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I. STATUS OF AQUACULTURE

AQUACULTURE WORLDWIDE

Aquaculiure has a long history. Egyptian tomb carvings Ulustrate that fish cul-
ture existed in the Nile delta as long ago as 2000 B.C. (Borgese, 1980). In west-
emn civilizations fish and shellfish farming date back to the early Greeks and
Romans. The need for food in the growing ancient civilizations of China and
Southeast Asia stimulated development of intensive fish farming, an industry
that has grown in modcmn tmes (Shupe, 1982). Aquaculure practices vary
widely, depending on the species, geographic area and economic and political
considerations. In all cases, however, some degree of control is exercised over
the life cycle of the cultivated organism in order to increase production or
reduce costs.

The world demand for aquatic products is increasing rapidly, while production
from the world's fisherics remains relatively constant. Many aquatic resources are
being harvested at or near a maximurn level, while others are actaally declining
duc to overharvesting, pollution or habitat disturbance. Aquaculture offers a
means of augmenting and expanding production from traditional capture fisherics,

Worldwide aquaculture production appears to have increased rapidly; 7.3 mil-
lion 1ons of seafood products were produced in 1975. In 1985, aguaculture pro-
duction approached 14.8 million tons, representing more than 13 percent of the
world harvest of fishery products. The Food and Agricuiture Organization of the
United Nations predicts that aquacutre production will increase by an avorage
of 5.5% annually, reaching 24 2 miilion tons by the year 2000 (Nash, 1987),

Production figures were collected for 136 countries in 1984 and 1985 by FAQ,
Table 1 shows aguaculture production of leading countrics in 1983, Table 2 pro-
vides 1985 aguaculture production figurcs by continem and species group: fin-
fish accounted for 44.5 percent of all cultured products; crustaceans 2.5 percent;



molluscs 26.5 percent; scaweeds 26.2 percent; and others (0.3 percent (Nash,
1988). Both tables illustrate the dominance of Asia and Asian countries in the
production of fisherics products through aquaculture.

Some counlries, such as China, already rely upon aquacullure for over 40 per-
cent of their wtal lisherics supply. It is ¢vident that aquacullure is a large and
growing industry throughout much of the world.

Tabie 1: Aquaculture Production of Leading Countries In 1985 (in Tons)1
Country Total  Finlishes Crustaceans Molluscs  Seaweeds Others
China 5202,200 2392800 42,700 1.120000 1,646,700 3,400
Japan 1,184,300 283,900 2,200 359,800 530,000

Korea, Rep. 790.200 3,700 100 369,000 397,800 19,600
Philippines 494 400 243,700 24,300 37,900 182,900

USA 353,200 195,200 29,800 128,000 D

USSR 206,000 296,000 No Info Na Info [

Indonesia 309,900 271,800 38,000 ¢ o

Othars 250,800 164,000 21,000 55,500 10,100 200
France 215,800 34,000 200 181,600 ]

Viat Nam 204,000 181,000 13,000 o 0

Scurce: Nash, 1988.

Table 2: World Aquaculture Productlon {in Tons) by Continent and Major

Resource Group - 1985

Fintishes Crustacoans Molluscs Soaweeds Othar
Alrica 60,600 100 400 0 0
Amsarica, Narth 197,800 3.800 160,800 200 0
America, South 28,500 32,600 1,900 4,900 0
Asia 3,792,600 198,500 2,120,000 2,767,500 28,200
Europe 340,800 300 435 000 4,500 4]
Cceania 1,200 160 20,500 100 100
USSR 286,000 0 0 o 0
Totals 4747500 265,700 2,798,600 2,777.200 28,300
fercentage (%} 445 25 265 26.2 02

GRAND TOTAL: 10,567,300 Tons

Source: Nash, 1988,

AQUACULTURE IN THE UNITED STATES

Aquaculture has becn practiced in the United States for well over 100 years,
beginning with salmon release programs designed to augment natural stocks. In
comparison with the rest of the world, however, aquaculture in this country is
relatively new and undeveloped. Production in the U.S. accounts for a little over
six percent of world aquacuiture production. In the last two decades, however,
aquaculture in the United States has experienced considerable growth. In 1975,




U.S. production of aquaculture products was 78,000 tons. By 1980, this figure
had reached 101,500 tons, and by 1987 production had exceeded 375,000 tons
(USDA, 1988).

Aquaculure is the fastest growing sector of the agricultural oconomy in the
United States, increasing al an annpal rate of 20 percent (USDA, 1988). Despile
this recent growth, aguaculiure production does not meet the domestic seafood
demand. Presently, morc than 60 percent of the seafood tonsumed by
Amencans is impotied, resulting in an annual trade deficit in excess of $4 bil-
lion (more than 10 percent of the total annual tride deficit). Ouwr wildstock fish-
cries are suffering {rom overcapitalization and poor returns o fishermen, indi-
cating signs of overharvesting.  Aquaculture could supplement these fisheries,
increase our seafood production and provide stability for the seafood industry.

A significant portion of the U.S. supply of some species is now peoduced by
aquacuiture. Private agquaculiuee produces over 40 percent of our oysters, most
of our catfish and ceawfish, nearly all of our rainbow trout. and small quantites
of soveral olher species (Joint Subcommittee on Aguoculture, 1983). Virually
ab! sportfishery production of trout and salmon come from state-supporied oqua-
cullure programs.

During the 1970°s numcrous technological breakihroughs have increased the
potential of agquaculiure in the United States: the development of net-pen culture
and ocean ranching ol salmon in the Pacific Northwest: the establishment of
abalone culture in Calilormia: the introduction of Maliaysian prawn cultwe 1o
Hawaii; the improvement of raft culuee of blue mussels and oysters in New
England; the proliferation of ayster hatcheries in the Pacific Northwest and the
Atlantic states; and the cstablishment of marine shrimp farms in Central
America and in this country by U S, firms.

Table 3: U.S. Private Aquaculiure Value and Production Data for 1980 and 1986

Value Thousarxis Percont

Spocios groups ($100G} of pounds! of wotal
1980 1686 1980 1986 1980 1986
Baittish? 44,000 51,522 22,048 25047 109 40
Catfish £3s72 220 886 76 842 326,979 3ra 527
Clams 2,295 A.307 561 2,506 03 04
Crawlish 12,951 48,750 23,917 97 500 1.8 158
Freshwater prawns 1,200 893 300 178 0.1 <0.1
Mussels NA 1.725 NA 1.206 - D2
Cystors 37,085 42797 23,78 24,080 "z 39
Pacific saimon 3,400 2,75 7618 74,399 a7 1?20
Shrimp NA 3,408 NA 1,354 - 0.3
Trout 37,474 55,590 48,189 51,000 n7 52
Other Species3 NA 21,700 NA 15 500 - 25
Towls 191,977 4596 329 203,178 619,05 100.0 1000

(Source:; U.S. Depanment of Agriculture, 1988}

1 Data shown ate live weight harvests, except for oysters, clams and mussols which are meat weight.
Excluded are eggs, fngerings, eic., which are an intermediate product level.

2 Not used tor food consumptior.

3 includes spades such as sturgeon, paddlefish, carp, tlapa, mullet, abalono. elc

NA = not available




Annual aquaculural production in this coantry is about three percent of ULS,
fishery landings or two percent of total consumption of fishery products. In
1987, U1.S. privale aquaculture production had an estimated value of 3650 mil.
lion and a rewil value of more thas $1 billion (Table 3; USDA, 1988). The
National Rescarch Council estimates that with progier support, production could
reach 1.2 million 1ons by the year 2000 (in USDA, 1988).

POTENTIAL OF AQUACULTURE

Demand for scafood products nationwide is increasing while the capacity 10
micet this demand by traditional fishery methods is declining. At the same 1ime,
the per capita annual consumption of fish products continues 10 reach record
highs; in 1987, the average Amcrican consumed 20.2 pounds of scafood
(USDA, 1988). Rates of consumption increased 18 percent over the past seven
years. Meanwhile many waditional world fishery stocks have been declining or
have collapsed due, at least in part, 10 overfishing, For example, the aquacubiure
production of shrimp incrcased 75 percent between 1979 and 1983 while the
fishery cuch of shrimp increased only seven percent over the same period. All
of which suggest that scafood prices will increase for the foresceable future.

There are scveral other factors that suggest that aquacuolture will become an
imporlant and profitable venture in the near future. The United Siates is a major
consumer and importer of luxury sealoods. In 1987 the net trade deficit in sca-
food products was $6.1 billion (U.S. Depurtment of Commerce, 1988). This def-
icit can be expected Lo worsen since the major fishery export of the United
States was salmon, which is threatened by imports of Norway and Scottand’s
cultered Adantic salmon {cultured salmon are generally preferred to fished sal-
mon because the cullured product is of uniform size and quality and is typically
fresher). Therefore, the United States can expect stiff competition from foreigt
aquacultured produets in the future, a situation which could decpen our trade
deficit in these commoditics. These trends represent major opportunities lor
aquaculturists both domestically and abroad.

The advantages of aquaculture over traditional fisheries are significant. Even rel-
atively primitive culiure practices involving little technology and limited control
have advantages over traditional harvesting practices. Some of these advaniages
include: (1) cfficicncy - controlled cultivation can provide significant savings in
tme and cffort and a reduction of capital investment and operative costs; (2)
absolute production - the application of intensive culture techniques can increase
fishery harvests many times over, (3) ecosystem enhancement - rather than
exploiting natural stocks and ofien damaging habitat by intensive harvesting
practices, aquaculture can supplement natural resources and in many cases co-
exist with critical wetland and other aquatic habitats; and (4) high product qual-
ity and the ability to "railor” product 10 market demands.

As mentioned with salion, the capacily for aquaculture to deliver a uniform,
high-quality product has provided a competitive edge in many markets. This,
coupled with the capacity to harvest cultured crops when market prices are
greatest, lends aquaculture important advantages over traditional [isheries.
Additional reliance upon cultured products can be expected since there are
increasing political pressures in most states from environmental concerns and
sporlsmen’s groups Lo restrict conventional commercial fishing. These trends
indicate that aquaculture will be an expanding industry in the near future.




INCREASED INTEREST IN AQUACULTURE

At the federal level, some of the first legislation addressing aquaculiure was the
1871 act creating the U.S. Commission of Fish and Fisheries. One of the first
picces of federal legislation to mention aquaculiure specifically was the National
Sea Grant College and Program Act of 1966 (33 USC sec 1121 et seq.), which
recognized "thal aquacullure, as with agriculture on land, . . . can substantially
benefit the United States™ (33 USC sec 112) [c]) (Newion, 1978). Qther carly
federal logislation concerned propagation of mussels (16 USC 750-751 in 1922}
and the establishment of the Millford, Connecticut federal shellfish research
Iaboratory (16 USC 760h in 1961}

The Agricuttural Research Act of 1977 (signed into law as 7 USCA sec 3122)
gave the U.S. Department of Agriculture (USDA) responsiblity to coordinate,
idemify, and fund agricuttural rescarch and extension needs. Aquacnlture is spe-
cifically mentioned as one of the research arcas in the USDA Competitive
Awards Program. Although the USDA iniliated some rescarch, it had been fim-
ited by funds and primarily focused on freshwater specics (Newton 1978). More
recently, however, USDA has been appropriating significant resources (o
rescarch and development of species such as penacid shrimp and hybrid siriped
bass.

The first Uniied States law 10 specilically address the problem of and need for
aquaculture development in this country and the coordination of federal govem-
ment support is the National Aquaculiure Act of 1980. In is "Findings,”
Congress recognized the potential for aquaculture to expand in the U.S. and fill
the need for increased fishery products, leading 10 a decrease in the trade deficit
While Congress affirmed that the primary responsiblity for the industry’s devel-
opment rests with the private sector, the legislators found that the industry has
been inhibited by many economic, fegal, and regulatory factors.

The 1980 Act established a national policy W eacourage 2quaculture in the
United States and called for a national development plan to be put together by
the Secretaries of Agriculture, Commerce, and Interior (Joint Subcommiitize on
Aguaculure, 1983), and for a cominuing asscssment of aquaculwre in the
United States thercafier by the three Secretaries, As prescribed by the law, the
Secrewaries have conducled studies of the capital requirements for the aquacul-
ture industry as well as of regulatory constraints on industry devclopment. In
addition, all aquacultural support activilies are coordinated through an inlcra-
gency coordinating group, operating as the Joint Subcommitiee on Aquacalture
of the Federal Coordinating Councit on Science, Engineering and Technology.

The National Aquaculture Act of 1980 was reauthorized as the National
Aguaculture Improvement Act of 1985. The Sccretary of Agriculture has been
placed in a lead role with respect 1o coordination and implementation of various
functions of the federal government under the Act. jt also establishes and out-
lines the furctions and operations of a National Aquaculiure Information Center.
The Act authorizes appropriations of $1 million for the US. Department of
Agsicutture (USDA), $1 million for the US. Department of Commerce
(USDOC), and $1 million for the U.S. Departmest of the Interior {USDQ1} in
cach of fiscal years 1986, 1987, and 1988. This represents 2 $1 million annual
reduction of the existing authorization levels for USDA and USDOC and level
funding for USDO!. However, appropriations have not been made in accordance
with authorized levels.



