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PREFACE

Coastal wetland impoundments, remnants of a once-flourishing rice
culture industry, are the focus of a wetlands management controversy in
the State of South Carolina. At one time, impoundments comprised
approximately 29% of the State's S04,000 acres of tidal wetlands.
Approximately 15% of these wetlands are currently impounded and are
managed primarily for waterfowl habitat. Recent interest in reimpounding
formerly impounded wetlands for additional waterfowl habitat and
aquaculture has raised a number of ecological, policy and management
questions. The controversy has focused on the question of how the state
should regulate and monitor activities proposed for wetland areas which
had been or are now impounded.

The Coastal Wetland Impoundment Project (CWIP) was designed to
generate the first comprehensive characterization of a coastal impoundment
system in Scuth Carclina. The purpose of this investigation was ta
develop an information base which eould be used by policy-makers and
regulatory agencies to address the complex questions surrounding this
valuable state resource.

The CWIP, a multi-institutional effort, was conducted at the Tom
Yawkey Wildlife Center, near Georgetown, S. C., from summer 1982 to spring
1985. FEach element of this four-year effort was reviewed by a peer group
of scientists in each area to maintain scientific quality. The results of
the CWIP are presented in three volumes: Volume I - Executive Summary;
Volume II ~ Technical Synthesis; and Volume III - Technical Appendix.
Volume I provides a concise statement of the research findings, along with
a summary of research, management, and policy recommendations. Volume II
contains the detailed results of the CWIP and has been organized up into
nine sections. Volume III provides supplemental technical data and
information which support the results presented in Volume II. As a whole,
the three-volume synthesis represents the efforts of a variety of
individuals involved in the CWIP during the last four years.

Due to the number of perspectives represented in the CWIP synthesis,
the terms "coastal wetland impoundments, "impoundments", "former rice
fields", "diked wetlands", "impounded wetlands" and "managed wetlands"
have been used interchangeably.

Ary opinions expressed withir the chapters of Volume II are those of

the individual authors and not necessarily those of the editors or the
South Carolina Sea Grant Consortium.
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SECTION 1

INTRODUCTION AND BACKGROUND






Chapter 1
Historical Review of Scuth Carolirna's Impoundments

M. E. Tompkins

South Carolina's coastal lands, and especially its wetlands, have
long served as one of the state's greatest natural resources. The U.S.
Fish and Wildlife Service reports that with over 504,000 acres of
wetlands, South Carolina has about 20% of the wetlands acreage on the East
Coast and 11% of the remaining acreage in the United States (Tiner, 1977;
0.T.A., 1984). These studies also indicate that approximately 8% of the
nation's coastal wetlands were lost between the mid-1950s and mid-1970s.
Recent Interior Department estimates suggest that more than L00,000
wetland acres are disappearing every year. Conseguently, how to best use,
manage, and conserve this threatened stock of coastal wetlands has become
a question of increasing interest. In South Carolina, the use and
activities in coastal wetland impoundments have posed a number of
important questions for the state and its citizens for several years.
These managed sites, often called impoundments in recent years, provide
the focus for the research reported here.

Settlement of the state began in the coastal communities, where it was
supported by trade, production of raval stores, and, subsequently,
lucrative rice and indige crops {Weir, 1983). Most of the diked wetland
sites in the state can be traced back to the days of rice culture. As
Weir notes, "at first, rice was sometimes grown on dry land like other

crops, but planters soon learned that irrigation could be used to



stimulate growth, control weeds, and drown insects" (Weir, 1983).
Apparently first grown as early as 1670 (McCrady, 1901; Heyward, 1937),
rice had emerged as a profitable staple crop by 1695 (Ackerman, 1977;
Sirmans, 1977). By the begirning of the 1700s, a substantial rice
culture, based on waterfront plantatiors, had already emerged in the Goose
Creek area (Heitzler, 1983). For years, the entire colony's growth was
driven by the expanding rice culture. "Ir 1700 slightly under 400,000
pounds [of rice] were exported; during each of the next two decades
exports quadrupled and then nearly tripled again during the 1720's... In
all probability, the amount of new land cleared and planted in rice during
the 1730's matched the total brought under cultivation during the previous
forty years" (Weir, 1983). Much of this rice was produced for export,
with ports in Holland, Germany, anrd Portugal dominating the market
(McCrady, 1899). The market for rice declined dramatically ir the 1ThOs,
but the problems this created for South Carolira's rice planters were
ameliorated by the emergence of markets for indigo and later after the
Revolutiorary War, for cotton. Rice and indigo flourished along the upper
part of the coast, with Georgetown defining the northerr limit of rice
culture (apart an area around the Cape Fear River), while in the Beaufort
area, rice culture competed with sea island cotton (Rogers, 1970; Kovacik
ard Masorn, 1985). Rogers (1970} estimated that the Georgetown area of the

state alore produced rearly half the nation's total rice crop by 1840.

THE RICE-CULTURE PERIOD

As rice became a valuable crop, the land it was grown on grew in
value. Ir the early colonial period, land policy was shaped by the Lords
Proprietors, who received their charter in 1663. They granted larnd to
individuals, often on request, viewing their grants as serving four
purposes according to Ackerman (1977): "as a means of encouragirg
immigration, a reward for services beneficial to the colony, a return on
investments in the colony, and a -source of revenue.”" A grart was obtained
by petitioring the Governor and Courcil, who would then issue a warrent
authorizing a survey of the tract (generally ranging from 50 to 100 acres
per family member, although much larger grants were assembled ir some

cases). The resulting survey provided the basis for the grant from the



Proprietors or the Crown, usually after fees and "quitrents" were paid
(Weir, 1983). However, some were allowed to purchase their lands
outright.

Conflict over the payments owed the proprietors and their land
policies produced increasing controversy in the colony. The passage in
1695-1696 of what became known as Archdale's Laws conceded a greater role
to the colonial assembly (Ackerman, 1977). The proprietors increasingly
sought to restrict grants of land and to ensure the payment of quitrents
they felt they were due. The assembly responded by refusing to recognize
proprietary authority in the so-called Revolution of 1719 (McCrady,

1899). Ackerman (1977} attributed the revolution, in part, to the
"ehaotic land system." "Although they did not give up legal possession
until 1729, the proprietors' actual control of the colony ended in 1719"
(Ackerman, 1977). The Crown took provisional control of the c¢olony in
1720 and returned the land to royal control through the purchase of seven
of the eight proprietor's shares irn 1729 through ar act of Parliament
{Ackerman, 1977).

The new Royal Governor, a substantial landholder with ties to the
proprietors, moved after his arrival in 1730 to restore order to the land
system. In 1731, the Quit Rent Act was passed, establishing the basis for
new grants and for the resolution of old claims to land. When the royal
governmert began granting land, there "was a rush to grab potential rice
lands at the periphery of settlement. In less than two years, for example,
the entire areas between the Combahee and Coosawatchie rivers, which would
become Prince William's Parish, passed irto private hands" {Weir, 1983).
The resulting controversy over the Interpretation of old grants, the
speculation encouraged by thelnew act, and the application of the Quit
Rent Act in general, "ended in a general victory for those favoring a
liberal land system" (Ackerman, 1977). The resulting expansion proceeded

"...those who wanted additional rice land in South

so rapidly that
Carolira by the mid-eighteenth century almost had to buy, inherit, or
marry it" (Weir, 1983).

This rush was stimulated by the developing craft of rice culture,
which had quickly developed into an enterprise requiring extensi;e
irrigation. This initially lead to the use of fields located next to

inland waters, then subsequently to fields in which water levels could be



manipulated through the influence of tidal cycles. The development of
this tidal culture (sometime before the middle of the eighteenth century)
roughly doubled the productivity of field hands (Heyward, 1937; Weir,
1983). By the end of the century, these tidally influenced fields
dominated the production of rice. It was, nonetheless, difficult to
prepare a rice field, because swamps and hardwood bottomlarnd forests had
to be cleared, and dikes, level beds, drainage ditches, water reservoirs,
and surrounding embankments had to be prepared. All of this was dore with
hand implements no different from those used for hundreds of years
(Heitzler, 1983). Much of the work was done by slaves. Consequently,
slavery played & critical role in the rice economy.

During the early part of the nineteenth century, rice culture
continued to play an important role in South Carolina's economy . Its
growth was facilitated by the development of mechanical mills, which
replaced the woodern mortar and pestle, for preparing the rice for market
(Heyward, 1937). Prices peaked in 1805 and continued at high levels for
the next decade in response to the European wars (Heyward, 1937). Prices
rose again late in that decade, then stabilized during the 1820s
(Freehling, 1965).

Sea island cotton also played an important role in the development of
coastal plantations along the lower portion of the coast during the early
part of the nineteenth century. Much of this cotton was grown on lowland
or drained sites protected by dikes, which would later become a part of
the state's impoundment resource. By the 18L0s some planters were
draining salt marshes to create cotton fields (Kovacik and Mason, 1985).
This cotton did not compete with the short-staple cotton grown elsewhere
and, as a result, 4id not suffer from the problems of overproduction that
plagued the regular cotton crop. Ramsay dates its emergence as an
important crop in the state to the period following the Revolution, with
the first big export crop emerging in 1795 (Ramsay, 1809, in Bruchey,
1967). Export records for the entire country suggest that the peak years
for sea island cotton productlon occurred in 1823 and 1827 (Bruchey,
1967). Problems with control of the fiber's quality emerged during this
period, bdt Freehling (1965) and Smith (1958) suggested that production
had improved enough by the early 1830s for cotton to become a significart

erop for low-country planters. Smith (1958) provided some evidence from



export data suggesting that production of these fine fibers declined
gradually until the 1850s, then suddenly grew dramatically in 1852 and
continued to grow until 1860 (also see: Bruchey, 1967). Smith attributed
this growth in production to the use of guano-based fertilizers introduced
during this period. His evidence also suggests that sea island cotton
production remained secondary to rice culture even in the Beaufort
District in the 1850s (Smith, 1958).

Rogers reported that rice production continued to grow during the
period from 1840 to 1860. Production figures from Charleston and
Georgetown county {Table 1.1) reveal the dominance of the South Carolina
plantations in the nation's rice production during this period.
Difficulties emerged during this period; South Carolina's rice production
grew until the Civil War, but tiz 11:131'3 prodiziioa was also growing.
This competition grew sharply following the Civil War as rice emerged as
an important crop in Arkansas, Louisiana, and Texas. A more favorable
climate in these states, coupled with upland planting and pumped
irrigation water, produced rice at a lower cost than South Carclina

planters were able to achieve.

THE DEMISE OF RICE CULTURE

The aftermath of the Civil War brought new disruptions to rice
culture. Economic difficulties, including crop failures in 1865, 1866,
1867 {Rogers, 1970}, and an unreliable labor supply handicapped planters
who tried to continue rice cultivation. Natural catastrophes, including
storms and more frequent freshets attributed to "the draining of fields
and destruction of forests in the upper part of the state" (Rogers, 1970)
created further difficulties that eventually proved insurmountable. In
Georgetown County, for example, the peak harvest during Reconstruction
came in 1872, when 16,900 acres were planted (compared to an average of
46,000 up to 1860), and the harvest amounted to an estimated 9,105,000
pounds (compared to the peak harvest of 57,077,000 pounds in 1859). This
harvest was preceeded by a wet harvest in 1871 and followed by a heavy and
protracted freshet from August to mid-October in 1873 {Roger, 1970).

In spite of several attempts to revive the declining industry, it

essentially died out in the years that followed. Doar (1936} reported



that the harvest had declined to 418,722 pounds in 1906. Heyward (1937)
attributed the beginning of the final decline to competition from crops in

Louisiana, Texas, and Arkansas which he dated to 1885. Ravenel (in Doar,

Table 1.1
Rice production {irn pounds) in the U.S.

and selected South Carolina counties (Rogers, 1970).

Location 1840 1850 1860
National production 80,841, k22 215,313,497 187,167,032
South Carolina

Georgetown Distriect 36,360,000 46,765,040 55,805,385
Charleston Distriet 11,938,750 15,700,603 18,899,512
Begufort Distriet 5,629,402 hT1,230,082 18,790,918
Colleton District 5,483,533 45,308,660 22,838,984

1936), one of the last planters, attributed the decline to competition for
the labor supply, notably with phosphate mining and the timber industry.
Heyward reported planting his last commercial crop in 1913, with storms in
the several preceding years damaging the fields beyond repair. Mrs.
Elizabeth W. Allston Pringle ("Patience Pennington") abandoned her efforts
to grow rice at White House Plantation in 1906 (and earlier at Chicora
Wood) (Pernington, 1961). Burton (in Doar, 1936) identified Theodore D.
Ravenel as the "last large commercial rice planter in South Carolina"; he
planted rice on the Cooper River, then the Fdisto, ard firally the
Combahee, until 1927.

The sea island cotton industry remained important in the decades
following the Civil War, although the acreage devoted to its cultivation
declined {Kovacik and Mason, 1985). Planters remained optimistic about
the value of the crop through the turn of the century, but "the boll
weevil in 1919 struck the Sea Island cotton crop such a devastating blow
(90 per cent crop failure) that the planters gave up the crop" (Lander,

1960). Wallace quoted a 1932 story in the Charleston News and Courier

which indicated that the crop had been "virtually abandoned" (Wallace,



1934); according to Kovacik and Mason (1985), the last crop was grown on
John's Island in 1956.

IMPOUNDMENTS IN THE TWENTIETH CENTURY

Interest in another resource often identified with the coast
emerged in the post-Reconstruction era. President Grover Cleveland
visited a friend on South Island in 1884 for a duck-hunting expedition;
his unwelcome but widely publicized swim (and timely rescue), coupled with
articles in the popular press, drew attention to the old plantations. By
1905, Bernard Baruch had completed the purchase of the various properties
at the foot of Waccamaw Neck recreating what he called, "Hobcaw Barony,"
(Rogers, 1970), while the properties comprisirg what is now known as
Brookgreen Gardens were assembled in 1930. Rogers (1970) has detailed the
sale of many other plantations over these years: "By 1931 there was
scarcely a plantation left in the hands of native South Carolinians. The
final spate of purchases had taken place after the stock market crash of
1929. Money in land was safer than money in stocks.,"

The waterfowl resource had not gone unnoticed in earlier years;
indeed, its great abundance required little comment. Heyward (1937)
suggested that the reason planters before the Civil War"... did not care
for duck shooting was that these birds were then so plentiful in their
fields, and hence so easily killed, that their killing was not considered
good sport.”

Other industries identified with the coastal areas also grew in
importance after the beginning of the twentieth century. BSawmills became
an important industry in the state, to the point that after 1900, it
became ore of the state's top producers of wealth. With the developmert
of technologies for the manufacture of wrapping paper and cardboard from
softwood pulp, the coastal regions turned to these related industries
(Larder, 1960). These would later become particularly importart in the
Georgetown area (Rogers, 1970) following the construction of International
Paper's facility. As a result, a number of old plantation sites were
acquired for the extensive forests located on them.

Interest in waterfowl hunting continues to play ar important role

ir shaping the use of these wetland fields and the old plantations. The



timber industry also remains interested in these sites. Other uses have
emerged as well. Substantial areas have been granted to the state, for
public preservation and game management. Because the old plantations
consist of large contiguous tracts of land, with substantial waterfront
acreage, they have also been used as the sites for developments for
residences, vacation homes, and resorts. Each of these activities is,
nonetheless, based on the fields created for rice arnd cotton culture
during the eighteenth and nineteenth century -- but now used for other

purposes.
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Chapter 2
Coastal Wetland Impoundmernt Project: Problem Identification
and Project Description

M. R. DeVoe and D. S. Baughman

PROBLEM IDENTIFICATION

Although extensive activities have placed pressures on South
Carolina's wetlands resource, estimates indicate that less than 300 acres
of the state's 504,000 acres of coastal wetlands have been destroyed or
lost since 1978 (J. Smith, personal communication). Recent attention,
however, has focused on the fate of the state's managed wetlands, or
impoundments, remnants of the once-flourishing rice culture industry of
the nineteenth century. Representing approximately 29% of South
Carolina's wetlands, over 70,000 acres remain encompassed by earthen dikes
with functional water-control structures, and another 74,000 acres
represent previously impounded areas that have lost their structural
integrity through natural deterioration and neglect by man.

The abundance of this rice-field acreage had been viewed in the past
as a coastal resource for which no development or improvement
modifications were sought. Recent interest, however, in converting these
unutilized areas for waterfowl management, aquaculture, and other uses has
increased significantly. Those individuals who c¢laim title of ownership
or, at the least, assume ownership are now realizing that converting
unused diked wetland areas or reimpounding former rice fields for active

management can result in economic benefits.
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This surge in interest in South Carolina resulted in some 20 permit
applications for the repair or reconstruction of over 3000 acres of former
rice fields between 1967 and 1981. Since 1981, at least another half
dozen impoundment applications have been submitted to the State of South
Carolina for consideration. It has been through the permitting process at
both the state and federal levels that the major issues surrocunding the

current impoundment controversy have emerged.

Regulatory and Policy Issues

Current South Carolina policies clearly state that the construction
of impoundment dikes is prohibited in natural wetland areas. Construction
activities within existing impoundment systems do not require permit
approval unless cross diking is involved. The condition of cross dikes in
an existing impoundment requires a letter of approval from the South
Carolina Coastal Council and a Section 404 permit (Clean Water Act of
1977, et seq.) from the U.S. Army Corps of Engineers, which allows an
applicant to conduct dredge-and-fill activities in navigable waters.

The permit and decision-making process becomes more complex when the
proposed activity involves formerly impounded wetlands. Regulations are
in place to allow for the reimpoundment of former rice fields as long as a
geries of permits are acquired at both the state and federal levels.
However, the activity must be shown to be in the public interest.

The complexity of the regulatory process is evident when the process
is examined in more detail. At least 13 state and federal agencies are
involved in the permit and decision-making process regarding impoundments,
primarily through public notices. At the state level, the following
agencies have played a major role: South Carolina Wildlife and Marine
Resources Department, South Carolina Department of Health and
Environmental Control, and the South Carolina Attorney General's Office.
On the federal side, the U.S. Fish and Wildlife Service (Department of the
Interior), the National Marine Fisheries Service (Department of Commerce),
and the U.S. Environmental Protection Agency in particular have voiced
strong concerns during public-notice periods of several impoundment permit
applications.

Also intimately involved in the impoundment controversy are the

coastal landowners and impoundment managers (e.g., the Historic Ricefields
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Association), environmental organizations (e.g., the Sierra Club, and the
S.C. Wildlife Federation), and concerned citizen groups (e.g., the S.C.
League of Women Voters). These groups have also taken the opportunity to
state their respective positions on the issues in the publie-notice
period.

During the consideration of recent permit applications, the lack of
available scientific information on impoundment systems emerged as a major
obstacle in the decision-making process. This lack of data has affected
the ability of state and federal regulatory agencies to make well-informed
decisions on permit applications for impoundment activities, and hence the
arguments used by all parties either opposed to or in favor of
impoundments have been based primarily on data gathered from research on
estuarine wetland systems. This situation has led to a number of
disagreements among scientists, managers, and regulators on how best to
interpret and apply these data to the current controversy. To further
complicate this situation, the available literature suggests conflicting
opinions among the scientific community.

One case, now before the S5.C. Supreme Court, illustrates the dilemma
clearly. In December 1981, after eight years of consideration, the 5.C.
Coastal Council issued a permit to allow the reimpoundment of 660 acres of
wetlands in the Santee Delta region of South Carolina. The permit was
immediately appealed by the S.C. Attorney General's Office and by several
environmental and public-interest groups. The matter was referred to a
hearing officer for the purpose of developing a "Findings of Fact”
document. A hearing was held, and many experts in environmental science
were called to testify. It was apparent from the "Findings of Fact"
(smith, 1982) that a large data gap existed with respect to marsh
impoundments and subsequent effects on adjacent natural wetlands:
"Opinions concerning the impact of the impoundment on the Santee Delta
varied from expert to expert and in some respects depended upon whether or
not the opinion came from a waterfowl biologist or from a marine
biologist....It was conceded by all of the scientists...that far more
research is needed with regard to impoundments in general, and in
particular their effects on adjacent undisturbed wetlands [and] their

Ll

productivity... This situation illustrates one of the key factors in the

impoundment controversy: the development of consistent impoundment
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policies and the process by which permit decizions are made are hindered
by the lack of fundamental scientific data.

