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PREFACE

Per capita consumption of fish and shellfish products in the U.S. has increased almost 25 percent
tbroughout the decade of the '80s. Harvest of wild stocks is not increasing at the saine rate because stocks
are limited. Average price for hard clam meats has increased nationwide with an even greater mcrease
occurring in the South Atlantic. The potential is now great for rapid development of hard clam culture. It
is necessary to further develop commercially viable aquaculture techniques and information so that existing
and potential seafood producers can supply the growing demand and the industry can develop.

A substantial amount of biological research has been completed from Virginia through Florida dn hard
clam culture during the last decade. Clam farmers are beginning to use this technology. However, two of
the current major luniting factors to industry developinent are pubhc education and economic information.
This guide focuses on both these factors. Six clam culture biologists snd five economists wrote this guide
on the economic feasibility of clam culture to provide the basis on which interested persons can make realistic
economic decisions on whether to begin a hard clam culture system. Although the guide is intended as a
self-help manual for potential clam culturists and investors, the authors themselves and others at their
institutions can assist in industry develpment through their public education and Sea Grant extension
pfogfains.

HOW TO USE TIES GUIDE

This guide is designed to provide possible investors and hard clam culturists with basic operational and
financial information and a method to analyze their own economic potential. Using it should allow making
rational decisions about clam culture investment. A major focus of the guide is the presentation of analyses
of culture technique components in tabular forinat. These analyses include investment requirements and
sample cost and return budgets for each clam culture stage. Although produced for the South Atlantic region,
the guide should be useful in ail areas where clam farming has potential.

Potential investors and hard clam culturists are advised to modify the data and economic projections
based on their own locations and economic situations. While the authors have made every attempt to produce
realistic assumptions and analyses, investors and farmers should use these data at their own risk. The authors
and the institutions and agencies they represent are not responsible for the economic consequences of decisions
based on this guide.

Some potential investors and farmers may want to read and use each major section as shown in the Table
of Contents and flow chart on the next page. The flow chart provides a sununary "road map for the impcntiuit
issues and questions covered in the guide. Other readers may only be interested in certain sections if they
are already involved in clam culture. The flow chait  Figure 1! also contains page numbers for each
highlighted major section.
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1nveetittg itt Commercial Hard Clam Culture

6 percent in 1981 to over 43 percent in 1989.
Although much of this increase has occurred in the
South Atlantic states  Virginia, North Carolina,
South Carolina, Georgia, Florida!, it may reflect
only apparent statistical increases  i.e. state report-
ing requirements are changing, finally allowing the
segregation of cultured and wildstock landings!.
Total landings have decreased as well, providing an
artificial proportional increase in the contribution
of cultured product to overall production. The clan
culture production statistics are also probably in-
flated by the inclusion of clams produced by partial
culture activity - i.e., seed production, transplant-
ing, replantings and other semiculture performed as
part of natural clam harvesting practices.

I. INTRODUCIION

Clam culture in the United States began with
the first successful rearing of larval hard clams,
KCL'QCEKlk IQcKCUKUt. by W.F. Wells between
1920 and 1926. Culture methods for larval and

juvenile clains were eventually standardized by
Victor Loosanoff and his colleagues in the 1950s
and early 1960s  Loosanoff and Davis, 1963a,
1963b!. A number of conunercial hatcheries began
toward the latter part of this period. Clam culture
in North America, however, was not commercially
successful until economical and efficient nursery
systems and field growout techniques were devel-
oped. Only over the last decade have nursery
system and field growout technologies sufficiently
evolved to make the controlled culture of the hard

clam commercially attractive  Manzi and Castagna,
1989!.

Historically, with the exception of North Caro-
lina and Virginia, the South Atlantic states have not
been major hard clam producers. Recently how-
ever, with the advent of mechanical harvesting
methods and the increased value of the species, all
of the states but Georgia have developed substantial
fisheries. Availability of leasable growout areas
and the environmental suitability of the region in
general for culture have also stimulated consider-
able interest in commercial hard clam culture.

The reported landings of hard clams in the
United States have decreased steadily from the turn
of the century although production over the last
decade has been relatively stable  Table 1!. The
proportion of these landings either directly or indi-
rectly due to culture has been increasing. The data
in Table 1 reveal that hard clam culture production
has increased from about 140 thousand bushels in

1981 to about one-half million bushels in 1989.

This represents an increase in total culture produc-
tion of about 300 percent in less than a decade.
Over this same period, the percent of total hard clam
production due to culture has increased from about

Table 1. U.S. hard clam landings and dam culture

Virginia

In Virginia, the hard clam has been recognized
as an important commodity since the writings of
Captain John Smith. The lower portion of Ches-
apeake Bay including the lower James and York

production.

Percent of Landings
From Culture

Wildstock

Landings
Clam

Culture ProductionYear

- 000 bushels

Data from NMFS �989!, Rhodes �989! and Anonymous �990!
i
Estimate

1981

1982

1983

1984

1985

1986

1987

1988

1989

2,265
1,607
1,773
1,844
2,087
1,474
1,427
1,546
1,160

140

221

201

211

199

313

437

520
500'

6.2

13.8

11.3

11.4

9.5

21.2

30.6

33.6

43.1



Investing in Commercial Hard Clam Caltare

Rivers with their bays and tributaries and the East-
ern Shore are pronnnent harvesting locations for the
wild fishery. Harvesting methods in Virginia vary
widely and include treading by foot, chun rake,
basket rake, hand tongs, and patent tongs. In recent
years, the wild harvest of clams in Virginia has
increased as the harvest of oysters has declined. In
1988, the wild harvest of hard clams was valued at
almost $4.8 million, maMng it the sixth most valu-
able fishery in the state.

Virginia has a long history of both experimen-
tal and commercial culture of the hard clam. The
first commercial hard clam hatchery in North
America opined its doors in 1956 in the town of
Atlantic on tbe Eastern Shore. While the hatch-
ery/nursery portion of this facility met with some
success, the field growout aspect was a failure, most
likely due to predation. Scientists in Virginia have
since developed growout systems that protect smaii-
size clam seed from predators, greatly increasing
the potential for successful culture ventures. Vir-
ginia now boasts one of the largest commercial clam
culture operations on the eastern seaboard and
approximately two dozen smaller ones.

North Carohna

Mechanical harvesting has played a significant
role in the growth of North Carolina's hard clam
fishery. From 1959 to 1979, the average annual
ex-vessel value of hard clams was less than $1
million. By 1986 it had increased to about $7.5
million. Most of the harvest before 1976 was by
hand  rakes and tongs!. The development of more
efficient hydraulic dredges and "kicking" mechani-
cal methods paralleled the rapid increase in the
relative prices for clams in the 1970s and 1980s.
Hydraulic dredges use a water nozzle to dislodge
clams from the sediment and a conveyor to bring
them to the surface. Dredges operate in water three
to about 12 feet deep. Kickers use a inetal kicker
plate welded to the boat' s rudder. The plate deflects
the prop wash from the rudder to the bottom where
it washes an 8- to 12-foot wide path. A heavy chain
net pulled behind the boat catches clams washed out
of the bottom sediments. Kickers can harvest in
waters three to nine feet deep.

Mechanical harvest allows fishermen to bag
more clams and reach deeper beds than by hand,
but the advent of mechanical harvesting stirred
controversy within the North Carolina fishery.
Hand rakers claimed mechanical harvesters were

encroaching on their territory, wiping out their
fishery. Resource managers felt that kicking dam-
aged grass beds. A study of this problem found
indirect evidence that clam kicking reduces sub-
sequent scallop harvests, Hsiao, et al. �986!. In
1987, kicking and dredging were outlawed from
grass beds and live oyster rock. Now regulations
allow for a mechanical harvesting season for clams
from designated public bottoms only during the
winter season. Hand harvesting is allowed year
round and since mechanical harvesting was cur-
tailed, hand-harvest landings have accounted for
almost double those by mechanical methods. There
are about 350 kick boats in North Carolina, 25
hydraulic dredges and 12,000 to 15,000 individu-
ally licensed band harvesters. In 1969, only one
regulation applied to hard clams, prohibiting their
harvest from polluted areas. Since then, regula-
tions have been enacted limiting the number of
clams harvested per day, iinposing size limits �-
inch thick!, requiring culling of undersized clams,
limiting mechanical harvest to certain areas and
seasons, and prohibiting taking of clams at night.

In North Carolina, commercial hard clam cul-
ture has had a small but consistent presence. The
state has had at least two commercial hatcheries

operating in recent years and three or four commer-
cial nurseries. Recently, a large Massachusetts-
based hard clam culture company built a substantial
land-based nursery in the state for overwintering
seed.

South Carolina

Clams in South Carolina have undoubtedly
been harvested both recreationally and commer-
cially since colonial times. Until recently, how-
ever, commercial clam harvests have been rather
modest. Almost all the clams harvested were con-

sumed locally and the small fishery was centered in
the Georgetown area. In 1973, mechanical harvest-
ing  escalator harvesters! was introduced in the
Santee Delta and landings increased rapidly over
the next few years. The industry became a million-
dollar fishery in 1982 and surpassed the value of
oyster landings in 1983. At present, landings aver-
age over 40,000 bushels per year valued at $1.2
million or about 3 percent of the nation's total
average landings and value. The state's landings
are derived about equally from mechanical harvest-
ers and hand harvests  primarily rakes and tongs but
Self Contained Underwater Breathing Apparatus
I SCUBA] has been gaining popularity!.



1avesri¹g i¹ Commsrcial Hard Clam C¹lt¹rs

Research oa hard clam culture in South Caro-
lina began in the mid-1970's and the state has
maintained a strong research effort. State-spon-
sored research has helped develop technology for
upflow nursery systems, recirculating dowaflow
systems for set and postset and intertidal growout
technology. Now, the state is involved in a multi-
institutional project to produce improved brood-
stocks for hard clam culture ia the South Atlantic.

Three smaH-scale commercial hard clam operations
are on-going in the state.

Before 1981, annual harvestiag of hard clams
in Georgia was sporadic and at low production
levels. At the turn of the century, a small-clam
fishery developed with peak landings of 43,000
pounds of meat in 1908. Clamming continued until
1932 but at low levels of production �,000 to 2,000
pounds of meat annuaHy!. The fishery declined by
1933, presmnably because of the ecoaomic depres-
sion. From 1933 to 1981, clams were reported
harvested in only five years. Beginning ia 1978,
the Georgia Sea Grant Marine Extension Service
and the Department of Natural Resources began
encouraging fishermen to attempt clamming. In
1981, a coinpany relocated to Camden County,
Georgia and began clamming fuH time. Landings
in 1981, primarily due to this compaay, were 5, &55
pounds of meat. Fishermen then realized that there
was money in clamming and approximately 60,000
pounds of clam meat were handed in 1988. Georgia
fishermen harvest clams in three ways: clam or
potato rakes, by hand or tonging. Clamming on the
intertidal flats is performed by raking, while rakes
and hands are used the small creeks. These two
methods account for the majority of harvested
clams. Tongiag in larger creeks account for only a
sinaH percentage of harvested clams.

Molluscan culture research in Georgia showed
considerable promise aad several small-scale opera-
tions were started in the mid-1980s with seed pur-
chased from out-of-state hatcheries. In 1985,
however, the Department of Natural Resources

popularly known as MSX, in an oyster population
in Mud Creek, Camden County. In 1986, MSX
was found in South Lathram Cack, Glyan County.
As a result of the discovery of MSX in coastal
Georgia, the Department of Natural Resources
banned the importation of any molluscan seed into
the state. Since no in-state commercial mollusk

hatcheries existed, clam culture ia Georgia ceased
even though there is no connection betweea MSX
aad clam production. In 1990, one small-scale
commercial clam hatchery was established.

Commercial harvesting of clams in Florida
dates back to 1900 and averaged only about aae
million clams per year before to 1980. In the
mid-19&Os, aimual landings increased to between
20 and 50 million clams with a commercial value

exceeding $5 million some years. This increase
was due to a large natural set of clams oc~ on
the east coast of Florida in the Indian River Lagoon.
Recent decliaes ia landings from that aatural set
have prompted many Florida clammers to investi-
gate the potential of clam culture as an alternative
to fishing natural stocks. The emergence of this
new culture industry has brought with it the need
for public access to the technology, equipment, seed
and leases to be able to culture clams in the state of

Florida.

Private marine research laboratories and sev-

eral state agencies have supported most of the
technical support and information transfer to poten-
tial clam farmers. One private research institution
has operated a commercial~ale hatchery and nurs-
ery and sold most of the seed planted in the state,
about 25 million seed clams per year. There were
about seven hatcheries and 70 clam farms in opera-
tion in Florida in the late 19&Os. It is predicted that
harvests from clam farms in 1989 aad 1990 may
surpass wild harvest landings. With a growout time
of 18-24 months aad improved state leasiag prac-
tices, the future of clam culture in Florida appears
favorable.
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North Carolina:

South Carolina:

Georgia:

Virginia:

Georgia Sea Grant
Ecology Building
University of Georgia
Athens, GA 30602
�04! 542-7671

H. LFAK~G ABOUT HARD

CLAD CULTlSK

Information Sources

This guide can help you decide which method
of clam culture might be best for your location and
will help you develop numbers for your economic
feasibility study. This manual does not, however,
provide biological information on how to grow
clams. Rather, it's a guide to nudging economic
comparisons among clam culture metltods and help-
ing the investor/culturist determine the economic
potential of clam culturing.

Most sections of this guide include a descrip-
tion of the production methods but not an in-depth
discussion of what you will encounter when you
begin clam farming. To help you learn about the
"how-to" of clam farming and marketing, there are
many sources of information. You should start by
contacting one of your state's Sea Grant marine
advisory agents, the Cooperative Extension
Service, a marine research university or laboratory
or a state agency  a listing of these follows!. These
organizations can give you literature, names of clam
farmers and marketing businesses you can visit, as
well as initial observations and recommendations.

Clam culturing is unique so tbe best advice is
to begin on a small scale or possibly apprentice with
someone already in the business. This way you
learn about the complexity of the marine environ-
ment so your mistakes will not be as costly as if you
were to begin on a large scale without a good feel
for marine life and clam culturing. Larger start-up
firms will benefit by hiring experienced personnel.
The following contacts should all help you.

Sea Grant Marine Advisory Agents

Virginia Sea Grant College Program
Dept. of Marine Advisory Services
Virginia Institute of Marine Science
College of William k, Mary
Gloucester Point, VA 23062
 804! 642-7165

Virginia Graduate Marine Science
Sea Grant Consortium

170 Rugby Road
University of Virginia
Charlottesville, VA 22903
 804! 924-5965

University of North Carolina
Sea Grant College Program
Marine Advisory Specialist
P.O. Box 896

Atlantic Beach, NC 28512
 919! 2474007

University of North Carolina
Sea Grant College Program
Box 8605

North Carolina State University
Raleigh, NC 27695-8605
 919! 737-2454

Sea Grant Marine Extension Program
P.O. Drawer 1100

Georgetown, SC 29442
 803! 5464481

South Carolina Sea Grant Consortium

287 Meebng Street
Charleston, SC 29401
 803! 727-2078

Sea Grant Marine Extension Service

University of Georgia
P.O. Box Z

Brunswick, GA 31523
 912! 264-7268
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Florida:

Florida:

Virginia:

Virginia:
North Carolina:

Georgia:

South Carolina: North Carolina:

Sea Grant Extension Agent
Brevard Service Complex
1515 Sarno Road, Building B
Melbourne, FL 32935-5209
�07! 2426514

Florida Ses Grant College Program
Building &03
University of Florida
Gainesviile, FL 32611
 904! 392-5870

IU4rine Researdt Laboratories

Eastern Shore Laboratory
Virginia Institute of Mariae Science
College of William and Mary
Wachapresgue, VA 23480
 804! 787-5816

University of North Carolina
Institute of Marine Science

P.O. Drawer 809

Morehead City, NC 28557
 919! 7266841

Duke University Marine Laboratory
Pivers Island

Beaufort, NC 28516
 919! 728-2111

Shellfish Research Laboratory
University of Georgia
P. O. Box 13687

Savannah, GA 31416
 912! 356-2348

Marine Resources Research Institute

South Carolina Wildlife and Marine Resources
P, O. Box 12559

Charleston, SC 29412
 803! 7956350

Waddeil Mariculture Center
P. O. Box 809

Bison, SC 29910
 &03! 837-3795

Harbor Branch Oceanographic
Iastitutioa

Coastal, Environmental, aad
Aquacultural Scieaces
5600 Old Dixie Highway
Ft. Pierce, FL 34946
�07! 465-2400

Florida Marine Research Institute

Florida Department of Natural Resources
100 8th Avenue, South
St. Petersburg, FL 33701
 813! 896-8626

Other Organizations and Agencies

Virginia Marine Resources
Commission

P. O. Box 756

Newport News, VA 23607@756
 804! 247-2200  leases and licenses!

Virginia Bureau of Shellfish
Sanitation

109 Governor Street

Room 904

Richmond, VA 233219
 &04! 786-7937  sanitation aad shipping!

Virginia Department of Agriculture
aad Consumer Affairs

Division of Marketiag
P. O. Box 1163

Richmond, VA 23209
 804! 3716094

North Carolina Division of Marine

Fisheries

P. O. Box 769

Morehead City, NC 28557
 919! 726-7021 or  800! 682-2632
 leases and licenses!
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Florida:

South Carolina:

North Carolina Division of

Coastal Management
P. O. Box 769

Morehead City, NC 2&557
 919! 726-7021  CAMA permits!

North Carolina Division of Shellfish

Sanitation

P. O. Box. 769

Morehead City, NC 28557
 919! 726-6827  sanitation and

!

North Carolina Department of
Agriculture
P. O. Box 27647

Raleigh, NC 27611
 919! 733-7125  permit assistance!

South Carolina Department of
Wildlife and Marine Resources

Division of Marine Resources

P. O. Box 12559

Charleston, SC 29412
 803! 7954350

South Carolina Coastal Council

4130 Faber Place, Suite 130
Charleston, SC 29405
 803! 744-5838

South Carolina Department of Health
and Environmental Control

Division of Water Quality and Shellfish
Sanitation

2600 Bull Street

Columbia, SC 29201
 803! 734-5232

Department of Natural Resources
Coastal Resources Division

1 Conservation Way
Brunswick GA 31523-9990

 912! 2644542  leases and licenses!

Departinent of Agriculture
P. O. Box 631

Jesup, GA 31542
 912! 427-3507  health inspector!

Enviromnental Protection Division

Department of Natural Resources
Coastal Resource Division

1200 Glynn Avenue
Brunswick, GA 3 1523-9990
 912! 264-7284  CAMA permits!

State of Florida

Department of Agriculture and
Consumer Services

Mayo Building, Room 422
Tallahassee, FL 32399O800

Florida Department of Natural
Resauxms

Division of State Lands

Bureau of Submerged Land
Management
3900 Commonwealth Boulevard

Room 203

TallahLssee, FL 32399
 904! 487-4436  leases!

Magazines and Periodicals

Fish Farmer

Quadrant Subscription Services
Oskfield House, Perrymount Road
Haywards Heath, Sussex RH 163 DH
England
bi-monthly � $50/yr.

Aquaculture Magazine
by Acbill River Corporation
P. O. Box 2329

Asheville, NC 28802
bi-monthly-$15/yr.
Annual Buyer's Guide

Practical Aquaculture and Lake
Management
P. O. Box 1294

Garner, NC 27529
 919! 772-8548
monthly-$12/yr.
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Magazines and Periodicah  cont.!

WorM Aquaculture Magazine
World Aquaculture Society
16 East Fraternity Lane
Louisiana State University
Baton Rouge, LA 70803
�04! 388-3137
quarterly - $30/yr.

Canadian Aquaculture
4611 William Head Road

Victoria, British Columbia V&X3W9
Canada

�04! 478-9209
bi-monthly - $18/yr.

Virginia:

Associations

Virginia Shellfish Grower's Association
421 Messick Road

Poquoson, VA 23662
 &04! 868~8

North Carolina:

Shellfis Farmers Association

480 River Prado R~
Ft. Pierce, FL 34946
�07! 466-2013
newsletter

World Aquaculture Society
16 East Fraternity Lane
Louisiana State University
Baton Rouge, LA 70803
�04! 388-3137
quarterly journal, quarterly magazine,
annual meeting, $45/yr.

Florida Aquaculture Association
P. O. Box 3989

Tallahassee, FL 32315
free subscription with FAA
membership $10-$50/yr.
newsletter

Water Fanning Journal
by C.T. 4 A., Inc.
3400 Neyrey Drive
Metairie, LA 70002
�04! 482%500
monthly - $18/yr.

