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Dt:DICATION 
In 1978 the South Carolina Sea Grant Consortium was created by the South Carolina state legislature to "support, 
improve and share research, education, training and advisory services in fields related to ocean and coastal resources." 
The fulfillment of this legislative mandate has been directed by dedicated members of the Consortium's Board of 
Directors; in particular, those men who have served as Board Chairmen. 

The South Carolina Sea Grant Consortium would like to take this opportunity to acknowledge with gratitude the 
contributions and commitment of the Consortium's Board Chairmen, past and present. Without their guidance and 
support the South Carolina Sea Grant Consortium could not have accomplished so much. 

1978-1981 

1981-1982 

1982-1984 

1984-

TO DR. JOHN M. BEVAN 
whose vision for the future of marine research in South Carolina 
shaped the Consortium in its early years. 
TO DR. WILLIAM H. KNISLEY 
whose awareness of the links between research and education 
supported the early growth of Consortium programs. 
TO MAJOR GENERAL JAMES A. GRIMSLEY, JR. 
whose strength and understanding helped guide the Consortium 
through critical years of transition. 
TO DR. JAMES B. HOLDERMAN 
whose vast experience as an educator and administrator will 
encourage the growth and evolution of the Consortium in years to 
come. 

THIS BIENNIAL REPORT IS DEDICATED IN APPRECIATION 



DIKt:CTOK'S STATt:Mt:NT 

The coast of South Carolina is a rich tapestry of over 3000 linear miles of beaches, estuaries, deltas, marshes and barrier 
islands. Throughout the past 15 years, individuals from within and outside the state have become increasingly aware of the 
diverse natural resources concentrated within South Carolina's eight coastal counties . The resultant e xplosion in 
population and economic growth has generated a myriad of opportunities, questions and concerns about the future 
management and use of South Carolina's coastal resources. 

The objective of the South Carolina Sea Grant Consortium is to advance our knowledge of our coastal environment and 
our state's economic development needs; through the Consortium the talents available at seven of South Carolina's 
research institutions are focused on these two elements of coastal life. The information that is developed by researchers is 
communicated to coastal constituents through programs in marine education, the activities of the Marine Extension 
Program and through Consortium publications and workshops. 

This biennial report for 1981 -1983 describes the programs and projects undertaken by the Consortium during those 
years . As you read through this publication we hope you will receive some insight into the many complex concerns 
confronting people who have come to the coast of South Carolina to live, work or vacation. 

I hope that you enjoy this review of Consortium activities; we appreciate your support of these programs and of the 
Consortium. We look forward to working with you now and in the future . 

Margaret Davidson 
Executive Director 
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Investigating a Potential 

Aquaculture Species 
They may be called stripers or rockfish but , whatever their 

name, some 4.3 million anglers each spend an average of two 
weeks per year fishing for striped bass . Striped bass have long 
been a favorite among sportsfishermen, and an important catch to 
commercial fishermen from Maine to North Carolina. In recent 
years, however , this once abundant fish has faced serious declines. 
Commercial landings of striped bass have decreased from 6.6 
million kilograms in 1973 to less than one million kilos in 1983. At 
present, striped bass fisheries are closed in Maryland and Rhode 
Island and the price of this popular food fish has increased steadily . 

The combined popularity and decline of the striped bass make 
this hearty fish a prime species for aquaculture . In 1981, Drs. 
Theodore I. J. Smith and Paul A. Sandifer, Marine Resources 
Research Institute, began a three-year investigation of striped bass 
aquaculture. The project proposed to look at some aspects of 
controlled culture that would be critical to the success of any 
striped bass aquaculture operation. 

In the first year of the study Dr. Smith concentrated on 
preparing facilities to begin work on bass culture . Tanks and water 
systems were assembled and environmental controls refined to 
address the project's first major challenge: the out-of-season 
spawning of bass. 

Bass had never been spawned outside of their normal 
reproductive cycle . Yet, it would be a critical element of striped 
bass aquaculture to demonstrate that the fish could be 
manipulated to reproduce earlier than April, their natural spawning 
season in South Carolina. Out-of-season spawning would, among 
other things, accelerate the cycle of fish production. Striped bass 
could then be raised to commercial size , "pan size", in less than 
one year. In addition, successful controlled spawning would assure 
the potential grower a predictable source of "seed stock" for the 
aquaculture operation. 

During 1982-1983 striped bass fry were stocked in tanks to be 
grown to mature size for later use in the controlled spawning 
program. In the meantime , Dr. Smith began to condition hybrid 
bass (female striped bass/male white bass cross) in indoor tanks 
during September 1982. Fall, winter, and spring were compressed 
into shorter time periods than occur naturally . Concurrently, 
hybrid bass were being maintained in an outdoor tank, subject to 

Thousands of hybrid bass eggs are put into incubators (above) for 24 hours, before being transferred to 
nursery tanks. 

natural conditions . By February, the eggs of indoor-conditioned 
fish showed more rapid development than their outdoor 
counterparts. By March, the indoor hybrids were ready to spawn. 
Results of this first spawning trial demonstrated that hybrid bass 
could be conditioned to mature and spawn out-of-season using 
strict temperature and photoperiod controls. Dr. Smith expected 
to refine and replicate out-of-season spawning techniques in his 
1983-1984 work . 

Second year work also allowed Dr. Smith to refine nursery 
facilities and techniques. During the first successful spawning trial, 
newly hatched bass larvae were initially held in 20 gallon glass 
aquaria. However, survival rate was poor, particularly at higher 
densities. In the second successful hatch, newly hatched larvae were 
moved directly to large, conical fiberglass tanks connected to a 
recirculating water system. Water in the system was maintained 
at 20-26 degrees C. About five days after hatching, salinity in the 
nursery system was increased to 5-10 ppt (parts per thousand) and 
maintained at this level for the remainder of the nursery phase, 45 
days after hatching. 

At 10-12 days, cannibalism became prevalent among larvae. 



Further, researchers noticed that as the fish continued to grow, 
and size variations increased, so did the degree of cannibalism. 
Significant losses in the nursery population occurred. 

Results of these nursery trials indicated that the large conical 
tanks, containing a center screen and drain, were more efficiently 
managed than the small aquaria. Specifically, these tanks made 
feeding, cleaning and maintaining suitable water quality easier and 
more effective. Year two nursery work also indicated that a 
number of methods could be used to reduce the incidence of 
cannibalism including: reducing population densities, grading fish 
according to size and feeding fish frequently. 

Disease has often been a serious threat to controlled culture 
operations. In fact, Vibrio anguillarum has been documented as a 
virulent pathogen among both cultured and wild fish. Many fish 
have died from this infection during the net-pen rearing phase of 
controlled culture operations. In 1982, Dr. Smith experimented 
with commercial vaccines and different immunization techniques to 
prevent Vibrio infection. 

Six cages were placed on the Stone River at a site of previous 
Vibrio infection. Small and medium fish were dipped for 20 seconds 
in a commercial vaccine. Large fish were injected with 0.2 cc of the 
same vaccine, undiluted. Concurrently, two control groups of fish 
were similarly prepared, but distilled water was substituted for the 
vaccine. Following the innoculation, all study fish were held in 
outdoor tanks at a laboratory for two weeks; allowing them ample 
time to develop a sufficient level of immunity. Fish were then 
transferred to cages on the Stone River. After 119 days the cages 
were cleaned and the fish inspected. The survival rate for 
vaccinated fish averaged about 75%. For non-vaccinated fish, the 
survival rate averaged 53%. 

As the fourth segment of his bass aquaculture study Dr. Smith 
compared the growth and survival rates of striped bass, "Fl" 
hybrid bass and "F2" hybrid bass. "Fl" hybrids were the result of a 
female white bass/male striped bass cross. "F2" hybrids were 
produced by spawning a pair of "Fl" hybrids. Using a number of 
variables, Dr. Smith learned that "Fl" hybrids grow faster and have 
a higher survival rate than either the "F2" hybrids or the striped 
bass. In addition, feed conversion using a commercial ration was 
best among "Fl" hybrid bass. Dr. Smith concluded that the "Fl" 

Diseases, like Vibrio, (aboue) haue been a deterrant to the success of finfish mariculture operations. 

hybrids were better suited to aquaculture than either the "F2" 
hybrid or striped bass. 

Findings from the first two years of Dr. Smith's demonstration, 
and his ongoing bass aquaculture work, will have far-reaching 
effects for aquaculturist, fisherman, and seafood lover alike. As he 
consistently develops and refines bass culture techniques, he will 
establish a foundation for a successful striped bass or hybrid bass 
aquaculture industry. 
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Advances in Hard Clam Mariculture 

To the recreational clammer, accustomed to gathering clams 
from wild shellfish beds using a hand rake , the idea of growing 
clams in a controlled nursery system may sound unbelievable. 
Fortunately though , for hard clam lovers , efforts to culture hard 
clams in South Carolina have been quite successful. 