1I. AQUACULTURE IN SOUTH CAROLINA

HISTORY OF AQUACULTURE

Freshwater Aquaculiure

Aguacelture is by no means restricted to commercial food production. Fish
hatcheries have been utilized in South Carolina since the early 1900s 10 produce
a varicly of freshwater gamefish for stocking in public waters W supplement
"wild" stocks. In 1948, the South Carolina Game and Fish Depaniment bad in
apcration ten fish hatcheries producing largemouth bass (Micropierus sal-
moides), bluegill (Lepomis microchirus), shellcracker (Lepomis microlophis),
redbreast (Lepomis auritus), smallmouth bass (Micropterus dolomieui), brown
trout (Salme trutra), and rainbow troul (Salmo pairdneri).

By 1960, the U.S. Fish and Wildlife Scrvice had constricted and was operating
tree fish colture facilitics in Souwth Carolina: Walhalla, Cheraw, and the
Crangeburg National Fish Hatchery. Ag of 1982, the Cheraw and QOrangeburg
National Fish Hatcherics were supplying largemouth bass, bluegill, shelleracker,
and channel catiish (fetaiurus puncratus) fingedings for 80 percent of the pri-
vate pond stockings in South Carolina (a total of 1,200 ponds stocked annually).
In addition, both hatcheries supplied fish to the S.C. Wildlife and Marine
Resources Department for fish stocking cnhancement programs in state waters,

In 1983 the U.5. Fish and Wildlife Service, under 8 sestnucturing of priorities
within its hatchery program, lcased the Cheraw Hatchery to the South Carolina
Wildlife and Marine Resources Depariment and drastically changed the fish pro-
duction requirements at the Orangeburg Hatchery, The Omngeburg National
Hatchery's present production goals are to preduce, distribute and stock striped
bass (Morone saxaiilis}, hybrid striped bass, redbreast, and shortiese sturgeon
(Acipenser fulvescens) to public waters for stock enhancement. The Walhalia
Hatchery continues o produce rminbow, brown, and brook trout (Salvelinus fon-
tinalis).



The consteuction of the Dennis Wildlife Center in Bonneau, South Carolina in
1972 by the $.C. Wildlife and Marine Resources Depantment, and the subse-
quent culture and rearing of striped bass and hybrid bass, increased state fish
praduction of these two fishes W more than 1.5 million fish per year. The added
production of these valued {reshwater gamefish doubled the number of fish pro-
vided to the depanment’s stock enhancement programs annually. Public and pri-
vate demands for these fish arc presently being met from the siate and federal
fish hatchery systems. The privaie production of freshwater gamefish species
has heen almost non-¢xistent in South Carolina when compared to that of other
Southcastem states.

Aquaculture, from a privale fish hawhery perspective in South Carclina, has
been limited to the production of "bait” fish species, "ornamental” fish species,
wout and a fledgling channel catfish industry.

Marine Aquaculture (Mariculiare)

Oysters One of South Carolina's carliest references to aguaculiure recalls
Charleston's once (amous "Mill Pond Oysier.” However, a lack of understanding
abaut the lifc cycle of the Mill Pond Oyster eventually led to its disappearance
in the 1870s.

Nevertheless, the suitability of South Carolina's coastal environment for oysier
cultivation led o additional experimentation. By 1890, a number of successful
commercial endeavors were underway in Winyah Bay, Bull's Bay, Saniee Pass
Creck, Lighthouse Crock near Folly Island, and in Bailey Creek near Edisto. The
Maggioni Oyster Company of Lthe Beaufort and Savannah arca is an outgrowth
of some of these carly endeavors in oysier cultivation. Extensive cultivation
technigues included the planling of sced oysters and shell, and culling of the
beds for predators.

Oyster culiivation was encovraged by the $.C. Board of Fisherics, which was
created in 1906, Mandating in 1908 thal a percentage of harvested shells be
replanted, the Board claimed 10 have been successful in doubling the average
weight per bushel in three years. Extensive cullivation, including the replanting
of shell and regulation of harvest, has kept the oyster industry alive in South
Carolina despile the closing of many arcas because of coastal poltution.

Shad The center of South Caroling’s shad fishery has traditionally been in
the Winyah Bay area. When the S.C. Board of Fisherics was formed, the shad
fishery was sccond only 1o oysiers in commercial importance. Catches were gen-
crally good until the 1920s, when the Board of Fisheries began to express con-
cem over Lhe effects of increased coastal growth on the indigenous shad popula-
ton, Pollution of spawning waterways by sawmills, scwage outfalls, and an
alcohol plant was panly blamed for the declining population. Anchored nets of -
shore were thought 1o causc unnccessary waste when Fish were snagged and lost
0 predators in irregularly harvested nets.

In 1929, al the request of the Board of Fisheries, the State Legisiature granted
funds for the construction of two haicheries, one on the Edisto River at
Jacksonboro and one on the Black River above Georgetown, Both were opera-
tional in 1930, and were run in cooperation with the U.S. Bureau of Fisherics, At
that sime, the 5.C. Board of Fisheries encouraged the use of abandoned rice
ficlds as shad nurseries 10 increase survival rates. The U.S. Burcan of Fisheries
recognized South Carolina as a leader in this type of shad aquaculture.




Despite the success of the Edisto hatchery (the Black River hatchery was closed
because of excessively saline waters), the Board of Fisheries was siill concemed
about the declining shad fishery. In the 1890s, the State had a shad catch of
about 600,000 pounds annundly; by 1932, the catch dropped 1o approximately
125,000 pounds,

Calling for stricter regulation of the fishery again in 1940, the Board of Fisheries
decided 1o close the Edisto haichery, since it appeared that even with the stock
cnhancement program, shad numbers were significantly dropping. In 1949, the
Board reported: "Shad fishing has ncarly disappeared in the State.”

Today, however, South Carolina's shad fishery harvest averages approximately
250,000 pounds per year. Although indications are that the population is once
again stable, other fisheries have superceded the shad fishery in commercial
importance. There arc no shad hatcheries curreatly operational in South
Carolina.

PRESENT STATUS OF AQUACULTURE

Private Production - Freshwater Species

South Carolina has the resources - land, watcr, climate and human - to become a
leading aquaculurc-producing state. Development of commercial catfish and
crawlish farming on a good portion of the 50,000-plus farm ponrds in South
Carolina has the potential to supplemnent declining farm revenucs. There are
approximately 35,000 acres of svitable commercial caifish and crawfish sites in
South Carolina. Additionally, a significant number of the 70,000 acres of
impounded rice ficlds have potentiat for crawfish farming.

Catfish In 1986 a rcscarch project was conducted 10 determine the current le-
vel of catfish production in South Carolina (Pomeroy and Kahl, 1987a), The
research revealed that 40 catfish producers were part-lime and approximately 20
of them sold catflish commercially. In 1985-86, about 200 acres of catfish ponds
were in production, with an additional 13 acres of brood fish ponds and 30 acres
of fingerling ponds. Both extensive and intensive (cage culture) systems were
used. Production in the commercial ponds averaged 1,000 pounds per acre, It
was cstimaled that the total production of catfish in South Carolina in 1985-86
was approximatcly 200,000 pounds, with ar estimated total value of about
$170,000 (the total value figure includes the estimated value of fingerling sales),
During this period the preducer price reccived for live catfish ranged from $0.70
1o $0.90, with an average price of $0.78. This price was slightly higher than the
ratonat average price paid to producers (50.74).

In 1988, South Carolina became home for a major integrated production/
processing catfish operation. Located in Estill, SC (Hampion County), the
Lowcountry Aquaculture Corporation plans to construct 1,000 acres of ponds and
a processing plant. Already, the facility is producing fish: expectations are that
some 20,000 pounds of liveweight catfish per day will be initally processed.

Catfish production increased significantly since 1986 (Pomeroy, 1988). An csti-
mated 400,000 pounds of fish were produced, wilth an estimated value of
$300,000. More than 200 producers were involved in the industry, raising cat-
fish in some 500 acres of ponds. Production per acre averaged 4,500 pounds. L
is expectad that as current producers gain morc expericnce growing catfish,
yields will increase.



Pomeroy (1988} predicls that 1989 will be an cxpansion year for the catfish
industry in South Carolina because of the increased availability of processing,
agribusincss support, and tingerlings and fced.

Crawfish In 1986, crawfish remained South Cirolina's largest aguaculiure in
dustry. A survey of crawfish producers conducted in 1986 (Pomeroy and Kahi,
1987b) revealed that there were 39 cruwfish producers ia South Carolina,
tocated in 22 conntics. All of the current producers were part-time. It was esli-
matcd that there were 825 acres of stocked ponds in 1986 with a 1ota] production
of 400,000 pounds of crawfish valucd at $460.000. Average yiclds in 1986 were
565 pounds per acre. Stocked ponds increased by about S0 acres during the year.
Towal production wus also up from 1983, due primarily 1o improved manage-
ment practices by producers. Again this year, South Carolina prices were much
higher than those received by Louisiana producers; the average S.C. price wis
$1.45 per pound, while Louisiana producers got $0.20 to $1.00.

In 1986, according 0 the crawfish preducers, demand for South Carolina-
produced crawfish exceeded the supply. Since there were no crawfish process-
ing facilities in the slate, all crawfish were sold as live, whole animals.
Approximately 70 percent of the production was sold directly from the producer
for in-stte consumption, Much of this went 10 loca) restaurants, crawfish festi-
vals, fish markets, and 10 individuals buying at pondside. The remaining 30 per-
cent was shipped owt-of-state to markets in the Baltimore and Washington, D.C.
arca, and as far away as Chicago,

In 1988, over 1,100 acres of crawfish were harvested in Sowmth Caroling, an
increase of 10 percent over 1987 (Pomeroy 1988). Some 35 commercial growers
accounted for this production, More than 500,000 pounds of crawfish were har-
vested, with a value of about $600,000: yields averaged 550 w 600 pounds per
acre, Prices reccived ranged from $1.00 10 $1.50 per pound for live, whole ani-
mals, remaining higher than Louisiana, but lower when compared 1o the $1.75
recetved in North Carolina and $2.00 in Maryland,

Consumer interest in crawfish both within and outside the state will remain hi gh
with markets continuing 1o expand. More South Carolina crawfish continue 10
be shipped out-of-state 1o serve these expanding markets,

Other Species  There are several other freshwaier aquaculwre species being
grown in South Carolina, including about 20 acres of carp, 5 acres of tilapia
(Titapéa spp.). 5 acres of wrout, and 3 acres of (reshwater prawns (Macrobrachium
rasenber gii), A map showing species culwred by county is presented in Figure 1.

Private Production - Marine Species

Penacid Shrimp  Interest in penacid shrimp mariculture continues 1o Rrow in
Suvwih Caroling. Shrimp production is concentrated in the Edisto/Charleston and
Georgetown arcas, There are currenly five producers using inteRsive/serni-
Infensive (aclive feeding and management) systems in the state, and five produc-
ors using extensive (low tech, no fecding) systems, The intensive producers are
averaging yiekls of ncarly 6,040 pounds per acre in 2 tolal of 40 acres of ponds,
senti-iptenstve producers are getting about 2,000 10 4,000 pounds per acre in 160
acres of ponds and the "exscnsive™ producers are getting yiclds of 1,500 pounds
or kess per acee in B0 acees of ponds (Pomeroy 1988).

There are approximately 280 acres of ponds and another 1,700 acres of impound-
menls in private inicnsive, semi-intensive and extensive culture with a total pro-
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duction of about 560,000 pounds and a value of almost $1,120,000. The average
price received for whole shrimp ranged from $1.50 10 $2.50 per pound. The pro-
ducers are receiving a premium price for tcir shrimp of about $0.10 to S0.25
per pound more than wild-caught or imported shrimp. The shrimp arc markcted
dircctly o retail oullets, such as grocery stores and restaurants, and through
existing sheimp marketing channels, In addition, several producers contracted
with out-of-state processors, and also wsed IQF (individual quick freeze) pro-
cessing for sale through cxisting markets.

Itis expected that the shrimp mariculwre industry in South Carolina will expand
slowly in the coming ycar. New acreage will be added and private farm yiclds

LWill conunue to increase as producers gain more experience and use higher

stocking densitics and rowtine acraiion. While prices have increased in the past,
it is eapected that prices for shrimp will stabilize. Peoducers have established
their own market for their cultured shrimp and these markets, primarily for a
fresher, higher quality product, will expand.

Hard Clams Few manine specics are as well suited as hard clams for commer-
cial aquacutiure development in South Crolina. Although no large-scale com-
mercial clam culture cxists within the state at present, one large company is
secking a location for such a facility, and several independent clammers are
licld testing various growoul techniques on mariculiure leases with hatchery-
peaduced seed clams. A commercial pilot-scale hard ¢lam mariculwre operation
was initisted in August 1980 and topether with the state (through the
SCWMRD-Marinc Resources Division and the $.C. Sea Grant Consortium)
developed appropreiate nursery and ficld growoul techniques for hard clam cul-
lure in coastal waters. Unfoctunately, the company experienced severe financial
setbacks in 1983 when planned levels of capitalization were not realized.
However, through this coaperalive activity a successful hard clam mariculture
protocal was developed foe South Carnlina,

The potestial for hard clam mariculiere is srong. Current rescarch is geared 10
crhance the biological and 1echnological potential of the hard clam: however, a
number of legal and instintional problems must be resolved before significant
Invesument pccurs.

