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Executive Summary

This study examined 465 sample plots

distributed throughout South Carolina.

Aerial photographs were used in combi-

nation with field verification to determine

changes in wetland area between 1982

and 1989.

The results indicate that South Carolina

had an estimated 4,104,850 acres

(1,661,880 ha) of wetlands in 1989; 89

percent were freshwater wetlands.

Eleven percent were estuarine (salt-

water) wetlands. Palustrine forested

wetlands made up 70 percent of the total

wetland area.

The average annual net loss of wetlands

observed during this study was 2,920

acres (1,182 ha). Total wetland area

declined by 0.5 percent from 1982 to

1989. Palustrine forested wetlands

suffered the biggest losses, declining 5.1

percent, while palustrine shrub wetlands

realized the largest gains, increasing by

33.4 percent. The rate of wetland loss in

South Carolina had declined by 48 per-

cent compared to previously reported

results.

Loss of estuarine wetlands was minimal.

Estuarine wetlands declined by 109 acres

(44 ha), making the average annual loss

of estuarine wetlands statistically

insignificant.

Collectively agriculture, forestry and

urbanization were responsible for 81

percent of all the observed freshwater

wetland losses between 1982 and 1989.

Forestry accounted for 31 percent of the

losses, agriculture (exclusive of farmed

wetland conversions) was responsible for

28 percent and urban expansion 22

percent, respectively.

Agricultural conversion of wetlands was

evenly split between the Coastal Flats

and the Rolling Plain (Piedmont).

Conversion of wetlands to silvicultural

land use was primarily restricted to the

Coastal Flats portion of the state. An

estimated 55 percent of all palustrine

wetlands were found on or adjacent to

agricultural lands. Urban expansion

converted wetlands in various locations.

Most notable occurrences were observed

in the Hilton Head area, Charleston and

North Charleston and in the vicinity of

Myrtle Beach and Columbia. The impacts

of rural development on wetland losses

were most notable in Horry County.

From 1982 to 1989, forested wetlands

diminished in area by 155,500 acres

(62,960 ha). Of the forested wetlands

where the trees were removed, most

remained as some other type of wetland.

Of the forested wetlands lost to upland

land uses, an estimated 4(1 percent or

5,340 acres (2.160 ha) were lost to upland

managed pine plantations.

When all wetland losses and gains were

tallied. South Carolina had not attained

no-net-loss of wetland area within the

time frame of the stud v.

South Carolina estuarine ii/tert irfal iretlard

T. Dahl



Introduction
The U.S. Fish and Wildlife Service

(Service) has major responsibility for

the protection and stewardship of

migratory and endangered fish and

wildlife and their habitats. The agency

is concerned with changes in the status

of wetlands as they potentially affect

any migratory and endangered species.

The Service has undertaken wetlands

inventory and monitoring activities in

the past resulting in the production of

wetland maps, reports and trends

studies.

This study was conducted to provide

recent information on the extent and

trends of South Carolina's wetlands.

South Carolina occupies a key position

in the Southeastern Coastal Plain and,

like many states, faces accelerating

demands on its natural resources.

This report presents the results of a

study of wetland changes in South

Carolina between 1982 and 1989. It

provides estimates of the status of

wetland area within the State, and losses

or gains that occurred during the study

time frame. The trends data have been

supplemented with additional sources of

information on wetland ownership and

community types to provide the reader

with a more complete picture of South

Carolina's wetland resources.

Freshwater wetlands nearElloree, South Carolina

T. Dahl



Historical

Background

From soil records and historical maps

it is possible to estimate the past extent

of South Carolina's wetlands. Although

precise information is not available on

the area and type of wetlands, some

estimates indicate that as much as :i2

percent of the State's area, up to 6.4

million acres (2.(5 million ha), were

wetland during the 1700s (Dahl 1990).

Coastal marshes, riverine swamps,

isolated bays and pocosins made up the

majority of the wetland habitats

(Figure 1).

Beginning with native North American

habitation of the area now known South

Carolina, human use and occupation has

modified the landscape and had an

impact on the number and type of wet-

lands. In South Carolina, the coastal

region or "low country" was the first area

to attract European settlements (Garrett

1988). Early settlers followed the river

systems to the interior using them as a

means of transportation. Traditional

small farms and subsistence agriculture

were replaced by plantations during the

colonial period and wetland drainage and

modification became prevalent. As early

as 1754, South Carolina authorized

drainage of the Cacaw Swamp for

agricultural use (Beauchamp 1987).

Plantation owners did not always seek

to drain wetlands. In the coastal regions

some plantation owners found that the

immense coastal marshlands supported

by major rivers were capable of being

irrigated with every flood tide by fresh

water and vast areas of marshlands were

diked and the water regulated to support

rice growing operations (Lucas 1980). As

early as the 1670s rice formed one of

South Carolina's commercially valuable

commodities (Salley 1919) and by the

1850s South Carolina was the largest

producer of rice in the United States and

its territories, with an estimated yield of

about 160 million pounds (72 million kg)

statewide (Littlefield 1995). Tidal rice

culture was practiced along the

Savannah, Combahee, Ashpoo, Edisto

and Cooper rivers, but the largest

historical rice growing area was located

in the lower reaches of the Santee,

Sampit, Black, Pee Dee and Waccamaw
River deltas. Major historical rice

growing areas of South Carolina are

shown in Figure 2. Today, many of South

Carolina's historic rice fields remain

Figure l. Esti mated extent ofSouth
( 'arolina's original wetland*. Adaptedfrom
historic map information and extrapolation

ofhydric soilsfrom the State Soil Survey

Geographic Data Base.

Figure .'. Regions ofhistorical commercial

rice producing wetlands in South Carolina

(Sources: Kovacik and Winberry 1987;

Littlefield 1995).



as wetland (Figure 3). Commercial rice

growing operations have declined,

leaving these areas to revert to tidal

marshlands.

Throughout the State's history, river

systems have been active forces helping

to shape the physical geography and

influence cultural land uses. Both the

use and conservation of many of the

State's natural resources stem from

the wealth of these rivers. Historically,

South Carolina contained at least 20

large rivers that flowed unimpeded from

the interior to the Atlantic Ocean. These

rivers nourished the coastal marshes

and were bordered by broad expanses

of alluvial low lands, forested swamps
or bottomlands supporting many water

tolerant hardwood tree species (Figure

4). In some regions of the coastal plain

these bottomland wetlands were from

two to six miles (9.7 km) wide (Lucas

1980) and represented a tremendous

source of commercial forest resources.

The cypress trees (Taxodium distichum)

that were characteristic of many of these

bottomland swamps were an important

source of timber for pioneering settlers

(Ewel and Odum 1984). During the 1800s

baldcypress became a highly prized

commercial forest product because of its

durability and resistance to termites and

rotting under humid conditions (Williams

1989). Cypress trees were exploited

extensively throughout the 1800s and the

first half of this century. By the 1850s

there were 50 sawmills operating around

Aiken, South Carolina near the head-

waters of the Savannah and Edisto

rivers. By the 1950s standing bald-

cypress stands had been greatly reduced.

Although cypress logs were used exten-

sively during the 1800s, some of the

wettest hardwood areas went untouched.

While logging of the hardwood species

Figure !. A 1989 high altitude infrared photograph shows patterns ofold rice fields and levees (mottled

blue) along theAshepoo River, Colleton County, South Carolina.
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began in the swamps of South Carolina

sometime prior to 1900 (Durham 1967),

the deep swamps of the Great Pee Dee

and Santee rivers were considered too

inaccessible for timber harvesting until

sometime following 1900. It is estimated

that South Carolina's first growth timber

harvest peaked around the mid- 1920s

(Williams 1989). Following this period,

most of the swamp forests in South

Carolina had been logged at least once.

Forested wetlands in the southeastern

United States are highly productive

ecosystems because of periodic inputs

of floodwater, sediment and nutrients

(Taylor et al. 1990). Within the wel

bottomland forests there occur variations

in canopy type and height based on

responses of plant species tolerance to

soil inundation from the wettest to the

driest. Usually these communities

support populations of mammals, am-

phibians and crawfish (Wharton et al.

19S1). The Congaree Swamp in South

Carolina supports the second highest

density of birds (HvS4 birds/sq km) of the

eastern deciduous forests (Winton 1980).

