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PREFACE

In recent years, there has been a dichotomy of management interests
in reference to impoundments. This is especially true in the case of
newly created impoundments, where wetlands are diked off. On the one
hand, there are those who advocate the creation of impoundments, since
these areas do, in fact, substantially enhance resting and feeding
habitat for waterfowl and wading birds. In contrast, there are those
who oppose this practice in the name of conservation because wetlands,
in their natural state, are highly productive and supply vital habitat
and nursery grounds for many commercial and sport fish and shellfish.
When impounded, these wetlands do not function in the same ~ay. The
State of South Carol ina discourages the impounding of previously un-
disturbed wetlands.

Waterfowl management, estuarine management and recent advances in
aquaculture are placing demands on the same system, and little data are
available to assist in formulation of pol icies, guidel ines, and manage-
ment strategies (see Gresham and Hook 1982). This report attempts to
summarize existing data on impoundments to provide a reasonable starting
point for further research. This information was synthesized from ..a,
large regional characterization that was completed in 1980.1

We gratefully acknowledge B. J. Ashby, H. R. Beatty, L. S. Hales,
Jr., V. M. Hargis, L. H. Hodges, C. F. Linx, E. J. Olmi, E. S. Schroeder,
K. R. Swanson, F. S. Taylor, and E. L. Wenner for their assistance in
preparing this rep?rt.

1An Ecological Characterization of the Sea Island Coastal Region of
South Carol ina and Georgia. Prepared by S.C. Marine Resources
Division, S.C. Wildl ife and Marine Resources Department. Publ i-
cations available from U.S. Fish and Wildl ife Service, Sl ide ll,
LA 70458. Volume I. Physical Features, edited by T. D. Mathews
et al., 212 pp. Volume II. Socioeconomic Features, edited by
M. D. McKenzie et al., 321 pp. Volume IIi. Biological Features,
edited by P. A. Sandifer et al., 620 pp. Directory of information
Sources, edited by J. V. Miglarese et a l,, 35 pp , Atlas, edited
by J. S. Davis et a l., 56 pp. Executive Summary, Edited by M. D.
McKenzie and L. A. Barclay, 51 pp.
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CHAPTER ONE

INTROOUCTION

A. HISTORICAL REVIEW

One of the more readily apparent features of the South Carol ina
coastal region today is the extensive system of rice field dikes,
canals, and reservoirs still visible adjacent to many coastal rivers.
This system of dikes, etc. is a remnant of South Carol ina's rice culture.

Rice culture was introduced into North America during the last
quarter of the seventeenth century in the vicinity of Charleston, South
Carolina (Courtney 1884, Ooar 1936, Salley 1967). After the settlement
of Georgia removed the menace of the Spaniards and Indians, the rice
industry expanded into both southeastern and northeastern sections of the
Carol ina province. Rice was at first grown as an upland crop without
irrigation; however, it is probable that even the very early colonists
recognized the advantage of util izing low, moist land.

Irrigation is said to have begun about 1724 on the freshwater swamps
in the low eastern part of the Province. The swamp bottoms were irrigated
by wat e r stored in ponds formed by dams. Drainage was accompl ished through
ditches into adjacent streams. During this period, water was probably
employed only for supplying moisture and not for the systematic destruc-
tion of weeds and insects as practiced later. Irrigation systems were
not as elaborate or as permanent as they were after the Revolution. Con-
sequently, the industry did not exhibit the great degree of geographic
stabil ity which characterized the later period.

Planting continued in the freshwater swamps until the close of the
Revolution, although some small transfers of cultivation to the tidewater
region had begun earl ier. Use of the tidal river swamps is said to have
started as early as 1758 on Winyah Bay (Gray 1941). Before 1783, there
was considerable use of inland swamps in Georgia. It was asserted that
during this period " ... devastating floods .•. " caused heavy damage
to the inland swamp rice fields (Gray 1941). The shift to the tidewater
region came during the late eighteenth and early nineteenth centuries.
Due primarily to ineffective methods of water control, upland rice was
never grown in the large quantities later produced in the tidewater
region. The shift to this latter region was induced partly by the grassy
condition prevail ing in the inland swamp lands, but mostly by the develop-
ment of the advantageous water culture. Also, as the backcountry was
increasingly cleared and cultivated, the problems of unwanted silting
and flooding increased. Upland rice fields rapidly developed the con-
dition of too much or too 1ittle water at a given time, and the "fresh-
et" became the fear of all planters.

Rapid expansion continued into the tidewater region until the out-
break of the Revolution. Confidence of the merchants had increased and
they poured slaves and supplies into the Carol ina Province. The relax-
ation of prohibitions against importing Negro slaves into Georgia, and
increased physical security from Spanish intrusion due to the British
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occupation of Florida, resulted in expansion of the industry into
Georgia.

After the Revolution, major developments led to a greater expansion
of the industry. About 1786, a system was perfected util izing tidal
action to flood and drain fields. This provided a much greater degree
of control than the earlier upland system. Also, Carol ina rice had an
establ ished reputation for qual ity and commanded a premium price.

Until the mid-nineteenth century, the land was first prepared for
planting by using mules or oxen (Doar 1936). After field hands plowed,
they were required to dig the ground with hoes. The fields were then
smoothed with a harrow. During the ante-bellum period, cultivation
procedures had probably become fairly standardized.

By 1850, it was claimed that some improvement had been made and that
" . the hoeings, the pickings, and the cutting with the sickle remained
unchanged; but lands are better drained, and in the turning, the plough
had superseded the hoe; (and) the trenching, ••• is done by animal
power; ... " (Dear 1936).

In about 1787, Johnathan Lucas constructed, at Peachtree Plantation
on the South Santee River, the region's first successful rice pounding
mill (Courtney 1884, Doar 1936, Wallace 1951). At first the mills were
powered by water from reserves such as Blakes Reserve. Steam later
supplemented water power. The mechanization of the pounding process
allowed a substantial increase in the rate of processing, which encour-
aged the planters to expand cultivation to the 1imits of suitable fields.

in view of the technology of the era, it appears all but impossible
that the amount of earth moved for dikes and impoundments could have
been accomplsihed. The expenditure of labor was enormous, which promoted
the acquisition of large numbers of slaves. Some areas required years
to reclaim. The major rivers in South Carol ina along which rice was
planted were the Waccamaw, Black, Sampit, Pee Dee, Santee, Cooper, Edisto,
Ashepoo, Broad, and Combahee, as well as the Savannah (Fig. 1-1). Of
these regions, the Winyah Bay and Santee River areas exhibited the most
outstanding production.

B. RICE FiELD CONSTRUCTION

Because tidewater rice production was unique and because it has left
a lasting impression on the natural systems, the following description of
rice field construction and operation is presented to promote a better
understanding of the impacts that this agricultural practice had on the
area. Typically, once a location was selected, a temporary ditch and
embankment were constructed, and any natural channels running through
the embankment were bridged and later filled. "Trunks" were installed
in the embankment, and the clearing of the swamp began (Hayward 1937).
individual fields were then made by constructing "cross banks" within
the large embanked area, which served to keep water in, or out of, each
field. Normally, the fields were ditched to aid in drainage. New fields
were developed in a sequence of stages sometimes requiring years for
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m Major Tidewater
Rice-PraducinQ Areas

.,
',', Figure 1-1. Major tidewater rice areas in South Carol ina at the close of

the nineteenth century (adapted from Hill iard 1975).
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completion. After the embankments were completed, flood gates were
installed at the ends of trunks, and the field was then ready to be
placed into operation. Figure 1-2 illustrates the sequential phases
usually required to convert tidal swamp habitat into a functional rice
plantation. Figure 1-3 depicts a finalized impoundment arrangement on
a large plantation on the Combahee River, South Carol ina.

The entire process of clearing, diking, and construction was slow
and many years of effort were required to open new fields and place a
plantation in proper order. Once a field was placed into production,
it required constant attention and maintenance. Moreover, the desired
water levels of the fields had to be carefully maintained. Water levels
were regulated by the flood gates and trunks. Ideally, the bottom of
the trunk was placed at the low tide level. The gates could be locked
in position or swung to operate as a one-way valve. During flooding,
the outer gate was locked open and the inner gate was opened automati-
cally by tidal pressure through the trunk. When the tide began to fall,
water pressure closed the inside gate, thus holding water in the rice
field.

The tidewater rice plantation was a complex arrangement and its
location and operation raised it to the level of an art. A number of
valuable conclusions were drawn by Hilliard (1975) concerning the typical
rice plantation' "1) The conditions necessary for tidewater rice cul-
ture had to be precise, thus requiring careful attention to location.
2) These conditions were met only in the relatively narrow coastal zone,
thus tidewater rice could not expand indefinitely from its core area.
3) The time and labor requirements were substantial, making it unlikely
that small farmers with little or no extra-family labor could success-
fully compete. 4) Knowing the vagaries of coastal environments, with
their periodic storms, devastating tides, and occasional freshets from
upstream, one can imagine that a substantial amount of maintenance was
needed to keep the fields in order. 5) Reclaiming a tidal swamp for a
rice field demanded a high level of technical expertise. Leveling
embankments, laying off ditches and fields, and setting trunks and
gates required considerable engineering knowledge. No other large
agricultural regions in the United States during the ante-bellum period
demanded such expenditures of labor and such a high degree of technical
supervision while bringing land into production."

Georgia and South Carolina produced almost 90% of the total national
rice crop during the early nineteenth century. Until 1860, Georgetown,
South Carol ina was the highest rice producing county in the Nation (Table
1-1). During the period 1850-1860, Doar (1936) listed 39 Santee River
plantations in operation, having a total of 16,600 acres (6,700 hal under
cultivation. The average annual yield for these plantations was 30 bushels
per acre.

After 1860, production faltered and never recovered. The causes for
its decline and ultimate extinction were various. The Civil War caused
the destruction of some facilities and, more importantly, the loss of
slave labor and adequate capital. These were the first great blows to
the planters, for without the full control of a stable labor force and
with the general shattered condition of the economy after the Civil
War, each storm or other disaster forced curtailment of some production.
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Sequential views of a hypothetical rice planation,
from initial clearing through several stages, a
process sometimes requiring a number of years
(adapted from Hilliard 1975).

Figure 1-2.
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Later, the final abandonment of commercial rice culture in the South
Atlantic States was caused by the introduction of rice into Louisiana
and southwestern States on lands where machinery could be used in both
cultivation and harvesting. Hand-grown rice was soon priced too high
to be competitive and production ceased (Doar 1936).

The rice plantation as a commercial venture lasted only about 200
years; however, at its peak it probably represented the most significant
use of the tidewater region for crop agriculture ever attained in the
United States (Hill iard 1975). These remnant fields and impoundments
of the rice culture have had a tremendous impact on waterfowl management
in South Carol ina, which will be discussed later.

TABLE 1-1. Rice production for South Carol ina during pre-Civil War
years (adapted from Hilliard 1975).

County
1839

(Pounds)
1849

(Pounds)
1859a

(Pounds)

South Caro1ina

Beaufort
Charleston
Colleton
Georgetown
Hor ry

5,629,000
11,939,000
5,483,000

36,360,000
80,000

47,230,000
15,701,000
45,309,000
46,765,000

485,000

18,791,000
18,890,000
22,839,000
55,805,000

238,000

aData after 1859 showed drastic decl ines in production for all counties.

C. GAME PRESERVES

After the hurricanes of 1893 and early 1900's had destroyed commer-
cial rice culture in Georgia and South Carol ina, some fields were unused.
During this period, wealthy sportsmen, generally not natives of the area,
discovered the value of the abandoned rice fields for duck hunting, both
for business promotion and personal use. The attractiveness of these
fields for waterfowl gradually diminished as the untended dikes allowed
natural succession to convert the fields into needlerush and cordgrasses
(Newsom 1968). The development of mechanized construction equipment,
especially dragl ines, soon provided a feasible means of restoration,
resulting in the increasing degree of scientific waterfowl management
which is now practiced.

Events in the lower Santee River region illustrate typical aspects
of the sequential acquisition, consol idation, and development of a
waterfowl management area. When E. P. Alexander advertised his North
and South island property about 1907, such notables as President Grover
Cleveland had hunted there. He persuasively presented them for sale as
not being surpassed by lands found elsewhere " ... with superior attrac-
tion for a magnificent and permanent game preserve •.• " (Alexander 1908).
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The Santee Gun Club eventually bought 12 rice plantations and controlled
about 20,000 acres (8,094 hal in the Santee Delta (Rogers 1970). In
1975, the Santee Club donated its holdings to the Nature Conservancy for
establ ishment of a refuge now known as the Santee Coastal Reserve. T. W.
Yawkey bequeathed his holdings on North and South islands and Cat Island
to the State of South Carol ina in 1976. They are now administered under
the terms of his estate as a game preserve.

D. IMPOUNDMENT DESCRIPTION

In South Carol ina, numerous impoundments range in size from a
fraction of an acre to several thousand acres. Most of these are former
rice fields, although some may consist of newly diked brackish marsh
(Johnson et al. 1974, Tiner 1977). Many have been maintained and managed
as game preserves since the demise of commercial rice production in this
area,during the latter half of the last century. Most impoundments were
constructed by diking off wetland areas intersected by tidal creeks. In
some instances, entire marsh-creek areas were completely encircled by
dikes, although the most common practice was to dike off the open end
of a marsh slough bounded by high lands. These impoundments are usually
equipped with flood gates or other structures for regulating water level
and sal inity. This is done in most cases to manage plant growth suitable
for waterfowl util ization, but sal inities in a few are controlled for
aquacultural purposes (Morgan 1974, Tiner 1977).

Sal inities in impoundments vary from completely fresh to as much as
250/00 in those along the lower estuarine reaches. Impoundments with
sal inities averaging greater than 0.5 0/00 are herein considered salt-
water impoundments or estuarine impoundments. Impoundments with sal inities
averaging less than 0.5 0/00 are herein considered freshwater impoundments.



CHAPTER TWO

SALTWATER IMPOUNDMENTS

A. DESCRIPTION
Because of their brackish nature, the flora and fauna of estuarine

impoundments can best be compared and contrasted with biotic communities
of the estuarine intertidal system, although technically these enclo-
sures are artificially intertidal (i.e., tidal waters are regulated into
and out of the impoundments).

New ecological systems replace old ones when portions of an estuary
are impounded (Copeland 1974), and significant changes in hydrography
accompany the impoundment of such an area. Water circulation is reduced
and may become practically non-existent; increased sedimentation
changes the nature of the substrate; smothering of aquatic vegetation
may occur; and water salinity, temperature, oxygen, pH, and nutrient
levels are altered (Copeland 1974, Dean 1975). Periodic draining and
variations in hydrographic parameters limit the number of species
occurring within impoundments, particularly in shallow rice field systems.
The lack of adequate water circulation may be limiting to many filter
feeding benthic organisms. Although such areas are characterized by low
species diversity, overall productivity is high (Dean 1975).

In South Carol ina, 14% - 16% of coastal marshes [approximately
70,000 acres (28,328.6 hal] are functional for waterfowl management,
their capacity for other uses (e.g., aquaculture, waste treatment, and
recreation), as well as their ecological importance as elements of
marsh systems, has brought impoundments to the forefront of interest as
ecological systems. The unique advantages of saltmarsh impoundments
for aquaculture have been known for many years. The use of ponds for
bivalve culture can be traced back to the Roman empire in the first
century B.C., and may have originated even earlier with the Chinese
(Yonge 1960). In the Southeastern United States, research in pond
culture was stimulated by the observation of gigantism in blue crabs
(Cal 1inectes sapidus), and initial experimental success in the poly-
culture of fish, crabs, and oysters (Lunz 1951, 1968). This initial
Success was reiterated and quantified in more recent studies at several
locations in South Carol ina (Anderson 1976, Manzi et al. 1977b).

Despite their abundance and the increased pressure for reclamation,
little research is presently underway to study the ecological processes
of impounded wetlands. The general lack of knowledge concerning salt-
marsh impoundments makes this area of marsh ecology a principal data gap.
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B. PRODUCERS

1. Nonvascular Flora

The nonvascular microphytes and macrophytes which inhabit estuarine
impoundments, and their role in impoundment processes, have been investi-
gated only marginally. Dominant forms have been documented to some
extent (Manzi and Zingmark 1978, Wiseman 1978), and in general seem to
be correlated with estuarine/tidal creek population dynami,cs. Apparent
deviations in microphyte population structure between impoundments and
their adjacent tidal creeks include larger components of nannoplanktonic
flagellata and benthonic blue-green algae in impounded areas (J. J.
Manzi, 1978, South Carol ina Marine Resources Division, Charleston,
unpubl. data). In a recent study of the feasibility of bivalve culture
in several South Carolina saltmarsh impoundments, phytoplankton concen-
trations were found to be generally higher in impounded areas than in
adjacent tidal creeks (Manzi et al. 1977b). Fig. 2-1 illustrates this
dissimilarity and provides a comparison between the ponds and creeks
encompassed by this study. As indicated by this information and other
data (Anderson 1976), productivity is relatively high in low marsh
impoundments and appears to reflect a classic nitrogen-limiting system.

Salt marshlands, particularly impounded areas with continuous or
intermittent access to tidal creeks, normally act as sinks for both
matter and energy (Odum and de la Cruz 1967, Odum 1970b, Pomeroy et al.
1972, de la Cruz 1973). The sinks are flushed or diluted regularly by
spring tides and irregularly by storms, thus transporting nutrient-rich
wastes and detritus to coastal waters (de la Cruz 1973). Periodic out-
welling is indeed a primary factor in the high productivity of coastal
waters. In a recent study, Manzi et al. (1977b) measured phytoplankton
biomass, nutrient concentrations, and rates of primary production.
Their data illustrate the concentrating properties of tidal creeks and
impoundments (Fig. 2-1), and reflects this fertility in oyster growth
and meat yields. Areas characterized by low marshlands and good tidal
exchange (Blue Heron and Waring ponds, South Carolina) normally exhibited
high concentrations of phytoplankton with resultant decreases in avail-
able nitrate. Hitchcocks Pond, while surrounded primarily by maritime
forest, was fed by Adams Creek, a long narrow tidal inlet surrounded by
extensive low marsh, and subsequently exhibited the same high phyto-
plankton, low nitrogen concentration characteristic. Orthophosphate was
present in high concentrations at all locations and was probably not a
limiting factor for phytoplankton populations. Estimates of primary
productivity (Fig. 2-2) suggested strongly that increased fertility of
saltmarsh impoundments led to increased oyster yields. Potential primary
productivity was without exception higher in impoundments than in adja-
cent creeks or rivers, and was correlated directly with oyster growth
among the impoundments.
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Figure 2-1. Estimates of monthly (ordinate scale) phytoplankton
concentrations and means, ranges, and standard devia-
tions of principal nutrients in four tidaly impound-
ments and their adjacent feeder creeks in South Carol ina
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Figure 2-2. Comparative monthly (ordinate scale) estimates of potential
primary production in four South Carol ina tidal impoundments
(shaded) and their adjacent feeder creeks (clear) (Manzi et al.
1977b). (Sampling dates given).
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2. Vascular Flora

I
r

Because of their value to waterfowl, the desired and usually
dominant plant species found in managed brackish water impoundments are
widgeon grass, salt-marsh bulrush, and dwarf spikerush (Baldwin 1956,
Wilkinson 1970, Tiner 1977). Other desirable plants for waterfowl
management are sago pondweed, dotted smartweed, muskgrasses (all non-
vascular species), and vascular species such as soft-stem bulrish and
common three-square (Baldwin 1956, Johnson et al. 1974). Tiner et a l.
(1976) interviewed impoundment managers in the Santee River estuary
concerning management procedures and dominant plants; results are
listed in Table 2-1. A list of plants common to brackish water im-
poundments in South Carolina is given in Table 2-2.

I
J

Baldwin (1968) discussed impoundments in regularly and irregularly
flooded salt marshes. He concluded that diked but regularly flooded
smooth cordgrass marsh can be managed for widgeon grass with the least
effort. In irregularly flooded marshes, impoundments are generally
shallower and tend to be vegetated with various bulrushes, dwarf
spikerush, wild millets, panic grasses, and giant foxtail grass.
Baldwin suggested managing these impoundments for salt-marsh bulrush
for maximum waterfowl utilization.

Wilkinson (1970) carefully studied dominance in five newly diked
brackish marshes on South Island, Georgetown County, South Carolina.
Management procedures for each were as follows:

Impoundment I: "Drawn down in March to keep the marsh soil dry.
Flooded in October just prior to the usual time of arrival of
waterfowl. II

Impoundment II: "Water levels maintained at ground level, which
produced a saturated soil condition from March through September. This
impoundment was also flooded in October just prior to the usual time of
arrival of waterfowl."

Impoundment III: "Water level slowly raised from March through
September to a depth of 24 inches, and drained during February of each
year .11

Impoundment IV: "Water level maintained at full pond depth
(approximately 24 inches), except during each February, when it was
drained.11

Impoundment V: "The inflow and outflow gates were left open to
allow the tide to flood and ebb in the impoundment from March through
September of each year. During each October the impoundment was
flooded to a depth of approximately 24 inches, and held at that depth
unti 1 the following March."
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Table 2-2. List of vascular plants common to brackish water impoundments of South Carolina
(adapted from Tiner 1977).

Scientific Name C01llDlon Name

Alternanthera philoxeroides
Aster 8ubulatus

Alligator-weed
Annual salt marsh aster

Baccharis halimifolia
Escape monnier!
Borrichia frutescens

Sea myrtle
Water hyssop
Sea ox-eye

Ceratophyllum demersum
Cladium jamaicense
Cyperus strigosus

Caoutai!
Saw grass
Sedge

Distichlis spicata Salt grass

Echinochloa walter!
Eleocharis parvula
Eupatorium capillifolium

Salt marsh millet
Dwarf spike rush
Dog fennel

Iva frutescens Marsh elder

JunCllS roemer1anus Black needlerush

Lemna spp.
Leptochloa sp.

Duckweeds
Sprangletop

Myrica cerifera Waxmyrtle

Najas guadalupensis
Nymphaea mexicana
Nymphaes odorata

Bushy pondweed
Banana water-lily
White water-lily

Panicum spp.
Pluchea purpurascens
Polygonum punctatum
Polygonum sp.
Potamogeton berchtoldii
Potamogeton pectinatus

Panic grasses
Marsh fleabane
Dotted smartweed
Smartweed
Narrow-leaved pondweed
Sago pondweed

Ruppia maritima Widgeon grass
Salicornia europaea
Scirpus americanus
Scirpus olneyi
Scirpus robustus
Scirpus validus
Sesbania exaltata
Setaria magna
Spsrtine alterniflora
Spartina cynosuroides
Spsrtine patens
Spirodela polyrrhiza

Glasswort
Common three-square
Olney's three-square bulrush
Salt-marsh bulrush
Soft-stem bulrush
Coffee-weed
Giant foxtail
Smooth cordgrsss
Giant cord grass
Saltmeadow cordgrass
Big duckweed

Typha angustifolia
TYpha doming ens is
~ glauea
~ latifolia

Narrow-leaved cat-tail
Southern cat-tail
Blue cat-tail
Common cat-tail
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Table 2-3. Vegetative analysis of Impoundment I (basically dry; see text for explanation of
management procedures used in this impoundment) (adapted from Wilkinson 1970).

Plant Species Percent Occurrence
1967 1968 1969

Smooth cordgrass 42.0 33.3 15.3

Bare 40.0 28.5 27.0

Giant cord grass 8.0 13.8 36.3

Salt grass 4.0 + 0.9

Saltmeadow cordgras8 2.0 9.9 7.4

Glasswort 2.0 + 0.0

Salt-marsh bulrush 1.6 0.6 6.1

Black needlerush 0.4 1.1 0.0

Marsh fleabane 0.0 0.0 2.2

Sedge 0.0 0.0 3.1

Panic grasses 0.0 0.0 1.3

Marsh elder 0.0 0.0 0.4

Table ~. Vegetative analysis of Impoundment II (saturated s01lj see text for explanation of
management procedures used in this impoundment) (adapted from Wilkinson 1970).

Plant Species Percent Occurrence
1967 1968 1969

Bare 65.3 35.6 24.3

Giant cordgrass 10.0 12.0 18.0

Soft-stem bulrush 5.8 0.0 0.0

Salt-marsh bulrush 5.0 26.5 4.6

Narrow-leaved. cat-tail 5.0 0.0 0.0

Dwarf spikerush 3.8 10.7 16.7

Salt grass 3.2 7.4 14.9

Marsh fleabane 1.9 7.0 17.0

Smooth cordgrass 0.0 0.8 4.5
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Table 2-~ Vegetative analysis of Impoundment III (slowly rieing water level; see text for ex-
planation of management procedures used in this tmpoundment) (adapted from Wilkinson
1970).