In recent years, total U.S . landings of hard clams have decreased 
dramatically, from 21 million pounds of meat in 1950 to 13 million 
pounds in 1980. By contrast, hard clam production in South 
Carolina has increased from less than 1,000 bushels in the 
early 1950's to over 34,000 bushels in 1980. Simultaneously, 
the value of hard clam catches have soared. Combined record 
harvests, increased market demand , and higher market values 
have stimulated considerable interest in the hard clam as a 
priority species for mariculture in South Carolina . 

Thanks to a joint effort of the South Carolina Wildlife and 
Marine Resources Department (SCWMRD), Trident Seafarms, 
Inc ., and the South Carolina Sea Grant Consortium, a successful 
demonstration hard clam mariculture facility was constructed in 
Charleston County in 1979. 

Under the terms of this joint agreement each partner made 
significant contributions to the program. SCWMRD contributed 
technical support to the project. Trident Seafarms, Inc., a private 
company, supplied production facilities , personnel, and equipment. 
And the South Carolina Sea Grant Consortium provided three 
years of funding to Dr. John J. Manzi , South Carolina Wildlife and 
Marine Resources Department, to establish the demonstration 
scale facility and to investigate the operational and economic 
potential of hard clam culture in South Carolina. 

Dr. Manzi began his study by placing small seed clams (1 mm), 
purchased from commercial hatcheries, into a raceway nursery 
system. Once the seed attained minimum field planting size (8mm), 
they were transferred from the nursery complex to intertidal units 
for intermediate field growth . The intermediate phase provided a 
protective environment for high density growth until the seed 
approached an average population size of 25·30mm. The clams 
were then thinned out and allowed to growout to market size 
(45 ·50mm). 

Total seed produced by the nursery and planted in the field was 
over 3.4 million in 1981. At that time, current nursery populations 

When comparing raceway and silo nurseries, researchers discovered that upflow culture silos (below) 
have proven to be more efficient nursery systems for growing hard clams than the horizontal raceway 
systems (above). 

had amounted to nearly 13 million seed with projected nursery 
output and subsequent field plantings totaling six and nine million 
for calendar year 1982 . Results from this initial phase of work 
seemed to demonstrate that a hard clam mariculture operation, 
using nursery and field growout systems, proved practicable on a 
commercial scale . 

Following the initial success of the nursery and growout systems 
at Trident Seafarms, Inc ., Dr. Manzi began to refine aspects of the 
nursery system to enhance the growth of hard clams. 

Originally, the nursery phase of clam culture at Trident 
Seafarms, Inc ., was completed in long, horizontal raceway systems. 
In the second year of his work, Dr. Manzi discovered that raceway 
culture had a number of drawbacks. 

Dr. Manzi noticed that those clams located closest to the origin 
of waterflow grew faster than clams at the opposite end of the 
raceway. Researchers concluded that the horizontal flow of water 
in the raceway did not allow all clams equal access to water·borne 
nutrients. Rather, nutrients were being removed from the water as 
it flowed through the system. In addition, researchers found that 
the raceways also accumulated tremendous amounts of algae , 
consequently a great deal of cleaning was necessary . The cleaning 
and maintenance of raceways required the work of three 
employees for an entire day. Because of these problems with the 
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raceway culture system, Dr. Manzi directed his attention to other 
nursery systems. 

The success of European nurseries that used upflow systems 
prompted Dr. Manzi to examine the use of upflow silos at Trident 
Seafarms, Inc., in South Carolina. Typically, upflow systems use a 
vertical waterflow that passes up through the clam seed rather 
than across the seed, as in raceways. Dr. Manzi conducted tests 
using two common upflow systems: passive flow that pulls water 
up through the seed and active flow that forces or pushes water up 
through the seed. 

The benefits of the upflow systems indicated that the systems 
were economical alternatives to raceway hatcheries. The upflow 
system created superb conditions for rapid growth and high 
survival at extremely dense concentrations of seed. In addition, the 
upflow silos proved both inexpensive and easy to build and 
maintain. They used space efficiently and seemed to survive 
prolonged use . 

Results from this research project provided direct benefits to 
Trident Seafarms, Inc., in the design, construction and operation of 
hard clam nursery facilities. In addition, the construction 
techniques have been used by several commercial hatcheries in the 
northeast including: 

Bluepoint Co., Sayville, NY 
Coast Oyster Co., Quelcene, WA 
Aquaculture Research Corporation, Dennis, MA 
Bristol Shellfish, Round Pond, ME 

In addition, Trident Seafarms, Inc., has provided a realistic 
model for the economic evaluation, research , education, and 
commercial implications of hard clam mariculture in South 
Carolina. The demonstration mariculture facility has also offered 
an incentive for the re-evaluation of existing state legislation and 
regulations on marine resources and the initiation of mariculture 
plans within the state's regulatory and management agencies. 

But, perhaps most interestingly, this joint project represented a 
remarkably smooth-running cooperative effort between a private 
industry, a research program, and a government agency. 
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Once seed clams attain a size of 10 millimeters, they are transferred to cage trays and 
placed in areas between the low and high tide marks. (aboue) Here clams grow to 
market size. 
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fnvironmental factors Mfecting 

Hard Clam Survival 
Just as a farmer knows how temperature, soil, and rainfall affect 

the growth of his plant crop, the prospective mariculturist should 
be familiar with the environmental factors that affect the growth of 
his marine crop. 

During two years of tests, Dr. F. John Vernberg and Dr. T.J. 
Pandian, the University of South Carolina, Belle W. Baruch 
Institute, studied the affects of water temperature, salinity, egg 
size, and respiration rates on the growth and survival of clams in a 
controlled environment. The environmental factors were tested 
both individually and in combination. 

Dr. Vernberg began his study by testing the survival rate of 
clams subjected to a range of five different temperatures and 
salinities. His results revealed that only the highest temperature in 
combination with any of the five salinities proved harmful to the 
clams. In the other combinations of temperature and salinity, the 
mortality rate was significantly lower. 

Researchers also tested four groups of different sized eggs to 
determine the survival rate of the larger eggs compared to that of 
the smaller eggs . After observing the eggs through their larval 
development , Dr. Vernberg found that, in general, the larger eggs 
exhibited a higher survival rate than smaller sized eggs . 

Another test involved monitoring eggs from two different 
geographic areas during two different seasons. Results showed that 
geographic and seasonal differences had little affect on spawning 
and subsequent survival of larvae from these different groups of 
clams. 

Finally, Dr. Vernberg tested the metabolic rates of young adult 
clams by monitoring the respiration of these animals at six different 
temperatures. While half of the animals were acclimated to the 
mean summer water temperature, the other half were acclimated 
to the mean winter temperature of the clams' natural habitat. 
When both groups were introduced to a range of water 
temperatures, metabolic rates of the two groups tended to be 
similar at the lowest and highest temperatures. However, at 
intermediate temperatures, cold acclimated animals consumed 
oxygen at a much higher rate than those animals that were 
acclimated to the warmer water temperatures. 

Researchers test the uarious environmental factors that affect the growth of hard clams (aboue). 

Knowing how environmental factors affect the growth of hard 
clams may help mariculturists to control and modify the variables 
that will affect the growth and survival of important marine crops. 

Investigating the Potential 
of Prawn farming 

Can prawn farming be a successful commercial aquaculture 
venture in South Carolina? 

Dr. Paul Sandifer, the South Carolina Wildlife and Marine 
Resources Department, examined the many facets of prawn culture 
in a study funded by the South Carolina Sea Grant Consortium. 



Dr. Sandifer's study of this decapod crustacean, which resembles 
a shrimp with a compressed abdomen, ended in 1982. The two-year 
project involved five private mariculturists in South Carolina, and 
set out to determine if the usually warm-water species 
Macrobrachium rosenbergii could be raised in the cooler waters 
along the S.C. coast. 

The mariculturists volunteered to test the concept of prawn 
farming - everything from site selection and nursery operation to 
marketing the final product - and evaluate different management 
methods. In the process, both Dr. Sandifer and the farmers learned 
the most cost-efficient ways to culture prawns, and how to avoid 
hazards like predation and oxygen depletion . Prawn size and 
survival rate increased over a two-year period, as a result . And by 
the end of the study, average gross production reached 652 
kilograms per square acre . 

Direct-to-the-public sale was found to be the most profitable 
means of marketing prawns. Farmers cleared an average $2.20 per 
kg profit over the cost of production. The availability and cost of 
seed stock continued to be major economic considerations to most 
of the prawn farmers . Dr. Sandifer also indicated a need to 
coordinate the purchase and holding of seed stock and feed, and 
the need to develop nurseries to grow postlarvae to larger stocking
size juveniles. 

Nevertheless, farmers continued to grow prawns in conjunction 
with other plant crops in years following the study. In addition, a 
number of mariculture and marine extension techniques were 
successfully developed and tested during Dr. Sandifer's study. 

