2, CS5TN2,CS8TL13, 05723, L5733, 05T43,CSTE3,FUl,FuZ,FUl,
CRUPRIMISY yIMIS24IMISAZCRSYERSZHCRSEIZCPSTHCPE2,CP5A,TLSTNL,
CP ST, TESTH A, TCETSL , TL ST 2, TES TS TCSTDL,YCSTOZ,TLSTOAYERNNL,
CERNNZ pERNNA G ERNSL 4 ERNSZERNS I, ERND L ERNDZ . ERNDI ,ERNNT ERNST ERNDT,
CTMAERM MGMT  SCP,CS5T81,C5TAE2,C5TAY, EXFLR,
CAERNMNL AERNNS s AERNNY , AERNSL,AERNS2 yAERNSI AERNDLyAERND 2y AERKDS

COMMON/PRETY /WSCST ySFCST PRCST yBUP,PLBS y SHCST  TRNS PAT  XLAB,ELEC
CFULOPRIP BG4 DEPRyREPR yIOVHy ZINSy ZLEGL o STRGHCHEM, TTRNS . TRAT,



CTXLAR, TELEL y TEULD 4w TPROP ,TPRG 4 TOEPR  TZ0VWH o TIINS o TILEGL W TSTRG,TCHEM,
CTPROCSPELR,TOEVL yTREVZyTREV I TIEVLyTREVIZWPR] pWPR2 PRI, P4,

CHPRS 4 TREER
COMMON/ENEY FYMYAL 1y XMYALZ o XMY AL 3 ,ARATEL ARATEZ,ARLATE, ¥INE L,

CWINCRWVINC3,vOECL¥IECZ,VIEC?

CIMMON/EERT Z/EMRSL yEHRSZ pEHAS I g WUTIL L 4WUTILZ y WUTIL3SUTTILLSUTILZ,
CSUTIL3

COMMONZ JUCT/AmRS] yRARS2,AnREY, JUOTAL.QUETAZ ,QUOTAZ,SEHRTL, 53 HRT 2,

CSEHRTI,SEMPT4,QUGTAL,QUOTA
COMMON/SWTCH/SWTCH], SMTCHZ, SWTIHI ROV TML REYTHM2,RLYTHI

COMMON/YRLYZAEDLILyAEDLZ yAEDL13 L AED2] ,AEDZ22,4ED2Y,ACD31,AED32,RED3S,
CAEDME]L ,ACOMA2 (AEDMAR, ANLETL ANLAT 2 ANLATI  ASLAT] (A5LATZ,A5LE8TS,
CADLATL s ADLATZ pAOLET I AMALEL JAMALEZ  AMALBY YERNKL , YERNNI,;YERNNS,
CYERNSL s YERMNS 2 o YERNSY , YERNDLyYERND 2, YERNDA ,ATH TN AT T A, lTiTﬂﬁt
CAXNCOS AXSCIE , AXDC0e ABUN BBAUSARUD W APLBS APROL,

CASHCS Ty ATRNS JAPAT s X LAR AELEC,,AFULT |lpnﬂp|IPKE;IEEPR11U”H,51N51
CALEGL yASTRGyALHEM  AWPE)] (AWNPRZ ,AWPRI  AWNPRL ,ANPRS

$ET VALWES FOR DUMMY VARTABLES DEPENMDING UPON SEASON AND TYEAR

ipEakaNalpl

IF(IMO LT 3. CR.IMD.GTLILITHEN
§01=1.0

ELSE

501=0

END IF

IFCMGMT . NELQITHEN

IMOUM=]Y.O

ELSE .-

IMQUM=0

END IF

CALCULATE THE EX-vESSEL SURF (Lavw PRILY PER POUND BASED UPON
PRILES OF COMPETING SPECTIES AND SURF CLAM LANDINGS

g NN ullal

WRITECI,#«> XMALERS

IFCXMALBS.LE.O)THEN

SCPx),0

G9 TO 1o

ELSE

ILSCPa=  Dkbe= 0598 ALOGCNMALES )+ 8373 0ALDGCIDRP)~

w1l960®ALOGCI4CP)
C.164052L0GC{I0YD )+ BT45IDUM-_0T28%35D]

END IF
[
c CONVERY NATURAL LOG OF SURF CLAM PRICE TD SURF CLAM Ex-VESSEL
PRICE
c

SCPeaEXP{ILS5CE:



ch 5_1

IB(EXSL R . WE, D) SCP=EXFLT

CALCULATE WESSEL REVENUES FOR ALL CLASS I VESSELS FISHING IN
NORTHERN MEW JERSEY

VANL=XNLETI=x(SCA=-TAL11)

CALCULATE AVERAGE RETURN PER MORTHEAMN NEW JERSEY CLASS I WESSELS

[ aNaEnl _NeNa¥alal
L ]

IE(¥11.HE.D) THEN
VRANIaVRNLI/ZYVID
ELSE

VRAN]I=].0

ENJIF

CALCULATE VESSEL REVENUES FOR CLESS II VESSELS EISKHING 1IN

ORTHERN
NEW JERSEY

YRKNZEXNLBT2afSCP=TXLL2Y

CALCULATE AVERAGE REVENUE PER NORTHERN NEW JERSEY CLASS II WESSEL

oMo ialal el

IC{Y12.NELO) TnEN
YRANZ®=VRNZ V]2
ELSE
YRANI®D,. G
Enp 15
c
C CALCULATE VESSEL REVENUE FOR CLASS ITT VESSELS FISHING IN
MORTHERN .
C WEW JERSEY
c 'Y |
VRNI«XNLATAS{SCP=-TXLLI)