Plant Species Percent Occurrence
1967 1968 1969

Salt grass 45.3 33.8 29.5

Narrow-leaved cat-tail 13.8 1.5 2.2

Giant cordgrass 13.3 16.6 13.4

Bare 5.3 0.5 11.2

Widgeon grass 14.6 33.3 15.2

9altmeadow cordgrsss 2.6 + 4.0

Smooth cordgrass 1.7 7.6 20.5

Salt~arshbulrush 1.3 2.2 4.0

Marsh fleabane 1.3 0.0 0.0

Dwarf spikerush 0.4 4.5 0.0

Sedge 0.4 0.0 0.0

Table 2-6. Vegetative analysis of Impoundment IV (fully flooding; see text for explanation of
management procedures used in this impoundment) (adapted from Wilkinson 1970).

Plant Species Percent Occurrence
1967 1968 1969

Openwater, nothing growing 25.8 2.4 1..1

Narrow-leaved cat-tail 25.8 13.3 20.5
Giant cordgras8 15.8 12.1 2.1
Dwarf apikerush 14.3 23.0 9.7
Widgeon grass 10.8 30.3 45.0
Salt graas 6.2 2.4 +

Salt-marsh bulrush 5.0 14.5 21.6
Algae (Cladophora spp.) 4.3 2.0 0.0
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Impoundment I was therefore basically dry, Impoundment II was saturated,
Impoundment III was characterized by a slowly rising water level,
Impoundment IV was fully flooded, and Impoundment V was open to normal
tidal fluctuation. These procedures are representative of the possible
methods of managing brackish impoundments in the characterization area.

In Impoundment I, giant cordgrass increased its dominance dramati-
cally, while salt-marsh bulrush, saltmeadow cordgrass, and other species
increased in lesser proportions (Table 2-3). Changes in the saturated
impoundment are presented in Table 2-4; here, dwarf spikerush very
rapidly increased in abundance, although giant cordgrass maintained
dominance. In Impoundment III, widgeon grass and smooth cordgrass
both increased considerably in abundance, while dwarf spikerush de-
clined (Table 2-5). In impoundment IV widgeon grass and salt-marsh
bulrush become dominant (Table 2-6). Narrow-leaved cat-tail also
increased in dominance, although most other species declined. Impound-
ment V was dominated by giant and smooth cordgrass (Table 2-7).
Wilkinson's conclusions support the management strategies of most local
managers of brackish waterfowl impoundments in that Impoundments III and
IV were most successful in attracting waterfowl.

Morgan (1974) described the three basic methods by which the plant
composition of brackish water impoundments in the Ashepoo-Combahee-
Edisto area of South Carolina is managed. Cyclical fluctuations in
water level produce salt-marsh bulrush dominance, while slowly rising
water level and permanent flooding favor widgeon grass. Neely (1960)
described in detail how careful fluctuations of impoundment water levels
at 4 - 6 in (10 - 15 em) intervals up to 12 in (30 em) in depth produce
salt-marsh bulrush dominance, with dwarf spikerush sometimes dominating
former bare spots in the impoundments.

If the flood gates of the brackish water impoundment remain intact
and the water level is no longer managed, the impoundment will gradually
change into a fresher water environment with sago pondweed and other
pondweeds appearing first, and southern cat-tail and water-lily quickly
following. In irregularly flooded, shallow impoundments, exposed soil
species invade the unmanaged impoundment, with alligator-weed and
various cat-tails asserting dominance (Baldwin 1968). If the water-
control structures of the impoundments are no longer operable, or if the
dikes are broken, the impoundment will gradually change into marsh
environment corresponding with those of similar elevation and salinity.
Baden et al. (1975) studied two abandoned rice fields in Georgetown
County, South Carolina. In Thousand Acre Rice Field, they found a
brackish marsh with plant zonation according to elevation; smooth cord-
grass dominated the lower portions of the marsh, while giant cordgrass
and black needlerush were dominants in the higher areas. Further in-
land, the much fresher upper marsh was found to be dominated by narrow-
leaved cat-tail, giant cordgrass, common three-square, and softstem
bulrush. These marsh types correspond closely to other marshes of
similar salinities and elevations that have never been impounded.
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Table 2-7. Vegetative analysis of Impoundment V (normal tidal fluctu-
ation; see text for explanation of management procedures
used in this impoundment) (adapted from Wilkinson 1970).

Plant Species Percent Occurrence
1968 1969

Narrow-leaved cat-tail 0.0 3.4 4.0
Giant cordgrass 38.0 49.1. 48.3
Salt-marsh bulrush 0.0 10.1 9.2
Smooth cordgrass 0.0 1.1 22.7
Bare 62.0 36.3 15.8

Fritz (1975) studied aquatic primary productivity in an impoundment
in Georgetown County, South Carolina, and measured the standing crop
biomass of another impoundment dominated by black needlerush, widgeon
grass, and salt grass. Fritz compared its total biomass to that of a
nearby un impounded smooth cordgrass marsh and concluded that the smooth
cordgrass marsh was 1.3 to 1.8 times more productive than the impounded
marsh (Fritz 1975). Further comparative studies are needed to gain a
better understanding of nutrient cycles, total biomass, and primary
productivity in estuarine impoundments.

C. CONSUMERS

1. Zooplankton

No in-depth studies of the zooplankton of estuarine impoundments of
the South Carolina coastal region have been completed to date. However,
certain parallels may be inferred from the work of Deevey (1948), who
studied Great Pond, Massachusetts, an impoundment periodically opened
and closed to the sea. When free exchange occurred, the pond fauna
clearly resembled that present in adjacent open waters. Salinity
alterations brought on by periodic closure to the sea restricted numbers
of Some zoop 1ankters in the pond. In genera 1, Deevey found that
successful pond zooplankters were highly euryhaline and that temperature
was most important in controlling seasonal succession.

Overall, the degree of similarity between zooplankton of impound-
ments and adjacent open estuarine waters probably depends upon the
following factors: 1) the time of year the impoundment is flooded, 2)
the amount and frequency of water exchange permitted between impound-
ment and open estuary, 3) the mean salinity maintained in the
impoundment and the variation about that mean, and 4) the amount and
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frequency of rainfall. Since the most successful estuarine holoplankters
are strongly euryhaline, dominant zooplankters in impoundments may well
be the same as those in adjacent estuarine waters. However, differences
in abundance of individual species between the two habitats might be
great because factors such as predation, or those mentioned above, could
selectively favor one species over another.

Impoundments may enhance productivity of estuarine areas by pro-
viding protected nursery grounds and spawning sites for zooplankton,
which are then periodically released into the open estuary when water is
released. This would serve to concentrate food for planktivorous
animals, and would permit zooplankters to reach larger size prior to
dispersion by currents.

Recent studies indicate that phytoplankton production is higher in
coastal brackish ponds than in their feeder creeks (Anderson 1976).
Thus, impoundments may support large zooplankton populations. The zoo-
plankton, in turn, may playa major role in recycling nutrients such as
nitrogen, which is believed to limit primary production in estuarine
impoundments dur ing summer (Anderson 1976).

Predators such as small fishes, American eel, and juvenile crabs
may enter impoundments when they are initially flooded and whenever
additional water is taken in. These organisms probably control the
abundance of zooplankton in impoundments. In summer, low levelsof dis-
solved oxygen, which often result in fish kills, probably also reduce
zooplankton numbers significantly.

In a recent study of a flooded former rice field adjacent to the
North Santee estuary, Dean (1975) reported that a copepod Acartia
(presumably Acartia tonsa), grass shrimp (Palamonetes sp.), and several
decapod crustacean larvae (~ca pugnax, Sesarma reticulatum, and
Eurypanopeus depressus) were important zooplanters. He noted that
density and diversity of zooplankton were low in this brackish im-
poundment, but gave no numerical data. Molluscan larvae were not
reported from this habitat.

Knott (1980) compared zooplankton populations of two man-made ponds
filled from the North Edisto River with those of the North Edisto estuary
itself. The impoundments were completely isolated from the river; water
input from the river was accomplished by pumping. Knott (1980) reported
that the annual mean density of zooplankton was much greater in the
river (~O,148 organisms/m3) than in either of the ponds (3,417/m3 and
5,450/m ). Further, the river zooplankton community was more diverse and
more stable over the year than those of the impoundments. The cope pod
Acartia tonsa was the dominant zooplankter in both environments, but was
more important, and frequently more abundant, in the impoundments than
in the river (Table 2-8). It also exhibited a marked seasonal variation
in abundance in the impoundments, but such variation was much less pro-
nounced in the river. Other important zooplankters in these environments
are listed in Table 2-8.
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Table 2-8. Numerically abundant zooplankters collected from the North Edisto River and rwo ad-
jacent impoundments over a I-year period (from Knott 1980).

% Of % Of Total Number
Overall Total Pond Pond Edisto
Rank Fauna 1 3 River

1. Acartia tonsa 65.88 79.22 93.97 41.36

2. Euterpina acutifrons 5.34 0.12 0.09 11.04

3. Pseudodiaptomus coronatus 4.38 6.37 1.36 5.62

4. Parvocalanus crassirostris 4.12 0.63 0.35 8.12

5. Copepod nauplii 3.69 1.94 0.78 6.40

6. Roti£era 3.67 0.02 < 0.01 7.66

7. Clrripedia larvae 3.05 1.25 0.75 5.35

8. Tortanus setacaudatus 1.77 1.09 1.36 2.33

9. Gastropod veligers 1.21 0.88 0.12 2.08

10. Oithona colcarva 1.14 1.62 0.14 1.62

11. Decapod larvae 1.07 0.53 0.15 1.92

12. "Saphirella tropica" 0.98 0.14 0.03 1.97

13. Metis ap , 0.60 2.69 0.16 0.05

14. ~olychaete larvae 0.50 0.08 0.20 0.88

15. Foramenifera 0.48 0.04 0.01 0.97

16. Oikopleura ep , 0.36 0.00 0.00 0.77'

17. Nematoda 0.28 1.20 0.02 0.08

TOTALS 98.52 97.82 99.49 98.22
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The impact on zooplankton of environmental alterations in brackish-
water ponds has not been investigated and can be predicted at present
only from studies of open estuarine systems. The same degree of alter-
ation would be expected to have a more pronounced effect in an
impoundment than in an open estuary because: 1) animals have less chance
to avoid a contaminant because of areal constraints, 2) dilution pro-
ceeds more slowly because of less circulation, and 3) temperatures often
are higher, tending to accelerate response of organisms to toxic sub-
stances.

2. Benthic Meiofauna
No studies of the meiobenthos of impoundments have been conducted

in the South Carolina coastal region. See the section on meiofauna of
estuarine intertidal wetlands for information most likely to be perti-
nent to this environment, in Sandifer et a1. (]980).

3. Benthic Macroinvertebrates
Over the last three decades, impoundments have been studied with a

view toward intensive cultivation of commercially important species of
aquatic invertebrates and fishes in South Carolina. Studies on the
rearing of shrimp, crabs, and oysters in ponds were undertaken at Bears
Bluff Laboratories between 1946 and 1969. These investigations demon-
strated that growth of shrimp was rapid in ponds and that high quality
oysters could be grown in such areas (Lunz 1951, 1952a, 1955, 1956,
1957, 1958, Lunz and Bearden 1963). Ballard (1975a,b) studied growth
and survival of oysters (Crassostrea virginica) and clams (Mercenaria
mercenaria) in a 250 acre (101.2 hal pond at Annandale Plantation,
Georgetown County, South Carolina. Intensive studies also have been
conducted by the South Carolina Marine Resources Research Institute
(Charleston) on pond culture of the Malaysian prawn, Macrobrachium
rosenbergii, at various locations in South Carolina, including Cayce
(Richland County), Bonneau (Berkeley County), and Bears Bluff (Charleston
County). Smith et al. (1976) observed low mortality and rapid growth of
prawns. Duration of grow-out season varied from 5 to 6.5 months,
depending upon the site.

An extensive data base exists on water quality and productivity of
ponds used for fish culture, particularly for freshwater systems.
However, little information is available on the benthos of estuarine
impoundments, particularly for the coastal plains of Georgia and South
Carolina. Ballard (1975a) observed high densities of Palamonetes in a
pond at Annandale Plantation. Also present were planktonic larvae of
the decapods Uca pugnax, Sesarma reticulatum, and Eurypanopeus depressus.
The absence oflnatural oyster beds in the pond was attributed to the lack
of suitable substrate and to periodic draining of the impoundment. Blue
crabs (Callinectes sapidus) and penaeid shrimp (Penaeus spp.) were shown
to thrive in ponds at Bears Bluff Laboratories (Bears Bluff Laboratories,
Inc. 1956).
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Results of studies on culture of oysters in impounded environments
along the Atlantic and Gulf coasts are described by Lunz (1951), Shaw
(1965), and May (1969). Comprehensive reviews of early oyster culture
and artificial propagation of larvae can be found in Dean (1892a, 1893),
Baughman (1948), Loosanoff and Davis (1963), Ga1tsoff (1964), and Joyce
(1972).

Oyster culture in enclosed tidal areas (Dean 1892, 1893) was first
reported in South Carolina by Colson (1888) in his history of the mill
pond oyster, a delicacy which proliferated in large sawmill ponds from
1830 to 1869. Successful production was attributed to tidal flushing
and the presence of floating logs bearing oysters (Colson 1888).
Battle (1892) proposed tidal pond cultivation in South Carolina during
his comprehensive investigation for the U. S. Fishery Commission.
However, cultivation of oysters and fishes in marsh impoundments using
an experimental approach was not initiated in South Carolina until
1943 (Lunz 1968). Further experimentation illustrated congruent
polyculture of fish, crabs, and oysters in the same pond. Ponds dug in
the marsh appeared to be less productive than impounded marshlands. In
one annual study, oyster yield was estimated to be 35.2 m3 of shell
stock/0.4 ha (Lunz 1968).

Not all attempts to culture oysters in saltwater ponds of South
Carol ina have been successful. Lunz (1955) reported a disastrous mor-
tality resulting from what was later thought to be the pathogenic
fungus, Perkinsia marina, and possibly other predators. Boring sponges
(c: lena) and oyster dri lis (Urosalpinx cinera and Eupleura caudata) are
sometimes reported in impoundments where salinities are suitable. Other
high salinity predators, such as whelks and starfishes, are less fre-
quently observed due to the characteristically reduced impoundment
sal inities. Mussels (Brachidontes spp.) are often found growing on
oysters in ponds, as are barnacles (Balanus eburneus, Balanus improvisus)
and blisters of mud worms (Polydora websteri). Blue crabs (C~llinectes
sapidus) and occasionally stone crabs (Menippe mercenaria) inhabit the
impoundments but are not usually found inside oyster trays (Anderson
1976). Lunz (1968) indicated that predators such as the boring sponge
could be controlled by lowering the salinity or draining the pond and
allowing the oysters to be exposed to air.

MacGregor (1970), using two groups of 2 - 3 year old Crassostrea
vi rginica in a 0.27 ha (0.67 acre) pond at Sapelo Island, in a 4-week
experiment reached no conclusions concerning the feasibility of commer-
cial pond culturing of oysters in Georgia salt marshes. Ballard (1975a)
speculated on techniques and the potential of impoundment oyster culture
in South Carolina.

Recent studies in impoundments located on Wadmalaw and Kiawah
islands, South Carol ina (Anderson 1976, Manzi et a l, 1977b) have sub-
stantiated the accelerated growth rates and favorable survival observed
by others (Lunz 1955, 1956, 1968, Badger 1968). These experiments,
however, were not designed to establish the economic feasibility of
oyster culture in impoundments.
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Use of saltwater ponds for aquaculture has the following advantages
over open estuarine areas: 1) protection from strong waves and adverse
currents, 2) easier access to bottoms for planting awd management, 3)
predator control, 4) modification of tidal exchange, and 5) artificial
fertilization (Bouchon-Brandely 1882, Gaarder and SpMrck 1932, Turner
1951, Lunz 1955, Carriker 1956, 1959, Korringa and Postuma 1957,
Binmore 1964, Loosanoff 1964, Shaw 1965).

4. Insects
The insect fauna of coastal impoundments in the South Carolina

coastal region has not been studied in detail but is expected to be
similar to that of marshes. No one venturing into impoundments has
escaped the wrath of the biting insect species. Mosquitoes, horse flies,
gnats and deer flies are very abundant. See Chapter 4, Sandifer et al.
(1980) for additional information on insects of estuarine areas.

5. Fishes
Dean (1975) investigated the mariculture potential of several

marine and estuarine fishes, including Atlantic croaker and 1adyfish,
in impoundments at Annandale Plantation, South Carolina. Theiling and
Loyacano (1976) studied the age and growth of red drum from a salt-
water marsh impoundment at South Island. In Georgia, investigations of
the fisheries of natural brackish ponds occurring on coastal islands
have been carried out by Hi llestad et al. (1975).

The mariculture potential of saltwater impoundments for fishes was
investigated at Bears Bluff Laboratories over a number of years (Lunz
1951, 1956; Bearden 1967; Bears Bluff Laboratories, Inc., Wadmalaw
Island, South Carol ina, unpubl. data). During the period of 1947 -
1967, I-acre (0.4 hal marsh impoundments at Bears Bluff Laboratories
were stocked annually with marine fishes and invertebrates by tidal
flooding through water control structures, and drained each fall.
Biomass of fishes harvested from these ponds ranged from 61.5 to 382
lb/acre (68.9 to 428.1 kg/ha), averaging approximately 200 lb/acre
(224.2 kg/hal. Mullet, spot, ladyfish, and mummichog were the most
abundant species. Biomass of smaller fishes (mummichog, silverside) was
not normally recorded. These data suggested that during certain times
the mean biomass of fishes in impoundments may be greater than that of
natural, unimpounded tidal marsh areas. Turner and Johnson (1974), for
example, found a mean biomass of 92 Ib/acre (103.1 kg/hal for estuarine
fishes in tidal creeks of the Cooper River estuary, with a range of
from 7.3 to 257.1 lb/acre (8.2 to 288.2 kg/hal during April through
November. This does not imply that impoundments are necessarily more
productive on an annual basis than are natural tidal marsh creeks, since
the former are semi-enclosed systems from which little emigration may
take place, whereas recruitment and emigration take place continually
in the latter zone.
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Sixty-one species of marine and estuarine fishes (Table 2-9) have
been identified from saltwater impoundments in South Carolina (Bears
Bluff Laboratories, Inc., Wadmalaw Island, South Carolina, unpubl. data).
Such impoundments are typically inhabited both by year-round resident
fish species and species which enter periodically from outside waters as
larvae or postlarvae but are not capable of reproducing there. Resident
fishes are usually numerically dominated by the mummichog, sheepshead
minnow, mosquitofish, sailfin molly, and Atlantic si1verside. The most
abundant species introduced during the flooding of such impoundments are
striped mullet, American eel, spot, Atlantic croaker, red drum, spotted
seatrout, silver perch, Atlantic menhaden, bay anchovy, mojarras, pinfish,
southern flounder, and ladyfish. Impoundments also provide prime habitat
for the young of several species of fishes not commonly found in adjacent
estuarine waters, including snook and tarpon. Large numbers of juvenile
tarpon, ranging from 59 to 300 mm SL, have been collected from saltwater
impoundments in South Carolina during late summer and fall. One
collection of 130 juvenile tarpon was made from an 8-acre (3.2 hal
impoundment near Adams Creek, South Carolina, in 1965 (C. M. Bearden,
1978, South Carolina Marine Resources Oivision, Charleston, unpubl. data).
Juveniles of red drum and spotted seatrout are often more common in
impoundments than in adjacent natural areas (Bears Bluff Laboratories,
Inc., Wadmalaw Island, South Carolina, unpubl. data). Some of the low
salinity impoundments in the South Carolina coastal region also contain
populations of carp. These fish have been observed in impoundments on
the Santee estuary and have apparently adapted to brackish water
conditions.

On many of the South Carolina and Georgia coastal islands, naturally
occurring ponds formed in shallow depressions and influenced by tidal
action occasionally contain numbers of euryhaline fish species. In
Georgia, Hillestad et a1. (1975) sampled the aquatic systems on Cumberland
Island, including brackish and freshwater ponds and their drainage out-
flows. Several of these ponds are closely associated with the ocean and
are subject to occasional tidal flooding. Eight species of euryhaline
fishes were found in the brackish water ponds. Large numbers of the
sheepshead minnow, sailfin molly, mosquitofish, and striped mullet were
present, feeding on the abundant organic detritus of pond bottoms.
Mosquitofish occurred in the saline and freshwater ponds of the island as
well as in the drainage outflow systems. Sailfin mollies also occurred
in the drainage systems and were found in eutrophic pools of water
beneath oak trees along the drainage channels. The lower, tidally
influenced portions of the pond drainage outflows contained mullets,
mojarras, mummichogs, marsh killifish, and American eels.

Impoundments provide a rich habitat and an abundant food supply for
many fish species. Growth rates of many species appear to be higher in
impoundments than in surrounding waters (Bearden 1967, Dean 1975).
Average growth rates for four fish species commonly found in impound-
ments are given in Table 2-10.
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Table 2-9. Systematic listing of fish species known to occur in salt and brackish water im-
poundments in South Carolina (Bears Bluff Laboratories. Inc.) Wadmalaw Island. South
Carolina. unpubl. data).

Order Elopiformes
Family Elapidae
Ladyfish
Tarpon

Order Atherlniformes (Cont.)
Family Cyprinodontldae

Sheepshead minnow
Mummichog
Striped killifish

Family Poeciliidae
Sailtin molly
Mosquitofish

Order Perciformes (Cont.)
Family Sciaenidae

Southern klngfish
Northern king fish
Black drum
Atlantic croaker
Red drtDD

Family Ephippidae
Atlantic spadefish

Family Mugl1idae
Striped mullet
White mullet

Family Blenniidae
Feather blenny
Striped blenny

Family Gobiidae
Sharptall goby
Naked goby
Marked goby
Hlghfin goby

Family Eleotridae
Fat sleeper
Spinycheek sleeper

Family Triglidae
Striped searobin
Leopard searobin

Order Anguilliformes
Family Anguillidae

American eel

Order Gssterosteiformes
Family Syngnathidae

Chain pipefish

Order Clupeiformes
Family Clupeidae

Atlantic menhaden
Gizzard shad

Family Engraulidae
Bay anchovy

Order Perciformes
Family Percichthyidae

Striped bass
Family Serranldae

Rock sea bass
Family Pomatomidae

Bluefish
Family Carangidae

Crevalle jack
Atlantic bumper

Family Gerreidae
Irish pompano
Mojarras

Family Lutjanidae
Gray snapper

Family Pomadasyidae
Pigfish

Family Sparidae
Pinfish
Sheep shead

Family Sciaenidae
Silver perch
Weakfish
Spotted seatrout
Banded drum
Spot

Order Pleuronectiformes
Family Bothidae

Ocellated flounder
Bay whiff
Fringed flounder
Summer flounder
Southern flounder

Family Soleldae
Hogchoker

Family Cynoglo8sidae
Blackcheek tDogueflsh

Order Cypriniformes
·Family Cyprinidae

Carp

Order Siluriformes
Family Ariidae

Sea catfish

Order Batrachoidiformes
Family Batrachoididae

Oyster toad fish

Order Gadiformes
Family Gadidae

Spotted hake
Family Ophidiidae

Striped cusk-eel

Order Atheriniformes
Family Belonidae

Atlantic needlefish
Family Atherinidae

Atlantic silvers ide
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Food habits and trophic relationships of fishes occurring in salt
or brackish water impoundments are not well understood, and additional
research along these lines is needed. Predominantly herbivorous
species such as mullets, Atlantic menhaden, sheepshead minnows, and
sailfin mollies would presumably feed primarily upon the large quan-
tities of phytoplankton, benthic algae, and vascular plant material
present. Odum (1975) estimated that striped mullet in a brackish pond
fed largely on living algae and to a lesser extent upon plant detritus.
Primary and mid-level carnivores, such as mummichog, mosquitofish, spot,
and Atlantic croaker, would be expected to feed largely on smaller
fishes, Palaemonetes shrimp, insects, and benthic invertebrates such as
polychaete worms, as well as organic detritus and plant material. In
brackish ponds on the Santee estuary, South Carolina, young Atlantic
croaker were found to feed largely on insects, insect larvae, and
crustaceans (Dean 1975). Top level carivores, including ladyfish,
tarpon, red drum, black drum, spotted seatrout, and flounders, are
known to feed extensively on Palaemonetes and penaeid shrimp, mummi-
chogs, mosquitofish, sallfin mollies, mullets, silversides, and other
small fishes (Bearden 1967; Dean 1975, Bears Bluff Laboratories, Inc.,
Wadmalaw Island, South Carolina, unpubl. data). Table 2-11 presents
trophic levels of the most abundant fish species commonly found in
coastal saltwater impoundments.