One additional factor that requires attention is the issue concerning
ownership. While ownership of submerged lands is a complex subject and is
dealt with only briefly in Chapter 3, it has become more entwined within
the impoundment controversy because of complexities inherent in the state
regulatroy process. The state's agencies do not require proof of
ownership form applicants seeking permits to repair or restore formerly
impounded areas, despite the fact that the State of South Carolina,
through the S.C. Attorney General's Office, assumes ownership over all
tidelands within its borders. On the other hand, private landowners who
claim ownership over these iands base their claims on the fact that they
can trace title back to King's Grants or grants by the state in the
seventeenth and eighteenth centuries. As a result, each application
submitted to the state permit agencies for impoundment repairs or
restoration has been challenged by the attorney general's office on the
basis of ownership. Each application may require a formal opinion by the
attorney general's Office to validate claims of ownership while the state

permit agencies are acting on the application.

Ecological and Scientific Issues

Numerous studies have been conducted on estuarine and salt-marsh
systems on the East and Gulf coasts of the United States (see: Sandifer et
al., 1980 for a review). Schelske and Odum (1962) attributed the high
productivity of these waters to tidal action, abundant nutrient supplies,
conservation and rapid turnover of nutrients, three units of primary
production (macrophytes, benthic algae, and phytoplankton), and year-round
production. The "outwelling” of nutrients and organic detritus from salt
marshes has been compared with the "upwelling" of nutrients from deep
water in supporting the productivity of the adjacent waters and coastal
fisheries.

In addition to the multitude of studies on salt-marsh productivity,
considerable research has focused on the utilization of salt marshes by
larval and juvenile stages of finfish and shellfish (e.g., Giles and

Famora, 1973; Weinstein, 1979; Epifanio et. al., 198L; Zimmerman et al.,
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1984). This research suggests that estuarine marsh habitat is essential
to the life cycle of a large number of transient estuarine species.

It is not known to what degree these ecological attributes are
characteristic of coastal wetland impoundments; however, some information
is available., Work by Copeland (197L4) has suggested that new ecological
systems replace old ones when a portion of an estuary is impounded, and
significant changes in hydrography occur simultaneously. Overall, it
appears that water circulation is decreased and in some cases may become
virtually nonexistent; the nature of the substrate changes as a resulf of
increased sedimentation, aquatic vegetation may be smothered, and water
salinity, temperature, oxygen, pH, and nutrient levels are affected
{Copeland, 19T4; Dean, 1975). Draining and filling practices and
variations in hydrographic variables may affect the diversity of species
occuring within shallow rice-field impoundments. BSeveral studies (Gilmore
et al., 1981; Harrington and Harrington, 1982; Rogers and Herke, 1985)
have shown that wetland impoundment and weir systems significantly affect
the abundance and diversity of estuarine fish species which characterize
adjacent open wetland areas. Although such areas are able to support a
limited variety of estuarine species, their productivity is reportedly
high (Dean, 1975).

We have very little direct knowledge of how the basic functional
processes of impoundment systems related to those of natural wetland
ecosystems. Nevertheless, some important background information is
available from South Carolina. For well over a decade, scientists at the
state's Wildlife and Marine Resources Department have conducted research
emphagizing development of better habitat management procedures for
waterfowl {e.g., Wilkinson, 1970, 1976; McKenzie et al., 1980). Other
research by department scientists has included the use of marsh
impoundments for mariculture (Lunz, 1951, 1968; Bearden, 1967; Anderson,
1976; Manzi et al., 1977), the importance of impoundments to endangered
species (Murphy and Coker, 1978; Wilkinson, 1985; Endangered Species
Section, unpublished reports), and general ecology and productivity of
impoundments {(Tiner et al., 1976; Tiner, 1977; Manzi et al., 1977;
Sandifer et al., 1980).

At the University of South Carolina, extensive field studies have

been conducted on the ecology of intertidal habitats and old rice fields
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{Dean, 1973, 1975, 1979; Dennis, 1977; Shenker and Dean, 1979; Bozeman and
Dean, 1980; and Reis and Dean, 1981). A group of researchers at The
Citadel has studied the vegetation associated with abandoned rice-field
impoundments and adjacent wetlands in freshwater areas to determine
possible successional patterns (Kelley, 1982). 1Investigators at Clemson
University's College of Engineering have studied impoundment design and
construction (Zielinski et al., 1978; Zielinski and Castro, 1979}.

Managed impoundment systems appear to be quite productive. BSandifer
and Miglarese (1982) have suggested that impounded wetlands may enhance
the productivity of estuarine areas by 'providing nursery grounds and
spawning sites for zooplankton, which are then pericdically released into
the open estuary when water is released" from the impoundment. Relative
to export from impoundments, Joyner (personal communication) indicates
that full consideration is not given to the amount of nutrients that are
removed from these systems by organisms that "fly, swim or crawl away";
for example, tens of thousands of wintering ducks can fly away with a
great quantity of nutrients. Conversely, conflicting statements, based on
early estuarine ecological studies, have been offered to dismiss arguments
for the restoration and repair of impoundment systems. In a 1984 letter
from the U.S. Fish and Wildlife Service to the U.S. Army Corps of
Engineers, Charleston District, requesting that a permit application be
elevated to the corps office in Washington, D.C., the productivity in
impoundments was attributed to the closed system functioning as a nutrient
sink. Basing their argument on reports by Teal (1962) that tidal flushing
removes 45% of the nutrient material from the open-marsh system, the U.S.
Fish and Wildlife Service maintains that impoundment productivity is due
to the fact that there is little or no export of nutrient material
available for recycling. Related to this are arguments that organic
materials, which serve as foundational elements in the food chain, are
introduced into the open wetlands system through detrital export and
phytoplankten production during normal tidal flushing. It has been
suggrested that the creation of impoundments removes acreage from the open
system, thereby diminishing the export of detrital material and the
productivity of the overall system.

What complicates the situation even more is the current reevaluation

by estuarine scientists of the role wetlands play in contributing to the
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productivity of estuarine and coastal waters. Scientists at the Institute
of Ecology, University of Georgia indicate that recent studies conducted
by the institute have led to a reevaluation of earlier conclusions
concerning carbon and nutrient export from marshes; that is, the degree to
which marshes export carbon and nutrients to their associated estuaries is
"an open question, in large part depending on site-specific hydrological
factors," They go on to suggest that agency concerns over the use of
marshes as nursery grounds for marine organisms are valid, but that
uncertainty exists as to the "quantification of this value." Nixon (1980)
suggested, in reference to the importance of outwelling from salt marshes
to expanded or intensive fisheries in coastal waters where upwelling is
not a factor, that the argument first put forward in support of the
trophic importance of outwelling is not wvery convincing.

Nevertheless, our understanding of impoundment processess and
productivity is fragmentary at best, and comparisons with the processes
and productivity of open marches are completely lacking., In a
comprehensive ecological characterization of the sea islands coastline of
South Carolina, Sandifer et al., (1980) concluded that '"Despite their
abundance and the increased pressure for reclamation, little research is
presently underway to study the ecolegical processes of impounded
wetlands. The general lack of knowledge concerning saltmarsh impoundments

makes this area of marsh ecology & principal data gap."

Impoundment Manhagement Concerns

The management of existing impoundment systems has increasingly
received attention over the last five to ten yeers. Management techniques
employed by managers vary from one system to another; there is no
"ecookbook™ approach to management., Although debate has centered or
whether the impoundment of former rice-fields results in the isclation of
the wetland from the surrounding estuarine system, little attention has
been paid to the effects of various impoundment management schemes
currently employed throughout Scuth Carolina. It appears that different
management regimes can significantly affect the ecological attributes of
the "local™ estuarine system. Thus, the quality of management has become
the focus of some concern., Indeed, several South Carolina authorities

have egtimated that less than 50 percent of all functional impoundments
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are actually belng effectively managed. However, nowhere does there exist
a source of information on the current distribution, management, use, and

overall status of impoundment fields in South Carolina.

Impoundmerts in South Carolina: The Issues

The major issues in this wetland controversy have touched on
important aspects of our knowledge of wetland ecology and how this
knowledge is translated into public policies and refinement of impoundment
management techniques. Major concerns regarding the restoration of
wetland impoundments include {1) the purported impacts on tidal exchange
(including biomass and nutrient fluxes), nursery and habitat for aquatic
organisms, and overall wetlands productivity; {(2) the issues regarding the
diverse and vague nature of state and federal impoundment policies; and
(3) the lack of knowledge on the status of existing and formerly impounded
wetlands and the variety of techniques employed by impoundment managers.
Unfortuately, the information base on which the impoundment controversy
has beer argued is fragmentary at best, and comparisons between open-marsh
and impoundment systems are completely lacking. This large data gap
stimulated the South Carolira Sea Grant Consortium to develop and

undertake the Coastal Wetland Impoundment Project.

THE COASTAL WETLAND IMPOUNDMENT PROJECT - PURPOSE AND SCOPE

The Coastal Wetland Impoundment Project (CWIP) was designed and
initiated by the South Carolina Sea Grant Consortium in September 1982.
The overall goal of this trans-disciplinary and multi-institutional effort
was to provide an initial comprehensive characterization of coastal
impoundment distribution, management, use, and ecology.

The ecological study components of the CWIP were initiated to
identify to what degree the impoundment of intertidal wetlands alters
wetland processes and to evaluate whether this modification has an impact
on the resources dependent on the ecological functioning of adjacent
wetlands. This identified need provided the basis for the development of
the CWIP as an integrated research and extension project to examine the
issues with respect to (1) state and federal impoundment policies, (2) the

relationship of impoundments to wetland ecology, and (3) the effects of
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impoundment management on wetland systems. However, these issues are
extremely broad in scope, largely because of the complex nature of the
problem. Thus, the CWIP represents the inital stage of investigation on
these systems and, by necessity, the study findings can not be
extrapolated to all systems. The study does, however yield information
relevant to the resolution to the complex gquestions surrounding

impoundments.

General Ojectives

Upon a thorough review of the available information on coastal
impoundments and detailed discussions with representatives of natural
resource and regulatory agencies, impoundment managers, and environmental
organizations, the following objectives were identified as the principle
points for study. Each served as the basis for the development of
research task initiatives. The objectives were:

(1} to determine stratigraphy, characterize hydrology, and identify
and compare the major floral and faunal components of the
impoundments under study;

(2) to characterize the nutrient dynamics and determine primary
productivity of the study impoundments and the adjacent open
wetlands;

(3) to determine and compare the recruitment, growth rates, and
standing crop biomass of commercially important species in
impoundments with those in adjacent open wetland areas;

(4) to determine the flow of nutrients and biomass between the
study impoundments and the adjacent open wetland areas; and

{5} to determine the public-policy issues affecting impoundments:
ownership, current and proposed uses, management techniques,
and federal and state policy.

The primary goal of this four-year research effort was to provide an
Initial ecological data base on impoundment systems and their spatial
relationship to adjacent tidal wetlands within the context of the many
public-policy issues that have emerged. This data base has been organized
and structured to provide decision makers additional information related

to the complex questions currently under debate in South Carolina.

21



To address the five major objectives outlined above, a team of
fourteen doctoral-level researchers from five of the Consortium's seven
member institutions was organized to perform twelve research tasks. A
list of the researchers, their affiliations, and their respective research
efforts is provided in Table 2.1. More-detailed descriptions of the
individual research tasks are presented in the following chapters. Taken
together, the multi-disciplinary nature of the CWIP has enabled the
research team t¢ obtain a8 holistic view of the ecological characteristics

of an impounded wetland system within a tidal wetland complex.

Project Management

Realizing the goals and objectives of this multi-investigator,
multi-task project has been facilitated by the inclusion of a centralized
management and coordination function. The principal investigator was
responsible for overall project administration, coordination, and
oversight, and the project manager provided the day-to-day coordination
and oversight of the research tasks, the field and laboratory research
efforts, and the preparation of draft reports. In addition, a CWIP "core
group"”, consisting of the principal investigator, the project manager, and
technical advisors, met regularly to review progress, assess project
goals, and refine project tasks. The project-management team also
actively solicited peer review on an annual basis to assist in the
reevaluation of project thrusts and priorities and to enhance the
technical quality of the study.

The most critiecal aspect in coordinating the CWIP involved the
analysis, integration, and synthesis of project data and information.

Each team of investigators prepared a draft report on the results of their
research task, incorporating data and information from other tasks as
appropriate. FEach report was then distributed to at least three peer
reviewers for detailed review and comment. Upon revision of the draft
reports, detailed abstracts were prepared, highlighting the major findings
and conclusions. These abstracts, along with the reports themselves,
provided the information base used by the CWIF core group to prepare

Section VIII, Integration of Research Results.
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Table 2.1
The Coastal Wetland Impoundment Project:
Team Members and Research Tasks

Investigator/Affiliation

Research Tasks

1.

2

3.

6.

Ta

Mark E. Tompkins, University
of South Carolina

James P. May, The Citadal
Paul Zielinski, Clemson University

Hark N. McKellar, University of
South Carolina

B. Joseph Kelley, The Citadel
Richard D. Porcher, The Citadel

Richard G. Zirngmark, University
of South Carolina

A. Keith Tarniguchi, University
of South Carolina

Bruce Coull, University of
South Carolina

Elizabeth L. Wenrer, 5.C. Wildlife
ard Marine Resources Dept.

Paul A. Sandifer, SCWMRD

Robert Var Dolah, SCWMRD

Charles A, Wenrer, S.C. Wildlife
ard Marine Resources Dept.
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1.

2.

S.

Ta

Identify and conduct
analyses of impoundment
policy concurrent to the
ecological studies, and
determine the current
status (extent, management,
use) of impoundment systems
in South Carolina

Characterize impoundment and
wetland sediments and
determine hydrologic and
hydraulie attributes of the
study system.

Determine hydrography,
budgets, and submerged aquatic
productivity of the study
system.

Determire distribution and
primary productivity of
macrophyte vegetation in the
study area.

Determine seascnal abundance
and productivity of berthic
microalgae in the study area.

Determine micro- and meso-
zooplarktor abundances,
seasonal cycles, and dynamics
of the study system.

Characterize the meiofauna
population of the study
impoundments.

Determine the composition,
structure, and population
dyrnamics of macrobenthic
invertebrates and decapod
crustacean communities of
the study area.

Determine the composition,
structure, and trophic
dynamics of fishes at the
study area.



Table 2.1 Continued

10. John Mark Dean, University of 10.
South Carclina

11. Robert L. Joyner, Tom Yawkey 11.
Wildlife Center, SCWMRD
Marc Epstein, Tom Yawkey
Wildlife Center, SCWMRD

12. Jack M. Whetstone, Clemson/Sea 12,
Grant Marine Extension
Program

Estimate and compare
individual growth rates of
ecologically importants and
adjacent tidal wetland area.

Determine the utilization

of the managed ard unmanaged
areas by waterbirds and
alligators.

Disseminate project results
through the C/SG Marine
Extersior Program and assist
nonprofit organizations in
developirg sound impoundment
strategies.
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SECTION 11

SURVEY OF COASTAL WETLAND IMPOUNDMENTS IN SOUTH CAROLINA






Chapter 3
Scope and Status of Coastal Wetland
Impoundments in South Carolina

M. E. Tompkins

INTRODUCTION

Before discussing the ecological characteristics of these wetland
systems, the extent of the affected resource must be examined. Clearly,
the character of many of the fields cultivated before the Civil War
changed once intensive management was no longer practiced. For example,
Morgan et al. (1975) found that 39% of the acreage "under water control
during the era of rice culture” in the South Edisto, Ashepoo, and Combahee
estuary was no longer under control in 1972-1973. Nevertheless, remnants
of the old fields are still visible, and some fields are still managed all
along the coast.

To provide some measure of the extent of this resource, the S.C.
Wildlife and Marine Resources Department conducted a substantial study of
the state'’s coastal marshes in 1975-1976 (Tiner, 1977). Using aerial
photographs and subsequent ground truthing, USGS topographic maps
(primarily the 1:24,000 scale series) were employed to record the sites of
wetlands and impounded fields. The wetlands inventoried were divided into
sever types: (1) beach zone, (2) low salt marsh, (3) high salt marsh, (4)
brackish-water marsh, (5) freshwater marsh, (6) impourdments, and {7)
diked disposal areas. Subsequent field investigations were conducted from

August 1975 to May 1977 "to obtain desecriptive information about the plant
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ecology of the various marsh types." Salinity regimes were also classified
in this process. This inventory was supplemented with a "form letter
requesting information on managed waterfowl impoundments"” sent to "several
knowledgeable individuals" (Tiner, 1977).

In 1984, a supplement to this report was prepared by the S.C. Coastal
Council, using the same USGS map series and more-recent S.C. Coastal
Council color infrared aerial photographs (1:20,000 scale) (S.C. Coastal
Council, 1984, unpublished report). In this project, an inventory of
formerly impounded sites was also included, with salinity regimes
identified (based on the earlier classification of salinities) and three
major types of construction {ricefields, waterfowl impoundments, and
cotton fields) distinguished.

Although two earlier studies had examined particular watersheds along
the coast (Gresham and Hook, 1982; Morgan et al., 1975), no previous study
has examined the entire state coast. Apart from these earlier partial
studies, anecdotal information drawn from the (often extensive) experience
of particular site managers has provided our best evidence about current
use and management practices. Thus the objective of this portion of the
CWIP was to complete a survey of impoundment owners and managers to
determine the current ownership, management techniques, uses, and status

of coastal impoundments in South Carclina.

METHODS

In this study, an extensive survey of S.C. Coastal Council aerial
photographs (using only the photography available as of December of 1983)
was undertaken to identify the sites of current and formerly impounded
wetland fields. Any possible sites, including problematic ones identified
through the aerial photographs, were marked on USGS maps. This
information was related to the county tax records for the eight coastal
counties of the state (Berkeley, Beaufort, Charleston, Colleton,
Dorchester, Georgetown, Horry, and Jasper) during March through July,
1984. The names and addresses of those paying taxes on areas that
appeared to be diked or to have been diked in the past, along with the

addresses of those adjacent to these areas (where no obvious claimant to
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the site of a current or former diked field could be identified), were
incorporated into a master name-and-address file.

This name-and-address file was then divided into two segments. One
group included those evidently claiming these fields. This group was sent
a four-page survey aimed at describing the site and a three-page survey
aimed at describing the management of currently impounded sites. The
other group, much larger in number, included those near apparently
unclaimed sites, evidently claiming small sites (less than 10 acres), or
claiming sites that appeared to be formerly impounded fields that had
fallen into disrepair. This group was contacted with a brief, two-page
gquestionnaire primarily to ensure that sites that were not clearly
identified from aerial photographs were not overlooked. When respondents
to the brief questionnaire indicated that they were actively managing
sites larger than ten acres, a followup letter was sent asking them to
complete the more extensive questionnaire.

In all, more than 1500 individual sites were identified. Up to three
separate inquiries were sent to each identified respondent. After
dropping those sites where respondents could not be contacted, and
combining cases where a single respondent controlled more than one site,
1294 individual names remained. Of these, 659 responded {including more
than 40% from each county), for an overall response rate of 50.93% (Table
3.1). In addition, 14 national corporations, with more than one site
involved, were contacted separately to ask for their cooperation. Nine of
those responded, including all but one known to be actively managing
impounded land in the state. Finally, each of the sites managed by state
agencies was incorporated into the study, through a combination of formal
inquiries, telephone discussions, and site visits. As a result of these
contacts, over half the impounded acreage along the state's coast and
perhaps as much as three-fourths of the total area identified in aerial
surveys is incorporated in the results (see Table 3.2).

As a check on these estimates, a list of waterfowl impoundments in
Georgetown County was obtained and compared to the confidential list of
respondents. The list incorporated L4 sites, with 16,494 acres of fields
included. Twenty-eight of these sites were included among the responses
(reporting 22,697 acres of managed fields, rather than the 12,005 acres of

fields attributed to these sites on the list). 1In addition, responses
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were received from nine other sites in the areas covered, not mentioned in
this outside list, incorporating an additional 1199.5 acres of managed
wetland fields.

A few sites were missed in this process: aerial photography was
inadequate for a few areas and errors in photointerpretation were
undoubtedly made; tax records were erroneous in some instances; the mails
were not delivered in some others; and county records could not be located

for a few sites.

Table 3.1

Response rates to mailed survey instrument.

Number
County of Responses* Response Rate
Berkeley 40 Lo,1%
Beaufort 4o L§.89
Charleston 256 51.4%
Colleton 109 48.2%
Dorchester 6 60.0%
Georgetown 137 54.8%
Horry 10 L7.6%
Jasper 61 54,5%

%* (Multiple sites controlled by a single respondent

considered to be a single response in this summary.)

