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Forest ecosystems of a Lower Gulf Coastal Plain 
landscape: multifactor classification and analysis1 
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GOEBEL. P. C., B. J. PALIK, L. K. KIRKMAN, M. B. DREW, AND L. WEST (J.W. Jones Ecological Research 
Center. Newton, GA 3 1770). Forest ecosystems of a Lower Gulf Coastal Plain landscape: multifactor classifi- 
cation and analysis. J. Torrey Bot. Soc. 128:47-75. 2001 .-The most common forestland classification techniques 
applied in the southeastern United States are vegetation-based. While not completely ignored, the application of 
multifactor, hierarchical ecosystem classifications are limited despite their widespread use in other regions of the 
eastern United States. We present one of the few truly integrated ecosystem classifications for the southeastern 
Coastal Plain. Our approach is iterative, including reconnaissance, plot sampling, and multivariate analysis. Each 
ecosystem is distinguished by differences in physiographic setting, landform, topographic relief, soils, and veg- 
etation. The ecosystem classification is ground-based, incorporating easily observed and measured factors of 
landform, soil texture, and vegetative cover associated into ecological species groups identified by two-way 
indicator species analysis. Canonical conrespondence analyses (CCA) that measure the degree of distinctness 
among ecosystems using different combinations of physiographic, soil, and vegetation datasets are used to verify 
the classification. The hierarchical ecosystem classification provides a framework for sustainable resource man- 
agement of our study landscape as an alternative to traditional cover-type or vegetation-based classifications in 
the southeastern Coastal Plain. This ecosystem classification provides a structural framework that mimics bio- 
logical organization, by physical drivers, ensuring that information on various ecosystem components are avail- 
able to assist management decisions made at the ecosystem level. 
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There are many different classification sys- 
tems available to resource managers to help un- 
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derstand the complexities of landscapes and map 
them into manageable components. These tools 
must meet two basic requirements to be useful 
for developing sustainable management strate- 
gies (Pregitzer et al. 2001). First, the classifica- 
tion should be structured hierarchically, reflect- 
ing physical drivers of biological systems. Sec- 
ond, the classification system must be dynamic, 
with the ability to seamlessly integrate new in- 
formation, as it becomes available. 

Multifactor ecosystem classification that char- 
acterize inter-relationships among ecosystem 
components, i.e., geomorphology, physiography, 
soil, and vegetation, is an example of one such - 
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ments. Ecosystem classifications provide a 
framework for understanding the range of nat- 
ural variation among landscape ecosystems and 
for delineating their boundaries (Barnes et al. 
1982). Ecosystem factors are arrayed hierarchi- 
cally mimicking biological organization (Rowe 
and Sheard 198 1; Bailey 1996), with the higher 
levels constraining the development of lower 
levels. When coupled with information on cur- 
rent vegetation distribution and composition, the 
hierarchical classification provides an ecological 
platform that can guide management, conserva- 
tion, and restoration initiatives (Palik et al. 
2000). 
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Regional ecosystem (e.g., Keys et al. 1995) 
and vegetation classifications (e.g.. Peet and Al- 
lard 1993; Grossman et al. 1998) are common 
for the Lower Coastal Plain of the southeastern 
United States. However, few integrated ecosys- 
tem classifications are available at the local level 
(e.g., Van Lear and Jones 1987; Carter et al. 
1999). Rather, most land management organi- 
zations in the Southeast rely on local vegetation 
classifications such as cover type maps. One ex- 
planation for the reliance on single-factor clas- 
sifications may be the complex nature of the en- 
vironment, e.g., high species richness, a broad 
array of soil types, and many different distur- 
bance agents. 

In this paper, we present one of the first truly 
integrated, hierarchical ecosystem classifications 
for a local landscape in the southeastern United 
States. Specifically, we 1) develop and confirm 
an iterative, multifactor classification of local 
ecosystems for a Lower Gulf Coastal Plain karst 
landscape of southwestern Georgia; and 2) iden- 
tify and examine the abiotic factors, e.g., phys- 
iography, soils, and disturbances influencing pat- 
terns of vegetation development. 

Study Area. LOCATION AND CLIMATE. We de- 
veloped the ecosystem classification for the Jo- 
seph W. Jones Ecological Research Center at 
Ichauway (3 1°13'N, 84"29'W), located in south- 
western Georgia, U.S.A. (Fig. 1). The 1 l 300 ha 
property is located within The Plains (232Bi) 
and Wiregrass Plains Subsections (232Bp) of the 
Lower Coastal Plains and Flatwoods Section 
(232B; ECOMAP 1993; Keys et al. 1995). The 
climate is characterized by long, hot summers 
and short cool winters (Lynch et al. 1986). Mean 
annual temperature is 20°C; summer daily tem- 
peratures range from 21°C to 34OC7 while winter 
temperatures range from 5°C to 17OC. These 
mild winter temperatures result in a growing 
season of 200 to 280 days per year (Keys et al. 
1995). While variable afternoon thunderstorms 
and tropical depressions influence the weather 
patterns of the study area from mid-summer to 
late fall, precipitation still is evenly distributed 
throughout the year and averages 13 1 cm (Na- 
tional Climate Data Center, Asheville, NC). Av- 
erage relative humidity ranges from 55% during 
the day to over 90% at night (Lynch et al. 1986). 

GEOMORPHOLOGY AND SOILS. The Lower 
Coastal Plain and Flatwoods Section is com- 
posed of flat, weakly dissected alluvial deposits 
formed by deposition of continental sediments 

Fig. 1. Location of the Joseph W. Jones Ecological 
Research Center at Ichauway within The Plains and 
Wiregrass Plains Subsections of the Lower Gulf Coast- 
al Plain. 

onto a submerged, continental shelf during the 
Mesozoic and Cenozoic Eras (McNab and Avers 
1994). These deposits were then exposed with 
sea level subsidence. Most parent materials are 
marine (sands, clays, thin fossiliferous layers of 
sands and clays) and continental (sands and 
clays) deposits formed during the Mesozoic and 
Cenozoic Eras (Keys et al. 1995). Some Qua- 
ternary Period deposits (coarse sands) are com- 
mon locally. Most soils are Paleudults and Ha- 
pludults, with some localized Quartzipsamments 
(Keys et al. 1995). These soils have thermic 
temperature (warm) and udic moisture (humid) 
regimes, and are deep, with fine to moderately 
fine textured loamy or clayey subsoils. Drainage 
classes range from excessively- to poorly- 
drained. 

Irregular karst plains characterize the study 
area with elevations ranging from 30 to 100 m 
above sea level, with local relief ranging from 3 
to 9 m. Two major types of karst topography 
characterize the landscape: 1) doline karst with 
numerous sinkholes, and 2) fluviokarst where 
soluble and less soluble rock is exposed at the 
surface. No major stream systems drain the do- 
line karst materials (Fig.l). Consequently, most 
upland landforms, including ancient terraces, are 
of marine origin. Two major streams dissect the 
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fluviokarst topography including the Flint River. 
a brownwater stream originating in the Piedmont 
of northern Georgia, and lchawaynochaway 
Creek, a blackwater Coastal Plain stream with 
the headwaters originating in a large wetland 
complex. Landforms within the fluviokarst par- 
ent material were formed during the Holocene 

e through downcutting in the two stream valleys. 

VEGETATION. Ichauway contains approxi- 
mately 4000 ha of fire-maintained longleaf pine 
(Pinus palustris Mill.) and wiregrass (Aristida 
stricta Michx. or Aristida beyrichiana Trin. and 
Rupr.) savannas. Historic fire regimes consisted 
of low to mid-intensity growing season (May- 
September) surface fires occurring every 2 to 10 
years, depending on site conditions (Robbins 
and Myers 1992; Ware et al. 1993). Frequent 
surface fires result in floristically diverse savan- 
na-like forests with few hardwoods in the over- 
story (Wahlenberg 1946; Walker and Peet 1983; 
Platt et al. 1988). Peet and Allard (1993) report 
ground-flora richness values for longleaf pine 
ecosystems of over 40 species per m2, exceeding 
all other richness values reported for North 
America. 

However, along many of the riparian corri- 
dors, or where surface fires are naturally exclud- 
ed (e.g., depressions, natural fire breaks), south- 
em mixed hardwood forests locally known as 
hammocks, are the dominant vegetation type 
(Quarterman and Keever 1962; Monk 1968; 
Ware et al. 1993). Unlike the longleaf pine-dom- 
inated ecosystems, these ecosystems have dense 
canopies often exceeding 30 woody species per 
1000 m2 and sparse ground-flora layers (Quart- 
erman and Keever 1962). 

LAND-USE HISTORY. Many native tribes and 
early European settlers frequently burned the 
forests with annual, dormant season surface fires 
to improve livestock forage and turpentine pro- 
duction (Bartram 179 1 ; Wright and Bailey 1982; 
Denevan 1992; Robbins and Meyers, 1992). By 
the early to mid 1800s, large cotton plantations 
and small farms were common in the region 
(Brueckheimer 1979). With the demise of the 
cotton industry after the American Civil War, 
northern speculators purchased most of the large 
cotton plantations. Many of these landowners 
became interested in game bird hunting, primar- 
ily for bobwhite quail (Colinus virginianus). At 
the same time, forested areas were turpentined 
or commercially clearcut. Most of the forestland 
in the region had been cut over by the 1920s, 
and with the development of center-pivot irri- 

gation systems in the 1960s, many of the rela- 
tively infertile lands were converted to agricul- 
tural production (Lynch et al. 1986). As a result, 
the natural fire regimes of most longleaf pine 
and associated ecosystems have been modified 
extensively. 

At Ichauway, the first commercial harvesting 
activities began in the mid- to late 1800s. Fol- 
lowing these harvesting activities, the practice 
of prescribed surface fires during the dormant 
season was continued to prevent hardwood re- 
generation and to promote game bird habitat. 
During this period, the use of plowed fire breaks 
to limit the extent of prescribed surface fires in- 
creased at Ichauway, especially the fluvial ter- 
races in agricultural production and surrounding 
depressional wetlands. The legacy of these ac- 
tivities is a landscape dominated by a matrix of 
naturally regenerated, second-growth longleaf 
pine forests at least 70 to 90 years old. Embed- 
ded within this matrix are relatively undisturbed 
riparian areas and wetlands, commercial pine 
plantations, old abandoned fields, and active ag- 
ricultural fields. 

Our ecosystem classification is based on the 
least disturbed examples of ecosystems managed 
under these historic land-uses. Consequently, the 
vegetation of the ecosystems described here 
does not reflect those of pre-European settle- 
ment. Rather, the vegetative component of each 
ecosystem identified represents the influence of 
long-term and low intensity, dormant season sur- 
face fires, or degrees of fire in the case of hard- 
wood systems. The vegetative composition of 
these ecosystems will likely change with corre- 
sponding changes in fire regimes. 

Methods. SAMPLING DESIGN. The develop- 
ment of an ecosystem classification for Ichau- 
way involved several repetitive, integrated steps 
similar to those described in Barnes et al. 
(1982). First, extensive reconnaissance of the 
study area resulted in a tentative classification 
based on perceived interactions between mois- 
ture availability and fire frequency (Fig. 2). Sec- 
ond, a minimum of three stands or sample areas 
were located randomly and stratified within ten- 
tatively identified ecosystems (wetland ecosys- 
tems are excluded from this work and classified 
using different methodologies; Kirkman et al. 
2000). These samples included only those areas 
that were the least disturbed examples of natu- 
rally regenerated ecosystem types relative to the 
surrounding matrix of forest. 