Fluctuations of several environmental factors (e.g., temperature,
salinity, dissolved oxygen) in coastal impoundments are more extreme
than in nearby estuarine waters. Mortalities due to low dissolved
oxygen and low temperatures are commonplace in impoundments. Fish kills
associated with pesticide applications on adjacent agricultural lands
have frequently occurred in impoundments in past years in South
Carolina (South Carolina Marine Resources Division, Charleston, unpubl.
data), and the U. S. Environmental Protection Agency (1971) conducted a
study of the movement of the pesticide mirex in small impoundments near
Charleston. The major limiting factor of shallow natural ponds on
coastal islands is water level fluctuation. Alterations in drainage
brought about by development could have disastrous effects on this
habitat.

While salt and brackish water impoundments provide valuable habitat
for many marine and estuarine fish species, unless properly managed with
respect to water manipulation (flooding and lowering at strategic times),
many introduced species cannot survive the rigorous extremes of temper-
ature and dissolved oxygen supply found within these areas. The
drawdown or draining of coastal impoundments in the fall, provided such
measureS are compatible with waterfowl or mariculture activities, could
result in the release of large numbers of fishes and invertebrates to
the natural estuarine system.

6. Amphibians and Reptiles

Salinities in estuarine impoundments
their location and how they are managed.

vary widely, depending on
Numbers and diversity of
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Table 2-10. Average growth rates of four fish species in brackish ponds of South Carolina
(Bearden 1967).

Age in Years
I II III

Total Total Total
Length Weight Length Weight Length Weight

Species (inches)s (pounds)b (inches) (pounds) (inches) (pounds)

Red drum 14.5 1.5 20.5 3.5 26.0 7.1

Spot 7.5 0.3 9.8 0.5 11.5 0.8

Black drum 9.3 0.6 15.0 1.8 18.5 3.8

Atlantic croaker 8.5 0.3 10.5 0.5

a. 1 in - 2.54 em.
b. 1 1b - .45359 kg.

Table 2-11. Trophic levels of predominant fish species found in saltwater impoundments in the
Sea Island Coastal Region (C. M. Bearden 1978, South Carolina Marine Resources
Division, Charleston, unpubl. data),

I. HERBIVORES
Sheep shead minnow
5a11£10 molly
Atlantic menhaden
Striped mullet

MID CARNIVORES (cone ,)
Pinflsh
Spot
Atlantic croaker
Silver perch

II. PRIMARY CARNIVORES
Mosquitofish
Silvers ide
Bay anchovy

IV. TOP CARNIVORES
Ladyfish
Tarpon
Weakfish
Spotted seatrout
Red drum
Black drum
Southern flounder

III. MID CARNIVORES
Mwmnichog
American eel
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amphibians and reptiles are much higher in low-salinity «50/00) impound-
ments. For purposes of this section, however, discussion of amphibians
and reptiles will be limited to impoundments exhibiting estuarine
characteristics.

Amphibians are the only class of vertebrates which have not adapted
to saline waters, and only a few reptiles have adapted to estuarine
conditions. The only characteristically estuarine reptile along the
Georgia and South Carolina coast is the Carolina diamondback terrapin,
which inhabits the estuarine zone throughout its entire range (Conant
1975). This turtle is relatively common and feeds on mollusks and
crustaceans (Coker 1906, 1920); the natural history of a Gulf coast
subspecies was reviewed by Cagle (1952). North and south of the South
Carolina coastal region, two subspecies of water snakes have adapted to
saline conditions and, within their range, are characteristic saltmarsh
fauna. The Carolina salt marsh snake is found along the Outer Banks
and adjacent mainland of North Carol ina (Conant and Laze ll 1973), and the
Atlantic salt marsh snake is found along the north-central pori ton of
Florida's east coast (Conant 1975).

The herpetofauna of estuarine impoundments in South Carolina has not
been investigated. Thus, much of this discussion is restricted to
animals recorded from impoundment-like situations or their probable occur-
rence in such habitats. Anurans (frogs and toads) are the only group of
amphibians found with some regularity in areas similar to estuarine im-
poundments. Pearse (1936) observed the southern leopard frog in
salinities of greater than 210/00 near Beaufort, North Carolina. Most
records of this species, however, were in salinities of less than 50/00.
Ruibal (1959) observed that salinities of greater than 50/00 were lethal
to the eggs of the closely related northern leopard frog. Other records
of this species occurring in low-salinity waters along the Atlantic and
Gulf coasts of the Southeastern United States have been published by
Viosca (1923), Carr (1940), Hardy (1953), Liner (1954), Neill (1958),
and Blaney (1971). On the west coast of Florida, a population of
exceptionally large leopard frogs occurs, individuals of which commonly
ingest fiddler crabs and are capable of swallowing week-old all igators
(Springer 1938). Another distinct population of leopard frogs, but of
diminutive size, exists in the same general area and caused Neill (1958)
to stress the need for a study of the herpetofauna of saltwater areas.
Other anurans reported from saline habitats of the South Atlantic and
Gulf coasts include the southern toad, oak toad, green treefrog, squirrel
treefrog, southern cricket frog, and the eastern narrowmouth toad (Viosca
1923, Allen 1932, Carr 1940, Burger et al. 1949, Hardy 1953, Smith and
List i955, Neill 1958).

The two-toed amphiuma has been recorded several times from the front
beach on Hatteras Island, North Carolina, but in each case the occurrence
appe~red accidental, i.e., just after a hurricane or heavy rains. The
specimens were probably washed from drainage canals along roads or from
typically freshwater ponds (J. R. Bailey, 1978, Duke University, Durham,
North Carolina, pers. comm.).
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The American alligator is the only naturally occurring crocodilian
in South Carolina, although the Florida crocodile is found elsewhere in
the Southeast. Alligators frequent saltmarsh impoundments (Obrecht
1946, Allen and Neill 1949, Engels ]952), but successful nesting is
probably limited to impoundments where salinities are less than 100/00.
A salinity of 170/00 was determined to be lethal to newly hatched alli-
gators (Joanen et a1. 1972). Dietary and physiological changes resulting
from increased salinities are not known, but Chabreck (1972) found
significantly Jess food in stomachs of alligators taken in salinities
of 30/00 to 160/00, compared to those of alligators taken in fresh water.
He suggested that alligator growth may be reduced in saline waters be-
cause of low food intake. Alligator survival and reproduction can be
affected by management of impoundments for waterfowl (e.g., through
flooding of nests and changes in salinity). Adults are also subject to
shifts in reproduction due to thermal loading around nuclear power pro-
duction reactors (T. Murphy, 1978, South Carol ina Wildlife and Marine
Resources Department, Green Pond, unpubl. data).

Where salinities are low, as on Kinloch and South Island planta-
tions, Georgetown County, South Carolina, impoundments provide optimum
habitat for alligators. Bara (1971) consistently observed the highest
concentrations of alligators in canals within marsh impoundments.
Abundant food supply, deep and shallow water, and creation of nesting
sites on dikes are several benefits of these impoundments (Chabreck
1960). In addition, private lands and game management areas provide
protection from illegal hunting. Of 17 nests studied by Bara (1976),
12 were associated with diked impoundments. Most of the 12 nests were
located on a dike berm or directly on an old abandoned dike. Principal
nest materials of these 17 nests reflected the brackish nature of the
habitat.

Impoundments at the Savannah National Wildlife Refuge (SNWR) are
managed for waterfowl, and salinities in the feeder creeks typically
range from fresh water to about 100/00 (R. H. Dunlap, Jr., 1978, South
Carolina Marine Resources Division, Charleston, pers. comm.). For
several successive years, Bara (1976) cruised a line 24 mi (38.6 km)
in length within the SNWR, and the mean number of alligators sighted
per mile was as follows: 1971-9.38; 1972-8.33; 1973-7.54; 1974-10.21;
1975-8.02 [only 9.6 mi (15.4 km) of the transect were surveyed in
1975]. The largest number of individuals observed was 245 for the
24-mi (38.6 km) transect (Bara 1976).

Newly hatched alligators weigh less than 20z (62 g) and measure
about 8 in (10.3 cm) long. The young usually remain in the natal area
for 2 or 3 years, feeding mainly on insects but also on crayfish and
snails when they are available (Valentine et al. 1972). They are
opportunistic feeders, shifting to larger prey as they mature. After
attaining a length of 4 ft (1.2 m), they usually disperse from the
natal area. Growth of alligators varies from 4 to 6 in/yr (10.2 to
15.2 cm/yr) in South Carolina (Bara 1976), or about half the rate
observed in Louisiana and Florida (Mcilhenny 1934). The slower growth
rate in South Carolina results in greater juvenile mortality because
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the young are exposed to predators, such as herons, egrets, and pre-
dacious fish, for a longer period. Major predators on young alligators
are herons, egrets, and predacious fish. Predators of lesser importance
include raccoons, bobcats, and adult all igators (Nei11 1971).

Alligators reach sexual maturity upon attaining a length of about
6 ft (1.8 m}. Growth slows to about 2 in/yr (5.1 cm/yr) thereafter,
and becomes negligible on approaching maximum length. The normal maxi-
mum length is 9 ft (2.7 m) for females and 12 ft (3.7 m) for males.
Weight gain is rapid until sexual maturity is reached. Age to sexual
maturity in South Carolina alligators is delayed due to the slower
growth rate; such information is unavailable for specimens from Georgia.
Information on growth rates and the time required to reach sexual
maturity is necessary to determine the possibility of a regulated
harvest (Bara 1976). The reproductive cycle is seasonal and related to
temperature; a cool spring may delay reproduction, while a warm one may
initiate the process early. The onset of spermatogenesis usually
occurs during the last 2 weeks of May and the first 2 weeks of June.
Open waters are necessary for successful courtship and breeding
(Nichols et al. 1976).

Nest construction and egg laying take place during bhe first 2
weeks of July. Secluded areas are sought for nesting. The nests,
constructed from vegetation at the site, are approximately 3 ft (0.92 m)
in diameter at the base and 2.5 ft (0.76 m) tall. The nest interior
provides a microhabitat having a stable, high relative humidity as well
as some heat generated through decomposition of plant material (Joanen
1969). Clutch size averages 40 eggs, and incubation takes about 60 days
depending on the nest site, construction, and temperature. Eggs depos-
ited in shaded or poorly constructed nests require a longer incubation
time. Most eggs hatch during the first 2 weeks in September, and fe-
males may be aggressive around the nest site. Stable water levei is an
important factor affecting the hatching success; both drought and
flooding are detrimental. The raccoon is the major predator on nests,
and the number destroyed may exceed 50% where there is land access, as
on the side of impoundment dikes and levees. Should misfortune befall a
nest, reproduction by that female is lost for the year, for renesting
is unknown.

Alligators generally become semidormant from the second week of
October to the second week of March, although there may be limited
basking on mild days in winter. Feeding activity begins again in spring
only after water temperatures exceed ~250C (~77°F).

According to Chabreck (1966), iarge adults constituteasmall portion
of the alligator population [e.g., only 20% exceed 6 ft (1.8 m) long].
Juveniles should comprise at least 80% of an expanding population, with
a 60:40 sex ratio favoring males. Size class distribution and sex ratios
are unknown for mature, stable populations.

Range requirements
species are evaluated.
2,200 acres (890.3 ha] ;

must be considered when habitat needs for the
In Louisiana, the home range of an adult male is
of nesting females, 21 acres (8.5 ha} ; and of
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3 - 6 ft (0.92 - 1.83 rn) animals, 500 acres (202.3 hal (Joanen and
McNease 1970, 1973). These figures may not necessarily apply to popula-
tions in South Carolina, but such data are unavailable.

The standing crop of alligators probably exceeds that of any other
large carnivore because of the wide extremes in size (8 in to 12 ft) (20.3
cm to 3.7 m), and the different habitat utilization and niche require-
ments for different size classes.

Ecologically, alligators function as a top carnivore on many prey
species. Chabreck (1972) found that vertebrates were important food
items in freshwater areas, with birds comprising one-third of the diet by
weight. Other prey organisms include fishes, turtles, snakes, and various
mammals. In addition, alligators maintain open, deep water areas and
open trails in the marsh that are utilized by other wildlife. Because
of their longevity (some may live 40 years), alligators can be useful as
an indicator species for monitoring natural systems.

Alligators are important to man aesthetically and economically. In
recent years, alligator hides have brought as much as $l7/1inear foot,
but fashion demands cause prices to fluctuate ocnsiderably. Commercial
harvesting for hides reached a peak in the late 1800's (Mcilhenny 1935),
and by 1960 the alligator had been practically eliminated from its
original range (Chabreck 1968). Ouring the 1960's, protective legisla-
tion was enacted by all States within its range, and the alligator now
receives full Federal protection under the 1973 Endangered Species Act.
In recent years, numbers of alligators have increased in the Southeast
(Powell 1971), including South Carolina (Bara 1971) and Georgia (Joanen
1974) .

In February 1977, the status of alligator populations in South
Carolina and Georgia south of Winyah Bay, east of highways 17A and Inter-
state 95, and north of the Florida State line was changed from
"endangered" to "threatened." This change in status was based on popula-
tion estimates. The status of other alligator populations in South
Carolina and Georgia is still classified as endangered. (See Sandifer et
a l, 1980/ Chapter One, for additional information on endangered species.)
However, census data alone do not provide all the information needed to
manage the species. Areas of research that need to be addressed include:
1) ways of accurately aging individuals, 2) mortality rates and factors,
3) the importance of size distribution on reproduction, 4) habitat
suitability, especially as it affects reproduction, and 5) the northern
extent of its range.

As alligator and human populations continue to expand, there are
certain to be interactions between the two species, some of which will be
negative. Increased development, especially in coastal areas, is likely
to be a limiting factor on alligator populations through direct habitat
destruction. Research is presently underway to determine the type and
amount of habitat needed to maintain healthy alligator populations and to
ensure that this top carnivore does not suffer as it did in years past.



Population data for South Carolina coastal counties in 1973 (Table
2-12) show stable populations in Dorchester, Berkeley, and Georgetown
counties, and increasing populations in Colleton, Beaufort, Jasper,
and Charleston counties (Joanen 1974). The Non-game and Endangered
Species Section of the South Carolina Wildlife and Marine Resources
Department is conducting surveys of alligator populations on South,
Murphy, and Cedar islands, and in the Bear Island Game Managment area.
Results of these surveys will provide information on the size and
structure of alligator populations in intertidal estuarine impoundments
in South Carolina.

Other reptile species indigenous to the South Carolina coast, and
recorded in habitats similar to estuarine impoundments, include the
common snapping turtle, eastern mud turtle, striped mud turtle (see
Conant 1975), chicken turtle, Florida softshell turtle, striped cray-
fish snake, cottonmouth, yellow rat snake, banded water snake, eastern
garter snake, and the eastern mud snake (Viosca 1923, Engels 1942, 1952,
Nei 11 1958, Conant 1975, Gibbons and Harrison 1975, Gibbons 1978).
These species are not characteristic of estuarine impoundments, and
thei r occurrence in this habitat is considered marginal. Nei 11 (1958)
provided a detailed discussion and literature review of herpetofauna
in saline areas.

7. Birds

The habitats formed by numerous impounded wetlands in South Carolina
are among the most dramatic and active ecological units for birds. Some
68 species commonly or occasionally occur in impoundments (Table 2-13).
Trophic relationships of these birds are illustrated in Figure 2-3.
Specific groups of birds use rather distinct areas within the impound-
ments. Waterfowl, for instance, use the open water areas for feeding,
whereas shorebirds concentrate along the edges and adjacent shallow
flats. Earthen dikes delimit the habitat and provide an excellent
"edge effect" when fully stabilized with vegetation. Species such as
the sparrows, long-billed marsh wren, and common snipe are found in
border vegetation and ecotonal communities.

Impoundment border vegetation is a fundamental link among nearly all
species and provides for feeding, roosting, nesting, and cover. Impound-
ments in coastal South Carolina are generally managed for waterfowl and
are characterized by the dominance of brackish or freshwater vegetation,
especially desirable duck food plants. The management of coastal
impoundments for attracting waterfowl has been documented by Chabreck
(1960), Neely (1960, 1962), Baldwin (1968), and Morgan et al. (1975).

Waterfowl occurring in impoundments of the South Carolina coastal
region can be divided into four major groups: 1) swans and true geese,
2) surface-feeding or puddle ducks, 3) diving ducks or pochards, and
4) sea ducks. Among these four groups, there are some 19 species which
occur regularly in the impoundments each year.
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.llS£CA~V~E~N!!lG~ERR~S.~:::------------. PISCIVORES
Herrin; ;ull Snowye;rel, Osprey,

Rin;-billod ;ull Hooded mer;anser,Bald1lOQIo,1 Belled kin;fishor

MICROBENTHIVORES
Semipalmatodsandpiper

Westernsandpiper

MACROBENTHIVORES
Clapper rail

Groater yellowle;s

AQUATIC HERBIVORES
Groen-win;ed leal

Shoveler
American coot

Figure 2-3. General ized trophic relationships of representative
birds of estuarine impoundments.
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Swans and true geese are represented by only one major species,
the Canada goose. This species, a common visitor to coastal South
Carolina and Georgia, has become more abundant in recent years due
to intensive management. Geese forage in water and on land, and large
crops of grain in agricultural fields have attracted them.

Puddle ducks, probably the most abundant waterfowl group in coastal
impoundments, include mallards, blue-winged teal, green-winged teal,
gadwall, baldpate, wood ducks, and shovelers. Among the favorite food
plants of puddle ducks are wild rice, spikerush, pondweeds, smartweeds,
bulrushes, widgeon grass, acorns, cyprus balls, and various fruits
(Kerwin and Webb 1972). Animals such as mollusks, insects, small fish,
crayfish, and small crabs are also utilized for food to a lesser extent
by the puddle ducks (Sprunt and Chamberlain 1970).

Pochards, or diving ducks, occupy a different niche in coastal
impoundemnts from that of the puddle ducks. They feed in deeper waters
of open bays, sounds, and coastal waters and are gregarious, tending
to raft up in large flocks. Commonly occurring pochards include the
ring-necked duck, canvasback, lesser scaup, greater scaup, and redhead.
The ring-necked duck, canvasback, and ;redhead are mmre herbivorous
than carnivorous and consume seeds of the water-lily, water-shield, and
spikerush. Scaup, however, feed on a wide variety of animal matter.

Sea ducks playa relatively minor role in estuarine impoundments.
Like the pochards, they spend most of their time in open bays and
sounds and the sea. Buffleheads, hooded mergansers, and ruddy ducks
are common winter residents which utilize deeper waters of impoundments.
They are largely carnivorous, feeding on fish, insects, mollusks, and
crustaceans.· Sprunt and Chamberlain (1970) reported two records of
hooded mergansers nesting in South Carolina. The hooded merganser is
also more common than the common merganser and the red-breasted mer-
ganser and seldom mixes with these other two species, since they
generally feed in different areas. The red-breasted merganser and
common merganser include more fish in their diets than does the hooded
merganser.

Rails, gallinules, and coots are commonly found in estuarine im-
poundments. The king rail is rarely seen in areas other than those
characterized by freshwater vegetation, such as cat-tails and rushes,
and is therefore not considered to be a resident of estuarine impound-
ments. Conversely, the clapper rail is commonly found at the water
margins of estuarine impoundments where smooth cordgrass grows. This
species is a common, permanent salt-marsh resident. The common
gallinule is another common permanent resident, occurring in both
brackish and freshwater impoundments. Gallinules frequently intermingle
with coots and ducks and feed on plant and animal matter. The American
coot, also a permanent resident, is extremely abundant in estuarine
impoundments. Its food consists primarily of seeds, roots, vegetative
parts of aquatic plants, smartweed, small fish, snails, tadpoles, and
insects. The Virginia rail and the sora are other common winter
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residents which frequent the marshes and marsh edges within impound-
ments, consuming mixtures of animal and vegetable matter.

The herons, storks, and ibises constitute another group of birds
which are abundant throughout much of the coastal ecosystem but
especially in estuarine impoundments. Among the dominant or character-
istic species within this habitat are the great egret, the snowy egret,
the Louisiana heron, and the white ibis. Also occurring, but playing
a moderate-to-minor role in ecological interactions, are the great blue
heron, little blue heron, glossy ibis, green heron, black-crowned night
heron, yellow-crowned night heron, and the wood ibis or wood stork.

Both the great and snowy egrets are common permanent residents in
coastal impoundments. These "plume birds" have made a dramatic come-
back since the days of Wayne (1910), when they were slaughtered for
millinery purposes. Both species nest in rookeries within coastal South
Carolina and feed in shallow water impoundments. The snowy egret
appears to venture out into saltwater marshes and creeks more than does
the great egret, which prefers freshwater ponds, marshes, and impound-
ments. These birds are commonly seen in communal roosts in trees
adjacent to impoundments. The great egret is a still hunter and can be
observed in a motionless stance seeking its prey. Its diet consists of
small fishes such as gizzard shad, minnows, and sunfishes. Sprunt and
Chamberlain (1970) reported that frogs, mice, Iizards, fiddler crabs,
grasshoppers and other insects, and even small alligators are consumed.
In contrast, the snowy egret is an active hunter, always moving and
stabbing at fiddler crabs, shrimp, snails, small fish, insects, frogs,
and lizards. No other egret or heron feeds in this manner.

The Louisiana heron is perhaps the most abundant heron in the coastal
area. It is a common permanent resident which nests in rookeries with
other herons and ibises, as well as in dissimilar locations such as
washed oyster shell banks and cypress lagoons. Its diet consists of
ki 11ifish, shrimp, crayfish, spiders, and insects.

The little blue heron, also a common permanent resident, exhibits
nesting and feeding habits similar to those of the Louisiana heron and
also eats frogs, turtles, and snakes. The green heron and black-crowned
night heron also are common permanent residents of impoundments. The
yellow-crowned night heron is a common summer resident, but it is not as
numerous around impoundments as are the other herons. The latter three
herons feed on small fishes, crustaceans, and insects in the impound-
ments and congregate with other herons in nesting.

One of the most distinctive shorebirds occurring within impoundments
is the willet. This species is a permanent resident of the South
Carolina coast, occurring in great abundance during summer. These birds
can often be seen feeding on small mollusks, fiddler crabs, and insects
along the banks, flats, and shorelines of estuarine impoundments.
Willets frequently nest along sandy overgrown impoundment dikes, as well
as on barrier islands or in open pastures. They generally prefer areas
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where vegetation is tall enough to conceal the nests. Bent (1962a)
gave a detailed description of willet nesting habits near Bulls Bay,
South Carol ina.

The greater yellowlegs, a permanent resident, is also a typical
shorebird of impoundments and waterways throughout the coastal region.
A 1though th is bird feeds in the sha 110w like other shoreb i rds, its
long legs enable it to use deeper waters in catching minnows, insects,
and snai Is.

A number of other shorebirds, including the lesser yellowlegs,
semipalmated plover, black-bellied plover, ruddy turnstone, dowitcher,
and sandpipers, occur commonly in estuarine impoundments. However,
two relatively rare birds, the American avocet and black-necked stilt,
are undoubtedly among the most spectacular of impoundment shorebirds.
Wayne (1910) never observed an avocet in coastal South Carolina, but in
recent years this bird has been observed on numerous occasions in
impoundments. Sprunt and Chamberlain (1970) reported that one specimen
was taken in the Santee River in 1923, with the greatest number (about
50) observed on South Island in 1946. Apparently, these birds over-
wintered there (Sprunt and Chamberlain 1970). American avocets are
now observed annually in the South Island impoundments (Wilkinson 1970).

The black-necked stilt, a rare resident, is one of the most dis-
tinctive shorebirds in the coastal area. Wayne (1910) observed one
pair of these birds during his many years in the field. Today, the
stilt appears regularly in small numbers within the coastal area, and
breeding records are now established (Sprunt and Chamberlain 1970).

The gulls and terns are represented in estuarine impoundments by
the herring, ring-billed, and laughing gulls, and the common, least,
royal, and Caspian terns. These birds feed to some extent In impound-
ments, particularly during summer fish kills caused by oxygen deficien-
cies. These birds also rest on open waters within impoundments.

The osprey and bald eagle, although uncommon in this habitat, have
been observed to forage these impoundments in the Cape Romain-Santee
Delta area of South Carol ina (G. R. Garris, 1979, U. S. Fish and Wi ld-:
life Service, Awendaw, South Carolina, pers. comm.).

During the past 2 deoades, there have been many ecological objec-
tions raised over the diking and impounding of wetlands. These
objections are based on the following rationale: the blocking of tidal
exchange results in a reduction of nutrient export; valuable marsh
nursery grounds are lost for marine organisms; public interest factors
are not considered. The objections could go further and in many cases
the above rationale is reasonable. However, there are certain advan-
tages to consider in evaluating coastal saltmarsh impoundments. Perhaps
the greatest ecological advantage is the valuable habitat created for
certain birds. Waterfowl, wading birds, shorebirds, and song birds
find compatible niches in this ecosystem. As for adverse impacts, the
use of pesticides in nearby agricultural areas (e.g., soybean fields,
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tomato crops, etc.) would appear to be the most damaging to avifauna.
According to C. M. Bearden (South Carolina Marine 'Resources Division,
1978, Charleston, pers. comm.), there are fish kills annually in the
coastal impoundments of lower South Carolina. Available evidence
points to the use of pesticides in nearby agricultural lands as a
leading cause. Many times, various birds are observed feeding on the
dead fish, and occasionally a dead bird is found near the 'impoundments.
The biological magnification of pesticides in avian populations is
probably the greatest impact. These effects have been well documented
over the years (U. S. Department of Interior, Fish and Wildlife Service
1962, 1963, 1964, 1965, Keith 1968). Borthwick et al. (1973) found
mirex residues in 78% of birds collected from a study area near
Charleston, South Carolina. The highest level of mirex was found in
the belted kingfishers and demonstrated the fate of organochlorides in
the estuarine environment.