C
C CALCULATE AVERAGE REYEMUE FOR & LLASS III VESSEL FISHMING IN
NORTHERN
C NEW JERSEY
c
IB(w13.NE.Q3 TwHEN
VRANISYRNISY]1R
ELSE
YRANI=O D
END IEF
L
c CALCULATE TOTAL NORTHERN MEW JERSEY VESSEL REVEMUES
c
VRTHaYRNI+*YRNZ+YRNY
L
C CALCULATE VESSEL REYENUE FOR CLASS I YESSELS FISHING IN SOUTHMERN
C NEW JERSEY
C

YRS51a5LET1a(S5CP=-TaLZ])



2.2

Ca CyLaTE AvERAGE REVENUE FOR B CLASS I VESSEL FISHING IN

FOR CLASS II1 VESSELS FISHING IN SOUTHERN

CALCULATE AVERAGT REVENUE €0R% LL&SS I1 VWESSELS FISHING IN

c
c
SaUTHERY
c NEW JEBSEY
c
IF{v21,.,ME,DITHEN
VRAS1®VRSTI/v21
ELSE
¥EaSla0.0
END IE
C
o CALCULATE WESSEL HCVENUE
L MEW JERSZETY
o
NAS2aSLETZR{SCP-TX 22
c
c
SOUTHERN
c MEM JERSEY
I{v22.NE.Q00 TmEN
VRASZwWRS2 /W22
ELSE
YRAS2#0.D
EnNG IF
C
c CALCULATE VYESSEL REWENUE
SOUTHERN
C WEW JERSEY
c
YRSASLETIR(SCP-TRLAZ])
C
L CALCULATE AYERAGE WESSEL
IN
c SCUTHERN MEW JERSEY . ..
C
IFEw 23 NE.QYITHEN
YRASAaWREISV2I
ELSE
HE!SBUE « 0
ENE IF
C
£ EALCULATE TOTAL SOUTHERN
C
WRTS=yQE]+VRSEZ2+VYR5Z
o
c CALCULATE VvESSEL REVENUE
C
YROIsCLETLle(SCP=-TXL31]
C
C CALCULATE AVERAGE WESSEL
C

IFLV31.NE.QY THEN
YRAD1a¥RD1/V3]
ELSE

EJR CL4SS TII VESSELS FISHING TN

REVENUE FOR A& CLASS TII VESSEL EISHING

MEw JERSEY VESSEL REYENUE
EOR CLASS I VESSELS EISHING IN LGELMARVA

REVENUE FOR & CLASS I VESSEL IN DELMARVA



ALy

y2alleD.0
END 1IF
L
C
C EALCULATSE VESSEL REVERUE EOf CLASS I1 VESSELS SISHING IN DEL™MORVE
C
VRIZESLETZn(SCE=-TXLI2)
c
C CALLCULATE AVERAGE WELLKE| RevENUIE FZIR 4 CLASS TT VESSEL FISWIMG IN
C CELMaBYA
c
IFCYA2LNELTY THEN
VZADZsYRD2/Y22
ELSE
VRAD:mD 0
END IF
Lo
c CALCULATE VESSEL REVENUE FJR CLASS ITII VESSELS EISHING IN
DELMARY A
C
VEOIwDLETARCSCP-TXLAA)
£
€ CALCULATE AVERAGE VESSEL REVENUE FDR A CLASS ITI YESSEL FISHING
OFFE ‘
C DELMARY A
<
IF(YIA . NE.LDITHEN
YRAQIeYRDA/VLD
ELSE
YRAD3I=D
END IF
G
C CALCULATE TCDTAL DELMARVA VYVESSEL REVENMUES
c . a
VRDT=YRD1+YROZ+VYRG3
C
C CALLCULATE wMID=-ATLANTIC YESSEL REVWEMNUE
C
YRMAYRTHN+YRTS+YRTO
c
C CALCULATE VESSEL CQ5TS
C
C FIXED COSTs
L

FCSTI=C(1/712.0)CCST11+CST22oL5T31+L5ToLelSTE14C5TSL)
FLST2s (L /12,.0)6{0ST12+08T22+4C5T32CSTR2+CS5TE24(5T52)
ECST3=01/12.0)0(CSTI24CST2A+CSTI2+0ST4I+CSTEI+LS5THI)D

CALCULATE TETAL COS5YS FIXED AND VARIABLE, AND EARNINGS OF
VESSELS MARVESTING CLAMS IN DIFFERENT REGIOMS

CALCULATE OPERATING CDSTS OJF THREE (LASSES OF YESSELS IN
NORTHERN NEuW JERSEY

iplalaEnNalaly



oK ul gl MmO ipNulal I lnEalal Ao on Nl

p B p e

auly

X5Phla®L ST 1+ ( (A1 wFUPR+IMIS1InEDI1+(CRS1IEVRANL)D
XOPNZwFCET 2+ 0(EU2asPRe JMIS2)InEDL2+(CREZUVRAND)?
KCPNISECSTA+C(CUASTUPRIMISIIHEQLII+{CREIuVRANDE))

CPERATING CASTS IN SJUTHERN HEW JERSEY
ARSI El AT+ ({ eI x| OR+ INISIYRED 21+ (CRS1NVYRASL))
NIPSZ=C ST 2+ (CUZHFURR+IMISZIREGI2+{CRE2EVRAE2))
KPS A=FC ST« ((CLAF PR+ IMISIINEDZI+(CRSIRVRASE))
OPERATING COSTS IN DELMLAVAE
YOPLl =L ST+ (FULRFUPR+ IS INEDIL+{CRELRVRAD] )]
XOPCZe RS T2+ {(FUZxFUPReIMIS2IBE0IZ+(CRSISVYRADZY)
XOPD =R ST A+ {(FUINEYPR+IMISI)I%XENII(LRSIBVRADID)
CALCLULATE TOTAL VESSEL CDSTS FOR ALL VESSELS IN EACH REGION
MORTHERN NEwW JERSEY
TCSTHNlaxOPNI®Y]L
TCSTN2wXDPNZEYL2
TLSTHI=XOPNIRY]R
AVERASE WESSEL EREBNINGS
AERKNMLlavyRANLI=-XAFN]L
AERNNIsYRANZ2=XDPN2
AERNMIxYRANRI=XCPNG
IF(Y)L.EC.DIAERNN]L=]
IFEVIZ.EQ.DIRERNNZ ]
IF(V13, ., Ec.O)RERNNING .
FLEET EARNINGS BY VESSEL ELASS
ERMK1ayRMNI=TCSTNL
ERMNZaYRN2=TCSTHZ
ERNNAIny@NI-TCSTHI
TOTAL MNORTHERN JERSEY ELEET EARMINGS
ERNNTmERNNI+ERNNZ+ERNN]
SCUTHERN JERSEY
TCSTS1=xORS1ey2]
TCETS2=mx0PS2y22
TCSTSA=m P30y 23
AYERAGE YESSEL EARNINGS
AERNSIwWRASL=X2PS]