New Techniques to Increase 
Shrimp Breeding Stock 

Unlike pigs, cows and other food animals, which were first 
domesticated over millenia and then scientifically bred to improve 
production characteristics, most aquaculture species remain 
essentially wild. Yet, if aquaculture is to thrive as an industry, a 
consistent supply of breeding stock animals must be made available 
to marine "farmers." 

Fiue farmers cooperated with researchers to raise and sell prawns in a prawn aquaculture 
demonstration. Here, a pond is being haruested for this ualuable seafood crop. 

In a three year project, funded by the South Carolina Sea Grant 
Consortium, Dr. Paul Sandifer, S.C. Wildlife and Marine Resources 
Department, worked to develop techniques for the artificial 
insemination and in uitro fertilization of various aquaculture species. 

Concentrating primarily on freshwater prawns, Macrobrachium 
rosenbergii, and marine shrimp, Penaeus setiferus, Dr. Sandifer 
attempted to develop a simple and reliable method of obtaining 
sperm from male animals and inducing fertilization of the eggs in the 
females . 

Electrostimulation of male prawns was conducted to yield 
spermatophores at 24 hour intervals of periods of at least 28 days, 
and at six hour intervals for at least one week. Although repeated 
ejaculation was found to have some negative effect on the animals, 
increasing with the frequency of stimulation, it was no threat to the 
survival of the animal. 

Dr. Sandifer also experimented with the use of partitioned 
spermatophores to achieve multiple, simultaneous insemination of 
several females by one male. As many as four females were 
successfully fertilized using sperm from the same spermataphore. 
Fertilization rates were usually 85% or higher. In addition, a 11 
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commercially available chemical glue was used to attach 
spermatophores to female shrimp, further ensuring successful 
fertilization of the eggs. 

Through continued refinement of the techniques pioneered in this 
study, Dr. Sandifer will be able to offer aquaculturists increased 
control over the reproduction and improvement of their stocks. A 
greater availability of stock will help support the survival of the 
nascent aquaculture industry in South Carolina. 

Investigating the Parasites 
of Cultured t:els 

While Americans have not yet acquired a taste for it, eel is 
considered a delicacy in Japan and parts of Europe. Demand for 
this seafood has increased over the years, while world supply has 
diminished. Dr. Arnold Eversole and Dr. Steven Hayasaka, 
Clemson University, set out to learn more about eel parasites and 
diseases, with an eye toward determining the future of eel 
aquaculture in South Carolina. 

Drs. Eversole and Hayasaka completed a two-year study of 
diseases in wild and cultured eels, Anguilla rostra/a, in 1982. They 
compared the eels' susceptibility to parasites at various stages of 
development, from 15 months to three years (elver through glass 
stages). Bacterial diseases were found to be a consistent problem. 
Parasite diversity was greater in cultured eels and elvers, in 
general. The most common parasite, Myxidium giardi, was found 
to infect more wild glass than cultured glass eels. 

The most effective treatments for these diseases included the 
use of antibiotics, selecting resistant eel strains for breed stock, 
and the use of formaldehyde solutions and ET e (Ecteinascidia 
turbinata) extracts, the researchers found. 

' 

SPERM CELL 

EGG 
INVESTMENT 
COAT 

This scanning electron micrograph shows penetration of an egg by sperm cells in a project directed at refining 
artificial insemination techniques. 
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Salt marshes (above) offer nursery habitats for many 
commercially important marine invertebrates 

Reducing Diseases 
in Cultured Aquatic Species 

For years farmers have labored to combat diseases in their crops 
and animals. Today, aquaculturists face the same kinds of 
problems in cultured marine species. Often, unavoidable 
environmental factors, such as low water temperature, can 
increase the cultured organism's susceptibility to infection and 
disease. 

ETe, an extract from the marine invertebrate, Ecteinascidia 
turbinata, has been shown to increase resistance to disease in both 
vertebrates and invertebrates. Drs. M.M. Sigel and Larry J. 
McCumber, University of South Carolina, School of Medicine, 
helped clarify the affects of ET e on fish species during a two-year 
Sea Grant project. These researchers demonstrated that ETe 
encouraged increased disease resistance in invertebrates such as 
blue crabs, crawfish, and prawns. ET e was also found to 
counteract the effect of pathogenic, and sometimes lethal, bacteria. 

As Dr. Sigel researched the cellular mechanisms responsible for 
increased disease resistance, he found that ETe alters the 
composition of white blood cells in animals receiving ET e 
applications. Research also indicated that ETe may encourage · 
antibody production in fish. Nevertheless, Dr. Sigel concluded that 
ETe stimulates phagocytic activity, resulting in higher survival rates 
in marine animals. 

While studying the specific affects of ETe on cellular activity, 
Drs. Sigel and McCumber contributed much to the understanding 
of fish defense mechanisms at the cellular and molecular level. 
Continued work with ETe may someday be of use to aquaculturists 
who will be able to save marine "crops" they might otherwise have 
lost. 
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Discovering tbe Age of a Legendary fish 

The Swordfish 

Harvest Year 
S.C. 
U.S . 

1982 
1982 

SWORDFISH TABLE 
Dollar Value 

$2 ,113 ,00 
$27,073,000 

Pounds Landed 
934,000 

9,859,000 

- The Greeks had a legend about how swordfish first appeared 
in the seas. The story has it that the death of Achilles during the 
Trojan war caused such distress among his followers that they 
leapt to their deaths into the Mediterranean Sea. 

Thetis, Achilles' mother and a minor goddess, was deeply 
touched by this gesture and used her divine powers to transform 
these brave warriors into fish that were able to keep their swords, 
"warriors of the ocean". Hence, swordfish came into being. -

From 400 BC until the 19th century, the swordfish, Xiplias 
gladius was thought to be a legendary sea monster that grew to 
huge sizes, and that attacked and destroyed ships for no reason. 

Later, in the 1800's, swordfish became the object of a small 
harpoon fishery . A select group of pioneer sportsfishermen such as 
Zane Grey and Ernest Hemingway began pursuing the fish around 
1920, yet swordfish remained virtually unknown to most people . 
The small harvest was shared among locals in the areas where fish 
were landed, and some were distributed to a few select 
restaurants. 

Then came the advent of longline fishing techniques. This caused 
the industry to expand quickly, and today the recreational and 
commercial pursuit of swordfish has great economic impact on 
many coastal communities. In South Carolina, in fact, swordfish 
has brought the highest dollar value of any finfish, since as far back 
as 1978. 

However, recent declines in both the total catch, and size of the 
fish landed in the state had suggested that the swordfish population 
was being overfished. Concurrently, the Magnuson Fishery 
Management and Conservation Act was passed , reflecting a 
growing national concern for the protection of swordfish. The act 
charged the South Atlantic Fisheries Management Council to 
formulate a swordfish management plan based on available data. 
At that time scientific data critical to the development of such a 
plan was scanty, at best. 

From 1980-1983 Dr. John Dean, University of South Carolina, 

A local recreational fisherman displays his prize-winning swordfish 
catch (above) . These "warriors of the sea" are among the most 
profitable commercial and recreational fish . 



Belle Baruch Institute for Marine Biology and Coastal Research, 
and a number of graduate students began to study swordfish. Dr. 
Dean's study was aimed at increasing present knowledge about 
swordfish by studying the age structure , reproductive and feeding 
habits of the swordfish population. 

Historically, age estimation studies have been based on 
examination of hard parts of the fish, such as scales, fins , etc. Dr . 
Dean proposed to use the otolith, or inner "earstone", to age fish, 
correlating his results with spine aging results to ensure accuracy. 
Dr. Dean found that otoliths, like trees, display growth rings, or 
annuli which could be used to age fish. By observing the annual 
growth rings in the largest otolith, sagittae , Dr. Dean was able to 
acquire accurate data to estimate the age of swordfish caught by 
the commercial fishery . Indeed, age estimates revealed that two 
and three year old swordfish dominated the commercial catch. 

Observations of the reproductive state of swordfish sampled 
indicated that males become reproductively active between year 
two and year three. Female swordfish, on the other hand, do not 
become reproductively active until their fourth or fifth year. 
Researchers also found that mature females are extremely fecund 
and that smaller fish had proportionately fewer eggs. 

Finally, an examination of the gut contents revealed that squid is 
the predominant food of swordfish landed in South Carolina. Other 
incidental foods included Royal Red shrimp and octopus. 

Overall findings from the study indicated that swordfish may live 
to be 21 years and older; females growing to be larger and older 
than the males. Of greatest importance to the future management 
of the fishery was the discovery that the decline in the average size 
of fish has, indeed, been due to over-fishing. 

Sixty-five percent of the fish landed during this study were four 
years old or younger. Of these, the females were all pre · 
reproductive and only a few of the males were reproductively 
active . Researchers concluded that the commercial fishery has 
been removing an increasing percentage of female swordfish from 
the population before they have had the opportunity to reproduce. 
In fact, the South Atlantic Fishery Management Council applied 
these findings to state landing data and concluded that in 1978, 33% 
of fish landed were four years old or less but by 1983 that number 
had risen to over 66% of swordfish landed. 