RESULTS

Extent of Impounded Wetlands

Table 3.2 displays the distribution of sites, as reported in the
Tiner (1977) and Coastal Council {(198L4) studies, and the distribution of
acreage covered in this survey. 1In the Tiner study, actively managed
fields were reported, whereas the Coastal Council study identified former

impoundment sites. In this study, three types of fields were identified:
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Table 3.2

The distribution of impounded and formerly impounded
wetlands along the coast of South Carclina

(acres of land)

Tiner Study Coastal Council Tompkins/Sea Grant
(1977) Study {(1984) Survey Responses¥

Watershed Formerly Impounded Formerly
or System Impounded Impounded Intact Need Repair Impounded
Little River, 565 | 258 | 0.0 0.0 0.0

Myrtle Beach,

Murrells Inlet, I |

Pawleys Island,

North Inlet
Winyah Bay k,055 | 21,061 | 6,578.5 770.0  11,167.6
Santee River 9,837 14,337 8,838.0 11,476.0 8,309.6
Bulls Bay 2,493 | L84 | 1,362.2 L1.0 23.0
Charleston 5,111 8,860 6TL.0 789.5 2,621.2

Harbor
Stono-Kiawah 2,285 | 3,616 |  139.5 529.0 T76.7
North Edisto 1,132 Ley 187.7 0.0 152.0
St. Helena 5,843 | 15,098 | 13,540.0 2,771.1 11,878.5

Sound
Fripp-Trenchards T2 | 3 0.0 0.0 0.0
Port Royal Sound 1,329 866 | 1,037.0 8.0 2,271.0
Calibogue Sound 113 117 0.0 0.0 0.0
New-Wright 1,688 | 89 |  222.0 0.0 310.0
Savannah 4,321 7,903 4,082,0 0.0 k,101.0
TOTALS 70,451 | 73,922 | 36,660.9 16,384.6 41,610.6

¥Tn addition, some fields were reported without the status of the dikes
being described (including acreage in Winyah Bay [1224.1 acres}, Bulls Bay [50
acres|, Charleston Harbor [16 acres], St. Helena Sound [3,600 acres], Port
Royal Sound [85 acres|) for an additional 4975.1 acres incorporated into the
survey; where such responses are involved, they appear in other calculations
as "actively managed"” fields. "Spoil™ areas are not included in these figures.
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(1) intact fields, which included those with intact dikes and
water-control structures (although some of these fields were reported to
be fully enclosed and never drained); (2) fields needing repair (either to
the dikes or water—control structures); and (3) former impoundments
(meaning formerly diked wetland fields; they are reported separately in
the table).

Many of today's managed impoundments lie in a few watersheds. These
managed sites, in general, are located in the old rice fields. Although
questionnaires were mailed to people in each watershed, no responses were
received from owners or managers in several systems with only a few
managed fields. Even so, the response rate to this survey of private
individuals and the distribution of responses provided good coverage of
the state in a variety of settings. In Winyah Bay, survey responses
indicated that more coastal wetlands were being actively managed than
aerial photography suggested; this probably reflects both the ambiguity of
aerial photography and the casual management of some sites. County
assessor's records have provided some check on the acreage figures
reported, which are not always precise but appear to be generally

accurate.

The Status of Impounded Wetlands

The fields reported in the survey vary dramatically in their size,
ranging from 1 to 1168 acres. 1In addition, a number of responses were
received that did not report individual field sizes (including one
response incorporating 3600 acres in diked fields). TField sizes are
reported in Fig. 3.1a and distributed across four categories. As in
Morgan, et al. (1975), many relatively small Tields were identified.
Experienced managers believe that these fields are more readily controlled
than larger fields and, as a result, are more responsive to intensive
management practices. However, Fig. 3.1b shows that much of the managed
acreage occurs in relatively large fields. Similarly, Fig. 3.1c and 3.1d
show that this is also true of formerly diked fields: in numbers, these
former fields are distributed relatively evenly across the size
categories, but in acreage, most of the resource occurs in large fields.

Because virtually all the managed coastal wetlands resource is

derived from fields created years ago, the current condition of these
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sites has proved to be an important factor in shaping our understanding of
their resource potential. The condition of the fields described in the
responses is portrayed in Fig. 3.2. Substantial acreages of diked
wetlands (34,265.1 acres) are reported to be in working order. Fewer
fields are reported to be fully enclosed with no tidal exchange permitted
(2396 acres); in Table 3.2, these are listed as intact fields. Sites
totaling 14,758.5 acres (with 11,161 acres located on a public site) are
reported in which the dikes and/or water-control structures need repairs,
although the impoundments are enclosed and the water controlled. For a
small number, 1626.1 acres, the water-control structures are broken or
there are breaks in the dikes; these two groups are listed with fields
that need repairs in Table 3.2. Most of the fields in this second group
(including the 11,161 scres under public management) are actively managed
sites; as a result, subsequent reports will treat both intact fields and
those needing repair together. Apart from these fully enclosed fields, an
additional 387 acres are reported in which the dikes have been washed
over. In addition, a substantial number of formerly enclosed sites
(former impoundments) are reported (totaling 41,611 acres). Thus, if we
consider only the fields claimed by private parties, we find that they can
be divided into two major groups, currently intact fields and formerly
enclosed fields which would generally require a substantial expenditure to
restore them to operating condition. In addition, a much smaller group of
fields exists in which repairs of one sort or another are required to
restore them to fully satisfactory condition. The distribution of fields
by their reported condition and the salinities at the site are given in
Table 3.3.

These responses provide an imperfect guide to field salinities and
also reflect the consequences of the effort to control salinity, because
that is one purpose of impoundment management. Generally, fresh or
brackish water is viewed as the desired outcome. BSeveral respondents
reported that the current rediversion of the Santee-Cooper River Systems
had begun to affect the salinity of the water in their fields. Still,
these salinity reports vary from those reported in Tiner (1977), which are
often used for regulatory purposes and which were employed in the S.C.
Coastal Council study (1984) as well. Tiner (1977) classified 27% of the
gites as fresh and 27% as salty for those who reported that their fields

38



sosuodsox Aoains oyl £q paqIIosap so31s jusumpunodwt Syl Fo UOIITpuc) Z'¢ AINZT4

Jswlio 4 . s)yeaig - pooj|4 _I_
peysem [ e abeuew

spleid4 Jo snjejs

$011S JO obeosdy

(P@A|OAU] 9beaIDY)
spjoi4 juawpunodwj jo snjels

39



contained brackish water. This means that the standard classification of
salinity regimes and the reports of those actually managing the fields
agreed on the salinities at a site only about 46% of the time for this
survey. Changes in salinities,disagreements over interpretation, and

local and seasonal variations all may be invoelved ir accounting for these

differences.
Table 3.3
Salinities and status of
coastal impoundments (in acres).
Fresh to Brackish

Status Fresh Brackish Brackish to Balty
of Fields Water Water Water Water
Intact and

flooded fields 19,891.8 4,506.0 11,4264 598.7
Fields need repairs 4,396,6 22,0 11,771.5 100.0
Dikes are washed

out and formerly

impounded 15,692.2 L, 561.4 14,985.8 L1h,0
Field status

unreported 721.5 88.0
Totals Lo,702.1 9,187.4 38,183.7 1,172.7

#238 acres of intact fields are reported to be saline; 64.5 acres of
fields needing repairs are reported as saline; 4075.2 acres of former
impoundment are reported as saline; remaining acreages reflect
nonresponses. 1852 acres (30 in fields reedirg repair, 1822 in former
impoundments) did not include salinities. For L4155.6 acres nelther field
status nor salinity was reported.

Ownership of Impoundments

A substantial controversy has emerged in recent years over the
question of wetland ownership in South Carolina. The state government has
laid claim to all lands below the mean high water mark, "subject to the
private claimant's ability to prove that the original Crown or State grant

contained language specifically evincing an intent to convey to the low
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water mark" (Woodington, 1982). As Woodington further points out, "The
fundamental irony in South Carolina's tidelands situation is that the
cases of the late nineteenth century and of the twentieth century deny the
existence of that private ownership which from all appearances was
axiomatic in the eighteernth century and first half of the nineteenth
century." After all, as we have seen, plantation owners freely managed
thelr rice fields, many of which lie in the tidal zore, without objection
from the state.

The controversy extends over a series of issues. First, how specific
must the language of a grant be to demonstrate the reguisite intent to
grant title to a specific tideland area (Cheshire, unpublished Baldwin,
1976; Woodington, 1982)? Many of these grants, written in colonial times,
are quite general or vague about their scope. Second, do grants include
(or are they bounded by) ravigable waters -- and how is a "navigable
water" defined (Baldwin, unpublished report and 1976; Woodington, 1982)7
Third, must the private claimant demonstrate ar "unbroken chain of title"
from the original grant? Attorneys who have represented private claimants
argue that this standard is stronger than ordinarily imposed and that it
is especially burdensome because critical records were destroyed by fire
in Georgetown, Colleton, and Beaufort counties during the Civil War
{Cheshire, 1971, unpublished report; Woodington, 1982). A recent appeals

court decision, in State of 5.C. v. 8loan Construction Company, Inc.,

suggests that this standard may be relaxed. Apart from these issues, does
the doctrire of adverse possession apply to such lands? South Carolina
law provides that unchallenged possession for a period of years
establishes a valid private claim to title; because the rice fields were
clearly under the control of the landowner, the doctrine might apply to
them (Middleton, 1575). Finally, does the claimant hold tidelands in
public trust, that is, with some residual public interest in the use of
the sites remaining, even though they are privately owned {Woodington,
1982; see also Stevens, 1980)?

These issues are both complex and ambigucus enough to lie outside the
domain of this study. BSuffice it to say that title to tidal lands is
often subject to a state ownership claim, but that the prevailing
precedents are ambiguous enough to make their application to a specific

case uncertain in most instances. Nonetheless, the survey of those paying
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taxes on such lands (presumably a necessary, if not sufficient, condition
for successfully claiming them) does provide some information of
interest. Specifically, the distribution of owners can be examined to
learn more about the beneficiaries of such claim. Table 3.4 shows the

acreages claimed by various types of owners who responded to the survey.

Table 3.b4

Current ownership of diked wetlands

Diked Land Formerly Diked Land

Type of Respondent* (in acres) (in acres)
Traditional owner 3,884 hohTh
New owner 10,410 10,098
Owner not classified

Uncertain 5,53k 5,032

Third-party manager 10,141 2,052

Group ownership 3,923 2,777
Corporate owner 716 9,525
Public ownership 23,800 7,266
Totals 58,408 41,224

*A traditional owner is a respondent who reported inheriting the
property or having it transferred to her or him by a living relative.
Thus these cases include all second-generation owners. New owners are
those who purchased the property during their life times. Many owners
could not be classified, for a variety of reasons; if an ownership group
or a third-party manager could be identified, those cases are noted. The
remaining cases are classified as uncertain.

Corporate owners include only those cases irn which a mult-state
enterprise is identified as the owner of the field; many of these cases
involve timber companies.

Substantial evidence of turnover in ownership is apparent. 5till,
only 17% of those responding purchased the property within the last five
years. To be sure, some of this turnover can be attributed to the state's
pursuit of its claim to these lands. Any enterprise that required

substantial investment would be perilous in the absence of a clear title.
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Those already managing wetland fields have not been impeded by the state,
in spite of its apparent claim to ownership, unless an attempt is made to
obtain permits to repair or restore dikes or water—control structures.
Moreover, the cost of maintaining a claim is small, because these lands
are assessed by state law at $10.00 per acre. As a result, the situation
strongly favors low-intensity uses such as waterfowl hunting.

One possibility that might reduce the uncertainties involved would be
an effort to bring "quit claim" actions in specific cases. Claims that
are not strongly established or forcefully advanced, would be abandoned,
reducing the scope of the potential controversies to a more specific set
of grants. Of the private owners responding (excluding multi-state
corporations), 44.4% reported that they had not undertaken any historical
research of the sort that would be required to identify a valid grant. On
the other hand, 52.8% of those responding reported that they have traced
the title to their sltes back to the period before the 1860s, which
suggests that they have undertaken a search for their original grant (and
36.1% report that they have traced ownrership back to an original grant
from the State or the Crown or Lords Proprietors). A substantial record
of these grants exists, and expertise in identifying the grants and
linking them to specific sites has already been developed.

Other states, notably New Jersey and California, have found efforts
to review tidelands grants systematically to be complex, costly, and
controversial. Their experience suggests that this would also be true in
South Carolira, because a substantial number of managers and owners have
already undertaken the research they would need to contest any state
claim. Notwithstanding disputes over ownership, managed wetland fields
currently serve as an important resource in South Carolira, where they

have been actively managed for a variety of purposes over the years.

Maragement of Impoundments

Many people favor intensive maragement of diked wetlands because that
permits owners to enhance their value for particular uses. Management
practices are generally aimed at restricting the growth of undesirable
plants, notably various coarse emergent perennials, and improving the
production of other plants more readily consumed by waterfowl. These

management practices generally employ some combination of manipulatior of
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salinity (seeking fresh to brackish water in various cases) and water
levels (including draining and flooding cycles)}, and disturbance of the
bed {primarily through cultivation and/or burning of the vegetation).

Four general types of water-level manipulation are reported in the
survey. In some cases, managed fields remain flooded throughout the year,
creating an enclosed pond which permits no direct water exchange. At the
other extreme, some managers permit cortinuous exchange with the
surrounding waters, often maintaining a constant water level over the
field's bed by restricting inflow or outflow during the tidal cycle.
However most managers adopt a strategy which involves draining the field
(generally following the waterfowl season), then flooding it again late in
the summer or early in the fall: some of these managers employ a one-~time
draw down process, followed by later reflooding; while other managers
manage more intensively, raising and lowering water levels over several
stages and permitting multiple flushing and filling cycles. These latter
two approaches may need to be distinguished, since one strategy provides
what amounts to a single pulse from the impounded waters into the
surrounding tidal waters, while the other strategy provides for more
extensive exchange between the maraged fields and the surrounding waters.
Withirn these broad categories, managers vary the depth of the water in
their fields, the length of the draw-down period, and the amount of
exchange permitted during flooding and draw-down cycles.

Managers also vary their treatment of the bed of these fields during
the period that water is excluded. While some managers allow the bed to
rest without disturbance, others burn, mow or cultivate it during this
phase. Only one report was received of a manager allowing cattle or other
livestock to graze on the bed during draw down. 1In an earlier study by
Morgan et al. (1975) of the South Edisto/Ashepoo/Combahee estuary, this
use appeared more prevalent {reported orn 21 ponds of 213 studied). As
they pointed out, "good production of duck food was assured only when
cattle were removed by mid- August so that plants... could mature seed
before duck season" {Morgan et al., 1975). The difficulty of providing an
alternative grazing site during the waterfowl season may have made this
secondary use too difficult for managers to accommodate.

In fresh water fields, managers generally seek annual emergent duck

foods such as smartweed, Polygonum spp.; wild millet, Echinochloa spp.;
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paric grasses, Paricum spp.; and redroot, Lachranthes caroliniana. They

also encourage water shield, Brasenia schredberil; spikerushes, Eleocharis

spp.; pondweeds, Potamogeton spp.; arrow-arum, Peltandra virginica;

southern naid, Najas quadalupensis; asiatic dayflower, Aneilema keisak;

soft-stem bulrush, Scirpus validus; wild rice, Zinzania aquatica; ard

water grass, Hydrocholoa caraolinensis. In brackish ponds, widgeon

grass, Ruppia maritima, or in shallower ponds, salt-marsh bulrush, Scirpus

robustus, and dwarf spikerush, Eleocharis parvula, are often sought, while

sago pondweed, Potamogeton pectinatus; soft-stem bulrush, Secirpus validus;

muskgrass, Chara hornemannii; and duckweeds, Lemna and Spirodela, are also

accepted {Morgan et al., 1975; Hull, 1983).

Examining only the six major categories of management regimes implied
by the management of water levels {no exchange, cortinuous exchange,
one-pulse drawdown and feflood, and multiple-pulse drawdown and flood},
and manipulation of the bed {(either cultivate and/or burn or leave the
beds undisturbed), we find that management strategies have shifted
dramatically since the Morgan et al. (1975) survey. The reported acreages
devoted to each are dlsplayed in Fig. 3.3. There are 3394 acres managed
without exchange and 810 acres managed with continuous exchange. Of the
impoundments maraged with a single drawdown-reflood cycle, 6243 acres are
drained without any further disturbance of the beds, whereas 11,161 acres
are drawn down, with the beds burned or cultivated periodically. Of those
impoundments managed with several drawdown-reflood cycles, 401 acres are
managed without any further disturbance of the beds, whereas in 26,776.4
acres, the beds are also burned or cultivated.

In Fig. 3.k4a and 3.Lb, the type of manager involved also is
reported. These data reveal that public management is typically the most
intensive. Third-party maragers (nonowners managing the site for another
party) often manage intensively, but a substantial number resort to the
less-demanding management practices identified. Similarly, private
managers vary dramatically in the intensity of their management practices.

A typical freshwater single-drain cycle proceeds as follows: from
late October to March, water is held on the impoundment beds at a constant
depth. In March, the fields are drained, and the impoundment beds allowed
to dry. In Jure, the beds are plowed. Finally, irn October, the

impoundments are reflooded again; the depth is brought up to level desired
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A Private Wetland Management Schemes
(Acreage Involved)
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75001
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Total Acres
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B o

B Public Wetland Management Schemes
(Acreage Involved)
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Figure 3.4 Acreage of private (A) and public (B) impoundment sites cate-
gorized by management regime. Manage = third party manager;
individual = owner/manager.
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for waterfowl feeding during the winter season. A typical freshwater

mult iple-drain-and-flush c¢ycle proceeds as follows: Water is held in the
impoundments at a constant depth from November to February. Vegetation is
burned off during January and February. From March to May, partial tidal
exchange is permitted, with the fields drained in late May. From June to
September, the fields are left dry, with plowing urndertaken during the
summer months. During October and November, the fields are flooded and
the cycle begins again.

The overall figures suggest that important shifts in management
strategy have taken place in the last decade. Morgan et al. (1975, Table
2), report that widgeon grass ponds were "drained only once every two or
three years for a short time for water quality and pest-plant control';
current waterfowl management practice apparently involves periodic
drawdowns (on a yearly basis in some areas, less often in others), with a
more lengthy drain cycle. Further, Morgan and his colleagues found that
over half the acreage they studied was "permanently flooded,” although
most managed acreage is now drained periodically.

Results of the Morgan survey indicated that brackish water-management
schemes were dominated by permanent flooding, but in this survey, cycles
of multiple drain/flush and fill are now most common. About half of all
impoundments are burned or plowed at some point during the year: cycles of
multiple drain, flush, and flood are somewhat more common in brackish
water management, whereas the single-cycle drain-flush-and-flood technigue
is somewhat common in fresh-water management. Permanent flooding is row
almost completely confined to fresh-water fields. A relatively small
number of sites in both fresh and brackish water are managed with
continuous flushing schemes.

Impoundment managers also were asked whether they have experienced
several problems commonly associated with managed wetland systems.
Responses to these questions are doubtless colored by the personal pride
of the manager, because a manager who admitted that he had "problems” may
feel he is admitting "ineffective management." However, the responses do
indicate some continuing problems with the effectiveness or implementation
of the management techrniques. Of the total respondents, 15% reported
problems with fish kills, 23% with algal "blooms," 28% with water control,

22% with cat clays or acidic soils; and 75% of the respondents reported
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problems with undesirable plants, suggesting that this is among the most
prevalent problems that wetland field managers must address.

There were no noteworthy differences among management strategies in
the frequency of reports of these problems, although this evidence is not
clear enough to establish whether these strategies have an impact on the
problems involved. Personal observation of several sites indicated that
some particularly effective managers reported having these "problems",
whereas other less energetic and less effective managers failed to report
these "problems," even though they were present.

Another consequence of the management strategy employed inveolves its
effectiveness in mosquito control. Officials and scientists interested in
the problem suggest that management schemes that require the bed of the
field to remain dry during a portion of the spring, and then be flooded,
will ﬁroduce large numbers of salt-marsh mosquitos, unless they are
quickly flushed following the initial flooding (Tidwell, 198L; see also
Carlson and Carroll, 1986). Large fields also provide substantial
salt-marsh mosquito breeding grounds while drained, because periodie
rainfall on the uneven bed of a larger field will provide the moisture
needed to hatch the mosquitos whose eggs are deposited in the soil. Local
managers report some success in mosguito control through active management
of the beds, paralleling the California success in controlling salt-marsh
mosquito production through systematic cross-ditching together with the
application of insecticides (Resh and Balling, 1983). Florida's experience
with mosquito impoundments, aimed at controlling mosquito populations,
while enhancing fish and wildlife habitat, suggests a similar conclusion
{Carlson and Carroll, 1986).

