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Abstract

Background The eastern Edwards Plateau supports a mosaic of woodlands, savannas, and shrubland in which native
plant and animal species are often still dominant. Some woodlands are dominated by a mix of native woody species,
including Ashe juniper (Juniperus ashei), oak species (Quercus spp.), and other hardwoods. Other woodlands are nearly
pure Ashe juniper; these are particularly susceptible to crown fires. The savannas were once, and still can be, main-
tained by surface fires.

Results We hypothesize that frequent surface fires once kept some of the mixed woodlands more open and more
diverse (a“lost community”) and that these fires would have reduced the abundance of Ashe juniper, which does
not resprout from the base, and allowed oak regeneration, which is currently failing. The absence of fire, the current
failure of oak regeneration, and high white-tailed deer densities together favor the “juniperization” of woodlands,
that is, the conversion of mixed woodlands into nearly pure stands of Ashe juniper.

Surface fires in savannas can sometimes control woody encroachment and the non-native grass King Ranch bluestem
(Bothriochloa ischaemum), although the particular fire characteristics required are not yet clear. The current lack

of fire in savannas favors their conversion to woodlands. Since under present conditions Ashe juniper is the primary
encroacher, without fire or mechanical clearing these savannas are also on trajectories towards nearly pure stands

of Ashe juniper.

Conclusions Prescribed fire, sometimes paired with mechanical thinning, offers land managers in this region a tool
for achieving many goals, including increasing native biodiversity and reducing wildfire danger. However, more study
of the effects of fires of different intensities and frequencies in these woodlands, savannas, and shrublands is needed
to better inform the use of prescribed fire in this region.

Keywords Bothriochloa ischaemum, Edwards Plateau, Juniperus ashei, Oak regeneration, Prescribed fire, Quercus
buckleyi, Quercus fusiformis, Savannas, Surface fire, Woodlands

Resumen

Antecedentes El este de la Meseta Edwards mantiene un mosaico de bosques, sabanas, y arbustales en los cuales
animales y plantas nativos son todavia dominantes. Algunos de sus bosques estdn dominados por una mezcla de
especies arbéreas nativas incluyendo al enebro de frutos azules (Juniperus ashei), robles (Quercus spp.), y otros arboles
de madera dura. Otros bosques son de enebro puro; éstos son particularmente susceptibles a incendios de copas. Las
sabanas fueron, y todavia pueden ser, mantenidas por fuegos superficiales.
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Resultados Hipotetizamos que los incendios superficiales frecuentes mantuvieron en el pasado algunos de los
bosques mixtos mas abiertos y diversos (una ‘comunidad perdida”) y que esos incendios habrfan reducido la abun-
dancia del enebro de frutos azules, el cual no rebrota de su base una vez quemado, y habrian permitido la regener-
acion del roble, que actualmente esté fallando. La ausencia de fuego, la falla actual en la regeneracién de los robles, y
las altas densidades de venados cola blanca han favorecido en conjunto "juniperization’, es decir, el incremento en la
densidad del enebro en estos bosques y la conversién de bosques mixtos en bosques compuestos casi en su totali-
dad de enebros. Los fuegos superficiales en las sabanas pueden a veces controlar el incremento de especies lefosas y
del pasto tallo azul de Kingranch (Bothriochloa ischaemum), aunque las caracteristicas de los fuegos que se requieren
para ello no estan todavia claras. La falta de fuego actual en esas sabanas favorece su conversion a bosques. Dado que
en las condiciones actuales el enebro de frutos azules es la principal especies lefiosa invasora, sin fuegos o tratamien-
tos mecanicos de remocidn esas sabanas estan también en una trayectoria sucesional hacia rodales puros de enebros.

Conclusiones Las quemas prescriptas, muchas veces apareadas con raleos mecénicos, ofrece a los manejadores
de tierras de la regién una herramienta para alcanzar varios objetivos, incluyendo el incremento de la diversidad de
especies nativas y la reduccién en el peligro de incendios. Sin embargo, mas estudios sobre los efectos de fuegos de
diferente intensidad y frecuencia en esos bosques, sabanas y arbustales son necesarios para mejorar la informacion

sobre el uso de quemas prescriptas en la region.

Introduction

The Edwards Plateau of central Texas, about the size of
Indiana, is one of the most biologically diverse regions
in the nation (Hamilton et al. 2022). Because of the thin
soils and hilly topography, it has been ranched rather
than farmed; this plus a pre-settlement history of native
grazing and browsing ungulates are the primary reasons
why it still supports a set of diverse plant communities
dominated by native plant species. The eastern Edwards
Plateau has mixed oak—juniper woodlands that are the
south-westernmost extension of the oak forests of the
Ozarks, juniper woodlands that recall the juniper wood-
lands of northern New Mexico, and savannas that are in
many ways an extension of the southern Great Plains. It
also has some shrublands. The potential roles of fire in
each of these are complex, as are the effects of fire on pre-
venting or facilitating transitions from one community to
another. In recent decades, however, fire has mostly been
excluded across the eastern Edwards Plateau.

In this paper, we review the roles of fire in these
woodland, savanna, and shrubland communities. The
importance of fire in creating and maintaining diverse
savannas and shrublands in the region is widely recog-
nized, although many details remain unclear. In contrast,
the past and potential roles of fire in the woodlands of
this region are far less understood. We argue that wood-
land surface fires potentially have important roles to play,
including fostering oak regeneration and supporting
native biodiversity. At a landscape level, we argue that fire
is therefore critical to restoring and maintaining a mosaic
that includes diverse woodlands, savannas dominated by
native grasses and forbs, and shrublands. Fire manage-
ment via prescribed burns can provide many benefits in

the region, including the maintenance of a heterogene-
ous landscape with multiple community types that maxi-
mizes native biodiversity.

As it is in many parts of the eastern USA, oak regen-
eration is failing in the woodlands of the eastern Edwards
Plateau (Russell and Fowler 1999). Fire effects on oak
populations have been studied in the woodlands of the
Ozark and Cross Timbers regions of the south-central
USA (e.g., Cutter and Guyette 1994; Dey and Hartman
2005; DeSantis et al. 2011; Stambaugh et al. 2014a; Knapp
et al. 2015) and in forests further east (reviewed in Brose
et al. 2013). We argue below that the mixed oak—juniper
woodlands of the eastern Edwards Plateau are similar
to the oak forests elsewhere in that the rarity of surface
fires is, at least in part, responsible for oak regenera-
tion failure. Under present conditions, these woodlands
are increasingly dominated by the native Ashe juniper
(Juniperus ashei ]. Buchholz), which benefits from fire
exclusion. We have called this process “juniperization”
(Andruk et al. 2014). Woodlands that are dominated by
Ashe juniper are particularly susceptible to crown fires
(Thomas et al. 2016).