National Shellfisheries Association

College of Marine Studies
University of Delaware
Lewes, DE 19958
�02! 645-4060
quarterly NSA newsletter
senu-annual jourrud
annual meeting

South Carolina Aquaculture Association
South Carolina Department of Agriculture
P. O. Box 112&0

Columbia, SC 29211
 803! 734-2200

Brochures and Booklets

Manual for Growing the Hard Clam
 Mercenaria!
SRAMSOE No. 249

110 pages - $3.00
Virginia Institute of Marine Science
Sea Grant Communications

Gl~r Point, VA 23062

Kemp, Philhp F. "Skip" 1991.
Clam Gardening: A Manual for the Small
Scale Clam Operation in North Carolina.
UNC-SGOL

University of North Carolina Sea Grant
College Program
Raleigh, NC
$5.00

"Shellfish: North Carolina Aquaculture
Regulations"

Clam Conference Video Series

 one-week loan!

All available from:

UNC Sea Grant MAS

P. O. Box 3146

Atlam"'c Beach, NC 28512
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Florida:

New York:

Brochures and Booklets  cont.!

Economic Analysis of Commercial
Hard Clam Mariculture in

South Carolina

South Carolina Aquaculture Fisheries
and Wildlife Cooperative
Publication ¹9001

SC Sea Grant Consortium

287 Meeting Street
Charleston, SC 29401

An Interim Guide for Aquaculhue Permitting
in South Carolina

SC Sea Grant Consortium

287 Meeting Street
Charleston, SC 29401

A Manual for Farming the Hard Shell
Clam in Florida

by D. Vaughan, L. Creswell and M. Pardee
Florida Department of Agriculture and
Consumer Services

Division of Marketing
Mayo Building
Tallahassee, FL 323994800

Small-scale Farming of the Hard Clam on Long
Island, NY
Aquaculture Innovation Program
The NY State Urban Development Corporation
1515 Broadway
New York, NY 10036

Bardach, J.E., J. H. Ryther, and W. O.
McLarney. 1972.

John Wiley 8r, Sons Inc., New York, NY. &68 pp.

Chaston, I. 1983.
~aggJfg~. Fishing News Books, Ltd,, Farn-
ham, Surrey, England. 143 pp.

Chaston, I. 1984.
. Fishing News Books,

Ltd., Farnham, Surrey, England.

Financial Management Handbook. 1982. De-
partment of Agricultural Economics, Barre Hall,
Clemson University, Clemson, SC 29634.

Huner, J. V. and E. E. Brown. 1985. ~

Qgfgg. AVI Publishers, Inc., Westport, CT.

Manzi, J.J. and M. Castagna,  Eds.! 1989.
. Elsevier Sci-

ence Publishing Co. Inc., Amsterdam. 461 pp.

Pomeroy, R. S. and P. J. Rathwell. 1988.
Economic Evaluation of Investment Decisions for

Aquacul tural Enterprises. Department of Agricul-
tural Economics, Clemson University, Clemson,
SC. 26pp.

Quayle, D. B. snd G. F. Newkirk. 1989.

Lhvclapmagt. World Aquaculture Society Press,
Baton Rouge, Louisiana.

Shang, Y. C. 1990.
World Aquaculture Society Press, Baton Rouge,
Louisiana.
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IH. BEGINNING A NET
CULTURE SYSIKM

Options

The clam culture process is divided into three
stages: hatchery, nursery, and growout. The hatch-
ery produces small seed grown Lrom eggs through
larval stages. The nursery grows larger seed for
field planting. Growout produces marketable size
clams from seed.

The hatchery stage consists of tanks and equip-
ment to �! condition adult chuns into ripeness and
spawn or induce release of reproductive cells or
gametes, �! grow and produce cultured algae as a
food source for developing clams, and �! grow
early clam stages or larvae into the young clams or
"set." 'The hatchery stage techniques are fairly
standard and appropriate for most areas but are
fairly complex and expensive. Standard methodol-
ogy of larval cultivation has been developed  Loo-
sanoff and Davis, 1963a, 1963b! and s~ basic
methods have been described  Castagna and Kraeu-
ter, 1981!.

The nursery stage takes the young clams or
"set" and protects, feeds and grows them until they
are large enough to plant in final growout condi-
tions. This can be done by using a Land-based,
field-based or combination system. The land-based
system holds clams in tanks or containers and
provides food by pumping natural iauters or cul-
tured algae. The field-based nursery places juve-
niles in protected containers planted within the
natural protected areas. Field-based nursery sys-
tems eliminate tbe need for pumping, but labor and
equipment costs be different from Land-based sys-
tems. Nursery system design will vary in riNponse
to technical capability, equipment availability,
predator pressures, cost considerations, land avail-
ability, permitting and labor limitations. Each of
these must be considered for each locality when
evaluating site requirements and available re-

The growout stage uses the larger seeds which
are planted in field conditions until harvest. Using
natural phytoplankton as food, seeds can be grown
in trays, bags, nets or cages designed to protect the
seeds from predators and allow substantiaL water
flow to provide food. Variables for growout to
harvest are site specific and affected by predators,

fouling, and approved harveshng techniques.
Hatchery, nursery and growout systems may

not all be needed at once in order to develop a
profitable business. One or two of these may be the
best initial strategy for your business plan with
additions or full integration possible Later. In gen-
eral, most culturing can become successful through
a growout operation begun by purchasing large-size
seed and growing them out. Later the farmer can
add a nursery after becoming proficient at seed
handling or if availability of seed or its cost becomes
a liiniting factor.

Specific equipment and techniques used in the
nursery and growout phases of clam culture com-
mon to each state along the South Atlantic coast are
described in: Virginia  Kraeuter and Castagna,
1985!; North Carolina  Kemp, 1991!; South Caro-
lina  Manzi and Whetstone, 1981!; Georgia
 Walker, 1984! and Florida  Vaughan, Creswell
and Pardee, 1989!. Regional variability requires
equipment, techniques, and planting strategies used
in nursery snd growout stages to be specialized by
site requirements, environmental and biological
conditions and economic constraints. A siunmary
of important guidelines is given below in general
order of priority.

LIREROKS"
in establishing a clam farm. Be thorough in your
exanunation of a site and remember that biological,
environmental, sociological and operational factors
all interact. Trial plots and experunents with equip-
ment are recommended before a large-scaLe opera-
tion is established.

ECO~~QQ considerations include a range of
operational variables affected by environmental and
biological conditions. Culture metliods, equip-
ment, labor and financial assessments may vary
because of site specificity. Adequate initial invest-
ment capitaL is needed to offset negative annual
profits which may occur during tbe first four to five
years of operation. Year-to-year cash needs will be
an additionaL financuiL burden duimg the start-up
years and you must clearly understand the timing
and magnitude of all costs and earnings.

Ill requirements should be researched and all
permits, licenses and notifications be made to
proper authorities before starting your operation.
Remember that water classifications, leasing, and
harvesting regulations may change frequently.
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Site Selection

Ecology

10

MlQKEX considerations should include local
and national demand, seasonality and consistency
of supply. Historical landings of wild harvest may
not reflect culture-product market potential.

background of the species un-
der cultivation should be understood when evaluat-

ing techniques, seed sources, growth problems and
conditions for enhancing clam growth.

EEEDAIIQM is a major cause of mortality in
a clam operation. Sufficient exclusion techniques
must be incorporated into farming methods to en-
sure profitable survival rates.

regulations of permitted
equipment and techniques as well as shellfish sani-
tation surveys of harvestable waters should be re-
searched for present and future status for a specific

5IQgKS vary in design and efficiency for each site,
Experiment with modifying various methods and
improve procedures to best suit your location.

is an important factor in
effective evaluation and organization of any farm
operation. Maintain accurate records to establish
patterns and trends that can help you modify and
improve in delinquent areas as needed.

51KLQUXY is a vital component of any clam
farm venture. Be sure that you have effective
methods to protect your crop from theft. It may be
necessary to include 24-hour surveillance near or
on the field growout site.

Site selection is the priinary consideration for
potential clam farmers. The criteria for evaluating
an appropriate growout site include ecological,
resource use, snd operational factors and their
interaction. These considerations will influence

clam growth and survival as well as equipment and
methods. This greatly effects capital and labor and,
therefore, profit. A small test plot of clam seed
may be the best way to evaluate a site.

Ecology of the site greatly affects clam growth
and survival. Important biological factors include

the living organisms that contribute to the food,
fouling, predation, disease and water classification.
Food  algae or phytoplankton! is a major factor
contributing to clam growth. 'Hus is controlled by
both the quantity  species density! of food as well
as the quality  species diversity! of food available.
How fast clams grow can be analyzed from old
sheH-growth lines, living clam shell-growth lines
and seed-planting experiments.

Fouling organisms can affect water and food
flow through protective equipment and can inhibit
growth and lower product value. Fouling can vary
seasonally and greatly affect equipment and labor
costs. Fouling organisms may compete for the
same food organisms as the clams, thus greatly
affecting clam growth rates.

Clam predators are one of the most important
aspects to consider in site selection. Their type and
abundance need to be accounted for in deciding
what equipment and methods are used for protec-
tion.

Other microorganisms may also be important
if they are abundant enough to be a pest or contrib-
ute to diseases, shell deformities or degradation of
water quality.

Other environmental factors include weather,
wave and bottom conditions, clam survival, equip-
ment needs and operational constraints. These con-
ditions include geographic and seasonal variation in
salinity, temperature, water quality and flow, bot-
tom sediment characteristics, tidal range and wind
and wave action.

The optimal salinity range is between 25 and
35 parts per thousand  ppt!. Salinities much above
or below this range for more than short periods inay
result in slow growth or even death. Optimal
temperature range is between 20-28' C �8-82 F!
but this may vary depending on geographic location
in the South Atlantic. Clams can survive in higher
and lower temperatures but growth rates are af-
fected.

Protection from wind and wave action must be

considered in site selection. Exposed areas to pre-
vailing winds can cause sediment movement and
working-condition problems. Although chuns can
grow in most sediment types and at most depths,
the latter two will affect the equipment, methods
and working conditions.



The way resources are currently used will
affect the basing of a site if existing or adjacent
fisheries production areas exist or are perceived.
Adjacent huMhnvners and public opinion can greatly
affect getting a lease or expmding an operation.
Alternate uses by fisheanan and boaters as well as
residential aesthetics and future development
should be considereL Pofmttial sources of pollu-
tion and conflicts with other users need to be
considered as welL

Upland access and its contribution to field
operations, boat launching, equiptnentstorqp, har-
vesting and security is a major component of how
well a clam farm operates. Site constructs con-
straints, ability to expand, permitting and availabil-
ity of utilities need to be addressed for all upland
facilities. Plans for handling security should also
include upland and field sites, as well as access
between them.
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IV. ~G
EEQ~ AMI

CONDITIONS
SOR OSVAEVIHG A SHELLHSH

I%ASK

SheHfish growers operate in an environment
that comes under the jurisdiction of a variety of
public agencies. In some South Atlantic states
sheHfish growers deal primarily with a single regu-
latory agency, usually a department of marine re-
sources or department of natural resources.
However, usually a grower wiH need a permit or
license for an activity under the jurisdiction of
another regulatory agency. The discussion below
outlines the permitting requirements and conditions
for obtaining a shellfish lease in the states consid-
ered in this manual. The reader is cautioned that
the rules and regulations regarding shellfish leasing
and permitting are subject to change. The section
below, therefore, is intended to be a general over-
view. Potential hard clam investors should thor-
oughly examine aH relative rules and regulations.

Conditions for Obtaining a Shellfish Lease

Any clam culture operation that includes a
growout phase wiH need to obtain a shellfish lease.
This lease is not unlike that on business property.
A shellfish lease is a legal agreement between the
lessee and the lessor detailing the authorized use and
restrictions on specified property or asset. Each
state along the South Atlantic coast has similar
conditions that each lease applicant and application
must meet. Table 2 provides a state-by<tate sum-
mary of these conditions. Note that in Florida, the
shellfish lease referred to in this document is called
an aquaculture lease and in South Carolina it is
caHed a mariculture permit. However, the term
sheHfish lease will be used for convenience.

Each state delineates between shellfish bottoms
reserved for public access and those available for
private lease subject to the approval of the water
quality and safety for shellfis growing purposes.
Although the method by which public bottoms are
delineated differs by state, the public areas not
available for lease are well documented. Clam-
growing bottoms eligible for a new lease include all

those within the territorial waters of a state exclu-
sive of those areas designated as public and those
approved areas not already assigned under an exist-
ing lease agreement.

The lease applicant must be a resident of the
state to which the application is being made except
in Georgia. Applications made under the name of
a business or corporation follow similar rules in that
the business or corporation must be chartered in the
state to which application is made. Corporations
may also be subject to the additional requirement
that at least a majority of its shareholders be state
residents. In Georgia, preference is given to state
residents but residency is not a precondition for
obtaining a lease.

In all states except Georgia, there exists a
maximum amount of acreage that any one individ-
ual or business may be assigned on any single
application. The maximum acreage for each state
is in Table 2, Note also that in some states there
are limits on the amount of leased bottom any one
individual may hold in aggregate, For example,
Virginia allows an individual up to 3,000 acres
leased in his or her name. The maximum acreage
that will be considered for any one lease application
is 250 acres. The 3,000-acre limit applies to waters
not more than 15 feet deep. In waters exceeding 15
feet the limit is 5,000 acres, In Florida, leases in
Franklin County are restricted to no more than one
acre. In some states larger lease sizes may be
awarded provided the lessee demonstrates the abil-
ity to manage a larger area.

In aH states except Georgia, leases are granted
for a fixed time. In Georgia, lease assignments are
largely negotiated between the lessee and the state.
Thus, many of the terms and conditions, including
the duration of the agreement, are products of that
process. In all other states the lease period is fixed
by law but is renewable subject to satisfaction of aH
terms and conditions of the expiring lease.
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South North

Virginia Carolina Carolina FloridaGeorgia

Eligible grounds
a = any approved

state bottoxn

not assigned
or designated
as public.

Residency
R = required
NR = not required

RR

Acreage lixnits
NR = no restrictions

10R10R SRYears of lease

R = renewable

N = negotiable

N10R

$25 $50Application fee

Survey
a = required at

application
b = required upon

approval

RRPublic notice

R = public notice
required

R

RManagement plan
NR = not required
R = required

NR

$15$1.50 $S.O0 MLease fee  acre/yr!
M = market value
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Table 2. Conditions that must be met to acquire a shellfish lease in five South Atlantic states.
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Application Process

Lease Restrictions

Application Fee

Right to Ash

Survey

Restricted Use
Public Notice

Harvestable Size
Management Plan
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In all states formal lease applications must be
filed. Although the agency with which the appli-
catian must be made differs by state, application
contents and process are similar. Tbe following
discussion indicates the essential elements that must
accompany tbe lease application state by state.

Each lease applicatian must be accompmied by
payment of a nonrefundable fee, ranging from $25
in Virginia and South Carolina to $200 in Florida
 Table 2!. In Virginia, however, a variable re-
cording fee must also be paid, depending upan the
nature and duration of the application process.

In addition to a written description of the
proposed lease site, a formal site survey must be
conducted. In some instances the survey must be
included at the time of applicatian. In other cases
the survey need not be subnntted untiL application
approvaL The survey fee may be separate from the
permit fee in soine states and could be substantial.

In all states public notification of a lease appli-
cation must be given. In all states except Georgia,
the public review process allows time for objections
and comments. In Georgia, the public review proc-
ess p~ a public bid for the lease. Thus, in
Georgia, the lease may not necessarily be granted
to the individual who initiated the application. In
some states public objection may substantiaLLy delay
approval or cause a lease applicatian to be denied.

In all cases when the lease applicatian is made,
the applicant must give a written description of the
proposed use of the submerged lands. In Florida,
North Carolina and Georgia, however, a manage-
ment plan must be submitted. Information that may
be required is the crop to be produced, production
methods, harvest methods, and a timetable for
development of leased bottoms.

Each state requires an annual lease fee. In all

states except Georgia the lease fee is tbe same
regardless of the area being leased. In Georgia the
lease fee depends an the shellfish production poten-
tial of tbe leased bottom. Thus, bottoms of low
productivity would be assigned a lower lease fee
than those of relatively greater production potential.

The previous sections described basic consid-
eratians and requirements for obtaining a shellfish
lease. In addition to these, each state may restrict
lease use. A summary of the various types of
restrictions and haw each state deals with them is
in Table 3.

In all states, traditional uses of tbe water col-
umn for navigation or fishing may not be excluded
by the bolder of a shellfish lease. In principle, the
holder of a sheLLfish lease bas exclusive rights to the
product of bis or ber own efforts but the holder does
not have the right to exclude other uses of tbe water
surface as Long as they do not infringe an the
shellfish-growing activity.

In all states, acquisition of a shellfish lease does
not carry all the rights and privileges accorded to
private property. A shellfish lease is granted under
the condition that the bottoms be used for no other
purpose than the production of shellfish. Apph-
cants should also check on the transferability or
sub-leasing of leases to third parties. This may be
very important in obtaining funds from a financial
institution.

In some states, shellfish growers must adhere
to the same harvestable-size restrictions imposed on
sheLLfish harvested from wild stocks. In Virginia,
the same rule applies; however, no minimum size
liinits have been set. In South Carolina, an the
other hand, culture operations are exempted &om
any size restrictions. In Florida, any in-state ship-
ment of clams must meet a 1 minimum size.
Under certain conditions, however, out-of-state
shipments of cultured clams are exempt from size
restrictions.
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Table 3. Restrictions or special requirements for a shellfish hase in five South Atlantic states.

Restrictions

or Special
Requirements Florida

Right to fish
R = right to fish

applies

RR R

Restricted use

R = restriction applies
R

B,DBA

Condemnation

R = restriction applies
R

Harvest time

S = uo Sunday harvest
N = no night harvest

S,N NS,NN N

MPMPHD,MP MP MP

NRNRNR NRNR
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Harvest size limits

A = size limit applies
but none currently set

B = size limit applies
C = aquaculture exempted
D = aquaculture exempted

for out-of-state

shipment only

Harvest gear
HD = hydraulic

dredge prohibited
MP = mechanical harvest

aHowed with pernllt

Water column

NR = no restriction

subject to
navigation
special perinit
requirements

South North

Virginia Carolina Carolina Georgia
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Condemnation

Harvest Times/Season

Selling Clams

Water Column
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Ia aH states, all shellfish grounds can be con-
demned by state health authorities because of bac-
terial or chemical contamination of
sheHfish-growing waters.

In aH states, shellfish-culture operations are
exempt from seasonal restrictions on harvest,
However, in Virginia aad Georgia, nighttime and
Sunday harvest is prohibited. In North Carolina
only nighttime harvest is prohibited while in Florida
and South Carolina, nighttime harvest is aHowed
with a special-use permit.

In all states, aH methods of hand harvesting are
permitted with proper licenses or permits. How-
ever, each state differs in its treatment of mechani-

cal harvesters. With some exceptions each state
permits aH means of mechanical harvestiag with
proper permits. In Virginia however, hydraulic
dredges are expressly prohibited although other
forms of mechanical harvest are not.

In aH states, a leaseholder may be allowed to
use the water column for production purposes as
long as such activity does not impede navigation.
However, with the exception of Virginia, a special
water-column permit must be obtained. Further,
with the exception of North Carolina, waterwolumn
leases are subject to the same terms and conditions
as a bottom lease. In North Carolina, water-column
permits require an annual fee of $500 per acre, are
renewable on a two-year basis, and carry a nuni-
mum production requirement of 100 bushels per
acre. Note also that in North Caroliaa a water-col-

umn lease is required for@ty, production system that
extends into the water columa including pens, bags,
trays, aad cages. Only artificial beds and bottom
nets can be used in North Carolina without a special
water-column permit. In Florida only areas not
designated as aquatic preserves are eligible for a
water-column lease.

Other Permitting Requirements

Acquisition of a sheHfish lease is equivalent to
a clam production permit, In most states, however,

permits may also be required to buy aad sell clams,
transfer seed clams or ship clams. Also, for opera-
tions including a land-based hatchery or nursery
system, special permits may be required to pump
sea water through the system and discharge wastes.
A regulations summary for seHing and land-based
operations is in Table 4.

The type of licenses required for selling clams
depends on whether the harvested clams are to be
sold directly to a registered wholesaler or dealer or
whether the clam culturist acts as his or her own

wholesaler. In Virginia and North Carolina, no
license other than that required to harvest is neces-
sary if the clam culturist sells directly to a qualified
buyer. Florida, Georgia, and South Carolina, how-
ever, require a license to land and seH any clams
harvested in waters of those states in addition to the

license required for harvesting gear. Any clam
culturist planning to become a wholesaler or dis-
tributer must be licensed. Virginia, South Carolina
snd Georgia require only an application for a whole-
salers license. In Florida and North Carolina,
however, there are special provisions for wholesal-
ers.

