


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.6 Atlantic white cedar forest.

Exemplary sites: No white cedar is currently known at SRS but historical occurrence is likely.
Sandhills white cedar occurs along small streams in the flat bottoms, sometimes extending up
adjacent seepage slopes. Typical soils are wet, mucky sands like Williman, Pickney and pockets

in the bottomland soils collectively mapped as Fluvaquents.

While white cedar (Chamaecyparis thyoides) has not been found on the site, SRS is on
the edge of the original range in the Carolinas and it once occurred in the vicinity. From the
great peatland white cedar stands in coastal North Carolina and the Dismal Swamp of Virginia, a
tongue of cedar habitat extended south through the interior sandhills, tapering out near Augusta
(Frost 1987). Michaux found it nearby in Augusta County, Georgia, only a few miles from SRS.

Place names are often all that remains of vanished species. In the Carolinas, there are numerous
cedar creeks, many of which had or still have white cedar, while others refer to red cedar. The
Aiken County soil map shows two Cedar Creeks, one tributary to Upper Three Runs, and a Cedar
Branch. There are two more cedar creeks in Barnwell County. All appear on the maps of Mills'
Atlas (1825). I do not know whether any of these might refer to white cedar, or to red cedar
associated with the underlying calcareous geology which has been reported from that vicinity
(Soller and White 1991). Sandhill white cedar stands occur in the headwaters of second and
third-order streams with valleys shallow enough that topography does not prohibit access by fire
to the stream bottomland. In the deeply incised stream valleys further downstream, only a few
small sites might have been exposed to the fire required to regenerate white cedar in wetlands.
White Cedar is not known to persist indefinitely in any of its habitats without fire or artificial

disturbance.

6.7 Bottomland hardwood forest.

Liquidambar styraciflua/llex opaca/mixed Carex spp.-Woodwardia areolata (33.6).

Mixed semi-evergreen oaks-mixed deciduous bottomland hardwood trees//lex opaca-Acer
rubrum-mixed bottomland hardwood subcanopy trees and tree saplings/mixed bottomland shrubs
and vines/mixed bottomland graminoids and forbs.

Liquidambar styraciflua-Acer rubrum-Nyssa biflora-Liriodendron tulipifera/llex opaca-Acer
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rubrum-mixed bottomland hardwood subcanopy trees and tree saplings/mixed bottomland shrubs
and vines/mixed bottomland graminoids and forbs (interpreted from Whipple et al. 1981).
Liquidambar styraciflua-Nyssa biflora/llex opaca-Acer rubrum-mixed wet bottomland
subcanopy trees and tree saplings/ltea virginica-mixed wet bottomland shrubs and
vines/Saururus cernuus-mixed swamp and wet bottomland graminoids and forbs (interpreted

from Whipple et al. 1981).

Exemplary sites: compartment 33 at head of sandhills drain on soil mapped Pickney, numerous
small localities in all SRS small stream bottomlands. Small stands of bottomland hardwoods, too
small to appear on the vegetation map, are numerous within the wetland pyromosaic, on wet
mineral soils ranging in elevation from the pineland headwaters of many small drains, down to
small flats and stands on the wet swamp margins of Upper and Lower Three Runs, Tinker Creek,
Fourmile Branch, Pen Branch and Steel Creek. Other bottomland hardwoods with different
flooding regime and species composition are the dominant types in the Savannah River

floodplain (see vegetation mapping units 7 and 8 below).

The term bottomland hardwoods, as used in mapping unit 6, wetland pyromosaic, refers
mostly to stands on wet-mesic mineral soils. Hydrology ranges from wet-mesic terrestrial to
seasonally flooded palustrine. Sites dry enough to have white oak, hickory and post oak as
dominants are classified elsewhere under mixed mesic hardwood forest or pyrophytic woodlands.

Whipple at al. (1981) examined 22 bottomland and swamp hardwood stands along Upper Three
Runs Creek and grouped them into six major types, two of which fit the description of
bottomland hardwoods here. These are Nyssa sylvatica-Persea borbonia, and Nyssa sylvatica-
Acer rubrum (the wetland Nyssa involved is now called Nyssa biflora and the Persea is now P.
palustris). Their communities were not named strictly for dominant species, but rather for
character species across a number of stands, so some species including the most common
dominant, sweetgum were not used in naming. As a consequence, their community names are
not comparable with naming systems based on actual dominants as used herein. Canopy
dominants in their Nyssa sylvatica-Persea borbonia type were sweet gum, red maple, swamp
black gum, and tulip poplar. The understory dominants were red maple, holly, water oak,

sweetgum, swamp black gum, red bay and sweetbay. Three of their stands in this vegetation type
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included beech, in Upper Three Runs bottomland flats, the only place they encountered this

species.

Sweetgum is extraordinarily abundant in SRS bottomlands. Of all the hardwood and
swamp communities examined by Whipple et al. (1981), it was lacking only from the deepwater
Cypress-Nyssa aquatica community. Sweetgum may reach importance in three ways. First,
because of its considerable shade tolerance, it is a natural component of bottomland hardwood
forests where it occurs in mixture with other tree species like those above. Second, its
dominance in many bottomlands is probably related to two effects of past logging; the tendency
to leave sweetgum in favor of more valuable species like swamp chestnut oak, and its ability to
exploit light gaps left by logging more rapidly than other species. Third may be its relationship
to fire. Sweetgum is a prolific sprouter, and has considerable fire resistance when still as small
as 6 inches dbh. In frequent-fire areas on moist mineral soils, sweetgum may form pure stands
with a bilayered structure similar to many other fire-maintained communities. There may be a
thin to nearly closed tree canopy, with woody understory lacking and a ground layer of wetland
herbs. One variant is sweetgum/canebrake in which the two species can exist in a dynamic

balance maintained by fire (see Table 3.2, Chapter 3).

Other common bottomland hardwood species, besides those mentioned as dominants
above, are swamp chestnut oak, laurel oak, water oak, tulip poplar, and ironwood (Carpinus
caroliniana). Most wet bottomland hardwoods are uninfluenced by fire, even though they may

occur next to wetland fire communities.

6.8 Beaver-structured wetland mosaic.

Orontium aquaticum.

Mixed beaver pond submersed and emergent graminoids and forbs.

Exemplary sites: None seen. In the presettlement landscape, beaver ponds would have been
numerous, like a string of pearls along each of the small stream swamps in the sandhills. At
SRS. flood amplitude on the Savannah River floodplain would have been too great to permit
construction of dams and lodges needed for beaver survival, limiting beaver ponds to the small

tributaries draining the pinelands. There, the combined disturbances of beaver and fire would
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have been comprehensive in structuring vegetation of all the interior streams, to an extent that is
difficult to appreciate today. Whipple et al. (1981) acknowledged that some of the inexplicable
compositional variation of bottomland stands they examined in the Upper Three Runs watershed

was undoubtedly due to stages of recovery from beaver "damage".

Beaver activities likely amplified fire effects on wetland vegetation throughout the
wetland pyromosaic. Canopy tree thinning admits more light for herbaceous aquatic vegetation
and wetland shrubs, which make up the bulk of the beaver diet. Marsh and thicket succession
that follows trapping and abandonment of beaver ponds is highly flammable and may have
served to carry fire farther into wetlands than would otherwise be the case. This would be
advantageous to fire-dependent species like pond pine and Gordonia and to fire-dependent

community types like bay forest and pocosin.

Original beaver pond species composition at SRS is unknown but undoubtedly included
all of the herbaceous species presently found in the streams, plus many more, including plants
specific to that kind of habitat. Beaver ponds create a stable, shallow-water habitat not
duplicated by any other hydrologic conditions in the sandhills landscape. These conditions
provide habitat elsewhere for a number of rare aquatic plant species for which beaver ponds
appear to have been the primary habitat. These include Hottonia inflata, Glyceria pallida,
Nymphoides cordata, Ranunculus flabellaris, and Ceratophyllum echinatum. Because of
subsurface marls in some of the more deeply incised stream valleys, there is probably some
variation in water pH and chemistry. Consequently there was probably variation in floristic

composition of beaver ponds in the original SRS landscape.

6.9 Sandhill small stream swamp.

Taxodium distichum\Nyssa biflora\Acer rubrum\Saururus cernuus.

Nyssa biflora\mixed wet-mesic bottomland and swamp graminoids and forbs.
Nyssa biflora\Acer rubrum.

Nyssa biflora\Persea palustris.

Taxodium distichum.

Taxodium distichum\Nyssa aquatica.
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Nyssa aquatica.

Exemplary sites: along all of the small streams, where soils and hydrology range from
permanently saturated to permanently inundated. This group comprises the wettest sites in the
small stream wetland mosaic, including ponded sites with permanent standing water. This group
is largely beyond the influence of fire, with exception of some wetland margin sites for cypress
and swamp black gum. Both species, however, have considerable fire resistance, and are little
affected by the light fires that can burn into peripheral stands during times when the surface litter
is dry. Understory varies with water depth. On semipermanently flooded sites there may be little
woody understory. On saturated soils, red maple and shrubs like Virginia willow (ltea virginica)

may be common.