Surface fires also once played a critical role in the main-
tenance of savannas on the eastern Edwards Plateau,
most importantly by preventing or restricting encroach-
ment of Ashe juniper and other woody species (Fowler
and Simmons 2009). In this, the eastern Edwards Plateau
resembles the southern Great Plains (e.g., Briggs 2002;
Scholtz et al. 2018), although the encroaching juniper
species there is eastern redcedar (Jumiperus virginiana
L.). Other juniper species are encroaching on savannas
and grasslands in many areas in the western USA (e.g.,
Miller and Rose 1999; Brockway et al. 2002; Johnson and
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Miller 2006; Bradley and Fleishman 2008). In central
Texas, as elsewhere, prescribed fire is a possible tool to
manage woody encroachment. Fires in savannas on the
eastern Edwards Plateau are also being actively studied
to determine whether and how they can best be used to
promote native grass and forb diversity.

Definition and description of the eastern Edwards
Plateau

The Edwards Plateau of central Texas is a region of
shallow soils over early Cretaceous limestone forma-
tions, approximately 380 km east-to-west and 220 km
north-to-south (Fig. 1). On its eastern and south-east-
ern margins, it is sharply defined by the Balcones Fault
Zone, a series of inactive faults that separate the harder
early Cretaceous limestone formations of the Plateau
from the softer, younger Austin Chalk on the east and
Eocene formations on the southeast. To the north, the
eastern Edwards Plateau has a relatively sharp bound-
ary with the Llano Uplift (Mason and Llano Counties),
which has quite different geology, soils, and biota. For
the purposes of this paper, we consider the eastern
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Edwards Plateau to extend from the western portions
of Williamson, Travis, Hays, Comal, and Bexar Coun-
ties through Gillespie, Kerr, Real, and northern Uvalde
and Medina Counties (Fig. 1). To supplement the lim-
ited literature on the eastern Edwards Plateau, we also
include some results from studies conducted on the
western Edwards Plateau (Texas A&M Sonora Station)
and at Fort Cavazos (formerly Fort Hood), which is
located in the Western Cross Timbers (Lampasas Cut
Plain) north of the eastern Edwards Plateau (Griffith
et al. 2004).

In most of the Edwards Plateau, the limestone bed-
ding layers are remarkably flat. The topography has
therefore been created by erosion. Steep hillsides and
narrow canyons and arroyos are common, but there
is little overall variation in elevation. In general, the
soils are very thin and there are exposed outcrops
of the limestone bedrock, and the region supports
ranching rather than crop farming. As a result, until
recently there was no wholesale loss of natural ecosys-
tems, in contrast to, for example, the former cotton-
farming region east of the Plateau. However, housing
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Fig. 1 The Edwards Plateau (shaded light blue) of central Texas is approximately 380 km east-westx 220 km north-south in central Texas. The
eastern Edwards Plateau, as defined here, is approximately 23,000 km? (about the size of New Jersey). Counties that include portions of the eastern
Edwards Plateau as defined in this paper are outlined in bold. Edwards Plateau polygon downloaded from Texas Parks and Wildlife Department (n.d.)



Fowler and Carden Fire Ecology (2024) 20:55

developments, commercial areas, and their associ-
ated infrastructure are rapidly replacing ranches in the
region, especially near Austin and San Antonio. Much
of the region can now be described as wildland-urban
interface.

Plant communities

At this time, the major upland plant communities of
the eastern Edwards Plateau are (A) mixed oak—juniper
woodland, (B) low diversity stands of Ashe juniper, (C)
oak savanna, and (D) oak—sumac shrubland (Amos and
Gehlbach 1988; Diamond 1997) (Figs. 2 and 3). Riparian
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forests are also present, especially in moist canyons (Van
Auken et al. 1979; Diamond 1997). It has been proposed
that these riparian forests did not burn frequently due
to their mesic character (Yao et al. 2012). This paper is
limited to the upland communities. True grasslands (i.e.,
tracts without woody plants) are relatively uncommon
and usually due to recent brush removal; we have pooled
them with savannas for simplicity. Fire certainly played
important roles in these savannas and shrublands, dis-
cussed below. We will also argue that surface fires once
played a role in the mixed woodlands, perhaps to the
extent that it created (E) a sixth, “lost community,” one
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Fig. 2 Simplified scheme of upland communities (boxes) of the eastern Edwards Plateau of Texas and their dynamics (arrows). Solid arrows

and outlines represent well-documented communities, transitions, and processes; dashed outlines, dashed arrows, and question marks represent
hypothesized or unknown communities, transitions, and processes. Communities: (A) Mixed woodlands are commonly co-dominated by species

of oaks, especially Texas red oak (Quercus buckleyi), and Ashe juniper Juniperus ashei). (B) Cedar brake is the local name for a nearly-pure stand

of Ashe juniper. (C) Savannas commonly have Plateau live oak (Quercus fusiformis) as the dominant tree species, a rich herbaceous flora, and Ashe
juniper as the commonest woody encroaching species. (D) Shrublands are commonly dominated by species of sumac (Rhus spp.) and shin

oak (Q. sinuata). We hypothesize that an additional community existed, (£) mixed woodlands with surface fire, that differed from current mixed
woodlands in having less Ashe juniper, in supporting oak and other hardwood regeneration, and in having higher shrub and herbaceous

diversity. Dynamics: The role of surface fire (circular solid red arrows) in maintaining savannas (C) and shrublands (D) is widely accepted. Without
fire, savannas (C) and mixed woodlands (A) are on paths (double-line green arrows) towards cedar brakes (B), savannas due to woody plant
encroachment and mixed woodlands due to the scarcity of hardwood regeneration. Whether the trajectory of a shrubland (D) in the absence of fire
is towards a mixed woodland (A) or a cedar brake (B) (double-line green arrows) likely depends on how much Ashe juniper it initially has or acquires.
We hypothesize that surface fire could convert current mixed woodlands (A) to mixed woodlands with surface fire (E) (dashed straight red arrow),
and maintain them in that state (dashed circular red arrow). The eventual effects of crown fire on mixed woodlands (A) and cedar brakes (B) are

uncertain (dashed black arrows)
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Fig. 3 Images of four upland plant communities of the eastern Edwards Plateau: A mixed woodland, B cedar brake, C savanna, and D shrubland.
The fifth image is a picture taken 6 months after an experimental fire in a mixed woodland (Andruk et al. 2014) to represent how surface fire might
be used to restore the hypothesized “lost community” (E): mixed woodland with surface fire. Shrubland photograph (D) by C. Reemts

that was much more open than mixed woodlands are
now.