Public Aguaculture Production

During 1986, 4,790,827 fish (Table 4) were produced at South Carolina 'Wildlife
and Morine Resources Department (SCWMRD) freshwater hatcheries and
1,218,730 fish (Table 5) were produced a1 U.S. Fish and Wildlife Service
(USF&WS) freshwater hatcherics. Table 6 provides a list of the SCWMRD fish
stock enbancement progmms conducted during 1986,

In addition, some $0.000 channel catfish fingerlings were produced by Clemson
University that same year and used primatiby for rescareh and cducation pur  poses.

POTENTIAL FOR AQUACULTURE DEVELOPMENT

Sourh Caroling is welk suited for squaculiure. Along the coast, a portion of the
200,000 acres of estuwarine area and 70,000 acees of wetland impoundments are
potentialiy available ax production sites. The mild climate makes the culure of
warm-water species feasible. Freshwater supply from rainfall, ground and sur-
face waters is ample, and 70 percent of Lhe state’s soils are rated as fair or good
for pond construction (Figure 2; Foltz and Smith, 1983).




Table 4: SCWMRD Freshwater Fish Hatchery Production for 1986

Speciss Fingerlings Producad
Largemouth Bass 404,000
Bluagiff-Shellcracker 2,200,000
Channel Catfish 43,200
Biua Catfish 8415
Smakmouth Bass 2867
Striped Bass 1,761,709
Hybrid Bass (white bass x striped bass} 370,636
Total Fish Praduction 4,790,827

Table 5: U. S. Fish & Wlldlife Service Hatchery Production in South Carolina -

1986
Specles Number Produced for Stacking!
Redbreast 273,000
Striped Bass 381620
Bluegiils 111,200
Short-nose Sturgeon 30
Brown Trout 204 800
Rainbow Trout 248100
Total Fish Production 1,218,750

1These fish were utilized for; {1) stock enhancement programs {public waters}; (2} “put and take*® stocking
{public waters}; and {3) private pand restocking.

Criteria for fish stock enhancement programs {(SCWMRD and USFAWS) are: (1) stocking of species where
natural reproduction success is non-existont or impared; (2) stocking of spacies as mitipation, where lod-
aral or state projects have impacted on the fishing; (3) stocking of spedies to replenish a fish population
altected by a lish kiff, poilutian, ete.; {4) stocking to introduce a fish species not native & the fishery; and
{5 stocking to maintain or improve an existing endangered fish species population.

Climate

There are some geographical areas in the state beter suited than others for aqua-
culture due to ¢limatic conditions (Foltz and Smith, 1983). Regions with longer
growing scasons (temperatarcs above 61°F [16°C)) are peeferred. However, cli-
male is not a limiting factor for commercial aquaculinte operations in most of
South Carolina (Figure 2a).

Records from the Office of the State Climatologist indicate that for arcas along
the coast, 61°F temperatures start about April and end at the beginning of
November. For the middle part of the state, 61°F emperatures start around April
S and end about October 26. This is a six- to seven-month growing season
which suits most of the current aquaculture species being produced, although it
is far from optimal.

Primary factors influencing temperature in South Carolina are elevation, lati-
tude, and distance inland from the coast (Foltz and Smith, 1983). These varia-
bles cause average annual iemperatures in the swate to range from S2°F at
Caesars Head in the Biue Ridge Mountains to 66°F along the southem coast

1
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Table 6: SCWMRD Flsh Stock Enhancement Programs Conducted During 1986

STOCKING LOCATION SPECIES NUMBER OF FISH
STCCKED

Lake Hartwell Hybrid Bass 282,991
Clarks Hill Hybrid Bass 87,645
Lake Secassion Striped Bass 198,090"
Lake Wateres Striped Bass 687,076
Lake Murray Striped Bass 228,360
Lake Moulrie Striped Bass 735 683
Santoe River Siriped Bass 154 558
Coopar River Stripad Bass 42 9B*
Catawba River Stripad Bass 40,000
Saluda Rivar Striped Bass 4,224*
Combahes Rivar Striped Bass 16,123
Edisto River Striped Bass 9,592
Ashepao River Largemouth Bass 7.900
Edisto River Largemouth Bass 9,000
Waccamaw River Largemouth Bass 22,500
Scraphola Swamp Largemouth Bass 5.000
Lake Murray Largermouth Bass 24,750
Saluda River Largemouth Bass 30.000
Appalache Lake Largemouth Bass 5,000
Poa Dea River Bluegill- Shaflerackor 200,000
Lake Eurcha Bluegill-Shellcracker 25.000
Leke Dogwood Bluegill-Shellerackor 10,000
Tygor River Bluegill-Shellcracksr 12,500
Enoreo Rivor Bluagill-Shellcracker 12,500
Hollow Crock Bluegill-Shellerackar 80,000
Lake Cherokes Blue Catfish 450
Wataroe River Blue Catish 15,700
Lynches River Blua Catfish 425
Lake Ashwood Biue Catfish 800
Lake Wallace Blue Catfish 2,000
Lake Brown Blua Catfish 400
Lake Warren Blue Catiigh 500
Lake Long Blue Catfish 500
Lake Koowee Smalimeuth Bass 2867
N Edislo River Redbroast 126,000
S. Edisto Rivar Radbreast 63,000
Caopor Hiver Shortnose Sturgeon a
Total 3,224 242

* Full or partial assistance in stocking from the Orangeburg National Fish Hatchery.
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Because of the generally mild temperature regime found in the stawe, the cullure
of warm-water species has great potential, Aquaculture of cold-water species
{c.g., trout) can be successful ip the Blue Ridge and Foothills of the Upstate.
Additionally, ponds in the Piedmont and Upper Coastal Plains can be used to
culture coidwaler fishes from late fall wo carly spring.

Land Resources

Topography and soils are important considerations for aquaculture development
(Foliz and Smith, 1983). A genuly sloping topography with soil characteristics
suitable for embankments or dikes are usually sought. Embankments require soil
malerials resistant to scepage and piping and of favorable stability, shrink-swell
potential, shear strength, and compaction characleristics. The presence of stones
or organic malerial in a soil arc among factors thal are unfavorable.
Approximatcly 70 percent of the soils in South Carolina have a good or fair
potential for pond embankment construction (Figure 2b).

Water Resources

Aruaculiure requires a source of high quality waler (o ensure healthy and mar-
ketable products. Where most industrics must undertake significant measurcs to
meet water quality standards, aquaculure operations can almost be a guaraniee
that adjacent water quality will be mainained.

South Caroling geccives a mean annual rainfail of at Jeast 40 inches throughout
the state, reaching 68 inches in the Blue Ridge Mountains, Much of this water
rung off the surface and eventually finds its way inwo the state’'s watersheds, A
large pant of the remainder is lost to the aimosphere through evapo-teanspiration,
and some makes its way downward 10 replenish aquilers.

Surface Water South Carolina is divided into {our major river basins: the Pee
Due, Santce, Ashley-Cooper-Edisto, and Savannah. In addition 10 its flowing
waters, there are about 596,000 acres of large inland lakes, 70,400 acres of wet-
land impoundments, and over 50,000 small, privatcly-owned ponds and small
lakes, Thesc water resources provide ample opportunitics for aquaculture devel-
opment in South Carolina.

The bay and cstuarine watcrs in the Swate have considerable aquaculture poten-
tial, Over 216,000 acres of these highly produclive environments are found
along the coast. These waters, which are exiremely important in the life cycle of
numcrous commercially and recrcationally-valuable fish and shellfish, could in
many cases be used by aquaculturists,

The coastal waters are of high quality. The $.C. Department of Health and
Environmental Conwrol's (SCDPHEC) biennial water assessment states that of the
state’s coastal walcrs, 79 percent are designated Class SA and SAA, 9 percent
are Class SB; and 12 percent are Class SC (Classes SB and SC are not suitable
for shellfish harvesting) (Knowlcs, 1988). Of those walters designated Class SA
or SAA (protected for shellfish harvesting), 94% are unconditionally approved
for shellfish harvesting (See Table 7).

Ground Water Ground water conditions in the Sandhills and Coastal Plain
contrast sharply with those in the Piedmont and Blue Ridge, Greater yields can
be anticipated in the Sandhills and Coastal Piain and depths o these anticipated
yiclds can be more nearly predicted.

Chemical content in waters from the Coastal Plain is more diverse than from the




Blue Ridge or Piedmont, with various amounts of iron, calcium, fuoride, chio-
ride or other constituents being recorded.

Currently, South Carolina has several designated capacity-use  areas
(Horry Georgetown, Colleton, Beaufort and Jasper Counties) where & permit
from the S.C. Water Resources Commission is roquired before substantial
amounts of ground water can be withdrawn (Sce Section 1ID). Aquaculture devel-
opments require large amounts of water. [n capacity-usc areas, prospective aqua-
culwrists should be particularly aware of the quantity and quality of ground
water availuble.

Ecunomic and Fmployment Opportunities

The current financial crisis facing agriculture in South Carolina and throughout
the United States has had many farmers looking at altematives w traditional
agricullure. Aquacultere has been seen as a viable aliernative for farmers and as
a profitable single enterprise investment

Markets for aquacuiture products are currently expanding. Increasing concem
about nutrition has Americans substituting fish for red meat in many dieis. The
popularity of catfish has increased not only in the South but throughout the
nation, [nicrest in Southerm cooking, particularly Cajun-style, is on the rise,
leading o more recipes using cawfish, redfish and crawfish. Foreign markets,
especially in Western Europe, are also expanding for calfish and crawfish. The
growing consumecr demand for shrimp ensures a ready market for the farm-
raised product.

Aquaculture is also compatible with rural economies and life-styles. Tts basic
nature is very simalar o agricufture and, thus, is compatible with wraditional oco-
nomic activilies in many rural arcas. Also, aquaculture can be conducted on land
that is nol suited for agriculture, and fish have a much higher fced-to-meat con-
version ratio than do other livestock or pouliry commeoditics. Aquaculture is gen-
crally compatible with the environment, causing relatively minor environmenial
impacts.

Aquaculwre can become a major income and employment gencrating sector in
many rural areas. For example, it is estimaicd that the production of every 4.8
wons of catfish requires one full-time job. It is also estimated that many private
farm ponds in South Carolina have the poteniial of producing positive profits for
farmers and landowners. Thiny-five thousand acres of suitable commercial cat-
fish siles have been identified in South Carolina, represeniing over
$100,000,000 of potential income if fully developed {Pomeroy, pers. comm.).
These estimates are only for one species, but a variely of species are compatible
for production in fresh-, brackish- and sali-water environments in the state.

Aguaculiure is not just a production industry. As it expands, other support ser-
vices will develop. These will include processors, wholesalers, feed mills, equip-
ment manufacturers and suppliers, and others. A conservative estimate indicates
that aquacaiture and related businesses could generate more than 3,800 jobs in
the state by 1993 (Rhodes and Pomeroy, unpublished report, 1988). While aqua-
culture will bring direct economic benefits to the state from production of vari-
ous fish and shellfish species, the indirect or secondary benefiss will be equally
substantial.



Table 7: Water Quality Standards for Tidal Salt Waters (DHEC Regulation 61-68,
1985)

Class Class Class Class
iteem SAA SA 5B 5C
Retugo, garboge  Prohibited Prohibited Prohibited Prohibited
oil, ashes or
sludgn dumping
Troated & toxic Prohibitod Cannoet harm Cannot Cannt
wastes. or thermal shellfish impact impact
dischargos primary use primary uso
Dissolvng Oxygen  Natural levels maan >5mg mean >5mgl »4mgA
Contont only min >4mgl rin >4mgi
Organisms of Natural levels mean MPN mean MPN mean MPN
Colform Group!  only <70100mi <200/ 500ml <1000/ 00ml
max MPN max MPN max MPN
<230100m! <4001 30ml «2000/100ml
Acceptable Natural lavels Ng more than No more than No more
pH Rango only + 0.3 unit + 0.5 unit than + 1.0
frarm natural from natural unit from
Invel lovel naturat
tovel
Temporature Naturai levols As prosenbad As proscnbed As proscribed
Lhmit onty by parmit by permit by permi!
Turbichty Natural levels As proscribed As proscnbed As proscribed
Lirnit only by permil by permit by permit

Deserption o Classification and Usas:

SAA - Quistanding recreational or ecelegical resource waters suitable
for uses that require absence of potiution

SA - Sutable lor harvesting ol shellfish for human consumption

SB - Sudtable lor pnmary centacl recreation

SC - Suitable for socondary conlact recreation, crabbing and fishing.