As we have seen, many South Carolina sites are large, which suggests
that systemic management of the beds is needed to control mosquito
production during periods when the fields are drained. Many fields are
drained, then subsequently flooded, but a substantial rumber of those are
not subsequently flushed again, which may result in the hatching of a
substantial number of salt-marsh mosquitos during the flooding cycle
(Tidwell, 1984). In gereral, this survey of management practices suggests
that a noteworthy number of the managed wetlands treated in the survey are
contributing to the coastal area's problem with mosquitos (see also Rubin,

1985).
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The Use of Impounded Wetlands

Wetlands have been diked to permit more careful and focused
management, which should make more-intensive use feasible. Those
contacted in the survey were also asked about their use of these diked
wetlands. When substantial holdings were involved, respondents were asked
to estimate the percentage of the use of their sites devoted to eight
different activities, but respondents with small holdings were merely
asked to check the uses involved.

This inquiry suggests that the use of these sites has changed little
in recent years. Morgan, et al. (1975) reported that 72% of the fields
{and 85% of the acreage) were managed for waterfowl hunting in the South
Edisto, Ashepoo, and Combahee basin. In the Gresham and Hook study
(198L4), corducted along the other end of the state's coast during
the mid-1970s, 63% of the 68 respondents indicated that they were managing
for waterfowl hunting. 1In the responses reported from this project,
waterfowl hunting was the primary objective (at least as important as any
other use of the site) for 43,716 acres of the managed fields, with other
objectives more important for the remaining 12,176 acres. {Non-responses
excluded 503 acres from this calculation.) The relative proportions are
displayed in Fig. 3.5.

More generally, some suggest that managed wetland fields can make an
important contribution to irtensive conservation efforts. More-intensive
management lmproves the habitat for birds and threatened and endangered
species, thus providing sanctuaries for wildlife, and enhancing areas
suitable for hiking, bird watching, and other related forms of
recreation. Analyses of natural resource utilization sometimes
distinguish between "consumptive" uses, such as hunting, fishing, and
shellfishing, and "nonconsumptive" uses, such as hiking, bird watching,
and wildlife preservation which do not use up the resource. Examining the
reported uses of impoundments, we find that consumptive uses dominate. In
Fig. 3.6, the breakdown among these uses is displayed; L4,610 acres are
dominated by consumptive uses, 4518.5 acres by nonconsumptive uses, and
they are equally important on 6763 acres.

Finally, interest has grown in the use of impoundments as potential

gsites for aquaculture and mariculture. Our inquiry suggested that this
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use is not yet substantial; only 1680 acres are reported to be utilized
for the culture of any marine or freshwater organisms (either shellfish or
finfish). Much of the culture of shellfish is concentrated in the
Georgetown area (625 of TO0S5 acres), and finfish culture occurs along the
entire coast. As Fig. 3.7 suggests, this is a rather small proportion of
the overall acreage treated in this survey.

The interest in coastal wetlands also raises the guestion of the
public's access to these resources. In Table 3.5, the number of acres
controlled by various types of owrers is summarized according to whether
they allow the public to use their sites. If the public is permitted on a
site, there are sometimes restrictions imposed as to the times open and
numbers permitted. As the table indicates, public access is ordirnarily
restricted to the privately controlled sites. The public does have
access to over 20,000 acres of publicly or charitably owned sites. It is
important to recall the distribution of responses, however. Virtually all
the publicly maraged sites are included in this tabulatior, and most of
the corporately controlled sites are included. On the other hand, between
half and two-thirds of the sites controlled by private individuals and
groups appear to be ircluded. Thus, extrapolation of these results to the
total acreage along the coast suggests that the public has access to
30,000 to 35,000 acres of impounded lands. Other fields are accessible,
particularly for waterfowl hunting, but only through the payment of lease
fees which have been reported to run as high as $1500 per blind for two
shooting days per week for the six weeks of the hunting season.

Other evidence suggests some conflict over "whose marshes" these
are. HEighty percent of the private owners report difficulties with the
public coming on to their land without permission. Many of these
tregspasses are related to hunting; controlling accéss to these fields
during that time is particularly difficult. Nonetheless, these problems
suggest conflicting perceptions of who can appropriately control access to
a wetland.

This evidence demonstrates the conflicts posed by various irterests
involved in discussions of managed wetlands. Some uses, notably waterfowl
hunting, provide direct benefits to the landowner or user, whereas other

uses such as those supporting the marshes as nursery habitat, which are

generally regarded as conflicting with waterfowl management, provide
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Table 3.5
Reported Public Access To Impoundment Fields

By Type Of Ownership

Acres with Publie Number of Acres

Type of Owrer Access Reported (%) Reported
Corporation 0.0 329
Private group 15.6 L ko7
Private individual 5.9 14,816
On-site manager, not

otherwise identified 1.6 6,551
Publicly owned 100.0 23,Thé

Only reported managed fields (not "former impoundments") are treated
in this tabulation. No response was recorded for the question of public
access for 8563 acres (indirect evidence suggests that public access to
many of these sites may be limited). Public access may be permitted but
regulated in some cases noted.

benefits that the community at large enjoys more directly. These
conflicts parallel the conflicts over formal ownership of these fields,
which have been raised in recent years, and the conflicts over the use of
this extensive resource, which have emerged in recent regulatory policy

disputes.

CONCLUSTONS

This survey of current use and management of impoundments points to a
number of findings that enrich our scientific understanding of the
management of these sites and its consequences, and the implications of
our perspective on these resources for public policy. Substantial
resources in managed coastal wetland fields are concentrated in several
watersheds along the coast of South Carolina. Although a large number of
small, easily managed fields exists, most of the acreage being managed
lies within large fields. Most of these large impoundments lie either in
currently managed sites in acceptable condition or in formerly diked

fields that would require substantial investment to restore to manageable
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status. A significant exception to this involves one substartial public
site where the dikes are reported to need repair. This suggests that
regulatory policies focusing on "repairs” will affect a modest amount of
wetland acreage, where policies affecting "reimpoundment” involve much
more substantial wetland areas.

The controversy over ownership is likely to continue. BSome of those
responding to this survey have completed ownership studies needed to
support litigation, but nearly half of those responding have not. Apart
from the legal controversy, continuing problems with trespassing suggest
that the right of access continues to be an important question for those
interested in managed coastal wetlands.

The use of these sites is dominated by waterfowl hunting. Management
practices are focused on the growth of plants known to attract waterfowl.

lthough these regimes have changed dramatically in recent years, private
managers have updated their management schemes to reflect current
knowledge less often than public managers, leaving a number of sites in
which management practices could clearly be improved to reflect current
understanding. Even though management practices have improved, noteworthy
numbers of respondents continue to report a variety of problems with their
fields. In addition, a number of privately controlled fields are
apparently not being managed effectively to control mosquitos. The state
of sclentific knowledge about the origirn and management of the problems
agssociated with these various management practices, as well as the various

uses for which these sites are managed, clearly needs further assessment.
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SECTION III

PHYSICAL CHARACTERIZATION OF THE CAT ISLAND IMPOUNDMENTS






Chapter 4
Study Site Description

M. B. Epstein and D. 5. Baughman

CAT ISLAND STUDY AREA

The study site area is located in the scuthwestern corner of the Cat
Island portion of the Tom Yawkey Wildlife Center, Georgetown, South
Carolina (Fig. 4.1), Historically, the area was a totally fresh, pristine
cypress, Taxedium sp., wetlarnd. With the advent of the rice-culture
industry in South Carolina in the late 1600s, the cypress swamps were
cleared and cultivated for rice (see Chapter 1).

The study site was part of the Hume Island Plantation {(Alexander,
1915, unpublished MS) during the rice-culture period and was last
cultivated for rice in 1898 (Alexander, 1908). After the rice fields were
abandoned, the property eventually became part of the South Island Game
Preserve and provided excellent feeding grounds for large numbers of
migratory waterfowl. Alexander (1915b) noted that wild rice, Zizania
aquifica, first colonized the abandoned rice fields, attracting

"unbelievable" numbers of waterfowl. Giant cutgrass, Zizaniopsis milicea,

or white marsh as it is referred to locally, along with several other
freshwater plant species, eventually succeeded the wild rice {Alexander
1915b}. The property was acquired by the Yawkey family in 1911 and
subsequently bequeathed to the South Carolina Wildlife and Marine
Resources Department (SCWMRD)} in 1976, along with North and South Islands,
by Thomas A. Yawkey, who stipulated that the area be used for wildlife

management, education, and research.
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GEORGETOWN

&

Figure 4.1 Map of the Georgetown, South Carolina area showing the general
location of the study site,.
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During the construction of the Atlantic Intracoastal Waterway (ca.
1900), the study site was used as a spoil deposit by the U.S. Army Corps
of Engineers (USACOE) (B. Joyner, personal communication). In 1945 the
USACOE diverted a major portion of the freshwater flow from the Santee
River to the Cooper River in Charleston, causing the saltwater/freshwater
wedge to move up the Santee River. The Santee River delta was thus
converted from & fresh to s brackish environment. In 1967, six brackish
water impoundments (units 1 to 5 and Cooperfield) were reconstructed from
the previously impounded marsh for a study by the Division of Marine
Resources, SCWMRD to examine the effects of different water-level
management strategies on plant succession (Wilkinson, 1970). One other
previously impounded site {unit 6) was not reconstructed and was used as a
control area during the Wilkinson study. The reconstructed impoundments
have been managed to attract waterfowl since 1970.

The study site consists of a series of five contiguous impoundments,
referred to as the Paddy Field complex, ranging from 3.5 to 7.8 ha in size
(X average = 5.1 ha); one contiguous unmanaged tidal impoundment (7.9 ha);
a 13.8-ha managed impoundment (Cooperfield) adjacent to unit 1; and the
open marsh located east of the impoundment complex (Fig. L.2). The five
small impoundments are bvordered on the east by an earthen dike directly
adjacent to Chainey Creek, a contiguous tidal creek, and the open tidal
marsh, characterized primarily by low marsh and mud flat habitat. On the
western side of the complex is a narrow red cedar/scrub oak forest which
separates the impoundments from the Atlantic Intracoastal Waterway.

Each unit contains a shallow mud flat area, occupying 30 to 60% of
its total surface area, which supports submergent vegetation. A perimeter
ditch, produced when burrow material was excavated to build the dikes,
borders each impoundment bed on the north, south, and east sides. Each
impoundment is equipped with traditional water-control structures, called
trunks, of the flashboard-riser type (Fig. 4.3). Each trunk can be set to
control water exchange between the Paddy Field impoundments and Chainey
Creek, and water levels on the impoundment beds. Spillways {plug-trunks)
located between the units are used to facilitate additional circulation.
However, during this study these spillways were left closed, and the water
level in each of the study impoundments was controlled through the main

trunk on Chainey Creek so that each unit could be studied individually.
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Figure 4.2 Schematic diagram of the study site at the Tom Yawkey
Wildlife Center, Georgetown, South Carolina.
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As a result, the five study impoundments were managed without the benefit
of their full potential for water circulation. BSource water to flood the
impoundments originates primarily from North Santee Bay, with some input
from Winyah Bay, and is supplied to the impoundment complex through
Chainey Creek (Fig. L4.2).

Because of the availability of multiple units and their close
association with open marsh and estuarine waters, the Paddy Field complex
provides an excellent opportunity for comparative studies of impoundment
and open-marsh communities. In addition, this site is owned and managed
by the State of South Carolina, and, with the concurrence of the Yawkey
Center Board of Trustees, was committed exclusively for use by the project

team for the three years necessary to complete the study.

WATER MANAGEMENT

Controlled water-level manipulations vary with impoundment location
within the estuarine tidal system and depend on the primary objectives of
the resource manager (Wilkinson, 1983). During this study, water level
manipulations were aimed primarily at encouraging the producticon of Ruppia
maritima and other desirable waterfowl food plants, including dwarf

spikerush, Eleocharis parvula, and saltmarsh bulrush, Scirpus robustus,

and secondarily at discouraging competitive undesirable emergents (e.g.,
Spartina sp.) and algae (e.g., Cladophoae sp.).

Water levels in each of the five Paddy Field impoundments, the tidal
impoundment {unit 6}, Cooperfield, and the adjacent salt marsh were
recorded during the study {Figs. 4.4 and 4.5). The zero water level for
the study impoundments was established when the impoundment beds were
completely dewatered. Water level in the perimeter ditches at this time
waz even with the edge of the impoundment bed. Zero water level for the
salt-marsh and tidal impoundment (unit 6) was established at normal low
tide when no water remained on the marsh surface or mudflat habitat.
Therefore, zero water level indicated similar conditions at each site.
The salt-marsh and tidal impoundment were influenced by normal tidal
inundation.

Water level monitoring began in January 1983 with the initiation of

the wildlife portion of the study. In January and February 1983, water
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levels in the study impoundments were lowered by 10 ¢m each month to
expose widgeon grass for waterfowl. Draining of the impoundments began in
March 1983, Extreme high tides and above-normal rainfall reflocded some
impoundments and prevented all from draining until late March.

Impoundment beds were kept moist to encourage aquatic food plant
production but dry enough to allow the bottom sediments time to form a
firm foundation for plant growth (Joanen and Glasgow, 1965; Chaebreck,
1967).

To offset mosquito production during the spring drawdown-reflooding
period, the five impoundments and Cooperfield were reflooded and quickly
flushed in late-April 1983. That is, the impoundments were flooded and
allowed to remain flooded {about 10 cm over highest elevations) for five
days and then quickly dewatered (over approximately two tidal cycles) to
remove rapidly developing mosquito larvae. After dewatering, the units
were quickly reflooded to establish an initial water level of 10 to 20 cm
over the beds and to prevent oviposition by mosquitos. This method was
modified in 1984 to allow two rapid flushings of the perimeter ditch after
the initial spring drawdown, which removed large numbers of mosquito
larvae. All water used to reflood the impoundments was taken from Chainey
Creek during high-tide periods.

After reflooding in early May, water-control structures were set to
allow moderate tidal exchange (water circulation) by opening the outside
gates and setting inside flashboards to maintain a specific water level
(Fige 4.4 and 4.5). Beginning in June 1983, water levels were gradually
increased by 10 ¢m increments over the summer to allow growing space for
the widgeon grass. On 14 June 1983, unit 4 accidently drained overnight;
however, it was immediately reflooded.

By June 1983, impoundment water levels ranged from 30 to 45 cm over
the beds (Figs. b.l4 and 4.5), except Cooperfield, which was covered with
about 50 cm of water. In an effort to offset stressful summer conditions,
extra boards were added to the water-control structures in July to retain
rainfall and thus possibly reduce water salinity and temperature.

However, this manipulation caused a significant reduction in total water
exchange between several of the study impoundments and Chainey Creek.

Water levels were slowly increased through August and September to allow
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for Ruppia growth. By late September, impoundment water levels ranged
from 50 to 70 cm on the beds.

The gradual drawdown of impoundment water levels to expose widgeon
grass for waterfowl began in late-October 1983 and coincided with the
opening of the waterfowl season. Generally, water levels were reduced 10
em every other month through March 1984, at which time the
drawdown-flooding process was repeated again for the 1984 season (Table
h.1).

Impoundment manipulations were generally the same for 1984 except for
the length of drawdown and the overall management of unit 2. The 1984
drawdown period was extended from 2 March until 24 May (approximately 84
days) because of above-average rainfall during this period. At the
request of Task VII investigators, the water level in unit 2 was
maintained at 20 cm, and the outside water-control gate was set to allow
natural tidal flushing during the remainder of the 1984 field season
(Table 4L.1). However, as the water levels of the other units (1, 3, 4, 5
and Cooperfield) reached that of unit 2, all impoundment water levels were
gradually increased by about 10 cm per month during the growing season, as
was done in 1983. It should be noted that this management procedure does
not substantially deviate from typical widgeon grass management; that is,
managed units usually are not totally dewatered each year and may remain

flooded for as long as four years {see Chapter 1).
CLIMATIC AND ENVIRONMENTAL FACTORS

Alr temperatures during the project ranged from -5°to SHOC, with
the lowest temperatures recorded in January, February, and March of 1983
(Fig. 4.6). High temperatures in July 1983 caused water temperatures to
reach 30O to 3hOC in the impoundments. These temperatures remained
high through September and produced stressful conditions for many aquatic
species. BSimilar air temperature patterns were observed for the 1984
season (Fig. U4.6).

Rainfall in this region of South Carolina averages 1l.3m annually
(Stuckey, 1982). At the Cat Island site the cumulative rainfall for 1983
was 1.4 m, and 1.1 m in 1984 through August {Fig. 4.7). Other sources of

freshwater for the impoundments originated from the flow of the North
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Table L.l

Water-level manipulations for the Cat Island impoundments.

Date Activity

1983

January Water levels dropped 10 cm

February Water levels dropped 10 cm

March Ponds dewatered

April Flushing to remove mosquito larvae

May Impoundments reflooded and flood gates set to maintain
10 to 20 cm of water over Ruppia beds

June Water levels increased in 10-cm increments to allow for
Ruppia growth

July Water levels increased to 30 to 45 cm

September Water levels increased to 50 to 75 cm

October Water levels dropped 10 cm

December Water levels dropped 10 cm

1984

January Water levels dropped 10 cm *

March Ponds dewatered (except unit 2)

April Ponds remained dewatered but meist

May Ponds flushed to remove mosquito larvae reflooded

June Water levels increased to allow for Ruppia growth **

July Water levels increased 10 em

September Water levels increased 10 ¢m

October Water levels dropped 10 cm

December Water levels dropped 10 cm

*
In 1984 Unit 2 maintained a minimum depth of 20 em with tidal

circulation.

L2 3
In 1984, after units 1, 3, 4, 5, and Cooperfield reached 20 cm, water

levels in all units (including 2) were increased through the season

as in 1983.
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Santee River and a freshwater reserve pond adjacent to Cooperfield.
Freshwater circulation via the reserve pond through the impoundment
spillways was not provided during this study for the aforementioned
reasons. Discharges from the North Santee River fluctuate during any
given year and depend primarily on the amount of rainfall and the volume
of water released through the Russell Dam. During the study, river
discharge peaked in March-April of each year {(Fig. 4.8)., At a point on
the river nearest the study impoundments, the mean tide range was 1.2 m,
and the spring tide range was 1.4 m.

Salinity conditions at the study site exhibited a direct negative
correlation with the amount of rainfall and North Santee River discharge
(Fig. 4.8). The salinity for the Santee area averaged 18 to 22 ppt and
ranged between 1 and 30 ppt in the study impoundments and O to 32 ppt in
the adjacent salt-marsh and tidal impoundment during the study period
(Fig. 4.9 and 4.10). Unseasonally dry conditions in the summer of 1983
caused salinities to be higher than normal in the study impoundments.
Management of impoundment salinities was limited because of the temporary
closure of inter-impoundment spillways (plug-trunks) during the study. The
management scheme used during this study is similar to those employed for
other brackish-water impoundments within the Santee Delta managed for
wintering waterfowl, although salinities vary depending on impoundment

location and are generally lower for sites further up the estuary.
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Chapter 5
Sedimentology, Hydrogeclogy and Hydrology

J« Po May and P. B. Zielinski
INTRODUCTION

Natural salt marsh originates through deposition of fine-grained
sediment, which causes the buildup of the marsh surface. A thin stratum of
silt and/or clay is introduced by the flood tide, deposited, and left
behind by the ebb tide. Through this process, known as tidal-lag
sedimentation (Postma, 1967), open bay is gradually transformed first into
low marsh, then high marsh. As the surface builds up, it is covered by
tidal waters less frequently. High marsh is inundated only on the spring
tides.

Impoundments were constructed by partitioning portions of natural salt
marsh by excavating a perimeter ditch and using that material to form
dikes. The dikes, therefore, are composed of disturbed marsh-type
sediments, but are separated from the underlying marsh sediments by the
pre-impoundment surface. That surface is characterized by a fibrous organic
layer consisting of relict root mat and stems (Fig. 5.1).

The Cat Island impoundments are located within the estuary of the
North Santee River. This estuary was an open-water bay at the time the sea
level rose to within a few meters of its present position some 5000 years
ago. This is indicated by a sand layer located at a depth of 2 to 4 m
beneath the marsh surface. The marsh sediments consist of the finer-grained
silts and clays. Generally, these sediments are extensively bioturbated,

because of the high level of natural biological activity in the marsh. The
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isolation from tidal sedimentation due to diking prevents further buildup
within the impoundments and causes changes in water chemistry.

Agricultural activity and/or other artificial bioturbation within the
impoundments has caused further disturbance of the upper layers of sediment
and the addition of different types of organic materials. Because of the
lack of daily flushing by the tides that would remove it, organic debris
may constitute a greater percentage of the sediments than in the natural
marsh.

The general biota of the impoundments, as well as the natural marsh,
is influenced by the nature of the sedimentary substrate. The extent to
which ground and surface water delivers and removes nutrients and debris 1is
also important. In particular, it is of interest to determine whether
nutrients are being delivered to or extracted from impoundment waters by
vertical flow through the bottom or by lateral flow through the dikes. The
present study was undertaken to improve our understanding of some of these
processes.

