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Introduction

Background

Longleaf pine woodlands on military installations support multiple uses, including
the Department of Defense (DoD) training and testing mission, threatened,
endangered, and sensitive species (TES’) conservation, and forest commodities (e.g.,
timber, pine straw) production. Despite the primacy of the military training and
testing mission, installations are required to maintain robust TES populations into
the foreseeable future.

Management approaches to protecting TES, other natural resources, and natural
plant communities are often designed to address immediate and local problems (M.
Imlay, professional discussion, 18 August 1995). Although this approach can be
rewarding and effective for an individual installation, it precludes any organized
understanding of land-use impacts, or sharing of lessons learned, and can sometimes
lead to repeated, inefficient efforts to solve similar problems throughout a region of
the country. Duplication of effort needs to be reduced or eliminated.

This report is one product of an interlaboratory effort between the U.S. Army Con-
struction Engineering Research Laboratories (USACERL) and the U.S. Army Engi-
neer Waterways Experiment Station (WES) to generate habitat-based management
strategies for TES on DoD lands in the southeastern United States (Strategic
Environmental Research and Development Program [SERDP] work unit “Regional
Guidelines for Managing T&E Species Habitats”; Martin et al. 1996). This effort is
directed at developing strategies to manage TES and their habitats on a plant
community basis, using methods that apply to multiple species and that apply across
the southeastern United States. Any increase in understanding of the habitat
requirements of listed TES will assist training and natural resource personnel in
complying with the Endangered Species Act (ESA), while avoiding restrictions on
the military mission. Furthermore, the results detailed in this report suggest that

* The acronym “TES” will be used instead of “T&E Species” in this report to conform to standard DoD terminology.
“Candidate Species” (former C1 species) are also defined as those plant and animal species that, in the opinion of
the U.S. Fish and Wildlife Service (USFWS) or National Marine Fisheries Service, may qualify for listing as threat-
ened or endangered pursuant to the Endangered Species Act; and “Species of Concern” (former C2 species).
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a great deal of additional effort is required before the process will be guided by solid
scientific information (as required by the ESA).

Objectives

The objectives of this research were to compile known information, identify gaps in
knowledge, and stimulate future research efforts on the potential positive and
negative effects of landscape planning, silviculture, military training, and other
resource-based activities to plant communities (i.e., longleaf pine woodlands) that
_serve as high-quality habitat for TES plants in the southeastern United States.

This SERDP work unit, in particular, was undertaken to reduce duplication of effort
towards conservation of TES within the southeastern region. It is hoped that this
review of information may be used to improve the ecological and economic
effectiveness of TES habitat management. By understanding the ecological
requirements of TES and the environmental resilience or sensitivity of TES
habitats, installations acquire increased control over TES management and land-use

decisions.

Approach

To identify potential impacts, researchers reviewed the available literature and
conducted interviews with community ecologists throughout the southeastern
United States, with an emphasis on interviewing those people who have been
involved in plant TES and plant community survey work on military installations.
Site visits were made to military installations. Potential impacts were also
discussed with military natural resources personnel, botanists, community
ecologists, and military contractors, such as The Nature Conservancy (TNC) or state
Natural Heritage Program (NHP) staff. A list of experts contacted is included at the
end of the references list. Information also was taken from installation TES survey
reports in which impacts and management were addressed. Land Condition Trend
Analysis (LCTA) reports, Land Rehabilitation and Maintenance (LRAM) data, and
academic and Federal agency literature on logging and recreational impacts to plant

communities were also used.
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Scope

Within the context of the larger DoD mission, TES populations can be maintained
through the following framework: (1) identify mission requirements, (2) identify
TES requirements, (8) identify ideal compromises for meeting both TES and mission
requirements, and (4) pursue these compromises and develop realistic, workable
compromises. The fourth step should be executed through professional management
of TES populations, as much as possible, to reduce restrictions on the military
mission. This document partially contributes to the total TES and land-manage-
ment process. It provides information to assist in identifying the needs of TES (step
2), and perhaps will assist in identifying options for compromise as well (step 3).

This report focuses on plant communities because they provide habitat for multiple
species. By managing for plant communities, DoD has the opportunity to conserve
multiple TES simultaneously. Plant communities are less ambiguous entities than
complete ecosystems, and have been described and cataloged for many decades by
ecologists and biogeographers. They provide a useful basis on which to understand
and manage the natural systems that support military training and other land uses.

For purposes of management, this report combines the pine flatwoods and sandhills
communities because they have several features that link them. Historically, pine
flatwoods and sandhills dominated many upland areas of the southeastern Coastal
Plain, forming a matrix in which other communities were embedded (Noss 1988).
Sandhills occupied well-drained xeric ridges and rolling uplands, and graded into
flatwoods, which occurred on poorly drained flats or terraces (Myers 1990). Both
communities require frequent fire for maintenance (Stout and Marion 1993; Ware
et al. 1993), and have a number of plant and animal species in common (Harcombe
et al. 1993; Myers 1990; Peet and Allard 1993). Frequently burned flatwoods and
sandhills are similar in structure, both having a sparse canopy of pines (usually
longleaf [Pinus palustris]) and a diverse understory dominated by wiregrasses
(Aristida stricta or A. beytrichiana) or bluestems (Andropogon spp. and
Schizachyrium spp.) (Christensen 1988; Harcombe et al. 1993; Myers 1990; Peet and
Allard 1993).

The range of pine flatwoods and sandhills generally follow the distribution of
longleaf pine in the southeastern United States (Figure 1)." This distribution is
closely aligned with the Southeastern Region designated by early efforts in the work
unit (see Martin et al. 1996). Recommendations within this report are intended to
be applied within this Southeastern Region.

* Figures and tables are located at the end of the chapters in which they are first referenced.
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Due to the scope of this report, specific management recommendations are to be
considered for areas that trainers and resource managers recognize and manage as
endangered species habitat. Many of the most restrictive land-use recommendations
are made for areas that are also recognized as protected wetlands due to their
sensitive hydrology. These recommendations are not intended to be applied across
entire DoD installations (e.g., on areas designated as maneuver training zones).

Mode of Technology Transfer

This report is to be used by DoD natural resource policymakers, installation land
managers, and the natural resource research community, in conjunction with asso-
ciated documents produced under this SERDP work unit (e.g., Trame and Harper
1997; Harper and Trame, in prep; and Trame and Tazik 1995) to (1) develop
ecosystem-based approaches to describe natural communities and TES habitat in
relation to military activities, (2) evaluate military-related effects on those
communities, (3) develop community-based strategies for supporting both military
land use and TES habitat management, and (4) develop management solutions for
military impacts to natural communities when management for TES habitat is a

priority for a particular location.

Results of this report will be presented at the annual SERDP Symposium. In
addition, this and companion volumes have been identified for life-cycle technology
demonstration and support in the Conservation Technology Infusion effort being
developed under the Army's environmental science and technology process.
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Figure 1. The range of longleaf pine-dominated communities (vertical lines) in the southeastern
United States falls across several physiographic provinces.
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2 Longleaf Pine-dominated Communities

Sandhills

Longleaf pine-dominated sandhills occur along the outer Coastal Plain from eastern
Virginia to Florida and west to the Mississippi River. Stands of longleaf pine also
occupy the fall line of Alabama, Georgia, North Carolina, and South Carolina. (The
fall line marks the separation between the Piedmont and Coastal Plain physio-
graphic regions in the Southeastern United States; see Figure 1). The community
generally occurs in areas with rolling topography that have well-drained, dry to
xeric (very dry) sandy soils (Stout and Marion 1993). Examples occur on more than
20 military installations in the Southeast (Table 1).