1MPM = most probable number




THE FUTURE OF AQUACULTURE IN SOUTH CAROLINA

Promising Species

It is belicved that hard clams and hybrid striped bass will be incorporated into
full-scaic production wilhin an immediate- to near-icrm limeframe, Production
of cultured species of penacid  shrimp, catfish and crawfish, discussed earlier,
could be increased within the same time frame.

Penacid shrimp cultere in the state is moving towards full commercinlization. As
mentioned, three major types of cullure techniques are employed: extensive,
semi-intensive, and intensive pond culturs. The Waddell Mariculiure Center
recenly demonstrated intensive culture yields in excess of 20,000 pounds per
acre of whole shrimp. To raise shrimp on such an intensive basis is cxpensive;
targe companics appear best positioned 1o culture shrimp in this fashion. The
Waddell Mariculture Center is targeling rescarch toward increasing yiclds via
intensification and genetic improvement of stocks. Ten shrimp operations of var-
ying intcasity arc in production today.

Hard clams are excellent candidates for aquaculture in the state’s warm, highly
productive coastal waters, Demand for hard clams is high and prices have
increased duc to a decling in production from natural stocks in many arcas.
Aquaculwre 1echnology for the hard clam is well-gslablished and profitability
appears high as evidenced by successful enterprises in other scetions of the
couniry. The present status of development in South Carolina is at the demon-
stration/pilot ptant level, although a major firm is exploring commercializalion
at the present time, Genelics rescarchers are attempting to improve brood stocks
and create faster growing clams.

Striped bass is nationally recognized as an excelict food fish with high market
demand. The suriped bass hybrid {striped bass X white bass ¢ross) can be grown
in a broad range of cavironmental conditions. Rescarch Lo date has focused on
all aspects of the production cycle, including development of domesticated
brood stock, nursery and grow-out systems, and marketing and processing char-
acteristics. The hybrid fish is an cxcellent candidate for aquaculiure develop-
ment now that political concerns and legal barricrs concerning its gamefish
status are being resolved.

Other Species

There arc many species that offer good aguaculture potential and could be
exploited. The success of these species depends upon the establishment of a
stable aquaculwre industry in the ncar-term. Constraints upon development fall
within two broad categorics: limited market potential and limited culture tech-
nology not yet ready for commercial implementation. Species that offer limited
market potential arc those thai currently appeal only to 8 small portion of the
population or have specialized uses, such as aquatic weed control, stock
enhancement, ecic. Specics that fall into this category include: grass carp, tilapia
(nile perch), freshwaler prawn, sturgeon, and marine bait. Species that require
additiona! research before they may be fully exploited on a commercial scale
include: largemouth bass (currenily designated a gamefish and thercfore illegal
o self), spotied seatrout (Cynoscion nebulosus), redfish or channel bass
(Sciaenops ocellata), shortnose and Atantic (Acipenser oxyrhynchus) surgeon,
blue crab (including sofi-shell), bay scallop (Argopeciin irradians), and
American oysicr.
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Table § presents an informal summary of the aquaculture development potential
of selected speeics in the near- and long-term.

Table 8: Aquacuiture Development Potential of Selected Species In the Shon

and Long Term
ShortTerm Long Term
{10 2000) (beyond 2000)

Spacies Lowc——-—3High Lowe- -—->High
Freshwater Finfish.

Grass Camp x X

Titapia X X

Trout X X

Largamouth Bass X X

Striped Bass Hybrd X X

Channel Calfish X X

Amorican Eel X X
Shalltish:

Froshwater Prawns X X

Hard Clam Hybrid X X

American Oyster X X

Bay Scallop X X

Blue Crab {Soft-Shell) X X

Shrimp x X

Crawlish X X
Marine Finfish:

Spotted Seatrout X X

Redfish X X

Sturgaon X x{7?)

Striped Bass Hybrid X X

Dolphin (Mahi-Mahi} X X

Bottom Fishes X X
Marine Baitfish: XN X7
Other Species:

ARigator X X




AQUACULTURE: THE REGULATORY ENVIRONMENT

INTRODUCTION

Aquaculture may involve the use of the water column and/or underlying bottom
of a water body, It also requires an onshore base of operation. In some cascs,
aquaculture ventures require the use of resources nomally considered part of the
public domain, as opposed to the privately-owned lands used in agriculiure,
Both small and commercial-scale aguaculture operations face the unusual prob-
lem of requiring semi-exclusive and, in some cases, exclusive access to high
quality watcrs of the state, These requirements illustrate the uniqueness of aqua-
culture ag a relatively new use of coastal and inland waters, and also the prob-
lems facing the new industry as it sceks to become establishcd in South
Carolina,

The complexity of the permitting process varies with respect 10 the type of
watars in which the aquaculinre operation will be conducted - fresh, brackish, or
salt water - and (he geographic Jocation of the operation - highland or open
watcer culture (see, for example, DeVoe and Wheistone, 1987). Highiand, fresh-
water culture of catfish, minnows, freshwater prawns, and tout in farm ponds
and tarks docs not involve the public domain and requires relatively few per-
mits. Cage or pen culture of cenain species such as catfish and trout in public
waters (lakes and swreams) involves several permitting and liability questions
and has not yet been practiced o any exieat in South Carolina. The use of the
inherent productivity found in fresh-, brackish-, and salt-water impoundments
(presently managed and with no ownership-related problems) offers some
degree of opportunity as culture systems for crawfish, blue crabs, penaeid
shrimp, and several species of finfish, The permiiting process for the use of
actively-managed impoundment systems for aquaculture is relatively problem-
free. However, cxtant leasing and ownership questions in open marshland, par-
tiafly-diked impoundments, and open coastal waters make permitting of aquacul-
ture in these areas considerably more challenging.
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ACCESS TO STATE LANDS AND NAVIGABLE WATERS

Shellfish Leases

Unfess aquaculiurists have @ property interest ia the arca in which they wish o
establish their operations, the Jaw will provide finle, il any protection (Owen,
1978}, Although the federal govemment may frequently impose constraials on
squacuhure development through its interesis in navigation and pollution control
(among others), the property rights of aquacuiturists rest primarily with the stae,
Lease arrangements are a form of property inlerest most ofien granted by stles
to confer certiin rights. The conditions upon which a lease is issucd determine to
a large cxient the degree 1o which an aqua-culwirist has protecuon, and the asso-
cisted “costs” of such protection. This “level of exclusivity” is a mugor factor in
the decision of an entreprencur or corporate entity to engage in such o high-risk
industry as aquaculture,

Another important lactor in leasing provisions s the type of area that may be
leased. A magor limitation 10 existing legistation in many states is thag it only
provides for leasing water batloms (submerged lands), and docs not address the
wiler column (Owen, 1978 DeVoe and Mount, in press). This situation docs
not recogmee the advances made in aguaculture wechnelogy: the potential of
raising Tintish i net pens and shellfish i Poating rafts or on hanging strings
preatly expards an arca'’s productivity by utilizing both the bottom and water
column. Additionally, most submerged lands legislation docs not acknowledge
other water-based activitics which could negatively impact culure systems
found on the botom.

Twa other consideratians fequire mention. Under leasing provisions, certain
guaranices should be included that protect an existing aquacuiture operation
from the siting of an operation which could allect the waler quality of the wea,
and polentally the aguaculiure operation itself. The duration of the lease, and
the teems for renewad, are equally important. An aquaculiurist who decides o
invest time and cffort in developing expertise with a ceruin specics, and capital
10 initiale an operalion, neads reasemable assurances that the lease will be of suf-
ficient duration for the inavestment 10 be wosthwhile. The state must balance the
nceds of the cultunst with its interest in preserving its options as 10 how the
water botioms and columns will be used (Owen, 1978).

Submerged Lands Policy in South Carolina

In South Carolina, a shelllish leasing system was in place from 1924 10 1986,
The South Carolina Wildlife and Marine Resources Commission (SCWMRC),
through the Division of Marine Resources, had the authority 1o fease (o any state
resident submerged lands owned or controlled by the state, for the purpose of
commercial shellfish {oyster) colwre, up to 1,000 acres for a period of no longer
than five years (50-17-710, §.C. Code of Laws). Under the same provision, for
those state residents who wished 1o lease lands for non-commerciul oyster pro-
duction, the SCWMRC had the authority o lease as many as two acres. In cach
situation, the lessee had to pay an annual lease fee of $1.50 per acre (o retain
rights o the submerged lands. Further, any such lease could be rencwed at the
option of the lessee for an additional tcrm of five years at the same yearly rencal.
These leases came with provisions requiring the lessce to plant sixty-five bush-
cls of shell or sced oysters for every acre under lease and to effectively cultivate
the area of the Jease (by threat of revocation), and required written permission
from the SCWMRC 1o transfer a lease to another party.




This system was significantly modificd in May 1986 (50-17-710 et s¢q) wilh the
cnactment of amendments which allowed for:
“.nereased recreational opportunitics for the citizens of this state and
increased opportunity for participation in the commercial harvesting of
shellfish,”

The Siate of South Carolina modificd the shellfish program by replacing the
leasing system with a permilting system. Prior to May 1986, the state recognized
shellliste culture {the extensive cultere of the state's commercial oyster grounds)
as the only type of aguaculture allowed in public waters. The statute did not pro-
vide sulficient flexibility for the SCWMRC 1o issuc keases for other 1ypes of
aquaculture, such as finfish or plant; it also did not apply 1o any activity occur-
ring in the water column, It did provide cerlain proteclions in that "no other
lease lor the gathering of oysters within the perimeter boundaries of such area
leased shall be made during the term of such lease,”

Today, any stale resident may apply for a five-year, renewable permit 10 "the
cxclusive portions of the intertidal and subtidal holioms owned or controlted by
the Sute, Tor the purpose of shellfish cubure or mariculure for commercial pur-
poscs, not exceeding [500 zcres (o any onc entityl..."

Several key provisions of this law rise scrious questions for the prospective
aquaculnieist. According 1o 50-17-720, if the state authorizes any activity or use
that requires the permancat closure of shelifish grounds, the Commission may
remove the cffected portion from tie permitted area, with an appropriate. adjust-
ment (o the annual fee, now set at $5.00 per acre. The new provisions also call
for mitigation or compensalion measures in the event that a project causes the
closure of any shellfish grounds, The effects of this new legislation on the excla.
sive use of public arcas alforded (o aquacullurists remain 1o be seen,

Other provisions of this lcgislation raisc legitimate questions. The new regula-
tons state that "Na other permit for shetlfish culitre on the botoms delinested
within a plat or permit may be made during the term of the permit provided the
Division has the authority lo issue permits for mariculture [defined in
Section 50-17-860 as ‘the controbled cultivation in confinement of marine
and estuarine orpanisms’|... within the perimeter boundaries of an existing
permit if it is determined by the Division that the mariculture operatin will
not interfere with the harvesting and cultivation of shellfish by the permit-
tee” |cmphasis added). Therefare, will the state permit mariculture operaiions
only on submerged lands designaled as commercial shellfish grounds? Does this
provision imply thal potential aquaculturists can receive a permit 10 use the
watcrs overlying permitted shelllish grounds? What degree of exclusivity (and
conlidentiality and protection) can cither party be assured through the permitting
system?

Anolher provision which appears vague states, "The Division is authorized to
specify the terms and conditions on any permit issued for the purpose of shell-
fish mariculture.” Again, no mention is made: of finfish and ajgal aquaculiure, A
prospective aquaculturist would be interested in the terms and conditions of the
permit far ahead of any decision © locate in South Carolina,

Further complicating this situation is the facl that, while the SCWMRC regulaics
shellfish grounds, the 8.C. Budget and Controb Board and the $.C. Coastal
Conncil also have jurisdiction over submerged Jands, Their regulatory mandale
is to consider permit applications for proposed activities in the waters and kinds
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of the State. Indecd, the S.C. Coastal Council slaff have explored the possibility
of establishing a submerged lands leasing program to be adminisicred by the

§.C. Coastal Courcil.

PROTECTION OF NAVIGATION AND WATER RESQURCES

Federal Regulations

Placement of Structures and Dredge and Fill in Navigable Waters The U.S.
Army Corps of Enginecrs (USACOE) regulates the ptacement of structures and
dredge and fil activitics in navigable waters of the United Siales. A prospective
aquaculturist whose operation will involve localing a structere or dredging in
navigable waters must first obtain a permit required under Scction 10 of the
Rivers and Harbors Act of 1899, I (he activity invalves the discharge of dredpe
or fitl materials into navigable walters, a permit is required under Section 404 of
the Federal Water Pollution Controt Act of 1972, as amended. In cases where
both permits are required, the applicant may [ile for them jointly through a sin-
gle application.