The specific objectives of this study were: (1) to describe the
sedimentary materials underlying the impoundment area; (2) to deseribe the
hydrogeologic (ground water) system as it pertains to flow through the
bottom to and from the impoundments; and (3) to determine the extent of
lateral flow through the dikes to adjacent impoundments or to Chainey
Creek.

A search of the literature revealed no previous publications on the
sediments and hydrogeology of impounded coastal wetlands. In fact,
geologic studies of coastal wetlands, in general, are sparse (Chapman,
1974; Frey and Basan, 1978). Studies of salt-marsh sediments by Ranwell
(1972) and of estuarine sediments by Postma (1967} and Rusnak (1967) are
applicable to the Cat Island marsh sediments. An unpublished report by
Phillip M. Wilkinson (1970) described a study done on the Cat Island
impoundments in 1967-1970 (for which purpose they were reconstructed) that
included analyses of soil and water chemistry. Tim Eckard, Geology
Department, University of South Carolina (personal communication, 1985}, is
currently studying the stratigraphy of the Santee delta region through an
extensive coring program. Tom Williams, Forest Science Institute, Clemson
University (personal communication, 1985), is currently studying the

hydrogeclogy of the North Inlet region. The North Inlet marshes were also
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studied by May (1978). Gardner {1973) reported on hydrologic factors
related to impoundments. Morgan and others (1975) investigated the
characteristics and management of tidal impoundments. Studies concerning a
fresh-water wetland at Madison, Wisconsin was reported by Oakes and others
(1975}, with a followup study by Huff and Young (1980). An unpublished
report by May (1984) concerned the hydrogeology of fresh-water wetlands on
Hilton Head Island, South Carolina. Several recent studies presented at
the 1985 International Estuarine Research Conference (ERF, 1985) indicate a
growing interest in coastal marsh sedimentology, though only cne paper
(May, 1985) concerned hydrogeologic factors as well. Zimmerman and others
(1985) have studied ground water effect on nutrient flux in the Indian

River estuary (Florida).
METHODS

Impoundment Sediments

The study of the sediments that underlie the Cat Island impoundments
was bhased primarily on cores that ranged up to 3 m in length. Coring
stations were selected quasi-randomly, being based on a desire to obtain
maximum areal coverage, but limited by time constraints and accessibility
(Fig. 5.2}. The cores were collected with a dutch gouge corer, which
resulted in reasonably good recovery in the fine-grained sediments. This
corer is not capable of penetrating sand or shell layers more than a few
centimeters thick. Seventeen long cores {ranging from 1 to 3 m in length)
were collected from the area of the impoundments. Descriptions of the long
cores are given in Appendix Table 5.1,

Sixteen short cores {10 cm) were collected from the area (Fig. 5.2) to
supplement the information obtained from the long cores and to provide
information on bottom conditions relevant to studies of macrobenthos and
plants. Textural descriptions of the short cores are given in Appendix
Table 5.2. A Ub-m steel probe was used to determine the depth to the
underlying sand/shell stratum (Appendix Table 5.3).

The core samples were described megascopically in the field, and
subsamples were selected for further study in the Citadel Geology Lab. Lab
study consisted of textural analysis based on wet sieving of the sand

fraction and pipeting of the silt/clay fractions. The sediments were
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viewed with a binocular microscope to determine their gross mineralogic
characteristics. These data were interpreted and compared with sediment
information from other sources in an effort to develop a synthesis that
describes the general sedimentary system at the Cat Island impoundment
site.

The pH and salinity of interstitial waters were measured as the cores
were being taken and are listed in the core descriptions {Appendix Tables

5.1 and 5.4).

Impoundment Hydrogeology

Hydrogeological studies consisted predominantly of measuring time
fluctuations of surface and groundwater levels in (1) the impoundments, (2)
the adjacent salt marsh, and (3) on the adjacent Cat Island "upland."
Ground-water levels were measured by emplacing piezometers at depths of 1.0
and 2.5 m beneath the ground surface (Fig. 5.3). The piezometers were
emplaced by jetting and sandpacking. All stations were surveyed and all
measurements converted to a common datum (mean sea level}., These data were
entered into the computer and plotted in time-series format.

Additicnal data were obtained by random percolation tests. This
consisted simply of inserting a thin-walled pipe into the sediment, adding
water up to the rim, and monitoring the time/decline in water level. These
data were treated by the method described later as a slug test, but were
less reliable because the pipe may have compacted the sediment as it was
inserted and caused an artificially imposed decrease in permeability.

Water samples were collected from the piezometers and analyzed for the

nutrients NH, , NO,-NO,, and o-PQ) (Chapter 6}. The purpose of

3
these analyses was to ascertain whether a relationship could be established
between the ground water and the surface water in terms of nutrient content
(Appendix Table 5.5). Salinities of both the ground and surface water were

measured (Appendix Table 5.4).

Impoundment Dike Seepage

The study of seepage through dike structures alsc involved the
installation of piezometers for water-level monitoring (Fig. 5.3; Appendix
5.6). Because the dikes were constructed by fill and had been compacted by

road traffic, the piezometers were installed by first augering a hole (2 to
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3 m deep) and then emplacing a slotted and screened pipe. This method also
permitted the sampling of the fill materials of which the dilkes were
composed (Appendix Table 5.7).

Samples of dike fill were taken to the Clemson Secils Lab for analysis,
where permeability was determined by permeameter analysis. Organic content
was determined by the ighition method at a temperature of 800°¢ (Head,
1980).

Because of the low permeability of the dike-fill materials, it was
determined that the use of a "slug test" rather than the standard pump test
was more appropriate. This method (Cooper et al., 1967; Papadopolas et
al., 1973) is performed by either pumping the casing dry and monitoring
recovery of water level or by adding a known quantity of water to the
casing and monitoring water-level decline. The water-level time/decline
data is plotted on semi-log paper and compared to a type curve to determine
transmissivity. Transmissivity is defined as the permeability multiplied by
the thickness of the permeable stratum.

Additional information on the permeability of the dikes was obtained
by percolation tests. The test consisted of inserting a thin-walled,
open-ended pipe into the sediment, adding a measured volume of water, and
noting water-level decline. The data could have been treated as a slug
test, but the results were somewhat less reliable because the lack of a
screen at the bottom of the pipe mey have caused compaction during
insertion.

Water levels in the dike piezometers, impoundments, and creek were
measured monthly (Appendix Table 5.8). Water-level recorders were deployed
5~13 December 1984 to obtain continuous data on several of the dike
plezometers. Recorders were located at both the Impoundment gate and the
creek gate of the trunk in impoundment Y4, at the west well on the dike, and

at the east well directly across from the west well {Figure 5.3).
RESULTS AND DISCUSSION

Sediments of the Impoundment Beds

The surface sediments (upper 10 em) throughout the impoundments and
adjacent "natural marsh" were characteristically fine-grained (<0.062 mm in

diameter). The sand fraction (>0.062 mm in diameter) ranged from 0 to 5%
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{(with much of that being organic in origin}. The sediment ranged from a
silty clay {up to 82% clay) to clayey silt (up to 86% silt) in the upper
10—cm-thick layer. Channel sediments from the tidal creeks were much
coarser, averaging 60 to 80% quartz sand, because of the significantly
higher energy levels occurring in the creek as compared with the open
marsh, where vegetation attenuates the tidal currents, and the impounded
marsh, where diking has limited energy levels. Also, the creek may have
eroded downward into an underlying sandy stratum.

Beneath the surface layer of marsh-type sediments was a layer of
coarser sandy sediment that represented either the Pleistocene substrate or
the earlier Holocene bay margin deposits on which the marsh sediments were
deposited as a result of the Holocene rise in sea level during the past
5000 years (Fig. 5.4). When sea level reached within a few meters of its
present level (L0O0O to 5000 years ago), the Santee estuary, as it is known
today, began to form. Fine-grained sediment brought in by the Santee River
was deposited in the estuary, rather than being carried farther down the
valley to a site on what is now the continental shelf. Over the last 4000
to 5000 years, marsh sediment has built up to its present thickness of over
4 m.

Based on long core samples (1 to 3 m), the sediments were typically
fine-grained. Sand was almost nonexistent, whereas clay content ranged
from 10 to 82%. The sediments were generally poorly stratified,
reflecting active bioturbation during and following deposition. Layers of
root mat occasionally occurred to provide some horizontal layering.

The steel rod probe was used to determine the depth to the underlying
sand (Appendix Table 5.3). In several instances, the sand layer
encountered was thin enough to be broken through, and additional
fine-grained sediment was encountered below. This indicates that the
underlying sand layer is not continuous, but rather that it is in the form
of lenses of restricted areal extent. This implies that the layers probably
do not form an integrated ground water aquifer through which flow can occur
for any significant distance. At a slightiy deeper depth, this conclusion
may not be valid, as we were only able to probe to the top of the
formation.

Eckard {personal communication, 1985) drilled numerous core holes

immediately south of the study area. Two of these sites, designated as
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SVC-1T and SVC-23, are pertinent to the present study. These cores were
drilled with a vibracorer, which permits the penetration of sand layers, as
well as those consisting of fine-grained sediments.

Core SVC-17, located 1.5 km southwest of and the c¢losest to the Cat
Island impoundments, encountered 2.15 m of mud (mixture of undifferentiated
silt and clay) overlying 4.2 m of interbedded sands and muds. The upper
zone corresponded with the silts and c¢lays encountered in the area of the
impoundments. The top of the deeper sandy zone was probably the sand layer
that prevented deeper sampling with the dutch gouge used in the present
study.

Core SVC-23, located 8 km to the southwest, indicated a similar
stratigraphic sequence, with limestone bedrock being encountered at a depth
of about T m.

The relationship of the sand layers beneath the marsh sediments to the
Pleistocene sands of Cat Island cannot easily be interpreted without
additional deep cores of the type collected by Eckard. It is possible that
the sand layer encountered in the study area represented the underlying
Pleistocene substrate beneath the Holocene marsh sediments. On the other
hand, nearby vibra-cores indicated that there is a zone of interbedded sand
and mud that overlies the deeper clean sands. In the former case, it is
possible that a ground water aguifer, possibly even an artesian aquifer,
could extend southward beneath the impoundments. In the latter case, the
sand layers would be lenticular and would have little hydrologic impact.
Based on hydrogeologic findings discussed later, it is suspected that the

second interpretation is the more probable.

Ground Water Flow Through The Impoundment Bottom

It was of interest, from the point of view of nutrient flux, to
determine whether water exchange through the bottom sediment occurred in
the impoundments and adjacent marsh. Water level measurements taken in
piezometers were assumed to indicate the elevation of the potentiometric
surface relative to the piezometer depth.

Station T was located at the south margin of Cat Island (Fig. 5.3)
immediately north of the study impoundments and was established to monitor
the temporal fluctuation of the water table on the island. This station

consisted of a single piezometer placed at a depth of 2.85 m below ground
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surface. The water-level elevations measured at station 7 {Fig. 5.5a)
represented the potentiometric head available to cause groundwater flow
through the sand layer, which lies beneath the fine-grained sediments of
the adjacent marsh (and impoundments) to the south. A comparison of Fig.
5.5a to Fig. 5.6 indicates that the effect of the groundwater
potentiometric head originating from Cat Island was nil.

This is in contrast to the preliminary findings of Williams (personal
comminication, 1985) in the North Inlet area. His study of salt-marsh
hydrogeology indicated a definite relationship between the potentiometric
levels measured in the salt-marsh sediments and in the adjacent upland.
However, the sediments in that area are probably more permeable than those
at Cat Island. This is indicated by the higher percentage of sand in the
salt-marsh sediments there (May, 1978). It appears probable that the
ground-water system at the North Inlet marsh area is distinctly different
from that existing at Cat Island.

Figure 5.5b shows groundwater levels for the 2.5-m and 1.0-m
piezometers at the tidal impoundment (unit 6) site (Fig. 5.3). This area
is covered by water only at high tide. For accessibility reasons, the
measurements were taken at times when the tide level was at mid to low
stage. These measurements probably reflect only the maxinum height of and
the elapsed time since the last high tide. They would be expected to bear
little resemblance to the water levels measured inside the impoundments,
where surface water was controlled. There was generally a close
correspondence between the levels measured in the 2,5-m piezometer and the
1.0-m piezometer. This indicates that either the two levels were in
hydraulic communication or that they were both controlled by the same
effects. It is concluded that, as the permeability of the sediments was
found to be low, the latter is more probable. The two water levels
probably responded to variations in hydrostatic pressure due to tidal
fluctuations. Unfortunately, a water-level recorder was not available to
monitor these levels continuocusly.

Water levels in impoundment L and 2 are shown in Figs. 5.6 and 5.7,
respectively, with the surface water levels superimposed above the
groundwater levels. The close correspondence between surface water and
groundwater levels is obvious. This is to be expected, at least at those

times when the sediment surface is covered by surface water. As was
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concluded in the case of the open-marsh ground water levels, the fact that
the 2.5-m and 1.0-m piezometers showed such similar water levels is
probably not due to any hydraulic communication between the two, but rather
because they were both responding to the same force: the weight of the
overlying surface-water level.

Figure 5.6 (left) shows the water levels for the 2.5-m piezometers
located in impoundment 4. During the February to April interval, the
surface-water level was below the sediment surface; that is, the sediments
were subaerially exposed. It was during these times that the groundwater
measurements displayed the most variation among stations, indicating that
the primary control of water levels in the piezometers was the level of the
surface water. This same relationship is shown in measurements from the 1.0
m piezometers (Fig. 5.6, right).

Water-level measurements from impoundment 2 are shown in Fig. 5.7.
This pond was not dewatered during the study period. The groundwater
levels show much less variability, both spatially and temporally, a further
indication that water levels in the piezometers responded more to
surface-water conditions than to other effects, such as artesian head from
nearby Cat Island, or even the adjacent spoil areas to the west (Fig. 5.3).

The extent to which the groundwater tends to discharge upward through
the pond bottom or to which surface water may tend to recharge downward
through the pond bottom is not easily ascertained. A comparison to water
levels measured at a single site at (1) the surface, (2) 1.0-m depth, and
(3) 2.5-m depth indicated a vertical potential gradient. That is, if (1) >
{2) > (3), then there is a potential for recharge, because surface pressure
is greater than at depth. Conversely, discharge is indicated when
pressures at depth exceed those nearer the surface. These potentials are
summarized in Table 5.1. Differences in measurements of less than 10 mm
may be subject to measurement error. Using only those measurements for
which the difference was over 10 mm, the net recharge/discharge potentials
can be summarized as shown in parentheses in Table 5.1.

The data from impoundment 2 (which was not dewatered during the study
period) indicated a definite potential for groundwater discharge. This
impoundment is closer to the Cat Island upland and, perhaps, there was some
artesian effect. Data from impoundment 4, which was dewatered, indicated

that there was no tendency toward either recharge or discharge. If

93



*1930wozatd W-Q'] B pPUBR W-G°'7 B POPNIOUT UOTIE]S
yoeyg -suoTriels g jusupunodwr 99IYyl 9yl ‘g 91TS I0F
SWT] ISUuTeSe S[9AOT JI91BM PUNOId pue @dBJIns jo 3074 /°S 2indr1y

sSyjuol SYJUOW

G NOSVYTTrANYHNAIdT ANOSVYVIPFPNVYRHNITr
v T T 7T I 7T 17 17157

o ar k2 ¥ xt x

19}BM pUNOID

4

18]l 8d2BJINg

94



artesian conditions existed, the impoundment that was dewatered,
impoundment 4, should have shown a stronger discharge potential than the
impoundment that was not dewatered, impoundment 2. The values just
discussed indicate only a potential for water flow through the impoundment
bottom; they did not prove that such a flow, whether upward or downward,
actually existed.

Limited chemical analyses were performed in both the field and the lab
to characterize the ground water and to be able to compare it to the
surface water. The pH of interstitial waters from some cores was measured
as the cores were being taken (Appendix Table 5.1). Values of pH ranged

from 6.0 to T7.0. No areas of low pH were encountered that would indicate

Table 5.1
Summary of number of water-level measurements showing potential for
ground-water recharge and discharge. Values expressed in parentheses

include only those cases in which differences were greater than 10 mm.

Station Number

(Location) Recharge Discharge
2 NW 2 (o) 28  (21)
2 NE 1 (0) 26 (19)
2 C 3 (0) 25  (13)
L NW 13 (3) 18 (k)
4 NE 25 (5) 11 ( 3)
4 ¢ 11 (6) 17 ( 5)
4 SE 9 (3) 27 (12}
b sw 16 (6) 16 (h)

cat clay development; however, these measurements were few and cursory. A
more exhaustive analysis may well have found some cat clays. Wilkinson
(1970) found that the pH frequently was as low as 3.0 or 4.0, especially in

the impoundments that had been drained and exposed to air for some months.
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Salinities of both the ground and surface water were measured
(Appendix Table 5.4), The ground water was commonly saline, ranging from
10 to 30 ppt. This suggests that there was no significant flushing action
by discharging fresh ground water. The lack of correlation of
surface-water salinity to ground-water salinity indicates that any vertical
flow through the impoundment bottom was probably too slow to significantly
affect the chemistry of the surface water.

Water samples were analyzed for the nutrients NH&’ NOE_NOB’ and
o—POh (Appendix Table 5.5). The purpose of these analyses was to
determine whether a relationship could be established between the ground
water and the surface water in terms of nutrient content. The results of
the analyses indicated that such was not the case. The data appeared
erratic. It is also possible that, even though the piezometers were
repeatedly pumped out for several months prior to sampling, the groundwater
samples were reflecting contamination introduced by the piezometer

installation procedure (jetting).

Impoundment Dike Sediments

Dike fill materials generally consisted of impermeable, gray clay
(Appendix Table 5.6). At a depth approximately equal to the elevation of
the floor of the impoundments, a zone of organics-rich, friable soil was
encountered. The zone was always wet, suggesting that water was able to
flow through it. This was substantiated by laboratory permeability tests
(Table 5.2).

The measured organics content of the permeable layer averaged 37%, as
compared to about 18% in the overlying sediments. This layer probably
represents the former surface of the salt marsh before dike construction.
It may be slightly deeper now than it was originally, because of compaction

resulting from the overburden placed on it.
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Table 5.2

Permeabilities of dike sediments.

Depth  {(m) Permeability (cm/day)
0.3 0.0

0.7 0.0

0.8 0.0

1.1 6.6

1.2 19.8

1.8 0.0

Impoundment Dike Seepage

The relative levels of the impoundments, dike piezometers, and
Chainey Creek indicated that there existed a general negative gradient
from impoundment to creek. The average head difference at impoundment b
was about 1.2 m at low tide and about -0.3 m at high tide, for an average
head difference of approximately 0.T5 m between the impoundment and
creek.

At the station located on the dike between impoundment 4 and Chainey
Creek, continuous water-level recording in the east well showed an
attenuated tidal fluctuation, indicating direct hydraulic communication
with the creek (Fig. 5.8). The west well showed no tidal fluctuations,
but rather a gradual decline in water level during the December 1984 study
period, which corresponded with a similar decline in water level within
impoundment L., The water level within the impoundment averaged about 1.5
cm higher than the level in the west well, which averaged about 14 cm
higher than the level in the east well. These results illustrate a
negative gradient from impoundment to creek and are indicative of the low
permeablility of the dike materials.

Slug test analyses for the impoundment 2/Chainey Creek dike yielded
transmissivity values of 0.0179 and 0.0239 m2/day for duplicate tests at
the east well, for an average value of 0.0209 mE/day. At the west well,

transmissivity was determined to be 0.0295 me/day.
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Assuming an overall average transmissivity for the dike of 0.0252

melday, the seepage rate through the dike was computed as follows:
g = 0.0252 x 0.762/6.1 = 0.0031L m3/day per m of dike length

where 0.762 m is the average head difference between the impoundment and
the creek and 6.1 m is the dike width. The thickness of the permeable
layer was assumed to be 0.305 m. Based on a dike length of 24k m for
impoundment 2, this flow rate indicated a volume discharge of 0.T7
m3/day. Based on a dike length of 137 m for impoundment 4, the
discharge was computed to be 0.43 m3/day. These values would vary,
depending on changes in gradient due to fluctuations in c¢reek and
impoundment water levels.

An independent approach to the determination of seepage through the
dikes can be made by using the lab determinations of the permeability of
samples taken from the impoundment 4/5 dike (Table 5.2). Using these
results, the average value was 0.13 m3/day. A compariscon to the
previously calculated seepage value through the impoundment 4/Chainey
Creek dike can be made by using the Darcy equation:

@ = Kh W dh/dx
or

q = 0.13 x 0.305%5 x 1.0 x 0.762/6.1 = .00496 m3/day per m of dike
iength.