Community structure is characterized by an open, sparse canopy of pine, an open
understory dominated by scrubby oaks, and a herbaceous ground layer consisting
of various grasses and forbs (Myers 1990) (Figure 2). Physiognomy varies with
moisture, fire regime, and geographic location. Longleaf pine dominates the canopy,
except in southeastern and south-central Florida stands, which may consist of slash
pine (P. elliottii) or both longleaf and slash pine, and in eastern Texas north of the
range of longleaf, where shortleaf (P. echinata) and loblolly pine (P. taeda)
codominate (Christensen 1988, Stout and Marion 1993). Modification by humans
has led to the dominance of slash pine or sand pine (P. clausa) in some sandhill
canopies in Florida. In some cases, the pine canopy has been removed and the
understory scrub oaks have become dominant (Myers 1990). Turkey oak dominate
the understory in xeric sites east of the Mississippi River, but in the Big Thicket
region of eastern Texas, bluejack oak (. incana) and post oak (Q. stellata) replace
turkey oak (Christensen 1988, Stout and Marion 1993). In Louisiana, blackjack oak
(. marilandica), sandhill post oak (@. margaretta), and bluejack oak are common
associates in longleaf pine sandhills (L. Smith, pers. comm., 1997). Wiregrass (A.
stricta in the Carolinas; and A. beytrichiana in southern South Carolina, and in
Florida west to Jackson County, MS; Peet 1993) dominate the understory in
community occurrences east of eastern Mississippi. In more loamy, less sandy
habitats, and also west of the range of wiregrass, bluestems increase in importance
(Harcombe et al. 1993; Peet and Allard 1993). Appendix A gives a detailed ecological
description of sandhill communities.
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Pine Flatwoods

Pine flatwoods occur on the Coastal Plain from southeastern Virginia south to
Florida and west to Texas (Figure 1), and have been documented on over 20 military
installations (see Table 1). These communities occur on extensive flats or terraces,
and have low, usually flat to gently undulating topography (Stout and Marion 1993).
The soils are generally poorly drained sands with varying amounts of clay
(Abrahamson and Hartnett 1990). Pine flatwoods typically have a ground layer of
low vegetation and an emergent tree layer of pines with limbless lower trunks
(Figure 3), but physiognomy varies markedly with fire regime and moisture (Stout
and Marion 1993). For this reason, some authors have divided this community into
flatwoods and savannas, with flatwoods being fire-suppressed communities that
have a well-developed woody understory and a sparse groundcover, and savannas
having a sparse canopy of pines and a diverse groundcover (Christensen 1988).
Longleaf pine, slash pine, and pond pine (P. serotina) usually dominate the canopy
in pure stands or various combinations. Understory species include gallberry Ilex
glabra), shiny blueberry (Vaccinium myrsinites), fetterbush (Lyonia lucida), dwarf
live oak (. minima), runner oak (. pumila), sand live oak (Q. geminata), hairy
laurel (Kalmia hirsuta), and wax myrtle (Myrica cerifera). Saw palmetto (Serenoa
repens) also may be a dominant understory component throughout its range. The
dominant grass is wiregrass east of eastern Mississippi (Stout and Marion 1993).
Other important grasses (and dominant grasses outside the range of wiregrass) are
bluestems (Schizachyrium spp.), broomsedges (Andropogon spp.), muhlys (Muhlen-
bergia spp.), dropseeds (Sporobolus spp.), and toothache grass (Ctenium
aromaticum) (Harcombe et al. 1993, Peet and Allard 1993). Appendix B is a detailed
ecological description of pine flatwoods.

Occurrence on Installations

Only about 25 percent of the remaining mature longleaf-slash pine forests are on
public lands where they receive varying degrees of protection (reviewed in Ware,
Frost, and Doerr 1993; Noss 1988). Well-planned management of these communities
and ecosystems on public lands is critical to their continued existence and to the
survival of the rare species that depend on them for habitat. Pine flatwoods and
sandhill communities frequently occur on military installations in the southeastern
United States (Table 1; for acreage estimates see FNAI 1994a; Gulf Engineers &
Consultants, Inc. and Geo-Marine Inc. 1994; Hart and Lester 1993, Howie 1994;
Russo et al. 1993; TNC 1995). Significant areas of forested lands on military
installations have been converted to pine plantations, with a portion of the
remaining lands occasionally utilized for forest products (for acreage estimates, see
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Russo et al. 1993; Howie 1994; FNAI 1994a; NAS Jacksonville 1988; NAS Pensacola
1988; NAS Whiting 1991; Alabama Natural Heritage Program 1994; Mount and
Diamond 1992; and Hart and Lester 1993).

Table 1. Occurrence of pine flatwoods and sandhills on military installations in the Southeastern United

States.
State |Branch Installation Community Type Reference
Flatwoods | Sandhills
AL |Army Fort McClellan X Alabama Natural Heritage Program
(1994)
Fort Rucker X Mount and Diamond (1992)
FL |Air Force Avon Park Air Force Base X X Howie (1994)
(AFB)
Eglin AFB X X Florida Natural Areas Inventory
(FNALI) (1994b)
Huriburt Field X X Labat-Anderson, Inc. (1994)
Eglin AFB
Tyndall AFB X FNAI (1994a)
Army Camp Blanding X X R. Brozka, pers. comm., 1994
Navy Naval Air Station (NAS) X X NAS Cecil Field (1988),
Cecil Field Environmental Services & Permit-
ting, Inc. (1990)
NAS Jacksonville X NAS Jacksonville (1988),
Environmental Services & Permit-
ting, Inc. (1990)
McCoy Annex of the Na- X FNAI (1992)
val Training Center Or-
lando
NAS Pensacola and Out- X X NAS Pensacola(1988), FNAI (1988)
lying Field, Bronson
NAS Whiting Field X X NAS Whiting Field (1991)
GA |Air Force Moody AFB X TNC (1994)
Army Fort Benning X X Gulf Engineers & Consultants and
Geo-Marine, Inc. (1994)
Fort Gordon X X Moore and Giannasi (1992)
Fort Stewart X X TNC (1995)
Marine Corps |Marine Corps Logistics X X Georgia Department of Natural Re-
Base (MCLB) Albany sources (DNR) (1994)
LA |Army Camp Beauregard X Mclnnis, Martin, and Teague (1995)
Camp Villerie X Teague, Mclnnis, and Martin (1995)
Fort Polk X X R. Stewart, pers. comm., 1995
MS [Army Camp Shelby X X R. Wieland, pers. comm., 1994
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State |Branch Installation Community Type Reference
Flatwoods | Sandhills
Navy NAS Meridian X R. Wieland, pers. comm, 1994
NC |Army Camp MacKall & Fort X X Russo et al. (1993)
Bragg
Military Ocean Terminal X X M. Schafale, pers. comm., 1994
(MOT) Sunny Point
Marine Corps |Marine Corps Air Station X X LeBlond et al. (1994c)
(MCAS) Cherry Point
Marine Corps Base (MCB) X X LeBlond et al. (1994a), (1994b)
Camp Lejuene
SC |Army Fort Jackson X X B. Pittman, pers. comm., 1995
Navy Naval Weapons Station X X NWS Charleston (1989)
(NWS) Charleston

classification names).

(See Appendices A and B for cross-classification of “pine flatwoods” and “sandhills” with state natural heritage

Figure 2. Sandhills community in North Carolina.

&
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S

Figure 3. Flatwoods community in Louisiana.
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3 Biodiversity and TES

The longleaf pine-bunchgrass (either wiregrass or bluestem) ecosystem was once
dominant throughout the Coastal Plain of the southeastern United States. The
distribution of this ecosystem has been reduced by approximately 90 to 95 percent
(99.9 percent if only remaining old growth examples are considered; L. Smith 1997).
At the time of European settlement, longleaf pine communities covered at least 24.5
to 36 million hectares (ha) (60 to 90 million acres); today these communities cover
less than 1.6 million ha (4 million acres), and most of this is degraded second growth
(Smith 1997). This ecosystem type is considered by some to be critically endangered
(Noss, LaRoe, and Scott 1992).

Communities within the longleaf pine ecosystem are extremely diverse, often
supporting numerous rare and endemic plant (Hardin and White 1989) and animal
(Echternacht and Harris 1993) taxa, making this one of the most important natural
systems in the southeastern United States. Hardin and White (1989) listed 191 rare
plant taxa as occurring in the wiregrass ecosystem. Six of these taxa have been
listed as Federally endangered, 1 has been proposed for listing as endangered, and
61 are state listed as threatened or endangered in 3 states. In addition, the authors
estimated that the wiregrass ecosystem supports 66 rare, locally endemic plant taxa,
including 33 from Florida, 2 from North Carolina, 14 from North and South
Carolina, 5 from Florida and Georgia, and 5 from Alabama and Florida. Longleaf
communities on military installations support several rare plant species including
the Federally endangered Chapman's rhododendron (Rhododendron chapmanii),
Michaux's sumac (Rhus michauxii), American chaffseed (Schwalbea americana), and
rough-leaved loosestrife (Lysimachia asperulaefolia; see Appendix C).

Flatwoods and sandhills also provide seasonal and year-round habitats for a variety
of animals, many of which are associated with both plant communities. Sandhills
fauna typically are adapted to harsh environmental conditions (e.g., hot summers,
cool winters, and desiccation), and many species burrow underground to avoid
temperature extremes and minimize water loss (Stout and Marion 1993). Although
limited in distribution and abundance, the two plant communities support a number
of animal TES (see Appendix D), including the threatened gopher tortoise (Gopherus
polyphemus), considered a keystone species for the community (Eisenberg 1983), and
the endangered red-cockaded woodpecker (RCW) (Picoides borealis). According to
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Krusac and Dabney (1994), 53 animal species (17 mammals, 7 birds, 13 reptiles, 6
amphibians, 7 insects, and 1 arachnid) co-occur with red-cockaded woodpeckers, for
which there are viability concerns because of fire suppression, habitat degradation,
and habitat fragmentation. The degradation and loss of these two major plant
communities also have directly contributed to decreasing populations and reduced
distribution of eastern indigo snakes (Drymarchon corais couperi; Speake et al.
1978), gopher frogs (Rana capito spp.; Palis 1995), and pine snakes (Pituophis
melanoleucus; Jordan 1995).
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4 Land Use Practices and Activities

Remaining pine flatwoods and sandhills have been degraded by past management
practices, land uses, and other human created disturbances. Also, many areas
currently support multiple land uses. This section is intended to describe the
management practices and multiple land uses that sandhills and flatwoods support
on military installations. Practices associated with agriculture, fire management,
forestry, construction activities, and military training have potential to alter the
quality of habitat for TES, which currently depend on remnants of these
communities (see Chapter 7, Impacts and Management Recommendations).