Another important impact on birds in estuarine impoundments is
hunting. Annually, there are thousands of waterfowl harvested from
coastal impoundments in South Carolina.

8. Mammals

The mammals of saltwater impoundments have not been investigated.
However, because mammal movement in the marsh is common, but controlled
largely by the stage of the tide, this discussion will consider the role
of mammals in estuarine marshes similar to their role in saltwater im-
poundments.

The herbivorous mammal most closely associated with the estuarine
marsh, and the one of greatest ecological significance, is the marsh
rabbit. This species occurs throughout the coastal region of South
Carolina and feeds on a variety of herbaceous materials, including cord-
grass (Golley 1962). Nevertheless, only a minor component of marsh
plant material is consumed and routed through the food web via this path-
way, and it is doubtful that the marsh rabbit is ever sufficiently
abundant to control marsh plant levels.

Young and adult marsh rabbits constitute an important link in the
food chain to birds of prey. Bent (1961), citing unpublished reports
from Tomkins, reported that the marsh hawk in saltmarshes of South
Carol ina depends primari lyon marsh rabbits during winter. In summer,
other hawks no doubt exert considerable predation pressure. It is
likely that predation rather than food supply is the principal popula-
tion control on marsh rabbits. Specific population estimates have,not
been attempted, to our knowledge, but the marsh rabbit is known to be
abundant in all coastal counties.

The marsh rabbit nests on the mainland adjacent to marsh, or on
small brushy is'lands of dredged material scattered within the marsh,
rather than within the intertidal portion of the marsh itself. The
nest is usually concealed within dense brush or under fallen logs.
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Breeding may occur year around, but in Georgia, Tomkins (1935) found
peak reproductive activity in late winter, with a depressed period in
the fall. The gestation period in Louisiana is reported by Lowery
(1974) to be 28 - 32 days. Lowery stated that up to six litters per
year may be produced by a single female. Tomkins (1935) estimated
an average litter size in Georgia of three young. Even with a litter
size that is small for rabbits in general, the frequency of breeding
is sufficient to insure a high reproductive capacity.

A marsh herbivore that one might expect in the coastal marshes is
the muskrat, but it is entirely absent. One reason for its absence may
be the tidal range, because it occurs inland in South Carolina (Golley
1962, 1966). This species is present in coastal areas and is
sufficiently abundant in coastal Louisiana marshes to provide the basis
of a valuable fur industry. The U. S. Fish and Wildlife Service
attempted to establish a muskrat colony on Cape Island in the Gape
Romain National Wildlife Refuge in 1950 but, according to Golley (1966),
the population did not survive. An ecologically related exotic mammal,
the nutria, was introduced about the same time on Blackbeard Island in
Georgia. Neuhauser and Baker (1974) indicated that nutria survived
into the late fifties, but were extirpated by 1960. Wilson (1968)
suggested that a few nutria may exist in the marshes around Brunswick,
Georgia.

The meadow vole is not generally associated with the South Carolina
coastal region, but a population was found in Charleston County near the
Santee River. Skulls of 59 individuals were found in barn owl pellets
(Nelson 1934), and specimens were taken in low stands of saltmeadow
cordgrass on Cape Island in 1939; the latter record is based on museum
records and is cited by Sanders (1978).

White-tailed deer often graze in the high marsh, feeding on salt-
meadow cordgrass and on several species of glasswort. This is most
common where the marsh is adjacent to dense cover. Unless pursued, deer
seldom venture into the lower marsh due to its soft substrate. However,
deer are excellent swimmers and will cross large marsh creeks. In
addition to deer, several large domesticated herbivores such as horses,
cattle, and goats, may utilize the upper elevations of the salt marsh.
Florida manatees have also been observed grazing in Georgia marshes
(M. Hardisky, 1978, Georgia Department of Natural Resources, Brunswick,
pers. comm.).

The principal omnivorous mammal of the saltmarsh community is the
marsh rice rat, which is also among the most highly aquatic of the
coastal rodents. Unlike most other marsh mammals in this area, the
marsh rice rat may remain permanently in the marsh. Nests are often
made of cordgrass, but marsh rice rats also utilize abandoned nests of
marsh wrens (Golley 1962). The most detailed study of the ecology of
this species is that of Negus et al. (1961) on Breton Island in the
Gulf of Mexico; no quantitative studies have been conducted in this
area. Although regularly flooded salt marsh was not a major habitat on
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Breton Island, much of the information provided by Negus et al. (1961)
would be applicable to the coastal region of South Carolina.

Although many rodents are predominantly herbivorous, such is not
necessarily the case with the marsh rice rat. Certainly, plant material
is less important in its diet during some months than others (Fig. 2-4).
Golley (1962) reported that marsh rice rats feed on cordgrass in Georgia
coastal marshes, but they also utilize crabs (probably fiddler and other
marsh crabs) and insects. Kale (1965) noted extensive predation by marsh
rice rats on the eggs and young of the marsh wren. Sharp (1962)
reported that the major portion of the diet of the marsh rice rat con-
sisted of crabs and insect larvae. Such studies indicate that the marsh
rice rat is an opportunistic omnivore.

Not only is the marsh rice rat an important predator within the
estuarine wetlands, it is also an important prey species, especially for
for birds. In addition to the recognized birds of prey (hawks and owls)
which seek rodents in less densely vegetated sections of the marsh
(Sprunt and Chamberlain 1970), many of the larger wading birds (e.g.,
great blue heron, great egret, night herons, wood stork) wi 11 also prey
on rodents whenever they have the opportunity to do so (Bent 1963c).

Marsh rice rats seldom live more than 1 year, and they undergo
dramatic seasonal changes in abundance (Negus et al. 1961). On Breton
Island, decreases in population density appeared to be related to the
duration and severity of the winter, and Negus et al. speculated that
harsh winters influenced rat populations by controlling the food supply.
These authors provided a simple model to show the relationship of envir-
onmental factors to population density (Fig. 2-5).

In most habitats, the raccoon is properly considered an omnivore,
but it functions exclusively as a carnivore in the salt marsh. Raccoons
utilize practically all coastal plains habitats, but their populations
appear to be especially high in marshes and in woodlands adjacent to
marshes. The raccoon is predominantly nocturnal, generally spending
the day in its den in a large tree and leaving to forage at night.
This behavior pattern may be somewhat modified in estuarine wetlands
because of the tides. It is not unusual to see raccoons feeding in the
marsh in full dayl ight on isolated coastal islands, but such observa-
tions are much less common near human habitations even though raccoon
populations may be quite large there. The raccoon is without doubt
the most characteristic medium-sized mammal of the coastal marshes.
Within the marsh, it depends rather heavily on crustaceans (fiddler
crabs, marsh crabs, juvenile blue crabs), competing with the clapper
rail and white ibis for the same food resources. In addition to
crustaceans, marsh mollusks are important food items, especially small
intertidal oysters and mussels. Kale (1963) reported predation by
raccoons on the nests and young of marsh wrens. Raccoons also consti-
tute a source of mortality for clapper rail eggs and young.
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The raccoon has few or no predators in high salinity wetlands,
but alligators may cause significant mortality in low salinity marshes.
Coastal areas and wetlands provide the raccoon a virtually unlimited
food supply, so factors other than food must control its population
levels. Hunting and trapping pressures on raccoons in coastal areas
are rather light. The marsh or low country raccoon is considered to
have a low quality pelt compared to upland populations. Probably the
greatest single souce of raccoon mortality, other than disease, is the
automobile. Yet, on many coastal islands this ceases to be an impor-
tant element of mortality because automobile traffic is either non-
existent or extremely limited. At present, disease is probably the
principal factor controlling raccoon populations. Raccoons are quite
susceptible to a distemper-like respiratory disease, which is almos't
certainly density dependent.

In South Carolina and Georgia, the raccoon breeding season may
range from late February into August, but the raccoon does not breed
within the marsh because den trees are generally required for nesting.
The gestation period is 63 days, and usually a single litter is pro-
duced each year. About 50% of females will breed when I year of age,
but full size and maturity may not be attained until the second year.
The young remain with the mother for several months after they are
weaned, and they are given close attention and training.

The river otter is relatively abundant in salt marshes of the coastal
region. Johnson et al. (1974) list this species as occurring on virtu-
ally all of the Georgia coastal islands. Sanders (1978) cited records
from most South Carolina coastal counties, but it undoubtedly occurs in
all. The river otter is entirely carnivorous in the marsh habitat and
probably depends more on fishes and crabs than do the other marsh mam-
malian predators (Wilson 1954). Its numbers are too low to exert
significant population controls on any of its prey organisms, and the
otter itself is not subject to significant predation in this habitat.
Factors controlling its population size are not known;

Like the river otter, the mink is a semi-aquatic mammal that
frequently Qccupies coastal marshes, but it too is far from restricted
to this environment. The diet of the mink is more varied and is likely
to include marsh birds and marsh rodents along with fish and crustaceans
(Golley 1966). Like the otter, this species occurs in relatively low
population densities and is unlikely to control prey population levels.

Habitat destruction of the marsh would generally have the same
effects on mammals as on other faunal components, except that most
mammals are not permanent residents of the marsh. A few exceptions,
however, should be noted. Most mammals, except for the most aquatic,
make more extensive use of the high marsh than they do of the low
marsh. Thus, partial filling which converts low marsh to high marsh may
be a favorable change for mammals, despite the resulting loss of pro-
ductivity to the aquatic system. Likewise, the former practice of
building small islands within the marsh with dredge spoil material may
create more favorable conditions for mammals.
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With the notable exception of promoting or allowing domestic
animals to graze in the marsh, most mammals on this coastline have
little direct effect on the marsh habitat. Analyses of grazed and un-
grazed transects suggest that grazing may not only crop down the
vegetation but also may alter the zonation. Trampling by heavy
mammals such as cattle and horses may have a direct unfavorable impact
on some marsh plant species.
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CHAPTER THREE

FRESHWATER IMPOUNDMENTS

A. DESCRIPTION

Freshwater coastal impoundments occur in tidal areas where salinity
due to ocean-derived salts is belowO_5o/oo(Cowardin et a l• 1977}. Bio-
logically, freshwater environments have many similarities due to their
common aquatic nature.

The primary producers in freshwater environments are vascular and
non-vascular macrophytes and phytoplankton. These groups, along with
detritus, form the trophic foundation of the freshwater food web. Bac-
teria and fungi decompose organic matter from the system, regenerating
new nutrients. Rivers frequently bring large nutrient supplies into
lake and impoundment systems. Floodplain systems fed by rivers some-
times have extremely high productivity rates (Wharton 1970, Kitchens et
al. 1975). However, diversity in freshwater environments is not directly
related to productivity. Highly productive systems may produce natural
monocultures of aquatic vegetation (such as water-lily ponds, water
hyacinth beds, or Porazilia elodea) with low faunal species diversities.
Table 3-1 identifies common organisms occupying freshwater trophic levels
and Figure 3-1 illustrates their relationships. Figure 3-2 is a modifi-
cation of the Rawson Diagram (Rawson 1939). Although prepared many years
ago, this diagram accurately portrays the physical characters of fresh-
water systems that directly or indirectly influence the biotic and abiotic
cycles.

B. PRODUCERS

1. Nonvascular Flora

The nonvascular plants of freshwater environments in South Carolina
have not been well studied. The earliest work in South Carolina and
Georgia was performed by Ravenel, who did not publish until 1882. Bailey
(1851) made collections from 60 sites in a trip through South Carolina,
Georgia, and Florida, including many in Charleston and Jasper counties.
He listed over 80 freshwater species from South Carolina and Georgia.
Wood (1874) attempted the first comprehensive treatise on American fresh-
water algae, including many of his own collections from South Carolina
as well as the records of Ravenel. Phi lson (1939) pub 1ished a systematic
survey of algae in South Carolina, listing 15 species of Cyanophyta;
~ater, Philson (1940) added six new species of Oedogonium. Brown (1930)
Included South Carolina and Georgia in his listing of desmids from the
southeastern coastal plain, and Frohne (1942) published a report on the
occurrence of Phymatodocis in Jasper County, South Carolina, and several
counties in Georgia. Corbin (1951) identified 15 new species of Myxo-
phyceae in South Carolina, and Metcalf (1947) published a list of 54
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Table 3-1. Trophic levels of freshwater consumers.

I. PRIMARY CONSUMERS
(Feed directly on producers)

Zooplankton
Herbivorous invertebrates
Granivorous and herbivorous birds
Omnivorous vertebrates
Granivorous and herbivorous mammals

II. SECONDARY CONSUMERS
(Feed on primary consumers)

Omnivorous invertebrates
Omnivorous vertebrates
Insectivorous birds

Predacious fish
Predacious reptiles and amphibians
Mammals

III. TERTIARY CONSUMERS
(Feed on some secondary consumers)

Omnivorous vertebrates
Predacious reptiles and amphibians
Predacious fish
Piscivorous birds and birds of prey
Mammals

(cladocerans, rotifers, copepods)
(amphipods, mayfly larvae)
(Savannah sparrow, mallard)
(carp)
(mice, shrews, deer)

(dragonfly larvae, isopods)
(salamanders, frogs)
(short-billed marsh wren, northern

parula)
(crappie, bluegill)
(water snakes)
(otter, raccoon, mink)

(salamanders, frogs)
(alligators, cottonmouths)
(largemouth bass)
(osprey, hawks, eagles)
(bobcat, man)
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algal genera collected from a freshwater pond on Wadmalaw Island, South
Carol ina. In a study of the algae of the Savannah River Plant area,
Macfie and Swails (1957) discovered a new species of Micrasterias.
Dillard (1967) listed 44 algal taxa in a summary of his records for South
Carolina.

In more recent stud ies, Jacobs (1968, 1971) 1isted 585 taxa in her
preliminary survey of the freshwater algae of the Baruch Plantation in
Georgetown, South Carolina. Zingmark (1975) listed 114 taxa from a
freshwater pond in an environmental inventory of Kiawah Island, and
Grant (1974) reported a dominance of diatoms (105 taxa) in the periphytonl
phytoplankton component of the upper Cooper River-Tailrace Canal system
in South Carolina. In an environmental assessment report for the Amoco
Chemicals Corporation (Dames and Moore Associates 1975), four divisions
of algae were collected as periphyton in the Cooper River area of South
Carolina. Included in the four divisions were 33 species of diatoms, 8
species of chlorophytes, 2 species of cyanophytes, and 1 euglenoid. In
the same study, a total of 35 phytoplankton species were identified, with
diatoms the most abundant form in both periphyton and phytoplankton sam-
ples. Goldstein and Manzi (1976) listed a total of 259 taxa identified
from freshwater fish culture ponds in South Carolina. Identified taxa
included 146 Chlorophyta, 11 Pyrrophyta, 46 Cyanophyta, 45 Chrysophyta,
9 Euglenophyta, and 1 Rhodophyta. Numerous cryptophytes were noted, but
none were identified to species. Among nonvascular flora, diatoms have
received only limited detailed study in freshwater systems of the South-
east. In a study of haptobenthic algal flora in two North Carolina
streams, Dillard (1966) reported a total of 70 diatom taxa. In his re-
view of algal research in South Carolina (Dillard 1967), he reported
only 25 diatom taxa. The Savannah River, which serves as both a political
and natural boundary between South Carolina and Georgia, has been the
site of intensive diatom research by the Academy of Natural Sciences of
Phi Iadel ph ia (Reimer 1966, Patrick et a l, 1967). In a recent study
(Camburn et al. 1978), haptobenthic diatom flora were studied in Long
Branch Creek, South Carol ina, to provide a detai led floristic survey of
the diatom flora in an are2 of North America where few such studies have
been conducted. They reported 268 diatom taxa representing 31 genera,
the most numerous of which included Eunotia, Achanthes, Navicula, Pinnu-
laria, Gomph~, and Nitzschia. A-complete 1isting of all freshwater
species identified to date in the coastal counties of South Carolina
has been published by Manzi and Zingmark (1978).

Algae that inhabit freshwater environments constitute a diverse
assemblage with differing physiological requirements and variations in
terms of tolerance to physical and chemical environmental parameters.
The open water algae, phytoplankton, are regulated both spatialy and
temporally by several major classes of environmental factors. Light,
temperature, and turbidity interact with a number of inorganic and
organic nutrient factors in the succession of algal populations. Unlike
marine systems, successional periodicity in undisturbed freshwater
systems is fairly constant. Seasonal changes are muted in lower latitudes,
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although periodicity of phytoplankton biomass and productivity are often
out of phase, e.g., growth rates of blue-greens are rapid and turnover
times are shortened during summer months in South Carolina.

Aside from the descriptive studies listed above, little is known
about nonvascular plant associations and population dynamics in fresh-
water habitats of South Carolina.

2. Vascular Flora

Most freshwater impoundments in coastal South Carolina occur up-
stream from the river estuary in the freshwater zone. Water control
structures are present for purposes of manipulating the impoundment water
level and keeping out brackish water (if the impoundment is located near
the brackish-fresh transition zore of the river). The principal use of
these impoundments is for waterfowl feeding; however, some may be used
for cattle pasturage, snipe hunting, planting cypress, or wildlife sanc-
tuaries (Morgan 1974).

Morgan (1974) lists four possible types of wetlands that may occur
in freshwater impoundments: 1) open water, 2) submerged plants, 3) pad
plants, and 4) emergent plants. Baldwin (1956) lists four sl ightly dif-
ferent types: 1) summer drawdown edge; 2) shallowly flooded marsh; 3)
pad plants, surface mats, and floating plants; and 4) submerged aquatics.
Baldwin's type I and type 2 are generally emergents and coincide with
Morgan's type 4; and, although Baldwin does not include an open water
category, his type 3, which includes floating plants, seems to be broad
enough to contain the open water type.

Emergent communities in freshwater impoundments are dominated by the
smartweeds, spikerushes, red root, wild millet, Asiatic dByflower, giant
cutgrass, panic grass, duck potato, cat-tails, alligatorweed, wild rice,
and soft-stem bulrush (Baldwin 1956, Conrad 1966, Morgan 1974).

The submergent dominants are the pondweeds, coontails, bladderworts,
fanwort, and proliferating spikerush (Baldwin 1956, Morgan 1974).
Floating communities (pad, surface, and floating plants) are dominated
by duckweeds and water-shield in open water areas, and by water-lily,
white water-lily, frog's bit, pennyworts, and alligator-weed near shore
(Baldwin 1956, Morgan 1974). (See Table 3-2 for a 1ist of common marsh
plants associated with freshwater impoundments in South Carolina.)
Percival (1968) studied the ecology of six plant species commonly found
in freshwater impoundments: Asiatic dayflower, water-shield, jointed
s~ikerush, square-stem spikerush, tearthumb, and swamp smartweed. Here
the influence of water level and soil acidity on species dominance can
be seen. Table 3-3 presents summarized data from Percival (1968), the
only available work on nutrients in freshwater impoundments in the
coastal res ion. Quantitative nutrient information is available in other
tables in that work.



-52-

Table 3-2. List of vascular plants associated with freshwater
impoundments in South Carolina (adapted from Tiler
1977) •

SCIENTIFIC NAME COIlIION NAME

Alternanthera philoxeroides
Aneilema keisak

Alligator-weed
Asiatic dayflower

Baccharis epp,
Brasenla Bcbreberi

Sea myrtles
Water-shield

Cabomba carolinians
~a:ranthus occidental!1
Ceratophyllum spp.
Cyperua erythrorhlzo8
CyperuB odoratus
Cyperus polystachoB
Cyperus spp.

Fanwort
Button bush
Coontaiis
Redrooted outgrass
Sedge
Sedge
Sedges

Echinochloa crusssill
Echinochloa spp.
'Eserts ~
Eichhornia arassipeg
Eleocharis baldwin!!
Eleocharis eguisetoides
Eleocharis guadrangulata
Elodea spp.
Erl'airthus app,

Wild millet
Millets
Water-weed
Water hyacinth
Proliferating spikerush
Jointed spike rush
Square-stem'spikerush
Water-weeds
Plume grasses

Hydrochloa caroliniensis
Hydrocotyle spp.

Water grass
Pennyworts

Juncus effusus Soft rush

Lachnanthes caroliniana
-Leeraia hexandra
Leersia oryzoides
Lemna Bpp.
~bium apongia
Ludwigia ~ides

Redroot
Rice cutgrass
Rice cutgrass
Duckweeds
Frog's bit
Water-primrose

Melochia corchorifolia
Myriophyllum het~~.£.i}Illum

Chocolate-weed
Water milfoU

Na1as ~dalupensis
Nelumbo lutea
Nelumho pentape..!.ela
Nuphar advena
Nymphaea odorata

Bushy pondweed
Lotus
Lotus
Spatter-dock
White water-lily

Panicurn blsulcatum
Panicum dichotomiflorum
PaniCWB hem! tomon
Paspalum bos"cianum
Peltandra virglnica
Pluchea spp.
Polysonum arifolium
Polysonum densiflorum
Polygonum hydropiperoides
Polygonum pensylvanicum
Polygonum portoricense
Polygonum ~ittatum
Polygonum setaceum
Polygonum spp.
Pontederia cordata
Potamogeton berchtold11
Potamogeton diversifol1us
Potamogeton pectinatus

Asiatic panic grass
Fall panic grass
Maidencane
Bullgras8
Arrow-arum
Marsh fleabanes
Tearthumb
Southern smartweed
Swamp smartweed
Large-seed amartweed
Southern smartweed
Tearthumb
Swamp smartweed
Smartweeds
Pickerelweed
Narrow-leaved pondweed
Variable-leaved pondweed
Sago pondweed
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Table 3-2. Concluded

SCIENTIFIC NAME COMMON· NAME

Sagittaria graminea
Sagittaria latifol1a
Sagittaria spp.
Salix spp.
5"CirPus validuB
Sesbania macrocarpa
Spartina~suroides
Spirodela polyrrhiz8

Delta duck potato
Duck potato
Arrowheads
Willows
Soft-stem bulrush
Seban
Giant cordgrass
Big duckweed

Common cat-tail
Blue cat-tail

Utricularia spp. Bladderworts

Zizania aquatics
Zizaniopsis milliaces

Wild rice
Giant cutgras8
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Succession in managed freshwater impoundments rarely proceeds in a
natural sequence because of water level manipulations by impoundment
managers. However, impoundments with constantly maintained water levels
become dominated by floating and submergent vegetation. The dominants
vary according to depth of impoundment, but white water-lily, duckweeds,
coontails, and bladderworts are usually the most common species.
Succession here is comparable to succession in shallow lakes.

The most widespread utilization of successional trends by the
impoundment manager is summer drawdown. Drawdown (the lowering or removal
of water) insures germination of many annuals, allows for seasonal burning,
and permits grazing or cultivation (Baldwin 1950). Cultivated crops, such
as corn, brown-top millet, wheat, barley, rye, soybean, and grain sorghum
may be planted after drawdown (Tiner 1977). If cultivation is not the
desired use, the period of drawdown may be shortened, promoting growth of
various smartweeds. Prolonged drawdowns sometimes allow for germination
of cat-tails, willows, and button bush, all undesirable plants to water-
fowl management. Fanwort-pondweed beds, also undesirable, may be controlled
by prolonged drawdown, with the more desirable muskgrass, a nonvascular
plant, gaining dominance upon refJooding (Baldwin 1950).

In summary, successional trends are manipulated by impoundment
managers to produce desired vegetation for the specific use the manager
envisions, be it waterfowl management, grazing, or cultivation.