This result was the same order of magnitude as that computed earlier based

on slug test data.
CONCLUSIONS

The results of this study suggest that no significant vertical flow
exists through the impoundment bottoms. This conelusion was based on (1)
the impermeable nature of the sediments that floor the impoundments; (2)
the very low and variable (spatially and temporally) vertical hydrostatic
gradients occurring beneath the impoundments; and (3) the general lack of
a demonstrable causal relationship between ground and surface water based

on water chemistry. Any vertical flow was almost certainly too slow to be
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of any significance with respect to nutrient flux to and from the
impoundment system.

There was ground water communication through the dikes from
impoundment to impoundment or from impoundment to creek, and the rate was
approximately 0.003 to 0.005 m3/day per meter of dike length. This rate
translated to generally less than 1 m3/day and prebably did not
significantly affect the general nutrient flux to and from the
impoundments. It is concluded, therefore, that the nutrient flux to and
from the impoundments operated independently of any water flux through the
bottom and probably through any see page through the dikes. Nutrients
ertered and left the impoundments principally through the trunks and

possibly via the animals.
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Chapter 6
Tidal Nutrient Exchanges

H. N. McKellar
INTRODUCTICN

Open intertidal salt marshes are believed to be important in
maintaining nutrient balances in the coastal zone by exporting critical
fractions of carbon, nitrogen, and phosphorus. Odum (1968, 1980) proposed
that this "outwelling' of nutrients from fertile marsh lands may support
higher productivities in adjacent coastal environments. Although the
magnitudes of oﬁtwelling may vary considerably from site to site, most
marshes have been found to export dissolved inorganic phosphorus, ammonium
nitrogen, and organic carbon {see review by Nixon, 1980; Jordan et al.,
1983). The same export trends have also been documented for the salt
marshes of South Carclina (Gardner, 1975; Kjerfve and McKellar, 1980;
Chrzanowski et al., 1982, 1983; Dame, 1982; Whiting et al., 1985; Whiting
et al., in review).

At present, there is little information on nutrient dynamics and
exchange in coastal impoundments. In comparison with adjacent estuarine
waters, Anderson (1979) found impoundment waters on Wadmalaw Island, South
Caroclina to be enriched with phytoplankton biomass and carbohydrates but
relatively depleted in inorganic nutrients. However, no studies have been
conducted on the net transport of nutrients via tidal exchange in such
coastal impoundments. In this study, we examine aspects of the tidal
exchange of water and several critical fractions of carbon, nitrogen, and

phosphorus. We focused on two fractions of dissolved inorganic nutrients
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{(ammonium and ortho-phosphate), chlorophyll-a (as an indicator of
phytoplankton biomass), as well as particulate and dissolved organic
carbon. The major objectives of this part of the impoundment
characterization were, therefore, (1) to examine tidal patterns in the
concentrations of these nutrient fractions and to compute the net tidal
exchange of nutrients between the impoundments and the adjacent estuarine
waters, and (2) to compare seasonal patterns in nutrient concentrations
and tidal exchange of water and nutrients in the impoundments with trends

in an adjacent tidal marsh system.

METHODS

Studies on water and nutrient exchange were conducted in each
impoundment on a monthly basis, usually within two or three days of spring
tide. During each sampling period, water flow through the control
structures was measured (Marsh-McBirney electromagnetic flow meter) at
approximately three-hr intervals for two complete tidal cycles
{approximately 25 hr). Water samples were collected at the same time in
acid-washed glass bottles by manually rinsing and filling the bottles with
water directly from the tidal flow (ebb or flood) within the water-control
structures. Because tidal flow through these structures was shallow (<20
cm) and/or turbulent, vertical variability in nutrient concentration and
water flow was not considered.

Samples were taken immediately to a field laboratory, where they were
filtered through prerinsed GF/F filters and preserved for later analysis.

Aliquots of filtrate were preserved with HgCl, for later analysis of

0-FO, by the acid molybdate method of Murphy :nd Riley {(1962). NH),

was analyzed by the hypochlorite method of Solarzano (1969) after
preservation of filtrate with phenol (Degobbis, 1973). Particulate
organic carbon was determined by dry combustion of particulate matter on
precombusted GF/F filters (Whatman) and IR analysis on an Oceanography
International analyzer. Dissolved organic carbon was determined on
filtrate after persulfate oxidation (Menzel and Vaccaro, 1964).
Chlorophyll-a was determined by modifications of the standard fluorometric

analysis (APHA, 1976) using a freeze-thaw acetone extraction procedure

(Glover and Morris, 1979).

104



For direct comparison with trends in a tidal marsh, concurrent
measurements of water flow and nutrient concentration were made at the
inlet creek to the marsh within a breached impoundment {impoundment no. 6,
see Fig. 4.2). Remnant dikes surrounded most of the marsh, thereby
limiting broad-scale sheet flow which may be more characteristic of more
open, natural marshes. Because of the absence of a water-control
structure, however, the marsh within this area was completely intertidal
and exposed to semidiurnal tidal flushing. There was no impounded water
in the marsh, and the vegetation was dominated by intertidal stands of

Spartina alterniflora, S. cynosuroides, and Scirpus robustus (see: Chapter

7). Although this marsh may not have been completely representative of
nonimpounded tidal marshes in the area, it represented a common situation
for many former rice fields in South Carolina and was used for comparison
in this study.

Water volume in the impoundments was determined from hypsographic
curves for each impoundment (Figs. 6.1 and 6.2) and water-level recordings
during each sampling. The volume of tidal exchange in the tidal marsh and
in the impoundments was calculated from time-series plots of instantaneous
water flow integrated over the twe complete tidal cycles during each
sampling period. The corresponding water residence time was calculated as
the water volume divided by the volume of tidal exchange per tide. Water
residence times were converted to a daily basis by assuming a 12.42-hr
tidal cycle.

The instantaneous flow rate (mass flow per second) for each
constituent in the water was computed as the cross-product of water flow
and concentration. Time-series plots of instantaneous mass flow were also
integrated over two complete tidal cycles for each sampling periocd to
compute the flow-weighted mean concentrations of each constituent for both
ebb and flocd tides. For the time interval between monthly sampling

dates, the mean net tidal exchange {F., mass flow per tide) for each

1’
nutrient was computed as
F, = Vg (Cf - Ce) (1}
where V,, = mean tidal volume (1) for the interval, taken as the average

of the flood and ebb tide volumes for the four tidal cycles sampled before
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Figure 6.1 Hypsographic curves for impoundments 1 and 2 showing depth
and area relationships at various water levels.
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Figure 6.2 Hypsographic curves for impoundments 3, 4, and 5 showing
depth and area relationships at various water levels.
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and after each monthly interval; Cf = mean flow-weighted concentration
for the four flood tides sampled; and Ce = mean flow-weighted
concentration for the four ebb tides sampled.

These calculations estimated net nutrient flow associated with daily
tidal exchange without regard for net monthly accumulations or losses of
water volume. On a monthly time interval, these estimates were considered
adequate for the tidal marsh, which completely drained after each tide and
exhibited no net change in water volume. For the impoundments, however,
additional terms were needed to account for nutrient flows associated with
both net changes in water volume over the monthly time intervals and large
water flows during impoundment drainage and reflooding. For net changes
in water volume over monthly sampling intervals, the additional nutrient
flow (FE) was computed as
) (2)

F,=(v_ ) (C

2 net t

vhere Vn = accumulation or loss of water over the monthly time

interval?tdetermined from changes in water level and the corresponding
hypsographic curves for each impoundment (Fig. 6.1 and 6.2;) C, = the
flow~-weighted flood tide concentration (Cf) when there was net water
accumulation or Ct = the flow-weighted ebb tide concentration (Ce)
when there was a net loss of water. In addition, the net flux of

)

nutrients during major events of impoundment draining or flooding (F3
was calculated directly from the integrated time-series plots of
instantaneous flux rates during these periods. The major flood—drain-
reflood events (designed for mosquito control) occurred over a l-week
period in the spring {April/May) and accounted for a considerable portion
of the net annual flux of water and nutrients in the impoundments. The
net annual nutrient exchange for the 1982-1983 year was computed as the
sum of these fluxes, (Fl +F, + F3) integrated over the 12-month

period. All fluxes were divided by total surface area to yield area-based

exchange values.
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RESULTS AND DISCUSSION

Water Exchange

Fatterns of nutrient exchange in ecoastal wetlands are controlled by
complex interactions of biology, geochemistry, and hydrology (Gosselink
and Turner, 1978). Fig. 6.3 summarizes some key aspects of the tidal
hydrology of these systems in terms of changes in the impounded water
volumes, veolumes of tidal exchange, and corresponding water residence
times.

The volume of impounded water in the tidal marsh was considered
negligible, although there were small quantities remaining in the bottom
of the drainage creeks at low tide and perhaps some residual water left in
localized depressions on the marsh surface. The water volume in the
impoundments (Fig. 6.3, top panel) reflected the basic water-management
scheme used during the study, with minimum volumes ( 2,1 + 0.5 million
liters) after the winter drawdown, and maximum volumes (2h.: 3 million
liters) in the fall. Drawdown was initiated in October, and the volume of
water in the impoundments had declined to about 10 million liters by the
end of the year.

The volume of tidal exchange varied considerably during the year in
both the tidal marsh and the impoundments (Fig. 6.3, middle panel).
Although meost sampling dates were within two or three days of the
astronomical spring tides, the actual tidal height (and tidal volume) were
affected largely by local hydrography and meteorology. Tidal exchange in
the marsh varied from about 1 to 5 million liters per tide, with an annual
average for the eight sampling dates in 1983 (16 tidal cycles) of 2.8 +
0.5 million liters per tide. Because the marsh was essentially drained at
each low tide, the turnover rate for water in the marsh was once per
tide. The corresponding water residence time in the marsh was, therefore,
one tide (12.42 hr or 0.52 day).

In the impoundments, the volume of tidal exchange varied mainly as a
function of the water-management scheme used during the study. During the
spring flushing sequence, the tidal flow reached maximum rates of 3 to 4.5
million liters per tide (Fig. 6.3, middle panel), with corresponding water

residence times of less than a day (Fig. 6.3, bottom panel). During the
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for all five impoundments. Open circles (middle panel)
represent the mean tidal water volume in the tidal marsh.
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late summer and early fall, when the impoundments were at their maximum
water levels, tidal water exchange dropped to a minimal rate (0.0211 .01
million liters per tide) with corresponding water residence times of
greater than a year. Outside of these periods of maximum and minimum
flushing, the mean volume of tidal exchange in the impoundments (l.l_i 0.3
million liters per tide) was less than half (39%) of the mean flushing
rate of the tidal marsh. Corresponding mean residence times for water in
the impoundments (5 to 10 days) was 10 to 20 times longer than the
0.52-day residence time in the tidal marsh.

Other potential pathways of water movement include groundwater
seepage through the bottoms of the impoundments and through the
impoundment dikes. However, May and Zielinski (Chapter 5) found that
there was no significant vertical flow of groundwater through the
impoundment bottoms because of the impermeability of the bottom sediments
and the low vertical hydrostatic gradients. There was, however, some
seepage through a fibrous organic layer in the impoundment dikes. But
even with maximum hydraulic gradients through the dikes when the
impoundments were at maximum stage during the summer, the computed seepage
rate amounted to less than 0.001 million liters per day. This water flow
was less than 5% of the tidal water flow even during this late summer
period of low tidal exchange. Therefore, we consider that the most
significant pathways of aqueous nutrient transport occurred through tidal

exchange of surface waters.

Ortho-Phosphate

For the tidal marsh, mean flood tide concentrations of o—POh varied
between 0.5 and 1.5 ug-at/liter, with no apparent seasonal trend (Fig.
6.4). Mean ebb-tide concentrations were consistently higher than on flood
tides. These differences were particularly evident during the spring and
summer, when concentrations during the ebb flow (almost 4 ug-at/liter)
were 2 to 3 times those during flood flow. The highest concentrations
observed during ebb flow (5 to 6 ug-at/liter) occurred during low-tide
drainage of the marsh (May and August, Fig. 6.L4).

These concentration differences led to a considerable net export of
o-POu from the marsh during the spring, summer, and fall (Fig. 6.5)

e -2 -
culminating in a net annual export of 0.32 P4 o-POh m yr l.
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Figure 6.4 Ebb vs. flood tide concentrations of dissolved ortho-
phosphate (0-PO,) in the tidal waters of the open marsh
and the study impoundments, 1983. Each pair of ebb/
flood data points was computed from monthly, 25-hr.
studies with an n=9 for the open marsh means and an
n=45 for the impoundment means.
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Figure 6.5 Net tidal flux of ortho-Phosphate (O—PO4) for the tidal
marsh and impoundments. The curve for the impoundments
represents the mean flux for all five impoundments.

Values for individual impoundments are shown in Table 6.1.
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In the impoundments, flood-tide concentrations of o--POh were
similar to those found in the tidal marsh (Fig. 6.%). This was expected,
because Chainey Creek is the tidal-water source for both systems. in
contrast to the tidal marsh, however, ebbing water from the impoundments
was usually 1.5 to 3 times lower in concentration than flood-tide waters.
This trend was especially consistent through most of the growing season
(April to July). The major flushing events in late April/May culminated
in considerable net import of o—POh to the impoundment (Fig. 6.5) which
was followed by consistent import through the summer. Concentration
differences became ebb dominated in October, beginning with the initisl
stages of the fall-winter drawdown in the impoundments. Through the fall
and winter the impoundments exported o-POh with the net outflow of water
during this time. The mean net annual exchange of o—POh in the
impoundments yielded a small net import (+ 0.02 + 0.0l g m—2yr_1),
although two of the five impoundments showed a small net annual export
(Table 6.1). Regardless of the net direction of 0-P0) flow, the
magnitude of exchange was more than an order of magnitude lower than the

o—POh export found for the tidal marsh.

Ammonium

As for owPOh, flood-tide concentrations of NHh in the tidal marsh
were similar to those in the impoundments (Fig. 6.6). Flooding waters
from Chainey Creek typically averaged around 5 ug-at/liter or less and
exhibited no apparent seasonal trend. Also, as for o-POh, NHh
concentrations during ebb flow from the tidal marsh were consistently
higher than during flood flows, with maximum spring and summer differences
of three to sevenfold. Again, peak ebb-tide concentrations up to 80
ug-at/liter occurred during low-tide drainage of the tidal marsh (May and
July). Then patterns culminated in a net export of NHh from the tidal
marsh during the spring, summer, and fall, with a net annual export of 0.k
g m—gyr-l (Fig. 6.7).

For the impoundments, difference between ebb- and flood-tide
concentrations were usually small, with concentrations near the lower
limits of detection (Fig. 6.6). However, these slight differences were

flood dominated during summer and fall, yielding a smell net tidal import
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Figure 6.6 Ebb vs. flood tide concentrations of dissolved ammonium
(NH,) in the tidal waters of the open marsh and the
impoundments, 1983. (n for each pair of data points was
the same as for Figure 6.4).
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Figure 6.7 Net tidal flux of ammonium (NH,) for the tidal marsh and
impoundments. The curve for the impoundments represents
the mean flux for all five impoundments. Values for
individual impoundments are shown in Table 6.1.
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Table 6.1

Net annual nutrient flux via tidal exchange
-2 -1

(gm " yr 3 += import, - = export).

Dissolved Nutrient Fractions Phytoplankton Biomass
(Site) (oPO, ) (NH ) (Chlorophyll-a) (P¥) (N*)
Tidal marsh  -0.322 -0.405 +0.209 +0.255 +1.340

Impoundments
1 +0.027 -0.0k2 -0.054 -0.066 -0.475
2 -0.01% +0.077 -0.172 -0.210 -1.51k
3 +0.036 -0.137 -0.210 -0.256 -1.84g
4 +0.0hk -0,051 -0.037 -0.045 -0.325
5 -0.010 -0.309 -0.0L2 ~0.051 -0.370
Impoundment mean
X +0.017 -0.092 -.103 -0.126  -0.907
+ SE +0.012 +0.,06k +.037 +0.045  +0.322

¥Phosphorus {P) and nitrogen (¥) components of phytoplankton biomass were
calculated from chlorophyll-a measurements assuming a 50:1 ratio of
phytoplankton carbon to chlorphyll-a (Strickland, 1965) and a Redfield
ratio of 106:16:1 for C:N:P in phytoplankton biomass.

(Fig. 6.7) along with a net input due to water accumulation during this
time. The largest differences in tidal concentrations and NHh exchange
in the impoundments occurred during the end of the winter/spring drawdown
(March) and during the flood-drain-reflood events of April and May.
During these times, ebb-tide NHh concentrations were consistently three
to five times higher than in flood-tide waters {(Fig. 6.6). The April/May
flushing events clearly resulted in a net export of NHh from the
impoundments which dominated the mean net annual export from the
impoundments of about 0.1 g NH, m‘2yr‘l (Fig. 6.7).

This trend contrasted with those of omPOh taken up hy the
impoundments during this time. Perhaps the exposed and shallow flooded
substrates during the drawdown and flushing of the impoundments provided
favorable conditions for nitrogen fixation with subsequent release of

NHh into impoundment waters. Also, because early spring was a period of
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high river discharge, with potentially high NO3 inputs, there could have

been rapid NO_ uptake and subsequent ammonification by the benthos and

water column.3 Clearly, this period represented a very dynamic interval
for N transformation in the impoundments. Even with these dramatic
export events in the spring, however, the mean net annual export from the
impoundments was still considerably less than the observed export from the

tidal marsh {Pig. 6.7; Table 6.1).

Phytoplankton Biomass

Nutrients are also transported in the biomass of planktonic organisms
entrained in the tidal waters. Measurements of chlorophyll-a were taken
as an indicator of phytoplankton biomass. For the tidal marsh, the actual
differences in chlorophyll-a concentrations between ebb and flood tides
were small and variable (Fig. 6.8). However, the flow-weighted mean
concentrations were almost all flood dominated throughout most of the
year, suggesting a consistent import of phytoplankton biomass to the marsh
surface via daily tidal exchange (Fig. 6.9). These data indicated a net
annual import of chlorophyll-a to the marsh of 0.2 g m_2yr_l (Fig.

6.9; Table 6.1).

In obvious contrast, ebb-tide concentrations of chlorophyll-a in the
impoundments consistently exceeded those in flood-tide water (Fig. 6.8).
The impoundment environment was apparently favorable for phytoplankton
growth during most of the year. Summer phytoplankton blooms in the
impoundments yielded mean ebb-tide chlorophyll-a levels of 45 to 55
ug/liter (July and August) which exceeded flood-tide concentrations by
three to fourfold. These patterns yielded a considerable net export of
chlorophyll-a from the impoundments during the summer, dominating a net
annual export of 0.1 + 0.04 g m 2 yr"l (Fig. 6.9; Table 6.1).

In addition to the flux values for chlorophyll-a, Table 6.1 also
lists estimates for nitrogen and phosphorus flux bound in the
phytoplankton biomass. To estimate the nutrient exchange associated with
phytoplankton transport we used a 50:1 ratio of phytoplankton carbon to
chlorophyll-a (Strickland, 1965) and the standard Redfield ratio of
106:16:1 for C:N:P in plankton biomass. According to these estimates, the
tidal nutrient exchange via phytoplankton biomass was considerable for

both the tidal marsh and the impoundments. The tidal marsh imported four
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Figure 6.8 Ebb vs. flood tide concentrations of chlorophyll-a in
the tidal waters of the open marsh and the impoundments,
1983. (n for each pair of data points was the same as
for Figure 6.4.)
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Figure 6.9 Net tidal flux of chlorophyll-a for the tidal marsh and
impoundments. The curve for the impoundments represents
the mean flux for all five impoundments. Values for
individual impoundments are shown in Table 6.1.

120



times as much nitrogen as phytoplankton biomass as it exported in the form
of dissolved ammonium. For the impoundments, tidal exchange of both
nitrogen and phosphorus in phytoplankton biomass was much higher than in
dissolved inorganie forms. In fact, the impoundments may have exported
more nitrogen as phytoplankton biomass than the tidal marsh did in the
form of ammonium. Therefore, in terms of total nutrient exchange, the
high production and export of phytoplankton biomass from the impoundments
may have partly compensated for the limited tidal exchange of water and

dissolved nutrients.

Organic Carbon

The computation of net tidal flux of nutrients depends heavily on
complete data sets for each monthly sampling period. Data sets for
organic carbon were less complete than for the other constituents because
of lower sampling frequency and higher rates of sample loss in the
analytical phase. Therefore, we focused mainly on the mean concentration
differences between ebb and flood tides, which suggested some differences
and similarities between the tidal marsh and the impoundments.