AERNSZ2mVRAS2Z-XDPS2
AERNSIsVRASI=XOPS]



rmn

alnlal

[nEpla)

mn laNalal laNaRgl morm

™

pEaNul g

I®{¥21.ES.02AEaNS1D
IE(V2E.Eq.D)0aERNE2=]
I5(v23,E2.03RERNS53D

FLEEY EBININGS 3Y VESSEL CLASS
ERNS1I®YRS1=-TCS5TS)
EANS2ayR§I-TLSTS2
ERNS3ayRS2=TCS5T53

TCTAL SSUTHEPN NEw JERSEY ELEET EARNINGS
ERNSTRZANS1+ERNEZERNS2

DELmMARVA
TCSTD1wXOPD12vVI}
TCSTOZeXOPDZAV3IZ
TCSTODA=XDPD3w¥32

AVERAGE VESSTL E&RNINGS
REANDLlevAD1=-X0PD]
AERND2wyRADZ-R0OPOZ
AERNDIsvRADAI-XDOPO]

IFCVIL.ECL.OXAERNDL L
IFCYIZ.EQ.O)AEaND2=]
IF(VIZ.EC.O)AERNDI=]

FLEET EARNINGS BY VYESSEL CL&SS
ERND1avRD1l-TLSTOL
ERNQ2avRD2Z-TLSTR2
ERNO3»vRD3=-TCS5TDY |

TOTAL DELMARVE FLEET EARNINGS
ERNDTaSRND1 +ERNDZ+ERNLC]

CALCULATE EARNINGS FOR THE ENTIRE MID-ATLANTIC FLEET
TMAERN=ERMNNT+EQNST+ERNDT

RETURMN
EnND

SURRIUTTIMNE YRPENT

TR1S: SUBAQUTINF WRITES YEARLY DUTPUT TO THE USER“S TERMINAL
AND TG & FILE CALLED YROAT

COMMON/HARY /HNLL ,MNZE s HNI L MNGL jHNSL1 o HNA] g HNLI 2y HH22 ,HN A2 s HNG Dy
CHNSZ NS yHNL I HNZI s HNI Iy HNAS p NS g HNGI N1 T ,HE21 4 %521 41541,
CHEG]1 oHSBL o HSTI 2, H522 , HS3 2y HSL2 4SS HEE2¢NE13,HE2I,HS33 M543,
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CHES 3 M58, 4013 ,021 00314041 (051 yHOEL \HDLE2ZyHDZ2 D3 ynDaz,
CHOS2 yWDEZ, 012y HOZ3 HD3 DG, w0583, HDEI Y11, W12,¥L2,¥21,¥22,
CV2A,v31,¥32,v3i3,E01),6D12,6013,E021,ED22,ED23,E031,ED32,ED32,
CCA11,CA21,C02%),C241,Ca5),C281,0812,CA22,CA32,CA82,C0582,Ca82,
CCall, Caz2ld,fidd,Caald, CA83,Cas3 wNCOY , ,XNCO2 o XNCOI, XNCI&,XREDS,
CXNCIS ,5C0145C02,5003,5C0645220%5,5006,0C00),0602,0C03,0C0%,2C05,
COCOS s ANLET L o XAl T Z g XNLAT A SLAT] (SLATZ,SLETA, DLAYY, OL3T2,0LET],
CoT T yMATE T XLETCT W SLATIT . OLATY0OT , XMALRS

CIMwon R ALl a2 20 Z13aTla 2 8 216022 4222088302280 25+226,231
CI32e2333 130,735,236 XLNNL  XLNNZ s XLNN3 s XLNNG pRLNNE  XLNNG ALNS]T

CXLNS2 p RLNS I s RLNSR g XLNSS g XLMSEy XLNGL o XLNDZ o XLND I o XLND ey XILNDS 4 XLNDS
CIMO s I YRS XMTNL p EWTNZ o KW TN TG AW THS s XWTHA K WTS] X aT52  XWTEZ,

CXMTSa g XWTSE p XWTSS e XTI Ly XUTO2 s AWTDI o X TR, XWTDS o XwWTOGy THTHL,TWTNZ,

CTWTNI T THG s THTHS s THTNGE THTS L, THTS 2 TWT S, THT S, TWTSS, TWTS54,TWTDL,
CTuTD2 e TUTD A TW DA, TUTDS y TWTDA THPDP'TSPEP.TDPDP;THHT'TSHT TDHT.
CTMPOP s TMRT 4 BNJ BDELyAVUTSL yAVUWTE2 ,AVNTSED

COMMON/VRET/ILSCPL200P, IMEP pJOYF, VANL s VRNZ WRK3 , VRANL,YRAN2 ,VRAN],
CTXLIL TXLI2sTRLIATXLZ],»THL22,TXL2I,TXLAL,TXLIZ2,THLII,VRS1VRSZ,
CYA53,¥RAS],)VRAS2,VAAS]I,YROL,VRD2,VADI,YRADI 4 VRADZ,VRADI,VRTH,¥RTS,
CVRTD VRMA G FUSTL ,FUST24FOST,CST11+C5T21405T31,C5T41,L5T5),C5T12,