Dr. Charles Wilson , now an assistant professor at Louisiana 

A swordfish is brought aboard (aboue) for research and testing to 
refine a new aging technique that uses inner-ear growth rings. 

State University and formerly a University of South Carolina 
graduate student who worked on this study, said that this 
important project data is now being put to good use. 

"The South Atlantic Fisheries Management Council is using our 
data to demonstrate that we're catching too many small fish, and 
perhaps suggesting imposed seasons for the fishery," Dr. Wilson 
said. 

And so the legendary "warrior of the ocean" will live on. 

17 
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More Sharks in South Carolina Waters 

Just when you thought it was safe to go back in the water , Dr. 
John P. Wourms of Clemson University has found that the South 
Carolina shark fishery is much larger than previously thought. 
Thankfully, the sharks found in the waters of South Carolina are 
not the man-eating kind, but are the species that man enjoys 
eating! 

As a result of an increasing demand for shark as a seafood dish 
and the subsequent escalation of the value of shark meat , more 
attention has been turned to the shark fishery along the East 
Coast. 

Sharks are quite susceptible to overfishing because of their 
unusual reproductive features: bearing live young rather than eggs 
and producing few offspring each generation . New facts about 
sharks were discovered during Dr. John Wourms' 1982-1983 
investigation of the reproduction and development of commercially 
important sharks in South Carolina waters . 

Dr. Wourms discovered that the coastal and estuarine waters of 
South Carolina are a major breeding, pupping, and nursery area 
for resident and seasonally migrating species of sharks. His 
research on over 10 species of sharks in South Carolina 
contributed to the knowledge of the nature and movements of 
migratory shark populations. 

It appeared, from his research, that different migratory species 
are reproductively active at different times of the year, depending 
on inshore-offshore and north-south migrations. This information 
underscored the need for regional management of the shark fishery 
to maintain a sustainable yield . 

Dr. Wourms also noted a seasonal progression in species 
caught, making commercially valuable species available throughout 
the year in South Carolina. 

Sharks have traditionally been considered a "by-catch", or 
incidental catch, of other fisheries in South Carolina. However, 
results from Dr. Wourms' research on the development and 
reproduction of sharks have provided the South Carolina Wildlife 
and Marine Resources Department with the impetus to explore the 
commercial feasibility of a long-line shark fishery in South Carolina . 
In addition, Dr. Wourm's work will help agency officials to manage 
such a fishery once it is underway. Once thought of as only a "by-catch", shark may be common 

enough in South Carolina waters to support a shark fishery . 

,, 



The shrimp deheading machine (aboue) eliminates the messy, time
consuming task of deheading shrimp by hand. 

Labor Saving Device Deheads Shrimp 
In recent years, the costs of harvesting and marketing shrimp 

have increased dramatically, encouraging many people connected 
with the industry to investigate a variety of cost -cutting steps. Drs. 
John A. Collier and D. M. Mclaughlin , Clemson University, spent 
two years (1980-1982) developing an automatic shrimp deheading 
system that would eliminate a great deal of the manual labor 
involved in the messy, time consuming process of deheading 
shrimp. 

Several prototype machines were designed and tested to see 
how efficient the machines were at deheading shrimp with as little 

positioning of the shrimp as possible. Most of the machines 
succeeded in removing the heads of shrimp but were discarded 
because they were either too slow or required excessive sizing 
efforts that would not be practical for commercial operators. 

Following further refinement, researchers developed a system 
involving two sets of aluminum bars, one rotating and one fixed . 
The shrimp were randomly thrashed between the bars until the 
heads were separated from the tails. Shrimp of all sizes were 
deheaded at a speed of two to three pounds per minute. The 
machine succeeded in de heading 95-98% of the shrimp with no 
damage to the tail. 

Although initial efforts tested the machines using frozen shrimp, 
work continued on the machine using fresh shrimp. It was 
concluded that results of fresh shrimp deheading were similar to 
the results of those tests using frozen shrimp. 

Reclaiming a Seafood favorite - Oysters 
Reclaiming oysters and clams from polluted shellfish beds is 

becoming a national problem, since 80% of the beds in some 
northeastern states have been closed to harvesters . 

The usual method of reclaiming , or "depurating", these valuable 
shellfish involves placing them in a circulating saltwater tank 
exposed to ultraviolet (u.v.) light or ozone for self-cleansing. This 
method is fairly inefficient since the water in the tank absorbs more 
of the u.v . light or ozone than the shellfish do . 

Dr . Thomas Cheng, Medical University of South Carolina, 
experimented successfully in 1981 and 1982 with the use of copper 
compounds, natural shellfish irritants, to hasten and improve the 
process. Dr. Cheng exposed oysters, Crassostrea uirginica, to 
concentrated bacteria solutions for two days, then depurated them 
in a copper dilution. The oyster bacteria count was cut almost in 
half. These results were better than those seen in oysters 
depurated in the usual saltwater/ u.v. light tank during the same 
period. 

Dr. Cheng noted that copper compound solutions could also be 
used to reduce the spread of contagious diseases in marine 
systems. 19 
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Effects of tbe Coastal Barrier 

Resources Act 
Barrier islands seemed to be on everyone's mind when the 

Coastal Barrier Resources Act (CBRA) was passed in 1982. 
The Reagan administration supported the act because it would 

save money by prohibiting further federal spending for 
infrastructure construction, flood insurance and disaster relief on 
certain islands. Infrastructure includes dredging canals, building 
roads and sewers, and installing electricity lines - essential and 
expensive construction work. 

Environmentalists backed the act because they thought that 
without such government assistance, island development would be 
slowed. And South Carolina was interested in the outcome since 
13 of the islands designated in the act are located off the State's 
coast, one of the largest numbers within any single state. 

In one of the country's first studies of the effects of the CBRA, 
Dr. Gary Griepentrog, University of South Carolina, examined 
the impact of the act on the barrier island insurance market, and 
on island development in general, during 1982 and 1983. 

Dr. Griepentrog found, in interviews with consultants and 
developers along the coast, that the removal of federal funding for 
infrastructure is more likely to limit barrier island development than 
will the flood insurance cutoff. 

Federal flood insurance was usually only the "first layer" of 
insurance, Dr. Griepentrog found, and the federal insurance 
became very expensive when combined with private insurance. 
Also, federal insurance was not available to homes or 
condominiums valued at more than $250,000, which means it was 
not an option for large developments even before the act took 
effect. 

He discovered that the act will primarily affect low and middle· 
income single family homeowners, who will generally find private 
insurance availability and expense prohibitive. Large construction 
and development companies, particularly those with enough capital 
to easily afford infrastructure (sewers, water lines, etc.), will be 
least affected. 

Dr. Griepentrog also learned that the private insurance market 
for barrier islands has become increasingly restricted. Though 
more companies have entered the market, more are also beginning 
to limit sales areas and increase premiums and deductibles. Several 
new insurance products, ranging from apartment to small cottage 

Edisto Island residents salvage belongings from the aftermath of a hurricane (above). 

coverage, have become available , but will have limited markets and 
little foreseeable affect on development. 

"This is the tightest the insurance market has ever been," Dr. 
Griepentrog said. "The political climate is getting tight for barrier 
island development, too." 

Dr. Griepentrog predicted that when the market does ease, 
environmentalists could see the act have the opposite effect than 
they had hoped. Individual homeowners will be priced out of the 
area, and large companies will continue to develop the islands. 
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Resource Demands Prompt Study 

of User fees 
Each year, more and more people make the South Carolina 

coast their home. Many of these new residents are ready to enjoy 
the beautiful natural resources available along our coast. However, 
frequently, private business people use these same resources to 
meet increasing recreational demands. 

Marina owners, commercial dock owners, and the like, who 
already use public resources for private gain, are eager to build 
more on the natural wetlands. What is the solution to the 
increasing public and private demand for natural coastal resources 
in South Carolina? 

In many coastal states, the answer to this problem has been the 
institution of user fees. Dr. Mark E. Tompkins, University of 
South Carolina, was intrigued with the user fee solution. During a 
one·year project , Dr. Tompkins studied the application and effects 
of coastal resource user fees in states already using the system. In 
addition, he brought to light the important issues South Carolina 
would have to face if the state adopted the user fee system. 

As demand from the private sector to build more businesses 
along the coast increases, parallel to the growing number of coastal 
residents who wish to appreciate coastal resources in their natural 
state, the issue of user fees will continually arise. 

A Management l'lodel 
to Plan Waterfront Development 

Within the last decade many of the country's older declining 
cities have "rediscovered" their waterfronts . In addition, sunbelt 
cities have begun to develop their waterfronts at an unparalleled 
rate. In most cases , these projects have evolved on a site by site 
basis, rather than as part of a unified development plan. The 
general success of waterfront redevelopment has generated more 
demand for waterfront sites and, consequently, more land use 
conflicts. 