Total organic carbon was dominated by dissolved fractions in both the
tidal marsh and the impoundments (Fig. 6.10). Concentration peaks (L0 to
60 mg/liter) were noted in June for both systems (Fig. 6.10). In the
tidal marsh, dissolved organic carbon (DOC) was consistently higher on ebb
tides throughout the year. Although there was considerable variability in
concentrations through individual sampling dates, this seasonal trend
suggests DOC export from the marsh. In the impoundments, ebb-tide
concentrations were similar to flood-tide wvalues throughout the spring.
However, ebb-tide concentrations were markedly higher by as much as three
fold from late summer through the fall. This pattern suggests a
consistent DOC export from the impoundments at this time, perhaps related
to the senescence and decomposition of macrophyte and phytoplankton
populations.

Particulate organic carbon {POC) concentrations showed similar
seasonal patterns in both the tidal marsh and the impoundments (Fig. 6.11)
with higher concentrations (5 to 10 mg/liter) during the spring and
summer. In the tidal marsh, POC concentrations were highly variable on

individual sampling dates. However, mean ebb-tide concentrations were
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Figure 6.10 Ebb vs. flood tide concentrations of dissolved organic
carbon (DOC) in the tidal waters of the open marsh and
the study impoundments, 1983. (n for each pair of data
points was the same as for Figure 6.4.)
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Figure 6.11 Ebb vs. flood tide concentrations of particulate organic
carbon (DOC) in the tidal waters of the open marsh and the
study impoundments, 1983. (n for each pair of data
points was the same as Figure 6.4.}
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consistently higher than mean flood-tide values, suggesting some export of
POC throughout the year. 1In contrast, the impoundments showed no clear
seasonal patterns in ebb and flood differences, even though sample
variability on individual dates was smaller. The higher ebb-tide
concentrations in the impoundments in August and October (Fig. 6.11) could
have been related to the dense phytoplankton stocks during the late summer

and early fall {see Fig. 6.8).
CONCLUSIONS

Nutrient cycling and productivity in wetland ecosystems are
controlled by complex interactions of biology, geochemistry, and hydrology
(Gosselink and Turner, 1978). It is not surprising, therefore, that the
magnitude of nutrient and organic flux in whole-marsh ecosystems varies
considerably (see review by Nixon, 1980}). However, there is clearly some
agreement in the literature on the direction of net flux {import or
export)} of several critical nutrients. Most salt and brackish marsh
systems tend to export o—POh and NHh in tidal waters (Valiela et al.,
1978; Woodwell and Whitney, 1977; Woodwell et al,, 1979; Jordan et al.,
1983). Recent studies of the North Inlet salt marsh in South Carolina
indicate that trends of nutrient export are particularly evident even on
the large scale of a 3h—km2 marsh ecosystem (Kjerfve and McKellar, 1980;
Whiting et al., 1985; Whiting et al., in review). Mechanisms controlling
this export are probably related to the nutrient dynamies of the dominant
vegetation (Hopkinson and Schubauer, 1984) and high rates of decomposition
and remineralization in marsh substrates (Pomeroy and Wiegert, 1981; Good
et al., 1982), coupled with the diffusion and drainage of substrate pore
waters during low-tide exposure (Gardner, 1975; Wolaver et al., 1980,
1983). However, Jordon and Correll (1985) have demonstrated that low-tide
drainage accounted for only a small portion of the total tidal export of
dissolved nutrients from a mesohaline Typha marsh.

Many of the same mechanisms that characterize natural open marshes
are probably similar in the former rice fields in South Carolina that are
now open to semi-diurnal tidal flushing and that have succeeded to
intertidal marshlands. Data for a tidal marsh in a breached impocundment

have been presented here. FEbb-tide concentrations of both o—POh and
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NHy, were consistently higher than flood-tide concentrations (Figs. 6.4
and 6.6)., This trend suggested a tendency for the tidal marsh to indeed
export these nutrients, especially during low-tide drainage. Calculations
of seasonal and net annual exchange indicated consistent export of both
o—POh and NHh during the summer and fall, culminating in a net annual
export of 0.3 and 0.4 g mueyr-l, respectively (Figs. 6.5 and 6.7).

These estimates are within the range of values reported for o—POh and

NH14 export from other coastal marshes on the East Coast (see review by
Nixon, 1980).

In contrast to the tidal marsh, impounded wetlands examined in this
study exhibited different trends of tidal transport of o—POh and NHh'

In the impoundments, o—POb was imported during the spring and summer and
was exported during the fall and winter, culminating in a mean net annual
exchange near zero (+ 0.02 + 0.0l g m_eyrql, Fig. 6.5).

Ammonium was strongly exported from the impoundments at the end of
the spring drawdown and during the rapid flushing events. Even with
consistent NHh import to the impoundments over the summer, the spring
exports dominated the annual net flow (- 0.09 + 0.06 g m_2yr_1, Fig.
6.7). However, the net annual NH, export from the impoundments as a
whole was considerably less than for the tidal marsh.

Data on other fractions of dissolved inorganic nutrients, especially
N03 and N02, would clearly contribute to the discussion of nutrient
exchange in these impoundments. Continuing work on South Carolina
impoundments includes analyses of these fractions of nitrogen as well as
other fractions of dissolved and particulate carbon, nitrogen, and
phosphorus.

Typically low concentrations of NO,-NO, and corresponding low N:P

ratios in coastal waters are attributed3lar2ely to high rates of NO3
reduction and denitrification in the anaerobic coastal sediments (Nixon,
1980; Hopkinson and Wetzel, 1982). However, in river-influenced coastal
areas, such as the Santee Delta region, distributions of NHh and NO3
may vary considerably during periods of high river discharge. In other
ongoing work, Osemene (1985} found that during some periods of high
discharge of the Santee River (March and April, 1983}, concentrations of
NOB-NO2 entering the delta region (2.8 to 4.h ug-at/liter) were
substantially higher than NH) concentrations (0.4 to 1.3 ug-at/liter).
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During more recent periods of high discharge (February 198k4) NOS-NO2

in the river water reached levels as high as 20 ug-at/liter and was
clearly the dominant fraction of dissolved inorganic nitrogen. In our
continued work on coastal impoundments in this area, information on such
differences in nitrogen fractionation will add considerably to our
understanding of nutrient exchanges in these dynamic systems.

Another form of tidal nutrient transport occurs with the entrainment
of planktonic organisms in tidal waters. The impoundments examined in
this study were evidently favorable environments for phytoplankton growth,
with maximum chlorophyll-a concentrations greater than 100 ug/liter
observed in late summer. Although the tidal marsh imported phytoplankton
biomass throughout most of the year, the impoundments exported
phytoplankton, especially during the spring and summer (Fig. 6.9).

Using standard conversion ratios for chlorophyll and nutrients {(Table
6.1), we estimated that the tidal nutrient exchange via phytoplankton
biomass was probably greater than for dissolved inorganic fractions, in
both the tidal marsh and the impoundments. Whereas the tidal marsh tended
to export nutrients in dissolved inorganic forms (NHh and o-POh), the
impoundments exported nutrients via phytoplankton biomass. These results
suggest that the exchange of nutrient elements via tidal waters in
impoundments and in tidal marshes may be more comparable in total guantity
but were considerably very different in quality. At present, we can only
speculate about the secondary effects of such differences in nutrient
quality on adjacent estuarine areas; the issue needs more direct
evaluation in the future.

Some of these results have potential water-management implications
for coastal impoundments. Tidal patterns of nutrient exchange in the
impoundments was clearly different from those observed in the tidal
marsh., Some of the differences were related directly to the gquantities of
water movement. During summer periods of restricted water flow in the
impoundments, the corresponding tidal nutrient exchange was
proportionately reduced. This condition was in stark contrast to the
tidal marsh, which showed maximum rates of nutrient export during the
summer. If the goal of water-management alternatives is to reduce these
differences, then efforts to increase water exchange during the summer may

be appropriate.
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Other differences in nutrient exchange, however, are related more to
the basic bictic and geochemical differences that characterize an
impounded environment versus an intertidal environment. As long as a
wetland is dominated by submerged benthic habitats {as in impoundments),
there will be considerable differences in the ways that system processes
nutrients compared to an intertidal system. Until we can evaluate these
differences in terms of their positive and negative impacts on the
adjacent waters, it will be difficult to propose a more appropriate
water-management regime.

Further research is clearly needed to effectively address the issues
concerning the impact of impoundments on estuarine water quality and
productivity. In this study, we were able to quantify some differences
between impoundments and a tidal marsh with respect to tidal exchange of
dissolved inorganic and plankton-bound forms of carbon, nitrogen, and
phosphorus. We still need a better understanding of the total budget for
each nutrient constituent, including the dynamic partitioning between
particulate and dissolved forms as well as organic and inorganic forms.

Data on organic carbon fractions suggested that both the tidal marsh
and the impoundments exported particulate and dissolved fractions. The
quality of that organic export is still unknown. Because most of the
organic carbon transport was in dissolved forms, we need especially to
compare the differences between impoundments and marshes in the quality of
DOC export. The value of DOC components can be indicated by analyzing for
the low-molecular-weight, labile fractions {such as in dissolved
carbohydrates which are easily utilized by estuarine microbes). These can
then be compared to the higher-molecular-weight fractions which are more
refractory and less easily utilized. Although both impoundments and
marshes may export organic carbon, differences in the quality of the
organic matter is critical in evaluating the larger-scale impacts of
impoundments.

Though we now have some information on nutrient and organic exchange
in a specific set of impoundments, we still need to assess the areal
extent over whiech impoundments affect water gquality in adjacent
waterways. We specifically need to quantify spatial and seasonal changes
in water gquality throughout an estuarine area where impoundments are

managed and compare trends with an area where there are few impoundments.
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SECTION IV

PRIMARY PRODUCTIVITY AND SYSTEMS METABOLISM



GENERAL INTRODUCTION

Cpen tidal marshes are regarded as very important to general coastal
ecology in terms of their high productivity, their function as protective
and nutrient-rich nursery grounds for Juvenile fish and shellfish, and
their role in the nutrient balances of coastal waters (de la Cruz, 1973;
Greeson et al. 1978, and others). At present, we know little of how these
basic ecological processes function in impounded wetlands. This study
represents an initial effort to elucidate some basic properties of primary
productivity and commnity respiration in representative impounded
wetlands.

Three plant communities dominate the landscape in the Cat Island
impoundments: (1) the emergent and submergent aquatic macrophytes rooted
in the bottom sediments, including their attached microscopic.epiphytes,
(2) the suspended, unattached, microscopic phytoplankton in the water
column, and {3) the benthic microscopic algae that are found growing on or
among the bottom sediments, largely in the top 0.5 cm of the sediments.
Although the same primary production components may be present in
open-marsh, conditions may favor a different distribution of productivity
among open marsh plant communities than that found in impoundment
communities. A clear understanding of the comparability of primary
productivity of impounded and open marshes requires, therefore, a full
accounting of the contributions of all components in both systems.

In this section we present three chapters examining seasonal patterns
of primery production in the major plant communities {macrophytes,
phytoplankton, and microbenthic algae). Studies were conducted in the
impoundments as well as in the adjacent marshes for direct comparison.
Related aspects of oxygen dynamics and aquatic-community metabolism were
also examined for the impoundments. A fourth chapter provides a synthesis
of the component productivity results and presents summary comparisons

with productivity data from other wetland sites.
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Chapter 7
Macrophyte Productivity

B. J. Kelley and R. D. Porcher

INTRODUCTION

Macrophyte vegetation is a prominent feature of both fresh and salt
water impoundments in coastal South Carolina. A primary objective of the
majority of impoundment owners is to attract waterfowl (see Chapter 3).

Edible macrophytes are encouraged; e.g., Ruppia maritima, Scirpus

robustus, and Polygonum sp. and "undesirable" competitors such as Spartina

alterniflora, 8. cynosuroides, and Typha sp. are discouraged by a variety

of management methods (Morgan et al., 1975; Joyner, personal
communication). The five Cat Island impoundments used in this study were
managed in a traditional saltwater management program, described in

Chapter 4, which encourages the growth of widgeon grass, Ruppia maritima,

dwarf spike rush, Eleocharis parvula; and salt marsh bulrush, Scirpus

robustus (Joyner, personal communication). The early history of the
impoundments and their vegetation is described by Wilkinson (1970). 1In
this initial work (1967-1969), Wilkinson used different management
techniques on each of the five impoundments. Different macrophyte
communities developed in each system. These origipnal community patterns
may account in part for the differences in community composition observed
among the impoundments in the present study.

A durable but unproven hypothesis that has influenced tideland

impoundment poliey in South Carolina (S.C. Coastal Council Regulations,
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1978) states that primary productivity and other processes in salt-marsh
ecosystems are enhanced by an energy subsidy to the system provided by
daily tidal flow (Odum, 1961; 19T4; Teal, 1962; Odum and Fanning, 1973;
Steever et al., 1976; Hopkinson et al., 1978). Odum et al. (1983)
compared net aerial primary productivity (NAPP) of impounded and

unimpounded giant cutgrass, Zizaniopsis miliacea, in a tidal freshwater

marsh and found tidal NAPP to be significantly higher than impounded

NAPP. They interpreted the difference as being due to an energy
supplement received by the tidal marsh. Other authors have argued for the
tidal-subsidy concept by noting the greater productivity of a species when
it is located along creek banks than in areas with less tidal flushing
(Steever et al., 1976). If this concept is correct, impounding a tidal
marsh with an interruption of the daily tidal flow should result in
reduced primary preductivity through loss of the energy subsidy.

To examine this possibility, we measured the NAPP of the important
macrophyte species in the study impoundments and an adjacent tidal marsh
80 that comparisons could be made. We have used our results to discuss
the following questions: (1) Were impoundment macrophytes less productive
than tidal macrophytes? (2) Were impoundments sufficiently similar in
their macrophyte production characteristics to be treated as replicates?
(3) Were impoundment management practices used during the study period
producing the macrophyte species desired and at the times they were
needed?

Several features of the tidal marshes used in our study could
possibly affect the general applicability of some of our results. The
tidal impoundment (unit 6) used in 1983 (Fig. 7.1) was an old impoundment
with breached dikes. Diurnal tidal flooding occurred, but it may have
been less extensive or not typical of unaltered marsh because of remnant
dikes and ditches. Tidal marsh 2 (Fig. 7.1) used in 1984 was also an old
impoundment, but its dikes and ditches had so thoroughly deteriorated that
little if any restriction of flow occurred. For these reasons, comparison
of our tidal marsh data to unaltered tidal systems. should be done

cautiously.
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METHODS

The measurement of net aerial primary productivity (NAPP) was
conducted over two growing seasons from February 1983 to March 1685. The
same field and laboratory procedures were followed both years, but with
differences in sampling design. Magnified tracings (6X) of color infrared
aerial transparencies of the five Cat Island impoundments and adjacent
tidal marsh were made using a Wild M-5 stereomicroscope with a drawing
tube. This permitted macrophyte community boundaries to be delineated and
each community area to be determined by planimetry. The vegetation maps
produced were ground-truthed. The macrophyte comminities identified
(seven in the study impoundments and three in the tidal marsh) became the
strata for a stratified random sampling design used in the estimation of
macrophyte productivity. The sampling pattern allowed the determination
of NAPP for each community and permitted statistical comparisons by
analysis of variance {ANOVA) among the various communities and between
tidal marsh and impoundments. During the first growing season (February
1983 to January 1984), all five impoundments and the tidal impoundment
(unit 6) were studied (Fig. T.1l). During the second growing season
(February 1984 to January 1985), the number of impoundments used was
reduced to three, impoundments 1, 3, and 4, to allow an increase in the
number of replicates per community for impoundment-to-impoundment
comparisons. The tidal study area was moved to the more thoroughly
flushed marsh (tidal marsh 2, Fig. T.l) across Chainey Creek.

Net aerial primary productivity was determined for each of the
macrophyte comminities identified in the impoundments and tidal marsh,
using a modification of the Lomnicki method as described in Shew et sal.
{1981)., However, two of the impoundment communities, Distichlis and

Ruppia~Eleocharis, could not be reasonably handled by this method and were

studied by the Milner-Hughes (1968} procedure. The small size and density
of growth of these species made the removal of fallen and standing dead
material from quadrats, required by the Lomnicki method, impractical in
the field. Screens used in the Lomnicki method were constructed of
1/4-in. PVC pipe and l-mm-mesh fiberglass screen. Screening was secured

to the PVC pipe using ¢lips made from 3/k-in. PVC'pipe. Quadrat size was
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1/4 m2 for the 8. alterniflora, 5. cynosuroides, Scirpus robustus, S.

2 e .
validus, and Typha communities and 1/25 m for the Distichlis and

Ruppia-Eleocharis communities.

Field samples were returned to the laboratory, sorted to species,
dried in paper bags at 100° ¢ for five days, and weighed to the nearest
0.1 2.

In the Lomnicki method estimates of annual productivity were made by
summing the interval (monthly) produetivities for the growing season,

where NAPP interval = Alive + A ADP + ¥D and ADP

attached dead parts;
FD = fallen dead and standing dead culms. In the Milner-Hughes method
annual production estimates were sums of interval (monthly ) values for the
growing season as in the Lomnicki method, but interval mortality was not
considered. Resultant data, therefore, underestimated annual production.
Estimates of total macrophyte NAPP for individual impoundments and
the tidal-marsh systems were made by summing the contributions of each
community the system contained {(community NAPP estimate per square meter
times community area in square meters equalled total community
contribution). An average square meter production estimate for each
system was made by dividing the total system NAPP estimate by the system
area in square meters. Statistical comparisons were made using the Human

Systems Dynamics (HSD) ANOVA software with an Apple IIe microcomputer.
RESULTS AND DISCUSSION

Vegetation maps and a species list {see Appendix Chapter T) show that
the impoundment flora was more diverse than that of the adjacent tidal
marsh (7 major communities vs. 3 and 19 species vs. 5, respectively).
Community composition of each impoundment and the tidal marsh with area of
cover and percentage of cover is given in Table T.l. The ~

Ruppia-Eleocharis community dominated all impoundments (average cover 53%)

and was absent from tidal areas. Ruppia and Eleocharis grew on the

shallow impoundment flats as submerged members of the aguatic community
during times when the fields were flooded. The importance of other
communities, judged by percentage of cover, varied among the

impoundments. FEmergent species comprised nearly 100% cover in the
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Table T.1

2
Macrophyte community composition, area (m ), and the % cover

of each impoundment and the tidal marsh.

IMPOUNDMENT #1

IMPOUNDMENT #2

Species* Area % Cover Species Area % Cover
Sp. cyrosuroides 9,489 16% Sp. cynosuroides 7,053  15%
Sp. alterniflora 18,885 33% Se. robustus 15,219  32%
Sc. robustus T,L04 13% Typha 2,830 6%
Distichlis 185 <1% Sp. alterniflora 209 1%
Ruppia-Eleocharis 21,530 37% Distichlis 70 1%

Sc. validus 2,807 6%
Ruppia-Eleocharis 19,488  L41%
TOTAL 57,583 TOTAL 47,676
IMPOUNDMENT #3 IMPOUNDMENT #U

Species Aresa Cover Species Area % Cover
Sp. cynosuroides 3,480 10% Sc. robustus 1,127  12%
Sp. alterniflora 7,540 21% Sp. alterniflora 1,926 5%
Distichlis 2,065 6% Distichlis 1,694 L%
Sc. robustus 139 1% Typha 1,392 3%
Ruppia-Eleocharis 22,040 62% Sp. cynosuroides 3,503 9%

Ruppia-Eleocharis 27,399 67%
TOTAL 35,264 TOTAL L1,041

* Sp. = Spartina,

Bc. = Scripus
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Table T.1l Continued

IMPOUNDMENT #5

TIDAL IMPOUNDMENT (UNIT 6)

Species® Area % Cover Species Area % Cover
Sp. cynosuroides 5,892 9% 8p. cynosuroides 36,238 48%
Sp. alterniflora 17,539 28% Sp. alterniflora 34,220  b5%
Sc. robustus 46 1% Sc. robustus 5,823 %
Distichlis 162 1%

Ruppia-Eleocharis 38,977 62%

TOTAL 62,616 TOTAL 76,281

AVERAGE % COVER FOR ALL IMPOUNDMENTS 'PIDAL MARSH #2

Ruppia-Eleocharis - 53% Species Area % Cover
Sp. alterniflora - 19% Sp. alterniflora 32,57 57.5%
Bc. robustus - 11% Mudflat and tide 2L,062 kL2.5%
Sc. cynosuroides - 12% creek
Distichlis - 2%
Typha - 2% TOTAL 56,636
Sc. validus - 1%

* Sp. = Spartina, BSc. = Seripus
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impoundment {unit 6) but less than 60% in tidal marsh 2 (Fig. 7.1 and
Table T7.1).