A total of four hundred plots were established 
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Shrub-Wiregrass 
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Fig. 2. Potential distribution of ecosystems of the Joseph W. Jones Ecological Research Center along fire 
frequency and hydrologic gradients. 

in 104 stands representative of the tentative eco- 
systems. Field reconnaissance and data layers of 
physiographic and vegetation features produced 
by a geographic information system (GIs) were 
used to aid in the selection of potential sampling 
areas within tentative ecosystems. Each stand 
met the following criteria: 1) minimum of 1 ha 
in size; 2) majority of overstory trees (> 10 cm 
dbh) greater than 70 years old; 3) no evidence 
of recent major disturbance (e.g., fire-breaks, 
food plots, roads); 4) located in an area of sim- 
ilar physiography and soils, and 5) no evidence 
of past agriculture, by noting the presence or 
absence of wiregrass in the ground layer because 
it is not found in abandoned fields. Wiregrass is 
believed to be an indicator of undisturbed soil 
conditions in longleaf pine ecosystems of the 
Coastal Plain (Clewell 1985; Lynch et al. 1986; 
Clewell 1989). 

Sample plots consisted of an 800 m2 circular 
plot, a nested 1x15 m subplot running from the 
plot center to the periphery at an azimuth of Oo, 

and two 0.5 m2 quadrats centered at 5 and 10 m 
within the 1x15 m transect. The quadrats were 
moved in 1 m increments if they coincided with 
a tree trunk or other obstruction, e.g., stump, go- 
pher tortoise burrow, or harvester ant mound un- 
til the influence of the disturbance was mini- 
mized. The center of each large 800 m' plot was 
tagged and geo-referenced using a global posi- 
tioning system (GPS). 

FIELD AND LABORATORY PROCEDCRES. Physi- 
ography, soils, and vegetation of each sample 
plot were measured systematically. Physiograph- 
ic measurements included: landforin class, to- 
pographic relief class, and slope percent. Land- 
form classes included: sand ridges, marine and 
alluvial terraces, floodplains, hillslopes, depres- 
sion margins, and shallow, non-wetland depres- 
sions. Topographic relief classes (Soil Survey 
Division Staff 1993) included steeply sloping (> 
8 %), undulating (1-8 %), or nearly level (1-3 
Yo). 
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A bucket auger was used to sample soil char- 
acteristics to a depth of 3.4 m (or to a restrictive 
layer) at the center plot of each sample area. A 
complete soil description was made following 
Soil Conservation Service procedures (Soil Sur- 
vey Division Staff 1993) and bulk soil samples 
were collected from each horizon for the entire 
profile. Sand (particle size > 0.1 mm), silt (par- 
ticle size 0.1-0.001 mm), and clay (particle size 
< 0.001 mm) fractions were determined after air 
drying using the pipette method. 

Vegetation sampling included measurements 
of four different strata, each believed to have 
specific species assemblages useful to stratifying 
longleaf pine ecosystems. The diameter at breast 
height (dbh, 1.4 m) of all living trees 2 2.5 cm 
was recorded by species in 2.5 cm diameter clas- 
ses in each 800 m2 plot. Living trees > 10.0 cm 
dbh were considered overstory, while stems be- 
tween 2.5 cm and 10.0 cm dbh were considered 
midstory. Understory vegetation, woody plants 
< 2.5 cm dbh, but > 30 cm tall, were tallied by 
species within the 1 by 15 m subplot. The 
ground flora (both woody and herbaceous spe- 
cies 5 30 cm tall) coverage was visually esti- 
mated in each of the 0.5 m2 quadrats using the 
following six coverage classes: < 1%; 1-5%; 6- 
15%; 16-30%; 31-60%, and 61-100%. Voucher 
specimens were collected for many species of 
uncertain identity. Nomenclature follows Clew- 
ell (1985), except for the genus Panicum (Le- 
long 1986). 

NUMERICAL ANALYSES. Soil and physiograph- 
ic data were summarized for each plot, including 
the thickness (cm) of a sandy epipedon (sandy 
textures above an argillic horizon). Depth (cm) 
to redoximorphic depletions or mottling with a 
chroma of 2 or less, indicative of reduced or 
anoxic conditions and seasonal zones of satura- 
tion, were also summarized for each plot. Soil 
textures were calculated as weighted averages of 
percent total sand, silt, and clay for the follow- 
ing depth classes: 0-50 em, 51-150 cm, and 
15 1-300 cm. A color development equivalent 
(CDE; Buntley and Westin 1965) that is repre- 
sentative of soil drainage was also calculated for 
each horizon and a weighted average generated 
for each of the three soil depth classes. CDE is 
a measure of the hue-chroma interaction in soil. 
Hues, the dominant spectral color, are given a 
ranking based on tendencies toward yellow or 
red. These rankings are multiplied by the chro- 
ma, a measure of the hue purity or departure 
from neutral gray, to generate the index. Avail- 

able water above a restrictive layer, or to 3.4 m, 
was computed for each horizon of a given sam- 
ple area by assigning a numerically based value 
of soil texture that reflects centimeters of water 
per centimeter of soil multiplied by the depth of 
each horizon. These values were 0.05-cm water/ 
cm soil for sands and sandy loams, 0.20 cm wa- 
ter/cm soil for silt loams and silty clay Ioams, 
and 0.15 cm water/cm soil for all other textures. 
These values of available water for each horizon 
were then converted to a weighted average for 
the complete soil profile. Finally, categorical 
variables, including landform and terrain shape 
were arrayed along a theoretical gradient of soil 
moisture, transforming the variables to a semi- 
continuous variable for use in multivariate sta- 
tistical analyses. Soil textural data were stan- 
dardized using a square root arcsine transfor- 
mation. 

Before analyses, the few plants not identified 
to species were deleted from the dataset. Addi- 
tionally, due to the high species richness and di- 
verse array of lifeforms in longleaf pine ecosys- 
tems, the growth form (species of large stature 
with canopy potential; species of small stature 
and relegated to the subcanopy; shrubs and 
vines) of each species was determined to help 
illustrate the differences among ecosystems. 
Overstory and midstory species importance val- 
ues (IV) of each sample area were calculated by 
averaging the relative dominance (as expressed 
by basal area), relative density, and relative fre- 
quency for each sample area. Relative densities 
were computed for the understory species. Fi- 
nally, an importance percentage (IP) of each 
ground-flora species was calculated for each 
sample area (Host et al. 1993). The IP was gen- 
erated by multiplying the median value of the 
cover class midpoint (0.5, 3.0, 10.5, 22.0, 45.5, 
and 80.5) for each ground-flora species by its 
frequency, i.e., the number of 1 m2 quadrats in 
which the species was present. 

Two Way Indicator Species Analysis (TWIN- 
SPAN), a divisive polythetic classification based 
on repeated division of a reciprocal averaging 
ordination (Hill 1979), was used to explore the 
initial and revised classifications in terms of 
vegetative composition. TWINSPAN was run 
using the default settings and nine pseudospecies 
cut levels for the overstory, midstory, and un- 
derstory datasets. Default settings and six pseu- 
dospecies cut levels corresponding to the mid- 
point values of the percent cover classes were 
used for the ground-flora dataset. These analyses 
produced ordered species-by-sample tables that 
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formed the basis of ecological species groups. 
Ecological species groups for each strata and 
growth form were generated for each ecosystem 
using TWINSPAN and named for the species 
with the greatest ecological amplitude and im- 
portance (setzsz4 Spies and Barnes, 1985). 

We used a variation of canonical correspon- 
dence analysis (CCA; ter Braak 1994) to mea- 
sure the degree of distinctness of each ecosys- 
tem and to confirm various iterations of the 
field-based classification. Four canonical analy- 
ses were conducted using the CCA routine in 
CANOCO (ter Braak 1988). For each, we used 
a subset of the original sample area data: I) 
physiography and soil dataset, 2) overstory and 
midstory species group datasets as determined 
by TWINSPAN, 3) understory and ground-fl ora 
species group datasets as determined by TWIN- 
SPAN, and 4) all ecosystem component datasets. 
Typically, CCA relates a primary matrix of veg- 
etative data to a secondary matrix of environ- 
mental data. It also can be used, as we did here, 
to verify a classification by relating our primary 
environment and vegetation matrices to a clas- 
sification matrix, i.e., matrix of each sample area 
and the ecosystem it represents. Such an analysis 
is an improvement over canonical variates anal- 
ysis (CVA; Williams 1983) because the number 
of sites does not need to greatly outnumber the 
total number of species and classes (Jongman et 
al. 1995). Because small within-group sample 
sizes tend to dominate the CCA, ecosystems 
with less than four sample plots were not in- 
cluded in these confirmation analyses (ecosys- 
tems 4 and 17; see Results). 

Results, MULTIFACTCIR CLASSIFICATION. We 
identified seventeen non-wetland ecosystems in 
the final iteration of the classification. Eight are 
found exclusively within the fluvial valleys of 
Ichawaynochaway Creek and the Flint River, 
while five ecosystems are found only in the karst 
uplands (Table 1). Four ecosystems (sandy de- 
pressions. clayey depressions, depression mar- 
gins, and terrace escarpments) are commonly 
found in both the fluvial and upland physio- 
graphic zones (Table 1). Each ecosystem is 
named for dominant physiography, soil drain- 
age, and soil textures, or characteristic vegeta- 
tion, e.g., FSR == fluvial sand ridge; HAM = 

mesic hardwood hammock; SEUT = somewhat 
excessively drained upland terrace. 

The multifactor classification has a hierarchi- 
cal structure consisting of six levels (Table 1). 
The first level of the classification differentiates 

between fluvial, i.e.. ecosystems located within 
the stream valley of Ichawaynochaway Creek 
and the Flint River, and upland karst physio- 
graphic zones. The second and third levels of 
the classification divides ecosystems based on 
topography, primarily landform and terrain 
shape, respectively. The fourth level distinguish- 
es ecosystems on the basis of soil drainage class, 
while the fifth level is based on differences in 
soil texture. The final level separates ecosystems 
based on vegetation. Because physiography and 
soils are relatively stable compared to vegeta- 
tion, these factors formed the primary basis for 
the higher levels of the classification (Table 1). 

The upland and fluvial ecosystems all have 
repeatable patterns of occurrence. Seven occupy 
unique positions on the landscape, including 
floodplains, sand ridges, terrace escarpments, 
depression margins, and shallow, non-wetland 
depressions. The most extensive upland ecosys- 
tems are the longleaf pine-dominated moderate- 
ly-drained and well-drained upland terraces 
(ecosystems 10 and I I). The well-drained fluvial 
terraces with longleaf pine (ecosystem 4) and 
mesic hardwood hammocks (ecosystem 5) are 
the dominant fluvial ecosystems. Both of these 
ecosystems occur on similar landforms and have 
similar topographic relief. Most slope or terrace 
escarpment (ecosystem 15) ecosystems are 
found within the fluvial physiographic zone, 
while the majority of sandy and clayey shallow 
depressions (ecosystem 16 and 17, respectively), 
as well as the depression margins (ecosystem 
14), are found in the upland physiographic zone. 
For comparative purposes, ecosystem 15 
(SCARP) is grouped with the fluvial ecosystems, 
while the sandy and clayey shallow (non-wet- 
land) depressions (ecosystem 16 and 17, respec- 
tively), as well as the depression margins (eco- 
system 14), are considered with the upland eco- 
systems. We identified two additional fluvial 
ecosystems through mapping for a related pro- 
ject (Palik et al. 2000). However, both are rare 
at Ichauway. These include ecosystem 1, the 
somewhat poorly drained fluvial terraces with 
overstories of longleaf pine, loblolly pine (Pintis 
taeda L.), and water oak (Quercus nigru L.) and 
ecosystem 3, the longleaf pine-dominated, well- 
drained fluvial terraces. For these ecosystems, 
information from field reconnaissance during 
mapping was used to describe the soil and veg- 
etative components. 