Swututory exemplions ol the discharge of dredge and fill malerial from various
farming and silvicullure activities include discharges from the "construction and
mainlenance of stock ponds” (Section 404(1]), The USACOE's identification of
permitted dredige material disposal sites must follow guidelines set by the
Administrator of the U.S. Environmentyd Protection Apency (USEPA). These
actions ar¢ subject to the Administrator's veto or restriction if the discharge
results in "an unacceptible adverse effect on municipal water supplics, shelltfish
beds and fishery arcas (including spawning and breeding arcas), wildlife, or rec-
reational arcas” {Section 404 [b},[c).[g]). The USEPA has exercised this power
rarely; however, in South Caroling, several Sectionm 404 permit applications fof
the reconstruction and repair of coastl weland impoundment structures for
waterfowl and aquaculiure were subjected o USEPA'S authority.,

The application for USACOE permits may also serve as a joint application for
either the 8.C. Coastal Council (SCCC) or the §.C. Budget and Conirol Board
(SCBCB) permit required under state law. For Section 404 permils, a Section
40§ Water Quality Certification must be oblained from the $.C. Department of
Health and Environmental Control (SCDHEC) prior (o a finat decision. The 401
Certification (described below) is a mechanism to ensure that water quality stan-
dards and classificd uses, such as shellfish harvesting, are protecicd.

Navigational Aids The U.S, Coast Guard is responsible (or cnlorcement and
regulation of various activities in the navigable waters of the United States. If
aquaculiure-relaied structures are ta be locaied in navigable waters, they must be
marked with lights and signals 1o ensure the sale passage of boats and ships (33
CFR, Pan 62). The aquaculturist is respoasible for insialling and maintaining the
markers as long as the struciures are located in navigable waters.

State Regulations

South Carolina “"Critical Areas™ The "Critical Areas,” as defincd under the
Sowh Carolina Ceasial Management Act of 1977, include the coastal waters,
lidclands, beaches, and primary oceanfront sand dunes seaward of the critical
arez boundary line as determined by the S.C. Coastal Council (SCCC). The
SCCC has the responsiblity of promoting the economic and social welfare of the
citizens of the state while protccting the sensitive and fragile arcas of the coast.
Any person who wants to [ill, remove, dredge, drain, ¢rect a structure on, or in




any way aller the "Critical Arca” must first btain a permit from the SCCC,

Any aquaculture operation which may impact the “Critical Arca” must be per-
milted by the SCCC. As previously mentioned, if an USACOE permit is also
necessary, the applicant will be direcied to file a joint SCCC-USACOE permit
application. An important stipulation of the SCCC reguiations state that a
dewiled management plan, manduory for applications to redike former
impoundments for aquaculture, may be required and must describe management
and operational protocols to be employed, the specics to be culwred, cost and
revenue projections {for commercial operations), and other information. An
applicant should expect the process to take from 45 1o 120 days from filing the
application to decision. For commercial operations, an application foe of
$200.00 is required.

"Non-Critical Areas” of South Carolina A $.C. Budget and Control Board
(SCBCB) permit is required for any construction, alteration, dredging, filling, or
any activity significantly affecting the flow of any mavigable water associated
with @ proposed aquacullure operation, when such activity involves the use of
(a) any land below Lhe mean high water line in tidatly-alfecied areas, or (b) any
land below the ordinary high water mark of any non-tidal, navigable waterway
within the state ouside of the SCCC's "Critical Area" The $.C. Water
Resources Commission (SCWRC) administers the permit process for the
SCBCB. The permit application procedure is similar 10 that of the SCCC.
Contact with the USACOE office in Charleston, 5.C. will determine if a federal
permit will also be required. I so, the permit application to the USACOE serves
as a joint application with the SCWRC,

If the aquaculturc activity is to be located within any of the eight coastal
counties of the state and outside of the Critical Arca, it must be centified by the
SCCC as consistent with the state’s Coastal Management Plan belore the
SCBCB permit can be issued. Also, the SCWRC requires a waler quality evalu-
ation from the SCDHEC.

An applicant should expect the process to take anywhere from 60 w0 120 days
and, for commercial operations, an application fee of $500.00 is required,

Use of Water Resources Aquacelurists naturally use large volumes of water in
their operations. The State of South Carolina, through the SCWRC, regulates the
use of water by all commerciat, municipal and agricultural operutions, inciuding
aguaculture,

A Groundwater Use Permit is required for any operation which involves the use
of a groundwaler well capable of producing more than 100,000 gallons of water
per day, on any given day, in designated "Capacity Use Arcas.” Currendy, the
SCWRC has designated Horry, Georgetown, Colleton, Beaufort, and Jasper
Counties as "Capacity Use Areas.” The approximate time required for process-
ing of a grourdwater use permit is 30 to 45 days; up 10 60 days may be required
if & public hearing is necessary.

Throughout the entire state, a Water Use Report must be filed quarterly with the
SCWRC if the single day maximum water use will exceed 100,000 galions per
day. A onc-time only Sysiem Description Form must also be completed. This
reposting program encompasses the use of surface {reshwater, surface saline
waters, groundwaler, and water purchased. Those that submit groundwater use
reports under the Capacity Use Program need not duplicate reponing to this pro-
gram. No permit processing is necessary,
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ENVIRONMENTAL CONTROLS

Federal Regulations

The federal government regulates the discharge of clfluents into navigable
waters under the Federal Water Pollution Control Act of 1972, as amcended, and
the National Environmental Policy Act of 1969, Permits are usually required by
the USEPA o regulate discharges; this aothority has been delegated to the siate
of South Carolina and is administered hy the SCDHEC,

The Administrator of the USEPA may "permit the dischirge of a specific poliu-
unt or polfatants under controlled conditions associated with an approved aqua-
callure project under Federal or State supervision” (sce: 40 CFR sce. 125.10),
Again, this authorily may be transferred to the state itsell for aquaculture if
approved by the federal administrator.

State Regulations

The Swte of South Carolina, through the SCDHEC, has adopted a policy which
ensures the health and well-being of the citizens of the state and sustaing the
yuility of the state's wir and water resources.

Discharpge of EMuent into State Waters All prospectlive aquaculiurisis must
submit a National Pollutant Discharge Elimination System (NPDES) permit
application to the SCDHEC, In applying, the prospeetive aquaculturist must
submit a dletailed plan describing the scope of the operation, including: location
of projecl; location of upstream and downstream discharges or users; facility
stze; species to be cultured; projected annual production; type and amount of
Teed; operational protocol 1o be employed; and the type, amount, and frequency
of effluent discharges. Additional information is required if the project involves
the reimpoundment or repair of old rice ficlds for agquaculture, including a
description of the dredping operation, rediking activities, and the methods of
lowering and raising water levels.

The application is reviewed by the SCDHEC swff for a deermination on
whether a NPDES permilt is necessary for the proposed aquaculture Facility, The
determination s based in part on federaf regulations 40 CFR 12224
"Concentrated  Aquatic Animal Production Facilitics” and 40 CFR 122.25
“Aquaculture Projects,” and an evaluation of the proposed discharge for water
quality impacts. According to USEPA regulations, a hatchery, fish farm, or
other aquacultere facility is subject 10 a NPDES Permit if it conuing, grows, or
halds aquatic animals in either of the following categorics:
¢ cold-water Mish species and other cold-water animals in ponds, raceways, or
ather similar structures which discharge at least 30 days per year or pro-
duce more than 20,000 pounds of aguatic animals per year, or are fod
more than 5,000 pounds of food during the calendar month of maximum
feeding;
« warm-watler fish species and other warm-water animals in ponds, raceways,
of other similar strucuures which discharge at least 30 days per year or
produce more than 100,000 pounds of aquatic animals per year.

i the proposed aquaculure facility falls under the USEPA regulations or causes
unacceptable water quality impacts, a NPDES permit will be required by
SCDHEC. The NPDES permit contains monitoring requirements for constita-
ents of concern. Of course, the aquaculiurist should be aware that conditions and




stiputations will be altiched 0 the NPDES permit requiring monitoring and site
inspections,

Aquacullurists divert, pump, andfor circulate water through their systems in
order 1o maiatain specics survival and enhance growih. Any such use, except
consumptive usc of waier, is categorically considered as a point source dis-
charge of ¢ffluent. However, the SCDHEC requires NPDES Permits from part-
lime culurists using ponds and impoundments as their production "facilitics,”
¢ven though no data have been analyzed to identily aquaculore operations as
prime sources of “contaminams.” Further, the phease ... an cevaluation of the
propased discharge for water guality impacts" does not offer the prospective
aquaculwrist any initial guidance as to whal may or may not be examined or
requited. The normal processing time for a NPDES permit is three to four
months {Table 9). However, if the permit is adjudicated, then a longer period of
time will be required (see Figure 3). This siluation cannot casily be accommo-
daied by the aquacultarist, who needs 1o deal with investors interested in quick
returns and lenders who demand a certain level of predictability.

Table 9: Approximate Time Schedule 1o Obtaln an NPFDES Permit

ACTION TIME (Days) TOTAL (Dayv}
1. Submuttal of a complated NPDES application form 10 SCOHEC 0 0
2. Procoss permil application 5 ]
3. SCDHEC drafts NPDES permit and submils to applicant for review ao 35
4. Applicant reviews draft and submits comments and/or
acceplance to SCDHEC 301 65
5. Drafi permit gows through Public Notice period 402 105
6. Administrative action; permit issued 5 t10
7. NPDES permil affective 15 125

Himo may be reduced or increasad, depanding on tha fangth of time to obtain mutual acceptance of tha
permit.

2when the NPDES permit goes on public notice, the ganeral public has the apportunity lo comment. If a
public hearing is requested andior the permit is adjudicated, the time frames above will be profonged.

Construction of Wastewater Treatment Facilities

(Construction Permit)

If unacceplable water quality impacts arc predicted, the aquaculturist may nced
W provide pollulion control abatement equipment to treat the wastewater from
the aquaculture facility to an acceptable quality. The South Carolina Waler
Pollution Contral Act (Scction 48-1-110) requires (hat a Construction Permit be
obtained for potlution control abatement equipment. Applications for permits to
conslruct, along with preliminary engincering reports, are submitied 1o the
SCDHEC for consideration.

Water Quality Certification The SCDHEC is also responsible for the Section
401 Water Quality Cenification Program under the Federal Wawer Pollwion
Control Act of 1972, as amended. Any applicant for a federal permit for the con-
structiont or operation of any activity which may result in any discharge into the
waters of the United States must provide the permitting agency with a certificate
from SCDHEC that such discharge will nol violate the Swale Waler Quality
Standards or applicable effluent limitations. The aquaculturist must realize that
no federal permit will be granted until the required cenification has been
oblained, nor will the permit be granted if the certification has been denied. The
SCBCB requires SCDHEC certification and the SCCC may require il prior to
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issuing permits even if it is not required by the federal agency. Application for
the 401 Water Quality Certiication is administered through a joint procedure
with thc USACOE,

Selection and Harvesting of Aquatic Organisms

The Division of Marine Resources of the $.C. Wildlife and Marine Resources
Bepartinent (SCWMRD) has general jurisdiction over all fish, fishing, and fish-
erigs in the coastal saltwalers of South Caroling; this includes permiting and
licensing authority over a varicty of marine finfish, motlusks, or crustaceans
which may be selected for culture.

Several permits and licenses may be required for an aquaculture operation,
Permits to impont exolic specics, to harvest shellfish, to use mechanical harvest-
ing cquipmcent, (0 harvest, have in possession, and sell shelifish at any time of
the year, and to use shell from natural deposits for mariculture are all available
through the Division. Permits are now atso required for the culture of spotted
scatrout and red drum (channel bass). No other permit requircments exist for
crustaccan and finfish mariculture (excepl discase-free certification w impon
cxolic specics) at this time. The Division also requires a license for the use of
any self-propelled boat or vessel and for the harvest of shelllish for commercial
purposes [rom state bottoms not under permit as provided under the shelifish
permitting regulations.

In addition, specilic regulations have been promwlgaled by the Division cover-
ng mariculture of hard clams. Mariculture operations may possess. package,
scil, or ransplant clams of less than the legal sizc limit (one-inch thickness) for
nursery or growoul purposes arkl may harvest, have in posscssion and sell sheil-
fish at any time of 1he year upon obining special permits from the Division.
Other species of shelllish apparently are not included under this provision.

The Division of Wildlife and Freshwater Fisheries of the SCWMRD regulates
{tsh, fishing, and fisheries in all freshwaler lakes, rivers, and streams of the
State. There are two instances where permits from the Division are necessary for
aquaculture: (1} 1o collect organisms for harvesting and/or propagation of fresh-
water specics for the purpese of science or research, and (2) w0 impont non-
native specics or ransplant native specics from one site \o another, Additionally,
a Gamcfish Breeder's License is required in order 10 sell, offer for sale, barter,
and Lranspart gamelish for swictly stocking or restocking purposes,

This last point is important because it Blustrates the current debate regarding
commercial aguacuiture of game species as defined by South Carolina law (an
excellent summary of the currenl situalon is presented in Jenking, 1986).
Several states recognize the distinct differences between wild fishery products
and aquaculture products, and allow the sale of farm-reared fishery products
while prohibiting sale of animals takcn from the wild (e.g., Florida and
California). Still others allow the sale of wild or cultured fish (e.g., North
Carolina). On the federal level, the Lacey Act reguiates the intersiate sale and
shipment of wildiife products, with no distinction between wild or domesticated
animals. However, in South Carolina as in some other states, certain fish are
considered game species and cannot be sold. Aquacolturists who are interesied
in commercially culluring species designated as gamefish must locae their oper-
ations outside the borders of South Carolina, where it is legal. Some progress
has been made, however, with the ratification of legislation in 1988 to allow the
commercial cullure of reciprocal hybrid striped bass in (he siate.
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Several permits may also be sequired by the SCDHEC, These regulations are
intended 10 protect the public health with respect to the consumption of shellfish
products. Permils arc reguired o wansplant {relay) sheilfish from closed 10
approved harvesting waters, to condition shellfish from approved harvesung
areas, and to hold shellifish in Ooating or wet storage devices, A permil is alsa
required if the operation will involve the artificial cleansing or mechavical depu-
ration of shellfish taken from moderately polluted water {resiricled harvesting
areas).