The division between woodland (A, B, and E in Fig. 2)
and savanna (C in Fig. 2) is somewhat arbitrary in this
region, as it is elsewhere: there is a continuum from
closed-canopy woodland with few or no glades, to wood-
land with many large glades, to savanna with clusters of
woody plants, to nearly open grassland (Van Auken 2000;
Gonzdlez 2010). Ashe juniper is both a dominant in many
woodlands and the most common woody encroacher
in the savannas (Diamond 1997; Fowler and Simmons
2009). This native species occurs from northern Mexico
through Texas, and sparsely in Oklahoma, Arkansas, and
southern Missouri, but it is especially common on the
eastern Edwards Plateau (Sullivan 1993; US range map:
USDA NRCS 2014). Like eastern redcedar, Ashe juni-
per does not resprout after it is burned, and therefore
is favored by the absence of fire (Fuhlendorf et al. 1996;
Reidy et al. 2016; Short et al. 2019).

In mixed woodlands (A in Figs. 2 and 3), Ashe juniper
co-dominates with native hardwood species, most com-
monly Texas red oak (Quercus buckleyi Nixon & Dorr).
Texas persimmon (Diospyros texana Scheele), elbow-
bush (Forestiera pubescens Nutt.), Lindheimer’s silk-
tassel (Garry ovata Benth.), possumhaw (Ilex decidua

Walter), black cherry (Prunus serotina Ehrh.), cedar elm
(Ulmus crassifolia Nutt.), and other native woody spe-
cies are also frequently present (Van Auken et al. 1981;
Diamond 1997; Barnes et al. 2008). On the sides of can-
yons and other mesic sites, additional species such as big-
tooth maple (Acer grandidentatum Nutt.), redbud (Cercis
canadensis L.), and Mexican buckeye (Ungnadia speciosa
Endl.) may also be present (Barnes et al. 2008). These
oak—juniper woodlands provide breeding habitat for the
endangered golden-cheeked warbler (Setophaga chrys-
oparia), which requires mature Ashe juniper and mature
oaks (Pulich 1976; Groce et al. 2010; Marshall et al. 2013).

Woodlands dominated by Ashe juniper (B in Figs. 2 and
3) often result from woody encroachment in savannas
and are locally called cedar brakes (cedar is a local com-
mon name for Ashe juniper) (Fowler and Simmons 2009).
Encroachment is primarily by the expansion and subse-
quent merging of clusters of woody plants rather than
by the establishment of isolated individuals, although
Ashe juniper individuals also become established in open
grassland (Fowler 1988; Gonzalez 2010). In the absence of
fire or mechanical clearing to halt woody plant encroach-
ment, the continuum from grassland to woodland
becomes a successional sequence (Fowler and Simmons
2009). This process can create near-monocultures of
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Ashe juniper with only a few remnant oaks (Fuhlendorf
et al. 1996; Fowler and Simmons 2009) and a sparse or
absent herbaceous layer (Fuhlendorf et al. 1997; Wayne
and Van Auken 2010).

Like the woodland—savanna continuum, the distinction
between mixed woodlands (A in Fig. 2) and cedar brakes
(B in Fig. 2) is somewhat arbitrary, as the proportion of
Ashe juniper varies widely among stands. At present,
most of the large Ashe juniper trees in all communi-
ties have an open-grown, branched-at-base morphology
(Smeins and Fuhlendorf 1997), suggesting that they orig-
inally grew in a savanna or in a woodland with a much
more open canopy. In addition, many Ashe juniper popu-
lations have size distributions that are consistent with
young stands (Van Auken 1993; Van Auken and McKin-
ley 2008). The cedar brakes are not old-growth forests
(Diamond 1997), despite recent claims that they are (e.g.,
McGreevy 2021). We do not know whether cedar brakes,
if left undisturbed and unburned, would remain in their
present condition, or if they would remain dominated
by Ashe juniper but transition to large trees with erect
single-trunk morphology, or transition to diverse mixed
woodlands, or have some other trajectory (Fig. 2).

Many savannas (C in Figs. 2 and 3) of the eastern
Edwards Plateau support rich communities of native
grasses and forbs with a few scattered individuals or clus-
ters of woody plants. The most common savanna oak is
Plateau live oak (Quercus fusiformis Small). In contrast,
honey mesquite (Prosopis glandulosa Torr.) is uncom-
mon, being limited by the shallow soils of the Plateau,
although it is common to the south, east, and north of the
Plateau and on the Llano Uplift. Common native savanna
grasses include silver bluestem (Bothriochloa laguroides
(DC.) Herter), Texas winter grass (Nassella leucotricha
(Trin. & Rupr.) Pohl), little bluestem (Schizachyrium sco-
parium (Michx.) Nash), and species of three-awn grasses
(Aristida spp.) and grama grasses (Bouteloua spp.)
(Fowler and Dunlap 1986). The non-native King Ranch
bluestem grass (Bothriochloa ischaemum (L.) Keng) is a
common invasive species in savannas.

Shrublands (D in Figs. 2 and 3) are not common but
are important as nesting habitat for the recently de-listed
black-capped vireo (Vireo atricapilla) (Grzybowski et al.
1994; USFWS 2018). Common shrubs in this community
include shin oak (Quercus sinuata Walter) and sumac
species, including flameleaf sumac (Rhus lanceolata (A.
Gray) Britton) and evergreen sumac (R. virens Lindh. Ex
A. Gray) (Diamond 1997). Like most hardwoods in cen-
tral Texas, these shrub species resprout after fire.

The distribution of these communities on the landscape
is determined by past land management, especially the
history of land clearing and fire, as well as by topography
(Cartwright 1966; Wink and Wright 1973; Smeins 1980;
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Diamond and True 2008; Murray et al. 2013). These may
be correlated: it is easier to clear flatter sites, for example.
Savannas are somewhat more common in flatter areas
than on hillsides and woodlands are more common on
hillsides than in flatter areas, but grassy slopes and flat
woodland sites are certainly not uncommon (Diamond
and True 2008). Topographic location is important for
Texas red oak, which commonly occurs in a band around
some hillsides just below the hilltop or mesa top (Van
Auken et al. 1981). This band is clearly visible in years
when Texas red oak leaves turn red for a time in the fall.
But Texas red oak can also be found growing scattered
elsewhere in woodlands.