North Carolina requires a sheH-stock shippers
license for any clams shipped live in the shell. If
shucked clams are to be shipped, a shucker-packer
license is required. Any clam dealer required to
have a sheH-stock sad a shucker-packer license
must be inspected aad certified by the North Caro-
lina Shellfish Sanitation Division. Ia Florida, one
of two licenses is required depending upon the
clams' destination. A Wholesale County Dealer
license permits the licensee to buy and sell clams
oaly within the county registered on the license. A
Wholesale State Dealer license permits the licensee
to buy and seH clams anywhere within the state
inclusive of the county in which the dealer is
located. In aH states, anyone shipping clams out of
state is subject to federal interstate-shipping regu-
lations aad must obtain a special shippers license.

Special Provisions for Seed

There is considerable concern among the South
Atlantic states for the integrity of natural wildlife
and ecosystems. Consequently, most states have
special provisions regarding the iiaport of seed
stock from out of state. In Virginia, aH non-native
species are prohibited. Ia North and South Caro-
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South North

Vir 'a Carolina Carolina GR ements

Sale to buyer only
NL = no license

required other
than harvest

LS = landmg and
selling permit
required

Wholesaler

WL = wholesaler

license required
SS = shell-stock shippers

license required
SH = shucker-packer

license required
WC = wholesaler

county license
required

WS = wholesaler state

license required

SS,SH WC,WS

Seed stock

NS = non-native

species prohibited
ES = exotic-species

permit required
for non-native

species

IS = all out-of-state

seed prohibited

NS ES ES IS NS,ES

Pump/discharge permits
PRV = permit required,

reviewed on

case-by~
basis

PR = permit required

PRV PR PR PR PRV
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Table 4. Dealer licensing and land-based permit requirements for shdlfish leases in five South
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lina, an exotic-species permit may be obbuned to
import non-native species. All out of-state seed is
prohibited in Georgia. A special permit must be
o~ to import uon-native seed to Florida waters
even though the species may be native to the region.

Pumping/Discharge Regulations

Any land-based hatchery or nursery system
will require pumping of seawater and discharge of
waste. North Carolina, South Carolina and Geor-
gia requue a permit to pump or discharge water.
In Georgia, application for such a permit must be
made to the Division of Natural Resources, while
in North Carolina, permit applications are to Ihe
North Carolina Coastal Commission. At pioieut,
South Carolina is making its permitting rules con-
sistent with those of |he federal government. Once
completed, culture operations with limited flow
rates will be exempt from the discharge-permitting
requirements. Virginia has similar rules to those of
North Carolina and Georgia, except that tbe type of
discharge permit required depends on tbe water
volume to be used. In Florida, permitting for
pumping and discharging water from culture fiicili-
ties is reviewed case by case. There is considerable
concern, however, over the effluent volume and
content pumped through clam culturing systems in
tbe state. Consequently, rules and regulations re-
garding pumping and discharge permitting are cur-
rently being examined.

Federal and Local Considerations

Besides specific state regulations, federal,
regional or local regulations may affect tbe siting
or operation of a clam culture business. For exam-
ple, there are large areas in Georgia suitable for
clam culture that are located on kderal lands.
Although it is possible to lease these areas, appli-
cations must be made to the Depsrtinent of Interior
and specific guidelines governing the use of the site
must be followed. In o|her instances, the regulatory
requirements of the U.S. Army Corps of Engineers,
the Environmental protection Agency, and other
federal agmcies may affect a bard clam culture
business.

In addition to federal concerns, local govern-
ment regulations or decisions may affect clam cul-
ture businesses. In all cases, a lease application
must be subjected to a public notice within tbe
county or municipality adjoining the lease site. At
that time, the lease application must satisfy local

regulatious and is subject to objections fmmspecific
individuals that may be adversely affected. In most
iustaiices, local and federal regulatians will be
location or operation specific and cannot be ad-
dressed in Ibis guide. Anyone interested m invest-
ing in hard clam culture must be aware that ~
and local regulations may affect his or her business
plans and the time inveslitlating the potential im-
pacts of these regulations would be well spent. A
summary of permitting-agency ahliesses m each
state is in Table 5.
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Table 5. Shellfish culture perxnittlng agencies in five South Athtntic states.

Lease Application Licenses Discharge Perxnits

Virginia

North Carohna

South Carolina

Division of Marine Resources Dept. of Environmental Regulation
Dept. of Natural Resources Twin Towers Office Building
3900 Commonwealth Boulevard 2600 Blair Stone Road

Tallahassee, FL 32399 Tallahassee, FL 32399
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Virginia Marine Resources
Commission

P. O. Box 756

Newport News, VA 23607

North Carolina Division of

Marine Fisheries

P. O. Box 769

Morehead City, NC 28557

Aquaculture Permit Facilitator
South Carolina Department of

Agriculture
P. O. Box 11280

Columbia, SC 29211-1280

Dept. of Natural Resources
Coastal Resources Division

1 Conservation Way
Brunswick, GA 31523

Division of State Lands

Dept. of Natural Resources
3900 Coxnxnonwealth Boulevard

TaMmsee, FL 32399

Virginia Marine Resources
Commission

P. O. Box 756

Newport News, VA 23607

North Carolina Division of

Marine Fisheries

P. O. Box 769

Morehead City, NC 28557

Aquaculture Permit Facilitator
South Carolina Department of

Agriculture
P. O. Box 11280

Columbia, SC 29211-1280

Dept. of Natural Resources
Coastal Resources Division

1 Conservation Way
Brunswick, GA 31523

Virginia Water Control Board
2107 North Hamilton Street

Richmond, VA 23230

North Carolina Division of

Coastal Management
P. O. Box 769

Morehead City, NC 28577

Aquaculture Permit Facilitator
South Carolina Departxnent of

Agriculture
P. O. Box 11280

Columbia, SC 29211-1280

Dept. of Natal Resources
Environmental Protection Division

1 Conservation Way
Brunswick, GA 31523
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SpawningV. CULTUIK 'rFA BMQUES

Brood Stock Collection and Reproductive
Conditioning

Table 6. Information sources on reproductive cyde of hard dams in five South Atlantic states.

Spawning PeriodArea Source

Virginia
North Carolina

South Carolina

Spring-Fall
Spring-Fall
Spring-Fall

Spring-Fall-WinterIGeorgia

Florida East Coast

Florida West Coast
Spring-Fall
Spring-Fall-Winter

1 Although winter spawning has been documented, it is dependent on environmental factors and may not
occur every year.  See Heffernan et aL 1989!.

These studies should be consulted for approxi-
mate spawning times in the specific geographic area
of interest. However, spawning cycles may vary
from year to year. That is, a warmer-than-norinal
winter may result in an earlier-than-normal spawn-
ing and a colder-than-normal winter may delay
spawlullg.

Larval Culture

After collection clams should be washed and

scrubbed to remove other organisms from their
shells. Clams are placed in holding tanks contain-
ing chilled sea water �8 to 24' C! with sufficient
food for conditioning, both of which should be
replaced daily.
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Brood stock for hatchery production of larvae
should be collected from local sources. Clams are

easier to condition if collected before their natural

spawning period s!. For South Atlantic clam popu-
lations, spring is the major spawning period. Al-
though it is possible to recondition clams afier
spawning, it takes 8 to 10 weeks. By collecting
clams before natural spawning, only days to a few
weeks of conditioning may be required. Listed in
Table 6 below are reports on the reproductive cycle
of hard clams in the South Atlantic states.

To initiate spawning, clams are placed in a
spawning table containing sea water heated 28 to
30' C. Clams should remain in the table until at

least half begin siphoning. The water temperature
in the table is then lowered to 20 to 22' C by adding
chilled sea water. At 30-minute intervals, the water
temperature is alternated between 20 to 22' C and
28 to 30' C, If the clams are weilwonditioned,
spawning should begin after three or four cycles.
If not, a male may be sacrificed, stripped of sperm
and a sperm suspension added to the water. If this
fails, chemical serotonin may be injected into the
clam to induce spawning. Gibbons and Castagna
�984! contains information such as dosage rates for
acr otonin.

Castagna & Kreauter �981!
Porter �964!
Eversole et al. �980!;
Manzi et al. �985!
Pline �984!;
Heffernan et al. �989!
Hesselman et al. �989!
Dalton and Menzel �983!

After spawning, eggs are collected, counted
and placed in larval growing tanks. Eggs are col-
lected by draining the water from the spawning table
through two sieves. The top sieve �80 to 400
micron! filters out the debris, mucus, feces snd
pseudofeces, while allowing the eggs to pass
through. The bottom sieve �5 micron! retains the
eggs, which are washed into a precalibrated con-
tainer, stirred well, and a one ml sample obtained.
The sample is transferred to a Sedwick-Rafter
counting cell placed under a compound microscope
snd the number of eggs per ml determined by direct
count. By multiplying the number of eggs per ml
sample, times total number of ml per container, the
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Post-set Growout
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total number of eggs can be estimated. Eggs are
placed in larval tanks containing 5 micron filtered
sea water at 26 to 30 ppt salinity at 25 to 30' C.
After two days, larval tanks are drained down
thxough a 44-micron sieve. Trochophoxe laxvae are
counted and returned to a new growing tank at a
density of 15 larvae per ml. Until settmg, which
occurs between 8 to 14 days, larvae should be
collected, counted and placed into new tanks every
two days. Castagna and Kraeufer �981! provide an
excellent detailed description of hatchery ~
duxes.

Once larvae have set, there are three basic
means of maintaining the posit clams: tradi-
tional, dawnweller, and upweller methods as de
scribed in Manzi and Castagna �989!. The
traditional method requires leaving fhe larvae and
set animals in Ihe larval tanks snd adding large
amounts of cultured algae daily. Larval tank water
is changed daily. Post-set larvae may also be placed
in xxiceways containing static wafer. After a week,
filtered, ambient temperature sea water is added at
very slow flow rates. Flaw rates are gradually
increased with growth of animals as reported in
Castagna and Kreauter �981!. Table culture re-
quires large amounts of space and is very labor
intensive in areas of heavy silt, as compared to the
other methods.

Dawnweller units may be as simple as a cylin-
der with a mesh screen'attached to the bottom

suspended within a recirculating reservoir. Post-
set clams are placed in the cylinder and sea water
with cultured algae is pumped via airflow or duect
flow from the reservoir by tbe recirculating pump
into the top of the cylinder. Excess water is forced
down through the clams and out tbe bottom mesh.
Reservoir tanks should be changed daily, or supple-
mental feeding from a common reservoir can be
used during working hours snd continuous ambient-
flow thxough can be used during nonworking bours.
The ambient flaw flushes out waste products and
unused algae, but complete tank cleaning should be
done weekly. ln upweller units, water cixculafes
up through the bottom mesh, through the clams and
exits in an opening near tbe top of the cylinder. The
cylinder is in a reservoir. Water is driven by sirlifls
within the cylinder, drawing water from within the
cylinder and forcing it back into tbe reservoir.
Manzi snd Casfagna �989! provide details.

Algal Production for Feeding Chxxn Larvae
and Juveniles

Hatchery production of single-celled algae spe-
cies for consumption by bivalve hxrvae andjuveniles
bas developed from two basic methods: the Glancy
Method  Glancy, 1965; Castagna and Kreaufer,
1981; Castagna and Manzi, 1989! and the Milford
Method  Loosimoff and Davis, 1963a,b; Davis,
1969!. 'Ae Gbuxcy Method is tbe simplest way to
gmw algae, but the Milford Method is presently Ibe
preferred culture system among hatchery operators.
The Ghmcy Method involves filtrafion by continu-
ous centrifuging and filtering of raw ses water
through bag filters, or wound~ filters., Filters
are usually of 3, 5, 10, and 25 micron in size.
Filtered water stands for 48 hours in slowly aerabA
tanks exposed to sunlight or artificial light. Tanks
may be outdoors, but are generally in a greenliause
or solarium to prevent contamination by other algal
species from salt spray. Fertilizers will produce
heavy blooms generally dominated by a single
species. A major problem with this method is ifs
dependence upon natural phytaplankfon blooms.
Whatever is blooming in the river  a desirable or
non-desirable species! is what you will be culturing.

The Milford Method is a much sere labor-in-

tensive and technical means of culturing algae  see
Castagna and Manzi, 1989!. This method generally
starts with unialgal culture. Cultures are generally
started in sterile sea water in small 250-ml flasks in

which culture media such as Guillaxd's F/2 nutri-

eats have been added  Guillard, 1983!. Steriliza-
tion of tbe sea water may be achieved by autoclaving
or by tbe addition of hypochloxite � percent solu-
tion!. Chlorine is then neutralized by sodium thio-
sulfate. Flask cultures then inoculate 18-liter

carboys to inoculate Kalwall tubes  see Castagua
and Mauzi, 1989! or tanks of various sizes. Cultuxe
vessels are aerated to supply CO2 and mix the
culture. They may be supplied with additiomd CO2
from gas cylinders at various intervals to help
maintain an optimal pH for best algae growth.
Cultures are placed under natural light, fluores~t,
halide lainps or a wide spectmm light source. This
method produces a constant high-quality food
source that is not dependent upon environmental
fluctuations as is tbe Glancy Method.



Ievuuri~ is Currimnnal Hurd Cluis Celieru

Land4ased Nurseries

Field Nurseries

VI. CIA NUjIIKRY SYSIXMS

Commercial hard clam culture systems rely
primarily on fmel-growout procedures that use Ihe
naturd environment. The large majority of field
growout techniques presently used by commercial
culturists require clam-seed stock of considerable
size. In the South Atlanfic states, field growout
techniques include intertidal pens and trays, sub-
tidal trays, so@ trays end bottom plants - aH of which
require an initial seed size of at least 7-10 mm.
Because it is not ecoaomicsHy feasible to raise seed
to this size in hatcheries, some form of intermerhate
growout is necessary to produce planting-size seed.
Nursery systems are the link between hatcheries end
field growout operations, providing tbe interniedi-
ate growth necessary to bring hatchery seed to
field-planting size. A comparisoa of critical fiictors
that determine which type system is best is in Table
7. Three types of nurseries for hard clam seed have
evolved; field trays, raceways and upflow nurseries
 Manzi end Castagna, 1989!.

Field nurseries were the first to evolve end

took several forms including rafls, intertidal end
subtidel cages, trays and bottom plants using aggre-
gate end/or pbNtic mesh netting for predator pro-
tection. Subtidal and intertidal trays have emerged
as primary methods of fieldwursery culture. Plas-
tic trays are lined with fine netting. Gravel and/or
sand is a protective substrate. The trays are placed
in protected natural areas ia either the low intertidal
zone or oa sbaHow subtidal bottoms. Although
initially used with very small seed � mm!, the
intensive maiatensnce required with smaller mesh
netting to provide good water exchange generally
precludes the use of fieldwursery culture systems
for seed smaller than 3-4 mm. Recent standard
practice with field nursery systems consists of plant-
ing 3-4 mm seed at high diMisities �,000-1,500
seed/fP! ia mesh covered plastic trays oflen con-
taining a pea-gravel substrate.

Recently, bottom-bag systems end oyster-belt
systems have been developed end used as field
nurseries for bard clam seed  Vaughan et al., 1989!.
Bottom bags are basicafly sofl cages of plastic mesh
attached to the substrate by a lead line or other
anchoring system  e.g. rebar!. Flotafioa is attached
to the bags to allow them to "tent, for sediment
deposition. The oyster belt is a flexible belt system

using a pair of parallel polypropylene lines, sup-
porting mesh bags between the liaes  Figure 2!.
The ~ has had good initial results and substen-
tiafly less. maintenance than other subtidal tray or
cage systems  Vaughan et al., 1989!.

Raceways have been tbe traditional land-based
nurseries for bove culture. 'Amy are geaerafly
loag shaHow tenlrs or troughs, or tiers of sbaflow
trays, constructed of epoxy or resin-coated wood,
fiberglass, plastic or concrete. Raw seawater is
pumped &om an adjacent source, delivered to one
ead of the raceway and directed to flow borizontafly
along the raceway to drains at tbe opposite end. In
shallow raceways, seed is spread over the bottom
in a single layer with water just covering the sand.
This provides good water mixing and efficieat
water use. Ia deeper raceways, racks or tiers of

of water depth. In deep raceways, baffles are also
commonly used to provide mixing within tbe hori-
zontal water flow.

The use of land-based upflow nurseries was
revived in the United States in tbe early 1980s.
Upflow nurseries use ambient seawater, pumped
from an adjacent source, to produce a vertical water
flow directed up through a seed mass, rather than a
horizontal flow across the seed as in raceways.
Three upflow nursery systems are in common use;
one recirculating system aad two flow-through nur-
sery systems. The recirculating system was devel-
oped for the production of chun past set and is used
primarily in hatcheries. NormsHy a battery of
recirculating  upflow end downflow! units are in a
single reservoir tank and airliR pumps recircubiite
algal-enriched water among the units and the reser-
voir  Figure 3!. Setting clams are introduced to the
recirculating units and tbe resultant sets continue to
be reared in the system until they are large eaough
to go into flow-through nurseries  one mm!.

The two flow~ough upflow nurseries using
unsupplemented ambient seawater are �! the ective
flow system that forces water at high velocity up
through a seed mass end �! the passive flow system
which "pulls" water at low velocity up through a
layer of seed. More simply, active or forced flow
systems use water under pressure for tbe velocity
necessary to initiate a slow fluidization of the seed
mass. This is necessary for small seed  less than 3
mm! that tend to pack tightly resultiag in a situation
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Tabb 7. Cntupttrison oF mticak Fachm that detiamine the appropriate hard dtun nursery culture
systeulS

Upflows

Maximum

production seed
8-10 mm 8-10 mm

0.05-0.08 P/inch
30-50 mls/cm

0.5-1.0 gal/ft
2.~ 0t'i m.tm

2

70-600/inch

10-100/cm

125-2,500/inch
ZMS/cm

2
1,000-1 800/0
�-2/cm

High Moderate to High
 site specific!

Initial capital costs High

Replacement costs Low

High

Moderate to High

Energy requirement High
 utilities!

High High Low to ModerateSurvival rates

Permitting

Land+ased and

adjacent to high
quality seawater

Depending on size,
may need NPDES
permit and others
for discharge and
intake s

Land+esed and

adjacent to high
quality seawater

Depending on size,
may need NPDES
permit and others
for discharge and
intakes

Need state lease or

permit for field
location
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 a! Flexible belt system supporting nursery
bags of clams  Patent No. 4896626!

 b! Individual component of belt,
Figure 2.

that would channelize lower velocity water flows.
The slaw fluid motion of water through the seed in
an active flow column insures that all seed are
serviced by the inconnng water. Forced upflows
normally consist of closed-bottom, small-diameter,
PVC cylinders with an internuxliate, positioned
plastic screen supporting the seed mass. Water
enters the closed cylinder below the screen and is
forced up through the seed mass to an overflow near
the cylinder top  Figure 4!. Passive upflows are
tormally large-diameter, open~ded PVC cylin-
ders suspended in a reservoir. Each cylinder uses
an appropriate-size mesh screen to form the bottom
and support the seed mass. Water entering the
reservoir can exit only through drains positioned in
each cylinder's upper end, and is thus drawn up
through the seed mass to tbe drains  Figure 5!. If
flow rates in a passive upfiow are correct, wastes
and silt are swept through the seed mass and settle
as a loose layer at the seed-mass surface.

Field nurseries and land-based nurseries each

have advantages and disadvantages. Field trays are
simple, low-energy systems that have relatively low
operational costs. They do, however, require sig-
niflcant maintenance and harvest labor. They also
suffer from incomplete predator protection, limited
inspection access, and susceptibility to environmen-
tal perturbations, vandalism and theR. In contrast,

land-based nurseries provide
maximum protection and
predator control, easy access
and low maintenance but re-

quire an appreciable energy
input. Field nurseries gen-
erally have less expensive
capital costs than land-based
systems but replacement
costs may be higher in cer-
tain instances. Finally, loca-
tion may play a distinct role
in the efhcacy of a particular
nursery system. Climate
and permitting considera-
tions may exclude either
land-based or field-based

nurseries from certain areas.

As with all culture opera-
tions, site selection is the
most important thing for suc-
cessful nursery systems so
the culturist must select the

system appropriate for the
location.
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 a! Schematic of passive and forced  active! upflow
nurseries for bivalve mollusc seed.

 b! Forced  active! upflow nursery for young clam seed,
Figure 4.
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Trays

:2;

Trays can be made
of an sizes and materi-

als. Most have plastic,
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VH. GROWOUT INKTHODS

Reld Growout

Growout techniques can vary greatly Rom
land-based systems to simple field broadcasting of
seed onto the bottom without protection. Although
complex land-based systems may be economically
feasible in the f'uture, only a few field growout
techniques will be summarized. Most growout
methods use pens, trays or nets. Many variations
of size, material and tuuidiing techniques are used
snd may all produce harvestable cbuns, but differ
in structure, labor, material cost, and yield. The
lease area required to grow clams to haxvestable
size varies greatly from site to site. In general, about
a million clams can be grown on one acre. Rarely
is 100 percent of a lease possible to pbmt. Con-
siderations for working areas, anchoring, grass
beds and unusable bottom substrates may
necessitate larger lease areas to acconunodate us-
able planting areas. About 100 clams per square
foot can be used as an upper density for plantmg,
but much less than this may be required at some site
locations. Survival rates are highly specific to
planting methods and experience and may vary
greatly. About 50 percent survival is a good gen-
eral rate for most growout methods with experi-
enced field management personnel and practices.
Critical factors that determine the selection of grow-
out methods are in Table 8.