CCST22,408T32,C5T42,C8TS52,,CSTLA,C8T23,C5T33,L5Ta3,C5T53,FUlFU2,FU3,
CFRUPR, IMISLIMIS2 4y IMISA4CRSLyCREZACRE,CPEL LPSZLLPS2,TOSTNY,
CTCSTNZ TOSTNI  TCSTS).TCETS2, TCETS3,TCSTOY L TC5TDZ,FLSTDALERNND,

CERNNZ ERNNI yEANS1 s ERNS 2 ERNS I, ERNDL ERND2, ERNDI L ERNNT, ERNST . EANDT,
CTMAERM MGMT ,SCP,CSTEL,CSTA2,CSTE2,EXPLR,
CAEANNL  AERNNZ , AERNNI s AERNST s AERNS 2y AERNS 3 o AERNDL y AERND 2, AERAND 3

COMMON/PRET /WSCST SECST  PRCST ,BUPPLBS , SHCST . TRNS+PATXLAB,ELEC,
CRULC,PRCP, PR ,DEPR,REPR  ZOVH  ITNS s ZLEGL o STRGCHEM, TTRNS,,TPAT,

CYXLAB G TELELTFULD, TPRLP,TPKG,TOEPR s TIDVH , TIINS + TILEGL+TSTRG, TCHEM,
CTPROC yPFLRTREVI ,TREVZ,TREYI , TREVATREVS, WPR]1 ,WPRZ MPRIWFRa,

CWPRS, TREPR
COMMOMZENMEX /NMYALY XMV AL2  XMVALI, ARATE]L ARATER ,ARATEI¥VINC],
CVINC2,VINCY,VOECL1,VDEL2,¥DEC]

COMMON/EFRT/7ERRS Y JEHRE 2 yEMRS I G WUTILY WWUTILZ2 , WUTTILA, SUTILL,SUTILZ,
CSUTIL2

COMMON/SUST/RARS1,RHAS2,ANRS2,QUOTAL,QUOTA2ZQUDTAD +SEHRTL,SEHRTZ,

CREMRT, SEMRT&,QUOT A4, QUOTA
COMMAON/SWTCH/SUTCHL e SWTCH2  SUTEHIZROYTML  REYTRE RLYTMI

COMMDON/YRLY 7GEDL1Y,AEDL1 2 ,AEDLYLAEDZ2Y JAED22Z,AED23, €031 ,REQA2,4ED23,
CAEDMAL,AEDNA2  AEDMAI JANLETY ; ANLAT 2, ANLATA  ASLBTL  ASLEATZ,A5L8T]3,



g

CADLETIpA0L8T2 , 80LET 3 AMALAYL pAMALRZ  AMALBI YERNN] ,YERNNZ,YERNNT,
CYERNSL,YERNSZ W YEANSI . YEAMNDL o YERNDZ s YERNDI s ATHTNG , ATHWTS& s ATWT DA,
CAXNCOS , AXSCCE yARDC0&EANUN, ABUS,ABUD,APLBSAPROC,
CASHC ST ATRNS s APAT JAXL AN JAELEC ;AFULE yAPROPyAPRG ADEPR ATV M, AINS,
CALEGLASTRG jACHEM JAWPRL ;AWPR2 ,AuPRA AL WPR& ,AWPRS

C
C
WRITECT,10) Ives
WRITE(1,10) IY®RS
10 FORMATC "Ly "ANNYUAL SUMMARY PFLR END QF YEART,1X%,I1)
WRITE(T7411)
WRITECL.11)
11 FORMATC "0 ', *FISHING SECTOR SUMMARY ")
WRITECT.12) :
WRITECLs12)
12 FORMATCLY , "REGION 22X,y "KWNJ“g12X,"SHJ o TH, "DELHMARVA 53X+ “MID
ATLANT
CIC") -
TTilxYlievilevil
WRITECT13) ¥11,¥21,¥31,TT1
WRITEC1413) ¥W11,¥21,¥31,TT1
13 FORMATCLX, "CLAS5S I

VESSELS "o 12K o4 Culll yFh, 0y11XaFba0411X,F%4,0)

lé

13

16

17

19

WRITECT+14) AEDL1.AED21,4EC3]

WRITE(1,14) AEDL11,RED2],AED21

FORMATC1X,2%, "EFFORT DAYS“33AX K824 FXsFb.2¢9%4F8.22
TTIaANLBTL+ASLBT1+aDLETY

WRITE(T+15) ANLBYI1, ASLAT1,ADLET1,TT3

WRITECL1,15) ANLBTI 85LAT), ADLBTI,TT2

EORMATCLX 11Xy *TOTAL HARVEST C(LBS) "¢lXyGle.T,T38,6246.7,753,

CGRla.T,T&T,G14.7)

TT4wANLATLALT..D
TTS=aSLET1/17,.0

TT6xADLBT1/1T.0 c

TTTatTT3,17.0

WALITECT 24 TT&,TTS TTE,TTY

WRITECL,16) TT&,TTS,TTA,TTY

FORMAT(IX,1Xs "TCTAL HARVEST C8BUI  y2XeGlé.TsT2B:GL4.7,T52,

COleaT s TET 40147

WRITECT,17)

MRITECL1,17)

FCRMATC1X, 1%y *YCTAL ELEET ")
TTOaYERNNE4YERNSLI+YERND]

WRITECTw1B) YERNN],YERNSL1.YERNDL1,TTH

WRITECL)2B) YERNNI,YERNSLYERNDL,TTS

FORMATLLX,L1X, "FRIOFITS C8) "w N 510 ToeTIA ,GLl4.T»TS53,

CGI‘iTlTﬁT!EI‘-TJ

TTI9w¥124V22+V32

WRITE(T,19) v12,¥22,¥32,TT9
MAITECYI 4150 Y12,V224¥32,7TY
FORMAT{1X, "CLASS I1X

VESSELS “911% F&,0411X,%4,0,110,F6,0:11%,Fa.0)