Past eastern Edwards Plateau landscapes

In many parts of the world, a knowledge of past plant
communities and fire regimes is available to guide land
managers and to inform community ecology. However,
the relative amounts of woody and herbaceous cover in
this region in the past, the scale of the patches of each,
their position across the landscape, and whether or not
the landscape was a shifting mosaic are all uncertain. Pol-
len and phytoliths from the best cave record in the region
(Hall's Cave) include substantial amounts of hackberry
(Celtis spp.), juniper, oak, grass, and Asteraceae pollen
and C4 grass phytoliths throughout the past 2000 years
(Cordova and Johnson 2019). This suggests that both
woodland and savanna were present throughout this
period.

Past land management practices by Indigenous popu-
lations in this region are essentially unknown by present
non-Indigenous scientists and land managers. The effects
of Indigenous people probably changed substantially
as Indigenous populations were reduced by Old World
diseases (Denevan 1992; Snow 1995; Ryan et al. 2013).
Indigenous land management practices likely changed
again when peoples with horse- and bison-based cultures
(Apache and Comanche) arrived in the region, perhaps
around 1700 (Newcomb 1961; Carlisle 2020; Lipscomb
2020; but see Taylor et al. 2023). These tribes are known
to have deliberately set fires in this region, and it seems
likely that they used fire extensively to maintain savannas
as bison habitat (Foster 1917; Smeins 1980).

The first good written descriptions of the vegetation
by Lindheimer, Olmsted, and Roemer are from the mid-
1800s and are consistent with a mosaic landscape but do
not tell us much about relative woody and herbaceous
cover, patch size, relationship of vegetation with topog-
raphy, and other quantitative properties of the land-
scape (Olmsted 1857; Roemer 1935; Goyne 1991). Bray
(19044a,b) also described a mosaic landscape.

Ranching was introduced in the mid-1800s and likely
led to a period of intense overgrazing and consequent
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soil erosion, as it did elsewhere in the western USA (e.g.,
Bahre 1991). Since then, grazing has favored encroach-
ment by reducing fine fuels and competition from
grasses, but has also provided an economic motivation
to mechanically remove woody plants. Ashe juniper and
other woody plants were also cut for fence posts, building
materials, and other uses from the mid-1800s onward. It
is therefore plausible that the present ratio of savanna to
woodland is similar to what it was in the past (e.g.,, Dia-
mond and True 2008). However, the majority of authors
say that a period of woody encroachment from the late
1800s onwards, caused by a lack of fire, has led to a
much higher ratio of woodland to savanna than was pre-
sent before settlement by non-Indigenous peoples (e.g.,
Bray 1904a,b; Buechner 1944; Fuhlendorf and Smeins
1997; Stambaugh et al. 2014b; Van Auken et al. 2023). A
minority opinion is that the eastern Edwards Plateau was
almost all woodland before 1800 (O’Donnell 2019). Some
recent initiatives to fight woody plant encroachment so
as to restore grasslands (e.g., Twidwell et al. 2013), how-
ever appropriate for eastern redcedar encroachment in
parts of Oklahoma and north Texas, do not necessarily fit
the eastern Edwards Plateau without modification.

Due to these uncertainties about historic fire regimes
and plant communities in this region, present communi-
ties and their responses to fire are one of the best sources
of information about what landscapes may once have
been. They are also one of the best sources of information
to guide management plans and to identify target plant
communities. We review that literature below.

Roles of fire in eastern Edwards Plateau woodlands
Woodland fire characteristics

The long-term frequency of fires of all types in wood-
lands on the eastern Edwards Plateau is uncertain, but
has very likely changed over time with changes in climate
and people (Murray et al. 2013). As in many parts of the
country, the frequency of wildfires in this region is pre-
dicted to increase as the climate changes (Gao et al. 2021;
Nielsen-Gammon et al. 2021).

Due to high fuel loads and fuel continuity, combined
with periods of hot, dry weather, wildfires are often
crown fires in these woodlands. The canopies of Ashe
juniper trees extend to the ground (Smeins and Fuhlen-
dorf 1997; Hicks and Dugas 1998), creating vertically con-
tinuous ladder fuels that facilitate a surface fire transition
to torching in the tree crowns. Common tree species dif-
fer in their ability to sustain crown fires: Ashe juniper has
higher crown fuel density than Texas red oak, while live
oak and shin oak are intermediate (Thomas et al. 2016).
Ashe juniper is therefore most likely to sustain a crown
fire. Ashe juniper will ignite when the moisture content
of needles is <80% (McCaw et al. 2018). This happened in
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2011, when drought, wind, and low humidity combined
to create favorable conditions for fire (Nielsen-Gammon
2012), and there were a number of significant wildfires in
the region.

The possible role of low- or mixed-severity surface fires
in mixed oak-juniper woodlands is uncertain. There is
some direct evidence of surface fires in these commu-
nities. Murray et al. (2013) found fire scars dating from
1917 to 2001 on Texas red oak at the Balcones Canyon-
lands National Wildlife Refuge, indicating that wood-
lands there did have surface fires during that period. They
found a period of high fire frequency from 1950 to 1959,
which were also years of severe drought. However, the
oaks were not old enough to estimate a long-term fire
return interval (Murray et al. 2013). The potential behav-
ior and effects of such surface fires are an active area of
research. We argue that these fires could play an impor-
tant role in maintaining diverse native plant communities
in woodlands in this region.

Woodland surface fires, deer, and oak regeneration

Oak regeneration is failing on the eastern Edwards Pla-
teau, as it is in many other places. A multi-site study doc-
umented that both live oak and Texas red oak were failing
to regenerate. Mature trees were abundant, and seedlings
(both species), basal sprouts (Texas red oak), and root
sprouts (live oak) were also present, but saplings and
small trees were almost absent (Russell and Fowler 1999).
This pattern was duplicated in a study of live oak at a dif-
ferent site (Barnes et al. 2008). There is also evidence that
some of the other oak species and other hardwoods such
as bigtooth maple, Texas ash (Fraxinus albicans Buck-
ley), and black cherry are also not recruiting saplings
(Van Auken and McKinley 2008; Van Auken et al. 2023).
Ashe juniper seedlings and saplings, in contrast, are
abundant in woodlands in this region (Van Auken 1993;
Van Auken et al. 2004). These findings suggest that when
mature oaks and other hardwood species die, they will be
replaced in the canopy by Ashe juniper.