7. Wetland Pyromosaic--Silty or Clayey Soils: Patch mosaic of Bottomland Hardwoods,
Hardwood/canebrake, Baldcypress, Nyssa biflora.
SOIL SERIES MAP CODES
Rembert sandy loam Rm

The extensive Rembert soils display the greatest vegetation diversity of any soil series
mapped at SRS, and so are given a unique mapping category. The largest extent is on the
Savannah River terraces, but there are small occurrences scattered throughout the linear
pyromosaic wetlands of map type 6 above, and in a few depressions on upland flats in the
sandhills. It is a fine-textured soil, with considerable admixture of black organic matter in its
lower phase. The Rembert lies close to the water table. Radically different communities may
obtain on sites that vary only centimeters in elevation because of the hydrologic differences
created by slight variations in elevation above the water table. The Rembert is loamy or even
clayey in places and the Williman is its sandy counterpart, also lying just above the water table.
Water may be ponded in depressions in its lower phase, providing habitat for baldcypress, while
oak flats dominated by mesophytic oaks like swamp chestnut oak and laurel oak may be found on
the highest phase. The most characteristic vegetation is mesic and wet-mesic bottom!and

hardwood forest.
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Presettlement extent: 5,719 acres.

Presettlement Community Types:

7.1 Bottomland hardwoods.

Mixed mesic bottomland trees/unknown understory type.

Nyssa sylvatica-Acer rubrum/Carpinus caroliniana/Acer rubrum/ltea virginica/mixed wet-mesic
bottomland graminoids and forbs.

Taxodium distichum-Acer rubrum-mixed bottomland hardwoods (almost no understory)(plot
3.4).

Exemplary sites: compartment 3.

7.2 Bottomland hardwood/canebrake.
Mixed bottomland hardwoods/Arundinaria gigantea. (plot 3.2)
Exemplary sites: compartment 3. Chapter 6 for a pristine example of this rare community type

with a fire frequency of 2 years at Fort Bragg, North Carolina.

7.3 River terrace swamp.
Nyssa biflora\Acer rubrum\sphagnum and mixed ferns (plot 3.1).
Taxodium distichum/Acer rubrum-mixed bottomland
hardwoods (plot 3.4).
Taxodium distichum (understory vegetation extremely sparse).

Exemplary sites: compartment 3.

7.4 River terrace marsh and bog (small depression wetlands).

Panicum hemitomon-Leersia oryzoides (plot 3.3).

Exemplary sites: compartment 3, in small depressions on the Savannah River terrace, visible on
aerial photos. These tend to have concentric bands of vegetation similar to Carolina bays but on

a much smaller scale.

8. Bottomland Hardwoods, Levee Forests, Oak Flats.
SOIL SERIES MAP CODES
Tawcaw silty clay Ta
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Toccoa loam To
Shellbluff loam Sh

Presettlement extent: 5,278 acres.

Presettiement Community types:

8.1 Levee forest.

Quercus laurifolia-mixed levee forest hardwoods/mixed levee forest subcanopy
trees/Arundinaria gigantea/mixed ground cover vines and mixed riverbank grasses and forbs.
Shellbluff soil series.

Taxodium distichum/Acer rubrum-mixed levee hardwoods/Uniola latifolia, on Tawcaw series
(plot 6.1).

Exemplary sites: compartments 6 and 91 along Savannah River shoreline upriver from boat

ramp near mouth of Upper Three Runs.

8.2 Oak flats on floodplain islands.

Celtis laevigata/Arundinaria gigantea-mixed vines and river bottom graminoids and forbs. On
Shellbluff series (plot 91.2).

Quercus nigra-mixed bottomland hardwoods/Sabal minor-Arundinaria gigantea/patches of
grassy Carex (almost no herbs at this site on Toccoa series).

Quercus michauxii/Sabal minor-Arundinaria gigantea-Carex. On Tawcaw series.

Exemplary sites: Compartment 91, along Savannah River shoreline upriver from boat ramp
south of mouth of Upper Three Runs. More community types based upon species dominants

could be defined.

8.3 Bottomland hardwoods.

Mixed bottomland hardwoods/Carpinus caroliniana/Sabal minor (in patches)/sparse bottomland
graminoids and forbs. On Tawcaw soil.

Exemplary sites: Stave Island.

Original forests of the interior bottomland islands were probably dominated in places by

swamp chestnut oak (Quercus michauxii). One problem with identifying original tree species
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from old plats and timber cruises is that Quercus michauxii, being in the white oak group, was
usually just called white oak, or in some cases, swamp white oak (Ashe 1894). The islands with
finer-textured soils, particularly Toccoa and Tawcaw were likely habitats for swamp chestnut
oak. Other bottomland hardwoods, especially the semi-evergreen oaks like water oak, willow

oak and laurel oak (Q. hemispherica) occur in depressions on the islands and form a ring on the

moist mineral soils around the wet margins.
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Figure C4.24. Wet-mesic bottomland hardwood forest on Tawcaw soils on Stave Island. The
clayey, wet-mesic Tawcaw is the lowest mineral soil on the floodplain islands. Soil is apparently
too clayey for cane, whose rhizomes run freely in moist sandy or loamy soils such as the Toccoa
and Shellbluff soils along the river. Dominant trees were bottomland hardwoods, including
laurel oak, water oak, sweetgum, red maple and swamp chestnut oak, with a thin understory of
ironwood over dense, but patchy palmetto. The occasional loblolly pine, along with some of the
sweetgum and maple, probably represent remnant disturbance effects from past logging. Both
the Tawcaw and Toccoa soils were likely major habitat for swamp chestnut oak in presettlement
forests. Stave Island may have been named for use of the area for production of oak staves, a

common export rafted downriver in Colonial times.
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Figure C4.25. Baldcypress-dominant stand on Chastain, a firm, clayey swamp soil. The
community consists only of cypress, tupelo (Nyssa aquatica) and submersed and emergent
aquatic herbs. Flooding is too deep or prolonged for the shrubs and subcanopy trees common in
small stream swamps. Note the high water mark at about 2 meters on the trunks. The species
composition and community structure is essentially unchanged from presettiement forest, except
that in virgin forest the cypress would have been much larger, towering above the tupelo. As the
cypress mature, they will form an emergent canopy over the tupelo, which share the site. The

location is between Stave Island and the lower river terrace.
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On June 8, 1943, Edmund Ruffin accompanied Henry Hammond down river from Silver
Bluff to some marl bluffs on the Savannah River which Hammond rented for digging calcareous
material to apply to his ficlds upstream (Ruffin 1843a). On their return, they passed through Big
Back Swamp, just north of SRS, where Ruffin mentioned oaks growing on soil too stiff and
clayey for farming. This may have been along Crackerneck Road, which appears on Mills' map
of 1825, and which led to Hammond's Cathwood Plantation (Bleser 1981, Faust 1982). A
portion of the soils of Big Back Swamp, on the road to Hammond's Cowden Plantation, are
clayey Typic Paleaquults, which have still not been cleared for farming. Big Back Swamp is on
the river terrace and soils seem to be comparable to the wet, clayey Rembert and Smithboro soils

at SRS. They are also similar to the Tawcaw and Toccoa soils on the floodplain islands.

The soils of Stave Island and the other interior islands at SRS are mapped Toccoa and
Tawcaw, a clayey series intermediate in elevation between Toccoa and Chastain. The floodplain
islands were probably worked for "white oak" timber products from very early times. Common
exports listed in Colonial Era port records were white oak barrel and pipe staves. A common
item of early plumbing was pipe made from white oak, one of the easiest woods to split. The
center of the split stave was hollowed out using special tools, and two halves were bound
together to make a hollow pipe. Stave Island probably owes its name to Colonial Era
exploitation of swamp chestnut oak for production of oak staves. Hand-split oak stock for other
purposes was still important in the late 19th century. Sargent (1884) commented that "The
manufacture of rough red and white oak split staves and headings for the European and West
Indian trade, already an important industry in this state, is capable of large development.”
Selective removal of swamp chestnut oak probably contributed to modern dominance of other

bottomland hardwoods.

See Whipple et al. (1981) for a classification of 32 Savannah River floodplain hardwood

and swamp forest stands.
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9. Swamp Forests and Ponded Sites other than Carolina Bays.

SOIL SERIES MAP CODES
Chastain clay Ch
Dorovan muck Da
Kinston loam Kn
Ogeechee sandy loam Og

Presettlement extent: 12,089 acres.

Presettlement Community Types:

9.1 Sandhill Small Stream Swamp.

Taxodium distichum\Nyssa biflora

Nyssa biflora\mixed wet-mesic bottomland and swamp graminoids and forbs.
Nyssa biflora\Acer rubrum.

Nyssa biflora\Persea palustris.

Taxodium distichum.

Taxodium distichum\Nyssa aquatica.

Nyssa aquatica.