Our primary objectives for the 1983 growing season were to estimate
the NAPP of major communities and make comparisons between impoundments
and tidal marsh. Production measurements for each community are given in
Table 7.2. An ANOVA of the seven impoundment communities showed that all
commnities were not equally productive (P<.00l). Values ranged from a
high of 3196.8 + 774.3 (8.E.) grams dry weight (gdwt) mf2 yr_l for

impoundment Spartina cynosurcides to a low of 361.5‘1 121.4 gdwt m_2

yr_l for impoundment Scirpus robustus. Estimates of S. alterniflora

NAPP for both impoundment and tidal communities were similar to those
reported for other southeastern marshes (Keefe, 1972; Turner, 1976;
Hopkinson et al., 1978, Schubauer and Hopkinson, 1984). Values for 8.

cynosuroides and Distichlis spicata were higher than those reported in

some southern areas (Keefe, 1972; Turner, 1976) but comparable to
Louisiana Distichlis (Hopkinson et al., 1978) and to Georgia S.

cynosuroides (Schubauer and Hopkinson, 1984). It should be noted again

that our Distichlis and Ruppia-Eleocharis estimates did not include

mortality and that there was an assumption that grazing was

inconsequential, which may have been untrue for the Ruppia-Eleocharis

community.

Average NAPP in gdwi per square meter per year for individual
impoundments and the tidal impoundment (unit 6) also are given in Table
T+2. Impoundments with the largest percentage of cover of the most
productive species had the highest average values. Average NAPP per
square meter was a function of community composition and percentage of
cover as well as species productivity.

Comparisons of macrophyte productivity in gdwt per square meter per
month between impoundments and tidal marsh were made for all communities
common to both areas. Figs. 7.2 and T.3a show the monthly production
values for the three comminities found in both the impoundment and

tidal-marsh systems. Total production of Spartina alterniflora was not

significantly different between tidal marsh and impoundments, and there
were only slight differences in monthly patterns of productivity between
the two areas (Fig. T.2a). Spring growth began earlier in tidal S.

alterniflora than in the impoundments, a trend which was repeated in 1984
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Table T 2

Macrophyte NAPP (g/m2/interval) for impoundment and tidal marsh

communities by season and for the 1983 growing season.

IMPOUNDMENTS
Commnities* Spring Summer  Fall Winter Annual +
Sp. cynosuroides 1336.2 1096.2 678.0 86.4  3196.8 +
Sp. alterniflora 476.0 1156.3 668.6 39.4  23k0.3  +
Sc. robustus 1844 147.6 27.9 1.6 361.5 +
D. spicata 717.2 1915.0 k4hs5,1  0.13  3077.4 +
Ruppia-Eleocharis 146.8  724.0 0.0 0.0 870.8 +
T. angustifolia 617.7T 109.1 56.1 2.3 785.2 +
Sc. validus 1054.3  237.3 90.5 0,26 1382.3 +

TIDAL MARSH
Communities Spring Summer Fall Winter Annual 4
Sp. cynosuroides 12kk,2  T715.8 293.9 8.1 2302.0
Sp. alterniflora 340.9 1065.1 519.6  h0.8  202k.8 +
Sc. robustus 417.3  382.8 336.1 25.7 1161.9 +

NAPP (g/m2/year) for an average m2 in each impoundment and the

tidal marsh:

Impoundment

Tidal Marsh

#1 1,467.2 1968.0 + 607.8
#2 1.087.0
#3 1,541.7
#l 1,052.9
#5 1,506.6

Mean for all + S.E.:

1,331.0 + 4ba.h

S.E..
T74.3
481.8
121.L
968.9
379.8
308.1
44,3

5.E.

858.1

539.5
366.9

* Sp. = Spartina,

Scripus
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Figure 7.2 1983 comparisons of productivity between impoundments
and tidal marsh. A = Spartina alterniflora, B =
Spartina cynosuroides.
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Figure 7.3 1983 comparisons of productivity between tidal marsh and
impoundments. A = Scirpus robustus. B = average macro-
phyte production.
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(see Fig. 7.5b). Similarly, no significant difference in NAPP between

tidal marsh and impoundments was found for 8. cynosuroides (Fig. T.2b).

The greatest period of growth for both impoundment and tidal S.

cynosuroides was in early spring. Impoundment 5. cynosuroides, however,

showed an early autumn peak that did not occur in the tidal marsh.

Scirpus robustus was the only macrophyte commuinity to show a significant

difference in productivity between impoundments and tidal marsh.
Impoundment S. robustus had & mean NAPP of 30.1 gdwt muz month—l,

whereas tidal NAPP was 102.4 gdwt — month ™% (Fig. 7.3a). A late

spring freeze in 1983 during impoundment drawdown damaged the impoundment
5. robustus community, and it performed poorly the rest of the season.
Tidal 3. robustus also was damaged, but not as badly. The drawdown
procedure used in the impoundments appeared to have exposed the
impoundment S. robustus to freezing conditions while the tidal 8. robustus
was protected by pericdic water cover. This interpretation is supported by
the similarity between NAPP of impoundment S. robustus in 1984, when there
was no freeze damage, and that of tidal S. robustus in 1983 (111.6 gdwt
n~2 month™! and 102.4 gdwt n~2 month_l, respectively). In

addition, NAPP for impoundment S. robustus in 1984 was significantly
higher (P = .013) than 1983 impoundment S. robustus. The impoundment

communities remaining, Ruppia-Eleocharis, Scirpus validus, Distichlis, and

Typha, had no counterparts in the tidal impoundment (unit 6).

A tidal marsh to impoundment comparison of monthly average NAPP in
gdwt per square meter per month for 1983 is given in Fig. T.3b. Average
impoundment NAPP per square meter per month was not significantly
different from average tidal NAPP, but tidal macrophytes showed a tendency
to begin their period of activity earlier in the spring than the
impoundment macrophytes. An apparent slow down or cessation of
productivity in late summer was evident in all the 1983 production graphs
(Figs. 7.2 and 7.3). From all comparisons of individual communities and
total macrophyte productivity, it appeared that impoundment macrophytes
were no less productive than their counterparts in the adjacent tidal
marsh.

In 1984 the number of study impoundments was reduced to three to
allow more replicates per comminity so that productivity among individual

impoundments could be compared. In addition, we continued the
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impoundment-tidal marsh comparisons. Table 7.3 presents production
measurements for impoundment and tidal communities for the 1984 growing
season. The five impoundment communities sampled were not equally

productive (P < .001). Spartina cynosuroides was the most productive

-2
species, and its level of production in 1984 (3519.3 + 670.1 gdwt m
yr_l) was similar to its level in 1983 (Table 7.2). Values for S.

alterniflora, Ruppia-Eleocharis, and Typha angustifolia also were similar

to 1983 estimates (Table 7.2). Scirpus robustus production was
significantly higher in 1984 (P = .013) than in 1983, probably because
there was no freeze damage in 1984 (Table 7.2 and Fig. T.ka).

Productivity among impoundments 1, 3, and 4 was compared for the

Spartina cynosuroides, S. alterniflora, Ruppia-Eleocharis, and Scirpus

robustus communities. Only Ruppia-Eleocharis showed a significant
difference in productivity (gdwt m 2 month-l, Fig. T.4b, P = ,01L)

among the impoundments. When productivity was expressed as an average in
gdwt per squé.re meter per month for each impoundment (Fig. T.5a), there
was no significant difference among the three impoundments. Seasonal
patterns of production for the four communities compared were similar, but
there were some differences in time and extent of peaks in production.
In general, we found little reason to regard impoundments 1, 3, and 4 as
different from one another from the standpoint of macrophyte production.
The impoundment to tidal marsh comparison, continued from 1983,
showed no significant differences in production between impoundment and

tidal Spartina alternifiora (Fig. T.5b) or in average NAPP between all

impoundment and tidal macrophytes (Fig. 7.6a). With the exception of the

1983 Scirpus robustus community, there were no significant differences in

productivity between impoundment and tidal macrophyte comminities of the
same species over the two years of the study. As already mentioned, we
have attributed the low productivity of S. robustus in 1983 in
impoundments to freeze damage, which did not occur in the tidal marsh.
This may be the only event in our study that can be interpreted as an
energy subsidy, in the form of warm water cover, resulting from tidal
flow.

Since the Ruppia-Eleocharis community is the principal crop of the

impoundments, we have given it some additional consideration. Peak

production was reached in June, and by July-August dropped to near zero
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Table 7.3

Macrophyte NAPP (g/mzlinterval) for impoundment and tidal marsh

communities by season and for the 1984 growing season.

IMPOUNDMENTS
Communities¥ Spring  Summer Fall Winter Annual + S.E.
Sp. cynosuroides 1161.0 1818.,3  510.6 29.4 3519.3 + 670.1
Sp. alterniflora 268.4 592.1 h28.7 70.1 1359.3 + 246.9
Sc. robustus T21.0 198.4 203. 4 90.0 1212.8 + 261.8
Ruppia-Eleocharis 87.8 53h4.L 227.2 k9.3 898.7 + 187.9
T. angustifolia k2k,7  230.9 8.9 TeTh - 672.2 + 178.6
TIDAL MARSH
Community Spring Summer Fall Winter Annual + S.E.
Sp. alternifiora  721.8 8hh.6 359.0 T4.6 2000.0 + 528.7
Mudflat 0 0 0 0 0
NAPP (g/m2/year) for an average m2 in each study impoundment and a
tidal marsh:
Impoundment Tidal Marsh
#1 1629.9 + 416.6 1149.9 + 303.8
#2  1658.2 + L43.1 (2000.0 with mudflats removed)

#3  1297.6 + 317.9

* Sp. = Spartina, Sc. = Scripus
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Figure 7.4 Productivity of impoundment macrophytes. A = Scirpus
robustus, (1983 vs. 1984) B = 1984 Ruppia-Eleocharis
community (comparison of productivity among impoundments
i1, 3, and 4).
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Figure 7.5 1984 macroﬁh}te productivity. A = average production
among impoundments 1, 3, and 4; B = production of
Spartina alterniflora (tidal marsh and impoundment).
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Figure 7.6 A = Comparison of average macrophyte productivity
between the impoundment versus tidal marsh, 1984.
B = Comparison of Ruppia-Eleocharis in 1983 vs. 1984.
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(Pig. 7.6b). Impoundment managers always hope for a second fall peak.
This did not occur in 1983. Exceptionally high temperatures during the
summer may have prevented the fall peak (Joanen and Glasgow, 1985). A
small autumn peak was present in 1984 (Fig. T.6b). Fig. 7.7 shows the
monthly standing crop of Ruppia-Eleocharis for 1983 and 1984. In both

years it had peaked and largely disappeared before the arrival of the
migratory waterfowl it was intended to feed. If 1983 and 1984 were not
atypical years, this suggests that adjustments in the management

program might produce more Ruppia and Eleocharis for the seasons when

migratory waterfowl are present. The Ruppia-Eleocharis community was

among the least productive of the impoundment communities according to our
method of measurement. We want to point out again that for Ruppia~
Eleocharis estimate of mortality was included in the production values
obtained. Also, there was no account made of the grazing removal of NAPP
by waterfowl and other herbivores. If these factors were included, the

NAPP of this community might be significantly higher.
SUMMARY AND CONCLUSIONS

Table 7.4 presents a summary of various productivity comparisons we
have made. The assumption of no difference in NAPP between impoundment
and tidal communities of the same kind (hypothesis 1, Table T.4) was
upheld in all ANOVAs except the Scirpus robustus comparison for 1983.

This difference appeared to have been due to selective freeze damage to
the impoundment population that did not occur in the tidal population or
to the 1984 impoundment population. That there was no difference between
impoundment and tidal marsh when their productivity was expressed as an
average per square meter (hypothesis 2, Table T.h), also was upheld for
both years of the study. We found, therefore, no evidence that
impoundment macrophytes were less productive than tidal macrophytes and no
evidence of a general energy subsidy due to tidal flow that affects
macrophyte primary productivity.

We tested hypothesis 3 (Table 7.4), that there was no difference in
comminities of the same kind in different impoundments, by making
comparisons among impoundments 1, 3, and 4 of communities that occurred in

at least two of the three impoundments studied in 1984. Only the
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Table T.b

Summary of comparisons of NAPP by ANOVA
(NS - not significant at .05 level; ¥ - significant at the .05 level)

I. Hypothesis 1: there was no difference in NAPP between impoundment

and tidal communities of the same kind.

Comparison Statistical significance

Impoundment to tidal

1983 Spartina alterniflora NS
1983 S. cynosuroides NS
1983 Scirpus robustus - * (P=,03)
1984 Spartina alterniflora NS
II. Hypothesis 2: there was no difference between Impoundment and

tidal marsh when their NAPP was expressed as an average per
square meter.

Comparison Statistical significance

Impoundment to tidal
1983 average NAPP NS
1984 average NAPP NS
III. Hypothesis 3: there was no difference in NAPP among communities
of the same kind in different impoundments.

Comparison Statistica) significance

Impourndment to impoundment

1984 Spartina alterniflora NS
1984 8. cynosuroides NS
1984 Scirpus robustus NS
1984 Ruppia-Eleocharis % (p =,01)
Iv. Hypothesis Y4: there was no difference among impoundments when their

NAPP was expressed as an average per square meter.

Comparison Statistical sigrnificance

Impoundment to impoundment

1984 average NAPP NS
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Figure 7.7 Standing crop biomass of the Runpia-Eleocharis community in
1983 and 1584.
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productivity of one community, Ruppia-Eleocharis, was significantly

different. There was no obvious reason. Also, there was no difference
among impoundments compared by average NAPP per square meter (hypothesis
L, Table 7.4). In general, we found that it was reasonable to consider
the Cat Island impoundments as replicates from the point of view of
macrophyte productivity.

Finally, we would like to note (Fig. T.7) that changes in the
management program could possibly alter the time of year when the starnding

crop of the Ruppia-Eleocharis community peaks so that it would be

avallable to the migratory waterfowl it is intended to feed. An altered
water-management plan might also help protect the secondary crop

commnity, Scirpus robustus, from spring freeze damage.

ACKNOWLEDGEMENTS
We would like to acknowledge our undergraduate assistants, Rick

Beers, Mare Jasper, and Joe Kelley, who helped ably in the field and
laboratory.

155



LITERATURE CITED

Cruz, A. A. de la. 1973. The role of tidal marshes in the productivity
of coastal water. Assoc. Southeastern Biol. Bull. 20(h):147-156.

Hopkinson, C. S., J. G. Gosselink, and R. T. Parrondo. 1978. Above
ground production of seven marsh plant species in coastal
Louisiana. Ecology 59:760-T69.

Greeson, T. E., J. R. Clark, and J. E. Clark. 1978. Wetland Functions
and values: The state of our understanding. Am. Water Resources
Assoc., TPS T9-2.

Joanen, T. and L. L. Glasgow. 1965, Factors influencing the
establishment of widgeon grass stands in Louisiana. Proec.
Nineteenth Ann. Conf. Southeast. Assoc. Game Fish Comm. T8-92

Keefe, C. W. 1972. Marsh production: A summary of the literature.
Contrib. Mar. Sci. 16:163-181.

Milner, C., and R. E. Hughes. 1968, Methods for the Measurement of the
Primary Production of Grasslands, IBP Handbook No. 6. Blackwell,
Oxford, UK

Morgan, P. H., A. 3. Johnson, W. P. Baldwin and J. L. Landers. 1975.
Characteristics and Management of Tidal Impoundments for Wildlife
in a South farolina Estuary. Paper presented at the 29th Annual
Conf. 5. E. Assoc. of Game and Fish Commissioners. St. Louis, Miss.

Odum, E. P. 1961. The role of tidal marshes in estuarine production.
The Conservationist 15:12-15.

Odum, E. P. 197k, Halophytes, Energetics and Ecosystems. In: R. J.
Reimold and W. H. Queen (eds.), Ecology of Halophytes. Academic
Press, New York, pp.599-601.

Odum, E. P., J. B. Birch, and J. L. Cooley. 1983. Comparison of giant
cutgrass productivity in tidal and impounded marshes with special
reference to tidal subsidy and waste assimilation. Estuaries
6:88-94,

Odum, E. P. and M. E. Fanning. 1973. Comparison of the productivity of
Spartina alterniflora and S. cynosurcides in Georgia coastal
marshes. Bull. Ga. Acad. Sci. 31:1-12.

Schubauer, J. P. and C. S. Hopkinson. 1984. Aboveground and
belowground emergent macrophyte production and turnover in a
coastal marsh ecosystem Georgia, USA.

Shew, D. M., R. A. Linthurst and E. D. Seneca, 1981. Comparison of
production computation methods in a southeastern North Carolina
Spartina alterniflora salt marsh. Estuaries 4:97-109.

Steever, E. Z., R. S. Warren, and W. A. Niering. 1976. Tidal energy
subsidy and standing crop production of Spartina alterniflora.
Estuar. Coast. Mar. Sci. 4:473-478.

Teal, J. M. 1962, Energy flow in the salt marsh ecosystem of Georgia.
Ecology U43:614-62L,

Turner, R. E. 1976. Geographic variations in salt marsh macrophyte
production: a review. Contrib. Mar. Sci. 20:47-68.

Wilkinson, P. M. 1970. Vegetative succession in newly controlled
marshes. Job completion Report. S. C. Wildlife Resources Dept.

156



Chapter 8
Aquatic Commnity Metabolism and Plankton Productivity

W. D. Marshall and H. N. McKellar

INTRODUCTICN

A basic change related to the impoundment of intertidal marshes is
the conversion from a system dominated by emergent macrophytes to a
submerged system dominated largely by aquatic communities. The related
changes in total community productivity are of considerable interest in
understanding the ecological functioning of impounded wetlands. Whereas
the productivity of the macrophyte community was examined in terms of
seasonal changes in biomass (Chapter 7), productivity in submerged aquatic
habitats can be effectively addressed in terms of daily metabolism.

In this initial investigation we examined the daily and seasonal
dynamies of dissolved oxygen (DO) in the impoundments as a measure of
aeroblc comminity metabolism. Diel changes in DO in the open water of the
impoundments were taken as an indicator of the integrated contributions of
the submerged macropinytes as well as the planktonic and benthic
components. In addition, we specifically examined the seasonal changes in
the planktonic contribution to total community oxygen dynamics. The major
objectives of this research were, therefore, to: (1) evaluate seasonal
patterns and annual sums of total aquatic community metabolism in the five
experimental impoundments and to (2) quantify the relative contributions

of the plankton component.
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METHODS

Impoundment Morphometry

Computations for evaluating total aguatic community productivity and
respiration required detailed information on depth, volume, and surface
area relationships in each of the impoundments. To quantify the basic
morphological features, a detailed depth profile was determined and a
hypsographic curve developed for each impoundment. These data enabled the
determination of mean depth, volume, and area coverage of the water at
various water levels.

Along six transects across each impoundment depth measurements were
recorded at 4 to 5 m intervals. We constructed hypsographic curves for
each impoundment using a depth-interval frequency plot showing the depth
and area relationships at various water levels (see Figs. 6.1 & 6.2) The
volume, surface area, and mean depth of each impoundment was determined
using the hypsographic curves and water-level readings. The volume at
each water level was determined from the integrated area of the curve at
each vertical water-level line. Water-level readings were standardized
for each impoundment to represent the absclute depth of water over the
lower edge of the shallow flats (i.e., the impoundment stage = 0 when the
flats were exposed but the perimeter ditches were full). Mean depth for
each water level was calculated by dividing the volume (m3) by the

2
surface area (m ).

Total Aquatic Community Metabolism

Daily primary production and community respiration of the aquatic
communities were determined from diel oxygen changes in impoundment water
(Odum and Hoskin, 1958). The oxygen technique accounts only for aerobic
pathways of community metabolism. It does not account for anaerocbic
respiration, which may be quite important in wetland soils (Howarth and
Teal, 1980). Monthly sets of dawn and dusk readings of 02, water
temperature, and salinity were taken (YSI-58 02 probe; YSI-33
salinometer) at 15 stations (3 around the perimeter of each impoundment).
Readings were taken within the top 10 to 15 ecm of the water column.

Preliminary vertical profiles in these impoundments indicated that the
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surface waters were well mixed down to 50 to 60 em, with deeper
stratification in the perimeter ditches. Because the mean depths of the
impoundments were always < 60 cm, vertical stratification was not
considered as a major factor in this study, although there were probably
some times when stratification was more pronounced. Oxygen
concentrations were averaged across each impoundment and used to compute
net daytime productivity and nighttime respiration (McConnell, 1962; Lind,
1978). Hourly rates of nighttime respiration were extrapolated through
daytime hours to estimate 24h_hr respiration and gross productivity.