Taylor et al. (1990) described the func-

tions and values of bottomland hardwood

forests in greater detail. Of the total area

in South Carolina that was originally

forested wetland, some has been drained

and converted to upland silvicultural

uses, some has been logged and re-

planted or regenerated naturally, other

areas have been cleared for agricultural

production or urban development. Today

the poorly drained soils that made up

many of the original wetlands in the

southeastern United States are some of

the most intensively managed forest sites

in the world (Allen and Campbell 1988).

South Carolina has 11,000 miles (17,699

km) of permanently flowing rivers and

streams (Beasley et al. 1988). Reservoirs

have been created on every major river

.

&> i>

';',,,

rs

?-\
«**. ;'>'~rTt

'

-

\

>;;»-.

'•

£

"I .

Figure ',. An infrared photograph ofprimarilyforested wetland along the Pet Dee Riv< t; South Carolina,

1990. Historically, forested wetlands along riveriae systems were extensive and provided a source of

timber through the 1800s.



system in South Carolina with the

exception of the Pee Dee. Although

hundreds of small millpond impound-

ments were built within the State during

the 18th and 19th centuries, the 20th

century has seen the construction of

large water retention dams. In some

cases impounding the rivers drowned

tracts of bottomland forested wetlands,

in other instances wetland areas were

created by flooding backwater pools and

bays. The location and date of construc-

tion of some of the major reservoirs on

South Carolina's rivers are shown in

Figure 5.

One of the more unusual wetland types

that have been impacted over time is

the "Carolina bay". Carolina bays are

oval or elliptical depressions of unknown
origin (Sharitz and Gibbons 1982). These

wet-lands were originally by-passed by

settlers but eventually the rich soils

enticed drainage and conversion to agri-

culture (Kovacik and Winberry 1987). It

has been estimated that South Carolina

originally contained about 4,000 Carolina

bay wetlands of various sizes (Richardson

and Gibbons 1993). There is no accurate

accounting of the number of Carolina

bays that have been converted to upland

uses or those that have been ditched or

partially drained. Over the past 200 years

many have been converted to agriculture

or upland forestry and some estimates

are that very few of the original number
of bays in South Carolina remain undis-

turbed (Bebber 1988). Figure 6 shows an

aerial view of a Carolina bay bisected by

a road and affected by other types of

development.

Despite these historical trends, South

Carolina still maintains numerous

riverine swamp forests, productive salt

marshes and freshwater wetlands.

Overall, South Carolina ranks fifth in

the Nation in wetland acreage expressed

as a percent of surface area. Forested

wetlands make up an important resource

contributing 6 percent of the National

total forested wetland area and 9 per-

cent of the area within the southeastern

United Sates. Two virgin or nearly virgin

stands of bottomland forested swamp
remain in South Carolina: The Congaree

Swamp National Monument and the

Francis Beidler Forest. These are two

very rare examples of uncut swamp
hardwood forest stands remaining in

the southeastern United States (Durham

1967).

Reservoir

Figure 5. Location and construction date of

the major reservoirs in South Carolina.
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Figure 6. A 1990 aerial infrared photograph of "Carver's Bay ", Georgetown County, South Carolina. This bay is bisected by a road

and has been modified by encroaching laud uses. In South Carolina all Carolina bays are oriented in a northwest/southeast

direct ion.
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Study Area
The total land area of South Carolina is

approximately 19,320,552 acres (7,822,086

ha) 1

. The landscape varies in topographic

relief from mountainous in the west to

nearly level in the eastern portion of the

Atlantic coastal plain.

For this study, South Carolina was

stratified into four physiographic regions

(Figure 7). These regions are described

below.

Coastal Zone

Although not typically described by

geographers as a unique region, a

Coastal Zone region was considered in

this study. The Coastal Zone encom-

passes the near-shore areas of the coast

and includes barrier islands, coastal

marshes, exposed tidal flats and other

features not included in the landward

physiographic zones. The Coastal Zone

as described here is not synonymous with

any state or Federal jurisdictional coastal

zone definitions. It is an area where salt-

water is the overriding influence on bio-

logical systems.

Within the Coastal Zone, South Carolina

has 2,876 miles (4,628 km) of shore

bordering the Atlantic Ocean. There are

three distinct segments of the shore

based on the geomorphic processes that

formed each. These are shown in Figure

8 and include: The Grand Strand, a

100,000 year old barrier sand formation

that extends from the North Carolina

border south to Winyah Bay; the Santee

Delta which is the largest deltaic complex

on the east coast and; the Sea Island

Complex composed of erosion remnant

islands (that were part of the mainland at

one time) and active barrier islands built

by wind or wave action (South Carolina

Coastal Council 1982). Included as part of

this coastline are 198 miles (319 km) of

recreational beaches and 153 miles (246

km) of barrier islands (Wells and

Peterson n.d.).

Some segments of South Carolina's

barrier islands have been designated as

part of the Coastal Barrier Resources

System. The Barrier Islands Act of 1983

removed undeveloped islands from

Federal flood insurance protection and

resulted in 13 locations along South

Carolina's coastline being designated as

coastal barriers under this legislation.

The system was expanded to include

several more sites by the Coastal Barrier

Improvement Act. In all, 16 coastal

barriers are part of the South Carolina

System as shown in Figure 9.

1 This study incorporated some estuarine

embayments not included in the total

land area figure.

Appalachian Highlands

Figure 7. Thefour physiographic zones

ivithin South Carolina used in this study.
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SANTEE
DELTA

Figure 8. Three major segments ofSouth

Carolina's coast (Adaptedfrom Kovacik and

Winberry 1987).

[5



Figure 9. The South Carolina portion ofthe

Coastal Ban-'icr Resourcet System. This

graphic illustrates the approximate location

and boundaries ofnamed geographicfeatures

not actual demarcations or designations

under the coastal harrier legislation.

Portion of the Coastal

Barrier Resource System

Daufuskie Island



Gulf-Atlantic Coastal Flats

The Gulf-Atlantic Coastal Flats devel-

oped from continental submergence and

emergence with both erosion and deposi-

tion of soils (Colquhoun 1974). Soils

originated either from the Appalachians

or from coastal processes (McKnight ct

al. 1981) and they are composed of water

borne deposits of sands, silt or clay and

calcareous sediments. The Coastal Flats

are characteristically level but small

relief features affect drainage patterns

and duration of inundation (Clark and

Benforado 1981). Elevation on the

Coastal Flats ranges from sea level to

300 feet (91 m). An unusual feature of

the Coastal Flats in South Carolina is

the occurrence of Carolina bays. These

are oval or elliptical depressions that

range in size from 4-5 acres (1.6-2.0 ha)

to thousands of acres such as the bay

that is the Big Swamp in Manchester

State Forest in Sumter County (Kovacik

and Winberry 1987). In South Carolina

almost all of these bays are oriented in

a northwest-southeasterly direction and

unless artificially drained, all are wet-

lands.

Gulf-Atlantic Rolling Plain

The Gulf-Atlantic Rolling Plain as

described by Hammond (1970) is nearly

the same as the Piedmont within South

Carolina. Others have used this term to

describe this physiographic region which

makes up roughly one-third of South

Carolina (Meador 1995; Gibson 1994).

This region is characterized by hilly

topography; elevations range from 300

to 1200 feet (91-366 m). The rivers in this

part of the State are long, with more

gently sloped, wide valleys and carry

heavy sediment loads (Kovacik and

Winberry 1987).

Appalachian Highlands

The Appalachian Highlands or Blue

Ridge Mountains are in the extreme

northwestern portion of the state. The

Blue Ridge is a small portion of the

Appalachian Mountain System. It is the

area of greatest topographic relief in

South Carolina where elevations range

from 1400 to over 3500 feet (427 to 1067

m). Streams in this region are fast-

flowing and entrenched within steep

valleys.

F'ki life m. Major rivers and (watershed)

basins within South Carolina. 1) Pet ! '<
i

River Basin; 2) Santt < Rivt r Basin;

ji Ashley-Combahee-Edisto (ACE) River

Basin,
;

I Savannah Hirer Basin (Source:

Beasley et al. VJ88).

Other Geographical Features

Other important facets of South

Carolina's geography that put wetland

distribution into context relate to the

watersheds, reservoirs and river drain-

age characteristics. The State is divided

into four major watershed basins; the

Pee Dee River Basin drains approxi-

mately 9 percent of South Carolina's

land area, the Santee River Basin drains

about 41 percent of the state, the ACE
(Ashley-Combahee-Edisto) River Basin

drains 32 percent of the State and, the

Savannah River Basin drains about 18

percent of South Carolina (Figure 10).