In the context of these trends, Dr. Roger Stough, College of 
Charleston, worked for two years to develop a model for managing 
the development of the Charleston metropolitan waterfront. 

Like many other cities, Charleston has been considered a 

l 

Marinas (aboue) are just one example of using a public resource - nauigable waterways - for priuate 
industry. 
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potential site for waterfront development. In Charleston, 
competition for waterfront land exists not only among alternative 
development users but also with entities wishing to retain as much 
of the waterfront in its natural state (wetlands) as possible. Dr. 
Stough also observed that these conflicts frequently cross the 
bounds of individual political jurisdictions. It was Dr. Stough's goal 
to develop a model that would involve diverse political and 
economic bodies in the planned management of development on 
Charleston's waterfront. 

Dr. Stough's model integrated different land use forecasts and 
future development patterns with clear management guidelines. 
The model also assigned monetary values to competing land use 
alternatives within the context of the management guidelines. Dr. 
Stough also formed a waterfront planning advisory/ steering 
committee to ensure multi-jurisdictional support for the model. 

The final model was presented to members of the steering 
committee, local and city officials and members of the community 
at a workshop. The model is being used to forecast future 
waterfront land uses under different assumptions about future 
development pressure . As a result decision makers may be able to 
resolve land use conflicts and plan for the development of the 
Charleston waterfront. 

New Developments in t:rosion Control 
The wave of the future may be little to worry about, thanks to a 

new method of slowing adjacent property erosion caused by 
vertical bulkheads. 

Traditional vertical bulkheads reflect waves away from the area 
being protected. However, because of the angle these waves 
approach the beach, reflected waves do their damage to 
surrounding, unprotected beachfront properties . Sometimes 
property on either side of a bulkhead erodes faster than it would 
under natural conditions. 

It was this phenomenon that Dr. John Fisher, Clemson 
University, Department of Civil Engineering, tackled in 1981 and 
1982. Part of the solution, he found, was to modify the existing 
bulkhead with "wing walls". These walls could be inexpensively 

t 
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Erosion-control deuices like jetties and groins (aboue) shelter certain beaches from waues and haue 
recreational uses, howeuer they often hasten erosion on nearby property. 

built from either slab or pilings, and simply attached, at a 45-degree 
angle, to existing bulkheads. 

Dr. Fisher found, in laboratory wave tank tests, that the walls 
reduced adjacent property erosion by 44% by trapping wave energy 
reflected from bulkheads. 

25 
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Teacher Training Gets an "A" 

"I have taught school for 15 years and this is by far the most 
effective workshop I have attended. I have learned a great deal 
about the water habitats of my own state . I am excited about what 
I've learned and am anxious to take it back to my school. Wendy 
was a super leader! She displayed a feel for students and teachers. 
She impressed me greatly with her knowledge of her field and of 
the Baruch Foundation. The workshop was very well organized 
and worked very smoothly. I would recommend this workshop for 
teachers of South Carolina History as well as Marine Biology." 

"I consider myself very fortunate to have had the opportunity to 
participate in this workshop." 

"This workshop has been a great experience and I can't wait to 
take all this back to school and start teaching and learning more 
with my students." 

"The entire workshop was very effective ." 
"I appreciate the opportunity to have been part of this course. I 

have gained much more than I could possibly write! Thanks!!" 

According to participant evaluation forms, the marine education 
workshops that were organized and led by Wendy Allen got an 
"A". The overwhelmingly positive response from K-12 teachers 
attending the workshops has demonstrated that such training 
sessions are both needed and helpful. After all, little emphasis has 
been placed on marine education curricula in South Carolina 
schools in the past. 

Under the sponsorship of the S.C. Sea Grant Consortium, 
Wendy Allen, University of South Carolina, BelleW. Baruch 
Institute started a program to improve marine education for grades 
K-12 in our state . Many K-12 teachers have had little training on 
how to teach marine education in their classrooms. Ms. Ailen 
developed training programs to improve teachers' methods of 
bringing the marine environment into their classrooms. 

Ms. Allen's first efforts to improve the marine education 
curricula included the development of two 15 hour workshops 
entitled, "Marine Education: Choosing and Using Materials." Co
sponsored by the Georgetown School District, the workshops 
were held October 31-November 2, 1982 and June 6-8, 1983. 

Thirty-five teachers from around the state attended the 

Marine education is creating wonder and excitement in the 
minds of students of all ages (aboue). 



workshops and received one unit of teacher re-certification credit 
by the State Department of Education. 

During the workshops, Ms. Allen and course participants 
focused on field and classroom activities pertaining to the beach, 
saltmarsh, and freshwater systems. In addition, the participating 
teachers reviewed major K-12 curriculum projects and selected 
materials to pilot in their schools . Both workshops were well 
received by the teachers, as indicated by the favorable evaluation 
comments. 

In addition to her efforts to educate elementary school teachers, 
Ms. Allen, with the assistance of Alice Linder, Environmental 
Education Coordinator for the South Carolina State Department of 
Education, conducted a 48-hour course in June 1983 for secondary 
school teachers. Twenty-five teachers participated and received 
state teacher re-certification or graduate credit for their 
attendance. 

Teachers participating in the course reviewed marine education 
materials and were trained how to use them effectively in the 
classroom. Furthermore, the teachers learned how to train fellow 
teachers in their schools to use marine education materials. 

Course participants also explored a variety of marine education 
resources that would serve as interesting field trips for K-12 
students. The teachers also gained experience in useful follow-up 
classroom activities specific to each marine resource. 

Thanks to the efforts of Wendy Allen, paired with the 
cooperation and work of several agencies, the marine education 
program for K-12 students has grown significantly in recent years. 

Through her efforts, Ms. Allen has helped establish a network of 
teachers trained in the use of marine education materials. In 
addition to Ms. Allen's accomplishments, the South Carolina 
Department of Education has provided a great deal of support 
and guidance, and a number of man-hours to ensure that marine 
education is incorporated into the curriculum framework of our 
state. 

Through the continuing efforts of teachers and education 
agencies around the state, the marine education curriculum in our 
schools will continue to improve, and more students will be 
introduced to the wonders of the marine environment. 

South Carolina school teachers (aboue) learn fascinating marine facts to share with their students back 
in the classroom. 

Tbe Sea Grant !'Iarine f:xtension Program 
Responds to Constituent Needs 

In recent years, people, in greater numbers, have come to the 
South Carolina coast to work, live and vacation. Yet the coast is a 
fragile interface between land and sea, an area of complex and 
varied ecosystems, vulnerable to the many pressures of increasing 
development. The Sea Grant Marine Extension program works 
with individuals from all sectors, encouraging the informed 
management and use of those natural resources that attract people 
to the coast. 

The period of time from 1981 -1983 was one of significant growth 
for the MEP. In 1981 the MEP hired Tom Potts to fill the much
needed position of specialist in recreation and tourism. Mr. Potts 
joined Jack Keener, specialist in commercial fishing, and Jack 
Whetstone, specialist in aquaculture. With the addition ofT om 
Sweeny as Project Leader and specialist in coastal development, 29 
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the MEP was finally fully staffed and ready to provide a coherent 
program for South Carolinians. 

Among the many activities undertaken by the Marine Extension 
Program, specialists: 

-distributed tax management information to over 1000 
commercial fishermen. 

- conducted workshops on hard clam culture, crawfish farming, 
and aquaculture legislation. 

-provided technical assistance to more than 40 area 
landowners interested in aquaculture and consequently doubled 
the number of acres of crawfish under cultivation. 

- established a service to provide Gulf Stream telemetry charts 
to area commercial and sportsfishermen. 

-planned and staffed a week long 4-H program in marine 
awareness for 30 students. 

- instituted a bi-weekly radio program covering such topics as 
boat maintenance, lightning protection, and recreational crabbing. 

- published a variety of booklets, brochures, and posters on 
such topics as diving safety, hurricane preparedness, hard clam 
culture, and basic boat maintenance. 

In the years to come the Marine Extension Program will continue 
to provide "hands-on" expertise to fishermen, dockowners, 
boaters, and other coastal constituents who need information 
about the coast of South Carolina. As Jack Keener explained, "the 
philosophy of the Marine Extension Program is to teach people 
how to think, not what to think. People come to us with various 
problems. We suggest alternatives to them and help them choose 
the best solution." 

Minority t:ducation Broadens 
Marine Science Awareness 

Education is like a key to the future, and Dr. James Arrington, 
South Carolina State College, is making this key to the sea newly 
available to minority students. 

South Carolina State College offers minority students greater opportunity to learn about our coastal 
resources (aboue). 