Intertidal pens for hard clam culture.
Figure 6.

Pens  cages or corrals! are box-like structures
which allow water flow from all sides but inhibit
predator access with mesh  Figure 6!. Tbe pens are
constructed with support &ames and mesh. Sup-
porting frames are usually made of rebar metal rods
or PVC piping. Rigid mesh materials are used to
support vertical and horizontal positions off the
sediment and in the water column. These can be
made of vinyl~ted wire or high4msity polyeth-
ylene mesh. Connections to the support framing are
made of nylon ties, hog rings, or monofilament line.
A box-like structure is made that will accumulate
natural substrate, prevent access from predators and
leave enough room for clam growth without sedi-
ment reaching the top of the pen. Intertidal place-
ment or construction allows for low-tide tending
and alleviates many fouling organism problems.
Most pens are large enough so large numbers of
chuns can be planted with little routine mainte-
nance. Harvesting is by removal of a lid or partial
disassembly of the top layer. Clams are hand or
rake harvested and may be assisted by water hose
removal of sediments or concentration of bar-
vestable products in one area. Pens can be me-
chanically harvested by suction in some states.
Pens have to be rigid enough to withstand currents
and are usually limited to intertidal use because of
fouling.

Trays have been used effectively for growout
systems for a long
time. Trays have
proven reliable and
productive in terms of
clam growth and sur-
vival if they are moni-
tored and maintained
properly. Trays con-
sist of material that pro-
tects clams from

predation and incorpo-
rate a sediment sub-

strate. The growing
container also allows

for clam retrieval at
harvest.



Table S. Com n of critical factors that dettmnne riate hard clam out

Critical

Factors

Intertidal,
Subtidal

Moderate to high
 soft or bard tray!

Effort to access

and inspect

Special permits
 in addition to lease!

No states

Recommended method

by state

X X
X X

Virginia
North Carolina

South Carolina

Georgia
Florida

havestisg ia Concmercial Hami Clam Csltarc

X X X X X
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Nets

Nets are the least ex-

pensive of growout cul-
ture techniques, both in
material cost and mainte-
nance labor. There are

 b! Internal view of growout tray filled with sand and
clams.

Figure 7.
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fiberglass, or wooden sides and bottom with mesh
covering  Figure 7!. Wooden trays were the first
used and can be made of boards and plywood.
Although these materials are locally available and
inexpensive, they are more cumbersome and sus-
ceptible to deterioration. With rigid or hard trays,
a lifting device must be used to hoist them because
these units are very heavy. Boxing clams and wood
rot are persistent problems in wooden trays. Trays
may be fouled externally with barnacles, oysters,
etc., that need to be scraped of%

The sofl tray was designed as a hybrid of
tray-and bottom-net culture. The sofl tray is made
of flexible mesh such as nylon and made into a flat
box  Figure 8!. It has the properties of tray culture
in that it provides both top and bottom protection
but uses existing or naturally accumulating sedi-
ments. When lifted or harvested, all sediments
remain on the bottom with only the clams and mesh
Med.

The soft tray can be made of woven nylon mesh
and formed into bags of four x four feet or four x
eight feet, which will take one or two people to
handle, A float may be attached in the center of the
bag to facilitate siltation. After an adequate amount
of sediment has been deposited in the bag, however,
the float should be removed. If the soft tray remains
tented for an extended period, the net is more
susceptible to fouling.

Fouhng can be controlled by removing the float
and/or by flipping the
tray so that the upper sur-
face is now on the bot-
tom, and the fouling
organisms are suffocated
in the sediment, The
claius should be rear-
ranged and spread evenly
in the bag as much as
possible. A regular
schedule of checking for
rips or tears in the mesh
is suggested.

 a! External view of growout tray made of
wood and netting,
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Growout tray made out of nylon netting  so@ tray! in four-foot
square size.
Figure 8.

Although the bottom-
net system is easy to plant, predators may access
the net Rom tbe sides and sedimentation may be a
problem. Harvesting is also restricted to normal
allowable bottom-harvesting techniques.

Harvesting Methods

An important consideration in designing a plan
for clam culturing is bow the clams will be har-
vested. For production systems in which the clams
are grown in containers that can be lifted, special-
ized methods can offer the advantage of several
thousand clams harvested in a single haul. Special
lifting equipment may be required and each system
dictates the amount of time and staff required.

In systems where the container is too large to
lift  pens! or does not surround tbe bottom  nets!,
the harvest method required may be similar to that
used for wild commercial fisheries. This would

include hand harvesting, SCUBA, clam rake, clam
tongs, dredge or other mechanical harvesting tech-
niques. Mechanical harvesters such as the hydrau-
lic dredge, escalator dredge and suction harvesters
offer the greatest labor efficiency and spud. The
speed and ease of harvesting can also affect which
marketing plan you use. Because of resource regu-
lations and environmental concerns, many states
severely restrict the use of mechanical harvesters.
Some may allow special permits for culture use. In
this regard, the choice of growout methods should
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different types of bottom-net methods commonly
used, but a nylon mesh weave netting has been fairly
effective in predator controL A less expensive
plastic mesh netting may also be used in areas where
predation pressures are lower  Figure 9a!.

Nets consist of netting  six x four nun mesh!
with a weighted line attached to the sides. The net
is staked to the bottom with metal stakes fabricated

from rebar. Netting is made in rolls of 8-12 feet
widths and variable lengths. The weighted line is
fastened to the net approximately six inches from
the outer edges to provide a protective "skirt" that
will be buried vertically in the sand when tbe stakes
are in place. The weighted bne is attached with
stainless wire hog rings. The completed net is
rolled onto a length of pipe to facilitate planting.
Some farmers also attach a line down the cmter of

tbe net with loops to aid in lifting the net when it
begins to sink beneath the silt. Growout nets range
in length froin 25 to 50 feet, although smaller sizes
are not uncommon  Figure 9b!.

To plant the clams, the nets are unrolled and
secured over the top of seed that is broadcast on the
natural sediment. A weighted line and stakes se-
cure the net in the substrate along the edges. Other
variations include sandbags along the sides of the
net or a rebar frame buried around the plot
perimeter over which the net is stretched.

Maintesumce consists

of periodic checks to en-
sure that tbe net has not

become buried from the

accumu4tion of sand or

silt. Some sand  I/4 !
covering the net is benefi-
cial as it will decrease

fouling. Clams may be
easily suffocated beneath a

net if they are too
small or weak to raise it on

their own. In waters with

a high silt loading, IIoats
or poles can be placed be-
neath the nets to avoid ex-

cessive siltation. If heavy
fouling or destruction oc-
curs, nets should be re-
moved, repaired and
replaced.
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 a! Growout net roiled out on land.

 b! Growout net in intertidal zone.
Figure 9.
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not be made without considering the aHowable
harvesting methods available to you now and in the
future.
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VHI. MARKEI' FOR HARD
CLAKES

Products and Market Structure

Table 9. Minimum hard clam legtd harvesting size for five South Atlantic states

Wild Harvest

Virginia
North Carolina

South Carolina

Georgia
Florida

None
l II

1"

1
1"

None
1"

None

1

1" within state

7/8" out of state

1 Effective early 1990. Discussions underway in several states for changes.
For most recent size regulations, check with state's regulatory agency.
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Clams are generally marketed piece-rate, i.e.,
by count container, or individual clam, particularly
for the premiumwize category of littlenecks. The
three market categories generally recognized are
littlenecks, cherrystones snd chowders. As pointed
out below, littlenecks are the smallest-size category
and command the highest prices. This clam is
generally 1 3/4 - 2 1/2 inches  Brown and Folsom,
1983! measured by its largest shell dimension,
though some states allow harvest based on diferent
sheH metLsurements. As the smallest size clam is
the most valuable, the grower is only concerned
with achieving minimum size clatns to market as
littlenecks, and not with larger size, less valuable
clams.

Minunum sizes for harvesting are in Table 9.
Note some differences in minimum-allowed harvest
sizes from private  leased! beds compared to public
beds  e.g., Florida!. Discussion is underway in
several states to exempt harvests off private, or
culture, beds from minimum harvest size regula-
tions. Obviously, it is in no grower's interest to
harvest a size too smaB to market.

One of the problems in analyzing markets and
recent clam harvests is that landings data report
values in pounds of meat. These values result from
harvest of all size clams and represent an average
value for all thtee market categories. Thus, average
landing values  for cultured and wild harvest! are

less appropriate to tbe clam grower who markets
only littlenecks. Because these data are all that
exist, however, they are discussed below.

Many clam products are distributed locally to
restaurants and retail markets. The predominant
product form for littlenecks is live  in shell!.
Chowders are largely marketed as shucked meat.
Cherrystones are marketed both hve  in shell! and
as meats. As noted by Vondruska �988!, hard
clams "... have the lowest percentage of landings
converted into fresh snd frozen shucked meats, 4-28
percent in 1975-84, because hard clams are mar-
keted largely in the shell."

Brown and Folsom �983! reported that from
1979-83, Fulton Market in New York marketed
about 10 percent of total U.S. hard clam landings.
Allowing for some sales through other wholesale
markets, the bulk of hard clam landings are still
nuu keted through distributors. A survey by Adams
snd Busby �986! found that 76 percent of Florida's
east coast 1985 hard clam harvest was distributed
through wholesaler/distributors. Similar distribu-
tion probably occurs in the other large chun-pro-
ducing state, North Carolina.

Potential investors should talk with clam and
seafood dealers and distributors in their area. Cul-
turists should also talk to producers about their
marketing programs and production practices.
Other producers can give valuable information
about markets and services of local distributors.
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Potential investors considering marketing their
own harvests should explore early local markets
such as retail establishments and restaurants. Do

not overlook the costs of marketing and distribution
if you decide to "do it yourself." These costs can
be significant, particularly when individual custom-
ers purchase relatively small quantities.

Between 1979 and 1986, U.S. hard clam land-
ings have fluctuated between about 12 million
pounds  meat weight! and 18 million pounds  Fig.
10!. Landings have declined to a range of 11-12
million pounds in the 1986-88 period. Landings
appear to have become inore variable from the
mid-1970s to the present, compared with those in
1960 through the mid-1970s  see Table 10!. During
this earlier period, landings were relatively stable
at 14-16 million pounds per year. Also note in
Table 10 that landings of both ocean quahogs and
surf-clam meats have exceeded those of hard clams

since 1977  surfwlam landings have historically
exceeded hard clam landings!. Imports of various
clams and clam products have increased signifi-
cantly since the mid-to-late 1970s, but comprise
only about 10 percent of total supplies in 1986-88.

Assessing the potential for expanded clam cul-
ture is somewhat risky, as investors know. Aside
from production risks associated with water quality,
predation and potential diseases, projecting long-
term prices is itself uncertain at best. There are
factors, however, that influence expected future
prices, discussed below.

First, and perhaps most important, are the
potential effects on prices from increases in produc-
tion. Increased production may originate from
increased culture and growout on leased bottom,
from increased depuration of clams grown on pol-
luted, public bottom, and perhaps froin stock-aug-
menting state agency management of public
bottoms. Predicting the future supplies of each is
again risky business, but we can speculate.

Future supplies of clams may be increased
from depuration, holding of shellfish in clean water
to allow bacteria purging and other pollutants.
However, depuration requires extra handling,
whether done on shore, or "relayed" to cleaner
water in bays before harvesting. Some price advan-
tage for depurated clams or regulation may result
in more depuration in the future. This increased

quantity of clams could have future price effects,
but we do not know the level of these potential
quantities. However, larger scale relay or shore
depuration would result in significantly higher pro-
duction costs. While we might expect some in-
crease in tbe near future in South Atlantic supplies
of hard clams from depuration, it is unclear just how
large they will be.

Growout on leased bottom does serve a stor-

age/speculative function as well as a production
function  Agnello and Donnelley, 1975; Easley,
1982!. This advantage is not generally available to
the fishermen harvesting from public bottom due to
the open access/common property nature of the
fishery. Given significant price fluctuations
through any given year  discussed later!, this ad-
vantage may be important, since clams can be held
in protected natural conditions until prices are fa-
vorable.

As production grows, what are the likely con-
sequences on prices for clam producers? While
this question cannot be definitively answered with
the existing knowledge of clam markets and data,
there are several studies that bear on the question.
First, evidence suggests that marketing Florida
clams to northeastern markets enhanced harvesters'

prices in 1978-85  Adams and Busby, 1986!. Given
the relatively high-valued product, it is not surpris-
ing that shipments occur across states and regions
in response to higher prices.

The characteristics of the demand for hard

clams largely determines price effects from in-
creased production. Brown and Folsom �983!
estimated that the wholesale price of littlenecks
would fall by .56 percent if landings increased by
1 percent, holding other factors constant, such as
income. With this estimated effect, gross revenues
to the industry would increase with small increases
in output. However, since it is not known how costs
respond, it is difficult to predict the effect on
industry net revenue. It does appear reasonable to
speculate that expansion in culturing output could
be accomplished at relatively constant marginal
costs. This may not be true of increased output
from naturally-occurring wild stocks.

North Carolina hard clam producers were
found to be "price takers" relative to the U.S.
market during 1960-82  Hsiao, Johnson and Easley,
1986!. North Carolina quantities landed did not
exert the expected negative effect on the state' s
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Recent U.S. Prices

Other points worth noting from Figure 11 are

Florida uses even larger numbers of size classes, with three categories within the littleneck,
 personal communication, Mr. Stu Kennedy, Florida DNR!, including littleneck, middleneck, and
topneck. Other Florida grades are cherrystone, chowder and ungraded, employed in pricing
harvests at the vessel level.

Littleaecks are 480 count per bushel.
Prices by these size categories are not available at the vessel  or fisherman! level. State-level prices
 presented later! represent a blend price for all sizes harvested. Ikey not only reflect higher-level
market prices, but also differences in the proportion of harvests made up of the different size
classes. Thus vessel-level prices may aot provide potential investors with as much information as
wholesale littleneck prices adjusted for mark-ups and transportation costs from the reader's region.
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prices. Changes in hard clam landings in other
states did negatively affect North Carolina prices,
and to a lesser degree, so did landings of soft snd
surf clams  possible substitutes!. North Carohaa
price was estunated to rise 1. 13 percent in respoiise
to a 1 percimt decrease in other states' hard clam
landings.

These studies, as expected, suggest a negative
effect on price for increased clam landings. How-
ever, both Brown and Folsom �983! and Hsiao,
Johnson and Easley �986! found large positive
effects on price for income increases. Over time as
immme increases, the demand for clams increases,
resultiag in higher prices. Hsiao, Johnson sad
Easley �986!, for example, found that North Caro-
lina prices were bid up by 3.36 perctuit for a 1
percent increase ia U.S. real per capita income.
Thus, even if increased production reduces prices
in the short rua, increased income over tune more
than offsets this through a demand increase. Future
prices may largely depend upon tbe relative sizes
of these two opposing effects.

Observations on early growers' experiences
suggest that growth in demand has been at least as
great as growth in supplies. Some producers are
contracting for prices year round that may exceed
wild-harvest prices much of the year. Consistency
in supplies and high-quality products appear to be
motivations behind buyers in such contracts.

Clams are now beiag marketed in new areas.
Markets have historicamy been the eastern coastal
states. Future efforts to expand beyond traditional
markets suggest tbat larger quaatities  exact level
not known! can be marketed without adverse price
effects.

Another factor that wiH affect long-rua profit-
ability in the industry as quantities produced  and
consumed! expand is the cost at which growout

firms can be replicated. If this cost is fairly con-
stant, long-run real prices may aot increase a con-
ditioa similar to what occurred in the catfish
irxlustry. However, if new entrants enter the indus-
try with successively higher costs, early entrants
may well earn above-noriaal returns.

Clams are marketed by size, with the smallest
market-size clams coauaandiag the highest prices.
Size categories according to Brown and Folsom
�983! are decided by the clam's largest dimension,
and are: littlenecks, 1 3/4 - 2 1/2 inches; cherry-
stones, 2 1/2 - 3 inches; and chowders, over 3
iaches. Average wholesale prices at New York fori

1988 for a bushel of hve clams by size were:
littleaecks, $104.52; cherrystoaes, $31.75; and
chowders, $16.82. Such a price structure reflects
coasuiner size preference, aad supplies by size
classes. Much stronger preference for the small
clam is of obvious importance to the culturist, as
growout time to tbe littleneck size is much shorter
than for tbe larger classes.

Figure 11 presents recent wholesale prices for
littleiiecks and cherrystones. Several points are3

worth noting. First, there is significant variability
in wholesale prices through the year, with major
peaks occurring each winter. This may be due to
some seasonality in demand, but is also affected by
reduced supplies from northeastern states during the
winter months  Brown and Folsom, 1983!. South
Atlantic producers with small acreages may take
advantage of these large variatioas by timing har-
vests during periods of higher price. Larger pro-
ducers, however, may have to harvest year-round
snd are less able to fit production to periods of high
prices.
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that prices of tbe different-size clams tend to move
together, perhaps reflecting the fact that all size
classes are harvested siinultaneously from public
waters and may be substitutes in consumption.
There also appears to be an upward trend in prices
during the six-year period beginning in 1983.
These are nominal prices, however, and reflect
general inflationary forces as well as changes in
chun-market forces. Figure 12 presents deflated
wholesale prices  deflated by the producer price
index for finished coiuamner goods! for live clams.
Real prices for littlenecks have incxeased signifi-
cantly over time, particularly from the mid-1960s
through the early 1970s, the late 1970s, and 1985-
87.

Historical Price Overview by State

Hard clam prices in recent years have risen
significantly relative to other shellfish. Table 11
presents recent exvessel price indexes for hard
clams and total edible shellfish  which also includes
clans!. Note that average prices for 1989 for hard
clams are 45 percent higher than in tbe base year of
1982. The final column in Table 11 shows the ratio
of the hard clam index to the total edible shellfis
index. This ratio of indexes shows that hard clam
exvessel prices have rism relative to shellfish in
general. Tbe probable explanation for this is that
the demand for hard clams bas been increasing more
rapidly than bas the demand for all shellfish.

Table 11. Indexes of exvessel prices for hard dams and total edible shellfish, 1980-89.
1 =1

Total Edible ~~iattla x 100
Shellfish Total Edible Shellfish

Hard

Clams

Source: NMFS,
Washington, D.C.

, various issues, U.S. Government Printing Office,

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

79

85

100

89

101

92

119

130

164

145

68

78

100

98

96

92

108

109

113

108

While landings of hard clams were relahvely
stable during tbe 1960s and early 1970s, they have
been lower in the late 19&Os  Table 10!. Regional
landings for Virginia through Florida, on the other
hand, have increased from about 1.5 million pounds
of meat in the mid-1970s, to 3.5 to 4.0 million
pounds in the mid-to-late 19&Os. Table 12 presents
landings by state for tbe region. U.S. landings have
gone down since tbe late 1960s-early 1970s and
South Atlantic landings have risui. The share of
total U.S. landings accounted for by South Atlantic
landings bas increased significantly. Regional
landings accounted for about 10 percent of total
U.S. landings in 1975-76, and had increased to just
over 30 percent in 1986-87  see Table 12!.

Increased landings have resulted in large part
from increased clam prices. Higher prices may be
due to several factors, including population and
income growth in the region and stable-to-down-
ward landings elsewhere in the country.

Figures 13-17 present nominal  current dollar!
and real prices  adjusted to remove general infla-
tionary effects! for 1973-88. Note large increases
in tbe real, or adjusted, prices froin 1976-78, and
1985-87. Both these periods coincided with re-
duced landings in other regions. Real prices fell in
Virginia, North Carolina and South Carolina from
1980 - 81. This may be due to a relatively large

116

109

100

91

105

100

110

119

145

134
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Table 12, Hard clam landings for five South Atlantic states, 197348.

North South

Year Virginia Camhna Carolina
Share

Total of U.S.Georgia Florida

- - - - - - Thousand pounds of meat - - � - -- Percent

Source: Various state fishery statistical programs.

increase in U.S. landings in 1981. Real prices also
fell in several South Atlantic states from 1987-88.

prices have exceeded those in Virginia by a signifi-
cant margin. The Virginia industry includes soup
/chowder producing plants, which may prefer the
larger and lower-priced chowders, whereas the
North Carolina industry does not include such
plants, Thus, marketing related to different sizes
and prices of clams influences average or composite
vessel-level prices.

Some care should be exercised in interpreting
changes in vessel-level prices by state. These
prices represent composite or average prices across
the size classes harvested. As noted earlier, there
are very large price differences between littlenecks
and chowders, for example. Thus, a year-to-year
change in average clam prices for a state may reflect
real market forces at work, or reflect a change in
the composition of landings. For example, an
increase in price from one year to the next nnght be
explained by an increase in the share of landings of
smaller and higher-priced clams, with no change in
overall market demand.