Exemplary sites: This group of communities is discussed under wetland pyromosaic type 6.9

above.

9.2 Cypress-gum swamp, clay-based variant.

Taxodium distichum/Nyssa aquatica/sparse submersed and emergent wetland herbs (plot 92.7).
Taxodium distichum-Fraxinus pennsyvanica/mixed emergent swamp graminoids and forbs.
Fraxinus pennsylvanica-Quercus lyrata-Nyssa spp./Acer rubrum-Ilex decidua/mixed vines-
Leersia oryzoides-Ceratophyllum demersum. (see Whipple et al. 1981, stand 52).

Exemplary sites: compartment 92, Chastain soils (Figure C4.25).
93 Cypress-gum swamp, muck-based variant.

Taxodium distichum-Nyssa aquatica/emergent swamp graminoids and forbs.

Taxodium distichum/Panicum gymnocarpon-emergent swamp graminoids and forbs (92.4).
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Exemplary sites: compartment 42, compartment 92 on the linear body of substrate mapped
Dorovan Typic Medisaprist, lying along the toe of the river terrace scarp (92.4). True muck-
based cypress-tupelo swamp is more extensive downriver and is the major type on the lower
Coastal Plain where there is permanent standing water. Small pockets of histosols mapped as
Dorovan in the pyromosaic small stream wetlands may have very different vegetation. One site
visited in compartment 18 along Upper Three Runs had young red maple swamp that appeared to
represent succession from presettlement fire-maintained pocosin. This type comprises an

element of wetland pyromosaic (Type 6 above)

10. Carolina Bays, Upland Depressions.

Presettlement extent: 1,938 acres in some 194 bays and depressions.

Presettlement Community Types:

The following is a small sample of the diversity of plant communities found in Carolina bays
and small depression wetlands at SRS. More community types can be defined in different bays,
mostly in the concentric bands of herbaceous vegetation that characterize the open bays that are

largely free of woody vegetation.

10.1 Carolina Bay.

Mixed submersed aquatic and emergent palustrine graminoids and forbs.
Nymphaea odorata.

Nymphaea odorata-Brasenia schreiberi (Thunder Bay: Schalles 1979).
The community types below, defined by Hodge 1985, were reported in Schalles et al. 1989.
Craig's Pond:

Andropogon virginicus-Aristida affinis.

Rhynchospora tracyi-Lobelia boykinii.

Nymphaea odorata-Eleocharis robbinsi.

Eleocharis equisetoides-Nymphaea odorata.

Panicum hemitomon-Pontederia cordata.

Nymphaea odorata-Brasenia schreberi.

Ellenton Bay:
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Panicum hemitomon-Polygonum hirsutum.
Nymphaea odorata-Panicum hemitomon.
Nymphaea odorata-Leersia hexandra.
Juncus canadensis-Nymphaea odorata

Decodon verticillatus-Panicum hemitomon

Exemplary sites: Craig's Pond, Ellenton Bay, Thunder Bay.

On June 5, 1843, Edmund Ruffin on his way from Barnwell crossed Tinker's Creek and
spent the night at Jesse Cherry's house, before heading south to explore the Lower Three Runs
for marl deposits. While on the road he passed by Craig's Pond, which was dry at the time, and
grazed by cattle (Ruffin 1843a):

"The route crossed the upper streams of the Big Salkehatchie, and the Lower
Three Runs. The latter were two bold and rapid streams. which were as clear as
to indicate that they must be of limestone water. The land generally of the wide
ridges between different waters, and poorer land than usual elsewhere. The
surface undulating. Craig's pond, by which the road passes, is a large savanna,
said to be 3 miles in circumference, which always has more or less water,
according to the season. There is but little water now and the surface is that of a

beautiful green meadow, grazed closely by the numerous cattle on it."

Carolina bays are oval depressions in flat sections of the landscape, filled variously with
water, mineral soil, or mineral soil overlain with organic accumulation. Under the original
landscape-scale fire regime, organic accumulation may have been removed by dry season
oxidation and fire more quickly than it could accumulate in most bays. Species diversity of
Carolina bays is generally low, as few plant species can tolerate the irregular and severe
drought/flood hydrologic regime, but Carolina Bays and small depression wetlands constitute the

primary habitat for a number of rare species such as Rhexia aristosa and Lobelia boykinii.

Vegetation in Carolina bays is almost as complex as all the rest of the vegetation at SRS.
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Vegetation varies over a complex multidimensional gradient that includes depth of the
depression, hydroperiod, substrate and accessibility to fire (Kirkman 1995, Kirkman and Sharitz
1994, Schalles et al. 1989, Sharitz and Gibbons 1982). Fire relations of Carolina bays have been
little studied. The shallowest depressions probably experienced fire at nearly the same rate as the
surrounding landscape, while the deepest were semi-permanently flooded. Some, such as Craig's
Pond may have only experienced fire in years in which drought was sufficiently prolonged to dry
out the shallower regions. In most years, however, fires probably bumed down into the bog

vegetation that borders the pond, maintaining habitat for pitcher plants and other bog species.

Most Carolina bays at SRS have suffered from elimination of landscape scale fire. Their
margins have been conspicuously invaded by young loblolly pine, sweetgum and other
hardwoods. Fire suppression and shading of the wet margins where fire once maintained sunny

bog conditions has probably led to loss of pitcher plants and rare bog species in many places.

Soil series mapped in depression wetlands. The SRS soil survey assigned soil series to the
substrates of Carolina bays, distributing most to the Williman, Rembert and Ogeechee series.
Distribution and abundance of vegetation in Carolina bays, however, is so determined by
hydrology and stochastic factors such as circumannual variation in water depth, and the chance
that the bay will be dry enough to burn when a fire happens to be moving through the landscape,

that soil series are largely irrelevant as predictors of vegetation.

For mapping purposes, soil series were disregarded and a GIS overlay of the 194
Carolina bays or bay-like upland depressions identified at SRS by Schalles et al. (1989) was
superimposed on Maps C4.1 and C4.2. There were 1,938 acres in bays and small depression
wetlands, shaded dark blue on the maps. Six Carolina bays were examined for this study but, in
view of their complexity, as well as other work done on site, no attempt was made to classify
them according to kinds of vegetation. Fire exclusion or reduction in fire frequency appears to
have affected mainly the sand rims and boggy marginal wetlands. The larger bays like Craig's
Pond and Elienton Bay are bordered by dense fire-suppressed thickets of young loblolly pine and
shrubs, whereas in the original landscape frequent growing season fires would have maintained

the margins in open longleaf savanna or bog. Original fire frequency on the Carolina bay
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margins would have been the same as the local fire frequency, around [-3 years on the upwind
sides, with perhaps a slightly lower frequency on the partly fire-sheltered downwind sides. Fire
frequency within the bays is harder to predict, as it would have varied with hydrologic conditions
at time of bum. See Kirkman 1995, Kirkman and Sharitz 1994, Schalles et al. 1989, and Sharitz

and Gibbons 1982, for further information on ecology of Carolina bays at SRS.

10.2 Small Depression Pond, Small Depression Wetland.
Panicum hemitomon-Leersia oryzoides.
Liquidambar styraciflua/Dulichium arundinaceum.

Nyssa biflora.

Vegetation in the numerous small pineland depressions most often mapped as Ogeechee
series varies greatly from the more open bays like Craig's pond. Shading from trees around the
margins may significantly reduce herbaceous diversity. In the absence of fire, some of the
shallower depressions have succeeded to sweetgum and swamp black gum. Some of these are
filled with dense tangles of vines, composed of Ampelopsis urboreum, Berchemia scandens,
Campsis radicans, Cynanchum palustre, Gelsemium sempervirens, Smilax bona-nox, Smilax
rotundifolia and Toxicodendron toxicodendron, to the complete exclusion of the herb layer.

Such thickets are artifacts of fire exclusion.

True aquatic species, other than ephemerals, are absent from those sites which dry out.
Concentric vegetation zones, like those in wet Carolina bays, may be dominated by only one or
two species. Vegetation of one commonly-found type is maiden cane (Panicum hemitomon) and
rice cutgrass Leersia oryzoides, with buttonbush (Cephalanthus occidentalis). Patches of
Scirpus cyparinus are common, and Dulichium arundinaceum may form a narrow band at the
boundary between open grass and the shaded pond margin. Trees like swamp black gum (Nyssa
biflora), sweetgum, red maple, baldcypress, loblolly pine and pond pine occur on the immediate
margins and individuals may be found in the open zones. Substantial cover by such woody
species is usually an artifact of fire suppression. In the shallower sites, fire, along with wetness
probably combinred to prevent succession to sweet gum, red maple and swamp black gum. Other

sites remained open because of deeper and longer ponding. Despite hydrologic inhibition of
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succession, many of the shallower sites are experiencing encroachment of trees in the absence of

occasional dry season fires.

11. Udorthents.
SOIL SERIES MAP CODES
Udorthents Ud, Uo, Ur, Uu

Current extent: 7,241 acres.
Presettlement Community Types: See types 2.1 to 2.3 above.