C. CONSUMERS
1. Zooplankton

Water pH greatly influences zooplankton communities. Separate
faunas are found in acidic (as in lakes) and in alkaline (or basic) waters
(as in rivers). Zooplankton assemblages of temporary ponds are character-
ized by groups which have very short life cycles and often exhibit
desiccation-resistant stages. Such species are generally successful in
temporary water bodies until predators become established in them. For
example, the fairy shrimp Streptocephalus seali is a very common inhabitant
of drainage ditches and other temporary waters but is rarely found in the
stable, predator-rich waters of other coastal habitats (Moore 1955).
N. A. Chamberlain (1978, College of Charleston, Charleston, South Carol ina,
pers. comm.) has found this species in two ponds in the Francis Marion
National Forest (Berkeley County, South Carol ina), and Coker (1938)
reported it from a ditch near Society Hil I, South Carolina. The freshwater
decapod shrimp Palaemonetes paludosus is common in coastal South Carolina
(P. A. Sandifer, 1978, South Carolina Marine Resources Division, Charleston,
pers. comm.). Although larval development in this shrimp is abbreviated,
it still exhibits a meroplanktonic larval phase. Certain zooplanktonic
cope pods are associated with bogs, swamps, and temporarily flooded areas.
Robertson (1972), in studies of Oklahoma calanoid copepods, found that the
preferred habitat of Osphanticum laboronectum was swampy areas. He also
reported Diaptomus salticul inus present in temporary ponds, and D. saskatch-
ewanensis present in swampy areas. Coker (1938) found Cyclops ccassicaudi
regularly occurred in wagon ruts near Chapel Hi 11, North Carol ina. Insect



larvae are also present in freshwater zooplankton but will be treated
below.

Studies of the zooplankton of freshwater impoundments have not been
conducted. Any research conducted on zooplankton in tidal freshwater
areas is 1 imited to Turner (1910). He listed 4 species of calanoid
copepods, 10 cyclopoids, 1 harpacticoid, and .24 species of Cladocera
from temporary and permanent ponds, ditches, and "holes fed by creeks"
in the vicinity of Augustll, -.orgia. While most Entomostn.ca were
collected in submerged vegetlltion, meny of these species would likely be
planktonic on occasion. The cepepod Cyclops serulatus and the cladocer.n
Simocephalus serrulatus were the most widely distributed species in
Turner's samples. No Cladocera bearing "winter eggs" were found in these
samples, even though temperatures were on occasion just above zero.

2. Insects
In the South Carolina coastal region, various insects of freshwater

environments have a number of common life patterns and requirements,
regardless of the habitat. Much of the following introductory material,
which holds true for all of these environs, is summarized from Pennak
(1953), Borror and Delong (1964), and Gosner (1971). Table 3-4
summarizes orders of hydrophilic insects, their basic life history patterns,
and whether any species of each order are associated with salt or fresh
waters, or both.

Eleven of the 30 to 35 orders of insects (depending upon the classi-
fication system followed) contain species that are partially or totally
limnetic. Among the primitive insects that have no metamorphosis,
Collembola (springtails) is the only order in which freshwater species
occur. A few of these occur on the surface of ponds and pools.

The Hemiptera (true bugs) is the only paurometabolous (gradual meta-
morphosis) order containing freshwater forms. In this group, metamorphosis
is gradual and the series of immature forms (nymphs) resemble adults
except in size, body proportions, and wing development. Many species of
Hemiptera occur below the surface in both nymphal and adult stages, while
others move about the surface film.

The mayfl le s (Epheme rop te ra}, dragonfl ies and damselfl ies (Odonata),
and stoneflies (Plecoptera) are hemimetabolous insects. The adults
are terrestrial, but a series of aquatic nymphs (naiads) occurs, usually
possessing accessory gills.

The remaining six aquatic orders are holometabolous, with develop-
ment stages consisting of the egg, active larva, acquiescent pupa, and
adult. A few lacewings (Neuroptera), moths and butterflies (Lepidoptera),
numerous beetles (Coleoptera), fl ies , mosquitoes, and midges (Diptera),
and all alderfl ie s , dobsonfl ie s , and fishfl ies (Megaloptera), and
caddisfl ies (Trichoptera) have aquatic larvae. All caddisfl ies and
many dipterans have aquatic pupae. A very few hymenopterans are egg
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Table 3-4. Suaaary of hydropb:Ulc insect life history patterna ADdhabitat 41.-
trlbution (adapted ":rom t,;oaner1971).

~b
LIFE

CUSS INSECTA CCIlIlOII NAME !!:!!!a HISTORY·

Subclaaa Apterygota

Order Collembola Springtaila + + ..
Order Thy.anura Bristle tall. ahorel1.nea ..

Subclass Pterygota

Order Plecoptera Staneflies + he
Order Odonata Dragonflies + + he
Order Epbemeropterlt, Mayflies + + he
Order Hemiptera True bugs + + p&
Order Irichoptera Caddlsfliea + + ho
Order Megaloptera Aldertl!es + ho
Order Neuroptera Lacewings + ho
Order Lep~optera Butterflies, moths + + ho
Order Dlptera Flies, mosquitoes + + ho
Order Coleoptera Beetle. + + ho
Order 8y1Ienoptera Wasps Parasitic ho

aFresh • riverine, lacustrine, or palustrine waters and associated eDViro~.
bSaline • marine or estuarine waters and .ssociated environ••
Csa • aaetaboloua. pa - pauroaetabolou8; he - haiaetaboloua; bo • holOlMtaboloua.
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parasites, entering water only long enough to find and ovideposit on
eggs of their aquatic hosts.

With few exceptions, aquatic insects are found near shorelines, in
shallow waters, and where an adequate supply of oxygen exists. Only a
few dipterans are consistently found in deeper lakes and in waters
possessing reduced oxygen suppl ies. The free-moving plankton has
evolved only in some of the midge (Diptera) larvae. The majority of
insects aquatic in the adult stage are nektonic, as exemplified by the
water beetles (Coleoptera) or neustonic and pleustonic as exemplified
by the water striders (Hemiptera).

Hillestad et al. (1975) provided a 1isting of orders and families
of insects from freshwater shrub marsh on Cumberland Island, Georgia
(Table 3-5). Included in their collections were representatives of the
insect orders Orthoptera, Hemiptera, Homoptera, Coleoptera, Diptera, and
Hymenoptera. The Orthoptera were dominated by crickets (Gryllidae),
followed by short-horned grasshoppers (Acr id idae ), roaches (Blattidae),
and long-horned grasshoppers (Tettigoniidae). These were undoubtedly
found in and around aerial portions of emergent vegetation, as these
insects are not aquatic in any life stage (Pennak 1953, Borror and
Delong 1964). This would also be true of the homopteran leafhoppers
(Cicadellidae), froghoppers and spittlebugs (Cercopidae), and the
hemipteran assassin bugs (Reduviidae). Toad bugs (Hemiptera: Gelastocoridae)
were also present and are generally associated with moist shores of ponds,
marshes, and streams (Pennak 1953). The beetles (Coleoptera) were the most
diverse in numbers of famil ies (9), with the ground beetles (Carabidae)
being predominant. Dipterans (true flies) and hymenopterans (ants and
sawflies) were also common.

3. Benthic Invertebrates

Commonly occurring benthic invertebrates of freshwater pond and
impoundment ecosystems include sponges, hydrozoans, turbellarians,
nematodes, rotifers, bryozoans, oligochaetes, leeches, pelecypods,
gastropods, ostracods, harpacticoid and cyclopoid copepods, isopods,
amphipods, crayfish, numerous larval insects, several species of adult
bugs and beetles, and arachnids such as water mites and fisher spiders.

Invertebrates of temperate ponds undergo pronounced seasonal patterns
of activity and faunal density. Activity is minimal during the winter,
and the fauna is variously adapted for survival of cold water temperatures.
Several types of "resting stages" are known, particularly in the lower
invertebrate phyla. Gemmules, consisting of a mass of cells protected
by a hard inner membrane and an outer layer of columnar spicules, are
formed by sponges during autumn. Certain hydroids and entoprocts lose
their hydranths and calyces, respectively, during late autumn or winter
and enter a dormant stage. Species in a number of taxa, including the
Hydrozoa, Turbellaria, and Rotifera, produce "winter eggs" which survive
the cold. Freshwater bryozoans form dormant statoblasts, consisting of
a cell mass covered by chitinous valves. Produced in enormous numbers
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during summer and autumn, these statoblasts provide an important means
of dispersal as well as being tolerant of both low temperatures and
desiccation. With the return of favorable environmental conditions,
each of these "resting stages" opens and begins development. Other
species, including some annelids, mollusks, and arthropods, burrow into
the sediments and hibernate. A few, such as certain oligochaetes,
mollusks, insect larvae, isopods, and arnphlpods , may remain active all
winter. As temperatures rise in late winter and early spring, faunal
activity increases markedly and reproductive cycles commence for many
species. Insects such as mayflies, caddisfl ies, and dragonflies, which
constitute an important part of this freshwater benthos as larvae, meta-
morphose into adults and leave the water. In contrast, several other
insects, including water bugs (Notonectidae, Corixidae, Belostomatidae,
Naucoridae) and water beetles (Hal iplidae, Dytiscidae, Noteridae, Gyrinidae,
Hydrophilidae), are common pond inhabitants as adults.

Water levels frequently drop in these environments during summer,
and some periodically dry up. Despite this, such ponds support a community
of benthic invertebrates made up of both temporary and permanent residents.
Many temporary residents are insect larvae whose development is suffi-
ciently rapid to ensure metamorphosis prior to the time when such ponds
normally go dry. Permanent residents either burrow in sediments and
aestivate, or survive as cysts or other stages adapted to withstand
drying. Species numbers are usually lower in these habitats than in
"permanent" ponds, and are also reduced in ponds having low levels of
dissolved oxygen. Nevertheless, species adapted to such conditions are
often present in large numbers.

Dragonflies (Odonata) and other invertebrates of a l-ha (l.5 acre)
farm pond at the Savannah River Plant near Aiken, South Carolina, were
studied by Cross (1955), Benke (197l, 1976), and Benke and Benke (1975).
Benke (1976) observed a density of 10,000 larval midges (Chironomidae)/ml
in Ekman grab samples taken from May to September. Biomass of larval
midges and mayflies (largely Caenis sp.) amounted to 0.6 g/ml (dry
weight), or about two-thirds of the total macrobenthos other than dragon-
fl ies. The remaining third consisted mostly of beetles (Coleoptera)
and horsefl ies and deer fl ies (Tabanidae), although caddisflies (Trichop-
tera) , biting midges (Ceratopogonidae), damselfl ies (Zygoptera),
predacious bugs (Hemiptera), and various microcrustaceans were also
present. Biomass of the dominant larval dragonfl ies (Ladona deplanata,
Eiptheca spp., and Celithemis fasciata) during May-September was about
6 g/m2-,-while total odonate biomass was estimated at 8 g/ml. Such high
predator-to-prey ratios were possible because of high turnover rates in
prey populations. Sufficient refuges were also bel ieved by Benke (1976)
to be responsible for preventing the annihilation of prey populations.
Since high populations of larval dragonflies have been observed else-
where on the Savannah River Plant and in a lagoon near Athens, Georgia,
Benke and Benke (1975) suggested that they may be a predominant feature
of pond ecosystems in the Southeastern United States.

The ecology and community structure of benthic invertebrates in
freshwater ecosystems of the South Carolina coastal region have generally
been ignored and constitute a major data gap.
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4. Fishes

Most freshwater impoundments in the coastal region, as stated
previously, are former rice fields with dikes in varying stages of
erosion, allowing free exchange of water and ichthyofauna with the
various other subsystems such as palustrine emergent wetlands. The
small portion of former rice fields that~have maintained dikes are
managed primarily for waterfowl. Shallow water impoundments managed
for waterfowl average 30-45 cm (12-18 in) in depth and are dry at
varying intervals, some annually, others no more than once every 10
years (R. J. Rhodes, 1978, South Carol ina Marine Resources Division,
Charleston, pers. comm.). Centrarchids are by far the dominant fish
family occurring here. Redfin and chain pickerel, bowfin, largemouth
bass, carp, longnose gar, mosquitofish, golden shiner, bullheads,
gizzard shad, and threadfin shad are the most prominent species of
this impoundment type (Table 3-6).

The vast majori tv of fish species inhabi ting freshwater impoundments
are nest building spawners. Carp, redfin pickerel, and longnose gar are
among the few exceptions. The sunfish fami ly is especially successful
in reproducing in this habitat and is susceptible to overpopulation
(Swingle 1950, Lagler 1956). Most species prefer to nest near or among
submerged vegetation or obstructions, though spawning will occur through-
out the habitat.

During periods of drawdown in former rice fields, or during low
water in small impoundments, piscivorous birds, mammals, reptiles, and
amphibians concentrate in large numbers around these canals and pools.
Vultures, foxes, bobcats, and opossums regularly feed on dead fish washed
ashore during periods 'when die-off occurs.

5. Amphibians and Reptiles

Because of their juxtaposition to riverine systems, herptiles
inhabiting freshwater tidal impoundments do not differ substantially from
those of the river itself. Combinations of abundant food, diverse aquatic
vegetation, restricted water flow, and proximity of dry land in impound-
ments, however, tend to create an ecotonal effect. Thus, certain species
such as greater sirens, dwarf waterdogs, and two-toed amphiumas find this
habitat more favorable than the adjacent river. These aquatic amphibians
are generally found among subtidal vegetation, bottom debris, or roots of
floating aquatics (Conant 1975, Harrison 1978). Food items of amphiumas
and sirens include crustaceans, mollusks, worms, insects, small fish,
etc. (Conant 1975). Freshwater impoundments also provide good habitat for
the aquatic rainbow snake and eastern mud snake, which feed primarily on
the American eel and eel-like salamanders, respectively (Conant 1975,
Wharton 1978).

Several species of turtles exhibit relatively generalized requirements
for aquatic habitats and are found regularly in impoundment communities.
Such species include the common snapping turtle, eastern mud turtle, and
stinkpots (Conant 1975). These species are nocturnal and seldom bask
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(J. R. Harrison, 1978, College of Charleston, Charleston, South Carolina,
pers. comm.). The striped mud turtle is found in extreme southern
Georgia and would probably inhabit impoundments found within its range.
Other turtles which occupy impoundments include Florida cooters, yellow-
belly sliders, eastern chicken turtles, Florida softshells, and Gulf Coast
spiny softshells (Conant 1975, Mount 1975, Gibbons 1978). Young Florida
cooters are omnivorous, whereas the young of yellowbelly sliders are
primarily carnivorous; adults of both species are herbivorous. Eastern
chicken turtles, Florida softshells, and Gulf Coast spiny softshells are
carnivorous (Mount 1975). Turtles lay eggs above the normal high-water
line, with the emydids and trioncychids preferring sandy, friable soil,
while kinosternids select soil of high organic content for nesting sites
(Mount 1975). Levees provide nesting substrates.

Aquatic vegetation in impoundments is relatively abundant with many
emergent (pickerelweed, arrowhead, cat-tail, cutgrass), floating
(alligator-weed), and floating-leaved plants (water-lily, floating heart).
These plants often occur in dense stands or mats and, if not too expansive,
improve the habitat for many frogs and water snakes. Hylids occuring among
emergent or floating vegetation in freshwater impoundments throughout the
coastal region include southern cricket frogs, Cope's gray treefrogs,
green treefrogs, and squirrel treefrogs (Conant 1975, Harrison 1978). The
Florida cricket frog is found throughout peninsular Florida and along the
immediate Georgia coast north to the Savannah River, while the southern
cricket frog is found throughout most of the remaining coastal plain of
Georgia and all of that of South Carol ina (see Conant 1975 for distribution).
In the Savannah National Wildlife Refuge, the northern cricket frog has
invaded old rice fields along the Savannah River (J. R. Harrison, 1978,
College of Charleston, Charleston, South Carolina, pers. comm.). This
species is considered rare in the coastal zone (Harrison 1978).

Floating vegetation and levees provide temporary habitat for ranid
frogs. Common inhabitants include bullfrogs, pig frogs, bronze frogs, and
southern leopard frogs. Presently within the South Carolina coastal region,
freshwater impoundments are perhaps the most ideal habitat for pig frogs.
It is in this habitat that they are most abundant, and males can be heard
call ing among floating and herbaceous emergent vegetation day and night
during spring and summer (Wright and Wright 1949).

The close proximity of dry land, water, abundant vegetation, and food
contribute to make freshwater impoundments prime habitat for aquatic
serpents. Redbelly water snakes, banded water snakes, brown water snakes,
and cottonmouths are common or even locally abundant (Conant 1975, Gibbons
1978). Floating vegetation near levees also provides good habitat for
rough green snakes and eastern ribbon snakes (Conant 1975). The green
anole is abundant among vegetation near aquatic environments (Gibbons 1978)
and would not be unexpected among emergent aquatics in impoundments. Species
uncommon or rare in impoundments are generally uncommon or rare throughout
the coastal :one. These species include the Florida green water snake,
glossy crayfish snake, and the Carolina and north Florida swamp snakes
(Martof 1956, Conant 1975, Gibbons 1978). In extreme southeastern Georgia,
adjacent to Florida, the striped crayfish snake is found in impoundment-type
habitats, albeit uncommonly (Martof 1956, Conant 1975).
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The area immediately north and south of the Savannah River is a
transition zone for several subspecies of herptiles common to freshwater
impoundments. In addition to the southern cricket frogs already mentioned,
subspecies of ribbon snakes, swamp snakes, and cottonmouths differ between
most of coastal Georgia and most of coastal South Carolina. The peninsula
ribbon snake, north Florida swamp snakes, and Florida cottonmouth inhabit
most of coastal Georgia, whereas the eastern ribbon snake, Carolina swamp
snake, and eastern cottonmouth inhabit most of coastal South Carolina
(Conant 1975).

6. Birds
Colonial Wading Bird Rookeries. Supported by an abundance of estuarine

and freshwater swamp habitat, the coastal region of South Carolina maintains
a high population of colonial wading birds. Reinforced by large food
supplies, stable water regimes, and freedom from disturbance, colonial
wading birds continue to thrive and reproduce in nesting colonies scattered
throughout the area.

Although colonial wading bird rookeries have been known from this area
for wei' over 100 years, little documentation existed prior to 1975 for
comparisons of present and past populations. However, recent studies by
Odom (1976), Custer and Osborn (1977), Osborn and Custer (1978), and Sprunt
et al. (1978) have located and censused approximately 291 colonies of
egrets, herons, and their allies along the Atlantic coast of the United
States. (See Davis et a l, (1980) for rookery locations.)

Twelve avian species are commonly associated with wading bird
rookeries, as indicated in Table 3-7. Of these, four species are considered
dominant: the white ibis, cattle egret, Louisiana heron, and snowy egret.
All are common residents that occur most frequently in rookeries.

There are eight types of colonies based on the selection of habitat.
These can be broadly classed as upland sites, inland swamps, estuarine
islands, and small ponds. Upland sites are the least common of wading bird
rookeries, as their use is largely confined to the great blue heron and
the great egret. This type of colony is typically small, with less
than 150 pairs of birds, and has no standing water. Nests are usually
constructed in tall pine trees (loblolly pine and slash pine) with a very
dense understory often composed of myrtle (wax myrtle), cabbage palmetto,
or saw palmetto.

Inland swamp sites can be divided into two distinct types, natural
swamps and man-made swamps or reserves. Natural swamp locations are
commonly sloughs where standing water has accumulated. Nests are often
constructed in bald cypress, black gum, sweet bay, water tupelo, or
willows. Nesting success and site tenacity are highly variable in this
type and are highly dependent on the availability of standing water.

Man-made or artificial swamps are primarily the remnants of early
attempts to cultivate rice in the eighteenth century. Old rice fields
gradually undergoing succession are sometimes utilized, if standing water
is present and adequate nesting platforms are provided by water-tolerant
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trees. Most commonly, old reserves or water storage areas provide the
rookery sites. These areas are often large, up to several hundred
acres, and constantly maintain standing water several feet deep through
a system of dikes and ditches. Long abandoned, old rice field reserves
frequently contain dense old growth stands of bald cypress, water
tupelo, swamp tupelo, and red maple. The understory is sparse, limited
chiefly to button bush, sweet bay, and fetter-bush. The stability of
the reserve rookery made it the most favored site for many wading birds
prior to the advent of spoil islands in the 1940's. Populations in
reserve colonies were typically large, with thousands of pairs of herons,
egrets, and ibises a common sight. All locally breeding species of
colonial wading birds were represented, with the exception of the great
blue heron, which is locally distributed.

Small ponds are also utilized by colonial wading species, although
in reduced numbers. As a general type, small ponds can be divided into
alligator holes, island sloughs, and artificial ponds. Alligator holes
are commonly found throughout the lower coastal plain and can be
characterized by their small size and presence of a hole 5-10 ft (1.5 -
3.0 m) deep created by the alligator in times of drought. Vegetation
around these holes is typically composed of willows, wax myrtle, and
cabbage palmetto. Alligator holes are often used by such species as the
green heron, anhinga, black-crowned night heron, and yellow-crowned night
heron, which often form small isolated colonies. For this reason, there
are doubtlessly many more colonies of this type than are currently
known.

Island sloughs are limited to barrier islands where they are formed
between dune ridges. Also known as cat-eye ponds (Hayes et al. 1975),
these sloughs are frequently without standing water and are subject to
rapid succession. Vegetation may be composed of cat-tails, willows, wax
myrtles, popcorn trees, or cabbage palmettos. Island sloughs often
support a variety of wading birds in moderate numbers (Chamberlain and
Chamberlain 1975). Artificial or man-made ponds include farm ponds,
waterfowl impoundments, and diggings of the remnant phosphate industry
of the latter portion of the last century. These ponds vary widely in
size and shape and in the numbers of birds using them. Vegetation is
primarily wax myrtle, willow, cabbage palmetto, and button bush.

Estuarine islands also play an important role in rookery site
selection, and these may be classed as natural islands or dredge spoil
islands. Natural islands afford isolation and reduced predation, but
they are also subject to storm overwash and erosion. Vegetation is often
sparse, dominated by smooth cordgrass, black needlerush, saltmeadow
cordgrass, sea beach panic grass, and occasionally wax myrtle. Man-made
spoil islands are a recent addition to nesting sites selected in estuarine
areas. Beginning in the late 1940's, these areas received periodic
spoil disposal until they were significantly higher than surrounding
marsh islands. As vegetation became established, spoil islands became
attractive to colonial wading species. Such islands are util ized highly
by wading birds in the early stages of vegetative succession when sea
myrtle and wax myrtle are dominant. Utilization continues as species
such as sugarberry and white mulberry dominate, but bird populations
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decline as these species develop a closed canopy (T. A. Beckett, 1978,
Charleston, South Carol ina, pers. comm.; Eo Cutts, 1978, Charleston,
Sou th Ca ro1ina, pe rs, COITlll.).

In South Carolina, the greatest numbers of wading birds are
concentrated on spoil islands, natural swamps, and old reserves.
Individual colony locations with estimates of species composition and
population levels are given in Table 3-8.

The distribution of wading bird colonies in the coastal zone of
South Carol ina is subject to yearly fluctDation. Small colonies are more
vulnerable to such factors as disturbance and predation than are large,
well-establ ished rookeries that have been active for several years
(Buckley and Buckley 1976). In support of this observation, one small
colony studied in coastal Georgia suffered a minimum nestling mortality
of 50% in four of its five species. Predation resulted in nest
destruction, and when no attempt to re-nest was made, the colony was
abandoned (Teal 1958a). Weather conditions are also a major cause of
colonial fluctuation, particularly when drought reduces the available
food supply. The white ibis is extremely sensitive to drought and often
responds with massive population shifts (Dusi and Dusi 1968). Tidal
overwash can also force population shifts on estuarine islands,
particularly when eggs are washed during the critical incubation period
(P. J. DeCoursey, 1978, University of South Carolina, Columbia, pe rs ,
comm.). White ibis are also known to make dramatic shifts in nesting
locations without apparent cause. In 1950, about 1,000 pairs of white
ibis deserted a well-known South Carolina rookery that had been occupied
continuously for 28 years (Sprunt 1922, Denton et a l. 1950). Yearly
fluctuations between rookeries are also common, as noted between Drum
Island and Pumpkinseed Island in South Carolina (T. A. Beckett, 1978,
Charleston, South Carolina, pe rs. comm; P. J. DeCoursey, 1978, University
of South Carolina, Columbia, pers. comm.). A more unusual shift in
populations was noted in 1975 when the white ibis from the two above-
mentioned rookeries relocated in the Okefenokee Swamp, Georgia, over 200
miles (322 km) in distance (Ogden 1978).

In spite of yearly population shifts, several large rookeries have
been in continuous use for over a half century. Blake's Reserve, known
to be an active rookery since 1823, had a population of five species with
1,125 pairs in 1922, not radically different in size from its present
population (Sprunt and Chamberlain 1949; Charleston Museum, 1922,
Charleston, South Carolina, unpubl. data).

Variation in rookery populations is closely tied to both species
composition and history. At the turn of the century, wading birds were
under extreme pressure from plume hunters and egg collectors. Breeding
populations were reduced to the point that formerly abundant species such
as the great egret and snowy egret were almost extinct (Wayne 1910). By
the 1930's, these birds had made a strong comeback, with the little blue
heron the most abundant breeder (Sprunt and Chamberlain 1949, Burleigh
1958, Ogden 1978). Beginning in the 1920 's, the gradual northern range
extension of the white ibis began. This massive population movement was
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an important influence on the character of present-day rookeries in
South Carolina. While Florida was the recognized center for breeding
white ibis, this species was known to breed as far north as the Altamaha
Swamp region of Georgia in the 1860's (Burleigh 1958, Bent 1962a). By
1922, however, the white ibis was breeding in South Carolina and was
increasing in numbers from the original discovery of a few hundred to
nearly 3,000 birds in 1947 (Sprunt 1922, Sprunt and Chamberlain 1949).
Today, the white ibis is the dominant breeding colonial wading bird in
South Carolina and Georgia, with a total population estimated at 65,000
birds (Ogden 1978).

