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5.1 Introduction

Savannas (defined below) are found in many different regions of North America, from
sub-tropical south Florida to semi-arid south Texas, and from northern Mexico to
south-central Canada (Figures 5.1 and 5.2). Despite their many differences in precipita-
tion, temperature, plant and animal species, history, and dynamics, North American
savannas share some important characteristics, especially the critical roles that fire
plays in these ecosystems. In many regions there has been a great reduction in the
extent of savanna vegetation since Europeans and Africans first arrived in North
America just over 500years ago, but what remains has supported a substantial body of
research. This research has not only provided many insights into the processes that
form and shape these savannas, but has also guided the management of the remaining
tracts of savanna and many successful savanna restoration efforts.

This chapter can only provide a brief overview of the many different kinds of North
American savannas. After clarifying some definitions and briefly describing broad cli-
matic patterns, four factors that affect almost all North American savannas are dis-
cussed separately: fire, grazing, biodiversity, and conservation. The remainder of the
chapter is a brief tour of the savanna ecosystems of North America. This is organized by
the dominant woody species, rather than by the region, of each type of savanna, to draw
attention to the many similarities between, for example, the longleaf pine (Pinus palus-
tris) savannas of northern Florida and the ponderosa pine (P ponderosa) savannas of
northern New Mexico 2300km away (see Figure 5.2 for locations of states and prov-
inces mentioned in this chapter).

5.1.1 Definitions

We considered a savanna to be any plant community that is co-dominated by woody
and herbaceous plant species and in which the woody canopy is sufficiently discontinu-
ous to support herbaceous species that require relatively high light levels. This definition
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Figure 5.1 Tree canopy cover of continental United States. Percent tree canopy cover from the
National Land Cover Database 2011 United States Forest Service percent tree canopy product at a
30m spatial resolution created by the United States Department of Agriculture Forest Service Remote
Sensing Applications Center. The analytic tree canopy layer was produced using a Random Forests
regression algorithm. The cartographic product is a filtered version of the regression algorithm
output. (See color plate section for the color representation of this figure.)

includes both tree savannas and shrub savannas. Authors usually did not quantify the
degree of woody cover, and so we relied upon their verbal descriptions and photographs
or those from other studies of the same or similar sites. However, for the map (Figure 5.1)
we utilized a definition of savanna based on percent canopy cover of the landscape (e.g.
Bucini et al. 2017).

In North American savannas, the woody species that form the canopy may occur as
isolated individuals or in clusters. The open herbaceous component may occur as a
matrix, or as patches in a woody matrix, or in any intermediate state between these.
Because there is no clear division or distinction between Cs;-dominated and Cy-
dominated savannas in North America (see below) both have been included in this
chapter. However, we excluded deserts. We included Florida and northern Mexico,
where the savannas are similar to those of Georgia and southern Texas, respectively,
but excluded southern Mexico and the Caribbean, whose savannas are more properly
considered with those of Neotropical regions. Savannas grade into grasslands at low
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Figure 5.2 Locations of US and Mexican states and Canadian provinces mentioned in the text.
Numbers after state abbreviations refer to the different types of North American savannas listed in the
inset legend. Abbreviations: Canadian provinces: BC, British Columbia; SK, Saskatchewan. US states:
AL, Alabama; AZ, Arizona; CA, California; CO, Colorado; FL, Florida; GA, Georgia; ID, Idaho; IL, lllinois; IA,
lowa; LA, Louisiana; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MT, Montana; NC,
North Carolina; NE, Nebraska; NM, New Mexico; NV, Nevada; OK, Oklahoma; SC, South Carolina; SD,
South Dakota; UT, Utah; WI, Wisconsin; WY, Wyoming. Mexican states: CH, Chihuahua; Coa, Coahuila;
DU, Durango; NL, Nueva Ledn; TM, Tamaulipas.

levels of woody cover and, at the opposite extreme, into communities with a closed
canopy dominated by one or more woody species (Breshears 2006). In the North
American literature, communities with closed canopies of woody species may be called
forests, woodlands, or shrublands, or by a regional term (e.g. chaparral). There is some
inconsistency in the use of these terms, but in general, forests are communities
dominated by taller, usually single-stemmed trees, woodlands are dominated by shorter,
single- or multi-stemmed trees, and shrublands are dominated by even shorter,
multi-stemmed woody plants, and we have followed this usage in this chapter.

The number of monocot genera and the number of dicot genera both increase from
north to south in North America (Qian 1998). The ratio of C, to C; grasses in North
American savannas also increases from north to south (Ehleringer et al. 1997; Osborne
etal. 2014). Perennial grass species in C, genera such as Aristida, Bouteloua, Muhlenbergia,
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Paspalum, and Sorghastrum usually dominate southern savannas, while perennial
species in Cj genera such as Danthonia, Festuca, Nasella, and Poa become more
abundant as one goes further north. However, species in the C, genera Andropogon and
Schizachyrium are components of almost all North American savannas and even in
south Texas savannas one C3 perennial grass, Nasella leucotricha, is common. Therefore
North American savannas cannot readily be classified as C, or C; savannas.