FLCVIAL ECOSYSTERI Ah ALYSIS. The canonical 
ordinations of fluvial ecosystems illustrate the 
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Fig. 3. Confirmation canonical correspondence analysis (CCA) relating a) physiography-soils, b) overstory- 
rnidstory composition, c) understory-ground-flora composition, and d) all ecosystem components to a matrix of 
fluvial ecosyFtem membership. See Table 1 for ecosystem acronyms. 

degree of similarity among ecosystems (Fig. 3). 
Based on physiography and soil variables, there 
is considerable overlap in ordination space 
among the ellipses of the floodplain ecosystems 
(FR and FC) and other fluvial ecosystems (Fig. 
3a). However, because the floodplains occupy a 
different landform than the other ecosystems 
they are identified easily in the field (Table 2). 
Two other fluvial ecosystems also occupy spe- 
cific landscape positions: ecosystem 6 (FSR) and 
ecosystem 15 (SCARP). Additionally, there are 
differences in tke soil between the two ecosys- 
tems. The sand ridges have on average (+ 1 SE) 

thick sandy epipedons (263.8 + 27.6 cm) and 
lower subsoil CDE values typical of excessively 
drained soils, while the terrace escarpments have 
thinner sandy epipedons (107.4 + 18.5 cm) and 
higher subsoil CDE values indicative of well 
drained soils (Table 2). Ecosystems 2 (MWFT), 
4 (WFT), and 5 (HAM) all occupy fluvial ter- 
races along Ichawaynochaway Creek and the 
Flint River, however, each can be distinguished 
by sandy epipedon thickness, soil texture, and 
surface CDE values (Table 2). 

When the overstory and midstory datasets are 
used in the analysis, differences among fluvial 
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ecosystems are more pronounced (Fig. 3b). The 
Liquidambar-Quercus, Celtis-Ulmus, and Acer- 
Qzcerctls overstory groups, as well as the Acer- 
Celtis and Ostqa-Carpinus midstory groups 
dominate ecosystems 5 (HAM), 7 (FC) and 8 
(FR). Other overstory and midstory communi- 
ties characterize the remaining fluvial ecosys- 
tems (Table 1). For example, although both eco- 
system 2 (MWFT) and ecosystem 5 (HAM) oc- 
cur on fluvial terraces, the overstory of ecosys- 
tem 2 is dominated by loblolly pine, shortleaf 
pine (P. echinata Mill.), and post oak (Quercus 
stellata Wang.) rather than mixed hardwoods 
(Table 1). Similarly, the composition of the 
midstory separates ecosystem 5 from ecosys- 
tems 7 and 8 (Fig. 3b). 

Similar results are found when understory and 
ground-flora datasets are analyzed (Fig. 3c). 
However, the differences among ecosystems 6 
(FSR) and 15 (SCARP) are more distinct (Fig. 
3c). Although both ecosystems have overstories 
and midstories of longleaf pine and scrub oaks, 
each has different understory and ground-flora 
communities. Similarly, the distinctions between 
the floodplain ecosystems (ecosystems 7 and 8) 
and the mesic hardwood hammock ecosystem 
(ecosystem 5) are more pronounced when the 
understory and ground-flora composition are 
used in the analysis. While distinct groups of 
understory species are found among the three 
ecosystems (Table I), members of the Parthen- 
ocisstts-Bignonia and Mitchella-Euonymus 
ground-flora species groups (Table 1) dominate 
the ground-flora of each ecosystem. 

The similarities in physiography, soils, and 
ground-flora vegetation among fluvial ecosys- 
tems tend to lessen the differences among eco- 
systems as seen when all ecosystem components 
(e.g., physiography, soils, overstory, midstory, 
understory, and ground-flora data) are included 
in the analysis (Fig. 3d). Sample areas tend to 
cluster into distinct groups with similar physi- 
ography, soils, and vegetation. However, distin- 
guishing ecosystems in these groups is possible. 
Although the fluvial ecosystems appear to be 
similar in terms of soils and vegetation, land- 
form differences easily observed in the field pro- 
vide the basis for identifying fluvial ecosystems. 

UPLAND ECOSYSTEM ANALYSIS. The ordina- 
tion of upland ecosystems using the physiogra- 
phy and soils dataset successfully separates six 
of the seven ecosystems that are commonly 
found in the upland physiographic zone (Fig 4a). 
The one ecosystem not separated from the oth- 

ers, ecosystem 14 (MARG), occurs on gentle 
slopes adjacent to both non-wetland (ecosystems 
16 and 17) and wetland (not described here) eco- 
systems. Consequently, distinguishing this eco- 
system from the other upland ecosystems can be 
determined in the field based on landform. Two 
of the remaining six ecosystems (ecosystems 13 
and 16) also occur on unique landforms and 
have edaphic characteristics that are clearly dis- 
tinguishable from the other upland ecosystems 
(Fig 4a; Table 3). The remaining four upland 
ecosystems occur on marine terraces and are 
separated with minimal overlap; each is sepa- 
rated based on their soil properties (Fig 4a). 
Nearly level terrain, shallow depths to redoxi- 
morphic features (46.2 + 4.3 cm), and low CDE 
values reflecting poor drainage (Table 3) char- 
acterize ecosystem 9 (SPUT). Ecosystem 10 
(MWUT) also has nearly level terrain and low 
CDE values, however, the average depth to re- 
doximorphic features is deeper (94.4 + 3.0) cm 
than ecosystem 9 (Table 3). Ecosystems 11 
(WUT) and 12 (SEUT) both have undulating 
terrain and high CDE values, indicative of good 
drainage (Table 3). Nevertheless, other soil char- 
acteristics, primarily sandy epipedon thickness 
and depth to redoximorphic features, separate 
ecosystems 11 and 12 (Table 3). 

The CCA analysis based on overstory and 
midstory IVs results in considerable overlap 
among ecosystems (Fig. 4b). Only ecosystem 16 
(CD) with overstories and midstories of live oak 
(Quercus virginiana Mill.), water oak, and 
swamp laurel oak (Q. latcrifolia L.), and ecosys- 
tem 13 (USR) comprised of longleaf pine and 
turkey oak (Q. laevis Walt.), are separated from 
the other five ecosystems (Table I). Although 
grouped with ecosystems 9 (SPUT), 10 
(MWUT), and 11 (WUT), ecosystem 14 
(MARG) is readily distinguished in the field by 
the presence of slash pine (Pinus elliottii En- 
gelm.) which comprises 30.4% of the overstory 
(Table 1). The overstories of the remaining up- 
land ecosystems are dominated by longleaf pine 
(Table 1). Differences in the subcanopy com- 
position, i.e., importance of members of the sub- 
canopy Quercus group, can be used to help dis- 
tinguish these ecosystems dominated by oversto- 
ries of longleaf pine (ecosystems 9, 11, 12). 

Comparable separation among the upland 
ecosystems is found when the understory and 
ground-flora species groups are analyzed (Fig 
4c). Both ecosystem 13 (USR) and 16 CCD) are 
separated from the other five ecosystems (Fig 
4c.). The upland sand ridges have understories 
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Fig. 4. Confirmation canonical correspondence analysis (CCA) relating a) physiography-soils, b) physiog- 
raphy-soils and ovetstory-midstory composition, c) physiography-soils and understory-ground-flora composition, 
and d) all ecosystem components to a matrix of upland ecosystem membership. See Table 1 for ecosystem 
acronyms. 

of subcanopy scrub oaks such as turkey oak, 
sand post oak (Q. mal-garetta Ashe), and blue- 
jack oak (Q, incana Bartr.), and a ground-flora 
dominated by the Croton-Stylisnza and Aristida- 
Qschoriste groups (Table 1). The clayey de- 
pressions (CD) have relatively sparse understo- 
ries of water oak, persimmon (Diospivros virgi- 
aiana L.). and blueberry (Vaccinium elliottii 
Chapm.), and ground-floras comprised of the 
Quercus-Campsis and Quercus-S~nilax species 
groups (Table 1). Although members of the Aris- 

tida-Dyschoriste ground-flora species group are 
abundant in all longleaf pine-dominated upland 
ecosystems, there are differences in the dorni- 
nance of the other species groups. Ecosystems 9 
(SPUT) and 10 (MWUT) are characterized by 
members of the Scleria-Aster group, while 
members of the Cerztrosenza-Schrankia and Sol- 
idago-Cassia groups are common to ecosystems 
11 (WUT) and 12 (SEUT; Table 1). 

The analysis of all ecosystem components re- 
sults in a similar ordination diagram as the over- 
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story -midstor y and understory -ground flora or- 
dinations (Fig. 4d). Consequently, physiographic 
and soil characteristics form the basis for distin- 
guishing among upland ecosystems. However, 
identification of ecosystem 14 (MARC) that has 
a wide range of soil characteristics, can be easily 
identified in the field because it occurs on a 
unique landform and has an overstory dominat- 
ed by slash pine. 

Discussion and Conclusions. Regional stud- 
ies of the Atlantic and Gulf Coastal Plains sug- 
gest that differences in climate, soil texture, and 
fertility are responsible for the differences in 
composition, structure, and diversity of most 
longleaf pine-dominated ecosystems (Wahlen- 
berg 1946; Peet and Allard 1993). Using an it- 
erative approach based on an understanding of 
the inter-relationships among physiography, 
soils, and vegetation, we successfully produced 
a hierarchical ecosystem classification that seg- 
regates these complex gradients into discrete 
units. Our classification is also ground-based, in- 
corporating easily observed and measured fac- 
tors, including landform, soil texture, and veg- 
etative cover. Because the classification is hier- 
archical, individual ecosystems can be associat- 
ed into ecological units at higher scales, such as 
local physiographic zones or Bailey's (1996) 
EcoRegion classification. Such integrated and 
hierarchical classifications are rare for the south- 
eastern Coastal Plain. 

Ecosystem classifications developed for other 
regions of the United States ie.g., Archambault 
et al. 1990; Hix 1988; Van Kley and Parker 
1993; Zogg and Barnes 1995; Hix and Pearcy 
1997), have seldom been examined for applica- 
bility on the ground. We measured the accuracy 
of our classification by systematically mapping 
individual ecosystems. Using a geographical in- 
formation system (CIS), aerial photos, field soil 
sampling, and vegetative descriptions of each 
ecosystem as defined by the classification, we 
developed a map of local ecosystems at Ichau- 
way (Palik et al. 2000). By classifying and map- 
ping ecosystems simultaneously, we assessed 
how well the classification could be applied in 
this Coastal Plain landscape. Of the more than 
1 1,000 hectares, we identified only two ecosys- 
tems during the mapping phase that were not 
identified by earlier iterations of the classifica- 
tion (ecosystems 1 and 3), each of which com- 
prised less than 5% of the total land area (Palik 
et al. 2000). The results of the mapping phase 
confirm that integrated multifactor ecosystem 

classifications can be applied successfully and 
fully implemented in this complex environment 
of the southeastern United States. 