Processing and Sale of Aquaculture Products
Thete are three South Carolina agencics charged with permilling and licensing of
scafood dealers and processors and inspection of seafood processing facilities,

The Division ol Marine Resources (SCWMRD) has the responsibility of issuing
licenses to scll and whalesale scafood products. A Land and Sell License is
required for the sale of fish and fishery products 10 wholesale dealers. A
Wholcsale Scafond Dealer License is necessary for the buying, bartcring,
shipping, shucking, processing, or scliing at other than rewail, any fish or fishery
products.

However, before the Division wifl issue these licenses, a Dealer/Processor
Cerdfication musi be ohined from the SCDHEC for wholesale processing and
sale of bivalve shellfish and Tinlish, I a retail market is 10 be established, a Food
Service Establishment Permzt or a Retai! Food Store Permit must be oblained
from the local County Tealth Depariment.

Althouph it does nol have dircel regulatory responsibiities, the Food and
Cosmelic Scction of the Division of Laboeatories at the S.C. Depanment of
Agriculture is responsible for ensuring that lacilities used in the processing of
scafood products are in compliance with Good Manofacturing Practices estab-
lished under the Federat Food, Drug, and Cosmetic Act by the U.S. Food and
Drug Aministrulion, The Scection has the authority o conduct Facility and prod-
uct inspections at any ime o ensure compliance,
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IV. THE FINANCING OF AQUACULTURE

THE COSTS OF AQUACULTURE

Agquaculture can be a very capital-intensive venture depending upont the scale
and type of operation. The capital investment necessary for aquaculture can
range (rom several thousand dollars for a onc-acre catfish operation to scveral
mitlion dollars for an intensive shrimp hatchery, nursery and grow-out facility.
The investment and operation costs for an aquaculture operation vary by species,
culture technology, and location (NYSGI, 1985).

Aquaculture systems can be categorized by the Jevel of management intensity
requircd (0 meet production goals, and by the type of aquatic system uscd for
production. As discussed earlier, aquacullure operalions can be categorized as
intensive, semi-imensive and extensive. The more intensive an aperation, the
more product is produced per unit arca; however, more energics are required and
the likelihood of discasc epidemics increase (NYSGL, 1985), For example, a
scmi-intensive penacid shrimp cultore operation in ponds can produce up o0
4,000 pounds per acre of heads-off shrimp versus 1,500 pounds per acre (or less)
from an exiensive rice ficld impoundment operation, but the operating costs can
be over cight times as great and the invesument cost almost double in the semi-
intensive system, Intensive systems require higher levels of management to
maintain a healthy crop; constant atiention 1o feeding and acration is critical.
Neventheless, fish and shellfish raised in intensive operations are more suscepti-
ble to disease and illness than those raised under conditions of lower density in
exiensive operations.

CREDIT NEEDS FOR AQUACULTURE

Aquaculturists will need loans for a varicty of purposes and of varying maturi-
ties. Simply stated, short-term loans {three years or less in maturity) wil! be neg-
essary for working capital, imermediate-1erm Joans (one 1o fen year maturity) are
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usually drawn for equipment purchases; and long-icrm loans (maturity in excess
of ten years) will be nceded for land improvements andfor purchascs.
Additonally, disaster credit may be requested if the aquacuiturst loses his crop
to discase, severe weather, or some other calamity. Disaster credit can ofien be
mict in part through emergency credit programs from the federal govemment.

Credit needs will usuaily be diciated by the intensity of the aquaculture venture,
The extensive producer tends to use his own capital and berrow limiled amounts
from conventional lending sources. The semi-intensive producer may rely on
conventional lending sources similar to what he may use for his agriculture oper-
ation. On the other hand, the imensive producer will vary his lending sources,
which can include venture capitat, government bonds, large financial institution
lending, and conventional sources. While cach aquaculture operation in the state
will be somcwhat unique, it is apparent that the demand for aquaculiure credit
from 2 variety of sources will grow.

SOURCES OF FINANCING

The financial community is usually conservative in its lending practices when it
perceives that risks are high. Aquaculre is a relatively new industry in South
Caralina without a long and proven track record; bankers and investors lend to
be especially cautious about linancing aquaculture ventures. Potential aquacul-
turists must be reasonably secure financially andd be able to demonstrate agnacul-
ture management skills, including product marketing, in order (o obtain loans.
Established aquacullorisis will find it easicr to obtain credit because of their
experience and perceived skili. Loans for aquaculture operations are polentially
availablc from a varicty of sources at the federal, slate and private levels.

Carrenn trends suggest, however, that many start-up aquaculture ventures will
depend o a great exicnt on egnily capital. To attract capital for new operations,
u strong, carefully-organized and properdy-timed effort to directly educate poten-
tial investors must be made. All communication 10 potential and actual investors
must be made in strict compliance with state and lederal securitics law.

Sources of Debt Capital
Federal Financing A number of federal programs provide financiat support for
aquaculture:

Farmers Home Administration: The FHA has g variety of loans for aquacul-
wre purposcs. These include:

() Farm Ownership Loans - to help eligible applicants purchase and develop
family farms;

(b} Operating Loans - Lo operators of family farms for financing and refinanc-
ing equipment, fish and shellfish, land and waler improvemenits, and oper-
ating ¢xpenses;

(c) Emergency Loans - 1o counties which have suffered a natural disaster or
other emergency;

{d) Soil and Water Loans - to {inance land and water development and
improvement;

{c) Recreational Loaos - to assist eligible persons to convert all or a portion of
a farm or aquaculturc operation 1o an outdoor income-producing recrea-
tional enterprise;

(f) Business and Industrial Loans - (o promote development of business and
industry, including aguaculnure (these loans can be used for production, as




wetl as for aguaculture-related businesscs);
{g) Resources Conscrvation and Develapment Loans - for conservation,
develapment and wtilization of water for aquaculture purposes; and
(k) Farm Labor Housing Loans - to provide housing-related facilities for
domestic farm lubor,

Federal Crop Insurance Corporation: The FCIC provides crop insurance,
which can include aquaculture species,

Federal Cost-Sharing Proprams: Within some districts of the Agricullural
Siabilization and Conscrvation Service and the Soil Conservation Service of the
USDA, there are active cost-sharing programs whereby funds may be provided
for conservation measures which could directly or indirectly benefit an aquacul-
turc enterprise.

Bureau of Indian Affairs: The Burcau of Indian Affairs within the Department
of the Interior provides capital construction funds for aquaculture.

Economie Development Administration: The EDA makes loans or grants to
the aquaculiare industry w provide development and operating capital,

Small Business Administration: The SBA makes guaranteed, immediate-
participation and direct loans to aquaculture operators. SBA loans may be used
for purchase and improvement of land or building, construction, machinery and
cquipment, operation expenses and refinancing of debis. SBA also provides dis-
aster loans in authorized arcas,

State Financing The S1ate of South Caralina has but a few established loan and
financial assistance programs which are potential sources of funding for aqua-
culturists. The most notable is the South Carolina Jobs-Economic Development
Fund Authority. The Authority's mission is to promole business development by
providing financial assistance and has two major programs for aquacnlture
devclopment, The Industrial Revenue Bond program provides loans for capital
investment, while the Community Development Block Grant Program provides
direct loans for capilal investment and. in cenain cases, operating capital. The
program limits participation to 40 percent of project costs. The Authority has
made loans to agquaculre production and processing operations in the state,

Private Financing A varicty of private sccilor spurces are available to consider
loan applications for aguaculture.

Commercial Banks: Loans for capital improvements and operating expenses
tan be obiained from commercial banks. To receive such financing a loan guar-
antee is sometimes needed. The guarantee, usually offered by siate or federal
programs, assures repayment of 8 cerain percemtage of the loan. The Farmers
Home Administration and the Small Business Administration, for example,
guarantee loans for up lo 90 percent of their value.

Farm Credit System: Banks and associations that comprise (he Farm Credit
System (FCS) provide credit and related services to farmers, ranchers, producers
and harvesters of aquatic products, agricultural and aquacultural cooperatives,
rural homeowners and cenain businesses. The banks and associations are exam-
ined by the Farm Credit Administration. A Federal Credit Bank (FCB) exists in
Columbia, South Carolina,
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The Farm Credit System has three different entitics: The Federal Land Bank, the
Federal Intermediate Credit Bank, and the Banks for Cooperatives, All of the
FCB banks are wholly-owned farmer cooperatives.

Federal Land Buanks make loans with terms from 5 to 40 years through Federal
Land Bank associalions, These loans are securcd by {irst licas on farm and rural
real cstate, Federal Intermediate Credit Banks provide loan funds through pro-
duction credit associations, and they discount notes of cligible borrowers given
10 certain other institutions that finance producers. Production credit associations
make loans 1o producers and harvesters of aquatic products for terms of up 10 15
years. Banks for Cooperatives scrve marketing, supply and scrvice cooperatives
within their district. Rates charged by the FCS are generally lower than those of
other lenders because of the FCS's loan-pricing practices,

Corporations: An important source of funds for aquacullure in the United
States has begn major corporations. A varicty of corporations from insurance
companics Lo agribusiness [irms have invested in aquaculture operations such as
shrimp farming, salmon ranching and hard clam mariculture. However, recent
changes in U.S. tax laws could bring about changes in corporate investment in
aquaculture,

Sources of Equity Capital

Venlure Capital  Veature capital is an appropriate method of financing a new
aquaculture operation. Although changes in the tax law may affoct the availbil-
ity of venture capital, it does remain an important source of funding. This capi-
tal, in some cases, may reduce the controd an operator has over his business, but
it also spreads the risk of the enterprise among more investars and reduces the
financial risk by lowering debt burden, The sclection of venture capital should
result from a thorough analysis of business needs and wax consequences.

Stocks Equity capital may be a most promising source of financing, The out-
look for aquacultuee funding may continue to be characterized by a high equity
Ky deht ratio (e.g., 0% cquity capital) due to several Tactors, including the major
financial losses on agricultural loans incurred by the Farm Credit System and
private lenders, and the Jow collatoral value of aquacullure assets dve 1o the poor
resale valuc of aguaculture cquipment and tack of alternative uses from aquacul-
wre improvements,



V. MARKETING AQUACULTURE PRODUCTS

SEAFOOD DEMAND

Scafoad is becoming more of a staple in the dict of U.S. consumers. Americans
consumed more than 20.2 pounds per capita of scafood in 1987, a rise of 18 per-
cem since 1980, after a rise of 7.5 percent during the 1970's (U 8, Department of
Commerce, 198K). Mare recenily, per ¢apitz consumption has grown at an
annual rate of more than 5.0 percent, reflecting the record-breaking rate
increascs that occurred in each of Lhe last three years. This growth is projected to
increase from hetween five and seventeen percent above the 1986 base of 14.7
paunds by the year 2000 (USDA, 1986). These trends, coupled with an 18 per-
cent population increase over the last three years in the United States, should
assure & continued strong demand for seafood.

Increases in consumer scafood consumption patters reflect changes in the dicis
of Americans. U.S. consumers are ealing moze fish and shellfish preducts, vege-
tables, white meat, poultry, fruit and lowfat milk. Consumer interest in scalood
conlinues to grow even though seafood prices have been outpacing competing
meat and poultry prices over the last 15 years. (The typical U.S. household con-
sumes primarily four scafood species - wwna, shrimp, cod, and flounder - which
makes up over 50 percent of the value and volume of edible scafood products
imported in 1985.) This trend suggests that factors other than price must be
involved in consumer demand for scafood producis. Recent studics published by
the New England Journal of Medicine (Volume 312: Number 19; May 19, 1985)
have linked the consumplion of seafood with improvements in health, and it
appears that the consumer, increasingly nutrition-conscience, is responding,
Additionally, consumer income plays an imponant role. Conssmer income (per
capita) has risen steadily in recent years; consumer expenditures away from
heme have exhibited similar trends.

The rapidly growing population in the Southcast and increased per capita con-
sumption of scafood should have an important effect on (he growth of South
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Carolina's aguaculture indusiry. In South Carolina 1oday, aquacullure products
arc produced and sold primanty by small enterprises. In general, cullured sca-
food is sold fresh, as product dilfereatiation through processing has not been
pursucd as a marketing strategy. However, South Carolina boasts great polential
as a location for e culture of species such as catfish, wouwt, crawfish, siriped
bass hybrids, hard clams, redfish, sca trout and marine shrimp. The development
of the aguacalture industry for these and other species is going to greatly depend
on the availability of product and the needs of the marketplace.