North American savannas are often not called savannas. For example, some are often
called forests, including the ponderosa pine (P ponderosa) savannas of the southern
Rocky Mountains and the longleaf pine (P palustris) savannas of the south-eastern
coastal plain of the United States. When travelers from eastern forested areas of North
America first came to the more open vegetation of, for example, Illinois or central
Texas, they called savannas “prairies” because of the new (to them) open character of
the vegetation, but it does not follow that these areas were treeless (Weniger 1984). As
a result, the oak savannas of the central United States and the tallgrass grasslands of the
same region are often both called prairies. The aspen savannas of south-central Canada
are often called parklands. Shrub savannas of the north-western United States are
sometimes called steppes.

In the North American literature, savannas are sometimes called ecotones, rather
than recognized as a distinct type of ecosystem (e.g. Simberloff and Gotelli 1984; Kettle
et al. 2000; see also Gosz 1993). However, “ecotones” that are hundreds of kilometers
wide are ecosystems in their own right, and should be treated as such. For example,
Texas has savannas from approximately 95° W in east-central Texas to 102° W in west
Texas (Gould 1975), a distance of ~670km. If we include the longleaf pine savannas of
east Texas, savannas (intermingled with forests in east Texas and woodlands and shrub-
lands in central and west Texas) extend, or extended, east to 93° W, an east—west dis-
tance of ~860 km.

In North America, savannas occur in mosaic landscapes that also include grasslands,
woodlands, forests, or shrublands. Woody and herbaceous vegetation are intermingled
at many different scales. All of these make both the definition of savanna and estimates
of the areal extent of savannas problematic. For example, if the patches of herbaceous
vegetation or woody vegetation are intermingled on a scale of meters the community is
unambiguously a savanna, but what of intermingling on scales of tens of meters?
Hundreds of meters? Kilometers? In other words, at what scale of patchiness does the
landscape cease to be a savanna and become a mosaic of savanna, woodland, and grass-
land? Thus, the areal extent of savanna in a region depends upon the patch scale and
measurement scale used, as well as on the upper and lower bounds of woody cover in
the author’s definition of savanna. Figure 5.1 was constructed from 30m resolution
data, but much finer scales would be more appropriate when considering individual
savanna ecosystems or study sites.

5.1.2 Climatic Patterns

There is a strong gradient of precipitation across the central part of the North America,
with deserts on the western end of the gradient and deciduous forests on the eastern
end. At ~30° N, for example, Beaumont, Texas, receives 1536 mmyear ', while El Paso,
Texas, ~1200km to the west, receives only 246 mmyear . From the Panhandle region
of north Texas to southern Canada, there are large areas of true (i.e. treeless) shortgrass
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grasslands (e.g. Wester 2007) between the oak savannas to the east and the mountains
to the west, but further south, savanna vegetation grades directly into Chihuahuan
desert vegetation (Gould 1975).

There is also a strong gradient of increasing temperatures from north to south in
North America. For example, in Winnipeg, southern Manitoba (~50° N), average
January low temperature is —24-°C and average July high is 26°C, while in Kingsville,
Texas (~27.5° N) average January low is 6.3°C and average July high is 35°C.

5.2 Fire

All North American savannas owed their existence to fire: they were created and main-
tained by fire. Fires prevented woody species from converting savannas to closed canopy
communities. Given the high degree of spatial and temporal variation typical of fire
regimes, however, it is likely that many landscapes were shifting mosaics of savanna and
closed canopy communities (i.e. woodland, forest, or shrubland). The spatial configura-
tion and dynamics of such tracts would have depended on the frequency, intensity, and
season of past fires, and any given site may have transitioned in and out of being a
savanna multiple times. On a millennial time scale, changes in climate have also been
important in determining the extent of savanna (e.g. Szeicz and MacDonald 1991;
Betancourt et al. 1993; Miller and Wigand 1994; Camill et al. 2003). On evolutionary
time scales, savanna vegetation may have evolved dynamically with fire regimes, devel-
oping traits not only to tolerate fire but to facilitate frequent fires, preventing conver-
sion to forests, and thus exerting a potentially large influence on the landscape as
ecosystem engineers (Beckage et al. 2009).

Savanna-maintaining fires are surface fires, that is, fires that burn biomass near the
ground, but rarely consume the canopies of trees and even more rarely move directly
from canopy to canopy. In contrast, crown fires consume most or all of the tree cano-
pies as well as understory and mid-story biomass. Crown fires top-kill trees; because
pines and most juniper species cannot resprout from the base, they are usually killed by
crown fires. Fire suppression in a savanna allows the development of mid-story vegeta-
tion. Mid-story vegetation can act as a ladder fuel that allows a surface fire to “climb up
the ladder” and ignite tree canopies. As fire suppression produces a more continuous
canopy, fire can more easily move from canopy to canopy.