WRITECT,163AMED12,AE022,4ED22
WRITEC1,14) AECLZ AED22,AED22



z0

TTIL1=aNLY T2« 4SLEBT2wA0LRT2

MRITECT,15) ANLETZ  45_0T2,80LETZ,TT1}
MRTITECL415) ANLETZ2, A5 ET2,80L37T2,TT11
TT12m4NLRT2/,27,0

TT13=a5L8T2/17.0

TT14®malLT2/717.0

TTLSaTTILA AT
WRITECTHleIT T2, TTLA4TT14,TTLS
WRITECL,)14Y TTI1Z,TTL1A,TT14,TT1S
WRITECT 1T

WRITECL,1T)

TT16=YERNNZ+YEDNSZ+YEANDZ

WRITELT,1ED YERPNNZ YERNSZ YERNDZ,TT14
WRITECL,18) YEONNZI ,YERNSZYERND2,TTLS
TTiTayliev23evll

WRITE(T20) W13,¥v23,¥33,TTI1T
WRITE(1,;20) vi3,v23,v33,TT1Y
FORMET(LX, "CLASS III

VESSELS " pl0XFé, 011X, Fa,0,11X)F4.0,11X4F6,.0)

£1

23

25

26

WRITECT 143 AEDL3, AED2I,AED2D

WRITEC1,14) AEN13,AED23,2ED33
TTLI9nANLATI+ASLATI+AOLATI

WRITECT+15) ANLETIALASLETI ADLBT3,TT1S
WRITEC1,15) AMLATI , ASLATI, ADLATI,TT1Y
TTZO=ANLATAIZLT.LO

Tr2l=aSLATIZIT.0

TT22eADL08T3717.0

TT23=TT1%/717.0

WRITECT:16) TT20,TT21,TT22,T722

WRAITECL 1460 TT20,TT21,TT22,7TTZ3
TT2aeYERNNI+YERNSI+YERNDD

WAITECT.173

WRITELL,17)

WRITECT,18) YERNNI,YERNSI,YEANDD,TT24
WRITE(I,18) YERNNI,YERMNSI,YERNDS,TT24
WRITE{T,21) ' :

WRITEL1,21)

FORMBTC 0", "TOTAL MIO ATLANTIC STATISTICS ")
TT25aTT1+TTH4TYL?

WRITECT.23) TT2S

WRITE(1,23) TT2S

FAIRMATCIX,1X, “NUMBER DF VESSELS“+T33,F5.0)
TT2TsamidlB]l~AMALB2+AMALR]

WRITECT25) TT27

WMRITEC1,25) TT27

FORMATCIX 1%+ “TOTAL HARVYEST {LBS)",T33,G14.7)
TT2uTT23+TTLS+TTY

KRITE(T,26) TT2H

WRITE{1,26) TTZA

FORMATSIN 104 "YTOTAL HARVEST (BUY",T32,014.7)
TT29mTTR+TTLIE+TT 24

WRITECT1T)

WRITECL,1T)

WRITE(T,27) TT2ZS

Sy



£T

23

2%

g

31

22

33

34

L3

s

a7

33

MEITEC(1,27)

TT29

ENQMATCLNY 12, "PRIFITS (32", 723,:514.7)

WRITECT,.28)
wiITE{1,26)

EQRMATE 0"y "2ITLEGTILAL SUWmMARY?')

WAITELT 232
WRITE{1,29)

EogMATCLY 23X, "InDIVIDUALS 11X, "PSUNDS )

wRITE{T,202
WRITECL,30)

THNPIRThWT
TNPGR ) THUT

FOQWATCIX 2% ¢ "NORTHERN JERSEY ", 3X,G14.7,3X,014.7)

WRITE(T:21D
WRITEC(1,231)

ENC21,TwTHN]
ANCC1,TWTH]

F:RHE‘:I!;EI; *ETWART 1’1?!151‘.?13‘151‘*:?}

WRITECT,22)
WRITEC1.22)

ANCIZTWNTNZ
ANED 2 THTNZ

EORMATCIN 2%y "COWDRT 2" 93X, Glu,. T, 3X,G14.72

WRITECT,2)
WRITECL.J3)

ANCO3,TwTN2
XNCO3,THTH]

EORMATCIX, 3%, "COMERT 27 ,9X,61l4.T43X3G14.TD

WRITECT 434
WNAITE{143%)

KNCD&, THTNG
ANCDay THTHG

EORMATCLXY ¢ 3%, "CORIRT & ", 9X,G14,7,3X,614.7)

MRITE(T,35)
WRITE{1,235)

ANCOE,TWTHS
AHNCOS, T THE

FoOAMATCRN 3K, "COMORT 5749 X;Gle. T, AX G147

WRITECT, 342
WRITECL,34)

ANCCLyTHTMEG
ANCOE;THTHE

FOQMATCLX 3%, "CORORT & ", 9N 616, Ty3X2514.7)

WRITELCTAT)
WRITEC1,237)

TSEPCP,TSWT
TSROF, TEWT

FORMABTCLIN 2N, "SOUTHERN

WRITECT,312
WRITE(1,3%)
WRITECT,22)
WREITELL,22D
WRITECT,33)
WRITECL,33)
WRITE(T,343
WRITELL 3%}
WRITE{T, 35>
WRITEC(1,35>
WRITELT 36>
WRITECL,356
WRITE(T»3B)
WRITE{1,38B)

SEL01,TWTSL
SCO1,TWTS1
SCD2Z,TWTSE2
SCOZ2,TWTS2
ECDA,TWTS3
SCO3,TWTS)
SCOA,THTS4
SLDh,THTISSH
SLOE,TWTSS
SCO5, TWTSS
‘CLO5:TWTSS
SLCOs  TWTSE
TOPOF; TOwT
TOPOF, TOWT