CURRENT OUTLETS FOR SOUTH CARQLINA SEAFOOD

Current production and market channels for South Carolina seafood products are
not well undersiood. Landings of all South Carolina marine fishery products
towaled over $22 million in 1987, falling within the annual average range of (the
last 20 years of about $20 to $25 million. Shrimp landings made up approxi-
mately 53 percent of this total, oyster landings 5 percent, blue crab landings 10
percent, other shelifish landings 5 percent, and finlish landings 23 percent
(Fisheries Statistics Scction, 5.C. Wildlife and Marine Resources Department,
December 2, 1988). At that time, some 3,947 commercial {ishcrmen and 162
mocessing and wholesaling firms  {employing over 1,200 workers), were
engaged in the industry, Despite these figures, there is actually very limited doc-
umented information abowt the operation of the seafood markeling sysiem in
South Carotina,

Only two studies have attempted to assess the condition of the seafood market-
ing system in (he stale 1o date. In 1975, Laurent et al. prepared a descriptive
analysis of the marine fishenies industry. This research reported that consumers
who entered supermarkets in almost any part of South Carolina (including vari-
ous areas along the coast) o purchase seafood products found fow, if any, South
Carolina scafood products available, The 1974 market pauem for scafood in
South Carolina appeared 10 involve shipments to out-of-state markets (primarily
New York and Floridu) by local dealers and pucchases from out-of-state markets
by local wholesalers. As a result, there was considerable cross-hauling which
caused incfliciencics in the markeling patterns of South Carolina seafood prod-
ucls.

Markeling practices have changed considerably in the state since the Laurent et
al. study (Will Lacey, Markcting Specialist, SCWMRD, pers. comm.). There are
now at least ninc companics that process and distribite seafood from South
Carolina and other pants of the country and world. These operations distribule
fresh product primarily 10 the food service industry and the retail rade (chain
stores), These companies process whole fresh fish {of high value, such as
grouper, snapper, swordfish, tuna, eic.), and fillet and portion the fish 10 their
customers' specifications. They also disuibite ather South Carolina value-added
products such as fresh, frozen, and pasteurized crab meat, soft-shell crabs, soft
craw(ish, wild stock carfish and, w0 a degree, shucked oysters. To meet demand,
they import additional products from around the United States (West Coast and
New England) and the world (salmon from Norway and shrimp from Ecuador).
These processors now supply the majority of the in-state market, and also dis-
wribute their products to other states in the region (Northeast and Midwest). A
morc recent study by Pomeroy and Lamberie (1988) found that South Carolina
scafood dealers now perform more than one function; indeed, ning firms operate
as primary buyers, primary wholesalers, processors and retailers, while another
nine are engaged as primary wholesalers, processors and retailers,




The 1975 report found that South Carolina seafood dealers handled relatively
small volumes of product. The problem was complicated by the fact that the
industry had not developed a brokcrage system or storage facilities to allow the
assemblage of large quantities of seafood products. Recently, a fresh seafood
brokerage and trading company has been established in South Carolina. Seafood
caught and landed in the state now are brokered by this company. In addition,
the New Orleans Cold Storage Company now operates a frozen storage facility
in South Carolina.

The seasonality of the South Carolina seafood industry is ancther problem.
Major South Carclina seafood products are available on a fresh basis during cer-
tain seasons, and cven within scasons there is considerable week-to-week fluctu-
ation in the volume of any given handler. Thus, most individual coastal handlers
cannot supply the needs of relatively small volume users, such as restaurants,
because they cannol assure a constant supply of uniform gquality.

Product, whole and processed, is brought back to South Carolina for distribution
and Jocal consumption when local demand exceeds supply. Those companies
may also be able t buy product of comparable quality at better prices from
other markets, such as the Fulton Fish Market in New York or from a producing
state such as Florida,

Pomeroy and Lamberte (1988) report that the scafood marketing system in
South Carolina has experienced change and growth over the last 13 years.
Seafood dealers have expanded their operations to include processing and retait-
ing as well as buying and wholesaling. Many existing markets for buying and
sclling are exploited, and new markets are heing developed.

PROSPECTS FOR MARKET EXPANSION

Although it is clear that much of the demand for scafood products continues to
be met by the waditional seafood indusiry, aquaculture will play anm ever-
increasing role in the supply of cenain species (product) types which arc now at
the point of maximum harvest by commercial fishermen. Indeed, average pro-
duction of the South Carolina marine shrimp industry has not increased over the
tast 12 to 15 years {D. Theiling, Fisheries Statistics Section, SCWMRD, pers.
comm.). In 1971, the commercial harvest of penacids reached some 6.9 million
pounds (heads off). Recent harvests have not been able 1o match that figure:
indeed, whereas the state issved over 1,560 trawling licenses in 1980, only 780
liccnses were issued in 1987 (A. Applegate, Fisheries Sutistics Section,
SCWMRD, pers. comm.). Aquacullure offers an exciting opportunity to restore
the availahility of these and other species to even higher levels. A critical factor
will be the development of market channels.

Now, as in the past, the demand for shrimp in the United States remains high
(over 60 percent of the shrimp consumed in the U.S. is imported), Shrimp com-
mand a prernium price and no market development is required. Because of this,
the number of shrimp mariculture operations have continued (0 increase, espe-
cially in Central and South America. Their production, along with that of China
and Taiwan, continte to supply the export market of shrimp to the United States,
In South Carolina, ten major produccrs currntly culture penaeid shrimp, with a
combined production value of $1,120,000 (Pomeroy, 1988). The shrimp arc
marketed directly to retail outlets, such as grocery stores and resiaurants, and
through existing shrimp marketing channcls.
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Similarly, the hard clam fishery in South Carolina has ranked in the top five in
terms of value, Only 2,000 South Carolina bushels were harvested in 1950; in
1982, this figure increased 1o over 33 (XK. However, at the national level, pro-
duction numbers for haed clams have scricusly declined; in 1950, 1.81 million
U.S. bushels were produced, as compared with less than 1.1 million in 1982.
Nevertheless, their landing value has soared over the same period of time, frorn
$7.3 million in 1950 o over $52 million in 1982. South Carolina’s primary hard
clam fishery is located in the Santee Delta region; however, with the recent
(1985} rediversion of approximately 80 percent of the Cooper River flow back
into the Saniee River system, a signficiant reduction in hard clam production is
anticipated, due 10 the lowering of salinity in the waters overlying the clam beds,

Paralleling marinc shrimp, the demand for hard clams is increasing duc to their
popularity and the diminishing supply provided by traditional harvesting. A
number of hard clam aquaculiure operations have located in northeastem and
nosthwestern sections of the United Siates; however, few are now found in the
Southcast. Onc operation, Trident Scalarms, Inc. of Folly Beach, $.C., success-
fully produced hard clams on a pilot scale for market from 1980 to 1984: diffi-
cultics with Lhe investment tcam prohibited the operation from fully developing.
Nevenheless, South Carolina pravides an ideal location for the culiure of a pre-
mium shellfish product, the hard clam.

As discussed, crawflish remain South Carolina's largest (by volume) agquacuiture
industry. Table 10 shows that in the past cleven years the craw(ish aquaculture
industry has grown from 22 acres producing 5,500 pounds with a value of
$6.900, o 1,100 acres producing 500,000 pounds valued at $600,000.00. The
average price received was $1.20 per pound in 1988, well over that paid to
Louisiana produccrs (who receive less than $1.00 per pound).

Table 10: Estimated Crawfish Production In South Carolina, 1978-1988

Yoar Acres ol Production Total Valugot
Stocked Ponds per Acre Prexduction Production
{pounds) {thousands of {thousand $}
pounds}
1978 22 250 55 £9
1979 22 250 5.5 69
1980 22 250 55 &9
1981 22 285 6.25 1.8
1982 125 300 3rs 469
1983 250 00 750 p:x ¥
1984 525 476 2500 M2s
1988 800 375 apdo 375.0
1986 825 485 4000 460.0
19487 1000 485 4350 8580
19488 1100 455 5000 600.0

Source” Estimated by Jack Whetstone, South Carolina Marine Extension Specialist, 5.C. Marine
Exiension Pragram, atter personalty communicating with producers.

Approximatcly 70 percent of the production was sold in-state, dircetly from the

producer, to local restaurants, crawfish festivals, fish markets, and "pond-side




buyers.” The remaining 30 percent was shipped out-of-state 0 markets in the
Baltimore, MD, Washington, D.C., and Chicago, IL areas. Projections indicate
that markets within and outside South Carolina will continue to require praduct,
al least in the near future (Pomeroy and Kahl, 1987b).

Catfish have been raised for family use in farm ponds in South Carolina since
the carly 1900s. Improved technology in the 1950s and 1960s made feasible the
commercial cultre of catfish, but processing problems in the 1970s essentially
stopped the growth of this promising enterprise. Although there are no historical
data to document the carly growth of the industry in South Carolina, there are
data for recent catfish production in the state.

The catfish culture industry has recenly benefiticd by the development of a
large integrated production and processing catfish operation in October 1988,
With its establishment, South Carolina farm-raised catfish should enter the
national market and offer an oudet for small producess previously unable to pro-
duce the large quantities needed to expand their market. Several other operations
are on-line, including the: adaptation of a poultry processing plant to process cat-
fish and the production of catfish feed at a local feed mill in Orangeburg.

Production of other aquaculture products can be expected in South Carolina. As
mentioned, potential exists for species such as hybrid striped bass, 1ilapia, bait-
fish, and red drum (channel bass) in various locations of the state, Also, shelifish
hawchery operations could provide “specialty items™ such as seed stock and shaw
good promise due to the state's good climate, high water quality and supply, and
excellent facilities to provide rescarch, development and 1echnical assistance
suppori. The market within and outside South Caroling for different types of
seed stock is strong,
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VI. AQUACULTURE RESEARCH, EDUCATION AND
TECHNICAL ASSISTANCE

NATIONAL PROGRAMS

Sources of public funds for aguacullure research have been limited although,
more recently, sigaificant funding has been made available through the U.S.
Departiment of Agriculture. Nevertheless, the United States government has
funded a broad spectrum of programs through other agencies such as the
Department of Commerce, Department of the Interior, Agency for International
Devclopment, Army Corps of Engincers, Department of Energy, Depantment of
Health and Human Services, Envirenmental Protection Agency, the National
Scicnce Foundation, Small Business Administration and the National Institutes
of Health {sce: Joint Subcommitice on Aguaculisre, 1983). Several of (hesc pro-
grams arc described below.

The Department of Agriculture (USDA}) provides a varicty of aquaculture sec-
vices through ils cxisting organizational structure, With the passage of the
National Aquaculiure Improvement Act of 1985, the USDA has been designated
the lead agency for the development of aquaculture in the United Stawes. Since
then, USDA has appropriated millions of dollars 10 establish five Regional
Aguaculiure Cenlers in Hawail, Mississippi, Massachuscits, Washington and
East Lansing, MI/Ames, 1A, and to support research and demonstration efforts
with both freshwater and marine specics.

The Cooperative State Research Service provides formufa funding of aquacul-
tore research al state institutions and land grant colleges. The Aguaculture
Marketing Service (AMS) provides matching grants to states 10 conduct market-
ing assessments.

The Extension Service, through state cooperative offices, inlerprets new aqua-
culture research, informs scientists of rescarch necds, and educates aquacultus-
ists about aew techno-logical advances in the industry. The Soil Conservation
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Service also provides technical assistance to aquaculturists, including resource
assessments on soils, water, and Facility design.,

The Farmers Home Administration provides credit to aquaculture operations
through direct, guarantced, and emergency loan programs, The Federal Crop
Insurance Corporation is working towards the development of an all-risk crop

insurance program.

The National Oceanic and Atmospheric Administration (NOAA) of the
Department of Commerce spends about $2 million annually through the
National Marine Fisherics Service (NMFS). The NMFS performs diverse aqua-
culture research with in-house scientific expertise scaticred in several laborato-
ries across the country. The NMFS-Seattle (WA} laboratory engages in salmon
rescarch, NMFS-Oxford (MD) locuses on shellfish discase, and NMFS-Milford
{CN) rescarches mollusk aquaculsre.

About $4 million is annually provided for aguaculiure through the National Sca
Grant College Program, NOAA, which supports rescarch and extension through
30 cooperating state Sca Grant Programs. Species under study include salmon,
striped bass, penacid shrimp, abalone, hard clams, oysters and kelp.

The passage of the National Aquaculture Improvement Act of 1985, while reaf-
firming the nation's support {or aquaculture, reduced the Commerce Depantment's
aquaculture authorization by 51 million. Both the National Sea Grant College
Program and the aguacuiture programs of NMFS$ have been scheduled for termi-
npation by the current administration in each of the last eight years; action by the
U.S. Congress has always restored the programs.