All of the savanna ecosystems discussed in this chapter are thought to have been
present at the time of the settlement of North America by non-Indigenous peoples. In
the pine savannas of the south-eastern US, where lightning strikes during ignition con-
ditions are very common, lightning may have ignited enough fires to maintain savanna
(W. Platt, personal communication), although burning by Indigenous peoples is thought
to have also played a role in this region (Van Lear et al. 2005; Outcalt 2008). Elsewhere
the sufficiency of lightning-ignited fires to maintain savanna is much less certain.
However, with modern estimates of the population densities of Indigenous Americans
(Denevan 1992; Dull et al. 2010) before 1492, and the known use of fire by Indigenous
Americans to manage their land for deer, bison, nut-bearing trees, travel, and defense
(Blackburn and Anderson 1993; Brose et al. 2001; Kimmerer and Lake 2001), it is not
necessary to invoke lightning to account for North American savannas. However, light-
ning ignitions undoubtedly have played a role in many places. The consequences of
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Figure 5.3 Woody plant encroachment by Ashe juniper (Juniperus ashei) in a central Texas juniper-live
oak (Quercus fusiformis) savanna. The difference in canopy cover above and below the E-W road in the
upper part of the image is due to different time spans since the most recent mechanical juniper removal.
Sequential aerial photographs of Pace Bend Park from Texas Natural Resources Information System.

Indigenous use of fire including (i) fire timing may not have been related to the timing
of lightning ignitions, and (ii) land managers using fire to restore and maintain savannas
should consider past Indigenous fire use (season, frequency, etc.).

Prescribed fire is commonly recommended for the management for savannas, if
safety, public acceptance, and other factors permit its use (e.g. Covington et al. 1997;
McPherson 1997; Dunwiddie and Bakker 2011). However, many savannas are presently
maintained by mechanical control of woody plants; herbicides may also be used for this
purpose where they are effective (Hamilton 2004).

The process of woody plant encroachment (Figure 5.3) converts savannas that do not
receive an appropriate fire regime and are not actively maintained by mechanical or
chemical methods to forests, woodlands, or shrublands (e.g. Archer 1989; Frost 1993;
Briggs et al. 2005; Hankins 2015). Overgrazing, discussed below, can increase the rate of
encroachment. Increasing levels of CO, may increase the rate of woody plant encroach-
ment where the grasses are primarily C, species, as they are in the southern US and
Mexico (Polley et al. 1994; Bond and Midgley 2000; Beckage and Ellingwood 2008).

5.3 Grazing

Before settlement by non-Indigenous peoples, the savannas of the central United States
and Canada were grazed by bison (Bison bison). While bison are mostly absent now,
many North American savannas still support populations of deer (Odocoileus virgin-
ianus, O. hemionus) or elk (Cervus canadensis). In some cases these native herbivores
may have helped maintain savannas by browsing woody species (e.g. Campbell
et al. 1994).
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Many of the remaining savannas in North America have survived because they occur
in sites unsuitable for row crops or sown pastures, but suitable for cattle grazing.
Ranchers need grass as food for their livestock (usually cattle, in North America), and
so they have a financial incentive to prevent woody plant encroachment from convert-
ing these savannas to closed-canopy woody vegetation (Holechek et al. 1998). However,
overgrazing by cattle, whose diet is mostly herbaceous species, can increase the rate of
woody plant encroachment by reducing competition from grasses and by reducing
grass biomass, which in turn reduces the amount of fine fuel available to sustain a
surface fire (Scholes and Archer 1997; Van Auken 2009). The effects of overgrazing by
domestic stock have been profound (Fleischner 1994). The greatest impacts occurred
between the advent of barb-wire fencing in the late 1800s, which allowed ranchers to
confine too many cattle in a pasture too long, and the advent of range science and its
documentation of the negative effects of excessively high stocking rates in the middle of
the 1900s (Holechek et al. 1998). Excessive grazing pressures are one reason why the
herbaceous component of many savannas is dominated by relatively unpalatable or
highly grazing-tolerant, introduced species, especially in California (Saenz and Sawyer
1986; Bossard and Randall 2007) but also elsewhere (MacDougall and Turkington 2006;
Gabbard and Fowler 2007).

5.4 Biodiversity

While most North American savannas have only a few, or even a single, common woody
species in the overstory, their grass, forb, and sub-shrub components can be quite
diverse. The longleaf pine (P, palustris) savannas of the south-eastern US are especially
diverse (e.g. Platt et al. 1988; Brockway and Lewis 1997). Forb diversity can also be relatively
high in some oak savannas (e.g. Foster and Tilman 2003; Standiford and Purcell 2015).
The woody plants add structural complexity, which provides important habitat for
some animal species, especially birds (Davis et al. 2000; Zack et al. 2005; Cimprich et al.
2006; Grundel and Pavlovic 2007; Knick and Connelly 2011), while the open canopy
allows enough light through to support many herbaceous plant species and their associated
animals. Woody plants create low-light microhabitats suitable for more shade-tolerant
plant and animal species in otherwise high-light environments and increase below-
ground spatial heterogeneity (Simberloff and Gotelli 1984; McPherson 1997; Meisel
et al. 2002). However, woody plants may reduce the productivity of the herbaceous
component and, for this reason, range managers often remove woody plants, preferring
to leave only enough woody cover to provide shade and shelter for livestock (Holechek
et al. 1998; Bailey 2005).