These are the intensively disturbed soils of SRS, mostly the leveled lands around reactors
and other buildings. as well as soils rearranged for structures such as dams and railroads.
Judging from the sites chosen for development, and from remnants of undisturbed soils around
the periphery of disturbed areas, all but 2 or 3 % of such areas were carved from vegetation type
2, Dry-Mesic and Mesic Longleaf Pine Savanna. For mapping purposes most Udorthents will be

considered to have belonged to this group.

12. Surface Water - aquatic communities.

SOIL SERIES MAP CODE

None w

12.1 The Savannah River.

12.2 Oxbow lakes.

12.3 Sandhills interior streams.

12.4 Lakes in Carolina bays.

12.5 Seasonally ponded areas.

Current extent: 3,407 acres.
Presettlement Community Types:

The natural aquatic habitats of SRS include the Savannah River itself, oxbow lakes and
ponds of the Savannah River floodplain and small stream swamps, the small sandhills stream
channels, permanently flooded portions of Carolina bays, and seasonally ponded areas. Some
sites were examined for this study and species lists were compiled for a few sites, but the focus

of this study was presettlement terrestrial and palustrine vegetation, so aquatic communities were
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not surveyed in any detail. There were 3,407 acres of open water, much of it in the form of man-
made lakes and ponds. Beaver ponds, not included here, were discussed under wetland

pyromosaic, type 6 above.

HARDWOODS IN THE PRESETTLEMENT LANDSCAPE: TEXT TO
ACCOMPANY MAP C4.2

The historic descriptions of vast unbroken longleaf pine forest from southeastern
Virginia to east Texas are substantially accurate, at least for the uplands. There are hundreds of
historical photographs and written descriptions to document the clear dominance of longleaf on
uplands throughout its range. But the historical literature also presents numerous references to
hardwoods. These are generally assignable to two categories: first are mentions of scattered
single trees or patches of oaks and hickories on uplands, and second, there are descriptions of’
foresis of hardwoods in bottomlands and swamps. After approximating the extent of longleaf
pine savanna on open uplands of SRS in Map 1, an integral question was "where were the
hardwoods in the original landscape?” But for a few instances (Delcourt and Delcourt 1994,
1977, Harper 1911), this question has never been addressed in any detail for presettlement
southern forests. Fire relations of southeastern hardwoods is, for all practical purposes, an
untouched field. Map 2 was constructed in order best to visualize hardwoods in the original
landscape of SRS. For this purpose soils were grouped somewhat differently. Whereas Map 1
categories portray dominant vegetation, Map 2 shows where the hardwoods were, whether or not
they were the vegetation dominants. Mapping units 9 through 12 are the same for both maps, |

through 8 are different.

Table C4.10 shows the distribution of hardwoods depicted on Map 2, "Hardwoods in the
Presettiement Landscape”. Note that hardwoods are not clearly dominant except in types 4, 5, 6,
7and 9. In Type 9, swamp forests, tupelo and swamp black gum were dominant in places, but in
general were probably codominant with baldcypress, which would be expected to have been
more important before logging of the virgin swamp forests. In most places, baldcypress is still

recovering from early 20th century exploitation.
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Table C4.10. Acreage and percentages of land with hardwood habitats in the
presettlement landscape at the Savannah River Site (Map IL.). * = hardwoods dominant.

VEGETATION/COVER TYPE ACRES PER-
CENT
1. Dry, fire-exposed uplands, largely free of hardwoods 106,755 53.8
2. Dry pyrophytic woodland: turkey oak, blackjack oak, scrubby post | 7,814 39
oak, post oak
3. Mesic pyrophytic woodland: post oak, mockernut hickory and 20,612 10.4
scrub oaks
*4, Mesophytic hardwood flats with only lightly fire-influenced 4,755 24
understory:
*S. Mixed Mesic Hardwood Forest 4,357 22
*6. Mesic bottomland hardwood forest, levee forest and oak flats: 5,278 2.7
*7. Wet bottomland hardwood forest. 21,974 11.1
8. Wetlands with patches of hardwoods and communities with 2,230 1.1
hardwoods largely lacking (canebrake and pocosin)
*9, Swamp Forests: tupelo (deep water sites), swamp black gum 12,089 6.1
(shallow sites)
10. Carolina Bays, Upland Depressions 1,938 1.0
11. Udorthents 7,241 36
12. Surface Water 3,407 1.7
TOTAL 198,450 100%
TOTAL TERRESTRIAL (including Udorthents and bottomland 156,812 79%
hardwoods)
TOTAL WETLAND AND WATER (from Table 4.1) 41,638 21%
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Figure C4.26. Map of hardwoods in the presettlement landscape.
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There were 9,112 acres in upland hardwood types 4 and 5, plus perhaps 20% of the lands
in longleaf pine types 2 and 3, giving a total of 14,797 acres, or 9.4% of all terrestrial lands at
SRS, that can be categorized as hardwood dominant stands on dry uplands. In the Savannah
River floodplain, there were 5,278 acres of mesic and wet-mesic habitats with bottomland
hardwoods, levee forests and oak flats (type 6). In type 7, there were bottomland hardwoods on
the wetter portions of the river terraces and the drier portions of the interior small stream
bottomlands. Hardwoods of type 7 were dominant on the terraces, but scattered as marginal
zones and small interior patches in the small stream wetlands, interspersed with swamp forest,
pyrophytic communities and beaver ecosystems. Estimating about 50% of this type to be
hardwoods, or 10,987 acres, and adding it to Type 6 would give a total of 16,265 acres of
terrestrial wetland hardwoods, or 10.4% of all terrestrial lands at SRS.

Historical evidence, and field exploration of SRS sites, as well as examination of | to 3
year-burned hardwood sites in longleaf pine landscapes on military bases, suggested the
following habitat categories (see Map I, Hardwoods in the Presettlement Landscape, to

accompany the discussion below).

1. Dry, fire-exposed uplands, largely free of hardwoods:

SOIL SERIES MAP CODES
Blanton sand BaB
Dothan sand DoA, DoB
Fuquay sand FuA, FuB
Lakeland sand LaB

Lucy sand LuA, LuB
Neeses loamy sand NeB
Norfolk loamy sand NoA, NoB
Orangeburg loamy sand OrA, OrB
Troup sand TrB
Vaucluse sandy loam VaB
Wagram sand WaA
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Mesic, dry-mesic and subxeric sands occupy the largest percentage of the SRS upland
landscape. Such soils, under the presettlement fire regime were virtually free of hardwoods. On
the driest sites, however, could be found longleaf/turkey oak scrub. Turkey oak exhibits a
bimodal distribution in the landscape. When frequently burned, it occupies two specialized
habitats, in high and low topographic settings. The lower setting is discussed under Dry
Pyrophytic Woodland below. On the highest, driest sites, mostly on the elevated peaks and
ridges within areas mapped Lakeland sand, turkey oak finds refugia from lethal fire in places
where sand is so dry and sterile that the herb layer is too sparse to generate hot fire. Frequent
fires reduce any fuel that does accumulate. Turkey oak may also find fire-safe microsites on bare
patches of white sand, and, on the ridges, wind seems to sweep away flammable litter. The way
that turkey oak leaves curl when on the ground may facilitate this wind effect. Mills (1825)

described the high white sand habitat for turkey oak:

"The sand hill region is about thirty miles wide, and includes the
extremes of sterility and fertility. The high lands are composed of
extensive ridges of barren sand, covered with small pitch pine [longleaf],

and blackjacks [turkey oak]...."

As mentioned above, both turkey oak (Quercus laevis) and blackjack oak (Quercus marylandica)

were called "blackjacks" until the 20th century.

The natural type on such sites was longleaf pine/turkey oak with a sparse layer of
wiregrass. Most sites on Lakeland soils at SRS have succeeded to an unnatural density of scrub
oaks, and wiregrass has been extirpated by a compact litter/duff layer composed of oak leaves
and pine needles. While only a few inches thick, this layer can produce extreme fire behavior
when very dry and generate heat intense enough to kill longleaf pine when fire finally does
occur. This is one mechanism by which fire suppression can lead to an unnatural dominance of
turkey oak. Paradoxically, frequent fire is cool fire, having only the herb layer and recent litter
as fuel. In reintroducing fire to dry sites, it may be best first to conduct one or more cool-season

burns for litter/duff reduction. Once this layer is gone growing season fire should be no threat to
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trees.

2. Dry Pyrophytic Woodland. Turkey Oak (Quercus laevis), Blackjack Oak (Q, marylandica),
Scrubby Post Oak (Q. margarettiae’), Post Oak (Q. stellata, often stunted), with scattered

longleaf pine.
SOIL SERIES MAP CODES
Ailey sand AeB
Blanton sand BaC
Lakeland sand LaC
Lucy sand LuC
Troup sand TrC

While Mapping types 2 and 3 were heavily dominated by longleaf pine in the
presettlement landscape, the species listed here for these two types include only the hardwoods.
The purpose of Map 2 is to show where the different hardwood communities were to be found in

the strongly fire-influenced original landscape. See Map 1 for dominant vegetation.