It is likely that a lack of surface fire is one of the factors
causing the failure of oak regeneration. Most mature oak
trees on the eastern Edwards Plateau became established
in the first half of the twentieth century (Russell and
Fowler 2002; Murray et al. 2013). There are several possi-
ble explanations for this. Older individuals may be absent
due to harvesting or present but not recognized because
they had resprouted after being cut. Conditions in the
first half of the twentieth century in this region may have
been especially favorable for oaks due to reduced com-
petition and higher light levels following widespread har-
vesting of oaks and Ashe juniper (Bray 1904a; Cartwright
1966; Diamond 1997). If there were woodland surface
fires at that time, they would have favored resprouting
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oaks and other hardwoods over Ashe juniper, which does
not resprout after fire (Reidy et al. 2016). Surface fires in
woodlands are now very rare. In addition, white-tailed
deer (Odocoileus virginianus) populations were very low
in the first half of the twentieth century, which likely also
contributed (Russell and Fowler 2002). Deer densities in
central Texas are now among the highest in the coun-
try and oaks are among the species they readily browse
(Armstrong and Young 2000; TPWD 2023).

Similar explanations have been proposed for oak
regeneration failure in the central and eastern USA
(Abrams 1992). Frequent surface fires are hypothesized
to favor oaks by opening forest structure and increas-
ing light availability (Knapp et al. 2015). Frequent fires
may also favor oaks because many oak species resprout
readily after fire (Clark and Hallgren 2003; DeSantis
and Hallgren 2011) and may resprout more vigorously
than other hardwoods, especially after multiple fires
(Dey and Hartman 2005; Burton et al. 2010; Short et al.
2019). Trends in white-tailed deer populations else-
where in the country are thought to be similar to trends
on the eastern Edwards Plateau (McEwan et al. 2011).
In Oklahoma and likely elsewhere, fire suppression and
drought probably interact to accelerate the effects of
oak regeneration failure: in the absence of fire, mature
canopy oaks that are killed by drought are more likely to
be replaced by abundant fire-sensitive, drought-tolerant
competitors, most notably (in Oklahoma) eastern redc-
edar (DeSantis et al. 2011).

Field experiments on the eastern Edwards Plateau have
suggested that introducing surface fires in mixed wood-
lands and reducing deer densities would increase oak
regeneration, especially in combination. A study of pre-
scribed surface fire in mixed woodlands found that sur-
face fires reduced the densities of Ashe juniper seedlings
and saplings, as well as hardwood saplings, 16 months
later (Reidy et al. 2016). Six years after the fire, though,
Ashe juniper seedling and sapling densities were still
reduced, but hardwood sapling density was signifi-
cantly higher in plots with the highest fire severity than
in unburned plots (Reidy et al. 2021). Yao et al. (2012)
also reported more oak saplings in severely burned than
in unburned woodland sites. Russell and Fowler (2004)
found that oak seedlings were more likely to grow into
the sapling size class where deer were excluded. Andruk
et al. (2014) initiated a study in 2009 to examine the joint
effects of deer exclusion (via fencing) and prescribed fire
in a mixed woodland. Fire was preceded by mechani-
cal thinning of small Ashe juniper to prevent a crown
fire. There was some scorch and some top-kill of Texas
red oak and other hardwoods, with excellent resprout-
ing from all hardwood species present (Fig. 3E). The pre-
fire thinning, combined with the fire, reduced vegetation
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cover 0.5 m above the surface to approximately 70%, as
planned. By 2011, the tallest re-spouts were, on average,
in the fenced-and-burned plots, and only in that treat-
ment had they grown above the reach of deer browsing.
We concluded that both deer browsing and light limi-
tation due to a closed canopy are inhibiting oak regen-
eration (Andruk et al. 2014). Carden et al. (unpublished
report to USFWS) re-surveyed these plots in 2021 and
found that Ashe juniper saplings were still rare in the
burned plots, that Texas red oak saplings were most com-
mon in the fenced-and-burned plots, and that saplings of
possumhaw, which was uncommon in 2009, had become
abundant by 2021 in the fenced and fenced-and-burned
plots. Possumhaw is preferred by deer (Armstrong et al.
1991) and unfenced plants are often heavily browsed.
Both the long-lasting effects of fire and ongoing deer
browsing were important in determining the composi-
tion of this woodland community.

The results of these experiments suggest that wood-
lands in this region may require surface fires or some
other form of periodic disturbance, plus a reduction in
deer densities, to restore hardwood regeneration and
to control Ashe juniper. Otherwise, under current con-
ditions, they appear to be on trajectories to become
increasingly dominated by Ashe juniper (A — B in Fig. 2).
Ashe juniper does not resprout after fire and is the least
palatable of all the woody species in these communities
(Armstrong et al. 1991). We called this trajectory “juni-
perization” (Andruk et al. 2014). Juniperization is some-
what similar to, but not the same as, the mesophication
trajectory observed in the northeastern USA (Nowacki
and Abrams 2008). Unlike maple and beech, Ashe juni-
per is relatively drought-tolerant (Northup et al. 2021). It
produces vertically continuous canopy foliage and dense,
persistent duff (Fuhlendorf et al. 1997; Smeins and Fuh-
lendorf 1997). Both its needles and duff will burn when
their water content is low enough. The result of juniperi-
zation is not a fire-proof mesic forest, but a cedar brake
highly susceptible to crown fire.

The study of the potential role of surface fires in the
woodlands of the eastern Edwards Plateau is the south-
western fringe of a much larger effort to understand the
role of surface fires in oak woodlands and forests of the
central and eastern USA (Abrams 1992; Nowacki and
Abrams 2008; McEwan et al. 2011; Arthur et al. 2012;
Alexander et al. 2021). Prescribed fire is being studied,
and used, to promote oak regeneration in many different
places in this larger region. A review of this literature is
beyond the scope of this paper. The studies most compa-
rable to studies of the eastern Edwards Plateau are from
woodlands where oak regeneration failure is occurring
concomitant with an increase in the abundance of east-
ern redcedar, including the Ozark region of Arkansas



Fowler and Carden Fire Ecology (2024) 20:55

and Missouri (e.g., Dey and Hartman 2005; Chapman
et al. 2006; Fan et al. 2012; Hanberry et al. 2014; Knapp
et al. 2015) and the Cross Timbers of southern Kansas,
Oklahoma, and northern Texas (e.g., Rice and Penfound
1959; DeSantis et al. 2010; Sparks et al. 2012; Stambaugh
et al. 2014a; Cory et al. 2019). One theme in this larger
literature is to determine what a forest or woodland with
repeated surface fires would be like.

A lost community?