5.5 Conservation

Many North American savanna ecosystems are now quite rare, including some that
once occupied very large areas. Like the tallgrass grasslands of the upper Midwest of the
US, the oak (Quercus spp.) savannas of the same region have been replaced by row-crop
agriculture (Nuzzo 1986). Their presence lives on in the names of towns, such as Oak
Grove and Blue Island in Illinois. Another example of a formerly widespread but now
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much-reduced ecosystem is the longleaf pine (P palustris) savannas of the south-east
US, which were almost completely logged in the late 1800s and early 1900s (Van Lear
et al. 2005). Loblolly pine (P, taeda) treefarms have replaced most of the former longleaf
pine savannas (Zhang et al. 2010). In addition to conversion to row-crop agriculture or
intensive lumber and pulp production, conversion to housing, shopping malls, and so
on has reduced the extent of many savannas, especially near metropolitan areas.

An additional threat to North American savannas is woody plant encroachment, the
process by which woody cover increases until former savannas become forests, wood-
lands, or shrublands (Van Auken 2000). For example, encroachment by species of
Juniperus converts oak savannas (and grasslands) in Texas and Oklahoma into wood-
lands (Briggs et al. 2002, 2005; Fowler and Simmons 2009). A reduction in fire frequency
and intensity is the usual cause of woody plant encroachment. However, in at least one
case (sagebrush savanna, discussed below), an increase in fire frequency is the threat.
Fortunately there are many serious efforts to preserve and to restore savannas, and
many studies of methods of management necessary to do so.

5.6 0Oak Savannas

Many North American oak (Quercus) species have features that make them savanna
species. These include leaves that, after being shed, do not flatten, and hence form
excellent fuel for surface fires; thick, fire-resistant bark; the ability to resprout repeat-
edly from the base; and the need of their seedlings for high-light environments (Peterson
and Reich 2001). It is therefore not surprising that oaks were, and are, the dominant
woody species in many North American savannas. Depending on the species, they may
be majestic trees (e.g. Q. macrocarpa, bur oak), shrubs (e.g. Q. havardii, shin oak), or
anything in between.

5.6.1 Central US, South-Central Canada, Northern Sierra Madre (Mexico)
Oak Savannas

Perhaps the best-studied of the oak savannas are the oak savannas of the north-central
US (Figure 5.4). They once formed a wide belt from northern Minnesota and southern
Wisconsin, Iowa, Illinois, northern and central Missouri, through eastern Kansas, and
are often dominated by bur oak (Q. macrocarpa) (Curtis 1959). There are also isolated
pockets of oak savanna to the north-east, around the Great Lakes, including some in the
province of Ontario in Canada; some of these may once have been dominated by jack
pine (Pinus banksiana) rather than oaks (Szeicz and MacDonald 1991; Will-Wolf and
Stearns 1999). A changing climate may shift the zone suitable for these northern savan-
nas northward and eastward (Frelich and Reich 2010).

The oak savanna belt continues to the south, through central Oklahoma and north
and central Texas, including the Cross Timbers and the Post Oak Savanna (Gould 1975).
In these southern savannas, post oak (Q. stellata) or blackjack oak (Q. marilandica) are
often the dominant species (e.g. Clark and Hallgren 2003; Volder et al. 2010). However,
in the savannas of the Edwards Plateau of central Texas, Plateau live oak (Q. fusiformis)
is the dominant oak species. Oak savannas reappear at intermediate elevations in the
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Figure 5.4 Oak savanna, Lulu Lake Preserve, Wisconsin. Note the abundant herbaceous vegetation,
an indication that the canopy is sparse enough to allow ample light to reach the understory.
Source: Photos by: N. Fowler.

mountains of north-eastern Mexico; one or more of many different oak species may be
dominant (Muller 1939, 1947; Rzedowski 1978).

The herbaceous layer of each of these oak savannas is generally dominated by the
C, grass species that now dominate grasslands in the same region. Little bluestem
(Schizachyrium scoparium) is still common throughout. Before non-Indigenous settle-
ment in the early 1800s, big bluestem (Andropogon gerardii) was a common dominant
in the northern savannas, as was Indiangrass (Sorghastrum nutans) further south.
However, edaphic and topographic factors and the local fire regime also have strong
effects on plant community composition and stand structure (Peterson and Reich 2001;
Meisel et al. 2002). In addition to the many grass species found in all of these oak savan-
nas, forb diversity is also high (Foster and Tilman 2003). They also provide, or provided,
important habitat for many animal species (Davis et al. 2000; Grundel and Pavlovic 2007).

Nuzzo (1986) estimated that, of the original 110000—130000 km? of oak savanna pre-
sent before 1800 in US states north of Oklahoma, only 26km? remained in 1985. In
many parts of this region, almost all of the former oak savannas have been lost due to
conversion of the land to row crops (Nuzzo 1986). Elsewhere fire suppression has
caused many oak savannas to become forests (Leach and Givnish 1996; Peterson and
Reich 2001). As canopy cover increases, oak recruitment declines and more shade-
tolerant trees replace the oaks (Abrams 1992; Brudvig and Asbjornsen 2009). Savannas
have also been lost to urbanization, especially around Chicago and other cities. Second
only to tallgrass prairies, and for the same reasons, oak savanna is the most threatened
and fragmented plant community in the Midwest (Wolf 2006). However, many of the
savannas around the Great Lakes are on very sandy soil unsuitable for row crops, which
has helped preserve them, as has the fact that they are habitat for the endangered Karner
blue butterfly (Lycaeides melissa samuelis) (USFWS 2012). The calcareous soils of the
Edwards Plateau of central Texas are too shallow for row crops, and a substantial amount
of Edwards Plateau oak savanna has been preserved due to its value as rangeland.
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5.6.2 California Oak Savannas