Although it is difficult to determine exactly 
why hierarchical ecosystem classification has 
largely been ignored in the southeastern United 
States, there are some potential drawbacks from 
implementing such a classification. First, eco- 
system classifications are expensive to develop 
(Pregitzer et al. 2001). Second, most organiza- 
tions, both public and private, have existing veg- 
etation-based classifications on which they base 
most of their day to day management decisions. 
While it would be an expensive proposition for 
many organizations to abandon existing vege- 
tation classifications, there may be instances 
where an ecosystem classification provides a 
more appropriate management framework. 

When we compare our ecosystem classifica- 
tion to a forest cover type map for Ichauway, we 
find that many of the undisturbed longleaf pine 
dominated ecosystems (ecosystems 9, 10, 1 1, 
and 12) are lumped into one or two cover type 
units. At first glance, the CCAs appear to sup- 
port this simple stratification, as there is little 
differentiation among vegetation of the upland 
longleaf pine-dominated ecosystems (ecosys- 
tems 9, 10, 11, and 12). One possible explana- 
tion for these similarities is the dominance of 
wiregrass across the gradient, masking trends in 
abundance in rarer species among the longleaf 
pine dominated ecosystems. Another may be the 
use of long-term dormant season prescribed fires 
to promote game bird habitat. Frequent dormant 
season fires over long periods may act to decou- 
ple the natural vegetation-environment relation- 
ships, resulting in an increase in abundance of 
hardwoods, such as oaks (Jacqrnain et al. 1999). 

Regardless of the vegetation, there are phys- 
iographic and edaphic differences indicative of 
a subtle gradient of moisture availability among 
the pine-dominated ecosystems. Recent work 
also shows that forest productivity is strongly 
related to moisture availability among these up- 
land longleaf pine-dominated ecosystems at 
Ichauway (Mitchell et al. 1999). Specifically, an- 
nual net primary productivity (ANPP) of eco- 
system 9 (SPUT) is nearly twice that of ecosys- 
tem 12 (SEUT). Although longleaf pine and 
wiregrass remain dominant across the gradient 
of upland ecosystems, species richness follows 
a similar pattern to that of productivity (Kirk- 
man, unpublished data). Thus, small differences 
in soil moisture may result in significant pro- 
ductivity increases, providing a functional basis 
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for delineating ecosystems that appear similar in 
terms of vegetation. The use of a single-factor 
classification, such as a cover type map. would 
fail to detect these subtle changes in soil mois- 
ture and its infiuence over productivity. Conse- 
quently, a multifactor classification similar to the 
one presented here may be better suited for sus- 
tainable management initiatives, regardless of 
the region where it is applied. 

Describing the variability in composition, 
structure, and function of the landscape is one 
goal of ecosystem classification. Another goal is 
to provide a framework on which to base man- 
agement decisions. The classification provides a 
structural framework that could facilitate re- 
search and local sustainable management initia- 
tives. For example, understanding the mecha- 
nisms that maintain biodiversity requires de- 
tailed information of the various ecosystem 
components that are responsible for biodiversity. 
Because these components (compositional, 
structural, and functional) are inherent in the 
structure of ecosystem classifications (Pregitzer 
et al. 2001), biodiversity surveys that are framed 
around the ecosystem classification can provide 
insights into the factors that mediate levels of 
biodiversity across the landscape. 

In the future, the multifactor ecosystem clas- 
sification presented here will continue to be re- 
fined by examining more closely the relation- 
ships among physiography, soils, and vegetation 
under a changing fire regime and at smaller spa- 
tial scales. Additionally, functional differences 
among ecosystems, primarily the productivity 
and diversity of the longleaf pine-dominated 
ecosystems, will continue to be a major focus of 
investigation at Ichauway. The results of these 
ecosystem studies, framed around our hierarchi- 
cal classification, will greatly increase our un- 
derstanding of how various ecosystem compo- 
nents interact. Our multifactor classification sys- 
tem, as one of the first such complete efforts in 
the southeastern United States, serves as a mod- 
el for developing similar local ecosystem clas- 
sifications throughout the region. 
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Appendix A - Tables. 

The following tables describe the ecosystem composition (mean + I stand error) of each ecosystem by 
ecological species group (see Appendix B for members) and forest strata. See figure below for an explanation 
of each vegetative stratum. 

Forest 
Strata 

Overstory 
(Upper Stratum) 

stems > 10.0 crn dbh 

* - - - - - - - - - - - - - - - - - - -  

Mid-story 
(Middle Stratum) 

sfems 2.5 to 10.5 crn dbh 
* - - - - - - - - - - - - - - - - - - -  

Understory 
(Lower Stratum) 

sterns < 2.5 crn dbh & > 30 crn fall 
- - - - - - - - - - - - - - - - - - - -  

Ground-Flora 
(Forest Floor Stratum) 

< 

Growth Forms 
Presenta 

Canopy Species 
Subcanopy Species 

Canopy Species 
Subcanopy Species 

Vines 

Canopy Species 
Subcanopy Species 

Vines 
Shrubs - - - - - - - - - - - - - - - - - - - - -  

No distinction made among 
growth forms 

a Growth form determined by stature at maturity 

Overstory importance values (IV) of selected fluvial and upland ecosystems of Ichauway, southwest Georgia 

Fluvial Ecosystem 

Ecological Species 
Group by Lifeform" 

Ecosystem Number 

Canopy Species 

Subcanopy Species 

Fluvial Ecosystem 

MWFT 
(n = 5) 

EFT HAM FSR 
(n = 3) (n = 8) (n = 8) 

SCARP 
(n = 9) 

Upland Ecosystem 

Ecologtcal Specte\ SPUT MWUT WUT SEUT USR MARG CD S D 
Group by Lifeform' (n = 6) (n =5) (n =16) (n -10) (n =6) (n=5) (n = 10) (n =3) 

Ecosystem Number 9 10 11 12 13 14 16 17 

Canopy Species 
Q L ~ ~ ~ z . E ~ . Y - N ~ . Y S C I  - - - - - I .  ( 3  40.2 (5.6) 8.3 (4.7) 
Querc.u.t 3.3 (1.5) 1.5 (1.5) 3.9 (1.8) 1.3 (0.9) 2.3 (2.3) 31.7 (16.4) 56.7 (5.6) 12.4 (1.5) 
Pinus-Q~4erc.u~ 95.6 (2.1) 97.3 ( I  .7) 91.6 (3.4) 95.2 (2.7) 58.4 (7.7) 67.0 (17.6) 1.0 (0.6) 71 .I (6.0) 

Subcanopy Species 
Q~ierc zt 5 1 1 ( 1  t )  1 2  ( 1  2) 4 5  (32)  3 5  (25)  3 9 3  ( 7 6 )  - 0 2 (0 2) 8 2 ( 8  2) 
Ct crtciegif r - - - - - - 1 9 (0 8) - 

See Appendix B for ecological species group members. Ecological species groups derived uslng TWINSPAN. 
Mean (+ 1 standard error). 
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Midstory impot-tance values (IV) of selected fluvial and upland ecosystems of Ichauway, southwest Georgia. 

Fluvial Efosystem 

Ecological Species MWFT EFT HAM FSR FR FC SCARP 
Group by Lifeform*"n = 5 )  jn = 3)  (n  = 8 )  (n = 8) ( n  = 4)  (n=5)  (n  = 9 )  

Ecosystem Number 

Canopy Species 
Pinus 
Acer-Celtis 
Pinus-Quercus 

Subcanopy Species 
Bumelia 
Osmanthus-Pruizus 
Ostrya-Cnrpinus 
Quercu.\ 

Shrub & Vine Species 
Vihurrzum 
Campsis 
Vitis 
Vacci~zi~lrn 

Upland Ecosystem 

Ecological Species SPUT 
Group by Lifeforma (n = 6 )  

Ecosystem Number 9 

MWUT WUT 
( n = 5 )  ( n = 1 6 )  

SEUT USR 
( n = 1 0 )  ( n = 6 )  

MARG 
(n=5) 

Canopy Species 

Subcanopy Species 
Vaccinium - 
Quercus - 

Crataegus - 

Shrub & Vine Species 
Campsis - 

a See Appendix B for ecological species group members. Ecological species groups derived using TWINSPAN 
Mean (+ I standard error). 
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Understory relative densities of selected fluvial and upland ecosystems of Ichauway, southwest Georgia. 

Fluvial Ecosystem 

Ecological Species MWFT EFT HAM FSR FR FC SCARP 
Group by Lifeforma (n = 5) (n = 3) (n = 8) (n = 8) (n = 4) (n = 5) (n = 9) 

Ecosystem Number 

Canopy Species 
Pinus-Quercus 
Diospyros-Liquidambar 
ilcer-Celtis 
Qz4erczls 

Subcanopy Species 
Quercus 
Vaccinium 
Clzionanthus 

Shrub & Vine Species 
Rubus-Rhus 
Vaccinium 
Sebnstianin-Sabal 

Upland Ecosystem 

Ecological Species SPUT MWUT WUT SEUT USR MARG CD SD 
GroupbyLifeformd ( n = 6 )  ( n = 5 )  (n=16) (n=10) ( n = 6 )  (n=5) ( n = 1 0 )  ( n = 3 )  

Ecosystem Number 9 10 11 12 13 14 16 17 

Canopy Species 
Pinus-Quercus 36.3 (14.3) 26.4 (16.7) 11.2 (2.2) 6.0 (2.1) 6.7 (3.3) 14.0 (3.4) 16.8 (5.2) 2.0 (1.2) 
Quercus-N~ssa - - - - - - 12.7 (3.4) - 
Quercus 11.0 (5.0) - 6.5 (2.7) 2.2 (1.4) - 4.0 (4.0) 33.8 (7.1) 51.9 (21.4) 

Subcanopy Species 
Crataegus 4.7 (4.7) 3.6 (2.6) 1.7 (1.0) - - - 1.8 (1.4) - 
Quercus 7.7 (3.2) 14.0 (7.9) 30.2 (8.4) 46.6 (8.5) 84.3 (4.2) 2.4 (1.9) 4.7 (3.4) 12.0 (2.3) 

Shrubs & Vines 
Vaccinium-Serenoa - - - - l.O(l.0) - 22.0 (7.8) 28.7 (22.9) 
Asimina-Rhus 35.3 (9.1) 44.0 (12.1) 36.9 (6.8) 39.2 (8.4) 8.0 (4.6) 54.8 (16.3) 3.6 (2.8) 4.7 (1.8) 
Myrica-Vaccinium 5.0 (4.3) 12.0 (7.6) 13.5 (6.1) 6.0 (4.6) - 24.8 (14.1) 4.6 (4.6) 0.7 (0.7) 

a See Appendix B for ecological species group members. Ecological species groups derived using TWINSPAN. 
b Mean (+ lstandard error). 
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Ground-flora ecological species group importance percentages UP) for selected Auvial and upland ecosystems 
of Ichauway, southwest Georgia. 