JERSEY " ;3% pGléeTydXsbib,T)

EOAMATCIX ¢2%y "DELMARVA " 410X GLleuTpIN4Gl4aT)

WRITELT,31)
HRITECL,31D
WRITECTI2)
WRITE{l.32)
WREITELT,33)
WRITECL:+33)
WRITECT34)

DCOLl,TWTDL
DCO1,T#TH]
DLC2.TWTCZ
pCnz TWTD2
DCD3,TwT03
DCCA,TwTD3
DCO%  TWTO&

249
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LY

MRITECL,34)
WRITELT,25)
WRITE(1,25)
WRITELT,38)
WRITE(1.38)
WRITE{T29:
WRITE(1,2%)

F”QHAT(11|EI|'“ID ATLANTIC &0, 51# TedX, 514.7)

DLk, TuTO4
DCZ5,TWTS
GCI5,TwTDS
DC25, TdTRE
DCCa.TWT24
TMECF ,THNT
TuDOP,, TULT

T&:Blr:ncn1+scﬂl+ﬂtul
Twio2aXNEI2+S5CN24D00
Tutﬂ!-:nt:!*it:3+ncn3
THCO4msXNC24+SC24+CC0%
TMEDS X NCLS+5L05+0005
THMCOA=XNEDE+SCDG«0C0%
THRTL T TNl +TuTS]1+«TWTR]
THMATZaTH TNZ+TATS2+TuTD2
THNTAaTWTHI+THTS3+TRTOA
T T TRTNA+TWTS4+TUTDS
TMUTSaTWTNS+TWTSS+TUTDS
THATE=THTNA+THTSA+THT DS

WRITEL{T+A1)
WRITEC1,31)
MRITELT 3D
WRITECL,32)
WRITECT 23D
WRITEL1,31)
WRITELT,61)
MRITECL.61)
WRITECT,25)
WRITE{1,35)
WRITELT,34)
MRITEC1,36)
MRITEC T, 40)
WRITECL 40D
EORMATL "0,

MRITELT 41D
NRITE{1ly&1)

THMEDY ,, TMATL
TMEOY.THWTY
TMEDZ  THMWT2
TMCOZ»THWT 2
THMCOX,THWT]
THMCOI,THWTD
THOOL ,, THWT L
THMCD4 s TMMT &
TMCOS , THRTS
TRCO5, THWTE
TMCOH , THWTS
THC Ly THNTE

APROLC
APROC

*PRDCESSTNG SEcTnﬂ SUMMARY *)

“l FCRMATCLIX 2%, “TOTAL PROCESSING COSTS FOR MID ATLANTIC
(“}"zll'ﬁ‘l'ﬁ-
[ i
WRITECT,%2) ASHMCST
WRITELL,%2) ASHLAT
&2 EORMATCLY kX, "SHELL=STOCK COSTS 43X3614,.T)
WAITECTy&%3) ATANS
MAITE(l,43) ATRNS
&3 EORMATC1X gkl "TRANSPORTATION “26X,G1l4, 7}
WRITELT,64) APAT
WRAITECL:dée) APAT
- FORMATCIX b2y "PATENTS "y 13X Gl4.T)
WRITE(T, &45) AXL_ A8
WRITECLI 45> AXLAB
. FORMATCL XXy “LAROR 415X, G14.7)
WRITECTY 45 AELEC
WRITECl,<5) AELELC
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&1

&8

&3

50

51

52

53

54

55

56

57

&4

EIRMATCIX paXy "ELECTRICITY " 9X,516.7)
WRITECT,&T) AFULD

MRITECI,&7) AFULE

EORMAT{IX 4%, "FUEL OIL"412%,Gl4.7)
WRITE(Ta8) &PRCP

WRITE{(1,)4%8) APGDF

FORMETLLX jhity "OCRSPANE "y 130, Glﬁ T
WRITE{T,6%) APKG

wIITE(Y,49) BPKG
ECAMATCLIN ;&% "PACKAGING "o liX G146, 7)
WRITECT,;50) ADEPR

wRITE{1,50) ADEPR

FoORMATLIX ghXy “TEPRECTATION BN, GLl&aT3
WRITEC(T,51) AGYM

WIITECL,51) ADVH
EORMATLLIX ;X "OYERHEZD " 412X 4G15,.T)
WRITECT,52) AINS

WRITEC1l,+5%2) AINS
ECORMATCLX sady "INSURANCE "3 11X3514.T)
MRITE{T 533 ALEGL

WRITE{L;53) ALEGL

FORMATC1X p&Xe "LEGAL~-ACCOUNTING " y4X,G14,.T)
WRITE{T,54) ASTRG

WRITEC(L,84) ASTRG
EORMATLLIN g4y “STORAGE * 13X Gl
WEITECT55) ACHEM

WRITECLs55) ACHEM
EORMNATLLX gh )y "CHEMICALS "y lIXH16,7)
APPaANABLBl+AMAL B+ AUA D]

ABPaAPP/YIT.O

WRITE(7.56) ABP

WRITEL{1,%&6) agppD

FORMATCEN p2%s "BUSHELS PROGCESSED "y 3X,Gl&.7)
WRITEL1+5T) APLES

WRITECT,57) APLES

FORMATCL1X g 2%, "LEBS OF MEAT PROADUCED “¢2XsGl6.T)
WRITECT,58) AWPR]

WRITE(l,58) AWPR1

EORMAT. "0 2%, "RPREAK EVEN WHOLESALE PRICE PER POUNMD

C3) w3NXNgFTa )

59

&0

&1

62
&3

WRITEL{T,59) AWPR2

WNRITECL,S59) AWPR]

EORMATCIX 22X "WHOLESALE PRILCE AT 5% RETURN (%) ",11iX,5T.2)