Fire Management

Prior to the 1920s, flatwoods and sandhills burned frequently during the growing
season as a result of fires ignited by lightning strikes. In addition, prescribed fires
were often set during the dormant season for game management purposes. Most of
the longleaf pine range came under effective fire suppression between 1920 and
1950, leading to the development of a dense forest (Frost 1993). On military
installations, frequent fires continued to occur throughout the year in artillery
impact areas, with occasional accidental or prescribed fires in other areas. Fire may
increase soil erosion in the short term (through removal of vegetation and through
the use of fire control plowlines), but it restores conditions for the herbaceous plant
species associated with high-quality longleaf pine communities (Haywood, Martin,
and Novosad 1995). Today's DoD installation managers must therefore balance the
need to control erosion with the need to sustain fire-dependent communities.

As a means of accidental fire suppression and to control prescribed fires, managers
have created plowlines throughout natural communities. Creating plowlines
involves removing vegetation down to the mineral soil layer. Historically, plowlines
often were placed in ecotones between sandhills or flatwoods and adjacent wetlands
(Frost et al. 1986).

Current fire management practices in pine flatwoods and sandhills are discussed in
detail in Fire and Fire Suppression, p 40. Fire management includes the use of
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prescribed fire, and the use of plowlines, surfactant foams, and natural wetland

barriers to control fire intensity and spread.

Agricultural and Forestry Practices

Agricultural and forestry practices in pine flatwoods and sandhills include site
preparation activities such as disking, chopping, ditching, draining, bedding, and
fertilization. Disking improves soil compaction and drainage. Steel blades that
penetrate deep into the soil are used to cut and break small stems and roots. Disks
are most frequently pulled by crawler tractors, but rubber-tired skidding tractors
also may be used. Chopping severs standing vegetation and involves rolling a heavy
steel drum studded with radially oriented cutting blades across a site. Drums can
be pulled by an articulated rubber-tired skidder or crawler tractor. Ditches are dug
and drains installed to increase water drainage and soil aeration, which enhances
tree growth. Bedding also improves drainage. This practice involves the formation
of mounds of soil using bedding plows pulled by crawler tractors or rubber-tired
skidders (Lowery and Gjerstad 1991). Trees are then planted on the mounds.
Fertilization of longleaf soils can improve understory plant growth and production
in the short term, but at least one study has found fertilization to be largely
unnecessary in areas where fire was controlled (Haywood and Thill 1995).

Activities related to the production of commodities such as logging, turpentining (the
removal of gum from live pine trees), stumping (the removal of stumps from the
ground, usually with crawler tractors), and pinestraw raking (the harvest of fallen
pine needles either by hand-raking or tractor-drawn hay rakes and balers) occurred
(and all except turpentining still occur) in flatwoods and sandhills. Logging did not
affect the forest significantly until 1870. Between 1870 and 1930, intensive logging
removed virtually all remaining virgin forest in the South (Frost 1993). From
approximately 1920 to the present, logged forests were converted to plantations, and
species such as loblolly and slash pine were planted (Frost 1993). Contemporary
logging in flatwoods and sandhills is characterized by the use of heavy machinery
(wheel or crawler tractors), the creation of haul roads, and use of log decks and skid
trails (Hatchell, Ralston, and Foil 1970). As shown in Table 2, many different tree
harvesting cuts are used today. Turpentining occurred from 1834 to approximately
1890. Most mature trees were used for turpentining, which involved cutting the
bark from the tree and installing a tap. This practice weakened the trees to the
extent that subsequent fires or winds often killed them (Frost 1993).

Pine beetle control practices are often necessary to protect forest health and
minimize economic impacts to the timber industry. Controls range from synthetic




USACERL TR-98/21

21

pesticide application and selective removal of infected and adjacent trees, to the
emerging use of biopesticides (Strom, Goyer, and Hays 1995). Pine beetle
infestations generally range in size from individual trees to several hectares (K.
Robertson, pers. comm., 1996).

The removal of stumps, snags, and other woody debris associated with stumping,
road construction, pest control, and other traditional forestry operations has the
potential of negatively impacting biodiversity. Researchers increasingly are
recognizing and documenting the biological importance of coarse woody debris in
southern forest ecosystem structure and function (McMinn and Crossley 1993;
Harvey and Pimentel 1996), both terrestrial and aquatic (Wallace, Grubaugh, and
Whiles 1993), in addition to negative consequences associated with woody debris loss
(Harvey and Pimentel 1996). Specifically, McMinn and Crossley (1993) provide
selected papers asserting the role of coarse woody debris in maintaining regional
biological diversity in addition to specific consideration of its importance in seedling
recruitment and maintenance of healthy and diverse fish, invertebrate, bird,
mammal, herpetofauna, and soil mite communities.

The ability of altered longleaf pine communities on military installations to provide
TES habitat in addition to training and testing opportunities varies considerably.
Lands that have been ditched, drained, bedded, or subjected to severe mechanical
disturbance may no longer be able to support native groundcover or naturally
regenerating longleaf pine and may require significant rehabilitation efforts to
restore. Regardless of disturbance to groundcover, conversion to plantations can
lead to the development of a dense canopy of pines that eliminates habitat for the
shade-intolerant plant species characteristic of the herb layer in natural
communities. However, forested lands being less intensively managed may still
support TES. For example, the Northern Training Area of Fort Bragg, NC, was
purchased from the International Paper Company in 1986, when the majority of the
forest had been clearcut and converted to slash pine plantations. The RCW,
wiregrass, and several plant TES continue to persist in these altered communities
(Russo et al. 1993).

Nonetheless, conversion of natural pine flatwoods and sandhills to even-aged pine
plantations can reduce or degrade available habitat for many animal TES inhabiting
these communities. Reported examples include the loss of habitat for pine snakes
(Jordan 1995) and flatwoods salamanders (Ambystoma cingulatum; Means, Palis,
and Baggett 1994); reduction in groundcover vegetation (e.g., forage availability) for
gopher tortoises because of shading by the dense overstory (Diemer 1989);
development of stands that are not burned frequently enough or have trees that are
too densely stocked for eastern indigo snakes (USFWS 1982); and development of
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unsuitable foraging habitat for southeastern American kestrels (Falco sparverius
paulus) (Bohall 1984). Variations in modern sivicultural practices, such as the use
of irregular shelterwoods, may be compatible with RCW management, although this
continues to be debated by scientists (Rudolph and Conner 1996). Managing to
protect TES and unique natural communities on installations may require less
emphasis on traditional silvicultural practices in the future.

Activities not related to forestry that affect flatwoods and sandhills include livestock
grazing, creation of wildlife food plots, and conversion to agricultural lands.
According to Frost (1993), hogs, cattle, mules, sheep, and goats have grazed
flatwoods and sandhills since European settlement. Feral hogs (Sus scrofa) have
had the greatest effect on tree species, preventing regrowth of longleaf pine. Hogs
reached high densities throughout the range of longleaf pine in 1860, and still run
wild in some areas. Open-range grazing ended between 1880 and 1930, and longleaf
pine regenerated on many of these areas before the era of fire suppression (Frost
1993). Wildlife food plots require the artificial establishment of introduced or
cultivated species for the purpose of feeding increased populations of game species.
Preparation involves clearing native vegetation, often in openings created by
logging. Conversion to farms supporting agricultural species also occurred in
flatwoods and sandhills. Some mixed pine-hardwood communities in existence
today developed when agricultural fields were left fallow (Means and Grow 1985).

Military Training Activities

Dismounted military training occurs during portions of training exercises when
soldiers are on foot. Activities may include patrolling, navigation, marching, and
occupational exercises (bivouacking) without vehicles. Effects on natural resources
can be similar to those generated in campgrounds or along hiking trails. Land
navigation exercises are nonmechanized, orienteering exercises in which individual
soldiers or small groups must use a map in unfamiliar terrain to reach a specified
location. Platoons and companies must master the skills of scouting and patrolling
in units of 33 to 120 soldiers. They are expected to operate in any terrain and under
any weather conditions (Michigan Department of Military Affairs [Michigan DMA]
1994). Infantry units are rapidly deployed in a dispersed pattern throughout a large
area. Their mission is to conduct synchronized but decentralized operations (Army
Field Manual [AFM] 71-100, 1990).