17



Rivers draining the Rolling Plain

(Piedmont) are typically colored yellow

and red by silt and clay sediments.

Rivers originating in the Coastal Flats

typically meander and form wide, flat

flood plains, channels or oxbows. They

are often colored black from the high

levels of tannic acid in the runoff from

surrounding swamp hardwoods. The

wetlands surrounding these rivers have

thus acquired the colloquial terms of

"red river bottoms" or "red river swamp"

and "black water river bottoms" depend-

ing on the origins of the river waters.

A further description of these and other

terms used to describe wetland communi-

ties in South Carolina appear in Table

la-e.

There are 46 counties in South Carolina

(Figure 11). Major industries include

tourism, agriculture, forestry and

manufacturing. Orange-burg County is

the leading agricultural county in South

Carolina. It has the largest amount of

land in farms in the State and ranks at or

near the top of all counties for production

of soybeans (Glycine max.), corn (Zea

mays), wheat (Triticum aestivum),

cucumbers (Cucumis sativus), watermel-

ons (Citrullus vulgaris) and cantaloupes

(Cucumis melo), (De Francesco 1988).

Land use in South Carolina is shown in

Figure 12.

Figure 11. South Carolina counties.

Other Barren

Wetlands Lands

5% 1%
Water
6%

Urban
Development

7%

Figure 12. Major lain! use categories within

Smith Carolina. Landuse categories are

approximate based on the total area ofthe

State as est i muted by the Bureau of( 'ensus.

This laud area excludes some coastal

embayments. Wider area includes some

r, i/i luted wet la nils a nd/or jkiuiIs us well as

deepwater rivers and lakes (Source: South

( 'arolina State Budget and Control Board

1994; Powell et al. 1993; I '.S. Geological

Survey 1970; this stud//).
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Estimating

South Carolina's

Wetland

Resources

Within the four physiographic strata

described previously, sample plots (four

square miles or 10.36 sq. km) were

distributed at random. Four hundred

sixty five sample plots were analyzed in

this study (Figure 13). For each of these

sample areas, aerial photography was

acquired and stereoscopically interpreted

to identify wetlands, deepwator habitats

and uplands. Habitat category definitions

are given in Appendix A.

The mean dates of the photography used

to determine wetland trends in South

Carolina were 1982 and 1989 with the

difference being an average of (5.5 years.

All photographs were color infrared and

ranged from 1:58,000 to 1:40,000 scale.

For this study, wetlands 3 acres (1.2 ha)

and larger composed the target popula-

tion- . Field verification of features on the

aerial photography was done for approxi-

mately 10 percent of the sample. Rigor-

ous quality control inspections were built

into the interpretation, data collection

and analysis processes. A more complete

description of the techniques used to

accomplish the interpretation, registra-

tion, and change detection is provided in

various technical manuals (U.S. Fish and

Wildlife Service 1994a, 1995; Dahl and

Johnson 1991).

Changes in areal extent or type of

wetland observed on the sample plots

between 1983 and 1989 were recorded.

Statistical estimates were used to expand

the sample data to specific physiographic

regions, wetland types or were generated

for the entire State. The percent coeffi-

cient of variation associated with each

estimate was also calculated.

- Actual results indicate that for each

wetland category included in this study

the minimum size represented was less

than 1.0 acre (0.4 ha). However, not all

wetlands less than the target size

category were detected.

Appalachian Highlands

^-cro^o

Figure 13. Randomized sample plot

distributionfor this study Each box

represents a i square mile (10.36 sq. km)

area. There were [65 total sample plotsfoi

the State.

Coastal



Wetland Types Not Included

In This Study

Because of the limitations of using aerial

photography as the primary data source

to detect wetlands, certain wet habitats

that occur in South Carolina were

excluded from this study including:

Small Limesinks or Limestone Sink-

holes— These are cavities or depres-

sions that are variable in size and expo-

sure (Nelson 1986). They are associated

with partially or completely collapsed

limestone rock and can be considered

a type of wetland if they hold standing-

water. Large limesinks or sinkholes

would be detected on the aerial photo-

graphy and included in the study results

based on their cover type. However,

many lime-sinks are small (less than 1

acre or 0.4 ha), and tree canopies or other

vegetation may mask their presence.

In these instances, limesinks have been

excluded from the report analyses.

Seagrasses or Submerged Aquatic

Vegetation— Seagrasses and other

submerged plants inhabit the intertidal

and subtidal zones of estuaries and near

shore coastal waters (Orth et al. 1990).

The detection of submerged aquatic

vegetation is difficult using aerial photo-

graphy without extensive surface-level

observations, tide stage data, water

clarity data and low surface waves

(Ferguson et al. 1993). Because of these

requirements, seagrasses were not

delineated as part of this study and the

data presented in this report are not

intended to provide a reliable indicator

of the extent of seagrass area in South

Carolina's coastal waters.
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South Carolina's

Wetlands—
Common
Community

Associations

Because the wetland habitat descriptions

used in this study are generalized system

and class terms from Cowardin ct a I.

(1979), further information on the

inclusion of some of South Carolina's

wetland types is presented in Table la-e.

This information is organized by phy-

siographic region within the State and is

intended to provide a brief physical

description or geographic setting, and

information on "typical" plant community

composition for some of the wetlands

encountered in the State. Table la-e is

not inclusive of all wetland types, comm-
unities or plant species that may be found

within South Carolina's wetland habitats.

Where possible published references

documenting similar community descrip-

tions are provided. A complete list of

plant species that occur in South

Carolina's wetlands is given by Reed

(1988).

Ashepoo River wetlands
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Results: Status,

Distribution and

Ownership of

Wetlands

South Carolina had an estimated

4,104,850 acres (1,661,880 ha) of wetlands

in 1989. Of this area, 89 percent were

freshwater, and 1 1 percent were estua-

rine (saltwater) wetlands. The temporal

and spatial changes of wetland area are

presented in Appendix B. Wetland area

in relation to the total land area of South

Carolina and wetland area by system

type is presented in Figure 14 a-d.

Estuarine emergent wetlands are

dominated by salt-tolerant plants

(Cowardin et nl. 1979). In 1989, an

estimated 93 percent of South Carolina's

estuarine wetlands by area were emer-

gent (Figure 15). An additional six

percent of the area of all estuarine

wetlands were tidal flats, beaches or

shorelines and one percent was domi-

nated by estuarine shrubs. The distribu-

tion of estuarine emergent wetlands

along South Carolina's coast is shown in

Figure 16. The mean size of the estuarine

emergent marshes sampled was 71 acres

(28.7 ha). The mean size of estuarine

shrub wetlands was much smaller, 3

acres (1.2 ha). Estuarine beaches,

exposed flats or shorelines averaged

11 acres (4.5 ha) based on those areas

sampled as part of this study.

Almost all estuarine wetlands were

found in the Coastal Zone (97 percent).

However, a small portion of estuarine

wetlands (3 percent) were found to

extend into the Coastal Flats physi-

ographic region along the reaches of

tidal inlets and rivers.

Within the Coastal Zone the mean size

of the estuarine wetlands sampled was
68 acres (27.5 ha). Fifteen percent of all

vegetated estuarine wetlands were

adjacent to urban landscapes. This

percentage was composed primarily

of the salt marshes near Myrtle Beach,

Charleston, Seabrook Island, Hilton

Head and Savannah. An additional 21

percent of South Carolina's estuarine

wetlands were adjacent to agricultural

lands, while 57 percent were adjacent

to undeveloped lands.

Shrubs 1% Fla,s/

Beaches 6%

Deepwater 3%

Ponds 2% Emergents 5%

B Total Wetlands D Freshwater

Wetlands

A Total Land Area

Figure 14 A-D. Wetland area (A) as compared to total area ofthe State; (H) parent by estuarine andfreshwater

I 'pes; (C) estuarine eorertijpes; (D) fresh/eater coreri i/pcs.
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Figure 15. Estuarine emergent wetlands along South Carolina's coast.
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There were slightly more than 3.6 million

acres (1,457,490 ha) of freshwater wet-

ands in the State in 1989. Forested

wetlands were most prevalent, making

up 79 percent of all freshwater wetlands,

or almost 2.9 million acres (1,174,089 ha).

Forested wetlands averaged 25 acres in

size (10.1 ha), the largest mean size in

area of all freshwater wetland types.