There are large areas of oak savanna in the interior of California, primarily in the foot-
hills of the Coast Ranges and the Sierra Nevada (Allen-Diaz et al. 2007). The dominant
species of oaks in these savannas include blue oak (Q. douglasii), valley oak (Q. lobata),
interior live oak (Q. wislizenii), and coast live oak (Q. agrifolia). The herbaceous layer is
often dominated by introduced European C; annual grass species (Saenz and Sawyer
1986). The high biodiversity of these savannas makes them a conservation priority (e.g.
Zack et al. 2005; Standiford and Purcell 2015).

The oak savannas of California owe their existence in large part to fires used by Native
Americans to facilitate acorn production and collection (Mensing 2006; Hankins 2015).
Soon after non-Indigenous settlement in the mid-1800s and the consequent decrease in
fire frequency, tree density increased, in some cases converting former oak savannas to
coniferous forest. Much of the area occupied by California oak savannas is rangeland,
which has helped to preserve them, but much has been lost to conversion to cropland
and to urbanization (Allen-Diaz et al. 2007). More recently, reduced fire frequencies,
higher oak densities, and livestock grazing have caused oak recruitment to fail in many
sites, although the degree of recruitment failure and its causes in different areas are
both debated (Mensing 1992; Tyler et al. 2006). The non-native disease Phytophthora
ramorum (sudden oak death) has recently become an additional threat (Rizzo and
Garbelotto 2003), and the effects of climate change are also of concern (McLaughlin
and Zavaleta 2012).

5.6.3 South-West (Arizona, New Mexico, Northern Mexico) Oak Savannas

Some oak savannas are found at mid-elevations in the mountains of Arizona, New
Mexico, and northern Mexico (Rzedowski 1978; Weltzin and McPherson 1999). They
may be interspersed with oak woodland. In Mexico, any of a large number of oak spe-
cies may be dominant, dependent on latitude, elevation, and other environmental fac-
tors (Rzedowski 1978; Navar 2009).

5.6.4 Pacific Northwest Oak Savannas

The Willamette Valley of western Oregon once had extensive oak woodlands and oak
savannas, often dominated by Oregon white oak (Q. garryanna), and maintained by
Native American burning (Vesely and Tucker 2004). Similar savannas occurred in west-
ern Washington and in south-western British Columbia (Vellend et al. 2008). These oak
savannas are habitat for many rare and threatened species, including the endangered
Fender’s blue butterfly (Icaricia icarioides fenderi) (USFWS 2006). Habitat loss to row-
crop agriculture, planted pasture, and urbanization, woody plant encroachment, inva-
sive species, and climate change are ongoing threats to the remnants of these savannas,
but conservation efforts are being made (Dunwiddie and Bakker 2011).

5.6.5 East-Central US: Glades, Barrens, and Other Forest Openings

East of the main oak savanna belt in the central US, the forest was not unbroken.
Openings (variously called glades, brakes, balds, barrens, etc.) occurred, often in oak
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forest on drier sites. Anderson et al. (1999) provide detailed descriptions of these special
communities. They are often of high conservation importance and have therefore been
studied for purposes of conservation (e.g. Skinner et al. 1983; Albrecht et al. 2016).
Prescribed fire, to prevent woody plant encroachment into these openings, is an important
management tool (e.g. Brisson et al. 2003).

5.6.6 Oak-Dominated Shrub Savannas

Oak-dominated shrub savannas and shrublands may be maintained by fire, with the
oaks resprouting from their bases after each fire. The degree of woody cover, and there-
fore whether the site is a savanna or shrubland, is strongly affected by the time since the
last fire. Gambel oak (Q. gambelii) dominated such communities in the southern Rocky
Mountains (Brown 1958, Floyd et al. 2000). A now-rare shrub savanna community of
this type in Oklahoma and Texas, co-dominated by Durand (shin) oak (Q. sinuata) and
sumac (Rhus spp.), is the nesting habitat of the endangered black-capped vireo (Vireo
atricapillus; Grzybowski 1991; Cimprich et al. 2006).

Some shrub savannas and associated shrublands occur on deep sands. The sand shin-
nery of north-west Texas, dominated by sand shinnery oak (Q. havardii) is an example
(Dhillion 1999; Dhillion and Mills 1999). Florida scrub can be included here, as oak
species may dominate it, although in some areas other woody species such as Florida
rosemary (Ceratiola ericoides) dominate (Menges and Hawkes 1998).