Occupation of land (bivouacking) occurs anytime a unit stops to set up security, rest
soldiers or equipment, construct fighting positions, camouflage vehicles and
equipment, or stay in one place for any length of time. These actions have potential
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to damage sites through vehicle activity, foot traffic, and digging (Department of the
Army 1993). Firing points and other areas where troops gather can experience the
same damage.

Mechanized and armored units are dominated by heavy tracked vehicles. They
provide mobile, well-protected firepower. They are deployed over large open areas
where long-range weapons with flat trajectories can be shot. Movement can occur
anywhere on the terrain, up and down hills, and in some cases, through streams and
ponds. The terrain is used for protection, so maneuvers such as avoiding open space,
avoiding open or high ground, or using depressions for concealment must be
practiced (AFM 7-7, 1985). During offensive operations, their mission includes rapid
concentrations of power, so mobility is extremely important and requires large
expanses of open terrain (AFM 71-100, 1990). Mechanized and armored training
cause damage resulting from “violently executed vehicle movement” and sustained
weapons fire (Michigan DMA 1994).

Because the modern soldier relies on battlefield terrain to provide concealment and
protection, the terrain is used and modified by all units. For example, soldiers dig
fighting positions such as foxholes and tank defolade positions. Engineers must
know how to reduce enemy obstacles, create friendly obstacles, and protect soldiers
from enemy fire by altering the terrain (AFM 5-100, 1988). Engineer units use
modified tanks, road graders, bulldozers, cranes, backhoes, High Mobility Multi-
Purpose Wheeled Vehicles (HMMWYV, more commonly known as “Humvees”) and
front-end loaders. Engineer activities require movement of massive amounts of soil.
Even the deepest root systems of plants can be damaged during these activities
(Trame 1997).

An Army division includes dozens of support and service units that also affect
terrain. Signal units must plan, provide, and maintain communication systems
between command posts and subordinate units. They use light to medium-sized
trucks. Medical Corps units train in field hospital conditions. Most specialized
units use wheeled vehicles, but the potential for support and service units to impact
natural resources are minimal compared to fighting operations. Table 3 lists
military activities affecting longleaf pine communities.
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Table 2. Tree harvesting methods used in pine flatwoods and sandhills in the Southeastern United States.

Seed-tree cut

Selection cut

Shelterwood cut

Irreqular shelterwood cut

Kind of Cut Description
Clearcut Timber harvest in which an entire stand of trees is cut.
Salvage cut Harvesting dead or dying trees or those in danger of being killed to save their

economic value (Farrar 1993).

Forestry practice in which 5 to 10 residual trees per acre are left on the site after
harvest for the purpose of natural regeneration (Boyer 1993).

Forestry practice involving creation and maintenance of an uneven-aged stand.
Individual trees or small groups are harvested at periodic intervals (cutting cycles) of 5
to 15 years based on species, physical condition, and degree of maturity (Farrar
1993).

A silvicultural system in which mature trees are removed, in a series of cuts, to
achieve a new even-aged stand under the shelter of remaining trees.

Harvesting a portion of trees at rotation age, leaving a substantial number of residual
trees scattered across the stand throughout succeeding rotation(s) (Rudolph and
Conner 1996).

Table 3. List of military activities that can potentially alter longleaf pine communities on military
installations in the Southeastern United States.

Military watercraft

Airborne operations

Munitions

Potential pollution

Earthmoving activities

Miscellaneous activities

Activity Description
Training on foot In file on established route; moving cross-country; escape and evasion
training
Use of tracked tactical vehicle In file on established route or moving cross-country; moving cross-country;

crossing stream; tactical maneuver training

Use of wheeled tactical vehicle In file on established route or moving cross-country; moving cross-country;

crossing stream; tactical maneuver training; transport of petroleum, oils,
and lubricants (POL) or supplies cross-country

In coastal or inland waters, beaches, and dune habitats

Air drop; firing airborne small arms, or medium and heavy weaponry; hover
aircraft

Firing small arms, or medium and heavy weaponry; firing missiles and
rockets; use of incendiary devices

Use of smoke products, gases

Construction of obstacles, fortifications, or emplacements; engineer heavy
equipment operations

Firefighting, camouflage, bivouacking, bridge-building, assembly/staging
activities
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5 Community Quality and Management

Baseline Data

To practice ecosystem management while keeping several goals in mind (the mili-
tary mission, protecting TES, production of forest commodities), installations should
gather the following baseline information from which they can make management
decisions.

. Locations and sizes of TES populations or significant natural features within
communities

. Mission land and resource needs to support the training or testing mission(s)

. Kinds of plant communities, and the juxtaposition of different communities
within the landscape—Managers also should be aware of the relationship
between plants and animals in each community and the habitats on which
they depend. Identification of species and species-assemblages is essential in
order to characterize within and between community diversity across water-
sheds and other landscapes. That is, once the ecological “uniqueness” of com-
munities is determined, the most appropriate community-based management
can be determined. Moreover, knowledge about plant/animal life histories and
plant/animal interactions can help managers plan activities that minimize
disturbance to species of concern and overall community dynamics. For
example, managers would want to avoid creating a barrier between upland
terrestrial habitat for a rare animal species and the aquatic habitat it depends
on for breeding.

. Quality and significance of plant communities on the installation—This
information should be used to determine which communities have the highest
priority for the conservation of TES species. A community generally is deemed
high quality if it resembles presettlement conditions (see Community
Quality, p 27). Regardless of quality, the community may be highly
significant based on rarity or uniqueness of the type.
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. Natural processes which regulate communities and how they have been altered
by human activities—It is not enough to identify all species in a community.
Rather, processes that allow ecological succession to regress, stabilize, or
accelerate must be identified in order to manage for the appropriate seral
stage. Additionally, knowledge of processes allows for the development of
ecological models, which are predictive tools enjoying a high degree of
popularity in the fields of risk assessment and environmental impact analysis.
Important processes include fire frequency, human land-use patterns, wetland
loss or gain, soil erosion, deforestation/reforestation, community recovery rates
(from environmental perturbations), nutrient cycling, productivity, community
succession and species replacement (exotic species introduction), population
turnover, fecundity, and mortality.

. Interagency cooperation and data compatability/exchange—Interagency
cooperation involving activities such as the sharing of information and
leveraging of resources to achieve common goals arguably may be among the
most important elements in determining success with an ecosystem approach.
Cooperation with non-DoD agencies is needed because few, if any, installations
contain closed ecosystems that support sustainable TES populations, and all
are influenced by species and processes (hydrology, natural and human-
induced impacts) occurring on adjacent lands. Moreover, state agencies and
other natural resource-oriented groups often have in-house expertise, extensive
libraries, access to a wealth of unpublished information, and can potentially
provide much of the baseline information mentioned above. Not only can
installations realize savings in time and money, but the citing of non-DoD
sources may be perceived as more credible by regulatory agencies and the

general public.

Monitoring

Managers should monitor the effects of their management practices on the
communities or features of interest. For the purpose of long-term monitoring,
standardized sampling methods should be developed and used. Being able to
quantify improvement or degradation of habitats over time is critical to not only
evaluate management practices, but to make management decisions as well.
Methods as simple as establishing permanent plots or grids are useful for repeated
surveys (Whitworth and Hill 1997). Georectified aerial photographs can be useful
in monitoring landscape and community changes over time. Keeping accurate
records of land use is also important (e.g., detailed notes of fire occurrence and
species response, as well as silvicultural [forestry] techniques).
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Community Quality

Managers at Eglin AFB, FL, have developed a system to classify community quality
known as the “Ecological Tier System” (Dept. of the Air Force 1993). This system
has also been used at Camp Blanding, FL (FNAI and TNC 1995). Determination of
community quality has obvious benefits for TES conservation planning. Low quality
communities do not provide the same habitat quality for TES as higher quality
communities and, therefore, should be treated differently in terms of protection,
restoration efforts, and allowable land uses. Use of a quality-ranking system for
management purposes can assure that protection priority is given to highest quality
TES habitat. Furthermore, use of this system can ensure that restoration activities
are used for communities that have the potential to become high-quality TES
habitat with minimum restoration efforts. Similarly, use of a quality-ranking
system can ensure that efforts are not wasted in the restoration of low quality
communities. Finally, plant communities on installations are subject to multiple
land uses, and use of a quality-ranking system in combination with an assessment
of impacts of various land uses can allow managers to determine which activities are
appropriate in which communities, based on the potential to provide quality habitat
for TES. The ranking system developed for Eglin AFB has been adapted for this
report, and will be referred to repeatedly in the management sections that follow
(Dept. of the Air Force 1993):

TYPE I - High quality community: “Portions of vegetative communities which
are in or closely approximate their natural state... These areas have
experienced relatively few disruptive events. Examples are areas of old growth
or relatively undisturbed vegetation. Management activities should be
predominantly in the maintenance category, utilizing methods that mimic
natural formative forces such as prescribed fire.”