The distribution of palustrine wetlands

by physiographic region is shown in

Table 2. The majority of freshwater

wetland area was found in the Coastal

Flats (61 percent). The Rolling Plain

contained 36 percent of all freshwater

wetlands by area. The Coastal Zone and

Appalachian Highlands had 2 and 1

percent, respectively (Figure 17). More
detailed information about the distribu-

tion of wetlands by covertype within

physiographic regions of the State is

shown in Table 3.

>
V ?V

t

« Coastal
Zone

Estimated percent

coverage

[ I
Less than 10

I ]
10 to 24

I I
25 to 49

!

I 50 to 74

I 75 or more

Figure 16. Estuarine wetland distribution

along South Carolina's mast, 1989.
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Table 2. Distribution of all palustrine wetland types by physiographic region in South Carolina as found in

this study, 1989.

Physiograph ic Ret/ ion

Appalachian Highlands

Gulf Atlantic Rolling Plain

Gulf Atlantic Coastal Flats

Coastal Zone

Total Palustrine

'stimated'Area in Acres Pei cent CV Percen<t of Total Palustrine

2,351 (951.8 ha) 19 <1

1,343,250 (543,826 ha) 9 36

2,251,375 (911,488 ha) 5 61

64,430 (26,085 ha) 19 2

3,661,406 (1,482,351 ha) 5 100

'Percent coefficient of variation is expressed as (standard deriat ion/mean) * (100).

c/\

1 7\

Estimated percent

coverage

^\ Less than 5

I I
5 to 9

I I
10 to 24

I I
25 to 49

H 50 or more

Figure 17. Palustrine (freshwater) wetland

distribution within South Carolina, 1989.
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Table 3. Estimated acreage of wetlands by cover-type classes within the physiographic regions of South Carolina,

1989.

1989 Area

Wetland Type Acres Hectares Percent CV

Appalach ia n Highla nds

Palustrine forested 1,162 471 34

Palustrine scrub/shrub 329 133 34

Palustrine emergent 313 127 50

Palustrine unconsolidated shore

Palustrine unconsolidated bottom 547 222 28

Palustrine aquatic bed

Total Palustrine -wetland areafor region

Total wetland area for region

Atlantic Rolling Plain

Palustrine forested

Palustrine scrub/shrub

Palustrine emergent

Palustrine unconsolidated shore

Palustrine unconsolidated bottom

Palustrine aquatic bed

Palustrine farmed

Total Palustrine wetland area for region

Total wetland area for region

Atlantic Coastal Flats

Palustrine forested

Palustrine scrub/shrub

Palustrine emergent

Palustrine unconsolidated shore

Palustrine unconsolidated bottom

Palustrine aquatic bed

Total Palustrine wetland areafor region

Estuarine intertidal scrub/shrub

Estuarine intertidal emergent

Estuarine intertidal unconsolidated shore

Total Estuarine wetland area for region

Total wetland area for region

2,351 952 19

2,351 952 19

1,056,350 427,822 10

170,422 69,021 16

45,778 18,540 13

484 196 34

55,859 22,623 7

927 375 42

13,430 5,437 22

l,SJt3,250 543,826 9

1,343,250 543,826 9

1,793,315 726,292 6

337,883 136,843 14

97,405 39,449 19

237 96 55

21,362 8,652 14

1,173 475 31

2,251,375 911,807 5

859 348 61

42,318 17,139 57

1+3,177 17,i87 56

2,294,552 929,294 5
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Table 3 (continued). Estimated acreage of wetlands by covertype classes within the physiographic regions of

South Carolina, 1989.

Wetland Type

Coastal Zone

Palustrine forested

Palustrine scrub/shrub

Palustrine emergent

Palustrine unconsolidated shore

Palustrine unconsolidated bottom

Palustrine aquatic bed

Total Palustrine wetland areafor region

Estuarine intertidal scrub/shrub

Estuarine intertidal emergent

Estuarine intertidal unconsolidated shore

Total Estuarine wetland areafor region

Marine intertidal unconsolidated shore

Total Marine wetland areafor region

Total wetland area for region

South Carolina

Palustrine forested

Palustrine scrub/shrub

Palustrine emergent

Palustrine unconsolidated shore

Palustrine unconsolidated bottom

Palustrine aquatic bed

Palustrine farmed

Total Palustrine wetland areafor state

Estuarine intertidal scrub/shrub

Estuarine intertidal emergent

Estuarine intertidal unconsolidated shore

Total Estuarine wetland areafor state

Marine intertidal unconsolidated shore

Total Marine wetland areafor state

Total wetland area for state

'Percent coefficient ofvariation is expressed as (standard deviation mean) (100).

1989 A,irii

Acres Hectares Percent CV

32,238 13,056 22

4,649 1,883 24

23,899 9,679 41

505 205 55

3,057 1,238 20

82 33 44

6A,Jf30 26,091* 19

2,912 1,179 23

368,928 149,416 10

26,324 10,661 21

398,161* 161,256 8

2,103 852 :;:.

2,103 852 35

464,697 188,202 6

2,883,065 1,167,641 5

513,283 207,880 10

167,395 67,795 13

1,226 497 29

80,825 32,735 6

2,182 883 24

13,430 5,439 22

3,661406 1,482,870 5

3,771 1,527 S2

411,246 166,555 9

26,324 10,661 21

UlMi 178,7^3 9

2,103 852 :;:,

2,103 852 35

4,104,850 1,662,465 1
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Wetlands dominated by shrubs (including

tree species under 6 m in height) made

up an estimated 14 percent of the fresh-

water wetlands. Freshwater emergent

marshes and ponds composed five and

two percent of the area respectively.

Shrub wetlands averaged 9 acres (3.6 ha)

in size, freshwater emergent marshes

averaged 5 acres (2.0 ha) and ponds 2

acres (0.8 ha). The average size and

range by freshwater wetland types are

presented in Table 4.

The concentration of forested wetlands

in the coastal region and the relationship

between the major river systems in the

formation and maintenance of South

Carolina's forested wetlands is illustrated

in Figure 18. Bottomland hardwood

communities located along the major

river flood plains make up a substantial

portion of South Carolina's wetland area.

Figure 19 illustrates South Carolina's

wetlands in relation to the State's

physiographic regions and major river

systems. By comparison, relatively few

freshwater wetlands are located in or

adjacent to larger lakes. About 4.6

percent of all palustrine wetlands are

directly adjacent to lacustrine systems.

Freshwater wetlands are also less

common in urban landscapes. Approxi-

mately 8.4 percent of South Carolina's

palustrine wetlands are in or adjacent

to urban areas as identified by this study.

The majority of palustrine wetlands (55

percent) are found in or adjacent to

agricultural lands.

The 4,104,850 acres (1,661,880 ha) of

wetlands in South Carolina make up

approximately 21 percent of the land

surface area of the State. An additional

3 percent of the surface area or 655,700

acres (265,466 ha), are deepwater

habitats. About 10 percent of the total

land area in South Carolina is in public

(State or Federal) ownership. Federal

land holdings include 1,198,600 acres

(485,263 ha) and the State owns another

825,700 acres (334,290 ha).

About 17.1 percent of the Federal land

holdings are wetlands. This is approxi-

mately 5.0 percent of South Carolina's

total wetland acreage. Another 14.7

percent of the State-owned lands are

wetland, or about 2.9 percent of the

State's total wetland area. Over 91.0

percent of South Carolina's wetland

acreage is in private ownership. Table 5

details the wetland area by respective

reserves and publicly-owned units within

the State.

Table 4. Average area and size range of palustrine wetlands as they appeared within the

sample units for South Carolina in 1989.

Wetland Type

Palustrine forest

Palustrine shrub

Palustrine emergent

Freshwater ponds

Other misc. types

Mean (acres)

25 (10.0 ha)

9 (3.6 ha)

5 (2.0 ha)

2 (0.8 ha)

2-3 (0.8 -1.2 ha)

Range (acres)

<lto>2200(0.4-891ha)

<1 to > 1600 (0.4 -648 ha)

< 1 to > 1300 (0.4 -526 ha)

<lto >20(0.4-8.1 ha)

<lto > 17 (0.4 -6.9 ha)
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Estimated percent ^,

coverage

7J Less than 5

I I 5 lo 9

I [ 10 to 24

M 25 to 49

H 50 or more Figure 18. Forested wetland distribution

within South Carolina, 1989.