The failure of Texas red oak and other hardwood regen-
eration in the woodlands of the eastern Edwards Plateau,
despite abundant mature trees of these species, sug-
gests that there may once have been much more open
woodlands in this region that were sustained by regular,
mixed-severity surface fires (E in Fig. 2). The creation
and maintenance of this community type would probably
have resembled the vegetation-fire positive feedback loop
that is hypothesized to have maintained oak woodlands
across the eastern USA prior to widespread fire suppres-
sion (Nowacki and Abrams 2008; Stambaugh et al. 2014a;
Alexander et al. 2021). Regular woodland surface fires
may have killed small diameter Ashe juniper in wood-
lands, which are known to be killed by fire in savannas
(Noel and Fowler 2007), and thus increased the relative
abundance of Texas red oak and other resprouting hard-
woods. This change in species composition could have
increased the ability of these woodlands to carry surface
fire: unlike Ashe juniper, deciduous oaks such as Texas
red oak produce large, lobed leaves that curl as they dry
and create a deep, porous leaf litter that is highly flam-
mable (Kane et al. 2008). The reduction in Ashe juniper
litter and duff and increased light availability in these
woodlands would also probably stimulate understory
grass and forb growth (Yager and Smeins 1999), as has
occurred elsewhere following surface fires (e.g., Bur-
ton et al. 2011; Maginel et al. 2019; Vander Yacht et al.
2020). This change in surface fuel bed properties would
increase community flammability, and thus the ability of
these woodlands to sustain repeated surface fires, further
increasing the relative abundance of oaks and other hard-
woods (dashed circular arrow under E in Fig. 2). Another
desirable effect of this hypothesized community would be
more specific to the eastern Edwards Plateau: the lower
Ashe juniper abundance would likely also reduce ladder
fuels and the risk of a crown fire (Fig. 2).

We do not know how open a woodland would have
to be to support hardwood regeneration in this region.
However, some of the management being tested in oak
woodlands elsewhere in Texas (Sparks et al. 2012) sug-
gests that a woodland open enough to support hardwood
regeneration would be different enough from current
woodlands to be considered a distinct community that is
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no longer present: a “lost community” (E in Fig. 2). We
suggest that this community would also have been dis-
tinct from the savannas in the region in several ways.
For example, woody plants would be less likely to be
clustered, since extreme clustering is a product of the
encroachment process (Gonzalez 2010).

There is another line of evidence that supports the
former existence of this hypothesized lost community.
Multiple studies of the endangered bracted twistflower
(Streptanthus bracteatus A. Gray), an annual wildflower
endemic to this region, have found that this is a wood-
land species that requires more light than it usually gets
now to thrive (Zippin 1997; Fowler et al. 2012; Leonard
and Van Auken 2013). It is not a savanna species, but it
can thrive in gaps in the canopy if it is not over-browsed.
It seems likely that this species, likes many of its Califor-
nia congeners, is a fire-follower that would once have had
as its primary habitat woodlands in the years soon after a
surface fire and then would have been maintained by its
dormant seed bank until the next fire.

In Carr’s list of 71 plants endemic to the eastern
Edwards Plateau, 13%, including bracted twistflower,
are identified as growing in partial shade only, and none
grow in full shade only (Carr 2022). The lost community
would be likely be high-quality habitat for these native
partial shade species, in contrast to the full sun species
which thrive in savannas. Higher light levels would likely
cause the lost community to have a richer herbaceous
flora than is common in woodlands now and possibly also
greater woody species diversity. Restoration of the lost
community would therefore likely help conserve regional
plant biodiversity. Unfortunately, this hypothesized com-
munity might not be suitable habitat for the endangered
golden-cheeked warbler, which requires a closed canopy
(Pulich 1976; Groce et al. 2010).

There are practical challenges to reintroducing wood-
land surface fires in this region. Implementing prescribed
surface fire under present conditions may require an ini-
tial mechanical thinning of the lower levels of the woody
plant fuel profile. This would have the dual effects of
removing ladder fuels to reduce the risk of a crown fire
and increasing surface fuels that can carry a surface fire.
Deer control would also likely be necessary for maxi-
mum plant diversity to develop. More research is needed
to understand what the best surface fire return interval
would be: there would have to be enough time after a
fire to allow sufficient litter to accumulate to carry a sur-
face fire that would kill juvenile Ashe juniper, but not so
long that ladder fuels would accumulate. Presumably,
the fire frequency would have to be routinely adjusted in
response to litter buildup, which would be in part a func-
tion of precipitation.
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The recreation of this hypothesized community (E in
Fig. 2) would not be the woody plant encroachment pro-
cess in reverse. Woody plant encroachment in this region
typically involves the formation, lateral expansion, and
eventual merging of dense clusters of Ashe juniper and
sometimes other woody plants to form a cedar brake
(Fowler and Simmons 2009; Gonzalez 2010). Light lev-
els are low in these clusters as soon as they form (Fowler
and Clay 1995). Savanna species are gradually lost in the
shrinking glades (Alofs et al. 2014). In contrast, we are
suggesting a no-longer-present community in which tree
canopies might or might not be continuous, but light
levels underneath these canopies would be substantially
higher than they are now.

Effects of crown fires in eastern Edwards Plateau
woodlands

Crown fires do occur in the woodlands of the region,
especially where Ashe juniper is dominant (Bryant et al.
1983), despite active fire suppression. In stands that
include hardwoods, there is some evidence from a study
at Fort Cavazos that after an intense crown fire a com-
munity dominated by resprouting hardwoods, with little
Ashe juniper, will eventually develop if soil erosion is not
too great (Reemts and Hansen 2008, 2013). The delayed
recolonization of Ashe juniper in that case may have
been due to a combination of reduced seed source after
the crown fire killed most or all dominant Ashe juni-
per tree and competition from resprouting hardwoods
(Reemts and Hansen 2008). Repeated wildfires where
oaks and other resprouters are present may convert pre-
viously mixed woodlands into oak shrublands (Diamond
1997; Reemts and Hansen 2013). If a stand with few
resprouting hardwoods experiences repeated crown fire,
a savanna or grassland might result. Soil erosion after a
crown fire may slow or alter post-fire community trajec-
tories, especially on steep slopes; an increase in exposed
bedrock is a possible effect.

Roles of fire in eastern Edwards Plateau savannas

The importance of fire in the savannas (C in Fig. 2) in
this region is much less controversial. Like all the other
savannas in North America (Fowler and Beckage 2019),
eastern Edwards Plateau savannas are assumed to have
been created and maintained by some mix of lightning-
started and anthropogenic fire that slowed or reversed
woody plant encroachment (Smeins 1980; solid circular
arrow under C in Fig. 2). Parallel to the process of juni-
perization observed in local woodlands, without fire or
mechanical clearing these savannas are on trajectories
towards low-diversity stands of nearly pure Ashe juni-
per (Fuhlendorf et al. 1996; Fowler and Simmons 2009).
Mechanical removal of woody plants, not fire, remains
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the primary method of maintaining savannas on private
land.