5.7 Pine Savannas

Like oaks, many pines (Pinus spp.) have many adaptations to life in savannas. These
include needles that form a highly flammable litter, fire-resistant bark, and seedlings
that require high light levels. While some North American pines (e.g. P. contorta, lodgepole
pine; Schoennagel et al. 2004) typically grow in closed canopy forests that experience
crown fires that kill the trees, several pine species form, or did form, extensive savannas
(Moore et al. 1999; Frost 2006). Almost all sites that once supported pine savanna have
been clearcut at least once for lumber, and lumbering remains an important activity.
Fire suppression is an important threat to pine savannas, because it allows the develop-
ment of mid-story ladder fuels and the closure of the canopy, making the site unsuitable
for light-demanding herbaceous species and increasing the risk of crown fires that,
unlike surface fires, usually kill pines.

5.7.1 South-Eastern US Pine Savannas

Longleaf pine (P. palustris) savannas once occupied ~300000—-370 000 km? of the south-
eastern US coastal plain, including northern Florida (Frost 1993, 2006). They were
extensively logged, reducing longleaf pine savanna to a small remnant of its former
extent (~2700km? in 1993), as longleaf pine stands do not regenerate readily (Frost
1993, 2006). Remnant longleaf pine stands are also at risk from fire suppression, which
allows hardwoods to reach high densities and prevents pine recruitment (Gilliam and
Platt 1999). In many places, former longleaf pine savannas have been replaced by dense
stands of loblolly pine (P. taeda) grown for lumber or pulp. Sometimes these stands are
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so intensively managed that they would be better called tree farms, resulting in very low
biodiversity. Many of the remaining stands of longleaf pine being actively preserved are
protected as habitat for two endangered species, the red-cockaded woodpecker
(Picoides borealis) and the gopher tortoise (Gopherus polyphemus) (e.g. USFS 1996,
1999; SAIC 2010), although many other species are at risk due to the loss of these pine
savannas (Van Lear et al. 2005).

Longleaf pine savannas have been comparatively well-studied, especially the role of
fire. Longleaf pine is famous for its adaptations to fire. In particular, it remains in the
“grass stage,” with its apical meristem close to the ground and therefore less susceptible
to fire damage, until it has the reserves to grow very rapidly past the height at which it
is vulnerable to a surface fire (Haywood 2000). In addition it has the usual pine fire
adaptations, including thick bark. The grasses (mostly C4) found in these savannas are
also fire-adapted. Wiregrasses (Aristida stricta, Aristida beyrichiana) often dominate
the understory; their upright, sclerophyllous blades are exceptionally good fine fuel for
surface fires. Alternatively, little bluestem grass (S. scoparium) may be dominant. The
herbaceous layer of longleaf pine savannas can be very diverse and includes orchids and
other showy wildflowers (Platt et al. 1988). These savanna communities may also
include small shrubs and short, fire-suppressed individuals of Q. laevis or other oak
species.

In southern Florida, slash pine (2 elliotii) replaces longleaf pine and palmetto (Seranoa
repens) becomes common. Hurricanes can be a major disturbance in these savannas.
Hurricane-related pine mortality can be high, especially of larger trees (Platt et al. 2000,
2002). Non-native grasses are a threat in southern Florida because they increase fuel
load, which increases fire intensity and may therefore increase pine mortality (Platt and
Gottschalk 2001).

Some south-eastern pine savannas occupy sites with relatively high soil moisture,
although fire is still necessary for their persistence (Brockway and Lewis 1997;
Hinman and Brewer 2007). The dominant pine species may be P. palustris, P. elliotii, or
P serotina (pond pine). Their herbaceous layer includes wetland genera such as
Sarracenia (pitcher plants) (Brewer 1998). These wet pine savannas have been described
as transitional between the upland pine savannas and the wetland forests and shrub-
lands of this region (variously called Carolina bays, baygalls, pocosins, etc.) (Walker and
Peet 1984; Christensen 1988). There are also a few wetland savannas in which the
dominant tree is Taxodium ascendens (cypress) rather than a pine species (Platt 1999;
Kirkman et al. 2000).

There are also small areas of shortleaf pine (P echinata) savanna in the south-eastern
US (Sparks et al. 1998). West of the westernmost extent of longleaf pine, in central
Texas, loblolly pine (P taeda) may have once formed savannas in the Lost Pines area,
although after it was cut in the 1930s it regrew as a closed canopy forest (until the crown
fires of 2011 and 2015). Elsewhere, however, loblolly pine is usually an early-succession
forest species (Glitzenstein et al. 1986; De Steven 1991).

5.7.2 Rocky Mountains Pine Savannas

At mid-elevations in the western US, stands of ponderosa pine (P ponderosa) are com-
mon, especially in the southern Rocky Mountains and on the eastern slopes of the
Cascade Mountains. If the canopy is sufficiently open to have a well-developed
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herbaceous layer, common native grasses include species in the genera Festuca (Cs),
Pseudoroegneria (Cs), and Bouteloua (C4). While many of these stands now have closed
canopies, evidence suggests that their condition before non-Indigenous settlement was
savannas maintained by surface fires (Madany and West 1983; Schoennagel et al. 2004;
Stephens and Fulé 2005). Restoring these stands to savannas can substantially reduce
fire danger to people and houses, a growing concern as more people choose to live in
the suburbs and exurbs of American towns and cities (the wildland—urban interface;
Cohen 2008). However, where substantial mid-story ladder fuels have developed, or the
canopy has closed, it may not be possible to use prescribed surface fires without unac-
ceptable rates of adult tree mortality (Covington et al. 1997). For example, the Cerro
Grande fire in 2000 that burned parts of the city of Los Alamos, New Mexico, began as
a prescribed fire to reduce fuel load in ponderosa pine stands (USNPS 2001). Expensive
mechanical thinning may therefore be required before prescribed fire can safely be used
(Moore et al. 1999). Substantial progress has been made on reintroducing fire to pon-
derosa pine stands after thinning them (e.g. Hughes 2008; Margolis et al. 2009;
Figure 5.5). An unwanted side effect of thinning and burning is that these disturbances
can promote the colonization and spread of the non-native, invasive, cheatgrass (Bromus
tectorum, a Eurasian annual Cj grass) in place of native forbs and grasses (McGlone
et al. 2009). Below the elevation of ponderosa pine, woodlands, and savannas co-
dominated by various pifion pine and juniper species occur; these are discussed below
as juniper savannas.