\

\

PA

Reservoir

Wetland

<..

T
v

Figure 19. Graphic representation ofwetland

resource areas in South Carolina. 1989.

Anas designated as /ret/and may represent a

mixture ofwetland and uplands.
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Table 5. Area of reserves and publicly-owned lands that may contain wetlands in South Carolina.

La nd Ownership Wetland Acres

SOUTH CAROLINA - STATE LANDS

South Carolina Park System

ACE Basin National Estuarine Research Reserve

North Inlet/Winyah National Estuarine Research Reserve

Heritage Trust Preserves - SC
Capers Island

Tom Yawkey Complex
Stevens Creek Natural Area

Eastatoe Creek Gorge

Bird Key-Stono

Victoria Bluff

Crosby Oxypolis Heritage Preserve

Colleton County Cowbane Preserve

Nipper Creek

Watson Tract

Bunched Arrowhead
Ashmore Tract

Cathedral Bay
Flat Creek/40 Acre Rock
Cartwheel Bay
Savannah River Bluffs

Tillman Sand Ridge

Savage Bay
Bennett's Bay
Tilghman Heritage Preserve

Chandler Heritage Preserve

Snee Farm Heritage Preserve

Buzzard Roost Heritage Preserve

Dargan Heritage Preserve

Shealy's Pond Heritage Preserve

Woods Bay Heritage Preserve

Lewis Ocean Bay Heritage Preserve

Glassy Mountain Heritage Preserve

Deveaux Bank Heritage Preserve

Waccamaw Bridges Heritage Preserve

Janet Harrison Highpond Heritage Preserve

St. Helena Sound Heritage Preserve

Little Pee Dee River Heritage Preserve

Great Pee Dee River Heritage Preserve

Little Pee Dee State Park Bay
Little Pee Dee (Ward) Heritage Preserve

Lynchburg Savannah Heritage Preserve

Pacolet River Heritage

Segars Heritage Preserve

Henderson Heritage Preserve

Wildlife Management Areas

Bear Island Wildlife Management Area
Donnelley Wildlife Management Area

State University System

State Owned Subtotal

15,151

1,481 (lakes)

11,942

9,000

2,100

17,700

373

20

1,111

32

32

68

1,660

178

529

58

1,436

568

77

679

456

251

2,387

62

368

9,343

15

30

7,536

3,771

2,725

301

269

275

400

12,055

8,048

8,100

121,040
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Table 5 (continued). Area of reserves and publicly-owned lands that may contain wetlands

in South Carolina.

Land Ownership Wetland Acres

SOUTH CAROLINA -FEDERAL LANDS

Department of Agriculture

Forest Service

Francis Marion NF
Hell Hole Bay 2,125

Wambaw Creek 912

Wambaw Swamp 4,815

Little Wambaw Swamp 5,047

Remaining Forest Areas 27,101

Sumter NF 1,500

Department of Energy
Savannah River Facility 39,500

Department Interior

Park Service

Congaree Swamp Natl. Monument 15,138

Fish and Wildlife Service

Cape Romain NWR 60,745

Carolina Sandhills NWR 2,736

Santee NWR 10,425

Pinckney Island 2,795

Savannah NWR (SC portion) 9,323

4,900 (lakes)

ACE Basin NWR 11,942

Department of Defense

Charleston Naval Weapons Station 2,795

Shaw Ah- Force Base 3,074

Other Defense Installations

Federally Owned Subtotal 204,873

AUDUBON SANCTUARIES

Francis Beidler Forest 5,819

Silver Bluff Plantation 3,100

Medway Plantation 821

Alexander Sprunt, Jr. 610

McAlhany Sanctuary 370

Heritage Trust Bunched Arrowhead Preserve 140

Audubon-Newhall Nature Preserve

Parson's Mountain Recreation Area

THE NATURE CONSERVANCY

Great Swamp and Ivanhoe Tract 473

Other holdings 7,974

Conservation Organization Subtotal 19,337

Estimated total acreage 345,250

Sources: Bebber 1988; Brunswig and Lakel991; Kan and Ket to il993; I
T
.S. Fish and Wildlife

S( rvicel994 (b) and (c).
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Wetlands Trends,

1982-1989

The average annual net loss of wetlands

observed was 2,920 acres (1,182 ha). Total

wetland area in South Carolina declined

by 0.5 percent from 1982 and 1989.

Palustrine forested wetlands suffered the

biggest losses, declining 5.1 percent over

the study period. Palustrine shrub wet-

lands realized the largest gains, increas-

ing by 33.4 percent (Table 6).

Loss of estuarine wetlands was minimal.

Estuarine wetlands declined 109 acres

(44 ha) during the seven year time frame

between 1982 and 1989. The average

annual loss of estuarine wetlands was 17

acres (6.9 ha). It is believed that these

minor losses were the result of coastal

erosion processes as estuarine wetlands

were converted to deep water.

Almost all of South Carolina's wetland

losses were to freshwater classes.

Freshwater (palustrine) forested wet-

lands declined by an estimated 155,500

acres (62,956 ha). Of this total change,

13,200 forested wetland acres (5,344 ha)

were lost to upland land uses. Another

2,650 acres (1073 ha) were converted to

lacustrine deepwater through the

creation of impoundments or flooding,

while 136,500 acres (55,263 ha) wore

converted to other vegetated types that

remained as wetland.

Palustrine wetlands declined by 18,800

acres (7,611 ha) from 1982-1989. An
estimated 16,900 acres (6,840 ha) were

lost to upland land uses. Overall this

represents an annual loss of 2,920 acres

(1,182 ha) of vegetated freshwater

wetlands. Loss of vegetated wetlands

was partially offset by the addition of

open water ponds. Pond area increased

by 10.5 percent (8,450 acres or 3,421 ha).

Almost half (45 percent) of this area

came at the expense of other wetland

types.

Three major activities contributed to the

loss of freshwater wetlands to uplands:

Agriculture converted an estimated 5,210

acres (2,109 ha) to upland, and an addi-

tional 1,100 acres (445 ha) to farmed

wetlands. Forestry converted 5,890 acres

(2,385 ha) of wetlands to uplands, and

urbanization was responsible for 4,113

acres (1,665 ha) of wetland loss.

Collectively, agriculture, forestry and

urbanization were responsible for 81

percent of all the freshwater wetland

losses between 1982 and 1989. Agricul-

tural conversions (exclusive of farmed

wetlands) accounted for 28 percent,

forestry 31 percent and urban expansion

22 percent respectively. The remaining

losses of freshwater wetlands to uplands

were caused by rural development,

(9 percent or 1700 acres [688 ha]),

(Figure 20).

Figure Jo. Change in wetlands (as a

percentage) converted to various land uses

in South Carolina between 1982 and 1989.

Although losses of wetlands to agricul-

ture were observed in each physi-

ographic region of the state the majority

of agricultural conversions of wetlands

occurred in the Coastal Flats and the

Rolling Plain (Piedmont). Conversion of

wetlands to silvicultural land use was

primarily restricted to the Coastal Flats.

The conversion of forested wetlands to

other wetland types (shrubs or

emergents), occurred uniformly across

the state with the exception of the

Appalachian Highlands. These activities

had a major impact on forested wetland

resources (Figure 21).
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Urban Development
3,160 acres

2%

Upland Silviculture

5,340 acres
3% —

Lakes and Ponds —
6,720 acres

4"c

Agriculture

2,480 acres
2°„

Rural Development
1 ,520 acres
1%

Other Uplands
720 acres
1%

Wetland Shrubs
11 6,850 acres

75%

Figure 21. Conversion and loss offorested wet-

land in South Carolina, 1982-1989. This graphic

portrays both losses to upland land uses us well

as conversion offorested wetlands to other wet-

land types.

Table 6. Estimated wetland area in South Carolina in 1982 and 1989 and the

change(s) as reported for various categories in this study.