Dr. Arrington began to introduce students to the world of 
marine science in 1982 and 1983, through a cooperative program 
with the South Carolina Sea Grant Consortium and various state 
marine research institutions . The college, which had no marine 
science curriculum, was able to give 12 of its students the 
opportunity to attend either a marine science laboratory and 
seminar series at the University of South Carolina, or participate in 
a state marine research apprenticeship at the Belle W. Baruch 
Institute, 'the state Marine Resources Research Institute , or the 
National Marine Fisheries Service Laboratory. The interest 
sparked by these hands-on experiences was so great that the 
college is now offering its own marine science courses. 

Most of South Carolina's minority college students attend South 
Carolina State College, and Dr . Arrington said this increased 
interest in marine research could broaden the student's awareness 
of career opportunities in marine science fields . In fac t, to date 
some 20 students have participated in this marine science program 
and several have gone on to careers in marine science fields . 
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A T.V. Program Addressing 
Coastal Issues 

South Carolina's marine environment has undergone significant 
changes in recent years. Yet many residents of the state remain 
unaware of these changes. In a one-year Sea Grant project, 
Richard Dame, University of South Carolina, Coastal Carolina, 
produced an attractive and informative 30-minute television 
program which examines changes in coastal South Carolina for the 
general public. 

The show, "Oceans and Man: An Overview of the South 
Carolina Coast," includes interviews with policy makers like State 
Senator James M. Waddell, Jr. (D-Beaufort) and such noted 
researchers as Dr. F. John Vernberg (University of South 
Carolina, BelleW. Baruch Institute) and Dr. Paul Sandifer (S.C. 
Wildlife and Marine Resources Department). 

The film addresses a number of issues concerning the future of 
South Carolina's marine environment, including the potential 
impacts of development and increased recreation on the coast. 
The film also reviews research and education ventures including 
footage on the Trident Seafarms, Inc. aquaculture facility at Folly 
Beach, coastal impoundments at Annandale Plantation, the Belle 
W. Baruch Institute and neighboring Hobcaw Barony in 
Georgetown County. 

Originally aired on South Carolina's Education Television 
network May 1, 1982, the program has been presented repeatedly 
on ETV for undergraduate and graduate marine science courses. 
"Oceans and Man" has also been offered to state public school 
teachers via the State Instructional Television network. 

Trident Seafarms, Inc., (left) was one of a number of coastal ventures 
reviewed in a 3D-minute television program on the marine environment in 
South Carolina. 31 
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functions and t:ffects 

of Coastal Wetland Impoundments 
In South Carolina, the cultivation of rice left its mark on the 

coast. The labyrinthine pathways of coastal rivers, creeks and 
marshes yielded to the geometric patterns of levees, quarter drains 
and canals that characterize impoundment systems, and exist to 
this day. At present, some 70,500 acres of coastal wetland 
impoundments remain, amounting to 14% of the state's coastal 
wetlands. Although rice cultivation has long since ceased, interest 
in impoundment systems has increased dramatically. 

Though impoundments have existed for centuries, our 
understanding of impoundment processes and productivity is 
fragmentary at best. In addition, comparisons with the processes 
and productivity of open marshes are completely lacking. These 
omissions have come to be considered significant gaps in our 
knowledge and understanding of marsh ecology. 

Further, there are now numerous efforts to reclaim and manage 
impoundments as waterfowl habitats, as endangered species 
habitats and/ or for mariculture operations. Thus, to the lack of 
ecological data have been added requests for technical assistance, 
and questions about the cumulative effects of new management 
practices on open wetlands adjacent to managed impoundments. 

In this context, the South Carolina Sea Grant Consortium put 
together the "Coastal Wetland Impoundments Project" in 
September, 1982. The project was designed to be a collaborative, 
multi-disciplinary study involving 16 researchers from five 
Consortium member institutions and representing five different 
areas of expertise. The project, structured into 12 research Tasks, 
began an examination of the ecology, management, and policy of 
coastal impoundments, focusing on one predominant question: 

"To what degree does the impoundment of intertidal 
wetlands alter wetland processes and does this modification 
impact upon the resources dependent on the ecological 
functioning of adjacent wetlands." 

Information from the study was to be examined and analyzed at 
the end of three years in the context of the following hypotheses: 

(1) Coastal wetland impoundments are less productive than the 
natural wetland areas they replace. 

(2) Coastal wetland impoundments do not contribute nutrients 
and biomass to the adjacent wetland environment; rather, they 
serve as biomass and nutrient sinks. 

Impoundments, like the one pictured, became an outdoor laboratory for researchers involved in an 
ecological characterization of coastal wetland impoundments. 

(3) Coastal wetland impoundments prevent access by 
commercially important aquatic species to the habitat areas and 
nursery grounds they replace . 

The hypotheses were to provide a focus for the analysis and 
synthesis of ecological characterization data from the 12 tasks. The 
12 task objectives were defined as follows: 

Task 1 to review the available literature, characterize sediments, 
and determine the hydrological and hydraulic attributes of 
impoundments . 

Task 2 to identify and analyze impoundment policy issues and 
monitor changes in policy concurrent with the ecological studies. 

Task 3 to study the hydrography, nutrient budgets and 
submerged aquatic productivity of impoundment systems. 

Task 4 to examine the distribution and primary production of 
grasses and other plants in and outside of the impoundments. 

Task 5 to characterize the populations of microscopic animals 
such as small crustacea, larval fishes, worms, etc. living in the 
sediment layer in impoundments. 

Task 6 to determine the abundance, seasonal cycles, and 
dynamics of zooplankton in impoundment systems. 

Task 7 to study the composition, structure, and population 
dynamics of macrobenthic invertebrates and decapod crustacea ie . 
clams, oysters, crabs and shrimp in impoundments . 



Rotenone is sometimes used by researchers (aboue) to acquire a 
representatiue sample of all the animals present in the impoundment at 
a giuen time. 

Task 8 to examine the community structure and food chain 
dynamics of fishes in impoundment systems. 

Task 9 to estimate the individual growth rates of ecologically 
important fishes, like Spot, in impoundments. 

Task 10 to determine the population structure and dynamics of 
waterfowl, wading birds, shorebirds , other fishing birds and birds of 
prey in impoundments. 

Task 11 to explore the seasonal abundance and productivity of 
microscopic algae living in the sedimentary layer of impoundments . 

Task 12 to disseminate project results through the Sea Grant 
Marine Extension Program. The Task researcher is to help profit 
and non-profit organizations develop sound management strategies 
for coastal wetland impoundments . 

The area chosen for the study was the Paddy Field Complex at 
the Tom Yawkey Wildlife Center in Georgetown County. The 
Complex is a perfect field laboratory for the study of saltmarsh 
impoundments. Located at the southwest corner of Cat Island, the 
Complex consists of a series of five impoundments which range in 
size from 3.6 to 6.9 square acres. These impoundments are directly 
adjacent to low saltmarsh, mud flats, and a tidal creek. Each 
impoundment is equipped with its own water control structure so 
that each unit could be managed independently . 

The first year of effort consisted of a series of spatial and 
temporal reconnaissance studies. First year work also 
concentrated on the development of sound operational and 
sampling techniques. These study findings would provide the basis 
for the ongoing ecological characterization of the impoundments. 
Researchers were well aware that the three year study would 
require innovative methodologies to fully characterize the ecology 
and productivity of these complex wetland systems. 

Interest in using the inherent productivity of South Carolina's 
coastal wetland impoundments has increased dramatically in 
recent years. While the major contributions of tidal marshes to the 
productivity of coastal waters have been studied intensively, very 
little is known about the various affects, whether beneficial or 
detrimental , of coastal wetland impoundments. The acquisition of 
information on the ecological processes within impoundments, and 
the associated relationships with adjacent natural wetland systems, 
has rightly been identified as a critical need for researchers, 
managers and regulatory agency personnel. 

35 
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Toxic Insecticides 

in a South Carolina fstuary 
Picture a pristine estuary in coastal South Carolina. Rainfall 

accounts for most of the fresh water; lush marsh vegetation and a 
variety of insects, fish and animals signals the productivity of the 
system. 

Yet, since this estuary is downwind of the cotton belt, a region of 
high pesticide use, traces of toxic compounds still filter insidiously 
into the food chain here. 

The area is North Inlet Estuary. The poisonous compound in 
question is toxaphene, a chlorinated hydrocarbon insecticide that 
was, for the most part, banned by the U.S. Environmental 
Protection Agency (E.P.A.) in 1982. 

Toxaphene has been considered one of the world's most used 
but least understood pesticides. It is 20 times more toxic to some 
fish than its deadly cousin DDT, and it is believed to be 
underreported in environmental samples due to interfering 
compounds and a low sensitivity to detection. 

The chemical, developed in 1945, became widely used in cotton 
fields throughout the southeast in the late 1940's through the early 
1980's. Shortly after each widespread aerial application, there were 
reports of fish dying in ponds adjacent to "dusted" fields. 

Lab studies subsequently indicated that toxaphene was harmful 
to fish and birds, and potentially cancer-causing to humans. 