WRITELT,80) AWPR2

WRAITELl:&0) AwWPR2

EJRMATCLXN p2Xy "WHQLESALE PRICE AT 10X RETURN ($)°,10X,FT.22

WHITEL{T.£1) AwPR&

WRITE(1:£61) AmPRe

FORMATOLIN 2X, “WHOLESALE PRICE AT 15X RETURN (3)°,10X+FT.2)

WRITE{T,&2) AuPRS

WRITE(]l,&2) AWFRS

FORMATCEX 2%y *WHOLESALE PRILCE AT 207 RETURN ($) 4, 10X.FT.2)
EQRMATL "1 32, "COHORT & "3 9K, G18.T,32,01%.7)



RETURN
EHND

b
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Appendix B

This appandix contains the survey queationnairas
distributed to surf clam {fizshsrman and procassora. Longer
questionnaires not included in thia appendix were umed for

exlegctead interviawa and distribution.
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CHARTELED L4844
COLLEGE OF WILLIAM AND MARY

YIRGINIA INETITUTE G8 MARINE SCTENCE
SHOOL OF MARINE SCIFNGCE

Oleursriar Fell. Yinisis LEME ppana (74} 4R MLI

Duar Sir:

A rasasech project ia eurrancly in progress at the
virginie Institute of Marina Science to gacher 1n£nrt-n:
information sbout the surf clam/ocean quahog fishing and
procasaing L{ndustry. The purpcss of this stvdy 11 tc examina
tha eccnomic haslch of e induscry, and to undarstand whethar
differant fishery zsnegenent spproachss could imprevs the
aconomic Teturn to elan fisherman and processors.

! am condueting the study through personal confidencisl
intervisws and wrictten responses Co & confidancial survery.
I ask chat you take a sewll ssount of time to complata tha
ancladed questionnairs and return Lt to we 1ip the snclosad
anvalope. This {8 your chance to provids vajuable infermacion
that will give resource sanagers a better understanding of
your accnomie prcblems sad priorician.

The rasults of tha study will be made savallable to you
and to the Mid-Atlantic Fisheries Managsment Council. Summarizing
statistice will ba used in tha final repere, chevsby maintainin
tha confidantialicy of all iaformation collacted from individu.T
participants in the study.

I# you have any questionsg gegavding this survey cor the
study, pleass call ma at the Virginia Instituta of Marina
Sciance (504)=H4l=21111, axtensicn 196, Full parcicipscion
in the study {as excremaly important, Plasse szsist ca Ez
completing and veturning che brief questionnairs enclosed.
Thank you very much.

Sincarely,

Thomas M. Armicage
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CONFIDENTIAL
Virginia Instituts of Marine Sciance
SURVEY OF SURF CLAM/OCZAM QUAHOG FISHING INDUSTRY
T. QUNER/OPYMATOR INFQRMATION
1. How Ilﬂ{ murf clam or ocasn quahog fishing vassels do you
currantly own? {1f vessals ars company cvned indiceta how many)
2., Axre you a captain of any of theaa vesssle?
3, What wars your hoow ports during tha 1981 ssason?
4., If you have worked out of apy other perts during the past

l.g'ynﬂ. plasae indicacs the port and the year you worked
ra,

II. BUSINESS STRUCTURE

1. In your busicdesa ain} individyal prﬂ{ti-tntlhip Partnarship_
Corporation « If a cocporation pleage indicify how many
steckholdars .

1. Plesss dascridbs tha employass Lovolved in your Pishing operation,
or Number % share or salary per vesr or salary/ erip

-
Skipper —

{note capfain's bonus iF any)
gffice help
Other (describy)

l., Othar emploves bensfits paid,
Hesalth insurancs k4 Uneoy loyoant tax % Otherx %

4, Please satinace your total labor costa (wages/yedr or wages/trip):

curpencly 1981 1979 1977 1873 1813 17



2ht

I1I. gﬁﬁﬁﬁ; CHARACTERISTICS
or #sch of your vasaals, pleasa identify the characteristics listad

on the following ctable. -
yESSEL # 1 2 3 4 5 & 7 & 9 10 11 1 12 14 15
Langth
HMsplacemant
Fusl Capaecicy

Cruising
Ranga

Agm
Draft

Hull
Material

Max, Load
Capaclicy

Enging
Raced H.P,
Type
Age

Ysar Last
Rabuile

Gaaz

# of
Dredgas

Blads
Widths

Navigatricn
Eaul nt
InEInlE- ir
boat has:
Radax
Fathonatsr

Ship to shora
Rad

Loran A or C

FPleossa spacify
other squipment



vesstL 4 1 2 3 &4 $
other Info.

Prusant Harkat
Talus of Boat

Cost of New
Engine

Engioe Life
With Overhauls

How Ma
Ovarhauls

Aversgs Coast
par OQvarhaul

Humitar of Crew
AT R

1981 Cose of
Yassal Insurancs

1981 Coat of Vessel
Rapaiy and Maintenance

1981 Taxas Paid
o Vassal

Avarage # of Gallons of
Fusel Hequired par Trip

1981 Cost of Food par Trip
1581 Caat of Suppllias per Trip

Auxillary Engins
Horsapower

Pump Power
Haxioun Dradge Capth

12

12

14

15

2. Approximately how much have ruurinvnltnd in navigacion equipment?

3. whact would cthis stquipmsat cost new?

%, How long do you sxpect to use this =qul paent?