Wetland 1982 Area 1989 Area Change in Percent

Type in Acres in Acres Acres Change

Estuarine 28,262 28,426 + 165 0.6

Non-Vegetated (19) (19) (363)

Estuarine 415,291 415,017 -274 -0.1

Vegetated (9) (9) (137)

All Estuarine 443,553 443,444 -109 0.0

Wetlands (9) (9) (729)

Palustrine 73,490 82,050 +8,560 11.6

Non Vegetated (6) (6) (15)

Palustrine 169,610 167,395 -2,214 -1.3

Emergent (13) (13) (519)

Palustrine 384,864 513,283 + 128,419 33.4

Scrub/Shrub (14) (10) (22)

Palustrine 3,038,551 2,883,066 -155,485 -5.1

Forested (5) (5) (16)

Palustrine 3,606,706 3,579,356 -27,350 -0.8

Vegetated (5) (5) (17)

All Palustrine 3,680,196 3,661,406 -18,790 -0.5

Wetlands (4) (5) (24)

All Wetlands 4,123,749 4,104,850 -18,899 -0.5

(4) (4) (25)

() Percent coefficient ofvariation. Percent coefficient ofvariation is expressed

os (standard deviation; mean) * (join.
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Rural development was concentrated in

the Rolling Plain portion of the state but

this change in land use resulted in

comparatively small losses of palustrine

wetland area. The possible exception is

Horry County where rapid growth and

development appeared to be expanding

the incorporated regions as well as

affecting the rural areas of the county.

Here, the loss of freshwater wetlands to

unidentified or miscellaneous "other"

upland land uses was predominant

(Figure 22).

Agricultural losses were the only effects

observed in the Appalachian Highlands.

Clearly the majority of land use actions

affecting wetland area changes occurred

in the Gulf-Atlantic Rolling Plain and the

Coastal Flats. Agriculture and some

rural development activities affected the

Rolling Plain while agriculture, forestry,

urbanization and miscellaneous other

upland land uses affected the Coastal

Flats.

Losses of wetlands between 1982 and

1989 in South Carolina occurred outside

of Federal lands (Figure 23) and on the

outskirts of metropolitan areas. There

were no confirmed losses of wetland

recorded on the identified Federallands

sampled 1

. Conversion from one wetland

type to another occurred on Federal

lands.

Urban expansion converted wetlands in

various locations. Most notable occur-

rences were observed in the area around

Hilton Head, Charleston and North

Charleston and in the vicinity of Myrtle

Beach and Columbia, South Carolina

(Figure 24).

'Not all Federal ownership or boundaries

are known.

'•',igure 22. An example ofwetland loss to "other upland" land use in Horry County, South < 'arolina.
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Figure 23. An illustration of major Federal

land units in South Carolina. No wetland

losses irere observed ivithin Federal laud

holdings between 1982 and 1989. Parcels of

private land too small to distinguish at this

scale were included ivithin the shaded

Federal ownship areas. The precise location

ofsome Federal lands was undetermined.

Harm Island

Marine Curps
Kixruii Depot

Figure 2%. Metropolitan (urban) lauds in

South Carolina (yeUow). Losses of wetland to

upland urban development were observed in

those areas indicated in red.

Wetland loss 1983-1989 \

Z] Population centers

'

Hilton Head Island
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Discussion of

Wetland Trends

Hefner et al. (1994) reported that wet-

land losses to upland in South Carolina

were an estimated 6,100 acres (2,470 ha.)

per year between 1972 and 1982. Find-

ings from the present study indicate that

this rate of loss has slowed. Based on

data collected between 1982 and 1989,

the annual wetland losses to upland were

2,920 acres (1,182 ha). This represents a

48 percent reduction in the annual rate

of wetland loss.

Agriculture

From 1972 to 1982 agriculture was

responsible for 41 percent of the wetland

losses (Hefner et al. 1994). Prom 1982 to

1989 agriculture was responsible for 28

percent of the losses. This in combination

with an overall reduction in the wetland

loss rate for the State means that

wetlands in agricultural areas have fared

much better since the mid-1980s. This

may have been related to agricultural

programs that promote wetland conser-

vation and disincentives for wetland

drainage that have been in place since

passage of the 1985 Food Security Act

(Farm Bill).

During this study period, an estimated

2,520 acres (1,020 ha) of forested wet-

lands, 2,950 acres (1,194 ha) of palustrine

shrub wetlands and 2,260 acres (915 ha)

of palustrine emergent wetlands were

lost to upland agriculture. Over 1,100

acres (445 ha) of vegetated wetlands

were also converted to farmed wetlands.

Logging and Forestry

Although losses of wetlands due to agri-

cultural activities have declined substan-

tially, freshwater forested wetland area

has been greatly reduced apparently

resulting from silviculture and other

logging and forestry practices2
. Overall,

forestry practices accounted for 31

percent of the total wetland losses

between 1982 and 1989.

Freshwater forested wetlands declined

by 125,000 acres (50,600 ha.) between

1972 and 1982.

2 This study did not differentiate between

silvicultural operations and other clear

cutting or logging operations involved in

the removal of forest cover.

Thirty-three percent (4,170 acres or

1,690 ha.) of this area was converted to

upland land uses (Hefner et al. 1994).

From 1982 to 1989, forested wetlands

diminished by 155,500 acres (62,960 ha.).

While the loss of forested wetland to

uplands either through drainage or

tilling, decreased from 4,170 acres (1,690

ha.) per year to an estimated 2,035 acres

(824 ha.) per year, the amount of forested

wetland area that changed increased

from 12,500 acres (5,060 ha.) per year to

24,000 acres (9,714 ha.) per year. This is

twice the area of wetland forests affected

as compared to the previous study

conducted by Hefner et al. (1994).

Of the forested wetlands lost to upland

land uses, 40 percent or 5,340 acres

(2,160 ha) were lost to upland-managed

pine plantations. Another 2,480 acres

(1,004 ha) were drained and converted to

upland agriculture; 3,160 acres (1,280 ha)

were lost to urban expansion and 1,520

acres (615 ha) were lost to rural develop-

ment. Unidentified upland land uses were

responsible for 720 acres (291 ha) of

forested wetland losses. Similar trends

have been reported for the Edisto River

Basin where conversion of natural forest

and agricultural land to planted loblolly

pine has occurred at a very rapid rate

(Marshall 1993).

Eighty-seven percent of the wetland

forests where the trees were removed

between 1982 and 1989 remained as

another type of vegetated wetland.

Seventy-five percent were re-classified as

wetland shrubs and another 12 percent

were wetland emergents. Figure 25

shows an area that had been wetland

forest and is now re-classified as wetland

emergents. An additional four percent

(6,720 acres or 2,720 ha) were converted

to lakes or ponds. Some of this conver-

sion may have resulted from beaver

impounding an area and drowning the

trees. Other conversions result from

man's activities by either creating new
impoundments, holding ponds or by

raising the water levels on existing

impoundments and killing the trees

(Tansey and Cost 1990).

Throughout the southeastern United

States about 24 percent of the forest

lands are owned or leased by the forest

industry, largely for pulp and paper
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production and processing (McKnight et

al. 1981). During the 1940s a technologi-

cal innovation for processing young pine

trees to make them suitable for news-

print had an effect on forestry operations

throughout the southeastern United

States. This development shifted pulp-

wood production from the northern

states to the south and formed the basis

for current forestry management
practices. In 1980 pulpwood accounted

for 75 percent of all the timber cut in

South Carolina, the majority of it being

pine trees (Kovacik and Winberry 1987).

Although bottomland hardwood and

cypress trees produce valuable timber

products, and continue to contribute

substantially to the economy of the

region (Langdon et al. 1981), they are

fairly slow to regenerate and mature.

The average rotation age of bottomland-

cypress forests in the southern U.S. is

about 65 years (Langdon et al. 1981).

Conversely, pines replanted in the same

areas and intensively managed with

fertilizer and herbicide applications can

attain a rotation age of 17 years in south-

ern Georgia (Larry Mallard, Okefenokee

National Wildlife Refuge, personal

communication).

Maximum timber production with as

short a harvest rotation as possible is

the goal for commercial timber indus-

tries. For pulp and paper products

industry this can best be achieved by

the establishment of loblolly pine (Pi mis

taeda) plantations (Figure 26) in combi-

nation with silvicultural management
actions (Malac et al. 1981; Allen and

Campbell 1988). These intensive forest

management techniques require the

operation of heavy equipment during site

preparation and planting, fertilizing and

thinning operations, as well as during

harvesting and slash disposal (Stenzel

et al. 1985). This is a problem in many
wetland forests in the southeast, since

sites are accessible for only 3 to 6 months

each year unless the area is drained of

excess water. This has created a dilemma

for the logging operations in the south-

eastern Coastal Plain where there are

extensive wetland areas encountered on

otherwise commercially valuable timber-

lands. The problem has been two-fold:

1) excess water limits operable season

length and impedes the heavy equipment

needed for forestry operations and 2)

limited regeneration and productivity

of pines planted on wet soils.