On presettlement uplands of SRS, there were at least three levels of fire influence in
hardwoods. These varied along a gradient of fire intensity and fire effects ranging from those on
dry, open, fire-exposed longleaf pine uplands, to cool, moist, fire-sheltered lower slopes adjacent
to wetlands. Fire frequency and intensity were largely controlled by the position of the

hardwood stand in the fire landscape.

Dry Pyrophytic Woodland is the driest and most fire-exposed of these three types, and it
constitutes the lower landscape position of the bimodal habitat for turkey oak mentioned above.
While the scrub oaks were excluded from the vast majority of longleaf pine lands by frequent
fire, they found a niche in slightly fire-sheltered habitats within and around the margins of the

pure longleaf savannas. Lightly fire-sheltered sites included gentle depressions and swales in

*The new spelling for the scientific name of scrubby Post Oak (Q. margarettiae) has been proposed by
Weakley (1996) as a correction, to follow standard rules of botanical nomenclature.
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upland flats, concave topographic areas where longleaf pine upland flats began to slope into the
headwaters of a pineland drain, and sites on slopes adjacent to longleaf uplands. Longleaf pine is
an integral member of this community, occurring as scattered individuals standing above the

scrub oaks, in varying densities.

Scrub oak woodlands on slopes were transitional communities between longleaf pine
above and other vegetation below. Aspect and the degree of slope determined where the
transition from longleaf to scrub oak took place. On slopes too gentle to have much effect on fire
movement, scrub oak could sometimes be found on lower slopes. On steep slopes (>20%) Dry
Pyrophytic Woodland might be confined to the upper slope shoulder. On slopes between 10 and
20% the transition might be midslope. On north aspects the whole vegetation sequence was
shifted upslope. Where topographic breaks are abrupt, turkey oak may have been found only as
single trees along the margin of longleaf pine savanna. Patches of Dry Pyrophytic Woodland
make up one patch element of the Longleaf Pine-Pyrophytic Woodland Complex of Map 1.

3. Mesic Pyrophytic Woodland. Post Oak (Quercus stellata), Mockernut Hickory (Carya

tomentosa) and any of the scrub oaks.

SOIL SERIES MAP CODES
Fuquay sand FuC
Ocilla loamy sand OcA

Orangeburg loamy sand OrC

Vaucluse sandy loam and

Ailey sand complex VeC, VeD
Wagram sand WaB

Mesic Pyrophytic Woodlands experienced fire on almost the same frequency as on
nearby longleaf pine uplands, but landscape factors moderated fire intensity and effect. These
woodlands occur on sites that are cooler, moister or further downslope than Dry Pyrophytic

Woodland. Stand structure differs from Dry Pyrophytic Woodland in that the canopy is most
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often dominated by post oak or mockernut hickory, and these species may reach full canopy tree
stature even with frequent understory fires (Figure C4.22). Scrub oaks range in importance from

a major component to nearly absent.

Longleaf pine was a minor element in these stands, appearing only as a tree here and
there in gaps, or on the upslope or marginal portions where the type intergraded with Dry
Pyrophytic Woodland. Patches of Mesic Pyrophytic Woodland also make up a minor component
of the Longleaf Pine-Pyrophytic Woodland Complex of Map 1.

Dynamics of regeneration in frequent-fire hardwood stands. The distribution of stems in
diameter size classes in pyrophytic woodland is naturally top-heavy, with the great majority of
woody stems being fire-resistant canopy trees. Vulnerable saplings and small stems on their way
up to the canopy are rare, the vast majority being killed by fire before they develop enough bark
to resist fire. This is the reverse of the stem size distribution in typical fire-suppressed woods,
where the vast majority of stems may be in the smaller size classes. Fire-suppressed stands
develop multistoried woody vegetation at the expense of the herb layer, longleaf pine, and certain
species of hardwoods. Post oak, in particular, may not reproduce well without fire. As
suggested above, the autecology of some oaks and hickories in relation to fire is largely

unstudied.

It seems clearly a mistake to keep fire out of upland hardwoods. It doesn't matter if 99%
of seedlings or shoots are killed by fire. Successful escape of a sapling into the canopy is a rare
event, but once large enough to reach the canopy, a stem has enough bark to be reasonably safe
from fire. Also, the canopy shade may naturally moderate fire intensity, permitting survival of
the hardwoods. Except for the rare stem on its way to the canopy, such stands are bilayered. with
only canopy and herb layer. Most plant species diversity, including certain rare species restricted
to pyrophytic hardwood stands, such as Astragalus michauxii and Echinacea laevigata, are found
in the herb layer. When fire is removed, such sites, being in more mesic parts of the landscape,
succeed rapidly to thickets of multistoried shrubs and hardwoods. The grasses and forbs vanish

within a few years (Figure C4.21).

593



See discussion of Map 1 for other varieties of pyrophytic woodland, such as the live oak-longleaf

type on the Savannah River floodpiain river scarp.

4*. Mesophytic Hardwood Flats with lightly Fire-Influenced understory. Post Oak (Q.
stellata), Southern Red Oak (Q. falcata), Water Oak (Q. nigra), Willow Oak (Q. phellos), White
Oak (Q. alba), Mockernut Hickory (Carya tomentosa), Pignut Hickory (C. glabra).

SOIL SERIES MAP CODES
Albany loamy sand AnB

Eunola fine sandy loam EnA
Hornsville fine sandy loam HoA
Smithboro loam Sm

This river terrace flatwoods type corresponds to mapping unit 4 in Map I. They are
dominated by oaks. Fire influence is light but sufficient to prevent establishment of beech. See

vegetation type 4.4 in the preceding section for discussion.

5*. Mixed Mesophytic Hardwood Forest. Beech (in the most fire-sheltered sites), White Oak,
Southern Red Oak, Black Oak (Quercus velutina), Mockernut Hickory, Pignut Hickory, Walnut
(Juglans nigra).

SOIL SERIES MAP CODES

Troup sand. TD

Troup and Lucy Sands TuE, TuF
As mentioned in the discussion for Map 1, this type is found only on sites where slopes exceed

20% (slope classes E and F).
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TABLE C4.11. SLOPE EFFECTS ON UPLAND HARDWOOD HABITATS
ON SAVANNAH RIVER SOILS

Of the 29 soil series of the Savannah River Site, only 7 have slope class modifiers
indicating slopes greater than 6% (slope classes C,D,E,F). The other 22 are
relatively flat or gently rolling. Of these 7 series, the most steeply sloping sites are
confined to only 3 series or combinations of series: the Troup (TrD). Troup and
Lucy complex (TuE, TuF), and Vaucluse-Ailey complex (VeD). Of these, the TuE
and TuF were steep enough to comprise fire-refugial habitat for mesophytic
hardwoods, in all but a few instances. The soils in C and D slope classes were more
likely to support fire-influenced pyrophytic hardwoods, in a sandy upland landscape
otherwise dominated by longleaf pine.

SOIL SLOPE
SERIES CLASS
BaC Blanton sand 6to 10%
FuC  Fuquay sand 6to 10%
LaC  Lakeland sand 6 to 10%
LuC  Lucy sand 6 to 10%
TrC  Troup sand 6 to 10%
TrD  Troup sand 10 to 15%
TuE  Troup and Lucy 15 to 25%
TuF  Troup and Lucy 25 to 40%
VeC  Vaucluse-Ailey 6 to 10%
VeD  Vaucluse-Ailey 10 to 15%
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Vegetation on sloping soils is further complicated by aspect and degree of natural
protection from fire. Not all steeply sloping soils constitute hardwood habitat. Frequent
examples of longleaf pine can be found on steep soils in the C and D slope classes, where they
occur in situations where fire can approach from below (Figure C4.23). Longleaf does not occur,
however, where the slope toe is protected from fire by water or by non-pyrophytic wetland
vegetation such as cypress-gum swamp. Aspect plays a part in that pyrophytic hardwoods may
be found at higher elevations on north slopes in pinelands, and certain communities, such as

mockemnut hickory pyrophytic woodland seem to prefer such sites (Figure C4.22).

6*. Mesic Bottomland Hardwood Forest, Levee Forest, Oak Flats. Swamp Chestnut Oak
(Quercus michauxii), Water Oak, Laurel Oak, Hackberry (Celtis laevigata), Sweetgum,
American Elm (Ulmus americana), Red Maple, Swamp Black Gum (Nyssa biflora), Sycamore

(Platanus occidentalis), Water Hickory (Carya aquatica).

SOIL SERIES MAP CODES
Tawcaw silty clay Ta
Toccoa loam To
Shellbluff loam Sh

These communities are covered in discussion of Map I, type 8.