In addition to crown fires, many western pine species (including both ponderosa pine
and pifion pines) are experiencing bark beetle outbreaks. In part, at least, this is due to
warming temperatures (Hicke et al. 2006). Bark beetle mortality changes fuel load and
fuel structure over time in important ways, which in turn affects fire likelihood and fire
severity (Hicke et al. 2012; Hoffman et al. 2012). The future of the pine forests and
savannas of the western US and Canada is therefore unclear as warming temperatures,
changing precipitation, fire, and bark beetles interact (Jenkins et al. 2014).

5.8 Juniper Savannas

5.8.1 Juniper Savannas in the Western Mountains

In the foothills of the mountains of western North America (Rocky Mountains, the
Basin and Range region, Cascade Mountains, Sierra Nevada, and Sierra Madre
Occidental of Mexico) at elevations below ponderosa pine (if present) and above desert
grassland (if present) or desert, sites dominated by juniper species (Juniperus spp.) are
common (Miller and Wigand 1994; Gottfried et al. 2008; West 1999). The particular
juniper species present differ among sites and regions; important species include
Juniper osteosperma, J. monosperma, J. occidentalis, ]. deppeana, J. scopulorum, and
J. californica. All of these juniper species usually have a shrub-like appearance due to
branching at the base, but the height of small trees (Figure 5.6). In the south-western
mountains, stands may be co-dominated by a species of pifion pine (Pinus edulis,
P. monophylla, P. cembroides). Common native grasses include species of Aristida,
Bouteloua, Sporobolus, and other C, shortgrass genera. These savannas may now be
expanding upslope due to warming (Allen and Breshears 1998). They have also expanded
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Figure 5.5 Ponderosa pine (Pinus ponderosa) savanna near Santa Fe, New Mexico. Top: immediately
after mechanical thinning and prescribed fire. Bottom: a different site, several years after similar
treatment. Source: Photos by: N. Fowler.
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Figure 5.6 Juniper savannas. Top: Juniperus monosperma, Kasha-Katuwe Tent Rocks National
Monument, New Mexico. Bottom: J. ashei, Pedernales Falls State Park, Texas. Source: Photos by:
N. Fowler.

downslope into former grasslands and sagebrush savanna, likely as a result of overgrazing,
fire suppression, and perhaps increasing CO, levels (Blackburn and Tueller 1970;
Brockway et al. 2002; Johnson and Miller 2006; Bradley and Fleishman 2008). Because
junipers replace grasses, there has been extensive mechanical removal of junipers by
range managers.

Under present conditions of active fire suppression, together with reduced fine fuel
loads caused by grazing, many juniper stands are now woodlands (Brockway et al.
2002). However, juniper savannas still exist in many sites due to mechanical clearing,
aridity, rocky thin soils, or past fires. Converting juniper woodlands back to savannas is
desirable, not only to provide forage for cattle, but also to preserve archeological sites,
reduce soil erosion rates, and reduce fire danger (USNPS 2007). Mechanical clearing is
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commonly used (Brockway et al. 2002; Gottfried 2008). As in ponderosa pine stands, it
can be difficult to safely reintroduce surface fire in juniper woodlands without mechani-
cal clearing first.

5.8.2 Eastern Red Cedar Savannas

Unlike the western juniper species, eastern red cedar (Juniperus virginiana) usually
grows as a tree with a single trunk. It is now an important encroacher into grasslands of
the central US, from South Dakota to Texas, changing soil properties, nutrient cycles,
light availability, and herbaceous species composition (Briggs et al. 2002; Horncastle
et al. 2004; Ganguli et al. 2008; Pierce and Reich 2010; Meneguzzo and Liknes 2015). If
eastern red cedar encroachment is not checked by mechanical means or by fire, it even-
tually forms woodlands. Eastern red cedar is not the only woody encroacher of these
grasslands; for example, in some sites the rough-leaved dogwood (Cornus drummondii)
is a primary woody encroacher (Lett and Knapp 2003).