Dr. Terry Hidleman, University of South Carolina, Department 
of Chemistry, undertook his studies of pesticide affects on North 
Inlet in 1981, prior to the ban on toxaphene, and completed his 
work a year after the ban, in 1983. During the study he examined 
the rainfall input of pesticides in order to determine the affects on 
the organisms living in North Inlet. 

Toxaphene was most abundant in rainfall and was found in the 
estuary in a higher concentration than any other compound tested 
for, Dr. Bidleman found. The reason for this high concentration 
was that as much as 60% of the toxaphene applied to crops had 
been found to be lost to the atmosphere. Scientists believe that 
airborne droplets were then carried by wind currents over long 
distances and deposited as "toxaphene rain" on surface waters far 
from where it was applied. Toxaphene also entered lakes and 
rivers as direct runoff from agriculture. 

Organisms such as oysters and plankton tested for toxaphene in 
North Inlet showed a lower chemical concentration than the water. 

Estuarine systems (aboue) can be sinks fo r both essential nutrients and deadly chemicals, like 
toxaphene. 



This South Carolina lake fish kill (above) is representative of the 
phenomena that prompted researchers to study the presence of 
toxaphene in the North Inlet Estuary. 

A possible explanation for this difference is that toxaphene's high 
water solubility precluded much chemical accumulation in living 
things. 

Dr. Bidleman used gas chromatography, a process that 
separates out the different components of a chemical so they can 
be studied individually, to look at how toxaphene broke down in 
the natural environment. He found that degraded toxaphene was 
just as toxic to certain varieties of fish as technical toxaphene. 

The level of toxaphene found in both the rainfall and in the 
estuary decr-eased, however, over the course of the two-year 
study, according to Mark Zaranski, a USC graduate student who 
assisted on the project. 

"We saw a general decrease in the high levels of toxaphene," 
Zaranski said. "I feel it's becoming less of a threat because it's not 
being used as widely now." 

The dangers involved with continued use of the pesticide were 
threat enough to concern the E.P.A., which banned most uses of 
toxaphene, for health reasons, in October of 1982. 

In addition to determining levels and effects of the insecticide, 
Dr. Bidleman's study presented one of the most complete data sets 
for pesticides in rainfall anywhere in the U.S., and helped provide 
input into the E.P.A. decision to ban toxaphene. 
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Medicines from l'larsb Grasses 

It is remarkable to think that salt grass and other natural 
resources of the marsh you see when you visit the coast provide 
more than half of the most important drugs used world-wide. 
Saltmarsh plants provide viable alternatives to petroleum as a . 
supplier of new medicinal agents. 

During a four-year project, Thomas B. Bryson, University of 
South Carolina, concentrated his research on salt grass (Distich/is 
spicata) and bullrush (Scirpus americanus). 

Dr. Brys~n's research revealed that both salt grass and bullrush 
display anti-cancer activity when exposed to crude ethanol 
extracts. His findings also disclosed that salt grass consists of 
steroidal components that can be converted into cortisone and 
other important steroidal drugs. Furthermore, salt grass contains 
appropriate feeding ingredients to raise silk worms for the fiber 
industry. 

Other important outcomes of Dr. Bryson's research included the 
development of an in-house testing procedure and various new 
separation techniques that efficiently isolate natural products. Both 
developments compliment external testing procedures. 

Data from this research has been supplied to a variety of major 
commercial and medical institutions, including the Argo-Chemical 
Division of Shell Oil, Lederle and Upjohn pharmaceutical 
companies, and the National Institute of Health. 

Salt marsh grass (above) is the source of many medically important drugs. 



Toxic Substances in a Common Marsh Grass 

Though once thought to be barren wastelands, salt marshes 
have come to be considered among the most productive of 
ecosystems. Scientists were, therefore, intrigued to learn that larval 
grass shrimp die soon after exposure to cut saltmarsh grass, 
Spartina alterniflora. 

Dr. Thomas A. Bryson, University of South Carolina, studied 
the seemingly toxic affects of Spartina in a 1981-1982 research 
project for the South Carolina Sea Grant Consortium. 

Dr. Bryson noted that mature grass shrimp were unaffected by 
exposure to crushed Spartina and, in fact, appeared to thrive in 
Spartina marshes . He also observed that aged Spartina had 
historically been used as a feed-stock for grazing organisms. These 
facts led Bryson to conclude that aging of the grass results in 
metabolism or clearing of the toxic substances in Spartina. 

Dr. Bryson was able to isolate a number of phytotoxins present 
in Spartina that may be lethal to larval grass shrimp. Among them 
were ferulic acid, vanillan , isovanillan, and tricin. These toxins have 
apparently evolved to protect Spartina from grazing predators 
during the early stages of the plant's life cycle. 

These findings are quite interesting in light of the fact that the 
shrimp life cycle is initiated in the salt marsh where Spartina grows 
and decays to provide marsh and sea nutrients. The coexistance of 
these two important life forms in the marsh, with such a potential 
for fatal encounter is further proof of the fragile balance of life in 
the Spartina salt marsh. 

a. 

~ .. 

Considered an indicator of productivity in marsh systems, marsh grass, Spartina alterniflora (above), may 
also be toxic to young grass shrimp. 39 
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Budget Summary 
fiscal Year 1981-1982 

PROJECT 

Administration 
Program Administration ........................................ . 

Aquaculture/Mariculture 
Aquaculture .................................................. . 

Fishery Development and Management 
Commercial Fisheries .......................................... . 
Pathology of Marine Organisms ................................. . 

New Marine Products 
Manne tsJomedicinals and Extracts 

Marine Environmental Research 
Pollution Studies .............................................. . 

Coastal Processes and Engineering 
Coastal Engineering ........................................... . 

Coastal Resources -
Development and Management 
Coastal Zone Management ..................................... . 

Marine Education and Training 
Course Development - Marine Biology .......................... . 
Education - Other ............................................ . 

Advisory Services 
Extension Marine Advisory Program ............................. . 

Communications and Information Services 
Communications .............................................. . 

NOAA GRANT STATE 
FUNDS MATCHING FUNDS 

60,600 126,400 

136,800 103,000 

71,200 46,800 
17,600 12,000 

33,400 29,100 

40,800 30,400 

22,300 10,900 

14,600 7,600 

6,600 3,300 
9,000 4,700 

90,500 86,500 

21,600 17,700 
$525,000 $478,400 



Budget Summary 
fiscal Year 1982-1983 

PROJECT 

Administration 
Program Administration .......... . ..... . .. . ...... . . . .. . . .. . ... . . 

Aquaculture/Mariculture 
Aquaculture . . .... ... ............... . .. . ..... . .. . .. . . .. . .. . ... . 

Fishery Development and Management 
Commercial Fisheries . . .............. . . .. ...... . .. . . ........... . 

New Marine Products 
Marine Biomedicinals and Extracts .... . .. . .. . ... . . ... . . .. . .. . ... . 

Marine Environment Research 
Coastal Policy Issues . . ... . ....... . .. ... . .. . ...... . . .. . .... . ... . . 
Ecosystems Research .... . .. .. . .. . .. . .. . .. .. . ..... .. . .. . .... .. . . 
Pollution Studies ... . . . .. . .. . .. . .. . .. . .. . .. . ... . .. . .. . ....... .. . . 

Marine Education and Training 
College Level . ... .. .. .. . ............... .. .. ................... . 
Education - Other .. . . . .. ........... . .. . .. .. . ......... . .. . .. .. . 

Advisory Services 
Extension Marine Advisory Program .. .. . . .. . ..... .. .. . .. . .. . .. . . . 

Communication and Information Services 
Communications . .. . ..... . .. . ..... . ..... . .. . ...... . ........... . 

SEA GRANT STATE 
FUNDS MATCHING FUNDS 

$40,000 $176,400 

$76,800 $43,600 

$36,300 $21,500 

$11,500 $9,700 

$29,600 $21,000 
$169,400 $102 ,700 

$25,300 $17,600 

$5,000 $5,000 
$15,000 $18,800 

$59,800 $48,700 

$27,700 $17,900 
$496,400 $482,900 
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South Carolina Sea Grant Consortium 
Project Summary 1981-1983 

PROJECT 

L PROGRAM ADMINISTRATION 
P/ AD-1 Program Management. .. .......... . . ... . . .. . .. . . . .. . . .. . .. . ... . ... . 
P/ AD-2 Program Development . ........... . ...... . . . .. . .... .... . .. . ....... . 

II . MARINE RESOURCES DEVELOPMENT - AQUACULTURE 

1981-82 

R/ A-1 Parasites of Eels......................... . ......... . .. . . .. . . . ...... F 
R/ A-2 Commercial Prawn Farming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F 
R/ A-3 Artificial Insemination - Prawns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R 
R/ A-10 Hard Clam Culture in S.C.... .... .. .. . . .. . . . . . . . . ....... . .. . ....... . F 
R/ A-12 Development of Finfish Mariculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
R/ A-13 Nursery Culture of Mollusks . . . ... . .. . .. . . . . . . ...... . .. . .. . . .. . . . .. . 