7*. Wet Bottomland Hardwood Forest. Swamp Black Gum (Nyssa biflora), Water Oak
(Quercus nigra), Swamp Chestnut Oak (Quercus michauxii), Laurel Oak (Q. laurifolia), willow
oak (Quercus phellos), Sweetgum (Liquidambar styraciflua), American Elm (Ulmus americana),

Red Maple (Acer rubrum). Swamp Forests (saturated sites): Swamp Black Gum, Sweetgum.

SOIL SERIES MAP CODES
Fluvaquents, loamy sand Fa
Pickney sand Pk
Rembert sandy loam Rm

In addition to the species mentioned, there are a few moist, fire-protected flats in the
Upper Three Runs bottomland that serve as refugia for beech (Whipple et al. 1981). Bottomland

hardwoods, as defined here, included the species above, on wet-mesic soils on low flats and
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margins transitional to more mesic soils like levee forests, oak flats, pyrophytic woodlands, or
mesophytic hardwood forests. On the Savannah River terraces, this community was found
primarily on the wetter mineral soils like Rembert. In the interior small stream bottomlands,
hardwoods of type 7 were found along the margins in fire-protected sites and in small interior
patches in the small stream wetlands. See Map 1 discussion for further consideration of

bottomland hardwoods.

8. Wetland communities with hardwoods largely lacking (canebrake and pocosin).

SOIL SERIES MAP CODES
Ochlockonee loamy sand Oa
Williman sand Wm

Because of complex topography, patches of bottomland hardwoods and pyrophytic woodland are
interspersed within these areas, but the Williman and Ochlockonee soils comprise some of the
major presettlement habitat for canebrake and pocosin, types that are treeless or support only
pond pine. Intense fire associated with cane and shrubs kept hardwoods out of these types (for
an exception see the hardwood/canebrake community on Rembert soils, type 7.2 in the
discussion of Map 1 and illustrated in Chapter 6, Figure 6.13). With fire exclusion, sandhills
canebrake is ultimately replaced by red maple, loblolly pine, sweet gum and tulip poplar.
Sandhills pocosin, under similar conditions of fire exclusion, succeeds to Gordonia, red maple,

and swamp black gum.

9. Swamp forests (deep-water sites).

SOIL SERIES MAP CODES
Chastain clay Ch
Dorovan muck Da
Kinston loam Kn
Ogeechee sandy loam Og

The hardwoods of these soils were tupelo in deepwater sites and swamp black gum in

shallow-water localities. The swamp hardwoods were dominant in patches, but more typicaily

597



codominant with baldcypress. Taxodium was almost certainly more prominent in the
presettlement wetland landscape. Neither tupelo (Nyssa aquatica) nor swamp black gum (Nyssa
biflora) form a particularly dense canopy--almost never sufficiently dense to prevent cypress
regeneration. I have seen sites where baldcypress was successfully reproducing beneath a Nyssa
canopy and penetrating it to eventually overtop the Nyssa. This would have been the most
common situation before commercial logging reached all the remaining virgin cypress in the
early 20th century. In the absence of disturbance, emergent baldcypress in virgin stands rise up
to 40 feet above the Nyssa canopy. Once in place, baldcypress can live to over 1,000 years,

while the short-lived Nyssa cycles through several generations beneath it.

10. Carolina Bays
Hardwoods are generally absent from true Carolina bays, other than an occasional Nyssa. The
majority of cypress, Nyssa, sweetgum and loblolly pine stems commonly seen in Carolina bays

appear to be the result of elimination of fire. See discussion for Map [.
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APPENDIX 1: GLOSSARY OF TERMS AND CONCEPTS OF
LANDSCAPE FIRE ECOLOGY?

Landscape fire ecology — the study of the interactions between fire, landscape

factors and organisms.

Adversity habitat — marginal habitat in which a fire-dependent species may survive a period of fire
exclusion: the last habitat in which a species is found before it dies out. With Venus
flytrap this is the dry margin of its preferred wet habitat. With Hudsonia montana it is the
thinnest soils on rock ledges where a few plants may eke out an existence while 99% of
the population is overgrown and eliminated by shrubs.

Area fire frequency — the fire-return interval for a large area such as a natural forest. This is the
incidence of fire within the area, even though only parts of the area may burn, so fire
frequency may be reported as multiple fires per year (compare site fire frequency).

Backing fire - fire moving slowly, against the wind (assumed rate of spread of backing fires is
relatively constant regardless of wind velocity.

Bay forest - fire-infrequent forest type dominated by evergreen trees like red bay, sweet bay and
Gordonia, found in fire tension zones between pocosin, or other frequent-fire type, and
more fire-protected vegetation.

Canebrake - wetland plant community with 50% or more cover of Arundinaria spp. (canebrake
was called reeds, cane, marsh or even pocosin in Colonial Era literature). Canebrake
reaches its best development on shallow to medium deep peat soils and wet mineral soils
of fluvial bottomlands.

Canopy thinning fires — fires which kill some canopy trees but fail to initiate crown fire or to kill
all trees from below.

Charcoalization — preservation of flowers, seeds and other fossils by being charred by wildfires

5 Prairie, savanna and woodland definitions from Frost, Walker and Peet (1987).



shortly before being covered by water and sediment.

Ecological fire effects — effects of fire on vegetation structure, species composition, and physical
characteristics of habitat.

Effective windspeed ~ A way to account for slope effects in determining rate of fire spread. For
example, midflame windspeed is adjusted upward in relation to the degree of slope for a
fire moving uphill with the wind.

Facultative pyrophyte - a plant species not dependent upon fire but which reaches its best
development in fire communities or exhibits adaptations that permit it to survive under a
natural fire regime.

Fire adaptations - characteristics like thickened bark, rapid resprouting, specialized responses to
increased light after a burn, production of litter which decomposes rapidly and decreases
flammability, production of litter which decomposes slowly and promotes flammability.
There are two suites of fire adaptations, those with characteristics that decrease frequency
and intensity of fire, and those that increase frequency and intensity.

Fire barriers or firebreaks — natural landscape features which prevent or resist the spread of fire,
such as rivers, other bodies of water, steep slopes and non-pyrophytic vegetation.
Boundaries between fire compartments, such as rivers or streams, that stop the flow of fire
under average burning conditions. Other barriers are steep-sided, wet ravines and
unvegetated sand and rock. Fire barriers are rarely absolute, under severe burning
conditions fires have been known to spot across bodies of water over a mile wide. By
definition, a fire barrier stops most fires that occur under average wildfire conditions.
(Any fire barrier that stops even a few fires automatically reduces the local fire frequency;
the more fire barriers and fire filters in the landscape, the lower the fire frequency).

Fire behavior - variation in rate of spread and intensity of fire moving through the landscape. Rate
of spread and intensity respond to changes in fuel, vegetation structure, topography, wind,
and diurnal changes in temperature and humidity.

Firebreak — synonym for fire barrier (as opposed to fire filter).

Fire compartment - a unit of the landscape with continuous fuel and no natural firebreaks, such
that a lightning ignition in one part would be likely to burn the whole unless there were a
change in weather or fuel moisture.

Fire corridor - pathway for fire flow between fire compartments.

Fire-dependent species — a species that depends upon fire to maintain or prepare its habitat, or to
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facilitate completion of some phase of its life cycle, such as scarification of seeds or
opening of cones.

Fire effects - changes in fuel load and vegetation structure (what about effects oon fauna, mineral
nutrients, soil composition and structure). See ecological fire effects Effects range from
simple litter removal and herb layer reduction to shrub reduction, understory thinning,
understory reduction, stand thinning or canopy destruction.

Fire effects gradient - distribution of plant communities based on differential effects of fire on
different community types.

Fire ephemeral species - plants that persist as seeds or spores, in the seed bank, appearing in large
numbers after a fire. Most are annuals, plants with seeds or spores widely dispersed by
wind, that may persist for decades before fire prepares a site for germination. Examples:

Erectites hieracifolia and Funaria hygrometrica, a moss.

Fire-exposed - referring to portions of the landscape lacking natural firebreaks or environmental
factors to slow the spread of fire, especially broad flats, south slopes and ridges. Site
exposure grades from fire-exposed to fire-sheltered to fire-protected.

Fire facilitator species - species with adaptations in litter, plant growth form, or plant part structure
or chemistry which facilitate spread of fire or enhancement of fire intensity.

Fire filter - topographic or vegetation features that temporarily reduce fire intensity or rate of
spread (examples: steep north slopes, areas with complex or rugged topography where all
the land is in slope, moist ravines, bottomlands with oligopyrophytic vegetation or having
vegetation with poor fuel connectivity). Fire filters reduce fire frequency in two ways.
First, a certain percentage of fires will be detained long enough for rainfall or cool, moist
nocturnal conditions to extinguish the fire. Second, even fires that pass through the filter
will have been delayed. A certain number will not spread as far as they would have before
being extinguished by rain or other events. The density of fire filters and fire barriers,
along with fuel type and fire compartment size determine the fire frequency in a region.

Fire flow - the movement of fire over the landscape. Characterized by rate of spread and relation
to wind direction (backing fire, flanking fire and heardfire).

Fire frequency — see fire return interval, area frequency, point frequency, site frequency.