The Department of the Interior does support freshwater fish culture research
through the U.S. Fish and Wildlife Service (USF&WS), but funding is limited,
The National Aquaculture Improvement Act of 1985 provided lovel funding
authorization of the Department’s aquaculture programs.

Nevertheless, the USF&WS is engaged in a comprehensive program of freshwa-
ter fish production. The USF&WS's National Fisheries Center, located in
Lectown, West Virginia, has eight laboratories and field stations and five cult-
ral development centers cngaged in research on disease control, fish biologics,
nutrition, fishery drugs registry, cultural methods improvement, geactics and
breeding, wastewaler treatment and residue, and evaluation of non-indigenous
specics for culture.

The USF&WS operates the National Fish Hatchery System. The hatcheries pro-
duce and distribute five species of vout, seven species of salmon, and other
warm-water and cool-water fish species. One of these halcherics is located in
Orangcburg, South Carolina. The Fishery Academy at Leetown, West Virginia
provides training for hatchery personnel and acts as a clearinghouse for informa-
lion. USF&WS flacilitics are used as aquaculiure demonsiration sites, personnel
are on-hand for assistance, and many publications are available.

The U.S. Environmenul Protection Agency (USEPA), the National Science
Foundation (NSF) and the National Institutes of Health (NTH) provide financial
support for aquaculture rescarch W the academic community. The USEPA
focuses on studies that support its role in monitoring and maintenance of high
water quality in culture systems. The NSF makes research grants that suppont
basic biolegical studies that may be of value 10 aguacultrists. This is also the




philosophy of the NIH, which funds research studies that improve our under-
standing of basic biological processes that focus on animal discases of potential
significance to public health (NYSGI, 1985).

STATE PROGRAMS

Research Capabilities

Natural Resource Agencies The State of South Carolina has already made sev-
eral commitments (0 aquaculture research at both governmental end academic
levels. The South Carolina Sea Grant Consortium sponsars research in aquacul-
ture and acts 1o faciliate projects with its seven member institutions, Current
research on hard clam genetics and the commercial feasibility of hybrid striped
bass involve scientists and students from throughout the siate. The Consortium
also supports the South Carolina Marine Extension Program in partnership with
Clemson University; both the S.C. Marine Extension Program and Clemson's
Cooperative Extension Service transfer technical information 10 aquaculturists
throughout the state.

The Division of Marine Resources of SCWMRD is responsible for the adminis-
tration of marine aquaculture programs at both the Marine Resources Center at
Fori Johnson on James Island in Charleston and the James M. Waddell, Jr.
Mariculture Research and Development Center at Bluffton. A stated objective of
the Division is to develop aquaculture as a commercial enterprise and resource
management tool. The Marine Resources Center evaluates candidate culwre spe-
cies and develops techniques for use by the aguaculture industry in the siate, The
Waddell Mariculture Center, in tumn, expands feasibility stdies to the commer-
cial scale. The Waddell Mariculture Center also serves as a training facility for
extension workers and farmers. It provides short-term training for technicians
and research opportunities for graduate students. The Waddell Mariculture
Center is a nationally-recognized information resource for mariculture.

Universities and Colleges Aquaculture research is also underway at several of
the state’s universities and colleges. Clemson University, primarily through pro-
grams within its College of Agriculture, researches methods and techniques in
support of freshwater aquaculture development, especially of catfish and craw-
fish. Collaborative efforts of scientists from Clemson and the SCWMRD are
enhanced through a formal cooperative agreement between the two institutions.

Rescarch on aquacultural genetics is conducted at the College of Charleston,
while the Medical University of South Carolina concentrates its efforts on spe-
cies reproduclion and development.

Extension and Technology Transfer

The state of South Carolina maintzins direct contact with coastal aquaculturists
and the general public through information feedback programs that link
researchers and aquaculturalists. Faculty and staff of Clemson University's
Cooperative Extension Service, the South Carolina Marine Extension Program
(SCMEP), SCWMRD's Division of Marine Resources and the University of
South Carolina’s SCAMPI assure that the problems and needs of those in the
industry are accurately identified, research projects and programs are effective in
providing the necessary information requested, and the information is delivered
in a timely and "usable” fashion.

Joint projects assernbled by these programs assist commercial aquaculture oper-



ations in the arcas of preduction, economics, and marketing. Education and
training programs have been organized to develop aquaculiure production manu-
als, workshops, and on-sitc demonstralion projects.

The Clemson University Cooperative Extonsion Scrvice has offices i each
county 1o serve the agricuftural community. Extension specialists, including
those supported by SCMEP and the Clemson University/SCWMRD Cooperative
Fishcries Unit, assist county staffs and offer clientele an excellent oppertunity o
utilize aquacultore inforrnation. The U.3. Soil Conservation Service has g simi-
lar program of county conseevationists and statewide specialists who offer tech-
nical assistance 10 aquaculturists for such activitics as pond layout and construc-
Lion,

The University of South Carolina, through SCAMPI, has received a $1.7 million,
three-year Peace Corps Aquaculture Training Grant to train Peace Corps volun-
eers in aquacutture, Besides adding a significant new dimension 10 rescarch and
training aquaculiure at the University, such activitics will [ocus more national
atiention on the State of South Carplina in this growing fickd,

Education and Training Capabilifies

Undergraduate Degree Programs A Bachelor of Science degree provides a
broad-based academic program suitable for students, regardless of whether they
pursue graduate degrees, Lo develop skilled mid-level operalors and managers
for the aquacutture industry. Most of the state's public and privale universitics
and colleges offer well-rounded undergraduate biology curricula from which a
limited aquaculture emphasis can be taken,

Clemson University is modilying existing programs in  Aquaculture,
Agriculieral Economics, Agricultural Enginecring, and Food Science 1o fomnu-
late an Aquaculure cmphasis in 2 Fish and Wildlife Biology Bachelor's degree
program. A concentralion in Aquaculiure and Fisheries is now approved and
available.

The University of South Carolina offers a Bachelor's Degree in Marine Science
or Biology with an emphasis on aquaculture. Courscs arc available that cover
various aspects of the aguatic cnvironment, including an undergraduate rescarch
appreaticeship pregram in aguaculiure,

Other institytions, such as USC-Coastal Carolina College and the Cofllege of
Charleston, offer individual courses on Lopics related 10 aquaculture,

Graduate Degree Programs The development and implemenution of graduate
level degree programs can provide scientific training in all aspects of the agua-
culture industry and produce skiiled research and managerial personnel for the
industry,

Clemson University offers a Master's program in Wildlife Biology with an
emphasis on aquaculture. [ndividual research programs in agricultural engineer-
ing, bolany, and zoology can be directed in the aquaculure ficld and lead to
advanced degrees. Clemson is well-cquipped to provide field expericnce with
facilities that include: the Cherry Hill station, with 10 ponds, 40 pools, and
laboratories; the Boltoms Station, with 32 ponds, 4 raceways, and laboratories;
and the Hampion County demonstration facility, with 7 ponds. The Agricultural
Experiment Swatons of Clemson University in Clemson, Florence, Charleston,
Edisto, and Columbia are available for research but only the Clemson Station is



presently in use for aquaculture. These stations do offer excelleat locations for
freshwater aquacufture rescarch.

The University of South Carolina is in the process of developing a Master's
degree program in aquaculture, primarily in maricullure in association wilh its
internationally-recognized Marine Science Program. Masters and Ph.D. degrees
are offered in biology and marine science, and individual research programs in
these curricuia can be directed in aquaculture,

The South Carolina Aquaculure and Marine Programs Intemnational (SCAMPI)
is located on the USC campus. The program offers training and institutional
development in aquaculture, The program’s rescarch emphasis is on impact of
broodstock selection and water quality on tilapia. The University’s facilities
include the Belle W. Baruch Institate at Georgetown, and 60 ponds of various
sizes constructed at the Wedge Plantation on the South Santee River.

The Graduate Program in Marine Biology, coordinaied by the College of
Charleston, utilizes (he expertise and facilides of The Citadel, the Medical
University of South Carolina, the 5.C. Marine Resources Rescarch Institute
(SCWMRD) and the College of Charleston to develop individual research pro-
grams that emphasize aquaculiure and lcad to a M.S, degree in Marine Biology
from the College of Charleston. Research facilities are located at the Fort
Johnson Marine Resources Center. '

Technical Training South Carolina has onc of the most advanced technical
school systems in the Uniled States. Sixteen technical colleges are locaied
throughout the siate, with seven offering agriculiaral technology programs.
Recently, Florence-Darlington Technicat School updated its cumiculum 1o
include aquaculture, In addition, the Technical College of the Lowcouniry {for-
merly Beaufort Technical College), has initiated a Technical Certificalion
Program in Aquaculture Operations, which provides tramning in pond and
impoundment construction, mechanization and fabrication, water quality and
disease control, feeding and growout management, and production and process-
ing operations. In addition, the Technical College, through its Title 11l program,
has proposed the construction of an aquaculture demonstration site at the main
campus for cage culiure of marine shrimp and spouail bass.

State Agency Programs The South Carolina Sea Grant Consortium initiated the
Scientist Exchange Program in 1985 to bring outstanding aquaculture scientists
into the state to study at its research facilities, intcract with professionals, and
provide parallel opportunities for South Carolina scientists. Addiuonally, the
Consortium considers applications for the support of post-doctoral candidates to
enhance the state's research programs in aquaculture,

The SCWMRD's Division of Marine Resources is headquartered at Fort Johnson
in Charleston where it is engaged in a variety of feasibility studies focused on
crustaceans, mollusks, and finfish. Personnel include 50 scientists and technical
staff, as well as participating graduate swdenis from across the state. Research
facilities at the Division’s Marine Resources Rescarch Institute include 50,000
sq. fL of laboratory space, 2 wet labs, outside lanks, 2 150-seat anditorium,
libcary, computer center, staff offices, and a boai slip for the Center’s four
research vessels.

The James M. Waddell, Jr., Mariculture Rescarch and Development Center is
engaged in expanding feasibility studies to commercial scale for crustaceans,
mollusks, and finfish. The Waddell Maricultare Center is located on 150 acres
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of state-owned land at Victoria Bluff on the Colleton River. The complex con-
sists of a 10,000 sq. ft. research building, 2 2,600 sq. fi. fish and shrimp matura-
Lion building, a 25,000 sq. ft. outdoor pad for tank culture, three one-and-one-
quarier acre ponds, nine half-acre ponds, 12 quarler-acre ponds, and visiting
staff quarters and conference building. A 265-foot pier with a floating dock to
support cage and tray cullure systems also allows small boats to launch and dock
in the adjacent Colleton River. The Center is operated by the South Carolina
Wildlife and Marine Resources Department for use by its staff and, through
working agreements, that of Clemson University and the University of South
Carolina.

Other facilities operated by the SCWMRD are the Marine Resources Research
Institute in Charlesion, the Rembert C. Dennis Cenier in Bonneau, and state fish
hatcheries in Columbia and Chetaw.

PRIVATE SECTOR SUPPORT

The fyture of private sector research in South Carolina shows great promise.
Currem research efforts at commercial shrimp culture facilities at Edisto Shrimp
Company on Edisto 1sland and at Richardson Plantation in Green Pond involve
the esting of a variety of acration methods. Demonstration projects for crawfish
aquacultyre using differcnt draw-down schemes are being evaluated at Carolina
Ecrivesse in Moncks Comer and Hawthome Farm in Sumier by Clemson
University scientists. Cooperative public-private wrials are being developed to
refine grow-out techniques for the recently-legalized hybrid striped bass.

As the aquacullure industry expands, the level of privale sector support for
research and development will increase, due to the need for a culturist to stay
ahead of the competition. But until that time, the aquaculture industry in South
Carolina will depend on the public sector for its information and assistance.
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APPENDIX:

LIST OF ACRONYMS USED THROUGHOUT
THE PLAN

FEDERAL AGENCIES

USDA
uspDoC
UsDo
USF&WS
USACOE
USEPA
FHA
FCIC
EDA

SBA
NOAA
GAO
NSF

NIH

U.s. Department of Agriculture

U.S. Department of Commerce

U.S. Depariment of the Interior

U.S. Fish and Wildlife Scrvice

U.S. Army Corps of Engincers

U.S. Environmentaf Protection Agency
Fammer's Home Administration

Federal Crop Insurance Corporation
Ecanomic Development Administration
Small Business Administration
National Oceanicand Atmospheric Administration
General Accounting Office

Naticnat Science Foundation

National Instituies of Health

STATE AGENCIES

SCSGC
SCWMRC
SCWMRD
SCMRRI
SCDHEC
SCCC
SCBCB
SCWRC
SCMEP
SCAMPI
SCBTCE

OTHER
NPDES

5.C. Sea Grant Consortium

$.C. Wildlife and Marine Resources Commission

$.C. Wildlife and Marine Resources Department

§.C. Marine Resources Research Instituie

$.C. Department of Health and Environmental Contro)
5.C. Coastal Council

$.C. Budget and Control Board

5.C. Waier Resources Commission

§.C. Marine Extension Program

S.C. Aquaculture and Marine Programs Intcrational
$.C. Board of Technical and Comprehensive Education

National Pollutant Discharge Elimination System
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