Iv. [ELO c ORMAT LON

1, Pleass estinste the current zost per trip of tha following items,

and Lf thaey
pravious years lisced.

have changed indicata what thess cozts wers I{n tha



e
{Bal
o

a) Fusl and D41
Currantly 1941 19??_ 1977 1975 1973 1971

B} Plesase list and estimate any other eccits of fishing
trig: for the ypeara indicatad balow
Cost Currently 1981 1979 1977 1%7% 1973 1971

2. FPlaase sstimace tha current codt pay yedr of che following
ictems, and 1f thay have changed Lndicate what these coscy
wera in cha previdua yaars listed,

a) Bost Rapair and Maintenance
Curtently 1981 1979 1977 1913 19713 uan

Y PForc Fass
furrancly 19481 1975 1977 1975 1971 1571

£} Loan Paymants
Currently 19481 1972 1977 1973 1973 1371

d4) ULagal=Acesuncing Feas
Currently 1981 979 1977 1975 1973 1971

J. How much would it cost to replics your fishing gesc?
Raplacemant Cost Yeara of Usefulpass

Clam Dredges

Pusps

Qthar Gear
(pleasa list)

EREY |

4, What was your Etoesl gross ravenua fyom fishing operations
for che following ysara?
Curtent vear to daca 1381 1979 1977 1938 197 1971

3. what was your net incoma from fishing opsrations for the

following years?
Currant year ta darse 1981 1%7% 1977 1875 1971 1971

6. What percentage of your catch is surf clans, and vhat parcentage
is ocecsan quahoge?
Currantly 1981 1979 1977 1975 1973 1911

Surf Clam
Qcesn Quahog



_ CONF IDENTLAL
Virginia Inscicuce of Murine Sciancs
SUAVEY OF CLAM PROCE3SING INDUSTAY

1. BSUPPLY SOURCES AND PROCESSING ACTIVITY

&, Producca
1. Lisc tha saafcod species that you process {surf clam,

oteasn quahog, other f£izh and shellflah}

2. Pluase ssticata the pearcanctags of taw produce that
sach spezisn has centributad to your business in asch
of the following yesrs:

Specisas  Currently 1981 979 1977 1%75  1%73 1871

3. Whac percentiga of your clamg do you obtailn
from gnd-plndlnt fisharmen?
Specias Currently L1981 1979 1977 1973 1971 1971

4. What percencaga of your clams do you obcain
from othar procsssors or shucking Rousen?
Spacies Currenely 1941 1979 1977 197% 1971 14871

3. iHow many days par week arvwe clags ot othar raw produec
deliversd to your pisntc?

surf clums ocean quahogs athar
o {wpagif¥}

B. Faciliciew
L. Dc you own bhoats? L[f yem, how m;ng'dlﬁ Fou
own fn ssch af the following yeara
Curzrancly 1981 1979 127 1973 1973y 1971

C. Price Paid
l. Do you pary & Erict diffarantial for different siza

arf clame? If yas, what is the differencial and
why Jdo you pay it (prccessing coat, praducts produced,
ate, ]

2. Hew do you deternine what you will gl} for raw
product? Whae factors are involvaed

Whe sste prices?

259
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3, Wwhat ars tha averagse prices that you oust pay for the diffarenc
sizee of surf clams and ocean quahogs?

Suef clam Correncly 1981 1579 {E?T 1974 1973 1871

Madium

Larga

Ucadn qushog

Processi "
Plasss indicats the types of procedsed products you sall (f.e. cTew
shucked, Taw cogked, Ffrosen bresded, cenned, chowdar, stc.) snd
ascimate tha quantity and dollars wold of sach in 1961.

Irpe product 1981 Quangtey 1941 dollars woid

2. What f{a the total number of paople smployed in your clem
Tru:ni-in' oparation?

Total employess  Currencly 1981  19%7% 1977 1975% 1873 1971

Salaried

Hourly

Piece Work

3. vhat is tha current averaga vags you sust pay salaried werkers
and plece work smploysasw {(for plecs work indicate rats per amcunt
produced)?

4. How do you disposs of shell, belly, cr other waste products?

5. How do you trllttiuur wasts wvater?! How do you dispose of ie?
Flassa aarimaca & addad cost chat chis vequires.

6, Pleass tTy to astigate the amount of freah watar you use psy
day of oparatien,
Fresh watar use par day 4
Sushals of clams processad per day or pounds__
Pounds of finished product processad pat day

7. Do you obtain water from a wall or purchass it from a
ounicipaiicy?

8., plaass describe the water use quaces with which you wuet coeply,

9. Da thess quocas svar prasent a problam for you? Explsain.



10.

BEaw Product

201

Tha follow coats have bean ideantified as wajor coscs for a
clam procadsing oparacicn. FPleass Lry to sstioite che parcantige
that each contributes to your total cost of operactisn, and

alse estimace sach cost in cants par pound of clam swat processad,
If you have additional costs, or use dlternativa cost categiriae,
please add chem at tha and of thae lint.

% of Total Coat Cost per pound of surf Cost par pound
clan meat procesaad of quakog maa
: (if diffarant)

Trapwpartation -~ in

Machinary to ramova
bally, or other

Toyaltinas
Labor
Payrall tax

Salr or other

chamicals

Fuel (diesal)

Other fuasl
Fropans for

shucking machines

ar forklifrs

Fackaging

Electricity

Dapraciation

Rapair & Maipcenance
Fraighet - ouk

Cvarhand

Insucance

Ocher {spacify}

1]
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11, Please estisste the total cost {8/1b.} of processing
& pound of clam maat.
Tocal cost for quahoga
Total cost for surf clams
CROWTH

L. What is the planc capacicy (lbs/day) of your prucessing

oparatcion? :

1, How pany shifes do you work per day (specify the numbar of
cleaniog and processing shifta)

d. Wwhat ave the limiting faccors that impade your clam processing
cparation from running ac full capacicy?

4. What do conmider to be the oost sericus problsmis) pressntly
confrenting the clam procassinog industyy!?

3. Whet are your feslinge sbouc the mensgement plan for surf ¢lams
and ocesn quahoga? (has it hurt you, what ars its weaknasges,
how would you improva the plan)

&§. Which gasfond products de you fawl represent the preacait,
compaticion in tha ﬂlrkltp{lﬂl for your producta?

i

7. Are you & scla sncity, subsidiary, oy pavent corporation?
1f subaidiary, of whom? - ' e
If parant, of whowm?

B. Do you attempt [0 maintain price 4t a4 pefcantige markup or margin

over cost?
L or dallatce
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