Fire frequency classes — partitioning the fire frequency gradient into classes. Those I have found
useful approximate a 2x geometric progression: 1-3 year fire-return interval, 4-6 years, 7-

12 years, 13-25, 26-50, 51-100, 101 to >300 and nonpyrophytic.
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Fire frequency indicator community - plant community limited to a specific fire frequency regime
(such as canebrake, which reached its best development with fire-return intervals of 2-5
years). Can be used to map original landscape fire regime where remnants or historic
records exist.

Fire frequency indicator species - plant species limited to a specific fire regime (as 1-3 years, 4-6
years, etc.). Can be used to map original landscape fire regime where the indicator species
remain, or where herbarium or other historic records exist.

Fire frequency gradient - change in fire frequency across a fire-tension zone, where a gradient of
topography, soil texture, or soil moisture, reduces intensity of fire as the fire moves along
the gradient. Fires originating from the frequent-fire end of the gradient will penetrate
different distances into the gradient toward its fire-sheltered end before going out (see fire
effects gradient, which subsumes effects of both frequency and intensity).

Fire inhibitor species - species with adaptations in litter, plant growth form, or plant part structure
or chemistry which inhibit spread of fire or enhancement of fire intensity.

Fire-refugial species - species like beech, which, in a frequent-fire landscape, are confined to
naturally fire-infrequent or fire-free sites.

Fire regime types — classification of fire regimes using parameters of fire behavior such as
periodicity (nonrandom or predictable, irregular, polycyclic), fire-return interval, season of
burn, ecological fire effects, and typical rate of spread.

Fire resistant community - community with collective characteristics which offer little fuel for
spread or intensity of fire (high canopy, lack of shrub and herb layers, rapidly flattening and
decomposing litter.

Fire resistant species - species like most pines and oaks with adaptations like thick bark and rapid
self-pruning that resist damage from understory fires.

Fire-return interval - time between fires on a specific site or in a specific community type. Usually
expressed as the mean fire-return interval (MFRI).

Fire severity — fire behavior characterized by probability of ignition, rate of fire spread, and potential
for fire to spread up bark of trees, spot ahead and crown.

Fire shadow - area on the downwind side of a body of water or other natural firebreak, with fire-
infrequent vegetation in an otherwise frequent-fire landscape.

Fire sheltered - a site in a pyrophytic landscape where topographic or other factors do not eliminate

fire but reduce fire frequency or fire intensity below that of the surrounding landscape. Arn
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example would be an upland on the downwind side of a ravine containing wetland
vegetation that slowed or sometimes topped the passage of fire.

Fire spread - the rate of fire flow.

Fire tension zone - the regions between fire-exposed and naturally fire-protected parts of the
landscape. Local fire-tension zones may separate disparate vegetation types only a few
meters apart. In regional fire tension zones, fire frequency may decline gradually over
several kilometers in a flat landscape where fire can only approach from one direction.

Fireline intensity — amount of heat released at head of fire, expressed in BTUs/ft/sec.

Fireshed ~ region around a natural area having vegetation that may lead fires into the natural area.
(Proposed by Andrew G. Windisch at Tall Timbers Fire Ecology Conference No. 17, 1989.

He proposed protecting the contiguous vegetation for its ability to promote burning. )

Forest - community with a closed or nearly closed tree canopy. Usually applies to naturally fire-
protected communities, or communities that experience only light surface fires, or
vegetation like jack pine, sand pine and white cedar, that experience catastrophic fires, but
with a fire-return interval of 25-300 years.

Flame length — length of flames at head of fire. Can vary from a few inches in a grass fire to 40 feet
in canbrake, to 1,000 feet in an upslope crown fire.

Frequency-dependent species or communities — plants that require fire at a particular frequency for
survival or full expression. Examples are Venus flytrap, which requires fire at 1-3 year
interval for survival, and canebrake which requires fire at 2-5 years intervals for maximum
stem density.

Fuel models ~ Fuels characterized by the fire carrier type, such as short grass. tall grass, forest litter,
or chaparral, and the expected fire behavior in each. The National Wildfire Coordinating
Group currently recognizes 12 fuel models.

Fuel species - principal species in a community which contribute to fire spread.

Fuel structure — arrangement of fuels in relation to flammability. The spatial arrangement affects
fire intensity: fuels that lie compactly will be less flammable than cross-stacked limbs and
twigs and light airy fuels such as pine needles draped over vegetation or dead limbs.

Fusain - fossil plant fragments charcoalized by fire at time of preservation. A component of coal
and sedimentary rocks characterized by black color, silky luster and fibrous texture. Fusain
is considered evidence of natural wildfires in the primeval forest (Calder et al. 1993, Jones

and Rowe 1999).
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Grass reduction fires — surface fires in light, airy fuel, predominantly grasses. Intensity varies with
density and length of grass.

Ground fire - fires in organic substrates such as peat (as opposed to surface fire in litter and other
fine fuel). Fire may burn down to expose mineral soil or may burn deeper than the seasonal
high water table during dry spells, initiating ponding later.

Ignition source — most fires in the presettlement landscape were intitiated by lightning or Native
Americans. Rare instances of spontaneous ignition (in dead marsh grasses) have been
reported, as well as fires ignited by volcanoes and sparks from fallling rocks.

Ladder fuels - fuels such as vines, dead twigs and dead pine needles draped on understory
hardwood limbs that may carry surface fire upward into the canopy.

Landscape fire ecology - is the study of physical and biological factors that control the frequency of
fire, the movement of fire in a landscape, and the effects of fire on vegetation and other
organisms.

Land surface form - a classification of topographic features according to 1) the percent of the
landscape that is flat or only gently sloping, 2) amount of local relief from the stream
bottoms to the ridge tops, and 3) whether the flat or only gently sloping parts are located on
uplands or in bottoms (Hammond (1964). This gives a way to draw boundaries between
parts of the landscape that have similarities in fire compartment size, density of fire filters,
and density of firebreaks. This permits mapping fire regimes of major geographic regions.

Marsh - wetlands dominated by emergent herbaceous vegetation, either grasses or broad-leaved
herbs. Only a few types will not bumn.

Mean Fire-Return Interval (MFRI) - the mean of the time between fires on a specific site or in a
specific community type, averaged over a long enough time to give the typical fire
frequency regime.

Mesophytic succession - the change, after removal of fire, from communities with only one or two
vegetation layers to multistoried woody vegetation with few herbs.

Mixed pine savanna - bilayered community with 2 or more pine species over a savanna herb layer

maintained by frequent fire. (Tree mixtures include any combination of Pinus palustris, P.

echinata, P. serotina and P. taeda, often with a minor component of oaks and hickories).
Nonpyrophytic communities - relatively fireproof vegetation such as tupelo swamps (Nyssa
aquatica), with standing water, isolated vegetation clumps above treeline, talus slopes, rock

outcrops, lava flows in the pioneer stages of succession, and barren deserts, playas and salt
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flats. This category also includes some arid land vegetation lacking sufficient fuel to carry
fire.

Obligate fire frequency — the fire frequency range upon which a plant species is dependent for its
survival.

Obligate pyrophyte - Plant species dependent upon fire for completion of its life cycle.

Oligopyric communities — Sites that ordinarily do not burn because of wetness or lack of fuel
continuity, but which may carry a fire under extraordinary conditions of wind or drought.

Pine marsh - bilayered fire community type of estuarine regions, usually dominated by loblolly pine

over a graminoid layer, commonly Carex hyalinolepis or Chasmanthium laxum, or pond
pine over a variety on marsh species, commonly including sawgrass.

Point fire frequency - the fire-retumn interval for a specific puint in the landscape. Usually obtained
from a point sample—the number of fire scars on a parucular tree. Point samples are
usually underestimates of fire frequency because it is unlikely that every fire will scar a
particular tree.

Pocosin - evergreen shrub bog. May occur on organic or wet mineral soils under a wide range of
fire-return intervals. Historically, and as used by Algonquian Indians, the term meant any
open, relatively treeless plant communities, especially those in wetlands.

Prairie - community consisting of an herb layer only, maintained free of trees and most other woody
vegetation by fire, soils with severe wet/drought cycle or a combination of the two (carries
implication of extensive area but is sometimes applied to treeless areas as small as 1 hectare
in the southeastern U.S.).

Presettlement fire frequency — In the western hemisphere, the prevailing fire return intervals at time
of European settlement. Presettlement fire frequency was a composite of fires resulting
from ignitions by Native Americans, against a background of lightning ignitions, which
varied greatly in different parts oif the presettlement landscape. Portions of the original
landscape can be identified where either ignition source was dominant.

Presettlement vegetation — in the western hemisphere, the natural vegetation which existed, under
natural fire regimes, at time of European settlement (ranging from 1565 in Florida to around
1890 in remote parts of the western U.S.).

Probability of ignition — the probability that a fire will continue to burn if an ignition source, such as

lightning, occurs. Calculated from fine fuel moisture, temperature and degree of shading.
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Pyrogenic, pyrogenicity - influence of vegetation on fire behavior, acting through factors like
ignitability of living vegetation, and characteristics of dead fuel produced by vegetation.