Fluvial Ecosystem 

Ground- flora MWFT EFT HAM FSR FR FC SCARP 
Ecological Species Group" (n = 5) (n = 3) (n = 8) (n = 8) n = 4 (n = 5) (n = 91 

Ecosystem Number 
Bulbostylis-Opuntiu 
Aster-Culactia 
Punicum-Eriunrhrrs 
Dpschoriste-Scler-in 
Aristida -Andrc>pogon 
E~lj?af<>rium-Rhynchospo- 
ra 
Rubus-Schizachprium 
Gaplu.ssacia-Crotabt-iu 
Pteridium-Polpgalcr 
Sot-gltasrrum-Rhyncho.sici 
Vaccinium-Ruellia 
Trachelospermum-Lpgo- 
dium 
Dioscorea- Viola 
Parthenocissus-Bignonia 
Mitchella-Euonymzds 
Quercus-Ilex 

Ground-flora 
Upland Ecosystem 

Ecological Species SPUT MWUT WUT SEUT USR MARC CD SD 
Groupa ( n = 6 )  ( n = 5 )  (n-16) (n=10)  ( n = 6 )  (n-5) ( n = 1 0 )  (n -3)  

Ecosystem Number 9 10 1 1  12 13 14 16 17 
Croton-Stylisma 3.8 (1.0) 6.0 (2.2) 6.1 (0.8) 8.3 (1.0) 43.3 (4.7) 1.6 (0.6) 1.4 (1.4) 13.2 (8.8) 
Aristida-Dyschoriste 55.6 (2.5) 47.3 (2.0) 46.9 (1.9) 50.0 (2.2) 48.4 (2.4) 46.5 (6.5) 0.2 (0.2) 41.7 (14.8) 
Hjy~ericum-Solidugo 5.2 (1.6) 1.2 (0.9) 2.9 (1.6) 0.2 (0.2) - 1 1.2 (8.7) - 5.2 (5.2) 
Scleria-Aster 23.2 (2.3) 20.8 (3.4) 12.9 (1.4) 7.8 (1.2) 1.3 (0.9) 21.7 (1.2) - 3.5 (3.5) 
Rhyncosia-Ci-otollur- 
ia 6.6 ( I . )  10.5 (1.4) 10.3 (1.2) 10.5 (1.0) I .  ( 0 )  5.9 (1.6) - I .3 (1.3) 
Centrosemu-Schrun- 
kirr 2.9 ( I . )  4.4 (0.8) 9 ( 3  10.8 (1.7) 2.9 (1.6) 7.2 (1.9) - 2.4 (2.4) 
Solidago-Cassia 1.9 (0.9) 8.2 (2.1) 9.4 (1.3) 10.4 (1.5) I .  ( 1 . 0 )  3.5 (1.9) - - 
Quercus-Canzpsi.~ 0.4 (0.3) 0.5 (0.5) 0.4 (0.2) I. I (0.7) - 0.1 (0.1) 71.3 (8.9) 20.3 (1 8.4) 
Quei+cus-Smi1a.x O.l(O.1) - 0.5 (0.3) 0.5 (0.2) 1.4 (0.5) - 16.2 (8.5) 2.5 (2.5) 
Dio.spyro.s-Smilax 0.3 (0.2) I. I (0.6) I ( I .  I ) 0.4 (0.3) - 2.3 (1.2) 10.9 (3.3) 9.9 (6.5) 

a See Appendix B for ecological species group members. Ecological species groups derived using TWINSPAN. 
b Mean (+ 1 standard error). 
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Appendix B - Ecological Species Groups 

The following lists describe the individual species that comprise each ecological species groups. The ecological 
species groups were derived from TWINSPAN and were generated for each physiographic zone (fluvial eco- 
systems and upland ecosystems), forest strata (overstory. midstory, understory, and ground-flora), and growth 
form (canopy, subcanopy. shrub-vine, and ground-flora). See figure below for an explanation of each vegetative 
stratum and potential growth form. 

(Upper Stratum) Canopy Species 
Subcanopy Species 

stems > 10.0 cm dbh 

- - - - - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . .  

Canopy Species 
(Middle Stratum) 

stems 2.5 fo 10.0 cm dbh 
--..-....-------------- - - - - - - - - - - - - - - - - - - - - -  

Understory Canopy Species 
(Lower Stratum) Subcanopy Species 

stems c 2.5 cm dbh B > 30 cm tail - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - -  

Ground-Flora No distinction made among 
(Forest Floor Stratum) growth forms 

a Growth form determined by stature at maturity 

Fluvial ecosystems 

Fluvial ecosystems 

Overstory species groups-Canopy species 

Pinus 
Ccuya tomentosa (Poir. In Lam.) Nutt. 
Nyssa sylvatica Marsh. 
Pinus echinata Mill. 
Pinus elliottii Engelm. 
Pinus taeda L. 
Quercus albu L. 
Quei-cus phellos L. 
Quercus stellata Wang. 

Liquidarnbar-Quercus 
Fmxinus americana L. 
Liquidambar stryaciflua L. 
Quercus laurifilirz Michx. 
Quercus nigru L. 
U1rnzi.s ulata Michx. 

Celtis-Ulmus 
Acer rubrum L. 
Aesculus pavia L. 
Carya aguatica (Michx. f.) Nutt. 
Carya cord@ormi.s (Wang.) K. Koch 
C a q u  ovata Mill. K. Koch 
Celtis laevigata Willd. 
Diospyros virgirziana L. 
Fagzrs graad$(~lia Ehrh. 
Fi-axinus petzns~lt~anica Marsh. 
Pinus glahra Walt. 
Quercus ljrata Walt. 
Quercus nzicha~lxii Nutt. 
Quercus shunzardii Buckl. 

Quercus velutina Lam. 
Taxodium disticlzuin (L.) L. Rich 
Ulrnus americana L. 

Acer-Quercus 
Acer saccharunz subsp. jloridanur~z Marsh. 
Carya glahm (Mill.) Sweet 
Catalpa bignonioides Walt. 
Juniperus virgirziana L. 
Magnolia grarzdijbra L. 
Morus ruhra L. 
Pruaus sercotina Ehrh. 
Quercus austrina Small 
Quercus hemisphaerica Bartr. 
Quercus virgirziana Mill. 
Su.s.sufra.s alhidum (Nutt.) Nees. 
Taxodium ascendens Brongn. 
TiEiu americana L. 

Pinus-Quercus 
Pinus palustris Mill. 
Quer-cus ,falcata Michx. 
Querc-us gerniizata Small 

Overstory species groups-Subcanopy species 

Quercus 
Cratuegus JIavu Ait. 
Quercus irzcanu Bartr. 
Que~*cus Eaevis Walt. 
Quercus margaretta Ashe 

Ostrya-Carpinus 
Carpinus camliniana Walt. 
Cercis caaadensis L. 
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Chiorzunthus vzrgirzicns L. 
COF-n z4.s $(>riclct L. 
Cmtaegus spp 
Halesla cur-olitzu L. 
Hulesia dipter~z Ellis 
0 ~ t i - y ~  virginiurza (Mill.) K. Koch 

Burnelia-Osmanthus 
Anzelcrnchier urborea (Michx. f.) Fern. 
Bumeliu lun~iginosu (hlichx.) Pers. 
I1e.u anzbigua (Michx.) Torr. 
I1e.x opaca Ait. 
0.smanthu.s umericunus (L.) Benth. & Hook. 
Perseu borbonia (L. ) Spreng. 
Prunus carolinianu (Mill.) Ait. 
Prunus umbellata Ell. 
Vaccinium arboreurn Marsh. 

Midstory species groups-Canopy species 

Pinus 
Carya tomentosa (Poir. In Lam.) Nutt. 
Nyssa sylvutica Marsh. 
Pinus echinata Mill. 
Pinus elliottii Engelm. 
Pinus taeda L. 
Quercus alha L. 
Quercus plze1lo.s L. 
Quercus ste Elutu Wang . 
Acer-Celtis 

Acer rubrum L. 
Acer succharum subsp. floridanurn Marsh. 
Curya aquaticu (Michx. f.) Nutt. 
Carya cordijiormis (Wang.) K. Koch 
Carya glabru (Mill.) Sweet 
Catalpa bignonioides Walt. 
Celtis laevigata Willd. 
Diospyros virginiuiza L. 
Fraxinus americana L. 
Fraxinzls pennsylvanica Marsh. 
Juniperus virginianu L. 
Liquidambar stryacifluu L. 
Magnolia grandiflora L. 
Morzds rubra L. 
Pinus glabm Walt. 
Prunus serotina Ehrh. 
Quercus au.strina Small 
Quercus geminata Small 
Quercus hernisphuerica Bartr. 
Qlcercus laurifiliu Michx. 
Quer-cus Iymza Walt. 
Quercus miclzauxii Nutt. 
Quercus shumurdii Buckl. 
Quercw velutirza Lam. 
Qtiercus virginiuna Mill. 
Ta.rodiurn distichurn (L.) L. Rich. 
Tiliu arnericana L. 
Ulmus ulata Michx. 
Ultnus arnericana L. 

piit us-Quercus 
Pinus pa1u.stri.s Mill. 
Quercus fulcata Michx. 
Quetz-us nigru L. 
Sassufra.~ alhidurn (Nutt.) Nees. 

Midstory species groups-Subcanopy species 

Birmetia 
Bumetiu 1unuginrt.s~ (Michx.) Pers. 
Corrzus ffctrirla L. 
Ha lrsiu c.arc>lii?a L. 
Ilex opuca hit. 
Prurzus un?hellut~t Ell. 

Osmanthus-Prunus 
Anzeluizchier arborea (Michx. f .)  Fern. 
Asiiniiza parijiffora (Michx. j Dunal 

f. ex Gray Hulesia spp. 
Hamurne1i.s virginiuna L. 
Ilex vornitorioz Ait. 
0smuizthu.s arnericunu.s (L.) Benth. & Hook. f. ex Gray 
Persea horbonia (L.) Spreng. 
Pru~7u.s caroliniana (Mill.) Ait. 

Ostrya-Carpinus 
Aesculus paviu L. 
Curpin~ts cumliniana Walt. 
Cercis canadensis L. 
Chic>nanthus virginicus L. 
Cornus a.sper(folia Michx. 
Crutuegus spp 
Cyrillu rucetniflora L. 
Halesia diptera Ellis 
Ilex a~nbigua (Michx.) Torr. 
Linuria canuderzsis (L.) Dumont 
Ostrya virgirziana (Mill.) K. Koch 
Vaccinium arboreurn Marsh. 

Quercus 
Cr-utaegus JZava Ait. 
Prunus angustifolia Marsh. 
Quercus irzcana Bartr. 
Quercus laevis Walt. 
Quercus margaretta Ashe 

Midstory species groups-Shrub & vine species 

Viburnum 
Parthetzoci.ssu.s quinquyfolia (L.) Planch. 
Viburnum rufidulurn Raf. 

Campsis 
Berehernia scanderzs (Hill) K.  Koch 
Canzp,ris radicans (L.) Seem. ex Bureau 
Vaccinium elliottii Chapm. 
Vitis aestivalis Michx. 

Vitis 
R>,uicocrtendrt>n rudicans (L. )  Kuntze 
Vitis rotundifi)lici Michx. 

Vaccinium 
Castaneu pumila (L.) Mill. 
Vucciniunz starnineurn L. 

Understory species groups-Canopy species 

Pinus-Quercus 
Cups cord$ormi.s (Wang.) K. Koch 
Pinus palustris Mill. 
Prunus serotina Ehrh. 
Quercus albu L. 
Quercus ~fatcatcz Michx. 
Quercus nigr-a L. 



2001 1 GOEBEL ET AL.: COASTAL PLAIN FOREST ECOSYSTEMS 

Appendix B. Continued. 

Cans tairzentosa (Poir. In Lam.) Nutt. 
Diosp.?jro.s virginiunu L. 
Liyuicl~zmhar st~ucijlzflua L. 
Sa.s.sc~fra.s alhidum (Nutt.) Nees. 

Acer-Celtis 
Acer suecharurn subsp. floridanurn Marsh. 
Acer rubrum L. 
Celtis luevigcctcc Willd. 
Moru.~ rcibr~l L. 