TYPE II - Intermediate quality community: “Portions of vegetative
communities that still retain a good representation and distribution of
associated species and which have been exposed to moderate amounts and
intensities of disruptive events.... These are areas where ecosystem function
and viability can be restored through careful, responsible management.
Management direction will integrate appropriate management activities to
accomplish restoration and maintenance objectives. Restoration activities may
include practices that will accelerate change in the desired direction (i.e., use
of herbicides, and/or mechanical methods of hardwood control, supplemental
planting of longleaf seedlings).”
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TYPE III - Moderately low quality community: “Portions of vegetative
communities that do not retain a good representation and distribution of
associated species and which have been exposed to severe amounts and
intensities of disruptive events.... These are areas where restoration of eco-
system function and viability might be possible, but would require significant
and intensive management commitment over extended periods of time.
Depending on land-use priorities, management direction may encourage a
return to a more natural vegetative association over the long term and/or may
include intensive use of traditional management techniques.”

TYPE IV - Lowest quality community: “....sites that either will not be or are not
capable of being restored under any likely realistic scenario because of
dedicated land use. Type IV areas include cleared test ranges, sewage disposal
spray fields, urban areas, main roads, designated clay pits, power line rights-
of-way, and possibly some wildland interface areas.”

In addition to giving a quality ranking to a community based on naturalness,
managers may wish to use other parameters to determine what kind of activities
should occur in communities, and which communities should be protected from
them. For example, presence of rare species, overall diversity, unusual species
combinations, and diverse physical features (e.g., soil types, hydrologic regimes, and
topographic situations) should be considered. Some systems consider all of these
parameters and rank a site based on them.
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6 Indicators of Community Quality

Wiregrass/Bunchgrass Dominance

Clewell (1989) found that wiregrass dominance (or co-dominance with bluestems in
flatwoods, G. Tanner, pers. comm., 1996) can be a good indicator of a community
that has not suffered from fire suppression or soil disturbance. This idea is
expanded to include the bunchgrasses, bluestems, and broomsedges west of the
range of wiregrass. The range extends from southeastern North Carolina to the
edge of the Florida Everglades and westward throughout the Florida panhandle,
Georgia, southern Alabama, and coastal Mississippi, with a natural gap in South
Carolina. Other bunchgrasses dominate the herbaceous layer in Louisiana and east
Texas, but play a similar ecological role.

Within its range, wiregrass is the predominant cover in longleaf pinelands, in nearly
all slash pine flatwoods, and in many herbaceous bogs. Once eliminated from a site,
reestablishment is difficult, due to negligible reproduction by seed, and slow rates
of vegetative spread. Studies from 30 flatwoods, sandhills and boggy sites have
shown that, throughout the range of wiregrass, uniform density averaging 5 wire-
grass clumps (or plants)/m? (0.46 clumps/sq ft) occurs in Type I communities free
from fire suppression and moderate to severe soil disturbance. Wiregrass clumps
were more dense in sandhills (averaging 5.8 clumps/m? [0.49 clumps/sq ft]) than in
flatwoods (averaging 4.6 clumps/m? [0.43 clumps/sq ft]). Sites with low densities or
irregular distributions of wiregrass consistently showed evidence of past disturbance
or prolonged fire suppression, such as “unusual combinations of associated species,
hardwood coppice-sprouts, or slight topographic irregularities caused by
disturbance....” (Type II or III communities). Examples show that wiregrass can be
eliminated from Type III sites after 20 to 40 years of fire suppression (Clewell 1989).

Managers within the range of wiregrass are cautioned not to confuse wiregrass with
similar species when evaluating sites. Hall (1989) notes that other grasses, such as
Curtis' dropseed (Sporobolus curtissii) and pineywoods dropseed (S. junceus), can be
confused easily with wiregrass.
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Old Growth Pine

Presence of many old growth (100+ years) or older mature (50+ years) native pine
trees, forming an open canopy, can indicate a high quality site for many TES. Old-
growth pine tree indicators are a gnarled, flat top morphology, a slightly widened
trunk base, or the presence of RCW cavities. High-quality, Type I sites generally
contain multiple age-classes of pines, showing a wide range of diameter at breast
height (DBH) classes and regeneration stages (e.g., seedlings, saplings; FNAI
1994Db).

Other Indicator Species

Certain plant species indicate the presence or absence of particular stresses or
impacts to a community, and assist in assigning quality rankings. Sometimes after
degradation, species that are not native to the community invade. Other, native
species, may be uncommon in natural situations but adapted to disturbed sites.
These species are usually not good competitors under the natural disturbance
regime. However, after disturbance removes competing species, they may become
common due to prolific seed production and germination, or rapid vegetative
reproduction. Conversely, species that are good competitors in natural situations
may become poor competitors if the disturbance regime is altered and conditions
change. For example, conditions can become unfavorable for dominant native
species when an area is fertilized or when fire is suppressed.

This section summarizes available information on potential indicator species, based
on reports produced for military installations and communications with
knowledgeable personnel. Managers are cautioned that species indicative of
disturbance in some parts of their range may not be indicative in other parts.
Therefore, managers also should attempt to develop their own set of indicators.
Knowledge of such indicators can be used (1) to determine past history of a site, (2)
for monitoring purposes to determine if a site is becoming degraded, or (3) to
determine whether management practices are having the desired effects.

Clewell (1989) listed wiregrass associates that occurred in undisturbed sites, but
were rare or absent in pinelands that developed from agricultural fields. Bracken
(Pteridium aquilinum), shiny blueberry, dwarf huckleberry (Gaylussacia dumosa),
runner oak, dwarf-live oak, dwarf wax-myrtle (Myrica cerifera var. pusilla), turkey
oak, bluejack oak, and saw palmetto are all species native to flatwoods and/or
sandhills and listed as being rare or absent on more disturbed sites.
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Provencher et al. (1996) used two approaches to identify species that responded to
historical soil disturbances in longleaf pine sandhills at Elgin AFB, in the Florida
panhandle: (1) comparison of species densities between six groups of four 200-acre
fire suppressed plots that had experienced varying degrees of soil disturbance
several decades ago and (2) comparison of understory species densities from four,
well-burned plots that were selectively logged 5, 25, 65, and more than 95 years ago.
The first approach revealed that Elliot's bluestem (Andropogon gyrans), silver
bluestem (A. tenarius), dwarf huckleberry, and Darrow's blueberry (Vaccinium
darrowii) were found in significantly greater abundance in the least disturbed plots.
Arrowfeather (Aristida purpurascens) and 11 species of low panicums (Dicanthelium
spp.) were the only species showing significantly greater densities in plots with
known historical disturbances as a result of land management practices. The second
approach, which examined more directly the patterns of species recovery following
selective logging, revealed the presence of wiregrass (A. beyrichiana), switchgrass
(P. virgatum), narrowleaf silkgrass (Pityopsis graminifolia), and dwarf huckleberry
(i.e., mid- to late-successional species). Species showing a declining trend in
abundance following logging were broomsedge, bluestem (Andropogon virginicus),
low panicums, slender bluestem (Schizachyrium tenerum), pineywoods dropseed, dog
fennel (Eupatorium compositifolium), Florida milk-pea (Galactia floridana), and
pineland silkgrass (Pityopsis aspera) (i.e., more early successional species).
Surprisingly, Provencher et al. (1996) report that the dominant grass species, little
bluestem, exhibited no trend using either approach.

In degraded sandhills at Camp Blanding, FL, dog fennel, blackberry (Rubus spp.),
centipede grass (Eremocholoa ophiuroides), camphor weed (Heterotheca subaxilaris),
and sand pine may be indicators of disturbance. Wild grape (Vitis spp.), greenbriar
(Smilax spp.), and grass-leaf golden aster, typical in sandhills at Camp Blanding,
exhibited weedy behavior in degraded areas (FNAI and TNC 1995). In North
Carolina sandhills, broomsedge, dog fennel (both Eupatorium capillifolium and E.
compositifolium), several Dichanthelium species and sumac (Rhus spp.) are
indicators of severe disturbance (although they can sometimes appear after a hot
burn; M. Schafale, pers. comm.).

Species associated with degradation in flatwoods at Eglin AFB were winged sumac
(Rhus copallina), blackberry, and rush (Juncus polycephalus). Additional species
typical of flatwoods that exhibited weedy behavior in disturbed sites were bushy
beardgrass (Andropogon glomeratus), greenbriar, and gallberry. Cogon grass
(Imperata cylindrica), an exotic species, has been seen infrequently in degraded
flatwoods at Eglin AFB (FNAI 1994b). Sumac and St. John's wort (Hypericum spp.)
may be indicators of runoff from fertilization activities at Kisatchie National Forest,
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LA. The presence of St. John's wort may also indicate erosion from uplands (R.
Stewart, pers. comm., 1995).