Despite general agreement that fires once maintained
these savannas, we lack important knowledge about the
effects of fire season, frequency, and intensity on woody
plant encroachment. We also lack a good understand-
ing of the effects of fire characteristics on the herba-
ceous components of the savanna communities. Finally,
we know very little about the effects of fire on woody
savanna species.

Savanna fire—effects on woody encroachment

In the absence of fire, Fuhlendorf et al. (1996) estimated
that an open savanna would be converted into cedar
brake in approximately 75 years (Fig. 2). Ashe juniper
does not resprout after top-kill, so top-kill, even if only
by scorch, is sufficient to kill an individual. However,
the mortality rate of Ashe juniper drops off quickly with
plant size in low-intensity savanna fires (Noel and Fowler
2007). Because fire severity is affected by fuel load (Wink
and Wright 1973), as well as weather, land managers may
have to forego grazing for a period of time to allow fine
fuels to accumulate. They may also need to postpone a
fire until after a period of relatively high precipitation has
caused sufficient grass biomass to be produced.

The reintroduction of surface fires into these savan-
nas has had mixed success in slowing or reversing
woody encroachment. Repeated burns conducted on
Austin Water Quality Protection lands near Austin have
resulted in control of encroachment but reversal in only
a subset of sites (Kreuter et al. 2022; D. Grobert, City
of Austin, TX, USA, personal communication). On the
western Edwards Plateau, both winter and summer fires
were effective in reducing Ashe juniper abundance (Tay-
lor et al. 2012). In the same site there were high shrub
mortality rates and low resprouting rates following a
high-intensity fire (Twidwell et al. 2016). Interestingly,
mortality was apparently unrelated to shrub height. The
authors noted that shrub mortality was likely especially
high because the plants were already stressed by drought.
More studies of the effects of high-intensity fires on
woody plant encroachment in the savannas of the east-
ern Edwards Plateau are needed, separately and in com-
bination with different drought conditions. Because Ashe
juniper might not be the primary woody encroacher if
deer densities were not so high, studies of high-intensity
fires under different deer densities are also needed.

Savanna fire—effects on herbaceous species

As it does elsewhere, woody encroachment reduces
native biodiversity in central Texas (Ratajczak et al. 2012;
Fuhlendorf et al. 1997; Alofs et al. 2014). In addition
to its role in slowing woody plant encroachment, fire
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affects the composition of savanna plant communities.
Differences among fires in season, frequency, and inten-
sity likely affect different savanna species differently.
Most research in this region on fire and herbaceous spe-
cies in savannas has been motivated by the goal of using
fire to control King Ranch bluestem. This species is a
non-native invasive perennial grass that is very common
in savannas of the eastern Edwards Plateau. It is highly
grazing-tolerant, is found in a wide range of soils and
topographical positions, and often forms near-mono-
cultures that greatly reduce native biodiversity (Gabbard
and Fowler 2007).

Evidence is accumulating that under the right cir-
cumstances fire can favor native grasses and forbs over
King Ranch bluestem. Low-intensity fires, especially in
November—February, have little direct effect on King
Ranch bluestem, presumably because it is dormant then
(Gabbard and Fowler 2007; Simmons et al. 2007; Hav-
ill et al. 2015; Novak et al. 2021). Some relatively high-
intensity fires in May—October have successfully reduced
the abundance of King Ranch bluestem, although the
conditions (season, weather, plant condition, etc.) nec-
essary to achieve this outcome reliably are still unclear
(Simmons et al. 2007; Ruckman et al. 2011; Reemts et al.
2019, 2021; Novak et al. 2021; Whiting 2022; Behr et al.
in press). It is also important to determine whether a fire
has a greater deleterious effect on King Ranch bluestem
than on co-occurring native species. Several studies
indicate that this outcome is possible, although the con-
ditions for achieving it are also not yet clear (Havill et al.
2015; Novak et al. 2021; Reemts et al. 2021; Whiting
2022; Behr et al. in press).

Like most savanna species in this region, King Ranch
bluestem does not persist in the shade of most woody
plants (Gabbard and Fowler 2007). Therefore control of
King Ranch bluestem is not sufficient to maintain native
savanna biodiversity; it must be paired with control of
woody plant encroachment. Without effective fires or
mechanical clearing, not only King Ranch bluestem but
almost all native savanna species are eventually lost from
a site due to woody plant encroachment (Fuhlendorf
et al. 1997; Alofs and Fowler 2010; Alofs et al. 2014).

Savanna biodiversity

One of the pieces of evidence for the substantial extent
of savannas on the eastern Edwards Plateau before non-
Indigenous settlement is that herbaceous savanna species
make up a large proportion of the plant species richness
of the region. In the list of 71 plants endemic to the east-
ern Edwards Plateau, 39% grow only in unshaded sites,
and hence are obligate savanna species (Carr 2022). The
well-known Texas roadside wildflowers such as Texas
bluebonnet (Lupinus texensis Hook.), evening primrose
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(Oenothera speciosa Nutt.), and other species adapted to
sites with high disturbance frequency and intensity also
occur in savannas. Regional savanna species also include
large perennial species adapted to fire but not to frequent
roadside mowing, such as Maximilian sunflower (Heli-
anthus maximiliani Schrad.) and Lindheimer’s muhly
grass (Muhlenbergia lindheimeri Hitchc.). While many
native wildflowers in this region need full or nearly full
sun, very few can tolerate full shade (Carr 2022). The
same is true of native grasses, almost all of which do not
grow in present woodlands outside of glades. In contrast,
the understory herbaceous vegetation in cedar brakes
may consist of little but cedar sedge (Carex planostachys
Kunze) (Wayne and Van Auken 2010).

Roles of fire in eastern Edwards Plateau shrublands
Fire also plays a well-recognized and critical role in the
creation and maintenance of the shrublands of the east-
ern Edwards Plateau (D in Figs. 2 and 3). These shrub-
lands have been studied primarily as breeding habitat for
the black-capped vireo. Suitable nesting habitat consists
of irregular clusters of shin oak and other thicket-forming
shrubs and trees, interspersed with grasses, with approxi-
mately 30-60% woody cover 1-3 m in height (Grzy-
bowski et al. 1994; Bailey and Thompson 2007). These
communities are maintained by frequent fires: after a fire,
the shrubs resprout and clusters reform after 1-5 years.
Twenty to 25 years after the fire, woodlands form (Dia-
mond 1997), which are unsuitable for the vireo. The best
vireo habitat in central Texas is at Fort Cavazos due to
repeated wildfires from military activity there (Cimprich
and Kostecke 2006).