The number of wading birds breeding in the Southeast was also
supplemented by the natural introduction of the cattle egret from Africa
via South America. Although this species arrived in North America about
1942, the first breeding record for Florida was 1953 (Sprunt 1954). The
cattle egret extended its range rapidly, reaching Georgia in 1954 and
South Carolina in 1953 (Burleigh 1958, Burton 1970). The first record
of the cattle egret breeding in South Carolina was in 1956, when two pairs
were found on Drum Island in Charleston Harbor (Burton 1970). The present
breeding population is estimated at 25,000 individuals for both Georgia
and South Carolina, while in Florida the cattle egret population exceeds
all other wading birds in the eastern United States by 70,000 individuals
(Custer and Osborn 1977, Ogden 1978).

The cattle egret has not only extended its range north along the
Atlantic coast, but has also moved inland to become a dominant breeding
wader in the upper coastal plain and Piedmont regions of South Carolina
and Georgia (Davis 1960, Post 1970). In inland areas, the cattle egret
does not compete with other waders to any significant level since the
other species are less common. However, it has been accused of competing
successfully against the little blue heron in coastal areas, although
there is currently 1ittle evidence to support such a bel ief (Ogden 1978).

One other species, the glossy ibis, is also a recent addition to the
wading birds breeding in the coastal area. Arriving in South Carolina in
1947 and Georgia in 1949, the glossy ibis populations have remained well
below that of the white ibis and cattle egret (Sprunt and Chamberlain
1949, Burleigh 1958).

The breeding season for wading species in the South Carolina coastal
region begins in late February and early March when the larger species
begin concentrating as a prelude to the actual nesting process. Depending
on the severity of winter, great blue herons begin nesting from mid-to-late
March. Great egrets follow in late April to early May, as do the other
species with the exception of the 1ittle blue heron. Nesting of the
little blue heron normally occurs in late Mayor June, resulting in
increased competition with the final arrival of the cattle egret in June
or July (Sprunt and Chamberlain 1949, Burleigh 1958). Con~etition in
the rookery commonly involves nest site selection and stealing of nesting
material.

Although there are several types of rookeries based on habitat,
there are only three general types based on composition: upland colonies,
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mixed species colonies, and night heron colonies. Upland colonies are
dominated by the great blue heron and occasionally include nesting great
egrets. Mixed species colonies usually contain great blue herons or
great egrets which occupy taller nest sites throughout the colony (Burger
1978, Wiese 1978). Smaller species fill out the balance of the colony,
with green herons and yellow-crowned night herons occupying the outer
edge, if they are present (Sprunt and Chamberlain 1949). Due to the
solitary nature of the yellow-crowned and black-crowned night herons,
they often nest in small, remote colonies. This is particularly common
of the yellow-crowned night heron, which is much less social than the
black-crowned night heron (Wayne 1910, Sprunt and Chamberlain 1949, Bent
1963c).

Several species are commonly found in small numbers in association
with colonial waders. The most common Is the anhinga or snake bird. The
anhlnga was found in 46% of South Carolina's colonies, as listed In Table
3-8. Common gallinules are also found In freshwater rookeries, as are
clapper ralls In estuarine colonies (T. A. Beckett. 1960-1977, Charleston,
South Carolina, unpubl. data). Common grackles are also commonly
associated with wading bird colonies where they nest at the fringe of the
colony and occasionally prey on the eggs of unguarded nests (Sprunt and
Chamberlain 1949).

Two of the more unusual species associated with wading bird colonies
are the osprey and the great horned owl. The osprey has colonized Blake's
Reserve for many years and now boasts a population of approximately 39
pairs (P. M. Wilkinson, 1978, South Carolina Wildlife and Marine Resources
Department, Charleston, pe rs. comm.; T. A. Beckett, 1978, Charleston,
South Carolina, pers. comm.). On rare occasions, the great horned owl
has also been known to inhabit wading bird colonies, rebuilding abandoned
great blue heron or osprey nests (Bent 1963c; T. A. Beckett, 1969.
Charleston, South Carolina, unpubl. data).

One of the principal causes of low productivity In wading birds is
the loss of eggs and young to predators. Figure 3-3 gives a simplistic
view of the trophic relationships commonly associated with wading bird
colonies. Avian predators include such raptors as the red-tailed hawk
and the barred owl, but the fish crow Is commonly the most destructive
(Sprunt and Chamberlain 1949; Dusl and Dusi 1968; T. A. Beckett, 1978,
Charleston, South Carol ina, pers. comm.). Roving In large flocks, fish
crows can virtually el iminate a rookery by destroying unguarded eggs.
Such behavior was responsible for the loss of one South Carolina rookery
in the 1950's (Cutts 1955). At the intermediate level, two predators
are also members of wading bird colony. Both the black-crowned night
heron and yellow-crowned night heron are known to prey on young of
other herons, egrets, and ibis. On Drum Island in South Carolina, the
ground beneath the nests of night herons is often strewn with partially
digested nestl ing white ibis and cattle egrets which the young night
herons are unable to swallow (T. A. Beckett, 1978, Charleston, South
Carol ina, pers. comm.). External predators Include such fami Iiar animals
~s raccoons and American alligators, but snakes and even man also play
Important roles (Teal 1958a, Bent 1963c, Dusi and Dusi 1968). In the
recent past, local crabbers had to be prevented from using young herons
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Figure 3-3. Trophic levels associated with colonial wading birds.
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and egrets for bait in South Carolina (T. A. Beckett, 1978, Charleston,
South Carol ina, pers. comm.).

Although predation takes a heavy toll on young wading birds, other
factors reduce breeding productivity. Poor nest site selection and poor
nest construction result in the loss of some eggs and young, as does
cannibalism in some species such as the cattle egret (Ousi and Ousi 1970).
On a much greater scale, site disturbance during the early, critical
portion of the breeding season can cause nest desertion and wholesale
loss of young (Buckley and Buckley 1976). Introduction of certain
environmental pollutants has also caused infertility and eggshell thinning,
further contributing to low reproductive success (Ohlendorf et al. 1978).

The future of wading birds in South Carolina is generally projected
to be good. if the application of chlorinated hydrocarbon pesticides
remains under strict control, there should be no reduction of nesting
productivity as experienced in the 1950's and 1960's. While coastal
(particularly estuarine) colonies are expanding in numbers, inland sites
are undergoing population reductions as freshwater swamp habitat is
coming under increased developmental pressure (Ogden 1978). Although
the range extension of the cattle egret has masked this problem to a
degree, the cattle egret has also expanded at such a rate that it may
seriously threaten native species such as the little blue heron and snowy
egret through nesting competition (Ousi and Ousi 1970, Ogden 1978).

Impoundments. To separate out birds of freshwater impoundments from
those of freshwater emergent wetland areas would be purely artificial. In
reality, they are inseparable,and ecological disturbance which might affect
birds in one habitat inevitably affect birds in the other habitat. There-
fore, the following section will discuss birds of impoundments and
emergent wetlands as one ecological unit.

The freshwater non forested wetlands of the upper Santee, Edisto,
Combahee, and Savannah Rivers of the South Carolina coastal plain are
ideally suited to the needs of a variety of birds. The subtle transition
from brackish water to fresh water produces an abundant natural food
supply through a diversity of vegetation (Tomkins 1958, Wharton 1978).
The emergent wetland plants, together with those in adjacent natural
upland and man-made levees, create habitat and structural foundations for
feeding, roosting, and breeding activities of many birds. Peak periods
of utilization of freshwater nonforested wetlands by birds occur during
spring and fall migrations.

Feeding habitats may be quite seasonal, coinciding with shifts in
diet. For example, diets of the red-winged blackbird and seaside sparrow
shift from a carnivorous diet in spring and summer to a granivorous diet
in fall and winter when wild rice seed is readily available. Meanley
(1972) studied the importance of wild rice and other freshwater marsh
plants to the red-winged blackbird and found that seeds of smartweed,
wild rice, millet, and corn formed the bulk of its diet during late
summer and fa 11.
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Often, nesting occurs in wetland areas where feeding also occurs;
the long-billed marsh wren is a prime example. Other birds, such as
herons, assemble in nesting colonies but feed primarily in a variety of
locations some distance away. Both breeding and non-breeding species
use the freshwater nonforested wetlands as roosting and/or resting sites.
Swallows, marsh wrens, and red-winged blackbirds are examples of plant
roosting species, whereas the king rail is a ground roosting species.
Racks of dead marsh grass also act as resting sites for shorebirds.

There is an obvious overlap of habitat requirements for many of
the birds found in salt, brackish, and freshwater wetlands. Birds of
prey such as the marsh hawk, osprey, and bald eagle are frequently observed
soaring over estuarine and freshwater emergent wetlands and impoundments.
Perching birds such as the red-winged blackbirds, long-billed marsh wren,
sparrows, and grackles, are also found in both kinds of wetlands. On
the other hand, some species are more habitat selective. For instance,
the boat-tailed grackle is a familiar bird in the estuarine area, but it
rarely overlaps with the common grackle, a permanent resident of the
coastal plain which nests in colonies near freshwater marshes. Macgilli-
vray's seaside sparrow provides another interesting example of habitat
selectivity. This species is a permanent resident of the coastal plain
and, because of its prevalence in the salt marshes during fall and winter,
Wayne (1910) looked in these areas for nesting birds. However, Wayne's
efforts were fruitless. Later, Sprunt (1924) accidentally found this
species nesting in a brackish/freshwater marsh area. Since then, the
nesting habitats of Macgillivray's seaside sparrow have been well docu-
mented in freshwater nonforested wetlands rather than in salt marshes.

Approximately 78 species of birds occur in this habitat (Table 3-9).
Of these, only 22 species should be considered as dominant, based on
relative abundance and their ecological roles in this habitat. Dominant
permanent residents include the belted kingfisher, barn swallow, long-
billed marsh wren, great blue heron, great egret, white ibis, yellowthroat,
eastern meadowlark, cOmmon grackle, and red-winged blackbird. Dominant
winter residents include the marsh hawk, American kestrel, eastern phoebe,
tree swallow, short-billed marsh wren, Savannah sparrow, and the swamp
spa rrow.

Ecologically, avifauna of the freshwater nonforested wetlands can
be divided into seven trophic levels. These are the predators, omnivores,
granivores, insectivores, herbivores, piscivores, and scavengers (Fig. 3-4).
The marsh hawk and sparrow hawk are the more common birds of prey in this
habitat. However, the osprey and bald eagle occupy the highest avian
trophic levels in the coastal pia in.

While the osprey is fairly common in both South Carolina and Georgia,
the bald eagle is reportedly observed more in South Carolina than in
Georgia. Recently, there have been few reports of bald eagles nesting in
Georgia. One of the last reported active bald eagle nests in Georgia was
on St. Catherines Island in 1970 (W. D. Chamberlain, 1978, South Carolina
Marine Resources Divis ion, Charleston, unpubl. data). However,
Burleigh (1958) reported bald eagles nesting previously on the Georgia
coast at St. Marys, Cumberland Island, Blackbeard Island, Darien, Savannah,
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SCAVENGERS
Black vulture
Turkey wlture

I.Qf
PREDATORS
Marsh hawk

American kestrel
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Green heron
Great earst

OMNIVORES
Bed-wingld blackbird
Common grackle

GRANIVORES
Bobolink

Savannah sparrow

INSECTIVORES
Eastern phoebe

Short-billed marsh wren

HERBIVORES
Mallard

Gr""-wingld teal

Figure 3-4. Generalized trophic relationships of representative birds
of freshwater nonforested wetlands of the South Carolina
Coastal Region.
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and little Tybee Island. Hebard (1941) cites a number of records for
the Okefenokee Swamp in Georgia. The large number of impoundments in
South Carolina has been suggested as a major factor in the number of
nesting eagles in that State.

The bald eagle is a piscivore as well as a raptor, preferring
fish as a stable diet item when available, although carrion is also
readily taken. The bald eagle also catches some birds, especially water-
fowl and American coots, and some mammals. Bald eagles will often force
ospreys to drop fish, which then are caught in mid-air by the eagle (Bur-
leigh 1958). In the coastal plain, nests are usually constructed in liv-
ing pines, mainly slash or loblolly. Large, old trees with big crowns
are usually selected. Such trees are seldom less than 70 years old (Cham-
berlain 1974). Perch trees are apparently a necessary component of the
nesting habitat. They may be located as far as one-quarter mile from the
nest and, generally, define the nesting territory. The territory size
varies from 28 to 112 acres (12 to 47 ha), with an average of 57 acres
(24 ha). There are approximately 18 nesting territories in the South
Carolina coastal region (Table 3-10).

A number of factors have contributed to the decline in bald eagle
populations (e.g., shooting, electrocution, loss of suitable nesting
areas, and severe weather). The greatest single factor at this time,
however, seems to be the lowering of reproduction caused by pesticide
build-up in the food chain. The effect of such accumulation in bald
eagles has caused an almost complete lack of reproduction in many nests.
Key habitat requirements for the bald eagle include suitable nest trees
and roost sites, and water areas which can provide adequate supplies of
suitable food, mainly fish. During migration, the bald eagle will travel
considerable distances from water and is then sometimes seen in the
mountains, but at all other times the eagle shows a strong preference for
coastal areas or for large inland bodies of water. It does not tolerate
intense human activity, hence requiring relatively large areas with
little disturbance (Chamberlain 1974).

As shown in Figure 3-4, there is a common ecological bond between
the marsh hawk and American kestrel and the typical omnivores, grainivores,
and insectivores in the freshwater non forested habitat. The bobol ink, or
ricebird, a rather abundant granivore in the spring and fall, is a target
species for the birds of prey. The bobolink has been characterized as a
destructive bird in the lower coastal plain, due to its depredations on
the rice crops in the mid-1800's. The Eastern phoebe, an insectivore, is
also linked to the birds of prey. This species is a flycatcher and
consumes mostly insects in its diet. The red-winged blackbird and common
grackle (omnivores) are also common components of the freshwater non-
forested trophic structures.

Waterfowl are well represented in this habitat by dabbling ducks
such as the mallard, gadwall, blue-winged teal, green-winged teal, pintail,
and wood duck. For these ducks, the freshwater vegetation present in
non forested wetlands is more important for feeding than that of salt
marsh areas (Kerwin and Webb 1972). Of the pochards, the ring-necked duck
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Table 3-10. Active Southern bald eagle nesting territories in South
Carol ina coastal region during 1978 seasona (T. M. Murphy,
1979, South Carolina Wildl ife and Marine Resources
Department, Green Pond, unpub l, data).

Savannah River east of Highway 1-95

Hunting Island
Two on Combahee River between Highway 17 and Highway 17-A

Combahee River east of Highway 17

Chehaw Rive r
Two On Ashepoo River east of Highway 17

Dawhoo Creek

Four On Cooper River north of the Tee

Two in Santee Coastal Reserve

South Island

Ca tis Iand
Winyah Bay, east of Highway 17

aLake Marion and Lake Wateree are probable nesting territories outside
the coastal region.

is more commonly found in freshwater areas. This is probably due to its
food preferences, as it feeds on seeds of the water-lily, water-shield,
etc. The canvasback is also commonly found in this habitat, where it
feeds on vegetable matter.

Closely associated with the waterfowl are the American coot, king
rail, yellow rail, Virginia rail, and sora. All of the above species
have similarities but also major differences in their diets. According
to Horak (1970), the sora, having a short heavy beak, consumes about 73%
seeds in its diet. The Virginia rail, with its long, slender decurved
beak, eats approximately ~2% insects. These differences in food habits
demonstrate that avian faGna in this habitat can live together without
serious food competition~ The king rail occupies a unique niche in this
habitat and is considered to be nonspecific with the clapper rail (a
saltwater resident), as they both freely interbreed in coastal areas
where fresh and salt water mix.
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The gallinules, close relatives of the rails and coots, are also
well represented in the freshwater nonforested habitat. Both the purple
gall inule and common gall inule nest in freshwater marsh of this habitat.

The wading birds, particularly the herons, are quite euryphagous
and frequently feed in the nonforested wetlands on frogs, fish, snakes,
field mice, and insects. All three of the common permanent residents
(Louisiana heron, great blue heron, and little blue heron) occupy large
rookeries in the coastal region. Although herons and egrets are more
commonly found in salt marshes, they do feed along the shorelines and
tidally exposed banks of this freshwater habitat. The white ibis is a
common summer resident of freshwater wetlands and feeds on crayfish and
insects. However, in late fall, the white ibis feeds more in salt
marshes (on fiddler crabs) than in freshwater areas. Many of these
rookeries, which may also include ibises and night herons, are located
near the rice field-marsh-swamp-land complex. Here, one needs to consider
the indirect relationships between the avifauna and the wetlands. For
example, the herons must cycle large amounts of organic matter and
nutrients from impounded waters to the marShes, swamps, and land
(Shanholtzer 1974b). This enrichment process may be locally significant
and may partially account for large standing crops of southern wild rice,
cattails, etc. A similar situation probably exists in the estuarine
impoundments and emergent wetlands.

7. Mammals
The mammals associated with freshwater impoundments can be

considered in two groups. First, and most numerous, are those which
util ize the dikes and the emergent or shrub areas of the land-water-
interface; the second group consists of a few species which enter the
water and feed on aquatic prey.

The principal herbivores of this habitat include the marsh rabbit
and a variety of small rodents. Marsh rabbits are good swimmers and will
not hesitate to enter water; however, their feeding activities are
largely confined to grasses and herbaceous plants of the moist edges.
Pelton (1975) trapped a number of rodents along the edge of an impound-
ment on Kiawah Island. These included eastern wood rats, cotton rats,
cotton mice, and marsh rice rats. The presence of these small mammals
attracts a number of predators, including reptiles and raptorial birds.

The principal omnivores of this habitat are the raccoon and opossum.
The raccoon, of course, enters the water to feed on aquatic forms. If
the water is fresh, crayfish and frogs constitute significant portions
of the raccoon's diet. In estuarine impoundments, fiddler crabs, marsh
crabs, and blue crabs assume great importance in the diet.

Several small carnivorous mammals are common to the
impoundment edge environment. These include the eastern
star-nosed mole, and all three native species of shrews:
tailed, least, and southeastern shrew.

emergent
mole, the
the short-
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The principal predatory mammals, and the only ones to feed
extensively within impoundment waters, are the mink and the river otter.
The predatory habits of both species were studied extensively by Wilson
(1954) in eastern North Carolina, and his findings would almost certainly
be appropriate to the South Carol ina coastal region. The mink is a more
generalized predator than the river otter, utilizing a wide selection of
small mammals, birds, reptiles, amphibians, arthropods, and fishes. The
river otter, on the other hand, feeds almost exclusively on fishes and
crustaceans in the same general environment.
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CHAPTER FOUR

WATERFOWL MANAGEMENT

The waterfowl resources of South Carolina are dynamic and consti-
tute an important component of the coastal ecosystem. Included are over
30 species of waterfowl and thousands of acres of several types of
natural and managed habitats. Since impoundments are heavily managed
for waterfowl, an overview of the status, seasonal occurrence, and habi-
tat preference of waterfowl that utilize the coastal areas of South
Carolina is presented in Table 8-1. This is followed by a brief de-
scription (in phylogenetic order) of the most important species of
waterfowl that utilize this area. Subsequent sections discuss waterfowl
habitats, management practices, population dynamics, and harvest charac-
teristics.

A. WATERFOWL SPECIES ACCOUNTS

Wood duck - The wood duck is the only species of migratory water-
fowl whose breeding range includes South Carolina, as well as the entire
Southeastern region. Because of its resident status, it is one of the
most important species of waterfowl in the study area. Winter popula-
tions are estimated at 235,000 for South Carolina and 190,000 for Georgia
(Bellrose 1976). During the 1972-73 waterfowl season, it was the number
one species harvested in both states (Benning et al. 1975). Southerland
(1971) estimated the breeding population of wood ducks in South Carolina
at 40,000 and in Georgia at 30,000.

Preferred breeding habitat for wood ducks consists of freshwater
areas such as bottomland sloughs, slow moving rivers, and shallow ponds
which are characteristic of many of the major drainages in the study
area. This breeding habitat must contain suitable cover of shrubs and
trees, adequate food resources which are high in protein, water levels
which persist throughout incubation, and suitable brood rearing loca-
tions as well as the presence of usable nesting cavities (McGilvrey
1968) .

Proper brood rearing habitat Is composed of an interspersion of
herbaceous aquatic plants, shrubs, and open water (75% cover and 25%
open water). There should be an abundance of aquatic insects and water
levels should remain fairly constant throughout the fledging period
(Bellrose 1976). In the South, beaver impoundments provide excellent
brood rearing habitat (Hepp and Hair 1977).

Favored winter habitats include secluded freshwater swamps and
marshes (Johnsgard 1975). In the study area, wood duck numbers increase
steadily from September through December due to the influx of northern
migrants (Fig. 4-1). Spring migration begins in early February and con-
tinues into April in the Southeast region.

Landers et al. (1977) demonstrated the importance of habitat diver-
sity for meeting the year-round nutritional requirements of wood ducks.
They noted the importance of animal matter in the diet during the spring
which supports other results indicating the importance of invertebrates
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Table 4-1. Status, seasonal occurrence. and· habitat
reported for the coastal region of South
(adapted from Johnson et al. 1974),

preferences of waterfowlCarolina and Georgia

Seasonal Preferred
Occurrence Habitat
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Whistling swan T T X X
Canada goose FC FC X X X

loco loco X
Brant T T X X
Snow goose T T X X
Blue goose T T X X
Fulvous tree duck T T X X
Mallard C FC X X X

loco X
Black duck C FC X X X
Mottled duck T T X X X
Gadwall C C X X X
Pintail C FC X X
Green-winged teal C C X X X
Blue-winged teal FC FC X X X
European wigeon T T X
American wigeon C FC X X
Shoveler FC FC X X
Wood duck C C X X
Redhead UNC UNC X X
Ring-necked duck C FC X X

C X
Canvasback FC FC X X
Greater scaup T T X X

loco
Lesser scaup C C X X X
Common goldeneye UNC UNC X X
Bufflehead UNC C X X
Oldsquaw UNC C X X
King eider T T X X
White-winged seater T T X X X
Surf seater UNC UNC X X X
Common seater C C X X X

loco
Ruddy duck FC FC X X X
Hooded merganser UNC X X

C X
Common merganser UNC UNC X X X
Red~breasted merganser UNC C X X X

C - coumonj FC - fairly common (30-70%); UNC - uncommon (less than 30%);
T - transient; loc. - locally.
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to breeding waterfowl. Fleshy fruits (e.g., blackberry and black cherry)
are important in the summer. Acorns are important fall and winter food
when they are abundant, but Asiatic dayflower is the food taken most con-
sistently during late fall and winter. Bellrose (1976) indicated that
acorns are the favored food of wood ducks in more places than any other
food. McGilvrey (1966a) reported that fruits from oaks, bald cypress,
sweet gum, and water hickory are important foods of wood ducks in South
Carol ina.

American wigeon - Along the Atlantic coast, wigeon winter In fresh
and brackish areas from Long Island southward, particularly in Maryland,
South Carolina and Florida (Johnsgard 1975). The marshes of South Caro-
lina overwinter almost 60,000 wigeon, the largest concentration In the
Atlantic flyway (Bellrose 1976). In coastal areas, the preferred foods
of wigeon include eel grass, widgeon grass, pondweed, and Chara spp.
(muskgrass). Wigeon prefer the stems and leafy portions of these aquatic
plants.

In managed tidal impoundments of South Carolina, Landers et al.
(1976) reported that widgeon grass and red root were the most important
components of the wi geon' s diet. McG i1vrey (l966a), ina food hab it s
study on Lake Marlon, South Carolina, demonstrated that rice cutgrass,
spikerush, and water grass were the plant foods of most Importance to
wigeon. Kerwin and Webb (1972) demonstrated the importance of southern
naiad and widgeon grass in the diet of this species.

Thewigeon is one of the earliest species of waterfowl to migrate
southward; they begin to arrive on the wintering grounds in late Septem-
ber and early October (Fig. 4-1). Spring migration commences in early
February and proceeds through March.

Gadwall - Gadwalls are found on slightly brackish marshes and ponds
with submerged aquatic vegetation (e.g., pondweeds, southern naiad,
widgeon grass, coontai 1, Chara spp , (muskgrass), and eel grass). Like
wigeon, they prefer the stems and leaves of plants for food, and the two
species often frequent the same habitats. The wintering gadwall popula-
tion in the Atlantic Flyway numbers 40,000 birds, 75% of which occur in
South Carol ina (Bell rose 1976).