Figure .''>. An area that had lx en aforesied wetland one near prior to this photograph. The trees have b\ i n

removed and the area is dominated by low shrubs and emergent plants. This represents a conversionfrom

forested wetland to emergent wetland (Colleton County, South Carolina).
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Initially, drainage practices alleviated

excess water problems. Forested wetland

drainage projects were initiated well

before the 1950s and continued through

the 1980s (as evidenced by this study)

in attempts to drain soils sufficiently to

increase yields on historically wet sites

(Allen and Campbell 1988). Until very

recently, normal silvicultural activities

including earthmoving, planting, seeding,

cultivating, minor drainage and harvest-

ing were exempt from Federal regulation

under Section 404 of the Clean Water Act

(Welsch et al. 1995). In some cases drain-

age in combination with bedding was

practiced to initiate seedling regenera-

tion in wetlands. By the mid-1980s

bedding sites was viewed as essential for

the survival and rapid early growth of

pine seedlings on poorly drained soils

(Allen and Campbell 1988). These

techniques were so successful from the

forestry standpoint that some pines

exhibited height growth of 10 meters in

only 12 years (Gent et al. 1986).

During the 1980s wetland drainage

activities were being actively discouraged

and some forestry operations shifted

away from drainage practices and

embarked on water management tech-

niques to partially drain or manipulate

water levels on wet soils to facilitate

seedling survival and growth. The long-

term impact(s) of such management
actions on wetlands, especially on certain

community types (e.g. pocosins and bays)

has yet to be determined. Table 7 pre-

sents some current forest management
and harvest actions that can effect

wetlands in the southeastern United

States.

By the late 1980s South Carolina had

developed guidelines for wetland forest

operations using "Best Management
Practices" (Ice 1989; South Carolina

Forestry Commission 1988). However,

an analysis of voluntary compliance with

the Best Management Practices in South

Carolina indicated that where wetlands

and poorly drained soils were predomi-

nant, problems with Best Management
Practice implementation were apt to be

more apparent (Hook et al. 1991).

Figure 26. Managed pine plantation of

South Carolina's coastal plain. Intensively

managed sites can obtain rapid harvest

rotations for use by the pulp and paper

industry.
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Table 7. Potential timber and pulp production effects to wetlands.

Action

Road construction

Clearcutting

Fertilizers/herbicide application

Plantations

Management of existing stands

Thinning

Burning

Bedding

Patch cuttings

Natural regeneration

Selective cutting

Drainage improvement

Water management

Levee construction

Channelization

Effect

Wetland loss; change hydrology, flow

Changes habitat type/conditions;

evapotranspiration differences

Adds nutrients; reduces herbaceous

competition; degrades runoff

Changes species composition

Management for commercial value of forest

products

Eliminates understory; adds nutrients

Changes soil saturation; allows better

growth of planted species (pines)

May produce less desirable forest products;

longer rotation cutting

Targets commercially valuable species or

stands

Wetland loss; change in hydrology

Changes hydrology; dewaters organic (peat)

soils; organic soil oxidation

Wetland loss; changes periodicity of

flooding; eliminates sediment/nutrient input

Reduces or eliminates flooding

In 1995, the Environmental Protection

Agency and the Army Corps of Engi-

neers issued guidance at the Federal

level describing Best Management
Practices to protect water quality and

hydrologic function when establishing

pine plantations in wetlands. This

guidance clarified the circumstances

under which certain silvicultural activi-

ties are allowed in forest ?d wetlands and

outlines which mechanical silvicultural

site preparation activities require a

permit under the authority of the Clean

Water Act (U.S. Environmental Protec-

tion Agency and Department of the

Army 1995).

Whatever the reasons, the data on

forested wetlands collected as part of

this study indicate that in South Caro-

lina, forested wetlands are disappearing

at the rate of 5.4 percent per year as

47



these areas are converted to upland

land uses and other types of wetlands.

Logging, forestry practices and forest

management may influence South

Carolina's wetlands into the future.

Urban and Rural Development

Urbanization and rural development

contributed substantially to losses of

wetlands in certain areas of the State

between 1982 and 1989. The demands

for land for building will potentially have

an affect on South Carolina's wetland

resources if this trend continues. Key

areas include the Hilton Head area of

Beaufort County; the Charleston and

North Charleston metropolitan complex;

the Myrtle Beach areas of Horry County

and the high growth communities of the

Rolling" Plain. Figure 27 shows the

Percent increase

in population

1980-1990

[
10I0 19

I I 20 to 29

I
i
30 lo 39

H 40 or greater

counties in South Carolina exhibiting

high population growth through 1990. It

is anticipated that conflicts between land

development interests and wetlands will

persist in these areas. By using this

demographic information in combination

with the results obtained during this

study it is possible to illustrate which

wetlands may be most vulnerable to

development pressure in the future

(Figure 28).

Urban development was the second

leading cause for the loss of forested

wetlands to upland between 1982 and

1989 (24 percent). When urban develop-

ment and rural development are com-

bined they account for 35 percent of

the palustrine forested wetlands lost to

uplands during this study. Activities that

convert wetlands to the upland urban

and upland rural development categories

should be regulated actions and fall

under Federal and/or State jurisdiction.

Figure 27. Population growth in South

< 'arolina counties between 1980 and 1990

(Source: U.S. Bureau ofCensus 1992).

Figure 28. Wetland resource areas ofSouth

Carolina that wag face future threat for

conversion to upland laud uses. These an us

were determined based on the results ofthis

study indicating that wetlands in these

regions are generally in unincorporated

areas, on privately owned lands and subject

to development pressure based on demo-

graphic and resource data.
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Summary
South Carolina had an estimated

4,104,850 acres (1,661,880 ha) of wetlands

in 1989. The average annual net loss of

wetlands was 2,920 acres (1,182 ha) and

total wetland area declined by 0.5

percent from 1982 and 1989.

The rate of wetland loss in South

Carolina declined by 48 percent com-

pared to the previous study period.

This was probably due to a decline in

the number of wetland acres converted

to agriculture following passage of

legislation to discourage wetland conver-

sion in the mid-1980s. Other wetland

conservation measures within the State

undoubtedly contributed to this declining

loss rate.

When all losses and gains of wetlands

were tallied, South Carolina has not

attained no-net-loss of wetland area

within the time frame of this study.

Loss of palustrine forested wetlands

continue to contribute substantially to

the loss of wetland area. To date, im-

proved forest management practices in

combination with farm land abandon-

ment and shifts away from commodity

crops such as cotton and tobacco to

growing trees are helping sustain South

Carolina's forested resources. Future

monitoring will be necessary to deter-

mine the effectiveness of new guidance

for the Best Management Practices of

forested wetlands.

Urban expansion and development in

the rapidly growing areas of the Coastal

Flats and Gulf-Atlantic Rolling Plain may
put pressure on all natural resources in

those parts of the State. In future years

there will be an increasing challenge to

balance population and economic growth

with wetland protection.

Cooper River; South Carolma
M ( aidwell

^
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Appendix A

DEFINITIONS OF HABITAT CATEGORIES USED IN THE SOUTH CAROLINA STATUS AND
TRENDS STUDY

WETLANDS I

:

In general terms, wetlands are lands where saturation with water is the dominate factor deter-

mining the nature of soil development and the types of plant and animal communities living in

the soil and on its surface. The single feature that most wetlands share is soil or substrate that is

at least periodically saturated with or covered by water. The water creates severe physiological

problems for all plants and animals except those that are adapted for life in water or in saturated

soil.

Wetlands are lands transitional between terrestrial and aquatic systems where the water table is

usually at or near the surface or the land is covered by shallow water. For purposes of this classi-

fication wetlands must have one or more of the following three attributes: (1) at least periodi-

cally, the land supports predominantly hydrophytes,- (2) the substrate is predominantly und-

rained hydric soil,3 and (3) the substrate is nonsoil and is saturated with water or covered by

shallow water at some time during the growing season of each year.