Pyrographic - relating to environmental and biotic factors contributing to fire flow, fire frequency
and fire intensity in the landscape.

Pyrographic map - a map depicting isopleths of fire frequency for the most fire-exposed parts of the
landscape. Based on soil maps or land surface form maps (Hammond 1964), taking into
account historical records, remnant fire vegetation, fire-frequency indicator species, fire
frequency indicator communities and natural firebreaks in the landscape.

Pyrographic method - (landscape fire ecology method) creating approximate presettlement
vegetation maps by first reconstructing presettlement fire regime and then reconstructing
natural vegetation on each soil series as it occurred under a fire regime like the original.

Pyrography - mapping fire frequency, fire behavior or fire vegetation in a landscape.

Pyromosaic - Shifting or stable mosaic of plant communities in which the dominant species in any
one patch depends upon conditions at time of last fire. For example, in southeastern
peatlands the same site may have had, in different decades or centuries, white cedar, pond
pine, bay forest, swamp black gum, baldcypress, or pond cypress, depending on whether the
level of the water table at time of fire caused the fire to remain on the surface, burn
shallowly into the peat, destroying the seed bank, or burn deeply, pooling water.

Pyrophoric - tendency of a fuel type to spontaneous combustion. Some materials like coal have a
temperature at which they will continue to heat spontaneously until combustion occurs (if
oxygen is present).

Pyrophytic landscape - landscape dominated by vegetation that owes its structure or species
composition to fire.

Pyrophytic species - plant species dependent on fire for completion of their life cycles (obligate) or
adapted to survival under natural fire regimes (facultative).

Pyrophytic woodland - (eastern U.S.) bilayered community with the tree canopy and herb layer
being the principal layers, the understory being kept clear of woody species by fire. Tree
cover may be up to 75%. Trees may be mixtures of oaks (especially post oak and
blackjack), hickories (especially Carya tomentosa, C. pallida, C. cordiformis) and pines
(especially shortleaf pine).

Pyrotone - the fire-tension zone between flammable upland vegetation and less flammable wetland

vegetation (term coined by Geoff Babb).
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Rate of spread -~ fire behavior, traditionally expressed as fire spread in chains per hour (66
feet/chain).

Savanna - (southeastern U.S.) bilayered community maintained by fire, with an open tree canopy
and an almost continuous herb layer. Tree cover may be up to 50%.

Shrub reduction fires — intense fires in shrub-dominated communities that reduce all stems to the
ground.

Site fire-return interval - the mean fire-return interval for a particular fire compartment. Usually
derived from a composite fire scar chronology of fire scar dates from several trees within the
fire compartment. This is the most ecologically useful estimate of fire frequency since it is
the actual rate of fire experienced by vegetation in a particular fire compartment (compare
point samples and area samples of fire frequency).

Stand-replacing fire - fires which kill trees to the ground. There are two types: crown fires and lethal
understory fires. Some camopy species are killed outright while others may resprout.

Surface fire - light fires in hardwood leaf litter, conifer litter, light grass and some forb
communities.

Understory reduction fires — fires in multistoried stands, intense enough to clear out everything in
the understory, including any subcanopy trees, but leave most canopy trees intact.

Understory thining fires - fires in multistoried stands which thin the shrub and subcanopy layers
without killing everything beneath the canopy.

Within-compartment fire effects - variation in fire frequency within a single compartment may be
predicted from comparing fire exposed points in the compartment with partially fire
sheltered points. Fire frequency and intensity can be expected to be higher on dry south
slopes and ridges, at points downwind from the prevailing fire season wind direction, and
points in the vicinity of a connector or window into another fire compartment—an
additional source of ignition. Fire frequency can be expected to be lower upwind, in
bottoms, in the fire shadow downwind from a stream or other firebreak, and in other places

accessible only to slower moving, backing fire.
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APPENDIX 2. FIRE FREQUENCY INDICATOR SPECIES AND FIRE
REGIMES OF SELECTED RARE AND COMMON FIRE DEPENDENT
SPECIES OF THE SOUTHEASTERN U.S.

The fire regimes below are a tentative classification for species with which [ have
experience in the field. Frequencies are based on recent fire history determined in 116
1/10 hectare plots and 352 stands of vegetation on particular soil series in an area ranging
from the James River in Virginia, south to the White Oak River in North Carolina.
Estimates of presettlement fire frequency were made in the field for each, based on local
fire compartment size and other landscape factors. Occasionally, historical references to
fire frequency were available. Also used were species lists and recent fire history for
about 30 stands on the Savannah River Site in South Carolina, as well as the plots cited
above in the Green Swamp, and studies of endangered and threatened plant species
carried out by the staff and contractors of the NC Plant Conservation Program.
Frequencies reported for MacBridea alba (Florida) and [liamna corei (Virginia) are based
on discussions with others. Species’ fire frequency requirements vary with soil texture,
site moisture and fertility status. The following estimates are for the most typical habitats

observed for each.

KEY:

R* — Rare species (for status refer to Walker 1993).

S — May require a combination of special, usually circumneutral, substrate as well as fire.
L — classification based on study by Lemon (1949).

N - not fire dependent.

Presettlement — Most common presettlement fire frequency range.

Tolerated — Range of frequerncies tolerated (some only on certain soils such as dry

sands).



Persists ~ Time that a species may persist after elimination of fire. This corresponds in

part to the extreme fire-infrequent range that a species may tolerate (some only on certain

soils).
COASTAL PLAIN AND SANDHILLS
May

Presettlement Tolerated Persist

Fire Fire After

Frequency  Frequency Last
SPECIES Range Range Fire
Aristida beyrichiana N 1-3 1-20 40
Aristida stricta N 1-3 1-20 40
Astragalus michauxii R* 1-3 1-6 15
Carex lutea R* 1-3 -3 20
Carphephorus bellidifolius N 1-3 1-20 50+
Cnidoscolus stimulosus N 1-3 1-20 25
Dionaea muscipula R* 1-3 1-4 7
Ilex glabra N 1-300+ 1-300+ 300+
Lespedeza hirta N 1-6 1-20 50+
Lysimachia asperulifolia R* 1-3 1-7 10
MacBridea alba R* 1-3 1-7 10
MacBridea caroliniana R* 1-3 1-7 10
Oxypolis canbyi R*, S 1-3 1-10 15
Parnassia caroliniana R* 1-3 1-7 12
Pinguicula pumila R* 1-3 1-6 10
Pinus palustris N 1-6 1-50 75
Pleea tenuifolia R* 1-3 1-15 25
Pyxidanthera barbulata N 1-3 1-20 50
Sarracenia flava N 1-3 1-10 20
Sarracenia minor R* 1-3 1-7 15
Schwalbea americana R* 1-3 1-6 10
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Solidago odora N 1-12 1-25 50+

Sporobolus curtissii L N 1-3 1-20 40
Sporobolus teretifolius 1-3 1-10 20
Tephrosia virginiana N 1-6 1-35 50+
Thalictrum cooleyi R*, S 1-3 1-10 15
PIEDMONT
Aster depauperatus R*, S 4-6 1-20 50
Aster georgianus R* 4-6 1-15 25
Echinacea laevigata R*, S 2-6 1-20 40
Eryngium yuccifolium N 1-6 1-7 20
Helianthus schweinitzii R* 4-6 1-15 35
Liatris graminifolia N 4-6 1-15 40
Liatris squarrulosa R* 4-6 1-15 25
(L. earlei)
Lithospermum canescens R*  4-6 1-15 25
Parthenium integrifolium 4-6 1-15 20
var. auriculatum R*
Quercus ilicifolia R* 4-6 4-20 60
Rhus michauxii R* 4-6 1-7 10
Silphium terebinthinaceum R* 4-6 1-15 20
Solidago ptarmicoidesR* 4-6 1-10 15
Solidago rigida ssp. glabrata R* 4-6 1-15 30
SOUTHERN APPALACHIANS
Andropogon gerardii 5-10 3-20 30
(rock outcrops) N
Aster laevis R*, S 5-10 3-20 30
Comptonia peregrina N 5-12 3-15 20
Elymus trachycaulis R*, S 5-10 3-20 30
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Geum radiatum R* 10-15

Houstonia purpurea 10-15
var. montana R*

Hudsonia montana R* 5-12

[liamna corei R* 5-7

Leiophyllum buxifolium N 5-7

Liatris helleri R* 5-12
Melampyrum lireare N 5-12
Muhlenbergia glomerata R*S 5-12
Robinia hispida N 5-12
(also persists in the seed bank)
Poa saultensis R*, S 5-10
Sarracenia oreophila R* 5-10
Senecio pratensis R*, S 5-10
Solidago spithamea R* 10-15

Sporobolus heterolepis R*, S 7-12
Xerophyllum asphodeloides N 5-12
Zygadenus glaberrimus R* 5-12
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