Structural and Compositional Characteristics

Accurate accounts of old growth flatwoods and sandhills physiognomy, from sites
that have not been degraded by fire suppression or previous land uses, are difficult
to find in the literature. Most of the information characterizing these communities
is based on historic accounts that often were not quantitative studies. Descriptions
of healthy communities can be used by managers for comparison with their
communities, to determine current quality, and to obtain parameter values for
monitoring and restoration goals. Managers are encouraged to use species lists
along with any studies on structure or composition of high-quality communities from
their area. More information usually can be obtained through state heritage
programs. Structural and compositional attributes of both high-quality and degrad-
ed communities are provided in the following examples.

Pine Flatwoods

Penfound and Watkins (1937) studied five virgin pine stands in the Florida Parishes
of southeastern Louisiana. All stands were characterized by the park-like
appearance of longleaf pine trees with a crown cover of around 30 percent, an
average height of 33.5 m (110 ft), and an average DBH of 0.5 m (20 in.). All stands
were noted for the absence of a shrub layer (although a few occasional species
occurred) and the presence of a well-defined herbaceous layer (nearly 100 percent
cover). Walker and Peet (1983) reported similar characteristics for pine-wiregrass
savannas of the Green Swamp in North Carolina, where the “most extensive and
best preserved mesic savannas on the Atlantic coast are located.” These savannas
have had a long history of regular burning, including prescribed burns on a 1- to 4-yr
cycle as a management tool. The 21 sites measured had a sparse pine canopy (0 to
150 stems/ha [0 to 61 stems/acre]), a grass-dominated understory, and shrubs to
1.5-m (4.9 ft) tall. Shrub biomass varied from 1 to 15 percent of standing crop size.
Bunch grasses grew to 50 cm (20 in.) in height. Clump size of grasses varied
inversely with fire frequency, from 5- to 15-cm (2- to 5.9-in.) basal diameter in
annually burned sites to 35- to 40-cm (14- to 16-in.) diameter in less frequently
burned sites. Grasses contributed up to 70 percent of biomass on all sites. High-
quality, Type I flatwoods at Eglin AFB were similar. Tree cover was between 5 and
25 percent, and many trees were old growth or older mature, but the community
contained multiple age classes of pines and regeneration stages.




USACERL TR-98/21

33

Groundcover composition of high-quality, Type I, sites varied across the range of the
community and with moisture conditions. Threeawn grass (Aristida virgata), little
bluestem, broomsedge, elephant's foot (Elephantopus nudatus), and panic grass
(Panicum rhizomatum) were important species in southeastern Louisiana stands
(Penfound and Watkins 1937). Wiregrass, Florida dropseed (Sporobolus floridanus),
and toothache grass were dominant grasses, and composites (Asteraceae) were the
most abundant forbs in flatwoods at Eglin AFB (FNAI 1994b). In mesic flatwoods
of the Green Swamp, important hummock-forming graminoids were dropseed (S.
teretifolius), cutover muhly (Muhlenbergia expansa), toothache grass, bluestems, and
beak rush (Rhynchospora plumosa). Wiregrass occurred, but was not a dominant
species. Between the hummocks, characteristic species included a lycopod (Lyco-
podium carolinianum), beak-rushes (Rhynchospora breviseta and R. chapmannii),
the insectivorous Venus' fly-trap (Dionaea muscipula) and sundew (Drosera
capillaris), and many species of composites (Walker and Peet 1983).

Degraded but restorable (Type II) examples of pine flatwoods on Eglin AFB
exhibited a canopy that either was characterized by older, widely spaced trees, or
younger, densely spaced trees (25 to 50 percent cover). Age structure varied from
multi- to even-aged. Percent cover of shrubs ranged from 5 to 75 percent, but was
typically between 50 to 75 percent. Shrub height ranged from 0.5- to 5-m (2- to
16-ft) tall, but shrubs usually formed a dense understory less than 2-m (7-ft) tall.
The common percent cover class of herbs was between 5 and 25 percent, but cover
between 75 and 100 percent was also recorded. These areas may have been fire
suppressed or may have experienced changes in vegetation due to alterations in
hydrology or physical disturbances to the groundcover and canopy (FNAI 1994b).

Sandhills

Canopy cover in high-quality, Type I sandhills has been reported between 5 and 25
percent at Camp Blanding (FNAI 1994b; FNAI and TNC 1995) and between 35 to
45 percent at Eglin AFB (Provencher et al. 1996). The canopy was dominated by
longleaf pine in xeric sites, and also contained southern red oak (Quercus falcata)
in less xeric sites. Tall shrubs and small trees (greater than 2 m [7 ft]) were sparsely
distributed, making up less than 25 percent cover. Trees included turkey oak, sand
post oak, sand live oak, and bluejack oak. Shrubs included dwarf huckleberry,
licania (Licania michauxii), and legumes (Fabaceae). Wiregrass, little bluestem,
silver bluestem, beardgrass, Mohr's threeawn grass (Aristida mohrii), and
pineywoods dropseed were the dominant grasses. Several composites and legumes
also occurred in the herb layer.




34 USACERL TR-98/21

In high-quality, Type I sandhills of the West Gulf Coastal Plain, large longleaf pines
are dominant, but can co-dominate with shortleaf pine. Understory dominants
include bluejack oak and sand post oak. Woody shrubs may be locally dominant in
less frequently burned sites, and include St. Andrew's cross (Hypericum h-
ypericoides), poison oak (Rhus toxicodendron), winged sumac, wax myrtle, American
beautyberry (Callicarpa americana), sparkleberry (Vaccinium arboreum), and goose-
berry (V. stamineum). Dominant perennial grasses include Dicanthelium
oligosanthes, little bluestem, slender bluestem, silver bluestem, and pineywoods
dropseed. Bracken may be locally abundant in areas of severe burns or past soil
disturbance. Herbaceous cover in more xeric areas is usually sparse, with con-
siderable exposed sand and foliose lichen cover, and is characterized by numerous

endemic species (Bridges and Orzell 1989).

Degraded but restorable (Type II) sandhills at Eglin AFB or Camp Blanding either
experienced fire suppression or physical disturbances to groundcover and canopy.
The canopy was usually dominated by longleaf pine, but oaks and sand pine may
have co-dominated. In some cases, longleaf pine was not a member of the canopy at
all. Canopy tree maturity ranged from younger mature to old growth, and the popu-
lation was made up of mixed aged or even-aged trees. Shrub species (woody species
less than 5 m [16 ft] in height) in xeric sandhills typically ranged between 5 to 25
percent cover, but may have reached 75 percent cover. In less xeric sandhills, shrub
cover ranged from 25 to 75 percent. Herbaceous species typically ranged from 5 to
25 percent cover. Degraded sites typically showed evidence of disturbance, such as
tree stumps, stump holes, fire breaks, vehicle tracks. Weedy species may have been
present, but not to the exclusion of nonweedy natives (FNAI 1994b; FNAI and TNC

1995).

In sandhills of the West Gulf Coastal Plain, sweetgum (Liquidambar styraciflua),
flowering dogwood (Cornus florida), and loblolly pine increase in dominance in
unburned or previously logged stands (Bridges and Orzell 1989). Stand age
structure collected from the Turkey Creek Unit of the Big Thicket National
Preserve, TX, showed a canopy dominated by loblolly pine, shortleaf pine, longleaf
pine, southern red oak, post oak and hickories (Carya texana and C. tomentosa). Age
structure data demonstrated that the oaks and longleaf pine were part of the forest
vegetation before large-scale logging began around 1930. Shortleaf and loblolly pine
may have become components of the canopy largely after logging (Harcombe et al.

1993).
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7 Impacts and Management
Recommendations

The following management information is based on literature review, contacts with
experts, and guidelines provided in installation reports. Information on habitats
and management for rare plant species was gathered from USFWS Recovery Plans,
TNC Element Stewardship Abstracts; Jordan, Wheaton, and Weiher (1995); Godfrey
and Wooten (1979, 1981); Kral (1983); Small (1972); and Ward (1979).

Fragmentation and Land-Use Conversion
General

Impacts. Natural communities on installations often are fragmented by roads,
firebreaks, and drop zones, and are converted for urban uses, military training
facilities, pine plantations, wildlife food plots, and borrow pits (Russo et al. 1993,
TNC 1995). General effects of fragmentation on TES populations include outright
habitat loss, population isolation, changes in community composition due to changes
in competitive interactions between and within species, and changes in predation,
parasitism, and herbivory patterns (reviewed in Trame and Tazik 1995).