Seasonal Price Variation

Price variation through a year  or seasonal
variation! is important to the timing of harvest by a
lease-holder unless the grower is selling at a con-
tracted price. As noted earlier, the lease provides
growers the opportunity to tiine their harvests for
higher prices, because they have property rights to
the clams and control access  unlike the fisherman
who harvests off public bottom!. Also noted ear-
lier, there is significant variability in wholesale
prices through the year  recall Figures 11 and 12!.
Much of the wholesale price variability is translated
into vessel-level price variability.

Siinilarly, variation in annual prices across
states may be due largely to changes in the size
composition of landings. A good example of this
effect may be the comparison of Virginia and North
Carolina prices. Real prices are reasonably similar
froin 1973-77, with Virginia prices higher in three
of the five years. But since 1978, North Carolina
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1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1,354
1,419

1,088
893

1,021
497

620

753

1,116
698

1, 177
739

716

920

1,004
1,308

380

288

285

306

739

892

1,455
1,542
1,458
1,702

1,342
1,388
1,393
1,356
1,207

940

119

155

178

169

199

205

194

296

258

527

340

393

221

250

186

272

6 0 0
11

0 0 0 0 6
10 3 3
7

17

34

61

139

94

74

61

148

126

72

62

117

145

145

1,377
1,655
1,148

1,194

686

1,998 13.8
1,956 13.3
1,624 10.8
1,440 9.4
2, 107 14.3
1,720 12.9
2,341 19.4

2,653 19.8
2,955 16.3
3,082 24.0
3,007 21.2
3,900 26.4
3,992 23.9
3,691 31.3
3,625 31.8
3,267 26.4
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Figures 18-20 contain monthly vessel-level
prices for two recent years for Virginia, North
Carolina, and Florida, the three largest clam-pro-
ducing states along the South Atlantic. Note that
those shown for Florida are for the East Coast

which accounts for 90 percent or more of the state' s
landings.

The major reason for presenting these prices is
to illustrate some of the variability from month to
month and through the year. Note that there is little
consistency in monthly price patterns among the
years presented. However, given the variability,
the clam producer will want to pay close attention
to local prices in timing harvests, especially in states
that have important wild harvests.
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IX. FINANCING THE CI.X.N

CUITUI&

Obtaining capital for clam culture can be a
formidable task for current and prospective cultur-
ists. Major problems are the perceived high risk and
high investment and low return on investment asso-
ciated with clain culture.

Individuals considering commercial hard clam
culture should be financislly sound because the
capital investment can be higher than for most other
agricultural or aquacultural enterprises. Prospec-
tive producers should not start hard clam production
undercapitalized or unsure of funding sources. Un-
expected cash flaw or capital equipment needs may
cause failure.

Most lenders are unfamiliar with hard clam

farming and will have made very few loans to clam
culturists. In areas where hard clam culture is

unproven or a successful track record hss not yet
been established, lenders are usually cautious with
new operations and financing may be difficult to
obtain. The clam culturist should educate the

lender about production, financial and marketing
factors.

Lending criteria and requirements for ~-
tuie credit are generally varied. Profits and return
on investment, while important, are not the only
criteria that influence the decision-making process.
Aquaculture and individual risks are also consid-
ered. Other factors include the borrower's charac-

ter, repayment capacity, collateral and equity
capital, as well as the nature of the enterprise.

The prospective borrower should have ade-
quate collateral for the loan requested. The bor-
rower must provide current accurate fmancial
statements and supporting records, professionally
prepared. A balance sheet, with supporting sched-
ules and inventories, is essential. A projected in-
come statement and a projected cash flaw for the
business are needed. A five-to-ten-year projected
cash flow period may be required. Use reahstic
figures that represent average values rather than
inflated figures unlikely to be obtained. The finan-
cial analysis should reflect the specific farm situ-
ation. The borrower must provide a marketing plan
explaining to whom, at what price, and how the
hard clams will be marketed. Letters of reference

from professionals or seafood brokers or other

market customers supporting the business can be
helpful. Any actual experience producing hard
clams conunercially or participation in hard clam
culture ~ional programs should be noted. The
character of the principals in the business is of major
interest to the lender. The producer must be willing
to keep records, inform, listen to and work with the
lender.

Once credit is obtained, properly managing it
becomes a major challenge. Three basic financial
statements - bahmce sheet, income statement and
cash flow statement - are used to monitor the

financial strength of your business. A succemRI
business must exhibit strength in repayment ability
and capacity, liquidity and solvency, profitability
and financial efficiency.

Credit is available for hard clam culture from

a variety of sources and for a variety of purposes
including farm ownership and fiicility construction
and for operating or producing the hard clam. A
loan may be a direct, insured loan or a guaranteed
loan. Sources of credit for aquaculture include:

1! Farm Credit System  funds typically used
for operating loans, to purchase or improve real
estate or refinance debt!,

2! Bank for Cooperatives  loans to agricultural
and agribusiness cooperatives!

3! Commercial banks  operating, non-real es-
tate and real estate loans!

4! Farmers Home Adnunistration  farm opera-
tion and ownership, limited resource, economic
emergency, business and industrial!

5! Small Business Administration  guaranteed
and direct loans!

6! Life insurance companies  first mortgage
real estate loans!

7! Savings and loans associations  first mort-
gage real estate loans!

8! Merchants and dealers  agribusiness firms
provide credit to purchase inputs and equipment!

9! Individuals  real estate purchases and oper-
ating loans!
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10! Venture capitalists and equity capitalists
 ventuxe Gnancing for growth companies!

11! Private companies/consulting firms  pri-
vate agricultural and agribusiness companies and
consulting firms are providing technical services
aud loans for emerging coinpanies!

12! State assistance programs  credit for new
aquaculture enterprises!
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Short-terin goals:

X. DEVELOPING A CLAN

CULTURE BUSINESS

PROPOSAL

Developing a clam culture business proposal
can be difficult. For culturists searching for start-up
capital or sunply organizing their approach to a new
venture, proposal preparation can be tedious and
cumbersome. Many areas of business expertise are
required to properly organize a proposal so that a
particular idea may be evaluated and acted upon,
For the greatest chance of success, a logical, con-
scientious effort from idea to proposal should be
used.

Readying a proposal for presentation to a finan-
cial institution requires several steps:

1! An idea becomes the business desire of the
principal s!.

2! Idea is converted into long - and short-tenn
goals.

3! Goals lead to the formation of a basic plan
of action to be analyzed, producing various alterna-
tives for goal attainment.

4! Decision is made for the best alternative
depending on the principal's s'! particular circum-
stances.

5! Fimulcing proposal is written with an organ-
ized purpose and logical plan of action.

Long- and short-term goals set the direction by
which the culture venture can become a reality.
Long-term goals are accomplished over several
business cycles, while short-term goals create a path
to the attaiiunent of the former, and are accom-
plished in a shorter time period.

An example of long - and short-term goals for
a clam farmer may be:

tung-tenn goal number 1: Hard Clam Inc.
proposes to own and operate a conunercial hard
clam growout operation.

Short-term goals:

1. Site research and selection by July 1.

2. Analysis of alternate growout systems by
August 1.

3. Selection and design of growout system by
October 1.

4. Seek financing for operation by February

5. Startup activities by June 1.

6. Begin operation by October 1.

Long-term goal number 2: This operation is
to pay back the initial investment within seven years
after operation begins.

1. First three operational years, 20% paid
back.

2. Fourth year, 40% paid back.

3. Sixth year, 80% paid back.

Long-term goal nuinber 3: The owner~-
tor would like to make a salary of $45,000 per year.

Short-term goal:

1. Same as long-term goal.

Once goals are set, a basic plan, including
alternatives, is developed. All alternatives should
be evaluated using criteria developed from the
goals. The analysis of the alternatives should be
consistent for comparisons  " apples to apples" ! and
should produce one or two "best" plans. Types of
alternatives are highly dependent on the nature of
the culture activity  i.e., location, scale, level of
integration, technology!.

After identifying various alternatives, set cri-
teria by which they can be compared. Because most
goals are financially oriented, one set of criteria is
financial statements  other criteria, such as produc-
tion goals, should also be considered!. Pro forms
financial statements include cash flow, income
statement, balance sheet, and the statement of
changes in financial position. Specific criteria,
such as internal rate of return, payback period, and
financial ratios, can be adopted from thete state-
ments. These criteria can then be used by the
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principal s! to select one or two "best" plans from
the alternatives.

General environmental and industrial factors,
which are external to, but nonetbeless impact on,
the proposal, must also be considered. The general
environment can be viewed through cultural, eco-
nomic, government, technology, and international
issues. The industry can be examined by competi-
tive forces a8'ecting market performance.

The following general outline is useful as a
guide for the contents of the proposaL Specific
sections and tables from this guide of use in prepar-
ing the business plan are shown in parentheses.

Title Page
Table of Contents

Statement of Purpose
Executive Summary
The Business

Industry Status  I! - current status of the
business and organization
Operations  location, facilities,
production cycle, permits!  III, IV, V,

VI, VII!
Market  VIII!
Marketing  VIII!
Competition and Risks  I, III, VIII!
Management
Personnel

Research and Development
Financing Arrangements and Ownership

 IX!
Development Schedule
Sununary

Financial Plan  XI!
Sources and Use of Funds  IX!

Capital Equipment List  Tables 14, 18,
22,26, 30, 34, 38, 42,46,47, 48, 49, 54!

Breakwven Analysis  Tables 58, 59, 60!
Pro Forms Balance Sheet

Pro Forms Income Statement  Tables 17,
21, 25, 29, 33, 41, 45, 53, 57!

Pro Forms Cash Plow  Tables 16, 20, 24,
28, 32, 36, 40 44, 52, 56!

Historical Financial Statements

Equity Capitalization  Tables 16, 20, 24,
28, 32, 36, 40, 44, 52, 56!

Debt Capitalization
Supporting Documents
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Each system is assessed under a specific set of
descriptive, operational, and financial baseline as-
sumptions. These assumptions will be covered
before discussing each respective system. A more
general set of assumptions applying to the overall
analysis follows:Introduction

All hatchery and nursery systems are in
production only six months of each year.

Planting occurs yearly with increasing acre-
age seeded until year three, First harvest
is in year three and each year thereafter.

Mortality is assumed to be 50 percent at
each production level, with the exception
of the field-tray nursery  refer to that sec-
tion!.Baseline Assumptions

Growout systems are stocked at a density
of 100 seed clams per square foot.

Growout harvest size is 45-50 mm  longest
dimension of shell!.

Harvested clams are assumed to all be of a

given size  i, e. growout systems produce
only littlenecks!.

Operation size will be measured in terms
of annual output goals from the growout
stage of the operation. Excess capacity has
been built into the hatchery and nursery
stages of the operation for system expan-
sion and sale of seed. Annual production
goals from each stage of the operation are
shown below:

Production Schedule  Millions of Clams!

Milford hatchery
Upflow nursery
Pens

Milford hatchery
Upflow nursery
Soft trays
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XI. HWANCIAL PKNIBILITY

ANALYSIS FOR HAlRD CLAM

CULTURE SYSIXIWS

Interest in the culture of hard clams has caused

tbe development of technology resulting in a variety
of hatchery, nursery, and growout systems. Under-
standing the differences in these is important to a
potential hard clam culture investor. Further, a
potential investor wants to understand how the
economic performance of each technology differs.
Current clam culturists may also increase the effi-
ciency of existing production systems using this
information. The following discussion focuses on
the systems' econonuc and financial characteristics.

A wide variety of production systems are cur-
rently used for bard clam culture in the South
Atlantic region. This analysis attempts to empha-
size those systems recognized as especially techno-
logically and financially promising. Therefore,
only a select set of hatchery, nursery, and growout
methods are examined, with respective harvest ca-
pacities, as follows:

Hatchery: Milford method �4 million!
Nursery: Upflow method �2 nullion!

Raceway system � million!
Raceway system �2 million!
Field-tray method �2 million!

Growout: Pens � million!
Soft trays � million!
Bottom nets � million!

Each method is examined independently. In
addition, two integrated systems  i,e, hatchery,
nursery, and growout! are assessed. These inte-
grated systems include specific combined technolo-
gies  at a harvest capacity of six nullion each! and
are described as follows:

Hatchery
Nursery
Stand Alone

Growout

Plant

Harvest

Integrated
Growout

Plant

Haivest

10

24 24 24 24 24 24 ..24

12 12 12 12 12 12 ... 12

2 2 2 2 2 2 ... 2

1 1 1 1...1

12 12 12 12 12 12 ... 12

6 6 6 6...6
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Financial

. Harvest volumes, revenues, and opera-
tional expenses for each system are as-
sumed to be constant across years  costs
and prices are for 1990!.

All loans  i.e. capital and operational! are
at 12 percent.

Capital loans are for 10 years.

Initial start-up capital loans assume 65 per-
cent of cost financed  i.e., 35 percent
owner financed!. Capital asset loans re-
quired for capital replacement assume 100
percent borrowed capital.

Owner equity is defined as the sum of
owner financing  i.e., 35 percent initial
capital requirements! and any start-up
costs, which may include permitting fees,
legal costs, consultant fees, survey costs,
etc.

The opportunity cost of owner equity  i.e.,
the next best investment alternative! is de-
fined to be a 12 percent annual rate.

Capital assets are depreciated using the
straight-line method. Salvage value is zero
for aII capital assets.

An operating loan covers all cash shortfall
 zero minimum cash balance!.

Each system is managed by an owner-op-
erator, whose cost of management skills is
not included, Therefore, final retutm are
to owner-operator's management and risk.
Additional labor requirements for each sys-
tem are presented later.

Returns are before taxes  i.e. state and fed-
eral income and property tax!. This is ne-
cessitated due to the variability in applica-
ble income and property tax rates.

Because of the extreme variability in cost
likely encountered for acquiring waterfront
property within the South Atlantic region,
the cost of land has not been included in
the analysis.

The discount rate for net present-value
computations is 15 percent.
The stream of values used for the internal
rate of return and net present value compu-
tations is the "ending cash bilance" con-
tained in the cash Saws.

Pomeroy and Manzi �990! served as the basis
for some of the assumptions regarding the compu-
tation of labor and salaried benefits, repair and
maintenance costs and derivation of certain other
production, salary and wages, and overhead costs.
These include:

Annual maintenance costs for pens, nets,
and trays are assumed to be 5 percent of to-
tal initial investment. These costs may be
higher in different locations under diffaent
conditions.

Annual maintenance costs for trucks,
boats, trailers and motors are assumed to
be 10 percent of total initial investment.

Electricity costs for pumps are computed
on the basis of 24-hour pump use at a
given horsepower rating, where one KWH
= one HP ! $0.063 per KWH.

Labor was included at $5.00 per hour,
given a sixty week  i.e. 48 hrs.!.

General manager salary is asiiunM¹l to be
$32,000 per year.

Technician salary is assumed to be $16,000
per year.

Benefits on hourly labor and salaried per-
sonnel are computed as 10 and 13.5 per-
cent, respectively, of the total annual
charge.

Miscellaneous costs are included to cover
other minor costs and are assumed to be 3
percent of operating costs. This value in-
cludes annual lease fees, which may be a
negligible cost on a per-acre basis.

Financial Statements

The financial statements used in this analysis
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include a statement of operational experues, initial
capital investment requirements, capital asset addi-
tion schedule, annual cash flow �0 years!, and an
income statement  year five!. These financial state-
ments are presented for the hatchery, each nursery,
and each growout system, as well as for the two
integrated systems. In addition, enterprise budgets
for year five are presented for each of the stand-
alone growout systems.

A referesice guide useful in locating the finan-
cial analyses for each system is provided in the
Appendix in Table 13 along with sll tbe financial
analysis tables. This table cross-references the
financial analysis tables with the production system
of interest. Also, a brief description of the kinds of
financial information contained within each table is

provided.

Finally, several terms are used repeatedly in
the discussion of the financial analyses. Brief defi-
nitions of each of these terms are below  Beierlein,
Schneeberger and Osburn, 1986!:

- what the owner could have

earned with the available equity in the next best
investment alternative.

- the difference be-

tween the current value of an investment's annual

incomes and the current value of annual costs.

- tbe discount rate

that makes the current value of annual incomes

equal to tbe current value of annual costs. Projects
that have an internal rate of return greater than the
oplmrtunity cost of an investment will have a posi-
tive net present value.

The hatchery system employs the Milford
method for producing required seed quantities. The
system is designed to produce 24 million seeds of
one mm size. The facility is assumed to be in
operation six months per year. The total "annual"
production quantity is, therefore, 24 million seeds.

The capital investment requirement for start-up
is significant. Total initial investment required
shown in Table 14 is $242,474.  Recall that only
65 percent of this total will actually be financed
through a lending institution.! The most costly
individual items are the required building, support

lab, and beat exchanger. The building may have to
meet FEMA flood zone stiuidiirds. If this is the case

it may result in higher construction costs. Pumps,
seawater tiimsmission systems, snd water treatment
systems also represent a major component. The
system also ~s investment in equipment for
brood-stock main~e, algal culture, larval cul-
ture, and post-set maintenance. Timely reinvest-
nMMit in some of these and other capital items
dictates a constant debt burden. Approximately
one-half acre of shore-side property is required, the
cost of which is not included in the analysis.

A major production-cost category is utifities
 Table 15!. The requirement for water movement
necessitates using many pumps, resulting in a large
utility cost for these pumps. Instead of purchasing
algae, this proposed system is assumed to produce
all needed algae. For the sake of simplicity, how-
ever, all algal production costs are lumped into one
production cost category  Pomeroy and Manzi,
1990!. Algal costs for brood-stock maintenance
and larval culture represents another major ex-
pense, as do general supplies and heat exchanger
costs. Labor costs are the single largest operational
expense. Ihe system is assunied to require two
full-tune technicians and a general manager  one-
half year each!. Total annual operating expense
 the sum of production costs, salaries and wages,
and overhead costs! is $70,751.

The anticipated selling price for one mm seed
is assumed to be $0.003 each. Therefore, annual
revenue for tbe system is $72,000. Given the
assumptions regarding initial investment, reinvest-
ment needs, magnitude of operating expenses and
production capacity, the system remains in a nega-
tive cash flow position over tbe entire 10-year
planning horizon  Table 16!. The inability of the
system to generate a positive cash-available value
necessitates an operating-loan to be advanced each
year. However, since the cash available position
remains negative, the operating-loan debt cannot be
retired and the operating loan interest accumulates.
The income statement for year five further demon-
strates tbe inability of the system to produce a
positive net return, particularly when non~ ex-
penses such as depreciation and the opportunity cost
of owner capital are considered  Table 17!.

Three nursery inetbodologies are examined in
this report: upflow, raceway and field tray. All
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nursery systems are assumed to be in production for
only six months per year. Labor and salaried
workers are included on a full-time basis, but only
for six months per year. In addition, all nursery
systems require one-half acre of shore-side prop-
erty, whose cost is not included in tbe analysis.

The upflow nursery uses a coxnbined
forced/passive upweOer system. The operation is
assumed to purchase one mm seed from a hatchery
and grow the seed to eight nun. Annual production
capacity is 12 million seeds. Given that assumed
mortality is 50 percent, the annual purchase of 24
million one mm seed is required.

The major capital investment requirements for
the upflow nursery include the passive-flow sys-
tems, puxnps, building and pad  Table 18!. In
addition, a smaU dock and pump house are needed
to place the required pumps over water. The total
initial investment for the system at the stated capac-
ity is $171,150. A major reinvestment every three
years is required for tbe main pumps. Replacement
of other capital equipment within the first 10 years
is also required.

The acquisition of seed clams represents the
largest share of the total operating expenses  Table
19!, Given the 50 percent mortality rate, 24 million
seed clams one mm in size must be purchased at
$0.003 each at a total cost of $72,000. Electricity
for pumps, as well as labor and salary, represent
other xnajor operational costs. Additional person-
nel  other than the owner/operator! are assumed to
be one laborer and technician. Note that interest
payments on an operating loan are paid for years
one and two. These payments reflect an operating
loan taken within each of the first two years to cover
preproduction costs. The loans are phased out over
the two-year period. These interest payxnents are
included as operational expenses. Annual opera-
tional expenses total $102,097 for year three and
beyond.

The system generates an annual revenue of
$240,000, resulting from the sale of 12 million seed
clams  8 nun! at an anticipated price of $0.02 each.
Given the assumed magnitude of operational ex-
penses and debt retirement obligations, a positive
cash flow results beginning with year one and
through the 10-year planning horizon  Table 20!.
With the ability to produce a positive value for

available cash at the end of each year, no opera-
tional loan is required. NPV for the upflow system
is $2.3 million, while IRR is 121 percent. The
income statement for year five indicates a favorable
net~rnings ability under the given set of assump-
tions  Table 21!. After accounting for non~
depreciation "charges" of $28,057, the net returns
for year five total $97,586. However, when the
opportunity costs of investing the owner's initial
equity elsewhere is considered, net returns fall to
$90,398.