Landers et a l. (1976) showed that sedges, red root, and widgeon
grass were consumed in large quantities by gadwalls. Soft-stem bulrush
and southern naiad were found to be the most Important food Items in a
study by Kerwin and Webb (1972). McGi lvrey (1966b) reported that the
seeds of soft-stem bulrush, the vegetative parts o{ southern naiad and
leafy pondweed were principal food items.

The peak of fall migration on the southeast coast is in mid-Novem-
ber (Fig. 4-1). Spring migration begins in February, but not until late
April have most of the gadwall dispersed from the wintering grounds.

Green-winged teal - Coastal marshes are the preferred winter habi-
tats of green-winged teal. They also utilize creeks and ponds that are
bordered by mud flats at low tide; tidal creeks and marshes near estuar-
ies are preferred over salt marshes (Johnsgard 1976). The Atlantic fly-
way winters approximately 77,000 green-winged teal. Seventy percent of
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of these winter along coastal South Carolina, whereas only 5% winter
along Georgia's coast (Bellrose 1976).

Green-winged teal prefer to search for food on mud flats, but will
also seek food on the shallow marshes and/or temporarily flooded agri-
cultural lands. They prefer seeds of moist soil plants, as well as in-
sects and mollusks. Bellrose (1976) reported that seeds of panic grasses,
bulrush, pondweeds, Olney's three-square bulrush, and widgeon grass were
preferred food items. Landers et a l, (1976) and Kerwin and Webb (1972)
also showed that panic grasses, sedges, smartweeds, and bulrushes were
important foods for wintering teal.

Most green-winged teal do not arrive at their more southerly win-
tering areas until late November. In the spring, migration begins in
early February and continues through Apri 1 (Fig. 4-1).

Mallard - The mallard is the most abundant and widely distributed
duck in North America. The Atlantic flyway attracts a relatively small
portion (200,000) of the total population and over half of these (110,000)
winter in southeastern South Carolina (Bellrose 1976).

Mallards are highly adaptable in their utilization of natural and
cultivated foods. McGilvrey (1966b) reported that in South Carolina the
winter diet of mallards consisted of rice cutgrass seeds, water grass,
sweet gum, button bush, and swamp smartweed. In managed tidal impound-
ments, the seeds of smartweeds were favored by mallards, as were red root
and panic grasses (Landers et al. 1976). Kerwin and Webb (.1972) found
smartweeds, bulrush, and sedges to be of great importance as winter foods.

The mallard has the most prolonged fall migration of any duck (Fig.
4-1). In the South, mallards begin to arrive in early October and con-
tinue into the month of December. In the spring, mallards depart their
wintering grounds by early February and continue their migration through
March.

Black duck - In coastal South Carolina black ducks tend to concen-
trate in tidewater areas. Estuarine bay marshes, particularly those with
salt water, receive high utilization, as do coastal salt marshes and Im-
poundments. Black ducks tend to use saltwater habitats more so than
mallards. Fifty thousand black ducks winter in areas south of Virginia
(Be11rose 1976).

Eel grass, widgeon grass, and various species of animal matter are
the more important food items of black ducks that utilize coastal estuar-
ies. Animal foods (e.g., periwinkles, blue mussels, and various snails)
become increas ing ly important du ring the wi nter. Sma rtweed and sa 1tmarsh
bulrush seeds were of high importance to black ducks on managed tidal im-
poundments (Landers et al. 1976). McGi lvrey (1966b) found corn and sweet
gum seeds to be important foods for wintering black ducks. Kerwin and
Webb (1972), however, showed that pickerelweed, jointed spikerush, swamp
smartweed, and saltmarsh bulrush were preferred food items.

Black ducks generally arrive in the coastal areas of South Carolina
and Georgia in late November to early December (Fig. 4-1). Their migra-
tion into this region is usually delayed until more northern habitats
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freeze over (Bellrose 1976). Black ducks start their spring migration
in early February and continue into early April.

Pintail - Wintering pintails utilize shallow, fresh or brackish
estuarine waters with scattered impoundments and adjacent agricultural
areas. The pintail is able to winter almost anywhere that a combination
of open water and available food may be found (Johnsgard 1975). Approxi-
mately 200,000 of these birds winter in the Atlantic flyway. Of these,
87,000 (43.5%) winter in South Carol ina (Bell rose 1976).

Pintails consume a variety of foods in the coastal region of the
Atlantic flyway. Pintails wintering in South Carolina utilized bulrush,
widgeon grass, and redtop (McGilvrey 1966b). Landers et a l. (1976)
discussed their preference of red root, panic grasses, and smartweeds
in managed tidal impoundments. In Kerwin and Webb's (1972) study, salt-
marsh bulrush, redtop, and widgeon grass were shown to be the most im-
portant foods of pintails.

In South Carolina and Georgia, pintails begin to arrive during
fall migration in mid-October and the population continues to increase
until a peak population is reached in late December. They are one of the
first ducks to migrate north in the spring. Spring migration begins in
late January or early February and continues through March (Fig. 4-1).

Blue-winged teal - In the winter, blue-winged teal utilize areas
similar to those preferred by green-winged teal (i.e., marsh habitats
and/or mud flat areas). It is, however, an early migrant and few remain
in the continental United States during the winter. Most spend the win-
ter months in South America and Mexico. Approximately 5,000 blue-winged
teal overwinter in South Carolina and small numbers have been found dur-
ing winter surveys in Georgia (Bellrose 1976).

The blue-winged teal prefers to feed in shallow water when float-
ing and shallowly submerged vegetation and aquatic invertebrates are
abundant (Palmer 1976). Twenty-five percent of their diet is comprised
of animal matter. They also feed on the vegetative parts of aquatic
plants (e.g., muskgrass, duckweeds, widgeon grass, coontail, and pond-
weeds). Wintering blue-winged teal also prefer Olney's three-square
bulrush, sedges, smartweeds, and wild millet (Landers et a1. 1976). Ker-
win and Webb (1972) found a preference for corn, Asiatic dayflower,
jointed sp lke rush , swamp smartweed, and sedges.

Blue-winged teal are generally the first ducks to migrate south in
the fall and the last to migrate north in the spring. Large numbers
appear in South Carolina and Georgia during September but diminish rapidly
during October with small numbers remaining the rest of winter (Fig. 4-1).
The peak of spring migration on the southeast coast is during late March.
It is usually late April before the first blue-winged teal arrive on the
Canadian breeding grounds.

Northern shoveler - In the winter, shovelers generally utilize
freshwater meadows and avoid saltwater habitats. They are most common
on still-water ponds subject to slight tidal variations. The Atlantic
coast winters approximately 20,000 shovelers (Bel1rose 1976). The
majority (15,000) of these winter in South Carolina; a small number
of shovelers overwinter in Georgia (Bel1rose 1976).
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The shoveler consumes a considerable amount of small aquatic animal
life (e.g., ostracods, copepods, aquatic beetles, and small mollusks)
(Bellrose 1976). In coastal South Carolina, the seeds of panic grasses,
bulrushes, and spikerush are heavily utilized (McGi1vrey 1966b). Landers
et al. (1976) showed the importance of panic grasses, red root, saltmarsh
bulrush, and smartweeds to wintering shovelers. Fall panic grass, Asiatic
dayflower, softstem bulrush, and squarestem splkerush are also preferred
foods of shovelers (Kerwin and Webb 1972).

In the fall, peak numbers are not reached on southern wintering
grounds unti 1 mid- to late November (Fig. 4-1). Spring migration commen-
ces in February and continues into early April.

Canvasback - Approximately half of the North American population of
canvasbacks overwinter along the Atlantic flyway. Wintering birds occur
as far south as central Florida, but the largest concentrations have been
reported from the Chesapeake Bay area (75% of the Atlantic flyway popula-
tion). Brackish estuarine bays are the principal wintering habitats for
canvasbacks; saltwater and freshwater estuarine bays are not utilized
extensively.

Historically, the winter distribution of canvasbacks has been associ-
ated with the distribution of wild celery. In recent years, the abundance
of this food resource has been reduced and the food habits of canvasbacks
have changed accordingly. In the Southeast, the vegetative parts of arrow-
head and banana water-lily are preferred foods (Johnsgard 1975). Recently
a study in South Carol ina indicated the importance of baltic clams (Macoma
baltica) in estuarine bay habitats and banana water-lily in coastal impound-
ments to wintering canvasbacks (Alexander and Hair 1977). It seems that
with the decline in the abundance of plant foods, canvasbacks have changed
to a molluscan diet (Perry 1975).

I'

The peak of fall migration along the southeast coast occurs in late
November to early December (Bellrose 1976). Spring migration commences in
early February and proceeds at a steady rate through March (Fig. 4-2).

Redhead - Redheads prefer fresh and slightly brackish estuarine bays
during spring and fall migration. Typical wintering areas include large
bodies of water along the coast that are well protected and fairly shallow;
they can range from brackish to saline (Johnsgard 1975). Approximately
60,000 redheads winter along the Atlantic coast, but very few (approximate-
ly 300) have been reported from coastal areas of South Carolina and Georgia
(Bellrose 1976).

Redheads forage more commonly in marshes, sloughs, and ponds than
other diving ducks, and feed extensively on aquatic plants (90% plant, 10%
animal matter). Along the southeast coast, redheads reach peak numbers
during fall migration in late November and early December (Fig. 4-2). Red-
heads begin to depart frcm their wintering grounds in early February and
continue until mid-March.

Ring-necked duck - Throughout the Southeast, ring-necked ducks uti-
lize marshes, lakes, ponds, and reservoirs as winter habitat. During this
time they generally favor shallow, acid marshes and coastal lagoons, and
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prefer less brackish conditions than do scaup. The Atlantic flyway win-
ters 44% of the continental population of ring-necked ducks, with major
concentrations in South Carolina, Florida, Georgia, and Alabama (Bell-
rose 1976). .

Ring-necked ducks feed in shallower water than other diving ducks
(less than 6 ft or 1.8 m). Their preferred winter food in the Southeast
consists of the seeds of water-shield, pondweeds, sedges, smartweeds, and
the leafy structures of coontall, pondweeds, and duckweeds (Kerwin and
Webb 1972). Landers et al. (1976) reported that panic grasses, smartweeds,
saltmarsh bulrush, and red root were important food items during the win-
ter on tidal impoundments.

Ring-necked ducks begin to arrive on the Southeastern coast in late
October and attain peak winter population in December (Fig. 4-2). They
start to leave their wintering areas in early February and continue
through March.

Lesser scaup - The Atlantic flyway winters 31% (455,000) of the
total population of lesser scaup. Most occur in Florida, but South
Carolina and Georgia have populations of approximately 20,000 wintering
birds (Bell rose 1976). Brackish estuarine bays are their chief wintering
habitat (Stewart 19(2).

In coastal South Carolina, Kerwin and Webb (1972) noted the impor-
tance of seeds of panic grasses, smartweeds, and bulrushes to wintering
scaup. Animal matter made up less than 1% of their diet. Other studies
show animal life to be more important than plants in scaup diets (Harmon
1962, Rogers and Korschgem 1966). Widgeon grass and saltmarsh bul rush
were important foods of scaup collected on managed tidal impoundments in
South Carolina (Landers et al. 1976).

Lesser scaup arrive on the southeastern coast in late October and
their numbers continue to increase through November and into December
(Fig. 4-2). Spring migration is a long drawn-out process; it commences
in February and continues through late April.

B. COASTAL WATERFOWL HABITATS

1. Historical Perspectives
Historically, the utilization of the coastal region of South Carol ina

by wintering waterfowl was limited by the availabIlity of natural foods.
In the mid-1600's, this changed with the introduction of rice culture
along the coast of South Carolina. As well as being important to the
economy of the region, rice culture also provided a "managed" habitat and
alternate source of food for winter waterfowl populations. According to
Heyward (1937), " ... When the ducks came in the fall of those days, they
not only came in great numbers, but they stayed in the fields day and
night, for then it was the practice of the planters to flood their fields
as soon as the crop was harvested and keep them flooded until late in
the winter when work for another crop had to be begun. When there was a
late fall, from the rice stubble a second crop would grow and mature small
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heads of rice, so that these, together with the shattered rice from the
first crop, afforded an abundance of food for the ducks. Early in
November they began to pour into the fields in large flocks, and not
being constantly shot at as they are now, they remained until early
spr inq c !'

By 1690, rice was a well established crop and rice plantations were
located near the mouths of the major river systems from North Carolina
to southern Georgia. However, South Carolina was by far the most impor-
tant rice producing State during that era. During the peak years of pro-
duction (1850 - 1860), over 20,000 acres (8,094 hal were under cultivation
in South Carolina alone (Doar 1936). The principal rivers along which
rice was planted in South Carolina were the Waccamaw, Black, Sampit, Pee
Dee, Santee, Cooper, Edisto, Ashepoo, Broad, Combahee, and Savannah.
Georgia and South Carolina produced almost 90% of the total national rice
crop, and until 1860, Georgetown County, South Carolina produced more rice
than any other county in the Nation (Hilliard 1975).

The entire process of clearing the land and preparing new fields for
rice cultivation was slow and took many years of labor. Even when the
operation was completed, it required constant maintenance by a large la-
bor force. After the Civil War, rice production faltered and never re-
covered because of the physical destruction to the plantations and the
loss of slave labor. The final demise of rice culture in the South Atlan-
tic region was caused by the introduction of rice into Louisiana, Missi-
ssippi, Arkansas, and Missouri.

As rice culture gradually declined in the late 1800's, the diked
fields were abandoned. In the first years of abandonment, rice-produc-
ing areas probably achieved maximum performance in serving as winter
habitats for waterfowl. Abandoned rice fields were quickly vegetated
by desirable freshwater marsh plants, such as wild rice, duck potato,
square stem spikerush, Olney's three-square bulrush, wild millet, soft-
stem bulrush, and water hemp. Interspersed in these marshes were func-
tional rice plantations, and the rice produced by these plantations aug-
mented the natural food supply. Almost a perfect balance between food
and cover was achieved and an ideal habitat for waterfowl was created.

Soon after the decline of rice culture in South Carolina, some
plantations were sold to wealthy northern industrialists who repaired and
maintained the dikes and water control structures in order to develop
waterfowl hunting areas. Some rice was grown to attract ducks to the
plantation and natural foods were encouraged. To facilitate shooting,
small ponds were dug in the marsh and were baited with shelled corn or
rice. Live decoys were used and hunting occurred in the marshes from
morning until night. A hunter seldom went to his blind without a case
of shells. Plugging your gun was unheard of and there was no limit to
the number one could shoot (R. Wood, 1947, South Carolina Wildlife and
Marine Resources Department, Charleston, unpubl. data).

Subjected to such intense hunting pressure, ducks fed in the fresh
and brackish waters at night and flew to the salt marshes at daybreak.
Devil's Den, just off the coast near McClellanville, South Carolina, and
now a part of the Cape Romain National Wildlife Refuge, was a renowned
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shooting area. Although it offered little food, the ducks were inter-
cepted on their morning flight from the Santee Delta marshes. Murphy
and Cedar islands, a part of the old Santee Gun Club, and the marshes
of South Island Plantation, located at the tip of the Santee Delta,
have always provided good hunting and continue to do so, primarily be-
cause they lie in the line of flight between feeding and resting areas.

Through improved management and law enforcement efforts, ducks were
held in the impoundments throughout the day, and hunting success was im-
proved. By 1942, about 2D,DOO acres (B,094 hal of marsh were diked and
privately managed for waterfowl in the Santee Delta. At that time, the
Santee River estuary in South Carolina was one of the most important
waterfowl areas on the entire coast of the Southeastern United States.

The greatest number of ducks killed in the Santee Delta area occurred
during the period from 1920 to 1928. Santee Gun Club members harvested
6,388 birds in 1921-22, while Kinloch Club members bagged 3,082 ducks in
1924 and 3,126 in 1927 (R. Wood, 1947, South Carolina Wildlife and Marine
Resources Department, Charleston, unpub1. data). A summary of historical
kill records available from hunting clubs in the Santee Delta is shown In
Table 4-2.

Prior to diversion of the Santee River (before 1942), the dominant
marshes in the Santee Delta area were of the freshwater and brackish
types. Natural river fluctuations provided a dependable supply of fresh
and salt water, which greatly facilitated waterfowl management. During
high flows, fresh water could be impounded to promote growth of desirable
duck food plants, as mentioned earlier. At low flows, and with an in-
coming tide, salt water was available for controlling undesirable fresh-
water plants such as cut grass, cat-tails and willows. Further down the
estuary, brackish marshes could be maintained by proper mixing of waters;
in sizable areas this occurred naturally. Salt marshes, less valuable
for waterfowl production, were confined to a narrow coastal fringe by the
large freshwater outflow.

Following diversion in 1942, conditions changed rapidly. Existing
water-control structures were inadequate to properly manage the marshes
with the restricted supply of available fresh water. Salt marshes be-
came the dominant type, brackish marshes moved up the estuary, and fresh-
water marshes were all but eliminated. Over the next 20 years, new dikes
and control features were added to aid in management of many areas as
brackish marshes. Today, about 19,837 acres (8,028 hal of marsh are under
active management in the Santee Delta area (Tiner 1977).

Since 1965, when the U.S. Army Corps of Engineers proposed to redi-
vert the Santee River to reduce shoaling in Charleston Harbor, there has
been great concern over potential impacts on waterfowl resources in the
Santee Delta. According to the U.S. Army Corps of Engineers (1974a),
about 9,000 acres (3,642 hal of swamps would be flooded due to increased
river flows. These new supplies of water would increase timber growth
and mast production, thereby benefiting waterfowl and wildlife in general.
Waterfowl habitat would be improved in about 38,000 acres (15,378 hal of
estuarine habitat, according to the Corps of Engineers. These improvements
would be largely due to increased freshwater duck food plants in the delta
as opposed to mostly brackish wa~er plants at present.
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At present, marshes (hrackish and freshwater) and man-made impound-
ments are the most important types of waterfowl habitats in the coastal
areas of South Carolina. aased on available Informatio~ designated
waterfowl habitat in private, State, and Federal ownership in the coastal
region of South Carolina is detailed below.

2. Waterfowl Habitat Under Private Control
Along the coast of South Carolina, there are seven major river sy-

stems, including the Pee Dee, alack, Santee, Cooper-Ashley, Edisto-Ashe-
poo-Combahee, and the Savannah. All are important components of the total
waterfowl habitat resource base of this region.

Although a comprehensive evaluation of privately owned coastal habi-
tats important to waterfowl has not been made, a detailed study by Morgan
(1974) of the Edisto-Ashepoo-Combahee drainage system (in Charleston,
Colleton, and Beaufort counties, South Carolina) illustrates the impor-
tance of these areas to waterfowl. Of the 335,629 acres U35,827 hal
within the boundaries of Morgan's (1974) study area, 98,451 acres <39,842
hal (29~ were wetlands. The wetlands consisted of tidelands (defined as
any wetland never having been diked that is affected by salt, brackish, or
freshwater tidal flow), managed and abandoned rice fields, and managed
and abandoned impoundments that were constructed since the era of rice
culture. The acreages occupied by these types are presented by river sy-
stem and by ownership in Table 4-3. All data are from Morgan (1974).

Most of these wetlands (92,346 acres or 37,372 hal were claimed by
52 private landowners. Two areas encompassing 4,339 acres (1,756 hal of
wetlands were owned and managed by State agencies, and another 1,766
acres (715 hal were not accounted for in the tax records (Table 4-3). The
private claims to ownership of much of these wetlands have been disputed
by the State of South Carolina. The privately claimed wetlands were gen-
erally parts of estates on adjoining high ground. The amount of marsh
claimed by each owner ranged from 172 to 839 acres (70 - 340 hal with an
average of 376 acres (152 hal .

In Morgan's study area, there were 213 impoundments comprising
22,536 acres (9,120 ha), of which 15,670 acres (6,342 hal or 69% were re-
diked former rice fields. Including abandoned rice fields, a total of
37,070 acres (15,002 hal of rice fields which were once used in growing
rice commercially were present in Morgan's study area (Table 4-3). These are
minimum acreages because in some instances older rice fields, especially
those in inland swamps, were notdiscernibleon aerial photographs.

Morgan (1974) made an estimate of new dikes and impoundments con-
structed from 1959 to 1972. The linear extent of dikes, the number of
ponds constructed, and the acres of wetlands impounded from 1959 to 1972
within the Edisto-Ashepoo-Combahee drainage are given in Table 4-4. Al-
though data from the Combahee and upper Ashepoo rivers are incomplete, at
least 2,015 acres (815 hal were impounded; 1,562 acres (632 hal by the
State of South Carolina and 453 acres (183 hal by private landowners.
All of this diking was in the brackish zone. See Morgan (1974) for
further deta i1s .
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Table 4-4. Construction of new dikes and acres impounded during 1959 - 1972 within the Edlsto- '
Ashepoo-Combahee River drainage, South Carolina (Morgan 1974),

1959 - 1968
Number of Feet of

River System Ponds Dikes Acres a

State:
South Edisto 1 10,736 222
Ashepoob 6 22,875 1,340

Private:
South Edisto 2 1,475 35
Ashepoo b 8 23,135 253
Combahee 1 53] 29

Total for Study Area:
Private 11 25,143 317
State 7 33,611 1,562

1969 - 1972
Number of

Ponds
Feet of
Dikes

2
3

7,001
6,347

72
64

5 13,348 136

a. 1 acre· 0.405 ha.
b. Coverage for Combahee River and upper portion of Ashepoo River is incomplete for the years

1959 - 1968.

Table~. Man-made impoundments and managed waterfowl areas in the Sea Island Cosstal Region
of South Carolina (Coleman and Dennis 1974),

Lakes Surface Area Capacity
(~10 acres) (acre feet)

Total
County Number Manageda Total Manageda Total Manageda

Beaufort 30 10 1,452 232 4,580 706

Berkeley 43 0 64,050 0 1,235,431 0

Charleston 78 31 4,800 3,024 18,949 9,122

Colleton 32 3 2,547 860 6,530 2,580

Dorchester 10 0 388 0 2,245 0

Georgetown 14 5 277 97 511 177

Jasper 27 9 752 283 4,085 987

Totals 234 58 74,266 4,496 1,272,331 13,572

a. Specifically designated as waterfowl or wildlife habitat.
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The Santee Delta (Georgetown County) represents another important
area in South Carol ina where active waterfowl management on priyately
owned land takes place. For example, Kinloch Plantation, located on the
north side of the Santee River, is one of the most important private
waterfowl properties along the Southeast Atlantic coast. Kinloch has
approximately 5,000 acres (2,023 hal of marsh with an excellent system of
dikes and water control structures, plus a good supply of fresh water.
There are a number of other plantations which also manage impoundments
for waterfowl, but relevant information is not avai lab'le.

There are a substantial number of manmade impoundments in private
or public ownership along the coast of South Carolina and Georgia. In
1974, the South Carolina Water Resources Commission inventoried all of
the man-made lakes greater than 10 acres (4,1hal in size (Coleman and
Dennis 1974). Collectively, they impound 74,266 surface acres (30,055 hal
of water. Of this total, 58 impoundments (25%) comprising 4,496 acres
(1,820 hal (6%) were specifically designated as waterfowl habitats (Ta-
ble 4-5).

3. Waterfowl Habitat Under State Control

South Carolina controls eight wildlife management areas in the
coastal region (Table 4-6). These areas total approximately 42,000 acres
(16,997 hal (combined upland and wetland habitats) of which 7,054 acres
(2,855 hal (17%) are avai lable for publ ic hunting. The latter figure re-
flects those areas that will not be made available to public waterfowl
hunting until a future date because of various legal agreements made dur-
ing acquisition, e.g., Santee Coastal Reserve - 24,000 acres (9,713 hal.

4. Waterfowl Habitat Under Federal Control

Four National Wildl ife Refuges managed by the U.S. Department of
the Interior, Fish and Wildlife Service, and comprised of over 180,000
acres (72,845 hal, are located along the coast of South Carolina. Impor-
tant features of each, particularly as they relate to waterfowl resources,
are discussed in the following paragraphs. Locations have been outlined
in Davis et al. (1980).

a. Cape Romain National Wildlife Refuge (Charleston County, South
Carolina). Cape Romain was established as a national wildlife refuge in
April 1930. It is a diverse area with many low-lying barrier islands and
thousands of acres of marsh cut by a maze of tidal creeks and bays. Re-
fuge-owned lands are made up of 1,500 acres (607 hal of forest lands, 985
acres (399 hal of freshwater impoundments, 85 acres (34 hal of farmland
or wildlife openings, nearly 20 mi (32.2 km) of sandy beaches and dunes
totaling 1,700 acres (688 hal, and approximately 26,960 acres (10,911 hal
of salt marsh (U.S. Department of Interior, Fish and Wildlife Service 1977b).
Aquatic plants like banana waterlily, sago pondweed, and widgeon grass grown
in the deeper water areas. Excellent stands of foxtail grass, wild millet,
smartweed, bulrush, spikerush, and other waterfowl food plants grow on the
exposed marsh flats. The management of Cape Romain National Wildlife Re-
fuge is directed toward maintaining a natural island and estuarine environ-
ment for wintering waterfowl, nesting shore birds, and sea turtles. With
the exception of Bull Island, no habitat improvement practices are con-
sidered necessary. Cape Romain National Wildlife Refuge has 28,000 acres
(11,331 hal included in the National Wilderness System.
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Table 4-tL Waterfowl habitat controlled by the State of South Carolina
(South Carolina Wildlife and Marine Resources Department,
Columbia, unpubl. data).