Quercus laurifolia Michx. 

U1mu.s alutu Michx. 

Quercus 
Ccrrya glubra (Mill.) Sweet 
Fru xinus penn.sylvnnicu Marsh. 
Mcignolia gmnd!'ftom L. 
Querc*u.s geminatci Small 
Quercu.~ hemisphaerica B artr. 
Quercus lyrafu Walt. 
Quercus virgininnu Mill. 
Tilin umericana L. 

Understory species groups-Subcanopy species 

Quercus 
Ae.scu1u.s pavia L. 
Crc1taegu.s jluvu Ait. 
Prunus arzgu.stifilia Marsh. 
Quercus incnnu Bartr. 
Querc~4,s luevis Walt. 
Quercus mnrgaretta Ashe 

Vaccinium 
Asinzinu parvlflora (Michx.) Dunal 
Bumelicr lanuginosa (Michx.) Pers. 
Ccirpinus caroliniana Walt. 
Cerc3i.s canadensis L. 
Chiotzanthus virginicu.5 L. 
Cornus asperifolia Michx. 
Cornus fforida L. 
Crutaegus spp. 
Crataegus viridis L. 
Halesia dipteru Ellis 
Havnamelis virgirzianu L. 
Ilex opuca Ait. 
I l e ~  vxomitoria Ait. 
0~munthu.s arnericanus (L.) Benth. & Hook. f. ex Gray 
Ostiycr \>it-girzinnu (Mill.) K. Koch 
Persea hot-bonia (L.) Spreng. 
Prz,tn~l.s curoliniunu (Mill.) Ait. 
Pr~4nu.r utnhellatu Ell. 
Synzplocns trnctorla (L.) EHer. 
Vcicciniunr arhoreunz Marsh. 

Understory species groups-Shrub & vine species 

Rubus-Rhus 
Amorl~ha ft-uticosa L. 
Asinzina loizg ifoliu Kral 
Bctptisict cilba (L.) R. Br. 

Gaylu.r.saciu clumosa (Andrz.) T. & G. 
Ztzdigofer-a cczroliniuaa Mill. 
Rhw copallina L. 
Rubus cutze$oliu.s Pursh 
Vacciniurn rlurr-ou+i Camp 
V~zcc.inium myplsinite.~ Lam. 
Yucca juccida Ham. 

Vaccinium 
Ez4onyrtzu.s anzericarzus L. 
Ruhus jlagelluri~ Willd. 
Serenoa repens (Bartr.) Small 
Vuccinium coryrnho.sutn L. 
Vczccinium .starnitzeunz L. 

Sebastiania-Sabal 
Anzel(znc1zier arhorea (Michx. f.) Fern. 
Arundinuria giga~ztea (Walt.) Muhl. 
Callicarpa arnericanu L. 
Culycocarlxturt Iyonii (Pursh) Gray 
Catnpsi.r radicuns (L.) Seem. ex Bureau 
Crataeg~ls un~florci Muenchh. 
Forestiem ligz~strina (Michx.) Poir. 
Nanclina domestics Thunb. 
Ptelea trifbliuta L. 
Rhus glahm L. 
Rubus cuneifolius Pursh. 
Sahal minor (Jacq.) Pers. 
Sehastiania fruticosa (Bartr.) Fern. 
Vaccinium elliottii Chapm. 
Viburnum dentatum L. 
Vib~lrnum ohovaturn Walt. 

Ground-flora species groups 

Bulbostylis-Opuntia 
Agalinis obtusifolia Raf. 
Amsonia ciliafa Walt. 
Anthaenantia villosa (Michx.) Beauv. 
Asclepias h~lrnistrata Walt. 
Aureolaria pedicularia (L.) Raf. 
Bulbostylis ciliatifolia (Ell.) Fern. 
Chanzaesyce cordifoliu (Ell.) Small 
Cizloris floriduna (Chapm. ) Wood 
Commelinu erectu L. 
Erigeron strigosus Muhl. ex Willd. 
Firnbri.\@lis autumnalis (L.) R. & S. 
Galiurn hispidulutn Michx. 
Helianthevnunz coryvnbosum Michx. 
Helianthemuvn m.smurinifoliutn Pursh 
Indigofem caroliniana Mill. 
Lespedezn irzterinediu (S. Watts.) Britt. 
Leersin virgiizica Willd. 
Licarziu michuuxli Prance 
Liutris tenuifiolia Nutt. 
Op~4tztia fzurnifusc~ (Raf.) Raf. 
Pat-o-olzychin rugelit Shuttlew ex Chapm. 
Polygonella grucilis (Nutt.) Meisn. 
Quercus luevis Walt. 
Rurne.~ hustc~tulus Baldw. ex. Ell. 
Seymeria pectinatu Pursh 
Stylodon carneus (Medic.) Moldenke 
Stipulicida setacea Michx. 
Stylisrna humistrata (Walt.) Chapm. 
Tripleisis americnnu Beauv. 
Trade.scuntia nhiens1.s Raf. 
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Aster-Gatactia 
Aster tortifoliris Michx. 
Asclepias ~~erticillata L. 
Dicldia teres Wlt .  
Gaillardia aestivalis (Walt.) Rock 
Galuctia micrc>phytla (Chapm.) Hall & Ward 
Liatris graminifolia (Walt.) Willd. 
Pu.rf2alum setaceutn Michx. 
Petalostetnorz pintzatum (Walt. ex. Gmel.) Blake 
Zorniu bmcteata (Walt.) Gmel. 

Panicurn-Erianthus 
Aristida palustris (Chapm.) Vasey 
Aster sagittijb1iu.s Wedem. ex Willd. 
Carya tomentosa (Poir. in Lam.) Nutt. 
Cearzotlzus americun~ls L. 
Crataegus spathuluta Michx. 
Desnzodium glabellum Michx.) DC. 
Dioclea multiflora (T. & G.) Mohr 
Elephantc>pus elatus Bertol. 
Eriantlzus alopecuroides (L.) Ell. 
Euthamia nzinor (Michx.) Greene 
Gnaphaliunz obtusifoliurn L. 
Gymnopogon ambiguus (Michx.) BSP 
Hypericum crux-andreae (L.) Crantz 
Oxalis corniculata L. 
Oxypolis jil$orrnis Walt.) Britt. 
Panicum aciculare Desv. ex Poir 
Penstemon laevigatus Solander 
Pinus taeda L. 
Vaccinium stamineum L. 

Dyschoriste-Scleria 
Aristidu purpurascens Poir. 
Aster dumosus L. 
Cassia .fasciculata Michx. 
Cassia nictitarzs L. 
Desmodium lineaturn DC. 
Desmodium rnarilandicum (L.) DC. 
Dyschoriste oblongijolia (Michx.) Kuntze 
Galium pilosunz Ait. 
Lespedeza angustifolia (Pursh) Ell. 
Lespedeza repens (L.) Bart. 
Patzicum acutninaturn Sw. 
Panicum angustifolium Ell. 
Panicu~n virgatum L. 
Rhynchospora harveyi Boott 
Scleria ciliata Michx. 
Scutellaria integrifoliu L. 
Schrankia microplzylla (Dry.) MacBride 
Solidago leavenworthii T. & G. 
Sty1o.santhe.s hiflora (L.) BSP 
Tephrosia Jtorida (Dietr.) Wood 
Tephrosia spicuta (Walt.) T & G 
Vernorzia angustifolia Michx. 

Aristida-A ndropogon 
Acalypha gracilenf Gray 
Andropogotz virgirzicus L. 
Aristida stricta Michx. 
Aster corzcolot- L. 
Cerztt-osetna virginianum (L.) Benth. 
Clitoria rnuriatza L. 

Cypet-us Jilicu lrnis Vahl 
De,~mocliutn cilictre (Muhl. ex Willd.) DC. 
E~~phorbicc p~rhenti.s.sima Michx. 
Guum j2ipe.s Spach. 
Hed?.otis procumhens (Walt. ex Gmel.) Fosb. 
Ipornoea puncluruta (L.) G. E W. Meyer 
Lechecr minor L. 
Lechea .se.s.siliftoru Raf. 
Punicrtnz ovule Ell. 
Panicurn tenue Muhl. 
Penstemon austra1i.s Small 
Physalis ctngulutu L. 
Piriqueta cawliniana (Walt.) Urban 
Pityopsis gr-anzinifi)lin (Michx.) Nutt. 
Pinus pu1ustri.s Mill. 
Quercus margaretta Ashe 
Rlzus copallina L. 
Sporobolus c1andestinu.s (Biehler) Hitchc. 
Sporoho1~r.s junceus (Michx.) Kunth 
Stylisnza hutnistrutu (Walt.) Chapm. 
Toxicodendroiz toxicat-ium (Salisb.) Gillis 
Tragia urens L. 

Eupatoriurn-Rhynchosia 
Cyperus globulo.su,s Aubl. 
Eupatoriunz cuneifolium Willd. 
Eupatorium mohrii Green 
Helianthemum carolinianum (Walt.) Michx. 
Ffedyotis corymbosu (L.) Lam. 
Hypericum gentianoides (L.) BSP 
Rhynchospora grayi Kunth 
Rudbeckia hirta L. 
Tragia urticifi~lia Michx. 

Rubus-Schizachyriurn 
Ambrosia artemisizfolin L. 
Erianthus strictus Baldw. 
Heliant1zu.s radula (Pursh) T. & G. 
Rubus cuneifilius Pursh 
Schizachyriurn tenerum Nees 
Vacciniurn m.yrsinites Lam. 
Gaylu.ssacia- Crota luria 
Agerutinn arc)matica (L.) Spach 
Anagallis anlensis L. 
Asinzina longijolia Kral 
Crotalaria purshii DC. 
Crotalaria rotundijblia Walt. ex Gmel. 
Cyperus plukenetii Fern 
Desrnodium lineutum DC. 
Desnzodium ohtu.suvn (Muhl ex Willd.) DC. 
Eriogonum tomentosunz Michx. 
Gaylussacia durnosu (Andrz.) T. & G. 
Galactia volzihilis (L.) Britt. 
Hypericum pseudoi~zaculatum Bush 
Lespedezz procumhens Michx. 
Liatri.5 elegans (Walt.) Michx. 
Liatris gruciiis Pursh 
Psoralea cunescens Michx. 
Quercus falcata Michx. 
Scutelluria itztegrifoliu L. 
Sisyrinchium nushii Bickn 
Verbesinu aristatu (Ell.) Heller 
Viola villo.sa Walt. 

Cnidoscolus stirnulosus (Michx.) Engelm. & Gray Pteridium-P~@gaza 
Crotort argymnthemus Michx. Chrysopsis mcrriana (L.) Ell. 
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Errputorium h~,rscjpiJi,liuin L. 
Poljgctlcr gr-undi$om ait. 
Pteridilrrn uquilinurn (L.) Kuhn 
Qrre~-czk.r incanu Bartr. 
Silphitlnz .siurz~~sorzii Greene 
Stillingia sylvcrticcr Garden ex L. 
Tqhrosiu virgir?iarza (L.) Pers. 