Initial capital investment requirements for the
field-tray system are substantially less than those
for the upflow system  Table 22!. Whereas capital
expenditures for the upflow system were for shore-
side facilities  without accounting for the cost of
land!, the majority of the capital expenses for the
field tray are boats for tray maintenance and har-
vesting on the bottom lease. Major capital require-
ments include the trays �.5' x 4'!, barge/shaker,
and dock. The barge must be big enough to accom-
modate temporary storage of trays and gravel/sand,
as well as have enough deck space for a mechanical
shaker for soxting. The dock must be large enough
for movement of trays and equipment on and off the
barge during harvesting, including a front-end
loader to move gravel/sand from on-shore storage
sites. A total of 550 trays are required for stocking
the initial 24 million seed. Initial investment re-
quirements are $80,250. Significant capital re-
placement is also required for the boat, motor, and
trailer needed to tend the trays in the field.

The operational expenses for tbe field-tray
system are approximately twice as large as those
estimated for the upflow system  Table 23!, Dif-
fexences include costs of operation snd maintenance
of the barge, boat, snd motors, as well as additional
labor for tending and harvesting the trays. The
system is assumed to require three full-time labor-
ers and a technician for six months, in addition to
the owner-operator. However, the major opera-
tional expense is the cost of seedwlam acquisition.
Instead of stocking one nun seed in shore-side
upwellers for the upflow nursery, tbe field-tray
system is assumed to stock three mm seed. How-
ever, because the seed is stocked at a larger size,
anticipated mortality is reduced to only 25 percent.
Therefore, only 16 million seed clams are required
for tbe target output of 12 million clams. The price
for three nun seed clams is assumed to be $0.01
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each, annually tota1irg $160,000. Total annual
operating expenses are estimated at $206,525 for
year three and beyond.

The field-tray system is a~ to pmdum 12
million seed clams. The seed clams are larger �5
mm! than those produced by the upflow system, as
they are stocked in tbe trays at a larger beginning
size. The anticipated price for tbe 15 mm seed
clams is $0.03 each, resulting in an annual total
revenue of $360,000. Given the assumptions re-
garding operating expenses and debt retirement,
this relatively large annual revenue produces a
positive cash position for every year in the 10-year
plan  Table 24!. As with the upflow system, no
operating loan is required. NPV for the field-tray
system is approximately $3 million, while IRR is
estimated to be 23. 8 percent. Tbe income statement
for year five further indicates a positive net return
after depreciation and opportunity costs of
$133,138  Table 25!. This high IRR reflects "fa-
vorable" conditions resulting from the set of base
assumptions. The result of less-than-favorable con-
ditions is discussed later.

Raceway  one million seed output!

The raceway system consists of four-tier
wooden racks, with each tier consisting of a 4' x
20' raceway about six inches deep. Water is
pumped shore-side through main PVC pipes from
pumps in a pump house on a small catwalk over the
water. The water is distributed to each four-tier
rack and then further distributed via a PVC piping
system to each raceway at a rate of 40 gpm. The
effluent is channeled through PVC pipes down horn
each raceway to a small aluminum culvert for
drainage back to the water source. Tbe raceways
are stocked with about 1,000 seed clams per square
foot.

Initial capital investment for this relatively
small-sca'le facility is $27,200  Table 26!. The
largest capital expenditures are for the wooden-rack
systems, a truck and the PVC seawater system.
Trays and racks are assumed to have a six-year life.
Therefore, replacement costs associated with the
wooden racks, as well as a new truck, are major
items.

The raceways are stocked with 2 million one
mm seed clams. At $0.003 each, seedwlam acqui-
sition is the major operational expense  Table 27!.
Others include electricity for pumps and fuel for the

truck. No labor cost is charged since tbe owner/op-
erator is assumed to supply the system's manpower.
Total annual operating expense is $11,395 in year
three and beyond.

A positive cash position is achieved for every
year in the planning horizon  Table 28!. No oper-
ating loan is required, because sufficient cash is
generated to cover operational expenses and retire
long-term debt obligations. NPV for the raceway
system is $69,768, while IRR is about 48. 8 percent.
The values reflect the assumed favorable condi-

tions. 'Hm income statement indicates a net return

of $2,078, after depreciation  Table 29!. Again,
recall that this represents returns to owner/operator
capital, management, and risk. Accounting for
opportunity costs  i.e. subtracting from net returns
what the owner/operator could earn in the next
best" investment alternative! results in a true eco-
nomic loss of only $28.

Raceway �2-million~ output!

The 12-million-seed output raceway is simply
a scaled-up version of the previously discussed
system. Note that the initial investment reflects
virtually a linear scale-up from the smaller-size
facility  Table 30!. Total initial investment is
$246,386. The major cost items are' the wooden
racks and pumps. In addition, the seawater trans-
mission system, consisting of large quantities of
various sizes of PVC pipe, valves, and "fittings"
represents a sizeable investment. Due to continu-
ous use in a seawater enviroiunent, the pumps are
only given a three-year life, so capital replacement
costs will be high.

In contrast to capital expenditures, operating
expense increases do not represent a linear scale-up
from the smaller raceway system. In fact, expenses
increase by a larger order of magnitude than does
output. The most important categories are electric-
ity for the pumps, seed cost, and labor/wages  Table
31!. Five 30-bp pumps  including one additional
backup! must run 24 hours a day to provide ade-
quate water exchange, resulting in an annual utility
cost of $40,824. Twenty-four million one mm seed
are recyured for initial stocking. The anticipated
price of these seed clams is $0.003 each, resulting
in an annual seed cost of $72,000. Four full-time
laborers and one technician are required for six
months to properly maintain the raceways and con-
stantly clean the seawater transmission system
pipes, incurrmg $36,580 annually. Total annual
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operating cotta for the scaled-up version of the
raceway system is $168,523 for year three and
beyond.

The system will produce 12 million seed clams
annually. The anticipated market price for 8 mm
seed is $0.02 each. Thus, annual revenues are
$240,000. Given assumptions regarding operating
expenses, initial capital investment, and debt retire-
ment, the system produces an ending cash balance
of $33,021 in year one  Table 32!. The system
continues to produce a positive and increasing end-
ing cash balance for the remainder of the planning
horizon. Only an operating loan to cover prepio-
duction costs is required. These positive results,
however, can be misleading. Although the system
produces a positive ~ position for each year,
annual net returns are somewhat less  Table 33!. In
fact, net returns in year five are estimated to be
-$8,088 as coinpared to a cash available position of
$178,728. This results from large non-cash cost
recovery  depreciation! for capital replacement,
particularly for pumps and the opportunity cost
associated with the large initial owner-equity re-
quirement. Afler accounting for these non-cash
costs, the system produces negative true economic
profit. This particular scaled-up raceway system
may not be justified because it isn't profitable
enough for its size, investment and capital replace-
ment. NPV for the system is $419,472, while IRR
is about 40.4 percent. The values reflect the favor-
able base assumptions.

The analyses assume that the growout systems
are stand-alone facilities, i.e. hatchery and nursery
systems are not in the operation. Therefore, seed
clams are purchased for stocking. The three sys-
tems analyzed include pens, bottom nets, and soft
trays. For each system, the growout period is 24
to 36 months, with an average of 30 months. None
of the growout systems receive income until their
third year. Production is assumed to be 1 miUion
clams which are 45-50 mm in size  httlenecks!.
The anticipated selling price for these is $0.17 each
for unsorted clams. Thus, annual gross revenue for
each system for year three and beyond is $170,000.
Each system assumes plantings during years one,
two and three to maintain constant production levels
for year three and beyond. Because the pens,
bottom nets, and soft trays will increase during
years one, two and three, operating expenses will
also rise during these years. For each system, two

million 8 mm seed clams are purchased for stocking
each year at $0.02 each, costing $40,000 annually.
Seedwlam purchase is the largest single production
cost for each of the growout systems. Boat/truck
and growout system maintenance, fuel/oil for the
boat and truck, and insurance represent other major
production costs for each system. Annual operating
expenses increase up to year three due to planting
and harvesting more seed as production phases up
to a consistent level. The following discussion
focuses on year three when operating expenses will
stabilize. Annual production for each system is one
million clams. Note it is assumed only the
owner/operator handles each system, therefore, no
labor cost is in the analysis. Additional hibor may
be required during planting and harvesting. These
potential costs are not included but should be noted.
All net returns are to owner/operator management
and risk. No shore-side facilities are required,
except a suitable location to launch a small boat for
site maintenance and harvesting. Each system re-
quires a three-acre bottom lease. Security can be a
potential problem in certain locations. The
owner/manager should be aware security needs to
be considered in the siting and management of Ihe
clam lease. Providing security can cause additional
operational costs. These costs are not included in
the following analysis.

Total investment cost for 115 pens to allow
harvest of one million clams is $46,600  Table 34!.
The major initial capital investment is for the
ground plants or pens, which are 24' x 8' and made
of a PVC frame with plastic mesh. Additional pens
are purchased in years two and three for $27,600,
to maintain a constant yearly production level. The
pens have a useful life of six years. In addition, a
boat, motor and trailer to manage the pens are
required.

Annual operating expenses for year three and
beyond total $47,720  Table 35!. Seed-clam pur-
chase  two million eight mm seed clams at $0.02
each! is the largest single expense. Fuel and oil for
truck and boat, as well as maintenance for the truck,
boat, motor, and pens, represent another large cost.

The first harvest, and thus income for the
operation, does not occur until year three. An
operating loan is required to carry the operation
during the first two years  Table 36!. The receipts
from harvest in year three are used to retire the
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operating debt. Therefore, the first positive ending
cash balance occurs in year four and for every
remaining year in the planning horizon. The pen
system generates NPV of $853,083 over the ten-
year planning horizon, with IRR of 76.9 percent.
These values reflect the favorable base assump-
tions. Tbe income statement for year five indicates
a net return of $99,045 after depreciation and
opportimity cost of owner equity  Table 37!.

Initial capital investment required for bottom
nets is substantially less than pens  Table 38!.
Total capital outlay in the first year is $20,470. To
achieve a constant annual level of production, a
complement of nets is put into production during
years two and three. The initial cost of bottom nets
is substantially less than that for the pens, as the
former are simply 50' x 8' reinforced plastic nets
placed over the bottom and staked down, Twenty-
five bottom nets are needed. The major capital
investment is the boat, motor, trailer and truck.
The nets are given a three-year life and therefore
represent a significant replacement cost every year.

Operating costs for year three and beyond total
$46,352. As for the pen system, the largest single
cost is seed clams  Table 39!. Fuel and oil for the
boat and truck, as well as insurance and iniscella-
neous overhead costs, are also sizeable expenses.
Repair and maintenance costs are reduced in com-
parison to the pens due to the nets' simple and
inexpensive construction.

The operation produces a positive ending cash
balance of $8,235 in year three, one year earlier
than the pen system. This value reinains positive
and increases in remaining years in the planning
horizon  Table 40!. An operating loan is also used
to cover costs incurred in years one and two, before
revenue generation. The bottom-net system gener-
ates NPV of approximately $1. 1 million, with IRR
of 115.2 percent. These values reflect the favorable
base assumptions. The net returns in year five total
$114,570  Table 41!, significantly greater than the
pen system. This is primarily due to reductions in
operating costs and debt retirement.

The initial capital investment required for the
softtray system is $38,037, which is less than that
required for the pen system, but more than for the

bottomwet system. The major capital expense is
for the 4' x 4' soft trays or bags made of plastic
mesh  Table 42!. A specific mesh size is required
to grow the clams from 8 mm to 15 mm, while
another is required to grow tbe clams from 15 mm
to 50 mm. A total of 156 small and 1,250 large
mesh bags is needed for this size operation. As for
the other two growout systems, a constant level of
production is affined by putting an additional com-
plement of trays into production in year two and
three. A boat, motor and trailer are required for
tray maintenance and harvest. Tbe trays are also
given only a three-year life. The replacement of
tbe trays, due to damage from handling and preda-
tors, result in a significant annual cost for year four
snd beyond.

Total operating expenses for the system are
$47,250 in year three. As for the other two growout
systems, the acquisition of seed for stocking is the
largest single production cost  Table 43!. Fuel, oil
and maintenance costs represent additional signifi-
cant production costs. The operating costs for the
sofl-tray system are only slightly exceeded by those
of tbe pen system,

A positive ending cash balance occurs for years
four and beyond  Table 44!. Returns above the
operating costs for year three are not enough to
sufficiently retire tbe operating loans incurred dur-
ing years one, two and three. Positive net cash flow
improves during years four through ten. The soft-
tray system produces a 10-year NPV of $876,261,
with estimated IRR of 84.3 percent. These values
reflect the favorable base assumptions. Returns
above operating costs, debt, depreciation and op-
portunity cost for year five are $96,814  Table 45!.

The integrated systems include: a hatchery
producing 24 million one mm seed clams, a land-
based upflow nursery producing 12 nullion 8 mm
seed clams, and either a pen or soft-tray growout
system, each producing six million market size
�5-50 mm! clams. When integrating these various
systems, common use of some capital such as
pumps, piping, trucks, buildings, etc. can be real-
ized. The capital and operational costs of the
hatchery and nursery systems in Tables 14 through
33 reflect the shared use of soine of tbe required
capital. The values presented in these tables de-
scribe the hatchery and nursery operations conunon
to both integrated systems. It is assumed that all
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seed clams produced in the hatchery and nursery
are used for growout; therefore, no seed clams are
for sale. The growout systems differ from those
previously discussed in that production is scaled up
to six million clams, rather than one million pro-
duced by the stand-alone systems. In addition, note
that a cost for full-time security is provided. The
specific form of protection against vandalism and
poaching may vary. The cost included in this
analysis covers a houseboat on location. Finally,
although the hatchery is not profitable  at the scale
used in this analysis!, it is included. The hatchery
provides a consistent source of seed stock for the
nursery system, thereby insulating as much as pos-
sible the integrated system from fluctuations in
availability, quality, inappropriate size, and price
changes for seed clams, Each integrated system
requires a three~uarter acre of shore-side property,
with at minimum an 18-acre bottom lease.

It should be noted that total project costs may
be increased by up to 10 percent due to additional
startup costs such as permitting, legal fees and
engineering consultation. These startup costs were
not included in this analysis.

An additional cost category found for the inte-
grated growout is for depuration, purging, or some
form of market preparation. The volume of clams
produced by the integrated pen system, and there-
fore the revenue generated, is assumed to justify the
necessary expense for product quality and safety
assurance  Otwell, Rodrick and Martin, 1990!. In
the future, this form of product handling may be
required by state or federal agencies.

Integrated Hatchery/Nursery/Pen Growout
System

The total capital investment cost of the inte-
grated pen operation is $611,674. The hatchery
comprises seven percent or $44,524 of this total
 Table 46!. The nursery is 15 percent or $93,150
 Table 47!. Associated support facilities  building,
seawater transmission system, water treatment! are
41 percent or $253,200  Table 48!, and the growout
is 36 percent or $220,800 of the total  Table 49!.
The principal difference between the stand-alone
hatchery and nursery systems and those for the
integrated system is the seawater transmission sys-
tem supplying both tbe hatchery and nursery sys-
tems. The ground plants  pens! make up the single
largest investment cost in the growout operation.

The largest operational expenses in the inte-
grated hatchery and nursery are labor and algae
 Table 50!. Total annual operating costs for the
hatchery/nursery are $132,341. An additional full-
time hourly laborer is required to operate and
maintain the support facilities. Cost categories for
the integrated pen growout differ &om those for the
stand-alone pen growout in that labor cost is in-
cluded. The largest operating cost for tbe growout
coinponent is also labor  Table 51!. Personnel
requirements for the 6-million clam capacity grow-
out systein are one full-time technician and three
full-time hourly laborers. Total openiting costs for
the growout system in year three and beyond are
$56,300.

Similar to the stand-alone growout systems, the
first harvest of market-sized clams occurs in year
three, with the same level of production occurring
for every year beyond year three  Table 52!.
Therefore, no income is received until tbe third year
in the planning horizon. Annual revenues are
$1,020,000, assuming a per-market-size chun price
of $0.11. The actual price received for the market-
sized clam may depend on a number of factors,
some of which may be influenced by the seller.
These include targeted market  i.e. retail, whole-
sale, broker, etc.!, scale of operation, current mar-
ket conditions, and others. For example, a
small-scale operation inay be at the mercy of a
market dominated by a few large producers. How-
ever, a small-scale firm may be better able to engage
in local, low valued, direct marketing to receive a
more favorable price. Direct marketing, however,
may erode management tune and increase account
receivable problems. Prices may also vary in time,
such that forward contracting may be useful. The
convenience of dealing with wholesale buyers alter-
natively, may result in a lower average price. The
importance of developing a marketing strategy
should be clear.

Operating loans are obtained in year one and
two to cover cash flow needs. The operating loans
are repaid by the fourth year. A positive ending
cash balance is obtained by the integrated-pen sys-
tem in the fourth year of operation. Tbe 10-year
NPV is estimated at $5. 3 million, with IRR of 59.2
percent. Net returns for year five are $602,695
 Table 53!.
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Integrated Hatchery/Nursery/Soft Tray Grow-
out System

Initial capital investinent for the hatchery and
nursery of the integrated soft-tray system are the
same as those for the integrated pen system. How-
ever, capital costs associated with the growout
component are less. Total capital investment cost
for the 6-million clam capacity soft-tray growout
system is $165,722, significantly less than for the
pen system  Table 54!. The trays need to be
replaced every three years, resulting in a sizeable
and constant capital reinvestment cost for years four
and beyond. Total initial capital investment in the
integrated sofi-tray system is $556,596.

Variable costs for the hatchery and nursery also
remain the same as the integrated system. Operat-
ing costs for the growout component, however, are
reduced somewhat to $65,199 in year three for the
sofi-tray system  Table 55!, The largest single
operating cost is labor, representing approxunately
75 percent of the total variable and overhead costs.
Annual depuration costs total $1,900. This esti-
mate includes only the operational costs of electric-
ity and maintenance, and does not include labor,
costs of capital, loss due to handling, etc. Depura-
tion can be a very complex process. A more
complete discussion of the costs associated with
depuration can be found in Roberts, Supan and
Adams  in press!. Personnel requirements for the
six million clam capacity growout system are one
full-time technician and two full-time hourly labor-
ers.

The integrated soft-tray systein generates a
positive cash fiow in years three and beyond  Table
56!. An operating loan is needed in years one and
two to cover cash shortfalls, but is retired by year
three. Production begins in year three, under the
same assuinptions regarding anticipated price for
sorted and depurated market-sized clams. Total
operating expenses for the fully integrated soft tray
systein are $197,540. Beginning with year three,
the ending cash balance is positive and increases
through the remaining years of the planning hori-
zon, NPV for the 10-year planning horizon is
estimated to be $5.8 nullion, with IRR of 64.9
percent, Net returns for year five are estimated to
be $612, 136  Table 57!. As with the other systems
included in the analysis, these net returns are to
owner/operator management and risk.

General enterprise budgets are compiled for
each stand-alone growout system, describing the
costs, earnings, net rehem, and other values of
financial interest. The values pertain only to the
activity  or enterprise! under consideration, while
disregarding any other production activity with
which tbe firm may be involved. For example, if
a firm is engaged in oyster ~ clam culture, a glauL
enterprise budget would examine gg+ the costs and
earnings associated with clam production. Exam-
ining the activities of the whole firm would involve
both oyster and clam production enterprises. Thus,
an enterprise budget provides a more focused view
of the financial potential of a single economic
activity.

Compiled for the pens, bottom nets, and soft
trays  Tables 58, 59, and 60!, the enterprise budgets
apply to year five in the planning horixon. These
budgets provide a more detailed view of the income
statement, However, additional information is also
provided. Note that the cost per clam, margin per
clam, and break-even survival rate are presented.
The cost per-clam is simply the total cost of pro-
ducing the number of harvested clams on a per-clam
basis. For the pen system  Table 58!, the total cost
of production is $65,719  i.e., total fixed cost plus
total variable cost!. Given that one million clams
were harvested, the total cost per clam is 6.8 cents.
Note also that the cost per clam is equal to the
break-even price per clam required for sale. The
margin per chun is simply the difference between
price received and production costs. This value
 i.e., 10.2 cents is the pen system example! inust at
least cover taxes and the opportunity of the
owner/operator's capital, management, and risk.
Break-even survival rate is also presented. This
value indicates the minimum survival rate, given
the current market prices for clams and input costs,
which would allow the operation to just cover
expenses. Any increase in survival would generate
positive net returns. The breakwven survival rate
for the pen system, for example, is approximately
20 percent.