Plateau live oak and fire

Plateau live oak is one of the few species, other than
Ashe juniper, that is common in woodlands, savannas,
and shrublands. As mentioned above, its regeneration is
failing. Live oak leaves, which are sclerophyllous, entire,
and relatively flat, form a shallow, dense leaf litter that is
less flammable than red oak litter (Kane et al. 2008). Var-
ner et al. (2016) proposed that a closely related species,
southern live oak (Q. virginiana Mill.), is a “fire avoider”
that persists in fire-prone environments but does not
contribute to vegetation-fire positive feedback loops.
Instead, it produces low-flammability litter that reduces
local fire effects in its immediate vicinity, thereby pro-
tecting it (Varner et al. 2016). In eastern Edwards Plateau
savannas, Plateau live oak forms clusters (mottes) with
low surface light levels and cool microclimates (Gass and
Barnes 1998). However, fire apparently burns these clus-
ters at temperatures similar to burns in nearby grasslands
(Fonteyn et al. 1988). Close proximity to a mature Pla-
teau live oak did not reduce fire effects on Ashe juniper
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seedling mortality (Noel and Fowler 2007). Varner et
al’s hypothesis may therefore not apply to Plateau live
oak. Furthermore, Plateau live oak resprouts after being
burned and can become common following fire (Reemts
and Hansen 2008). Deer herbivory, rather than fire sup-
pression, remains the most likely explanation for the fail-
ure of Plateau live oak regeneration in open savannas, but
this needs study.

Management goals and methods

The communities discussed above provide a set of pos-
sible targets for land managers on the eastern Edwards
Plateau. The choice of target community will depend, at
least in part, on land management goals. Sometimes the
goal is straightforward. If cattle forage is the primary
consideration, a savanna with some large trees but almost
no small woody plants is probably the target community.
However, if deer hunting is also a ranch goal, a mix of
savanna and woodland may be a more appropriate target
(Armstrong and Young 2000).

Reduction of fire danger, especially in the wildland-
urban interface, is another possible land management
goal. Reduction of wildfire smoke is a related goal. The
use of prescribed fire to achieve these goals, however,
may be controversial if it is seen as degrading green belts
and other natural areas.

When biodiversity restoration and preservation is the
management goal, selecting a target community is com-
plex. Golden-cheeked warblers require dense canopy
cover and mature junipers for nest construction but also
mature oaks for foraging (Pulich 1976; Marshall et al.
2013). However, maintaining these dense woodlands
does not address the widespread failure of oak regener-
ation in this region, as discussed above, and will there-
fore ultimately make woodland sites unsuitable for this
bird. Perhaps a period of surface fire to open the canopy
to allow oak regeneration, followed by a fire-free period
to allow the canopy to close, would be best for this bird.
Reidy et al. (2021) found that after a surface fire, war-
bler usage of burned plots was reduced, but 6 years after
burning, differences between control and treated plots
were no longer detectable. The same fires also increased
relative hardwood sapling abundance after 6 years.

No single community supports all the species of con-
servation concern. Golden-cheeked warblers require
closed-canopy oak—juniper woodlands. Black-capped vir-
eos require recently burned shrubland. Grassland birds
require savannas. Bracted twistflower requires open-
canopy woodland. Thus the greatest native biodiversity
will be preserved by maintaining a mosaic landscape
that includes all of these communities, each in sufficient
quantity. When native biodiversity is the goal, a common
target in North America is a landscape that includes the
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full set of communities and disturbance regimes present
prior to colonization by non-Indigenous peoples (Hay-
ward 2009). Unfortunately, as discussed above, the com-
position, patch sizes, and spatial arrangements of plant
communities on the eastern Edwards Plateau at that time
are uncertain.

Other management goals, beyond the scope of this
paper, include a range of recreational uses, including
hunting. They also may include improving water quantity
and quality for runoff, infiltration, and aquifer recharge.
Each of these may call for a different mix of plant
communities.

As argued above, fires once created and maintained
most of the potential target plant communities in this
region. Prescribed fire is therefore a potential man-
agement tool for restoring and managing woodland,
savanna, and shrubland communities in this region. The
choice of fire frequency, fire season, and fire intensity
will depend on the target community. For example, high-
severity summer burns may be necessary to control King
Ranch bluestem, while mixed severity surface fires with
limited canopy torching may be adequate to maintain
open mixed woodlands.

Safety, cost, logistics, intermittent county burn bans,
and public opinion also factor into developing pre-
scribed burn plans. It may be necessary to precede
prescribed fire with thinning of woody fuels, especially
Ashe juniper. Pre-fire removal of understory Ashe juni-
per can be an effective way to reduce ladder fuels and
avoid a crown fire in a mixed woodland (e.g., Andruk
et al. 2014). Pre-fire Ashe juniper removal in areas being
restored to savanna has also been found to be effective
(e.g., Kreuter et al. 2022).

Ranchers in the region commonly use mechanical
removal of woody plants to maintain savannas, but some
ranchers are beginning to use prescribed fire for the same
purpose. Safety and liability issues, plus county-imposed
burn bans are concerns, especially for the use of relatively
intense prescribed fires. However, burn associations
exist in the region (e.g., the Prescribed Burn Alliance of
Texas: https://www.pbatexas.org/) and the use of fire as
a management tool on private land may become more
common.

Conclusion

Whatever the characteristics of past landscapes on the
eastern Edwards Plateau, maximum native biodiversity
will be supported by landscapes that include substantial
amounts of mixed woodlands, savannas, and shrublands.
We argue that fires are important for the maintenance
of all these communities and that prescribed fire can
be an effective tool in re-creating and managing each
of them. Furthermore, surface fires are an essential part
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of what we argue is the lost open woodland community
that is essential to support a significant part of native
plant diversity. However, under present conditions of fire
suppression combined with high deer populations, evi-
dence indicates that both mixed woodlands and savan-
nas are on trajectories to become low-diversity stands of
Ashe juniper (cedar brakes). The future of these stands
of Ashe juniper is unclear, but crown fires are one likely
eventuality.

The optimum management of any given tract of land,
including the choice of target communities, will depend
on the particular goals of its managers and the con-
straints they face, as discussed above. However, in many
cases there is insufficient knowledge to provide adequate
guidance to them. We need to know much more about
optimum fire frequencies, seasons, intensities, and spa-
tial patterns in all of these communities—woodlands,
savannas, and shrublands. We also need to better com-
municate this knowledge to the public, to land managers,
and to everyone else concerned with land management of
the eastern Edwards Plateau.
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