The term wetland includes a variety of areas that fall into one of five categories: ( 1 ) areas with

hydrophytes and hydric soils, such as those commonly known as marshes, swamps, and bogs;

(2) areas without hydrophytes but with hydric soils—for example, flats where drastic fluctuation

in water level, wave action, turbidity, or high concentration of salts may prevent the growth of

hydrophytes; (3) areas with hydrophytes but nonhydric soils, such as margins of impoundments

or excavations where hydrophytes have become established but hydric soils have not yet devel-

oped; (4) areas without soils but with hydrophytes such as the seaweed-covered portions of

rocky shores; and (5) wetlands without soil and without hydrophytes, such as gravel beaches or

rocky shores without vegetation.

Marine System The Marine System consists of the open ocean overlying the continental shelf and its asso-

ciated high-energy coastline. Marine habitats are exposed to the waves and currents of the

open ocean and the water regimes are determined primarily by the ebb and flow of ocean-

ic tides. Salinities exceed 30 parts per thousand, with little or no dilution except outside

the mouths of estuaries. Shallow coastal indentations or bays without appreciable freshwa-

ter inflow, and coasts with exposed rocky islands that provide the mainland with little or

no shelter from wind and waxes, are also considered part of the Marine System because

they generally support typical marine biota.

Estuarine System The Estuarine System consists of deepwater tidal habitats and adjacent tidal wetlands that

are usually semi-enclosed by land but have open, partly obstructed, or sporadic access to

the open ocean, and in which ocean water is at least occasionally diluted by freshwater

runoff from the land. The salinity may be periodically increased above that of the open

ocean by evaporation. Along some low-energy coastlines there is appreciable dilution of

sea water. Offshore areas with typical estuarine plants and animals, such as red mangroves

(Rhizophora mangle) and eastern oysters (Crassostrea virginica), are also included in the

Estuarine System.

Adapted from Cowardin et al. 1979.

The U.S. Fish and Wildlife Service has published the list of plant species that occur in wetlands of the

United States (Reed 1988).

U.S. Department of Agriculture has developed the list of hydric soils for the United States

(U.S. Department of Agriculture 1991).
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Marine and Estuarine Subsystems

Subtidal The substrate is continuously submerged by marine or estuarine waters.

Intertidal The substrate is exposed and flooded by tides. Intertidal includes the splash

zone of coastal waters.

Palustrine SystemThe Palustrine System includes all nontidal wetlands dominated by trees, shrubs,

persistent emergents, emergent mosses or lichens, farmed wetlands, and all such wetlands

that occur in tidal areas where salinity due to ocean derived salts is below 0.5 parts per

thousand. It also includes wetlands lacking such vegetation, but with all of the following

four characteristics:

( 1 ) area less than 8 Ha (20 acres); (2) active wave formed or bedrock shoreline features

lacking; (3) water depth in the deepest part of basin less than 2 meters at low water; and

(4) salinity due to ocean derived salts less than 0.5 parts per thousand.

Classes

Unconsolidated

Bottom

Aquatic Bed

Rocky Shore

Unconsolidated

Shore

Emergent

Wetland

Shrub Wetland

Unconsolidated Bottom includes all wetlands with at least 25 percent cover of parti-

cles smaller than stones, and a vegetative cover less than 30 percent. Examples of

unconsolidated substrates are: sand, mud, organic material, cobble-gravel.

Aquatic Beds are dominated by plants that grow principally on or below the surface

of the water for most of the growing season in most years. Examples include: sea-

grass beds-i, pondweeds (Pontamogeton spp.), wild celery (Vallisneria americana),

waterweed (Elodea spp. ), and duckweed ( Lemna spp. i.

Rocky Shore includes wetland environments characterized by bedrock, stones, or

boulders which singly or in combination have an areal cover of 75 percent or more
and an areal vegetative coverage of less than 30 percent.

Unconsolidated Shore includes all wetland habitats having two characteristics: ( 1
)

unconsolidated substrates with less than 75 percent areal cover of stones, boulders

or bedrock and; (2) less than 30 percent areal cover of vegetation other than pio-

neering plants.

Emergent Wetlands are characterized by erect, rooted, herbaceous hydrophytes,

excluding mosses and lichens. This vegetation is present for most of the growing

season in most years. These wetlands are usually dominated by perennial plants.

Shrub Wetlands include areas dominated by woody vegetation less than 6 meters

(20 feet) tall. The species include true shrubs, young trees, and trees or shrubs that

are small or stunted because of environmental conditions.

4 Although some seagrass beds may be evident on aerial photography, water and climatic conditions often

prevent their detection.

54



Forested Wetland Forested Wetlands arc characterized by woody vegetation that is 6 meters tall or

taller.

Farmed Wetland Farmed wetlands are wetlands that meet the Cowardin et al. definition where the

soil surface has been mechanically or physically altered for production of crops, but

hydrophytes will become re established if (arming is discontinued.

DEEPWATER HABITATS:

Wetlands and deepwater habitats are defined separately because the term wetland

has not included deep permanent water bodies. For the purposes of conducting

status and trends studies, Riverine and Lacustrine are considered deepwater habitats.

Elements of Marine or Estuarine systems can be wetland or deepwater. Palustrine

includes only wetland habitats.

Deepwater Habitats are permanently Hooded land lying below the deepwater of

wetlands. Deepwater habitats include environments where surface water is perma-

nent and often deep, so that water, rather than air, is the principal medium within

which the dominant organisms live, whether or not they are attached to the sub

strate. As in wetlands, the dominant plants are hydrophytes; however, the substrates

are considered nonsoil because the water is too deep to support emergent vegeta-

tion (U.S. Department of Agriculture 1975).

Riverine System The Riverine System includes deepwater habitats contained within a channel, with

the exception of habitats with water containing ocean derived salts in excess of 0.5

parts per thousand. A channel is "an open conduit cither naturally or artificially

created which periodically or continuously contains moving water, or which forms a

connecting link between two bodies of standing water" (Langbein and Iseri I960).

Lacustrine System The Lacustrine System includes deepwater habitats with all of the following charac-

teristics: (1 ) situated in a topographic depression or a dammed river channel; (2)

lacking trees, shrubs, persistent emergents, emergent mosses or lichens with greater

than 30 percent coverage; (3) total area exceeds 8 ha (20 acres). Similar wetland and

deepwater habitats totaling less than 8 ha are also included in the Lacustrine System

if an active, wave-formed or bedrock shoreline feature makes up all or parr of the

boundary, or if the water depth in the deepest part of the basin exceeds 2 m (6.6

feet) at low water.

UPLANDS:

Agriculture5 Agricultural land may be defined broadly as land used primarily for production of

food and fiber. Agricultural activity is evidenced by distinctive geometric field and

road patterns on the landscape and the traces produced by livestock or mechanized

equipment. Examples of agricultural land use include: cropland .\nd pasture, or-

chards, groves, vineyards, nurseries, cultivated lands, and ornamental horticultural

areas including sod farms, confined feeding operations, and other agricultural land

including livestock feed lots, farmsteads including houses, support structures (silos)

and adjacent yards, barns, poultry sheds, etc.

Adapted from Anderson et al. 1976.
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Urban Urban land is comprised of areas of intensive use with much of the land covered by

structures (high building density). Urbanized areas are cities and towns that provide

the goocis and services needed to survive by modern day standards through a Cen-

tral Business District. Services such as banking, medical and legal office buildings,

supermarkets and department stores make up the business center of a city. Commer-
cial strip developments along main transportation routes, shopping centers, contigu-

ous dense residential areas, industrial and commercial complexes, transportation,

power and communication facilities, city parks, ball fields and golf courses can also

be included in the urban category.

Forested

Plantation

Rural

Development

Forested plantations include areas of planted and managed forest stands such as

those in the Southeastern United States. Planted pines, Christmas tree farms, clear

cuts and other managed forest stands, such as Hardwood Forestry, will be included

in this category.

Rural developments occur in sparse rural and suburban settings outside distinct

urban cities and towns. These communities depend on urban areas for the goods

and services found in a Central Business District. They are characterized by non-

intensive land use and sparse building density. Typically, a rural development is a

cross-roads community with a corner gas station and convenience store surrounded

by sparse residential housing and agriculture. Scattered suburban communities locat-

ed outside a major urban center can also be included in this category as well as some

industrial and commercial complexes, isolated transportation, power and communi-

cation facilities, strip mines, quarries, and recreational areas such as golf courses, etc.

Major highways through rural development areas are included the rural develop-

ment category.

Other Land Use Other Land Use is composed of uplands not characterized by the previous catego-

ries Typically these lands would include native prairie; unmanaged or non-patterned

upland forests and scrub lands; and barren land. Lands in transition max also fit into

this category.
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