The budgets are constructed so that readers can
insert values more specific to their given situation.
The various cost categories and revenues may be
changed or deleted as necessary. Additional cost
categories may be included. The resulting budget
provides an assessment of the profitability of a more
specific operation.
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Assumptioas regarding such items as clam
selling prices, survival rate and growout period in
these budgets may be considered "favorable."
Findings presented in previous tables suggest that
hard clam culture can be profitable under these
favorable conditions. However, "real world" mar-
ket aad environmental coaditions may cause prices
aad survival rates to vary considerably. Allowing
these parameters to vary around the asNuned levels
will provide some insight into bow sensitive the
profitability of hardism culture is to changes in
market and eavironmental coaditions. A sensitivity
analysis was performed on each of the three stand-
alone growout systems - pens, bottom nets, aad soft
trays. The analysis examines the effect of varying
product price, survival rate, and growout period
from the baseline assumptions mentioned earlier.
The baseline scenario for output price assumes a
price of $0.17 for a 45-50 mm clam. This was
varied to $0.13, $0.15, $0.19, and $0.21, while
holding all else constant. The base sceaario for
survival assuams a rate of 50 percent from planting
to harvest. This assumptioa decreases to 30 aad 40
percent, and increases to 60 aad 70 percent, while
holding all else constant except for packaging costs.
The baseliae assumption for growout length as-
sumes a period of three years. This is varied to a
two- and four-year growout period. To accoaaao-
date this latter change, however, allowances are
made for associated changes in certain costs  dis-
cussed in detail below!. The results of the sensitiv-
ity analysis are presented in an income statement
for year five of tbe planning horizon.

A $0.02 �3 percent! change in price from the
baseline assumption results in an approximate
$20,000, or 20 percent, change ia net returns for
each system  Table 6 1!. Operating expeases, loag-
term debt interest, aad depreciation remain constant
as price varies. Also, ao operating loan is required
by year five regardless of whether price increases
or decreases. Ia all cases for each system, the
income statement indicates positive aet returns.
Note, however, that available cash  ending cash
balance! is more sensitive to changes in market
price. For the pea system, eading cash balance
changes by approximately 67 percent as market
price changes by $0.02 from the baseline assump-
tion price of $0.17. This apparent greater seasitiv-
ity reflects the cumulative effect on cash surplus as

market price changes.

Changes in Survival Rate

As the survival rate increases and decreases
from the baseline assumption of 50 percent and the
price per clam holds constant, the number of clams
harvested and tbe gross returns increase or de-
crease, respectively  Table 62!. A 10 percent
change in survival results in a change in Ihe number
of clams harvested of 200,000  recall that 2 million
clalas were stocked 151tially!. The operatmg ex-
penses are adjusted due to necxbng more bags to
package aad ship the harvested clams. Long-tenn
debt and depreciation, as well as other variable
costs, remain tbe same in each scenario. No oper-
ating loan is required during year five except for
the pens aad soft-tray system when a 30 percent
survival rate is used. For those two systems, a
decrease in survival of 20 percent below tbe base-
line 50 percent reduce the ability to meet cash
needs of the operation. In all cases for each system,
the income statement in year five indicates positive
net returns. A 10-percent change in survival  and
coaversely mortality! results in an approximate 34
perceat change in net returns. A 20-percent reduc-
tion in survival, however, reduces aet returas by 71
percent. As with changes in market price, ending
cash balance is more sensitive to changes in survival
rate than are net returns. For example, a 10 percent
change in survival rate from the baseline asiaunp-
tioa of 50 percent changes ending cash balance by
approxiiaately 40 percent for the bottom-net sys-
tem.

Changes in Growout Period Length

The growout period is decreased to two years
and increased to four years. Each case requires
altering the harvest and revenue generation pattern
realized under the baseline assumptioa of a three-
year growout period  Table 63!. Recall that under
the baseline scenario, consistent producfion is
achieved by rotating plaatiag  P! 2 million clams in
years one  Pl!, two  P2! and three  P3!. In addi-
tion, harvesting  H! occurred in years three  Hl!,
four  H2!, aad five  H3!. This is then repeated.
Siace tbe purpose of a sensitivity analysis is to
examine the effect of changes on a givea operation
design, this planting strategy was preserved under
both the two- and four-year growout period lengths.
As a result:
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TwDyear gruwout period - Production of oae
million clams  aad thus revenue of $170,000! oc-
curred in years two, three, five, seven and nine
and is $340,000 for years four, six, eight aad 10
 Table 63!. Productioa costs for each system de-
sign are increased in year two to equal year three
costs, while costs for years four, six, eight aad
10 are increased by doubling all costs other than
seed cost.

Four-year growout period - Initial production
occurs in year four, with no production in year
seven  Table 63!. Production costs remained the
same as under the baseline assumption three year
growout period scenario.

The relative impact on year five net returns is
greater for a one-year increase in the growout
period than that realized from a one-year decrease
in growout period  Table 64!. For example, net
returns for the pen growout system under the as-
sumption of a three-year growout period are
$99,995. However, as the growout period in-
creases by one year, net returns in year five de-
crease by approximately $16,000 to $9S,379,
primarily due to an increase in short-term cash
needs. As the growout period length is decreased
to two years, net returns in year five remain at
$99,995. Similar findings, with the exception of
the requirements for an operating loan when the
growout period is increased, are seen for each
system design. Note tbe dramatic increase in end-
ing cash balance for all systems as the growout
period is reduced by one year. This reflects the
doubling of revenue ia year four and production
occurring in year two under the two-year growout
period assumption. Cash balance decreases by
approximately 50 percent as the growout period is
increased from three to four years. The scale-up
strategy pursued to achieve consistent production
will likely be modified to inatch the assumed grow-
out period length. For example, the scale-up strat-
egy would be used oaly in years one and two for an
assumed two year growout period length. This
would provide for consistent levels of production,
rather than the doubling of production for every
other year as seen in the above example. In addi-
tion, a four year grow-out period length may require
planting in year four to avoid the absence of pro-
duction wbich occurs in year seven.

The sensitivity analysis exaaunes changes in

per-clam seOing price, survival rate, and growout
period. The findings indicate that for uait changes
ia each of these parameters, while holding the
others constant, aet returns are more sensitive to
changes in survival rate. Therefore, a prudent
manager may experience greater returns to manage-
ment and risk by reducing mortality by 10 percent,
than by focusing on increasing selliag price by 10
percent.

The Cumulative Effect of Less Than Favor-
able Conditions

Before the sensitivity analysis, the baseline
assumptions maintain favorable conditions in the
hard clam culture operation for every year of the
planning horizon. That is, yearly fluctuation ia
market conditions, environmental factors, and man-
agement skills, which most likely would occur in a
"real world" setting, are assiuned to be absent. The
sensitivity analysis allows for such change to hap-
pen, but only for one factor at a time, while all
others are still maintiiined at favorable levels. In

reality, several of these factors will be changing at
the same time, resultiag ia a cumulative effect on
the profitability of hard clain culture which may
vary from year to year. This cumulative effect may
have a significan impact on how financially prom-
ising bard clam culture appears to a prospective
investor.

Many variable factors can have an impact on a
hard clam culture operation's ability to achieve
commercial feasibility. These include permitting,
market conditions, personnel loss and attrition,
poaching and vandalism, equipment changes and
the inability to sell old specialized capital, insuffi-
cient financing, environmental conditions, avail-
ability of seed clams, catastrophic crop failure and
current difficulty of acquiring clamwrop insurance,
inflation, size distribution of harvested clains, and
others. Probably one of the most important factors
is the time required to achieve the necessary skills
and knowledge to successfully operate and manage
the hard clam culture process and business.
Achieving these skills is often referred to as "gettiag
up on the learning curve." In fact, several years
may be required before management and staff have
gained enough experience and knowledge to inini-
mize overall mortality, maximize harvest effi-
cient~ establish successful market contacts, and
gain good business sense. Achieving these skills
allows one to move farther up the "learning curve. "
Before having these skills, profitability of the busi-
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ness may be constrained. As a result, the ability to
pay back loans, meet necessary cash obligations,
and, in general, operate the business in a profitable
and commercial manner may be limited.

The learning curve demonstrates the impor-
tance of both management experience and ability in
achieving improved survival rates. Two different
learning curves are shown  Figure 21! with time
measured on the horizontal axis and survival rate

on the vertical axis  adapted from Thunberg and
Adams, 1990!. Assuming experience is gained
with time, the difference between the two curves
may be attributable to management ability. Thus,
the curve labeled SLOW might represent average
manager ability to adapt with experience while the
curve labeled FAST nnght represent an individual
with above average managenient ability. How dif-
ferences in management ability translate into cost
and returns is shown in Figure 22.

The annual net return to management and risk
under two hypothetical inanagers can be substan-
tially different, With the better manager, net re-
turns are positive by the end of year four and
continue to increase. Under the less-able manager
the hypothetical business does not earn a positive
net return until the end of year seven. During each
year in which net returns are positive, the business
with the better manager also earns a significantly
greater return. Thus, the value of hiring a qualified
and experienced manager or the time spent in
learning about the production aspects of hard clam
aquaculture ~ making the investment may be
well worth the expense.

To demonstrate the cumulative effect of less-

tban-favorable conditions on the profitability of
hard clam culture, variations in several key factors
are imposed on the pen growout system. Specifi-
cally, �! a "learning curve" effect is included, such
that clam survival begins at 10 percent in year three
and increases to 50 percent in years five and seven,
�! operating expenses are aflowed to increase five
percent each year due to inflation, �! a catastrophic
loss of clams occurs in year eight, with clam
survival declining to 10 percent that year and in-
creasing only to 40 percent by year ten, �! due to
the catastrophic loss in year eight, additional capital
costs are incurred as a number of pens need to be
rebuilt, and �! market prices for littlenecks in-
crease froin $0.17 in year three to $0.18 in year
four, but then decrease to $0.15 in year five before
stabilizing at $0. 17 for years six and seven. Prices

increase to $0.20 in year eight, in partial response
to the local decline in clans  remember...a cata-
strophic event!!, but then decline to $0.18 by year

When these less-than favorable conditions pre-
vail, the impact on the revenue generation ability of
the pen growout system is dramatic  Table 65! as
compared to the performance under favorable con-
ditions  Table 66!. A positive cash flow does not
occur until year four, which necessitates that an
operating loan be obtained for years one through
three. Repayment of these operating notes contrib-
utes to a zero ending cash balance until year seven.
Note that operating expenses are increasing each
year as inflation takes its toll. Also, the cata-
strophic loss in year eight reduces total cash receipts
to only $40,000. This value actually would have
been less than the $34,000 received in year three
had it not been for the higher market price received
for the remaining clams during year eight. NPV
for the cash flow is $10,400, with IRR of 17.9
percent. These are considerably less than NPV
 $853,083! and IRR �6.9%! found under the "fa-
vorable" conditions.

The above examples take into account a num-
ber of assumptions reflecting less-than-favorable
conditions and how this affects the economic con-

dition of the business, Experience has shown that
with beginning clam culturists, the "disaster sce-
nario" may create an economic setback froin which
recovery is difficult. In some cases an "early"
disaster may be so econonncally devastating that
first harvest is never reached. It is worth demon-

strating this potential with another hypothetical
illustration  adapted from Thunberg and Adams,
1990!. For this example  Figure 23!, year five was
arbitrarily selected as the year in which there is 100
percent clam mortality.

The 100 percent mortality requires complete
replanting of all seed. Thus, no receipts from clam
sales are received until year seven. The disaster
analysis indicates that the hypothetical clam busi-
ness can withstand a inajor setback and remain
financially feasible. However, what is not shown
is that the recovery indicated in year seven would
only be possible if the owner were able to obtain
substantial operating loans to cover the period over
which cash receipts are zero. Thus, maintaining a
reliable source of credit and a good credit record
should be a part of a potential investor's business
plan.
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This discussion should make it clear that a
potential investor in hard clam culture should ap-
proach such an opportunity with caution. Under
favorable conditions, hard clam culture appears
very promising from a financial perspective. How-
ever, the very real possibility of changes in key
market, environmental, and managerial factors can
have a dramatic negative cumulative effect on prof-
itability. Only those businesses that can quickly
progress up the learning curve, and remain there,
will be successful.

Summary and Limitations

This section has presented findings regarding
the financial feasibility of hard clam culture in the
southeastern U.S. The analyses provide consider-
able detail regarding the cost of capital  cash and
noncash!, annual operating costs, anticipated net
returns, and cash-flow characteristics for stand-
alone and integrated hard clam hatchery, nursery
and growout systems. The findings indicate that
these costs and returns can vary with facility design

and size. In addition, the financial perforinance of
these production systems can be significantly al-
tered by integrating the hatchery, nursery and grow-
out processes. For example, while a stand-alone
hatchery is not financially feasible, combining a
hatchery with a nursery and growout operation
contributes to a financially feasible integrated sys-
tem. The reader should further note that all net
returns have not accounted for owner manageinent
costs  i.e. living expenses or salary! start-up ex-
penses, production risk, and cost of land. Including
these factors in the analysis would decrease net
returns, NPVs, and lRRs ~ the levels pre-
sented.

Table 66 provides a brief sununary of key
financial information for the various production
systems examined. Although a variety of informa-
tion is presented for each system, the "cost per
clam" inay be one of the most informative. For
example, the cost of producing 1,000 seed clams
with the hatchery system is $4.61, well above the
average current market price per thousand for one



Invntiag in Conwscrcial Hard Cps Culture

mm seed clams of $3.00. This supports the findings
that the stand-alone hatchery system, or at least this
study's design and scale, is not financially feasible.
Also, the upflow nursery system will produce 8 nun
seed clams at a cost significantly below that for the
raceway systems. Both raceway systems operate at
a net loss, with the cost per clam at or near current
market Maurice, without any room for profit
margin. Therefore, investing in stand alone hatch-
ery and raceway nursery systems at the scale exam-
ined in this study may not be advisable.

Several additional caveats should be mentioned

regarding the analysis. The scale  i.e., harvest
capacity! of operation  i.e., 24 million for the
hatchery, 12 million for the nursery, and 1 million
for the growout systems! was selected from what
appeared to be realistic sizes. Further study is
required to identify the scale of operation that
maximizes production efficiency and profits, The
appropriate scale of operation may vary due to local
market and enviroiunental conditions. Given that

the hard clam culture industry is currently in a
development stage, the systems examined in this
study are basically hypothetical, yet based on infor-
mation applicable to currently existing operations
 although of different scale!. As emphasized in the
sensitivity analyses, input costs  i.e. labor, fuel,
maintenance, clam seed, etc.! and selling prices for
clams were assumed  under ideal conditions! to be
constant over time and scale of operation, In real-
ity, these costs and prices will be changing over
time due to general inflation and market shifts. For
example, the selling prices for clams, either for the
seed or retail markets, will likely be affected by
changes in local supplies. Whether or not these
local prices will be stable under the production
levels analyzed in this study is not known. Further
studies on the nature of consumer demand for hard
clams are needed.

Finally, this analysis initially examines finan-
cial, or economic feasibility. ~itic feasibility
analyses typically assume that the inconsistencies
and vagaries of tbe consumer and supply markets
do not exist. A business is gggggg~ feasible
if sufficient profits can be maintained over time,
taking into consideration these real world changes.
The importance of understanding how these real
world changes can impact profitability cannot be
over emphasized. This analysis does not attempt to
sufficiently demonstrate commercial feasibility.
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XH. CHANGING FROM ONE
PRODUCTION SYSTEM TO

ANOTIiER

The economic budgets presented in this manual
provide existing or potential investors and farmers
in bard clam culture a useful guide in making the
investment decision. Two basic decisions must be
made. First, how much will it cost to enter the bard
clam farming business, and second, how much
profit can be made? The interested farmer and
investor can go to extension agents, other clam
farmers, equipment suppliers, etc., and the various
sources menboned earlier to get equipment invest-
ment costs for the current year. These can then be
used to develop current capital costs which are
specific to a given production system, location, etc.

Clam farmers who are already in the business
might be considering a change in culture methods
or expansion. To evaluate the econoinic conse-
quences of this change, rather than estimate the
entire investment requirements and cost and returns
budget, the clam farmer would only want to analyze
revenues and costs that would change with making
the new investment or change in operations. To
answer the questions, "will it pay to make the
conversion?" the technique of~ htdggtjgg can
be used.

The partial budgeting technique analyzes only
the costs and revenues that change. Losses occur
from any increases in clam farming costs and de-
creases in income. Econoinic gains occur from
decreases in costs and increases in income. If the
gains are larger than the losses, the change is
economically feasible. To analyze the changes:

An example csn be used to see how partial
budgeting may be used. Consider a clam culturist
who is currently operating a stand-alone, wooden
pen, growout system. Further, ~ that the
culturist is operating at the scale described earlier
in tbe discussions of growout systems  i.e., total
initial investment costs of $47,720 and annual op-
erating costs of $46,770!. The culturist wishes to
double expected production beginning in year five.
The additional pens needed to double production
will be constructed of a new plastic composite. The
existing wooden pens will also be replaced with the
new plastic pens as they are retired. The plastic
pens last three times as long as the wooden pens.
Fixed costs will increase  i.e., capital outlay, debt
retirement, and depreciation!, as will some annual
operating expenses  i.e., seed costs, labor, sup-
plies, fuel, harvest/packaging expenses, overhead,
etc.!, Repair and maintenance costs, however, will
decrease. These values will vary with each individ-
ual system, so the manager must carefully estimate
the timing and magnitude of each of these costs.

Given the planned changes to the current sys-
tem, the increases and decreases in income and costs
are shown in the example on the next page. There-
fore, the "Loss Effect" is the sum of incmmd costs
and decreased income, which is $62,330 + 0 =
$62,330. The "Gain EA'ect" is the suin of de-
creased costs and increased income, which is
$1,200 + $170,000 = $171,200. The net profit
from changing the expected production to 2 miHion
clams is the Gain Effect, minus the Loss Effect,
which is $171,200 less $62,330 or $108,870. This
value represents the net change in returns to owner/
management and risk or profit. Careful examina-
tion of this net change may reveal more information
tban simply the change in profit. For example, note
that a doubling of expected production  going from
1 million to 2 million clams! more than doubles
profitt This is because costs associated with the
added income  or clam production! is reduced
through "economies of size. " That is, as additional
clams are produced, the cost to produce them goes
down on a per-clam basis because of excess capacity
in current equipment and labor.

The clam culturist should also consider a num-
ber of other factors before mahng the change. Can
outdated equipment be sold? Is enough capital
available to make the investment? Will changes and
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pressures on the labor force cause problems? Are
other culturists considering expansion which might
cause a oversupply of clams on the market? All
factors such as these, in addition to the anticipated
profit increase, merit serious consideration before
making any change.

$170,000

$171,200

$0 additional clamsnone

$62,330

Gain Effect + $171,200
Loss Effect M223Q
Net profit from change $108,870

69

operating expenses
depreciation
opportunity costs
interest

TOTAL

$48,165
$4,750
$2,176
f~9.
$62,330

repair and maintenance $1,200
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Table 15. Annual operating expenses for hard clam hatchery system - Milford method �4-million-
seed harvest capacity!.

Production Costs

$7,590

Technician/manager salaries
benefits

32,000
4@20

1,000
2,061

Insurance
Miscellaneous costs

Electricity
Water chiller
Peristaltic pump
Seawater pump
Small pumps
UV
Microfiltr ation
Building
Seawater reservoir pump

Clean seawater

delivery pipes
Lab supplies
Site/bldg. maintenance
Freshwater
Brood stock
Supplies/expendables
Algae
Heat exchange-fuel oil
Silo replacement
Sand
Truck fuel
Repair/maintenance

$530
165

2,000
400
220
250

3,750
~27

500
1,600

350
150
50

6,000
10,950
2,140

40
200
800

1,000



O hl O

C Q Pv

C Q

Q C

t
O

c
5

O

M
th p

CV
Q
C

Q

Ch V1
O 00
O >

O 00 00

O

5

78

RKRM Pl
~ O C4'

WACK
00 H P
RN8

n m" nf

Pl g4

Qg] g w VJ

8
~0400

Q Q Q

Q O O

Q O Q

O O Q

Q O O

Q O Q

OO O

Q Q Q

O Q O

O Q O

EI

cp P
<gv

aP4~
0



Table 17. Income statement  year five! for hard clam hatchery system - Milford method �4 million harvest
capacity!.

16,013

Depreciation 23,799

�8,563!

11,144

 $49,707!

79

Revenues

Operating expenses

Long-term loan payment:
Interest

Operating loan payment:
Interest

Net returns to owner's capital,
management & risk

Opportunity cost of initial owner equity

Net returns to owner's management & risk

$72,000

70,751
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Table 19. Annual operating expenses for hard clam culture nursery system-upflow method �2 million seed
output capadty!.