Fragmentation is likely to impact animal TES that require large, continuous areas
of habitat. Fragmentation of pine woodlands leads to increased susceptibility of
RCW cavity trees to windthrow (J. Jackson, pers. comm., 1995), and was negatively
associated with woodpecker group size in small populations (Conner and Rudolph
1991). Furthermore, RCW need large, old trees for habitat, and they must find a
new site if all large trees are occupied or destroyed. Once a site becomes isolated
and vacated, it is not recolonized for a long time, because dispersal distances of RCW
are normally not greater than about 8 km (Simberloff 1993). Gopher tortoise
populations are not only fragmented by land-use conversion, but individuals
inhabiting these fragmented habitats may experience increased nest depredation by
species that thrive in fragmented landscapes. For example, Landers, Garner, and
McRae (1980) found high predation of gopher tortoise nests in southwestern Georgia
by skunks (Mephitis mephitis), raccoons (Procyon lotor), and crows (Corvus
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brachyrhynchos). In Florida and Alabama, tortoises were predated by feral dogs.
Landers, Garner, and McRae (1980) also found several hatchlings destroyed by fire
ants (Solenopsis spp.). Highly fragmented pine ecosystems also pose problems for
animal species by (1) creating isolated habitat patches too distant from source
populations to colonize (e.g., Bachman's sparrows; Dunning 1993) and (2) increased
predation and mortality (from automobile traffic) caused by travelling between habi-
tat patches (e.g., fox squirrels, southern hognose snakes, eastern indigo snake
[Moler 1992; Jordan, Wheaton, and Weiher 1995]). Manmade barriers also can frag-
ment TES habitats. For example, amphibians depend on flatwoods for habitat and
also on ponds to breed. If fragmentation creates a barrier between the flatwoods and
the breeding ponds, the species will be unable to reproduce (A. Weakley, pers.

comm., 1995).

Fragmentation in combination with certain land uses also can cause problems with
fire management. For example, if natural communities requiring fire management
are within city limits or are surrounded by housing, prescribed burning may not be
feasible because of smoke management problems (A. Weakley, pers. comm., 1995).
Similarly, prescribed burning on significant portions of military training lands may
be constrained due to the presence of military structures, smoke management
issues, or the presence of troops in the field (U.S. Forest Service [USFS]
representative, pers. comm., 1995), although this situation varies greatly among
locations. Moreover, military training (i.e., occupation sites, assembly areas, tank
maneuver areas) can fragment fuel sources (e.g., bunchgrasses) that carry fire over
large areas (Jordan, Wheaton, and Weiher 1995) (Figure 4). As a result, many areas
are unable to burn as frequently as needed for the maintenance of TES habitat.

Another impact associated with fragmentation is invasion by exotic species. Feral
hogs are known to cause extensive damage to longleaf pine forests (see Exotic and
Pest Species, p 79). They can travel up to 25 km, so it is likely that small
fragments of forest surrounded by land favorable to hogs will be susceptible to major
hog damage. Fragmented habitats also will be more susceptible to invasion by
exotic plants (e.g., vines such as kudzu (Pueraria montana) thrive along the edges
of forests due to increased sunlight). Other impacts associated with fragmentation
include erosion from roadside ditches, alterations in hydrology, and fire suppression.

Management recommendations. Further fragmentation of TES habitat areas
should be avoided whenever possible. If such areas (or nearby areas) must be
cleared or developed, development should be concentrated in one area, preferably
adjacent to areas already developed and not spread throughout natural com-
munities. This concentration will minimize edge effects caused by fragmentation.
Activities that will interrupt TES population processes, or ecosystem processes,
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should be avoided, or an alternative location for the activity should be sought. For
example, avoid fragmentation activities that will interrupt the water flow patterns
in high- and intermediate-quality (Type I and II) wetland communities, or create
barriers between connected habitats used by a TES species. Simberloff (1993)
recommended that forests from which timber is extracted should be managed as part
of the matrix supporting the entire ecological community, to avoid effects of frag-
mentation on species populations.

Managers may wish to restore degraded areas that separate high-quality natural
communities, to minimize effects of fragmentation. If restoration efforts are
successful, they will result in a less fragmented landscape, which will allow for
better management at the landscape level (e.g., landscape-level burns), and will
allow for the continuation of processes across the landscape. For example, TNC has
suggested closing and revegetating 25 percent of the firebreaks on Fort Bragg as an
erosion-control measure, which also will increase the average size of each prescribed
burn unit (Russo et al. 1993).

Management recommendations also are provided for fragmentation activities that
occur or have occurred on installations. These include development of borrow pits,
wildlife food plots, and plantations. Recommendations regarding natural ecotones,
corridors, and military land use also are provided.

Borrow Pits

Impact. Development of borrow pits involves clearing all vegetation in an area
(which can be several ha in size) and removing sand and clay for construction uses.
Development of new borrow pits can destroy habitat for TES if they are present,
increase erosion and subsequent runoff, and contribute to fragmentation. However,
old borrow pits can become ephemeral ponds and provide habitat for a variety of
amphibians, including the rare gopher frog (TNC 1995).

Management recommendations. New borrow pits should not be constructed in
Type I or II natural communities that may provide habitat for TES. Existing borrow
pits that impact high-quality TES habitats should be restored to prevent erosion,
and new pits should be dug in areas where TES are not impacted. Restoration can
be accomplished by sloping and contouring the pit walls and seeding them with
longleaf pine, or by filling and grassing cuts created by erosion and creating swales
to prevent further erosion (Dept. of the Air Force 1993). When borrow pits are being
restored, TES protection can be considered (LeBlond, Fussell, and Braswell 1994a).
At Elgin Air Force Base some borrow pits have been rehabilitated to reduce soil
erosion runoff into streams inhabited by the Endangered Okaloosa Darter
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(Etheostoma okaloosae). In addition, it is preferable to revegetate with native
species (e.g., wiregrass or other bunchgrasses, as appropriate), because planting
non-natives may lead to problems if they become invasive.

Wildlife Food Plots

Impacts. Wildlife food plots are essentially community conversions. They are often
placed in the forest in areas that were cleared by logging practices (e.g., loading
decks).

Management recommendations. Avoid placing wildlife food plots in high- or
intermediate-quality communities in which TES management is a priority. Gradual
elimination of wildlife food plots that interrupt Type I or II natural communities is
recommended as well (TNC 1995). Ideally, food plots developed in high-quality
natural areas are planted in native species and burned along with the adjacent
natural community (M. Schafale, pers. comm.). One possibility is to create food plots
on old roads scheduled for closure and revegetation.

Plantations

Existing Type I natural communities that serve as TES habitat should not be
converted to plantations. Plantations that support native groundcover should be
considered candidates for restoration if it is important to reduce habitat
fragmentation. Groundcover species can be enhanced by thinning the canopy to
increase light levels, and burning on a 3-yr rotation. Ifrestoration of longleaf pine
is desirable to maintain habitat connectivity for TES, the commercial forestry
species can be cut and replaced with longleaf pine, either immediately, gradually,
or upon reaching rotation age. The most important factor is minimizing soil
disruption and removal of groundcover during removal and replanting. If the
plantation is bedded, the decision to level beds must be made on a site-specific basis,
according to the current hydrology of the site and the presence of native groundcover
species on the raised beds (M. Schafale, pers. comm.).

Natural Ecotones

Impacts of fragmentation. Natural ecotones are transitory boundaries between
ecosystem structures and function (Christman 1995). The preferred habitat of
several TES in the longleaf pine-wiregrass ecosystem is in the ecotone between
upland communities and adjacent wetlands (see Appendix C). Placement of roads
and plowed firebreaks within the ecotone degrades habitat for TES and impedes fire
from entering the edges of natural wetland communities, allowing shrubs to invade
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the ecotone (Frost, Walker, and Peet 1986). Plowed firebreaks cause additional
damage to hydrology and natural soil processes (Christman 1995).

Management recommendations. Ecotones should not be disturbed in sites for
which TES habitat management is the highest goal. Roads and firebreaks that
disrupt natural hydrologic and burn patterns in high-quality ecotones that serve as
TES habitat should be reduced to the minimum level necessary to accomplish the
military mission, with the remaining ecotones being allowed to recover. Roads that
transect ecotones can be stabilized or otherwise improved to prevent unnecessary
erosion impacts. Fire ditches may be restored to the original grade to restore
natural hydrologic patterns (Christman 1995; see Fire and Fire Suppression, p
40).

Use of Corridors To Minimize Impacts of Fragmentation

Because of habitat fragmentation and the subsequent isolation of area-sensitive
wildlife populations, interest has increased in the creation or preservation of
corridors that link populations and habitats (Harris 1984; Noss and Harris 1986;
Harrison 1992). Corridors often are recommended to facilitate the movement of
organisms between habitat patches, increase the amount of habitat available to
individuals, increase genetic interchange, allow populations to move or seek refuge
in response to environmental changes and natural disasters, and allow individuals
to recolonize formerly occupied habitats (Noss 1987; reviewed in Beier and Loe
1992). However, the use of corridors instead of providing large enough habitat
patches is not always recommended (Simberloff 1993). Several authors have sug-
gested that corridors could increase predation within connected forests because their
high concentrations of edge habitat could attract edge-adapted species that would
forage within the forests (reviewed in Simberloff 1993). Moreover, corridors may
provide avenues for exotic species, parasites, and disease (Simberloff and Cox 1987).
The use of narrow corridors by RCW or other TES has not been supported by
empirical evidence. Developing corridors wide enough to contain interior-like condi-
tions may be difficult and time consuming, but is clearly preferable over the typical
50- to 100-m wide riparian corridors dominated by edge habitat. Before corridors
can be advocated for an ecosystem, additional information needs to be collected on
the intended beneficiary species, including movement patterns of dispersing animals
and cues used to determine dispersal direction (Harrison 1992).