Sorglzastrum-Rhynchosia 
Amliu spirzosu L. 
Aster udizatus Nutt. 
Aster linuri!'foliu.s L. 
Chry.sopsis go.s.s?.piaa (Michx.) Ell. 
Chloris petruea (Sw.) Desv. 
De.smoclium strictunz (Pursh) DC. 
Galactia er-ectu (Walt.) Vail 
Galactia mollis Michx. 
Gnaphalium pen.silvurzicum Willd. 
Heliunt1zzl.s angustifolius L. 
He.xastylis arifolia (Michx.) Small 
Hieruciurn gronovii L. 
Hypericum Itypericoides (L.) Crantz 
Hypericun~ .suflr~4tico.sum Adams & Robson 
Lclctucn gramin$olia Michx. 
Le.sperle:a capitutez Michx. 
Lygodesnzia uphvllu (Nutt.) DC. 
Muhlenbergia cupi1luri.s (Lam.) Trin. 
Onosmodiunz virginiunum (L.) A. DC. 
Panicurn .strigosum Muhl. 
Petalostemon albidum (T.& G.)Small 
Physulis pubescens L. 
Polygorzurn hydropipet-0ide.s Michx. 
Prunus serotina Ehrh. 
Psoralea lupinellus Michx. 
Rhynchospora nzicrocarpu Baldw. ex Gray 
Rhyrzchosia renqornzis (Pursh) DC. 
Sidu elliottii T. & G. 
Sorghcz.strum elliottii (Mohr) Nash 
Sorglzastrunz nutuns (L.) Nash 
Sorghastr-unz secundunz (Ell.) Nash 
Solidago odora Alt. 
Tephrosia rnohrii (Rydb.) Godfrey 
Tmgia snzallii Shinners 
Viola septernloba LeConte 

Vaccinium-Ruellia 
Ari.stolochiu serpentaria L. 
Chasrnanthiunz .sessiliflorz~nz (Poir.) Yates 
Er-iunthus hrevihurbis Michx. 
Liquidambur stryaciflua L. 
Panicurn commutaturn Schutt. 
Rubus urgutus Link 
Ruhu.7 trrvialis Michx. 
R~cellicz curoliaierzsis (Walt. ex Gmel.) Steud 
Sczssufrus alhid~tnz (Nutt.) Nees 
Sereaocc repeas (Bartr.) Small 
Smilccx- hona-rzox L. 
Sntilux glauca Walt. 
Vaccirzium arhoreum Marsh 
Viola sorcoriu Willd. 

Trachelospermum-Lygodizdm 
Agrimoaitr microcarpa Wallr. 
Eupatorium sernisermt~rm DC. 
Lygodium ,jczporzicunz (Thunb.) Sw. 

Paspa lum Joridutzui?~ Michx. 
Quer-cus phellos L. 
Trctcl~elo~spermunz dzflorme (Walt.) Gray 

Dioscorea- Viola 
Acer rubrurn L. 
Amorpha fi-uticosu L. 
Arutzdinur-iu gigantea (Walt.) Muhl. 
Aristolochia tomelztosa Sims 
Ccrlycanthus $oridus L. 
Carex ubscorzdita Mackenz. 
Curpirzus caroliniunu Walt. 
C a n a  ccordzformis (Wang.) K. Koch 
Carex digitalis Willd. 
Curex florillana Schw. 
Cha.smatzthi~irn latijolium (Michx.) Yates 
Dioscorea quaternata (Walt.) Gmel. 
Diospyms virginiana L. 
Elephantopus carolinianus Raeusch. 
Fagus gmndijolia Ehrh. 
Hymenocallis occidentalis (J. LeConte) Kunth 
Ileex opaca Ait. 
Justicia ovuta (Walt.) Lindau 
Lorticera sempervirens L. 
Mateleu $al>idl~l~z (Chapm.) Woodson 
Polygala nutza (Michx.) DC. 
Quercus nigra L. 
Sambucu.~ canadensis L. 
Scutellaria incana Biehler 
Smilux auriculatu Walt. 
Snzilax ecirrhata (Engelrn. ex Kunth) Wats. 
Solidago arguta Alt. 
Spigelia marilandica L. 
Thelypteris quadrangularis var. versicolor (St. 
John) AR Smith 
Uvtrlaria jloridana Chapm. 
Vernonia gigantea subsp. ovalifolia (T&G) Ur- 
batsch 
Viola ajftnis LeConte 
Viola wulteri House 

Parthenocissus-Bignonia 
Arisaema dracontium (L.) Schott 
Bignoniu capreolata L. 
Carnpsis radicans (L.) Seem. ex Bureae 
Cornus asperifolia Michx. 
Parthenocissus quinquefolia (L.) Planch. 
Smilax smallii Morong 
Smilax tamnoides L. 
To.xicodendron radicans (L.) Kuntze 
Trichostema dichotomum L. 
Vitis rotutzdifolia Michx. 

Acer saccharum subsp. Joridanurn Marsh. 
Carya glabru (Mill.) Sweet 
Celtis laevigata Willd. 
Conyza canadensis (L.) Cronq. 
Euonymus atnericanus L. 
Mitchella repens L. 
Ostna virginiana (Mill.) K. Koch 
Sebastiania fruticosa (Bartr. ) Fern. 

Arnelanchier arborea (Michx. f.) Fern. 
Asimina parvzfloru (Michx.) Dunal 
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Berehernia scandens (Hill) K.  Koch 
Bumelia lanuginosa (Michx.) Pers. 
Calamintha georgiana (Harper) Shinners 
Cardanzine pensylvanica Muhl. ex Willd. 

Crataegu.~ spp 
Ilex opaca Ait. 

Midstory species groups-Canopy species 

Cercis canadensis L. Quercus-Nyssa 
Chionanthus virginicus L. Acer rubrum L. 
C1emati.s gtaucophylla Small Diospyros virginiana L. 
Conclpholis americana (L.) Wallr. Liquidambar stryaciflua L. 
Coccutus carolinus (L.) DC. Nyssa biflora Walt. 
Comnzelina virginica L. Nyssa sylvatica Marsh. 
Diodiu virginiana L. Pinus elliottii Engelm. 
Forestiera ligustrina (Michx.) Poir. Pinus glabra Walt. 
Galium unifloruvn Michx. Pinus taeda L. 
Getsemiurn sempervirens (L.) A1t.f. Prurzus serotina Ehrh. 
Hulesia diptera Ellis Quercus laurifolia Michx. 
Hamamelis virginiana L. Quercus phellos L. 
Ilex vomitoria Ait. Taxodium ascendens Brongn. 
Juniperus virginiana L. 
Lonicera japonica Thunb. Quercus 
Morus ruhra L. Quercus hemisphaerica Bartr. 
N ~ S S U  sylvatica Marshall Quercus nigra L. 
Osmanthus americanus (L.) Benth. & Hook. f. ex Gray Quercus virginiana Mill. 
PassiJEora lutea L. 
Persea borbonia (L.) Spreng. 
Prunus caroliniana (Mill.) Alt. 
Q~rercus geminata Small 
Quercus hemisphaerica Bartr. 
Quercus laurifolia Michx. 
Quercus virginiana Mill. 
Smilax pumila Walt. 
Tillarzdsia usneoides (L.) L. 
Ulmus alata Michx. 
Viburnum obovatutn Walt. 

Upland ecosystems 

Overstory species groups-Canopy species 

Quercus-Nyssa 
Acer rubrum L. 
Diospyros virginiana L. 
Liquidambar stryaciflua L. 
Nyssa biflora Walt. 
Nyssa sylvatica Marsh 
Pinus taedn L. 
Prurzus serotina Ehrh. 
Quercus hemisphaerica Bartr. 
Quercus laurgolia Michx. 

Quercus 
Pin~4.s echinata Mill. 
Pinus elliottii Engelm. 
Quercus nigra L. 
Quercus virginiana Mill. 

Pinus-Quercus 
Pinus palustris Mill. 
Quercus falcata Michx. 
Quercus genzinata Small 

Overstory species groups-Subcanopy species 

Quercus 
Quercus incarza Bartr. 
Quercus laevis Walt. 
Quercus nzargaretta Ashe 
Crataegus aestivalis (Walt.) T. & G. 

Pinus-Quercus 
Pinus palustris Mill. 
Quercus falcata Michx. 
Quercus genzinata Small 
Sas.safras alhidum (Nutt.) Nees. 

Midstory species groups-Subcanopy species 

Vaccinium 
Chionanthus virginicus L. 
Cornus Jyorida L. 
Crataegus aestivalis (Walt.) T. & G. 
Crataegus flava Ait. 
Crataegus spp. 
Ilex opaca Ait. 
Prunus umbellata Ell. 
Vaccinium arboreum Marsh. 

Midstory species groups-Shrubs & vine species 

Campsis 
Campsis radicans (L.) Seem. ex Bureau 
Cephalanthus occidentalis L. 
Myrica cerifera L. 
Toxicodendron radicans (L.) Kuntze 
Vaccinium elliottii Chapm. 
Vaccinium stamineum L. 
Vitis rotundifilia Michx. 

Understory species groups-Canopy species 

Pinus-Quercus 
Diospyros virginiana L. 
Pinus palustris Mill. 
Prunus serotina Ehrh. 
Quercus falcata Michx. 
Quercus stellata Wang. 
Quercus virginiana Mill. 
Sassafras albidunz (Nutt.) Nees. 

Quercus-Nyssa 
Nyssa hiJfora Walt. 
Nyssa sj~fvatica Marsh. 
Pinus taeda L. 
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Quercus laurifolia Michx. 
Quercus plzellos L. 

Quercus 
Liquidambar strq.acifiua L. 
Quercus geminuta Small 
Quercus Izemisphaerica Bartr. 
Quercus nigra L. 

Understory species groups-Subcanopy species 

Crataegus 
Crataegus aestivalis (Walt.) T & G. 
Crataegus Jtava Ait. 
Crataegus spp. 
Cyrilla racemiJl'ora L. 
Leucothoe racemosa (L.) Gray 
Osmanthus americanus (L.) Benth. & Hook. f. ex Gray 
Prunus caroliniana (Mill.) Ait. 
Prunus umbellata Ell. 
Quercus incana Bartr. 
Quercus laevis Walt. 
Quercus margaretta Ashe 
Vaccinium arboreum Marsh. 

Understory species groups-Shrubs & vine species 

Vaccinium-Serenoa 
Campsis radicans (L.) Seem. ex Bureau 
Serenoa repens (Bartr.) Small 
Vaccinium elliottii Chapm. 

Asimina-Rhus 
Asimina longifolia Kral 
Crataegus uniJtora Meunchh. 
Licania michauxii Prance 
Rlzus copallina L. 
Rubus cuneifolius Pursh 
Stylisma sylvatica Garden ex L. 
Vaccinium myrsinites Lam. 

Myrica-Vaccinium 
Gaylussacia dumosa (Andrz.) T. & G. 
Myrica cerifera L. 
Rubus argutus Link. 
Rubus Jl'agellaris Willd. 
Vaccinium darrowii Camp 
Vaccinium staminium L. 