Electricity

$200
6,242

Lights
Seawater pumps

Qygrh cad

1,000
~000

Insurance
Miscellaneous Costs

$102,097

81

Clam seed �4 mm @ $.003!
Freshwater

Supplies/expendables
Repair/maintenance
Fuel/oil/truck
Repair/maint.-truck

Labor
Benefits

Technician
Benefits

72,000
100

1,500
2,000

800
800

6,250
625

8,000
1,080
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Table 21. Income statement ear five for hard clam nurse - u flow method 12 million harvest ca aci

12,260

Depreciation 28,057

97,586

7,188

$90,398

83

Revenues

Operating expenses

Long-term loan payment:
Interest

Operating loan payment:
Interest

Net returns to owner's capital,
management and risk

Opportunity cost of initial owner equity

Net returns to owner's management and risk

$240,000

102,097
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Annual operating expenses for hard dam nursery system - Geld-tray method �2 million
seed output capacity!.

Table 23.

Packaging materials 1,000

Technician salary
Benefits

8,000
1,000

18,750
1,875

Labor
Benefits

2,000
5,000

Insurance
Miscellaneous costs

$206,525TOTAL

85

Lights
Clam seed �6 miH. 3mm @ $.01 ea.!
Supplies & expenditures
Tray repair & maintenance

Repair & maintenance
Truck
Boat & motor
Barge & shaker
Front-end loader & pump

Fuel and oil
Truck
Boat & motor
Front-end loader

S 200
160,000

1,000
700

800

1~
1,800

950

1,000
750
500
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Table 25. Income statement  year five! for hard clam nursery - field-tray method �2 million harvest capacity!.

5,722

Depreciation 10,044

137,709

4,571

$133,138

87

Revenues

Operating expenses

Long-tern loan payment:
Interest

Operating loan payment:
Interest

Net returns to owner's capital,
management & risk

Opportunity cost of initial owner equity

Net returns to owner's management & risk

$360,000

206,525
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Utilities Electricity pumps �9940 KWH @ 6.3C KWH!
Water

$1,225
100

Clam seed � mill. 1 mm. N $.003 each!
Supplies & expendables

6,000
200

Repair & maintenance
Trays & racks
Seawater transmission system
and water intake structure

Repair & maintenance
Truck

Pumps

1,000
200

Fuel & oil
Packaging materials

f~rh @f

1,000
300

Insurance
Miscellaneous fees

Table 27. Annual operating expenses for hard clam - four-tier raceway nursery system � million harvest
ca aci
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$20,000
Revenues

Operating expenses
11/95

Long-term loan payment:
Interest

1,984

Operating loan payment:
Interest

Depreciation 4,543

Net return to owner's capital,
management & risk

2,078

Opportunity cost of initital
owner equity 2,106

Net returns to owner's
management & risk

  $28!

91

Table 29. Income statement  year five! for hard clam nursery system - raceway system
� million harvest capacity!.
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Table 31. Annual operating expenses for hard clam nursery system - four-tier raceway method �2
miHion harvest ca aci

1,500

6/00
969

1,000

1,000

Labor
Benefits

Technician
Benefits

8,000
1,080

1,GGO
4,750

Insurance
Miscellaneous fees

93

Utilities
Electricity pumps �48000 KWH @ 634 KWH!
Water

Clam seed �4 milL 1 mm. 4 $.003 ea.!

Supplies & expenditures

Repair & maintenance
Trays & racks
Seawater transmission system

& water intake structure

Repair & maintenance
Truck
Pumps

Fuel & oil

Packaging materials

$40,824
1,200
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20,944

Depreciation 47,313

11,308

95

Table 33. Income statement  year five! for hard clam nursery - raceway method
12 million harvest ca aci

Revenues

Operational expense

Long-term loan payment:
Interest

Operating loan payment:
Interest

Net returns to owner's capital,
management & risk

Opportunity cost of initial owner equity

Net returns to owner's management Ec risk

$240,000

168,523
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0 rat e enses for hard darn n owout 1 million harvest ca adTable 35.

Seed  8 mm!

Supplies/expendables

1,000 1,0001,0001,000

airhead
Insurance
Miscellaneous costs

47,720 47,720 47,720$46,060 46,392 47,720

Fuel/oil:
Boat
Truck

Maintenance
Boat/truck
Pens

Harvest

Bags

$40,000 40,000

100 120

950 950
1,400 1,400

1,000 1,000
1,310 1,320

900
1,000

950
1,400

1,000
1,330

900

1,000

950
1,400

1,000
1,330

900
1,000

950
1,400

1,000
1,330

900
1,000

950
1,400

1,000
1,300
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Income statement  year Gve! for hard clam pen growout � million harvest capacity!.Table 37.

9,003

Depreciation 8,996

104,281

5,236

$99,045

Revenues

Operating expenses

Long-term loan payment:
Interest

Operating loan payment:
Interest

Net returns to owner's capital,
management & risk

Opportunity cost of initial owner equity

Net returns to owner's management & risk

$170,000

47,720
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0 eratin e enses for hard clam bottom-net owout 1 million harvest ca aciTable 39.

Year

$40,000 40,000Seed  8 mm!

Supplies/expendables

1,0001,0001,0001,000

Overhead
Insurance
Miscellaneous costs

$44,682 45,012 46,352 46,35246,35246,352

101

Fuel/oil
Boat
Truck

Maintenance
Boat/truck
Nets

Harvest

Bags

950
62

1,000
1,270

950
62

1,000
1,280

900
1,000

950
62

1,000
1,300

900
1,000

950
62

1,000
1,300

900
1,000

950
62

1,000
1,300

900

1,000

950
62

1,000
1,300
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Income statement  year five} for hard ciam bottom-net growout � million harvest capacity!.Table 41.

2,436

Depreciation 4,717

116,495

1,925

$114,570

103

Revenues

Operating expenses

Long-term loan payment
Interest

Operating loan payment
Interest

Net returns to owner's capital,
management & risk

Opportunity cost of initial owner equity

Net returns to owner's management & risk

$170,000

46,352
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0 eratin e enses for a hard clam soft-tra owout 1 million harvest ca aciTable 43.

Ye

QO,GGG 40,000

100 120

Seed  8 mm!

Supplies/expendables

950

1,000 1,0001,0001,000

Qyc;rheQ
!nsurance
Miscellaneous costs

1,000 1,GGG
1,300 1,330

47,250 47,250$45,550 45,90G 47,25047,250TOTAL

105

Fuel/oil
Boat
Truck

Maintenance
Boat/truck
Tf a!ls

Harvest

Bags

950
900

950
900

900

1,000

950
900

1,000
1,360

900
1,000

1,000
1,360

900
1,000

1,000
1,360

900
1,000

950
90G

1,000
1,360
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Income statement  year five! for hard clam soft-tray growout � million harvest capacity!.Table 45.

11,000

Depreciation 10,860

100,890

4,076

$96,814

107

Revenues

Operating expenses

Long-term loan payment:
Interest

Operating loan payment:
Interest

Net returns to owner's capital,
management k. risk

Opportunity cost of initial owner equity

Net returns to owner's management & risk

$170,000

47,250
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Table 50. 0 ra ' e nses for inte ated hard clam culture o ration-hatche, nurse, su rt facili

Pro ' n

1,600
500

3,000

1,600
500

3,000

1,600
500

3,000

1,600
500

3,000

1,600
500

3,000

1,600
500

3,000

Hatchery
Nursery
Support
Benefits

32,000 32,000 32,GOG 32,000 32,0GO 32,000
14,250 14,250 14,250 14,250 14,250 14,250
26,250 26,250 26,250 26,250 26,250 26,250

9,568 9,568 9,568 9,568 9,568 9,568

Qv~rh ~
Insurance
Miscellaneous costs

3,000 3,000 3,000 3,000 3,000 3,000
2,500 2,500 2,500 2,500 2,500 2,500

$132,341 132,341 132,341 132,341 132,341 132/41

112

Electricity
Hatchery
Nursery
Building equipment
Seawater pumps

Freshwater
Clean seawater delivery pipes
Laboratory supplies
Brood stock,
Algae
Heat exchanger/fuel oil
Silo replacement
Sand
Fuel/oil truck
Supplies/expendables
Repair/maintenance

Trucks
Site/building
Equipment/pumps

$1,840
200

5,000
7,803

250
500

1,600
50

10,950
2,140

40
200

1,600
7,500

1,840
200

5,000
7,803

250
5GO

1,600
50

10,950
2,140

4G
200

1,600
7,500

1,840
200

5,000
7,803

250
500

1,600
50

10,950
2,140

40
20G

1,600
7,500

1,840
200

5,000
7,803

250
500

1,600
50

10,950
2,140

40
200

1,600
7/00

1,840
200

5,000
7,803

250
500

1,600
50

10,950
2,140

40
200

1,600
7/00

1,840
200

5,000
7,803

250
500

1,600

10,950
2,140

40
200

1,600
7,500



Table 51. Operating expenses for integrated hard clam culture operation - pen growout � million harvest
ca aci

Ye

$2,500 2,500 2,500 2,500 2,500 2,500Supplies/expendables

0 0 6,000 6,000 6,000 6,000Harvest bags

1,500 1,500 1,500 1,500
400 400 4N 4N

1,500 1,500
400 400

53,400 53,400 53,400 53,400 53,400 53,400
5,904 5,904 5,904 5,904 5,904 5,904

Wages
Benefits

Overhead

2,000 2,000 2,000 2,000 2,000 2,000
1,630 1,630 1,630 1,630 1,630 1,630

Insurance
Miscellaneous costs

$81,024 81,024 81,024 81,~ 81,~ 81,024

113

Fuel/oil
Boats
Water pumps
Truck

Maintenance/repair
Boat/truck
Pens

Depuration
Electric
Repair/maintenance

1,700 1,700 1,700 1,700 1,700 1,700
1,000 1,000 1,000 1,000 1,000 1,000
1,200 1,200 1,200 1,200 1,200 1,200

1,750 1,750 1,750 1,750 1,750, 1,750
8,000 8,000 8,000 8,000 8,000 8,000
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$1,020,000

21.9,365

74,837

Revenues

Operating expenses

Long-term debt interest

Operating debt interest

Depreciation

Net returns to owner's capital, management & risk

Opportunity cost of initial owner's equity

Net returns to owner's management & risk

81,102

644,696

42,001

$602,695

115

Table 53. Income statement  year five! for integrated hard clam culture operation - hatchery, nursery, pen growout,
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Operating expenses for integrated hard clam culture operation - soft-tray growout � million harvest
capacity!.

Table 55.

Ye
1 2

Pr duction Co ts

Supplies/expendables $1,500 1,500 1,500 1,500 1,500 1,500

1,700 1,700 1,700 1,700 1,700 1,700
1,200 1,200 1,200 1,200 1,200 1,200

Maintenance/repair
Boat/truck
Bags

1,750 1,750 1,750 1,750 1,750 1,750
2,000 2,000 2,000 2,000 2,000 2,000

Harvest bags 0 0 6,000 6,000 6,000 6,000

Depuration
Electric
Repair/maintenance

1,500 1,500 1,500 1,500 1,500 1,500
400 4N 400 400 4N 400

a and Wa e

40,960 40,960 40,960
4,656 4,656 4,656

Overhead

2,000 2,000 2,000 2,000
1,533 1,533 1,533 1,533

Insurance
Miscellaneous costs

$59,199 59,199 65,199 65,199 65,199 65,199TOTAL

117

Fuel/oil
Boat
Truck

Wages
Benefits

2,000 2,000
1,533 1,533

40,960 40,960 40,960
4,656 4,656 4,656
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Table 57. Income statement  year five! for integrated hard clam culture operation - hatchery, nursery, soft-tray growout.

89,216

Net returns to owner's capital,
management & risk 647,023

Opportunity cost of initial owner's equity

Net return to owner's management & risk

34,887

119

Revenues

Operating expenses

Long-term debt interest

Operating debt interest

Depreciation

$1,020,000

197,540

86,221



Estimated
~Valu

Your

V~l
Revenues

$170,0001 million 45-50 mm @ $0.17 ea.

ratin e e

Variable costs:

Seed clams � mill. 8 mm @ $0.02 ea.!
Supplies & expendables
Fuel/oil

Boat
Truck

Maintenance
Boat/truck
Pens

Harvest bags
Labor

$40,000
140

900
1,000

950
1,400
1,000

0

45,390

Fixed costs:
Overhead

Insurance
Miscellaneous costs

Long-term debt interest
Operating debt interest
Depreciation

1,000
1,330
9,003

0
8,996

To fix 20,329

N return ef r wn r ra or
ial man mn n 104,281

ortuni co f ini ial owner e ui 5,236

Net r rn befor ax t wn r rat r

99,045

Cost per clam and break-even price
Margin per clam
Break-even survival rate

$0.068
$0.102

20%

The sum of total variable and fixed costs divided by number of clams harvested  i.e., 1 million!
2Difference between break-even price and actual selling price  i.e., 17C!

The sum of total variable and fixed costs divided by selling price, then divided by initial number of clams stocked
 i.e., 2 million!

Table 58. General enterprise budget  year five! for hard clam pen growout system � million harvest capacity!.



Table 59. General enterprise budget  year five! for hard clam bottom-net growout system � million harvest
capacity!.

Estimated

~V

Your

V~al

R~evenue

$170,0001 million 45-50 mm Q $0.17 ea.

$40,000
140

900

1,000

950
62

1,000
0

Harvest bags
Labor

44,052

Total fixed costs 9,453

Net re ms befor tax to owner r tor
ca i l mana ement an risk 6,495

0 ortuni cost of ini i 1 owner e i

Net returns b f re tax to wner o erator

1,925

mana ement and risk 114,570

Cost per clam and break-even price
Margin per clam
Break-even survival rate

$0.054
$0.116

16%

The sum of total variable and fixed costs divided by number of clams harvested  i.e., 1 million!

Difference between break-even price and actual selling price  i.e., 17C!

The sum of total variable and fixed costs divided by selling price, then divided by initial number of clams stocked
 i.e,, 2 million!

121

Variable costs:
Seed clams � mil. 8 mm I $0.02 ea.!
Supplies and expendables
Fuel/oil

Boat
Truck

Maintenance
Boat/truck
Nets

Fixed costs:
Overhead

Insurance
Miscellaneous costs

Long-term debt interest
Operating debt interest
Depreciation

1,000
1,360
2,436

0
4,717



Table 60. General enterprise budget  year five! for hard clam soft-tray growout system  one million harvest
capacity!.

Estimated

~Val
Your

~V
R~vn i~

$170,000I million 45-50 mm @ $0.17 ea.

Variable costs:

Seed clams � milL 8 mm @ $0.02 ea.!
Supplies and expendables
Fuel/oil

Boat
Truck

Maintenance

Boat/truck
Trays

Harvest bags
Labor

900
1,000

950
900

1,000
0

44,890

Fixed costs:
Overhead

Insurance
Miscellaneous costs

Long-term debt interest
Operating debt interest
Depreciation

1,000
1,360

11,000
0

10,860

Ne rtu f wnroer r
i lmn mn n k 100,890

0 rtuni c st f ini ial own r e ui

Netr rn f r tax wn r ra r

4,076

96,814

Cost per clam and break-even price
Margin per clam
Break-even survival rate

$0.069
$0.10I

20%

The sum of total variable and fixed costs divided by number of clams harvested  i.e., I million!
2Difference between break-even price and actual selling price  i.e., 17C!

The sum of total variable and fixed costs divided by selling price, then divided by initial number of clams stocked
 i.e., 2 million!



Table 61. Sensitivity analysis of varying per clam market price for bard dam growout systems  year five income
statements .

I P

.21Price/Clam .19.17

En' h

II B mn

Price/Clam .19.17

Endin h 7 247247 2471 436

Price/Clam .21.19

41En 'n h an 74

Net returns to owner's initial capital, management and risk.

Net of opportunity cost of capital.

Revenues
Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net Returns

Opportunig cost
Net returns

Revenues
Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net returns

Oppor t'ai/ cost
Net returns

Revenues

Operating expenses
Long-term debt interest
Operating Debt Interest
Depreciation
Net returns

Opportunity cost
Net returns

130,000
47,720

9,003
0

8,996
64,281

5,236
59,045

130,000
46,352

2,436
0

4,717
76,495

1,925
74,570

130,000
47,250
11,000

0

10,860
60,890

4,076
56,814

150,000
47,720

9,003
0

8,996
84,281
5~

79,045

150,000
46,352
2,436

G
4,717

96,495
1,925

94,570

150,000
47,250
11,000

0

10,860
80,890
4,076

76,814

170,000
47,720

9,003
0

8,996
104,281

5,236
99,G45

170,000
46,352
2,436

0
4,717

116,495
1,925

114,570

170,000
47,250
11,000

0
10,860

100,890
4,076

96,814

190,000
47,720

9,003
0

8,996
124/81

5,236
119,045

190,000
46,352

2,436
0

4,717
136,495

1,925
134/70

190,000
47,250
11,000

0
10,860

120,890
4,076

116,814

210,000
47,720
9,003

0

8,996
144,281

5,236
139,045

210,000
46,352

2,436
0

4,717
156,495

1,925
154,570

210,000
47,250
11,000

0
10,860

140,890
4,076

136,814



Table 62. Sensitivity analysis of varying survival rates for hard clam growout systems  year five income
statements!.

I. Pn:

Survival 30% 40% 50% 70%

Endin h anc 191 2 2 7

II Bott m n ts:

Survival 70%40% 50%30%

1,400,000
.17

238,000
45,422
2,436

4,717
1&5,425

1,925
183/00

En' h 2 1 14 11

llr a

Survival 40% 70%

En h 7 1

Change in costs of harvest bags.
Net returns to owner's initial capital, management and risk.
Net of opportunity cost of capital.

No. clams
Price/clams
Revenues

Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net returns

Opportunity cost
Net returns

No. clams
Price/clams
Revenues

Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net returns

Opportunity cost
Net returns

No. dams
Price/clams
Revenues

Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net returns

Opportunity cost
Net returnir'

600,000
.17

102,000
46,750

9,003
3,355
8,996

33,896
5,236

28,660

600,000
.17

102,000
45,382
2,436

0
4,717

49,465
1,925

47,540

600,000
.17

102,000
46,280
11,000

1,868
10,860
31,992
4,076

27,916

800,000
.17

136,000
46,760
9,003

0
8,996

71,241
5,236

66,005

800,000
.17

136,000
45/92

2,436
0

4,717
83,455

1,925
81,530

800,000
.17

136,000
46,290
11,000

0
10,860
67,&50
4,076

63,774

1,000,000
.17

170,000
46,770

9,003
0

8,996
105,231

5,236
99,995

1,000,000
.17

170,000
45,402

2,436
0

4,717
117,445

1,925
115,520

1,000,000
.17

170,000
46/00
11,000

0
10,860

101,840
4,076

97,764

1,200,000
.17

204,000
46,780
9,003

0

8,996
139,221

5,236
133,985

1,200,000
.17

204,000
45,412
2,436

00
4,717

151,435
1,925

49/10

1,200,000
.17

204,000
46/10
11,000

0
10,860

135,830
4,076

131,754

1,400,000
.17

238,000
46,790

9,003
0

8,996
173,211

5,236
167,975

1,400,000
.17

238,000
46@20
11,000

0
10,860

169@20
4,076

165,744



Table 63. Planting/harvest schedule for two-, three-, and four-year growout period scenarios.~ 1

Production
Scenario

Three-year H1 P1Hl Pl Hi P1P1

H2Growout period
 Base assumption!

H2 P2H2 P2

H1 P1P1 H1 P1

H2 P2H2 P2

P = Planting  occurs at beginning of year!
H = Harvest  completed by end of year!

Two-year

Growout period

Four-year

Growout period

Production
Rotation 1 2 3 4 5 6 7 8 9 10

P1 H1 Pi H1 P1 H1 P1 H1 P1 H1

P2 H2 P2 H2 P2 H2 P2 H2 P2

P3 H3 P3 H3 P3 H3 P3 H3



Table 64. Sensitivity analysis of varying growout period length for hard clam growout systems  year five income
statement .

Growout period years

1 7

250 247 1 211

III a

Growout period years

En ' h an

Net returns to owner's initial capital, management and risk.

Net of opportunity cost of capital.

Revenues

Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net returns

Opportune cost
Net returns

En' h

II. 8 mn

Growout period years

Revenues

Operating expenses
Long-term debt interest
Operating debt interest
Depreciation
Net returns

Opportune cost
Net returns

Revenues

Operating expenses
Long-tenn debt interest
Operating debt interest
Depreciation
Net returns

Opportune cost
Net returns

170,000
46,770
9,003

0
8,996

105,231
5,236

99,995

170,000
45,402
2,436

0
4,717

117,445
1,925

115/20

170,000
46,300
11,000

0
10,860

101,840
4,076

97,764

170,000
46,770
9,G03

0
8,996

105,231
5,236

99,995

170,000
45,402
2,436

0
4,717

117,445
1,925

115/20

170,000
46,300
11,GGG

0
10,860

101,840
4,076

97,764

170,000
46,77G

9,003
1,616
8,996

103,615
5,236

98,379

170,000
45,402

2,436
0

4,717
117,445

1,925
115,520

170,000
46,300
11,00G

0
10,860

101,840
4,076

97,764
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