III . MARINE RESOURCE DEVELOPMENT - FISHERIES AND BIOMEDICINALS 
R/CF-1 Reproduction of Sharks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C 
R/CF-2 Automatic Shrimp Deheader . .. ........... . .............. .. . . . ..... . F 
R/CF-4 Bioenergetics- Hard Clams.. . ... . .. . . .. . . . . .. . .. . .... ... ........ . . F 
R/CF-6 Depuration - Oysters and Clams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-F 
R/P0-2 Ecology of Swordfish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C 
R/MX-1 Medicinal Agents from Invertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F 
R/MX-3 New Medicines from Salt Marsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C 

IV. MARINE ENVIRONMENTAL RESEARCH 
R/PS-1 Atmospheric Deposition- Toxaphene. .. . . ... . . ............... . .. . . . I 
R/PS-2 Toxic Substances of Spartina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-F 
A. Impoundment Subprogram 

R/ER-4 Ecology of Coastal Impoundments .. . .. . . .. . ... .... ....... . 

V. COASTAL RESOURCE DEVELOPMENT AND MANAGEMENT 
R/CZ-3 Urban Waterfront Planning .. ..... . .. . . . .. . . . .. .. . . .. . .. . ... . . . .... . F 
R/CZ-6 User Fee Issues ... .. . .. . .... .... . .... . .. . . . . ........ . ... ..... . ... . 
R/CZ-8 Effects of Flood Insurance Changes . . . .. . . . ..... . ..... . . . .. . .. .. ... . 

VI. MARINE OUTREACH PROGRAMS 
E/0-2 Educational TV Series ..... . .. . . .. . .... . .. . . ..... . .. . . . . .. . ... .. . . . 1-F 
E/0-8 Cooperative Minority Education . .. . .. . . . . .. . ..... . .. . ... ...... ... . . D 
E/CD-1 Applied Science Curriculum . .. . .. . . . . .. . . .. . .. . ....... .... . . .... . . . I 
E/TT-1 Teacher Training . . .. ..... . .. . . .. . .. . ... .. . .. . . . .. . . .... . .. . .... . . 
NE-1 Sea Grant Marine Extension Program . .. . . .. . .. . .... ....... . . .. . ... . c 

VII. NC-1 Communications and Information Services .... ... . . . ... ............. . c 

1982-83 

c 
c 

F 

c 
I 

F 

F 

F 

F 

1-F 
1-F 

F 
F 

1-F 
c 
c 

I Project Initiated 
c Project Continuing 
R Project Revised 
F Project Final 
D Project Initiated with 

Development Funds 



Sea Grant Development Projects 
1981-82 
a. "The Evolution of Fisheries Management as an Instrument of 

U.S . Foreign and Domestic Policy Since the Passage of the 
FCMA" (Herrick) ($4,000 federal; $2,800 match) . USC 

b. "Aquaculture Workshop, December 4/ 5, 1981" (Davidson) 
($4,800 federal). In-house 

c. "Support for Tours of South Carolina Mariculture Operations 
for Participants of World Mariculture Society Meeting in 
Charleston, S.C." (Sandifer) ($3,500 federal). MRRI 

d. "Coastal Heritage: A History of the South Carolina Coast" 
(Joyner) ($13,161 federal). USC 

e. "Paper Presentation at 4th International Biomineralization 
Symposium" (Dean) ($1,350 federal) . USC 

f. "Graduate Research Assistantships for the MPA Degree 
Program in Metropolitan Affairs and the MS Degree Program 
in Marine Biology- Supplemental Award to E/CD-1" (Bevan) 
($7,200 federal) . CHEC 

g. "Minority Research Apprenticeship Program" (Arrington) 
($5,400 federal). S.C. State 

1982-83 

a. "EPNICF Workshop on Sea-Level Rise" (Colquhoun) ($715 
federal). USC. 

b. "Aquaculture Information Dissemination" (Taylor) ($1,500 
federal). MRRI. 

c. "Sea Grant Port Initiative Workshop" (Stough, Brillat) ($1 ,000 
federal). C of C. 

d. "Low Country Science Fair" (Hamill) ($1,500 federal). C of C. 
e. "Impoundment Meiofauna Studies" (Coull) ($1,200 federal) . 

usc 
f. "Stone Crab Biology" (Wenner) ($2,500 federal). MRRI. 
g. "Power Boaters and Sail Boaters in Beaufort County, South 

County, S.C. - A Segmentation Analysis" (Potts) ($2,000 
federal). MAS. 

h. "Submerged Lands Management Conference-Participation" 
(Tompkins) ($500 federal) . USC. 

1. "Role of Lysyl·tRNA Synthetase from Shrimp in Synthesizing 
Ap4A: Isolation and Purification of Antibodies for Lysyl-tRNA 
Synthetase" (Hilderman) ($8,790 federal) . Clemson. 

j. "Research Support for Yoichiro lnazuka-Supplemental 
Funding for Impoundment Nutrient Studies" (McKellar) ($750 
federal) . USC. 

k. "An Assessment of Limited Entry Management Options for 
the S.C. Shrimp Fishery" (London) ($3,000 federal). C of C. 
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South Carolina Sea Grant Consortium 
Publications 
Technical Reports 
SC-SG-TR-81 -01 
A Study of Shore Erosion Management Options in South Carolina. 

J .B. London, J.S. Fisher, G .A Zarillo, J.E. Montgomery, and 
B.L Edge. 246pp. 

SC-SG-TR-81-02 
The Relationship of Port Development and Urban Waterfront 

Revitalization . J .M. Armstrong, H.M. Johnson, R.G. 
Ciabattari, and R.R. Stough. 103pp. 

SC-SG-TR-81 -03 
Species Assemblages, Distribution, and Abundance of Fishes and 

Decapod Crustaceans from the Winyah Bay Estuarine System, 
South Carolina. E.L Wenner, W.P. Coon, M.H. Shealy and P.A. 
Sandifer. 61 pp. 

SC-SG -TR-81 -04 
A Baseline Study of Selected Impoundments in Georgetown 

County, South Carolina. N.C. Alon. 44pp. 
SC-SG-TR-81 -05 
The Effects of Dredging Salt Marsh Creeks. E.A. Caine and 

E.W.S . Hull. 44pp. 
SC-SG-TR-82-01 
The Search and Review of Elementary Marine Education Materials. 

J .M. Liu and W.B. Allen. 88pp. 
SC-SG-TR-82-02 
A Compilation of Aquaculture Materials for the State of South 

Carolina. M.A. Davidson, ed. 61pp. 

Proceedings 
SC-SG-PR-81 -01 
Fuel Conservation for Commercial Fishermen: Proceedings of a 

Workshop. R. Rhodes and D. Smith, eds. 15pp. 
SC-SG-PR-82-01 
The Marine Natural Bait Industry: Proceedings of a Workshop. 

S .M. Muniak and R.J . Rhodes, eds. 62pp. 
SC-SG-CP-82-01 
Coastal Development: Past, Present , and Future . H. Wilson , ed . 

104pp. 
SC-SG-PR-83-01 
The Visual Assessment of Fish Populations in the Southeastern 

United States: Proceedings of a Workshop. C.A Barans and 
S.A Bortone, eds. 52pp. 

Pamphlets 
SC-MAS-81 -01 
Intensive Hard Clam Mariculture: A Primer for South Carolina 

Watermen. J.J. Manzi and J .M. Whetstone. 
SC-MAS-81 -02 
Guide to Flounder Fishing in South Carolina. J.W. Smith. 
SC-MEP-83 -01 
A is for Alligator, B is for Beaches. S . Hoffius. 

SC-SG-CP-83-01 
South Carolina's Migrating Beaches. H.S . Wilson, ed. 91pp. 

Brochures 
SC-MEP-83 -02 
South Carolina Lowcountry and Resort Islands: A Guide . (Misc . 

Authors) 
SC-MEP-83 -03 
Scuba Diving. J . Keener. 

Posters 
SC-MEP-83-04 
The Gulf Stream: Locating it off the Coast of South Carolina. J . 

Keener. 
SC-MEP-83 -05 
In Case of Diving Accident ... Emergency Consultation. J . Keener. 
SC-MEP-83-06 
Emergency Phone Numbers for Marine Problems. T. Sweeny. 

Newsletter 
Coastal Heritage: A Bulletin of the Coastal Heritage Program of 
the South Carolina Sea Grant Consortium. 

No. 1 (March-April, 1982) 
South Carolina's Coastal Heritage 

No. 2 (May-June, 1982) 
Coastal Storms and Storm Preparedness 

No.3 (July-Aug., 1982) 
Coastal Recreation 

No.4 (Nov. -Dec., 1982) 

History of Commercial Fisheries 
No.5 (Spring, 1983) 

History of Aquaculture 
No. 6 (Summer, 1983) 

Beach Erosion 
No.7 (Fall-Winter, 1983) 

Boatbuilding and Tide Craft 