Ground-flora species groups 

Croton-Stylisma 
Ambrosia artemisiifolia L. 
Andropogon ternarius Michx. 
Aristolochia tonzentosa Sims 
Bulbostylis barbata (Rottb.) Clarke 
Bulbo.stylis ciliatifolia (Ell.) Fern. 
Chrysopsis gossypina (Michx.) Ell. 
Cnidoscolus stimu1osu.s (Michx.) Engelm. & Gray 
Conzmelina erecta L. 
Croton argyranthemus Michx. 
Cyperus Jiliculmis Vahl 
Desmodium ciliare (Muhl. ex Willd.) DC. 
Eriogonum tomentosum Michx. 
Eupatorium cornpo.sitifoli~4in Walt. 
Eupatoriut?~ cunegolium Willd. 
Eupatorium molzrii Greene 
Galactia microphylla (Chapm.) Hall & Ward 

Galactia ~lolubilis (L.) Britt. 
Hedyotis coqtnbosu (L.) Lam. 
Hieraciunz gronovii L. 
Hypericunz hypericoides (L.) Crantz 
Lechea mucronata Raf. 
Leclzea .sessilifk~ra Raf. 
Liatris gracilis Pursh 
Liatris teizuifolia Nutt. 
Licania nzichauxii Prance 
Opuntia humifusa (Raf.) Raf. 
Patzicum aciculare Desv. ex Poir. 
Paronychia rugelii Shuttlew. ex Chapm. 
Pa.spalum setaceum Michx. 
Penstemon australis Small 
Petalostemon pinnatum (Walt. ex. Gmel.) Blake 
Physalis heterophylla Nees 
Polygala grandiJtora Walt. 
Polygonella gracilis (Nutt.) Meisn. 
Psoralea lupinellus Michx. 
Quercus laevis Walt. 
Quercus margaretta Ashe 
Rhynchospora grayi Kunth 
Serenoa repens (Bartr.) Small 
Sorghastrunz secundum (Ell.) Nash 
Sporobolus junceus (Michx.) Kunth 
Stipulicidu setacea Michx. 
Strophostyles umbellata (Muhl. ex Willd.) Britt. 
Stylisma hu~nistrata (Walt.) Chapm. 
Tephrosia Jtorida (Dietr.) Wood 
Triplasis americana Beauv. 
Vaccinium arboreum Marsh. 
Zornia bracteata (Walt.) Gmel. 

Aristida-Dyschoriste 
Andropogon virginicus L. 
Anthaenantia villosa (Michx.) Beauv. 
Aristida stricta Michx. 
Cassia nictitans L. 
Chrysopsis mariana (L.) Ell. 
Dyschoriste oblongifolia (Michx.) Kuntze 
Euphorbia pubentissima Michx. 
Gaylus.sacia dumosa (Andrz.) 7: & G. 
Lechea minor L. 
Lespedeza repeizs (L.) Bart. 
Panicum acuminatum Sw. 
Panicum virgatum L. 
Pityopsis graminifolia (Michx.) Nutt. 
Rhynchospora haweyi Boott 
Rubus cuneifolius Pursh 
Schizachyrium tenerum Nees 
Sorghastrurn nutans (L.) Nash 
Stylosanthes bifEora (L.) BSP 

Hypericum-Solidago 
Aletris aurea Walt. 
Andropogon gerardii Vitman 
Aronia arbutifolia (L.) Ell. 
Aster lateriftorus (L.) Britt. 
Carphephorus odoratissimus (Gmel.) Herb. 
Ceanothta.~ micmphyllus Michx. 
Chaptalia tornentosa Vent. 
Conyza canadensi.~ var. pusilla (Nutt.) Cronq. 
Crotonopsis linearis Michx. 
Cteizium aromaticunz (Walt.) Wood 
Di-osera brevifolia Pursh 
Erianthus a1opecuroide.s (L.) Ell. 
Eupatorium capillifolium (Lam.) Small 
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Eupatorium rotuizdifolium L. 
Gaj>lu.ssacia frondosa (L.) T. & G. 
Gnaphulium spicaturn Lam. 
Gratiola pilosa Michx. 
fibenaria g~dinqueseta (Michx.) A. Eaton 
Heliunthus angustifolius L. 
Hibiscus aculeatus Walt. 
Hypericum crux-uizdreue (L.) Crantz 
Hypericum gentianoides (L.) BSP 
Hypericum suflruticosum Adams & Robson 
Ilex glubru (L.) Gray 
Justicia ovata (Walt.) Lindau 
Lespedeza procumbetzs Michx. 
Lespedeza virginica (L.) Britt. 
Ludwigia alterrzfolia L. 
Ludwigia virgata Michx. 
Mitreola ses.silijblia (Walt.) G. Don 
Panicum verrucosum Muhl. 
Paspalum laeve Michx. 
Pa.spalum notatuin Fluegge 
Polygala incarnuta L. 
Polygala lutea L. 
Polygala nana (Michx.) DC. 
Prztn~ls umbellata Ell. 
Pterocaulon pycnostachyum (Michx.) Ell. 
Quercus jalcata Michx. 
Rhexia alifanus Walt. 
Rhexia mariana L. 
Rhynchospora plurnosa Ell. 
Sambucus canadeizsi.~ L. 
Scleria reticuluris Michx. 
Solidago jistulo.sa Mill. 
Solidago stricta Ait. 
Trichostema dichotomum L. 

Scleria-Aster 
Acalypha gracilens Gray 
Aster adnatus Nutt. 
Aster dumosus L. 
Crotalaria purshii DC. 
Desmodium marilandicum (L.) DC. 
Diodia teres Walt. 
Diospyros virginiana L. 
Erianthus strictus Baldw. 
Eryngium yuccifolium Michx. 
Eupatorium hyssopifolium L. 
Eupatorium li~zeurijfblium Walt. 
Gymnc>pogoiz ainbiguus (Michx. ) B SP 
Hedyotis prc~cumbens (Walt. ex Gmel.) Fosb. 
Helianthus radula (Pursh) T. & G. 
Lespedeza angustifilia (Pursh) Ell. 
Muhlenhergiu capillaris (Lam.) Trin. 
Myricu cerqera L. 
Panicunz ovule Ell. 
Panicum tenue Muhl. 
Pinus palustr-is Mill. 
Scleria ciliata Michx. 
Solidago leaverz*vorthii T. & G. 
Tragia smullii Shinners 
Tt-agia urens L. 
Vaccinium myrsinites Lam. 

Rhytzchosia-Crotalaria 
Aristolochiu setpentaria L. 
Asimina longr~olia Kral 
Aster concolor L. 

Aster tortifi>lius Michx. 
Crotczbria rr~tundzIfolin (Walt.) Grnel. 
Elephantc>pu.s elatw Bertol. 
Galactia erectu (Walt.) Vail 
Galiunz pilosun2 Ait. 
Heliar2tlzetnrir7z cumliniat?ui?z (Walt.) Michx. 
Parzicunz angu.st$i)liuin Ell. 
Rhus copalli~zu L. 
Rhynchosia renifjr-mis (Pursh) DC. 
Teplzrosia spiccrta (Walt.) T. & G. 
Vet-noniu utzgustiJ"o1ia Michx. 

Centrosema-Schrankia 
Aristidu purpurascens Poir. 
Centrosema vir-giniaizunz (L.) Benth. 
Clitoria muriuna L. 
Piriqueta carolininnu (Walt.) Urban 
Pteridium aqtlilinum (L.) Kuhn 
Ruellia cczrolinien.sis (Walt. ex Grnel.) Steud. 
Schrankia nzicroplzyllci (Dry.) MacBride 

Solidago-Cassia 
Ageratiaa aromatics (L.) Spach 
Ageratina jrrcunda (Greene) Clewell & Wooten 
Asclepias ohovuta Ell. 
Asclepias viridiftora Raf. 
Aster linariifolius L. 
Cassia deerirzgiana (Small & Pennell) Macbride 
Cassia fasciculata Michx. 
Chloris Jtorida~za (Chapm . ) Wood 
Cir,sium horridulum Michx. 
Claytonin virginica L. 
Commeliiza conzmunis L. 
Crataegus $ava Ait. 
Croton glaizdulo.sus L. 
~ ~ ~ , e r u s  retrofmctus (L.) Ton: 
Desmodium laeajigatum (Nutt.) DC. 
Desmodiu~n lineatunz DC. 
Desmodium obtu.sum (Muhl ex Willd.) DC. 
Desmodizm tortuosum (Sw.) DC. 
Diceraizdra lirzearifolia (Ell.) Benth. 
Eragrostis hirsuta (Michx.) Nees 
Euonymus americaaus L. 
Eupatorium leptophyllum DC. 
Evolvulus sericeus Sw. 
Galactia Jtoridana T. & G. 
Galactia mollis Michx. 
Galium hispidulum Michx. 
Gaui-a jilipes Spach 
Helianthemum I-o.smarinifoliunz Pursh 
Ipomoeu panduratu (L.) G. E W. Meyer 
Jacguenzontia tunzvz@lia IL.) Griseb. 
Lespede;~ capitata Michx. 
Lespedeza irztermedia (S. Wats.) Britt. 
Lygodesmia aphylla (Nutt.) DC. 
Oeizntlzera fruticosu L. 
Onosmodium virginianurn (L.) A. DC. 
Panicum commutcrtum Schult. 
Paspalur7z dilututunz Poir. 
Penstet?zon 1aevigatu.s Solander 
Pentodon pentandrus ISchum. & Thonn.) Vatke 
Persea pa1ustri.r (Ra f.) Sarg . 
Petalo.stemon alhidum (T & G.)Small 
Physalis angulata L. 
Physalis puhesceas L. 
Physa1i.s virginiana Mill. 
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Ptnur elllortzz Engelm. 
Prunu r urzgu strjolrii Mar\h 
Pwrulea cuneicen r Michx 
Quercut rteElutcr Wang 
Rhtnt hortcl clz#ornzr t (Ell ) DC 
Rhvnchorza tcjmenrosu (L ) H & A 
Rhinclzocporu dehzlz c Gale 
Rud/~ecX ra hr rta L 
Sc~itellczrza zncnna Biehler 
Scutellariu integrifbliu L. 
Silphittm sinzpsonii Greene 
Sisyrinclziurn nashii Bickn. 
Solidago nerrtorctlis Ait. 
Solidago odoru Alt. 
Sorghasrrunz elliotrii (Mohr) Nash 
Spiranthes tuberosu Raf. 
Sporobok~s clundestinus (Biehler) Hitchc 
Stillingia .~lvaticu Garden ex L. 
Stylisnza patens (Desr.) Myint. 
Stylodon carneus (Medic.) Moldenke 
Tephrosiu virginiana (L.) Pers. 
Toxicodendrotz toxicarium (Salisb.) Gillis 
Vucciniutn stnmineum L. 
Verlksitza ar-istatcr (Ell.) Heller 
Viola septetnloba LeConte 
Xyris anzhigua Beyr. ex Kunth 

Quercus-Campsis 
Campsis radicarzs (L.) Seem. ex Bureau 
Nyssa .sylvaticu Marsh. 
Quercus Izemisphaericu Bartr. 

Querc.u.5 I~zL~I-ifi~lia Michx. 
Qz1ercu.r ~firgirtiuriu Mill. 
Su.ssc~frus ulhidurn (Nutt.) Nees 
Smilux gluucn Walt. 
Snzilu..r nrturzdtjcolia L. 
Toxicodendmn rudicans (L.) Kuntze 
Vihllrnum ohovcrttdm Walt. 
Vitif mtund(fi)lia Michx. 

Quercus-Smilax 
Leucothoe racenzosu (L.) Gray 
Liquidanzhar styrucijuu L. 
Mitchellu reperzs L. 
Nyssa b!'fk)r-a (Walt.) Sarg. 
Purtlzenocissus quinquefc>lia (L.) Planch. 
Pirzus taeda L. 
Prunus carolitzianu (Mill.) Ait. 
Prunus serotirza Ehrh. 
Quercus nigt-a L. 
Smilax auriculuta Walt. 
Smilax tamnoides L. 

Diodia-Smilax 
Diodia virgininnu L. 
Panicum strigosunz Muhl. 
Quercus getninuta Small 
Ruhus urgutus Link 
Smilax bona-nox L. 
Smilax smallii Morong 
Sporobolus $oridanus Chapm. 
Vuccinium elliotrii Chaprn 