Military Land Use

The use of land for military activities will always be the highest priority on military
installations. Areas such as drop zones, multipurpose range complexes, impact
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areas, and tracked vehicle maneuver areas tend to perpetuate the presence of early
successional plant communities while fragmenting mid- to later-successional stage
communities. Without landscape-level planning to reduce fragmentation, it is
possible that the spatial distribution of habitat disturbance is more detrimental
than the nature of any given disturbance. However, planning military activities to
be compatible with the spatial habitat requirements of TES is a proactive method
for reducing the potential land-use conflict between training and TES. For example,
planners may choose to avoid fragmenting a high-quality landscape by situating a
new training range in an area that is less valuable ecologically. Training plans and
construction projects that minimize habitat degradation, loss, and fragmentation

~ will support more resilient TES populations, and indirectly reduce the population-
level significance of local impacts (e.g., alteration of normal behaviors, trampling of
individual plants) inherent in military land use.

Fire and Fire Suppression

Historically, fires resulted from lightning strikes which occurred frequently during
the growing season (Abrahamson and Hartnett 1990). In addition, fires have been
set by humans for the purpose of hunting since the early aborigines (Abrahamson
and Hartnett 1990). Before habitats became fragmented by human activities, fires
spread naturally, sometimes burning areas the size of several counties (Noss 1988).

Around 1920, the USFS began promoting active suppression of wildfires (Frost
1993). Meanwhile, winter fire was used for game management in some areas
(Abrahamson 1984). These practices continued until recently and had drastic effects
on vegetation and community structure. Fire suppression, alteration of the natural
fire season, and fragmentation have eliminated the possibility of a natural fire

regime in this ecosystem.

Many sandhills and flatwoods on installations show evidence of fire suppression
(e.g., FNAI 1994b, FNAI and TNC 1995, TNC 1995, Russo et al. 1993). However,
examples of high-quality pine communities on installations today occur in and
around impact areas, because these areas have frequent fires resulting from
exploding ammunition and flares. Most installations have an active, prescribed
burning program as well, so acreages of high-quality areas are expected to increase
in the future. Table 4 lists activities that can lead to fire suppression in pine

flatwoods and sandhills.

Impacts. Fire suppression, logging longleaf pine, planting slash pine outside its
natural range or in plantations, and introducing feral hogs (which prefer longleaf
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pine seedlings over other pine seedlings as a food source) have allowed less fire-

tolerant pines to dominate areas formerly occupied by longleaf pine (Ware, Frost,
and Doerr 1993). Slash pine in flatwoods was originally confined to areas that
experienced lower fire frequency, but it now dominates other areas in flatwoods.
Slash pine, loblolly pine, shortleaf pine, and sand pine (in Florida) have become
common in degraded sandhills formerly occupied by longleaf pine, or the pine canopy
has been removed altogether and scrub oaks prevail.

Fire suppression contributes to the rapid development of a shrubby understory in
flatwoods and sandhills (Figure 5). In sandhills, fire suppression has led to domi-
nance by scrub oaks, although changes are less rapid, especially in xeric sandhills.
Fire suppression also leads to the development of a dense canopy (Christensen
1988).

The native groundcover of sandhills and flatwoods disappears in the absence of
growing-season fire, as a result of shading by taller individuals and reduced
flowering (Clewell 1989; Stout and Marion 1993). Wiregrass, for example, does not
normally flower unless the site is burned in spring or summer (Abrahamson and
Hartnett 1990). Little bluestem and other bluestem grasses flowered much more
conspicuously following growing-season burns than dormant season burns in a
North Florida study (Robbins and Myers 1992). Wiregrass, once lost from a
community, is not quick to return, as germination is negligible and asexual
regeneration occurs only through expansion of existing clumps (Clewell 1989; see
Wiregrass restoration). Loss of longleaf pine and wiregrass in flatwoods and
sandhills decreases pyrogenicity, because these species have volatile oils and resins
in their needles and blades that help carry fire through the community (Noss 1988).

Management recommendations.

1. Season and frequency of burn. Little is known concerning the most beneficial
frequency and timing of burning for many rare plant species. Ware, Frost, and
Doerr (1993) and Stout and Marion (1993) suggested that the natural-fire return
interval in longleaf pine-dominated communities is every 1 to 3 years. Research
indicated that the optimal burn frequency for endangered rough-leaved loosestrife
is every 2 years during the growing season, although burning every 3 years should
be sufficient to maintain healthy, sexually and asexually reproducing populations
(Russo et al. 1993). Populations of endangered American chaffseed are increasing
in size in both annually burned areas and in areas burned on a 3-yr rotation at Fort
Bragg (Russo et al. 1993). Smooth bog-asphodel (Tofieldia glabra), a Federal species
at risk, exhibits greatest seed production 1 to 2 year after a growing season burn
(Russo et al. 1993). Current research on Fort Bragg may confirm or refute this
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assertion (Shipley, pers. comm., 1995). Georgia lead-plant (Amorpha georgiana var.
georgiana) may not flower or fruit until 2 years after a burn, suggesting that
burning too frequently would prevent sexual reproduction in this species (Russo et
al. 1993); this possibility will be evaluated through ongoing monitoring on Fort
Bragg (J. Shipley, pers. comm., 1996). Walker and Peet (1983) showed that in Green
Swamp annually burned mesic savannas averaged 26 percent more species per m’
(2.4 percent more species per sq ft) than less frequently burned (fire return interval
from 2 to 4 years) savanna. Of 46 species that occurred only in annually burned or
only in less frequently burned sites, 36 were found in the annually burned type
(Walker and Peet 1983). These results suggested that an average fire return
interval of every 2 yrs may best suit species in this community, and that burning too
frequently is less damaging than not burning frequently enough. The recom-
mendation to burn at an interval of 1 to 3 years appears to be consistent with the
recovery plans for Cooley's meadowrue (Thalactricum cooleyi; USFWS 1994), and
rough-leaved loosestrife (USFWS 1993a). In contrast, the recovery plan for
Chapman's rhododendron recommends prescribed burning with a hot fire every 4
to 5 years (USFWS 1983).

Compared to longer fire return intervals, burning frequently has advantages for fire
managers in that the fire is cooler (because fuel loads are low), moves faster, and
creates less smoke (J. Murian, pers. comm., 1995). Prescribed burns in Louisiana
in both November and May led to soil movement rates that were twice that seen on
unburned control sites (Haywood, Martin, and Novosad 1995). The recommendation
to burn vegetation on highly erodible soils or sloped lands must be balanced with
evidence that such burns may lead to erosion and sedimentation of lower areas such
as gullies. A longer burn interval may be best for sites where erosion is a concern.

A fire return interval of 1 to 3 years appears compatible with native animal species
inhabiting this plant commuhity. However, when RCW are present on an
installation, specific guidelines prescribe burning in the longleaf pine communities
(USACERL 1994; Department of the Army 1996). The RCW recovery strategy for
the southeastern United States emphasizes growing-season prescribed fires for
midstory hardwood control on a 3- to 5-yr cycle (Krusac and Dabney 1994), although
Army-wide management guidelines call for prescribed burns at least every 3 years
(USACERL 1994) with intervals not to exceed 5 years (Dept. of the Army 1996).
Short burning intervals (i.e., < 3 yr) also are recommended for Bachman's sparrows,
which greatly benefit from management for RCW (Dunning 1993). Based on limited
information available for other animal TES inhabiting this community, frequent
burning appears compatible with the maintenance or enhancement of their habitat.
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Few studies have been conducted to assess whether early or late growing season
burns are most beneficial to the longleaf pine community (Platt et al. 1989, Robbins
and Myers 1992). For plant species for which this information is available and for
this community as a whole, burning is recommended during the growing season
(usually early in the growing season) to maintain community structure and habitat
for plant TES, and in many cases to stimulate flowering and fruiting (Johnson
1993a, 1993b; LeBlond, Fussell, and Braswell 1994a, 1994b, reviewed in Robbins
and Myers 1992; Russo et al. 1993; Smith 1994). In addition, early growing-season
burns are recommended over late growing-season burns for the following reasons:
(1) in Florida, lightning fires are most common in early summer, and the largest
land area is burned naturally during late spring and early summer, (2) studies
suggest that early growing-season burns are more favorable to growth and survival
of longleaf pine seedlings and saplings than late growing season burns, which may
be because they help reduce infection rate of brown spot needle blight (Scirrhia
acicola) (a fungus that affects the seedlings during