Wildlife Acreage Open Total
Management Area To Hunting Acreagea

Bear Island 2,000 7,500

Hatchery Pool 2,454 2,454

Pee Dee 900 1,275

Santee Coastal Reserve 0 24,000

Santee-Cooper 200 1,275

Santee Delta 1,500 1,500

Turkey Creek 0 2,000

Yawkey Wildlife Center 0 2,356

Total 7,054 42,360

a. 1 acre - 0.405 ha.
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Waterfowl wintering on the freshwater impoundments and in the bays
often reach peak concentrations of 40,000 birds during migration periods.
Totals for 1977 were somewhat lower (Table 4-7). The larqes t concentra-
tions of waterfowl in 1977 were in Jack's Creek Pond on Bull Island (U.S.
Department of Interior, Fish and Wildlife Service 1977b). Lower Summer-
house and Moccasin ponds also were utilized heavily. Bull Island had
20,000 wintering ducks, including approximately 2,500 canvasbacks. There
were 200,000 ducks, most of which were diving ducks, on the entire refuge
during peak times, but they do not stay for extended periods of time.
The refuge also has a successful wood duck nest box program (U.S. Depart-
ment of Interior, Fish and Wi ldl ife Service 1977b).

b. Santee National Wildlife Refu e (Clarendon and Berkeley counties,
South Carolina The Santee National Wildl ife Refuge was established on
31 July 1941. It is situated on the Santee-Cooper Reservoir, lakes Marion
and Moultrie. The Santee National Wi Idlife Refuge is comprised of approx-
imately 75,000 acres (30,352 hal and is managed specifically for wintering
waterfowl. Duck utilization of the refuge has been good in previous years,
and black duck use, in particular, is increasing. Corn is planted by re-
fuge personnel and co-operative farmers on a share basis. The refuge's
share is mainly left in the fields for the wintering birds. In 1977, the
Santee Refuge saw peaks of 173,000 ducks, 15,000 coots, and 6,000 geese
(Strange 1977).

c. Pinckney Island National Wildlife Refuge (Beaufort County, South
Carolina). Pinckney Island National Wildl ife Refuge was acquired by the
U.S. Fish and Wildlife Service on 4 December 1975. The refuge, totaling
4,052 acres (1,640 hal consists of Pinckney Island, Little Harry Island,
Big Harry Island, Buzzard Island, and Corn Island, plus another 2,800
acres (1,133 hal of estuarine salt marsh. The refuge is not officially
open to the public. Pending funding for the management of this acquisi-
tion, no publ ic use activities are authorized. The refuge's upland habi-
tat provides a breeding ground for the usual complement of game birds and
mammals normally associated with the low country of South Carolina.

d. Savannah National Wildlife Refuge (Beaufort County, South
Carolina and Chatham and Effingham counties, Georgia). The Savannah
National Wildlife Refuge was created on 6 April 1927. On 7 January
1978, 13,480 acres (5,455 hal comprising Argent Swamp on the Savannah
River were acquired from the Union Camp Corporation, doubl ing the size
of the refuge to 26,555 acres (10,747 hal. The majority of the refuge
land consists of freshwater marsh and tidal rivers and creeks. Cutgrass
is by far the most prevalent marsh plant; however, scattered stands of
wi ld rice, smartweeds, soft-stem bu lrush, and other natural waterfowl
food plants are common throughout the marshes. Most impoundments now
used for migratory waterfowl were formerly rice fields of pre-Civil War
rice plantations. There are 3,000 acres (1,214 hal of freshwater im-
poundments, managed primarily for wintering waterfowl populations. How-
ever, there has been extensive deterioration of water management capabili-
ties and the refuge has fallen far behind its primary waterfowl use objec-
tives. Unless rehabilitation is completed, it is unlikely that the re-
fuge's primary waterfowl use objectives can be realized.

Peak waterfowl populations normally reach 40,000 during the winter
season. Mallards, pintails, green-winged teal, ring-necked ducks, and
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wood ducks account for approximately 70% of the waterfowl use on the re-
fuge (Table 4-8). Savannah refuge has a year-round population of wood
ducks and peak numbers (10,000) occurred during December 1977.

Waterfowl hunting is permitted on a portion of the refuge's marsh
acreage within the State of Georgia. The hunting season on the refuge
coincides with the Georgia season. Hunting conditions are classified as
poor.

C. WATERFOWL HABITAT MANAGEMENT PROCEDURES

The types of habitats most commonly managed for waterfowl in South
Carolina are coastal marshes, hardwood bottomland, inland lakes and ponds,
and in some instances, beaver ponds and upland cultivated areas. The
following discussion of waterfowl management procedures is restricted to
coastal freshwater and brackish marshes and hardwood bottomlands. Un-
less otherwise noted, the management recommendations are from an unpub-
1ished manuscript by P. M. Wilkinson (South Carolina Wildlife and Marine
Resources Department, Charleston), presented at the 1976 South Carolina
Waterfowl Symposium, held in Columbia, South Carolina, under the joint
sponsorship of the South Carolina Wi ldlife and Marine Resources Depart-
ment and the South Carolina Chapter of Ducks Un! imited.

1. Coastal Marsh Areas

The objectives of waterfowl impoundment management are to provide
an optimum interspersion of open water and cover, and to produce a maxi-
mum quantity and quality of food supply. If these objectives are accom-
plished, waterfowl utilization will be increased. Food is the most impor-
tant requirement on wintering grounds, and therefore, most management
efforts are directed toward the elimination or control of undersirable
vegetation. The primary concern for effective management of coastal
marsh areas is the stabilization and/or control of water levels. Control
of water levels is essential for effective and economical management of
vegetation in coastal waterfowl impoundments. Water levels can be raised
to reduce emergent vegetative cover, or lowered to increase its density,
but submerged aquatic food plants require fairly stable water levels
throughout the growing season in order to attain the greatest production.
The most common methods used to control water levels in coastal marsh
areas are: a) pot holes, b) plugs, c) weirs, and d) diked impoundments.

Pot holes are usually created in well-drain high marsh areas, using
explosives or heavy earthmoving equipment. However, the small ponds
created in this manner are difficult to manage, and have yielded varying
results as waterfowl management tools. Actual control of water levels in
these pot holes is difficult, and natural vegetative succession usually
reduces the length of time that these impoundments effectively serve as
high-qual ity waterfowl habitat. This method of attracting wat erfowl is
not practiced extensively in the South Carolina coastal region.

Earthen plugs (small dams) can be placed across natural channels or
other drains in marsh areas in order to stabilize water levels, reduce
sal inity, reduce turbidity, and restrict tiaal flow behind the plugs. If
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these aims are achieved, desired aquatic plant production is favored and
waterfowl usage is likely to increase. In areas with relatively large
tidal fluctuations, like those found in the South Carol ina coastal re-
gion, flap gates can be installed in the earthen plugs to improve the
water management potential in these marsh areas. Flap gates permit ex-
cessive water to drain from the area, while prohibiting undesirable water
from entering on the incoming tide.

Weirs are similar in function to earthen plugs in that their main
purpose is to stabil ize water levels. They are constructed in such a
manner that water is held behind the weir during low tides, but passes
over the weir and into the impounded area during high tides. Thus,
water levels behind weirs can recede to only a fixed level, thereby pro-
hibiting excessive drainage of the area during low tides.

The most common method of impounding marshes in the coastal region
is to construct dikes around the desired area. This method allows for
the greatest degree of control within the impounded area. Diking, with
the appropriate water inlets and drainage outlets, enables the manager
to alter conditions within the impoundment so as to encourage desirable
plant species and discourage undesirable ones. Most managed waterfowl
impoundments in the South Carol ina coastal region are diked.

a. Freshwater Marsh. In freshwater marshes, some of the most
desirable food plants are annuals which cannot maintain themselves on
permanently flooded sites. These require moist or dry ground to grow
and produce a good crop. They must be flooded in the fall in order to
attract waterfowl. The seeds of many useful marsh plants germinate
better when water levels are lowered until only a moist bed remains.
Then, better aeration and higher temperatures stimulate germination of
the seeds of many food plants that are difficult to establish when land
is covered with water. This aeration also releases, by decomposition,
nutrients that would remain bound up in submerged plant materials.
Plants that are encouraged by this method of water control are smart-
weeds, wild millet, Asiatic dayflower, tearthumb, spikerushes, panic
grasses, red root, rice cutgrass, and arrow-arum.

To encourage these plants, a late winter drawdown is required.
This enables the soil to dry out sufficiently to either cultivate or,
if possible, to burn before plants turn green in the spring. Once the
soil has been either prepared mechanically or the old vegetation burned,
the water level is raised even with the bed, but not ponding over the
soil. An effort should be made to keep the water at this level during
the growing season. If the so; 1 is kept too dry during the growing sea-
son, plume grass, beggar ticks, tearthumb, wood awn-grass, foxtail
grass, alder, and willow will dominate the plant community. These plants
are of moderate va Iue as waterfow 1 foods. If the impoundmen tis kept
flooded during the growing season, then such undesirable plants as
giant cutgrass, cat-tails, pickerel weed, alligator-weed, and even lotus
and white water-lily are encouraged. In addition, manipulation of water
level, fire, and mechanical disturbance of the soil are probably the
most important management tools in freshwater marsh impoundments.

Specific objectives should be established before a marsh is burned.
Normally the aims would be one or more of the following.
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1. To set back plant succession from an undesirable climax or
near-climax to sub-climax plant community that will produce more water-
fowl food.

2. To remove or open up dense growths of vegetation to a degree
suitable for use as feeding areas by waterfowl.

3. To create ponds and open water areas in a dense marsh by
burn ing into the marsh floor.

Burning helps to cultivate the marshland, and the marsh is ferti-
lized by ash deposits left by fire. Marshes usually have a healthier
appearance during regrowth following fire, partly because of the release
of nutrients by burning. When and how to burn are Important considera-
tions. Healthy shallowwater marshes in the final stages of plant suc-
cession sometimes produce vegetative cover too dense for winter use by
ducks. A clean cover burn usually done in the fall or winter will pro-
duce an immediate change In the habitat because it removes all standing
vegetation. Seldom, however, do marked changes in vegetative types re-
sult from a cover fire, Root burns are made when the marsh floor is dry
and the water table is well below ground level. Such fire damages roots
of plants and can change the types of vegetation. A hot root burn can
reduce or remove climax vegetation, which generally is useless to water-
fowl. A third type of burn involves an extremely dry marsh growing on
a layer of dry peat. Marsh soils comprised mainly of organic materials
from decaying plants will burn when dry enough. Small potholes, ponds,
and even large lakes can be created by means of peat burns.

Mechanical disturbance of the soil can be effective in setting
back succession, creating openings for waterfowl feeding and resting
areas or for preparing a seed bed for cultivated crops.

b. Saltwater Marsh. The brackish marsh should be managed some-
what differently than the freshwater marsh for optimal production of
waterfowl food plants such as widgeon grass, salt-marsh bulrush, and
dwarf spikerush. As a matter of convenience, these marsh impoundments
can be characterized as those that have water salinities of 0.50/00 or
more.

In brackish marsh impoundments with salinities that normally range
above 0.50/00, both emergents and submerged aquatic plants can be grown
together. Quite often management is aimed as much at discouraging or
eliminating undersirable plants as it is directed toward encouraging
desirable food plants. A technique that has been successful in low
salinity marshes is to de-water the impoundment in late February and
keep the bed semi-dry through March. During this period, salt-marsh
bulrush and dwarf spikerush will begin to grow. In the spring, the im-
poundment is re-flooded to a depth of 6 in (15.2 cm) . Until late sum-
mer, water is added monthly in 6-in increments until a depth of about
2 ft (0.6 m] is reached. During this time, the saltmarsh bulrush and
dwarf spikerush will continue to grow; widgeon grass will grow in the
mo re open area.

Once a 2-ft (0.6 rn) water level has been reached, it is desi rab1e
to keep water gradually moving through an intake structure, across the
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impoundment, and over a spillway. This helps to keep the sal inity up
and by moving water through the impoundment, it will flush blooms of
undersirable algae out which otherwise remain and 1 imit sunlight pene-
tration through the water. In late summer and early fall, plants such
as wild millet, sprangle-top, and fall panic grass will be dominant
along the shallow edges of the impoundment.

Often when these impoundments are kept dry, smooth cordgrass will
become dominant, and, once established, it may take several years to
el iminate unless mechanical means are used. If an impoundment of this
type is allowed to remain permanently flooded, the sal inity will even-
ually be lowered and narrow-leaved cat-tail will dominate the saltmarsh
bul rush as well as take over in the shallow margins. In the deeper open
water areas, an algae called Cladophora will usually form solid mats
that practically exclude other submerged aquatics.

Widgeon grass is one of themore desirable plant species found in
brackish marsh impoundments. No single factor is more detrimental to
the establishment or maintenance of stands of widgeon grass than water
fluctuation. When water fluctuations are great and pond bottoms are
periodically exposed, widgeon grass will not become established or, if
establ ished, the stand will quickly disappear. In large open ponds,
wave action can be detrimental to stands of well-establ ished widgeon
grass. The establishment of wind breaks, either by encouraging natural
stands of emergent vegetation or by the construction of some physical
wave barrier, is helpful in this situation.

Another desirable type of submerged aquatic that grows well in
brackish marsh impoundments is the nonvascular muskgrasses (Chara spp.)
Large numbers of ducks can be attracted by this food plant. Muskgrass
does best in sal inities of 150/00 or less. Muskgrass requires "hard"
water as it becomes encrusted with calcium carbonate, and the continued
presence of this type of plant from year to year may result in the de-
position of considerable calcareous material upon the pond bottom. It
does well where the water is clear and very poorly where the water is
turbid.

Sago pondweed is a very valuable waterfowl food plant commonly
found in hardwater lakes. Generally sago pondweed grows best in fresh
water, but tuber production is at ancptimum at about 30/00 salinity.
Sago plants show different tolerances tosalt at different ages. For in-
stance, 1 week old plants will tolerate 9%0 but die at 120/00. Four
week old plants will tolerate 120/00 but die at 150/00, and 8 week old
plants tolerate 15%0 but die at 180/00.

A final management consideration concerning brackish marsh impound-
ments is associated with large populations of fish. In ponds that are
kept fairly fresh from year to year, carp populations can become a pro-
blem. Carp, and sometimes mullet, can affect vegetation in at least
three ways: a) by uprooting vegetation while searching for food, b)
through consumption of plants for food, and c) by causing increased
turbidity, which limits sunlight penetration, which in turn limits plant
growth. Also, when these fish keep nutrients in suspension through
rooting or otherwise digging up bottom sediments, heavy blooms of blue-
green algae often result.
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2. Hardwood Bottomlands

Hardwood bottomlands can be managed very successfully to attract
waterfowl. Wood ducks, mallards, and black ducks can be attracted In
a flooded hardwood bottom that has a good stand of mast-producing trees.
Flooded hardwood bottomlands do not have to be of great size to be
effective. Even small areas containing daks, hickory, black gum, tupe-
lo, sweet gum, and bald cypress will attract ducks when properly flooded.

The essentials for managing hardwood bottomland areas for water-
fowl are suitable terrain and soil, a source of water, and mast produc-
ing trees. The most suitable terrain is large expanses of flat land
where a relatively inexpensive low dike can impound several inches of
water over a large areas. If such topography is not avai lable, then a
series of steps can be constructed to flood a series of smaller Impound-
ments. An important consideration is to design the dikes low with a
wide base to reduce damage to them when flood waters overflow them.
The water control structures should be adequate to handle the volume of
water in the drainage. The structure should be placed to permit an im-
poundment depth of from I to 15 in (2.5 - 76.2 cm), plus have the capa-
bil ity to permit the complete drainage of the area.

A dependable and adequate source of water is desirable. Storage
reservoirs from which the bottomland can be flooded by gravity flow are
ideal. Pumping is another method that allows water control; however,
this method can be expensive when large acreages are involved. Pumping
is sometimes useful in supplementing other sources of water.

A timing of flooding and drainage is important to the survival and
vigor of mast-producing trees. Flooding can be started safely In the
fall just as the leaves begin to turn color, but the area should be
drained by the time the buds begin to swell in the spring. Complete
drainage before the growing season is important, because summer flooding
can damage or kill desirable mast species. The safe period of flooding
extends from early October through February in the South Carolina Coastal
Region.

Manipulation of water levels may help prevent depletion of the
acorn crop by other species of wildl ife before the waterfowl arrives in
the fall. A periodic lowering of water levels during the fall and win-
ter may prove necessary to obtain a more complete use of the acorns by
ducks.

Quite often the stand of timber in a hardwood impoundment can be
improved to have maximum value for waterfowl. The goal for waterfowl
management should be to achieve a forest with a preponderance of vigor-
ous, large-crowned, mast-producing species. Stagnated and slow growing
stands of desirable trees should be thinned to give the crowns a chance
to grow.

D. ECONOMIC CONSIDERATIONS OF WATERFOWL MANAGEMENT

Morgan (1974) and Morgan et al. (1975) reported on the biological
and economic aspects of wetlands management within the Edisto-Ashepoo-
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Combahee drainage system along the coast of South Carolina. Of the
335,629 acres (135,827 hal in the study area, 98,451 acres (39,842 hal
were wetlands. This included 1) 54,087 acres (21,889 hal of undiked
marsh and tidal swamp, 2) 21,828 acres (8,834 hal of abandoned impound-
ments (98% of which were former rice fields), and 3) 22,536 acres
(9,120 hal of managed impoundments. Of the 213 impoundments, 154 (72%
total ing 19,064 acres (],715 hal (85%), were managed to attract water-
fowl.

Capital investments and annual costs of managing diked impound-
ments for waterfowl were estimated. The following summarizes the re-
sults of this economic evaluation; refer to Morgan (1974) for further
detai Is,

1. Capital Investments

The initial investment involved in marsh management is the pur-
chase of the marsh. Cost of marsh in the area varied widely, depend~
ing on the location, presence or absence of impoundments, relation to
adjoining high ground, and total acreage involved. Estates are usually
sold as a unit with no distinction being made between costs of marsh
and high ground. Consequently, it is difficult to establish a market
value for marshland alone. The major investment in developing diked
impoundments is constructing the dikes and associated water control
structures. Capital values for these investments were based on replace-
ment costs.

a. Dikes. The cost of building an average sized dike (7 feet
high, 12 feet wide at the top, and 30 feet wide at the base) was $1.65
per linear foot if built on stable soils. This was assuming no major
problems occurred, and diking could proceed unimpeded. Usually 2 years
after a dike was built, an additional "pass" was needed to bring the
dike up to grade, at an additional cost of $1.25 per linear foot. An
extra cost of $400 - $800 was often incurred when dikes were built
across creeks or when broken dikes needed repair; the above estimate
does not include these figures. Therefore, a conservative estimate of
cost per 1inear foot is about $3.00.· This low cost could only be met
when the following conditions existed: good stable soils, absence of
creek beds, and favorable weather conditions.

b. Other Water Control Structures. Drag-l ine operators and indi-
viduals who built water control structures were interviewed. Their
cost figures and charges were used to calculate replacement costs for
all water control structures in the study area.

Replacement costs of wooden water control structures, except very
small and simple ones, were based on a "standard" size trunk (i.e., 2
feet high, 5 feet wide, and 36 feet long) with two flap gates and one
flash-board riser. The replacement cost for this trunk was $2,290.

Metal water control structures were usually made of heavy gauge
steel pipe with bronze flap gates. Replacement costs for most of these
were based on a standard size trunk 36 inches in diameter and 36 feet
long with two bronze flap gates and one flash-board riser. The cost of
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such a trunk was $1,460. Replacement costs for sma ller; simpler trunks
ranged from $395 to $875 each.

A replacement cost of $1,920 each for the 10 concrete water con-
trol structures in the study area was determined from cost lists of con-
crete pipe companies in the Charleston area.

2. Annual Costs

Questionnaires were sent to 23 of the 52 property owners. Four-
teen returned these forms which provided various types of information
on annual costs. The following estimates of annual costs are based on
maintenance of dikes and other water control structures, habitat mani-
pulations, and taxes. Only labor related directly to these operations
is included; labor costs for mowing dike vegetation and for maintenance
of access roads, barns, storage building, equipment and other indirect
labor costs are not included, nor are costs of equipment not used sole-
ly for management of impoundments.

a. Maintenance of Dikes - Eleven of the 14 forms returned con-
tained specific information relating to intervals between necessary
dike retopping. The average interval far retopping was 6 years, with
some landowners retopping at 2 years and others at 10 years. An average
cost of $1.25 per linear foot for retopping is based on interviews with
drag-line operators. Continually sinking dikes or numerous bad breaks
("blow-outs") would increase this costs considerably. Another factor
in dike maintenance cost was mowing, but no estimate of this cost was
made.

b. Maintenance of Other Water Control Structures. Cost records
provided by six landowners indicated the actual cost of annual water
control structure maintenance to be $72.00 each.

c. Habitat Manipulation. Nine of the returned forms contained de-
tails on annual cost of habitat manipulation within impoundments, includ-
ing flooding, burning, water-level manipulation, disking, plowing, plant-
ing of commercial crops, cattle grazing, and herbicide application. Ex-
tremes of habitat management costs for these nine property owners ranged
from $1.85 to $17.44 per acre per year ($4.57 to $43.09/ha/yr), with six
reporting costs between $7 and $11 per acre ($17.30 and $27.18/ha). The
average cost of annual habitat manipulation for privately managed areas
was $8.25 per acre ($20.37/ha). The South Carolina Wildlife and Marine
Resources Department spent an average of $8.44 per acre ($20.84/ha) for
annual habitat maintenance of the Bear Island Game Management Area.

d. Taxes. The tax assessor from each county in the study area
furnished information on the 1973 land taxes, which was the same for

The annual cost of habitat management per acre of impoundment de- .
pended on the ecological situation, the intensity of management, manage-
ment goals, and the amount of capital an owner is willing to invest to
achieve his objectives. There were extreme variations in operational
costs, and simple averages of management and maintenance costs are mis-
leading. Each property had peculiarities that made it unique and the
resulting costs varied.
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undeveloped uplands and wetlands in the study area. The property tax
for each 100 acres of wetlands was as follows: Charleston County--$11.56;
Colleton County--$37.10; and Beaufort County--$5.10.

e. Summary of Management Costs. The unit costs, capital and
annual, given above were used to construct a model cost table for 100
acres (40.5 hal of diked impoundment over a 20-year period (Table 4-9).
It should be emphasized that the values in Table 4-9 are averages, and
actual costs varied greatly with the individual situation.

Based on an extrapolation of data in Table 4-9, total annual ized
cost for the 19,064 acres (7,715 hal of diked impoundments managed for
waterfowl was $516,846. From this figure and the estimated annual har-
vest of 11,438 ducks, the cost per duck harvested was $45. From the
same cost figure and the 3,432 man-days of hunting previously calculat-
ed, the cost per man-day of hunting was $151. For those impoundments
in which cattle were grazed, management costs may be reduced by the
value of the grazing provided, based on appropriate rates for each graz-
ing day.

The financial investment in the management of diked impoundments
for the entire study area was large. Total replacement costs for all
functioning dikes and water control structures in the area were cal-
culated to be $2,048,774. Total annual costs of management of all
diked impoundments were calculated to be $405,427 including $22,777 in
property taxes.

Although the above economic evaluation is specific to the area
studied and not necessarily characteristic of other coastal areas, it
does provide an important evaluation of the costs associated with water-
fowl management. Clearly, when lands under private, State, and Federal
ownership are considered collectively, the capital and annual invest-
ments for waterfowl habitat management represent significant economic
investments.
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Table ~. Average cost of managing 100 acres of diked l~undment 1n ~h. lover Edisto,
Combahee. and Ashepoo drainage basins, South Carolina (Morgan 1974)8.

Total

Capital Annual Total Capital and
Cos tb Cost Annual Cost

$7,340 $ $ 748

2.290 233

764 764
72 72

852 852

__ 3_7 __ 3_7

$9,630 $1,725 $2,706

Cost Category

Dike construction

Water control structures
(wooden)

Maintenance
dikes
water control structures

Habitat manipulation

Taxes (Colleten County)

a. Does not 1nclude costs of land, estate labor. facilities, and equipment which are
primarily used in management of uplands.

b. Capital cOlt- annualized "at 8% for 20 year ••
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