5.8.3 South-Central US and Northern Sierra Madre
Oriental Juniper Savannas

Junipers that resemble the multi-stemmed western junipers form savannas and wood-
lands in parts of Texas and in the states of Mexico south of Texas. On the eastern
Edwards Plateau of central Texas, Ashe juniper (/. ashei) often shares dominance with
Q. fusiformis or other oak species (Figure 5.6). Further northwest, Ashe juniper is
replaced by redberry juniper (/. pinchotii), which has the unusual ability (for a conifer)
of being able to resprout from the base. In the Sierra Madre Oriental, /. deppeana may
share dominance with a pifion pine; other Sierra Madre Oriental juniper species include
J. flacida, ]. deppeana, and J. angosturana. Common grass genera include Aristida,
Bouteloua, Muhlenbergia, Schizachyrium, and other mid- and shortgrass C, genera. In
this region, both in the US and in Mexico, juniper species are often aggressive encroach-
ers on rangeland. If encroachment is not checked or reversed, by mechanical means or
by fire, a site can be transformed from very open savanna to a low diversity closed
canopy woodland in half a century or less (Fowler and Simmons 2009; Figure 5.3).

5.9 Mesquite Savannas

Savannas dominated by honey mesquite (Prosopis glandulosa) were probably once
common in south Texas and north-eastern Mexico (Johnston 1963; Archer 1989; Ansley
et al. 2001). Likely, many sites had large, scattered mesquite trees in a grass matrix
(Figure 5.7), plus denser stands of mesquite in narrow strips along drainages. South
Texas and north-eastern Mexico also had extensive areas of Tamaulipan thorn scrub, a
species-rich sub-tropical shrubland, in which P. glandulosa is one species among many.
The relative abundance of savanna versus shrubland in south Texas and northern
Mexico before non-Indigenous settlement is uncertain. Honey mesquite is rare on the
Edwards Plateau of Texas due to the shallow soils there, but is common north of the
Plateau (as far as Kansas), east of it, and west of it (into New Mexico), as well as south of
the Plateau. Acacia species such as A. berlandieri (guajillo), A. rigidula (blackbrush),
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Figure 5.7 South Texas savannas. Top: Honey mesquite (Prosopis glandulosa) in Starr County, Texas.
Bottom: Another common leguminous species in these savannas is Acacia shaffneri (twisted acacia,
huisachillo), shown here flowering in March in Jim Hogg County, Texas. Source: Photos by: N. Fowler.

and A. farnesiana (huisache) may be important components of south Texas mesquite
savannas (Figure 5.7) and Tamaulipan thorn scrub and dominate some communities in
north-eastern Mexico (Muller 1947). Most of the grasses are C, shortgrasses: species of
Aristida, Bouteloua, Eragrostis, Hilaria, Setaria, Sporobolus, etc.

Overgrazing and fire suppression have undoubtedly contributed to the increase in the
density of mesquite and other woody species, and have converted some savannas into
woodlands or shrublands (Archer 1990, 1995; Asner et al. 2003; Ansley et al. 2010).
Extensive attempts at mechanical and chemical control have created thickets of mes-
quite in some areas via resprouting (Jacoby et al. 1990). In addition to savanna loss due
to woody plant encroachment, mesquite savannas have also been lost, especially in
south Texas and northern Mexico, to conversion to irrigated agriculture and to brush
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control followed by planting aggressive non-native forage grasses such as buffelgrass
(Pennisetum ciliare) (Sands et al. 2009).

5.10 Northern and High-Elevation Savannas

Atthe southern edge of the boreal forestin south-central Canada (Alberta, Saskatchewan,
Manitoba) are large areas of aspen (Populus tremuloides) savanna known as aspen park-
land (Chhin and Wang 2002). Other Populus species and species of spruce (Abies) and
pine may also be present. Common grass genera include Festuca, Koeleria, Nasella, Poa,
and Pseudoroegneria (all Cs, although C, genera such as Bouteloua and Muhlenbergia
are also present) (Archbold 1999). Surface fires, and perhaps bison grazing, maintained
this savanna (Campbell et al. 1994); fire suppression and agriculture have reduced its
extent (Young et al. 2006).

Fires are also thought to be responsible for the extensive areas of aspen savanna in what
would otherwise be conifer forests in the Rocky Mountains and Cascade Mountains (Manier
and Laven 2002). Single clones of aspen form separated clusters of aspen trees in montane
grasslands. Aspen regeneration has failed in recent decades in some places (Romme et al.
1995). Both excessive elk browsing and insufficient fire have been blamed; these are, of
course, not mutually exclusive and may interact in their effects (Hessl and Graumlich 2002).
In some sites, aspens have been replaced by a juniper species (Miller and Rose 1995).

5.11 Shrub Savannas

Large areas of the intermontane west, primarily in the Great Basin between the Rocky
Mountains to the east and the Sierra Nevada or Cascade Mountains to the west, but
extending into Wyoming, are, or were, occupied by shrub savannas dominated by species
of sagebrush (Artemesia spp., especially A. tridentata) and native perennial C; grass genera
such as Pseudoroegneria. Overgrazing, invasion by cheatgrass (B. tectorum, the same
Eurasian annual grass that invades P ponderosa stands), and recent oil and gas develop-
ment are all threats (Miller et al. 2008; Copeland et al. 2009; Walker et al. 2007). In these
savannas cheatgrass replaces the native grasses and increases the fire frequency to such a
degree that sagebrush can no longer persist; savanna maintenance and restoration requires
reducing, not increasing, the fire frequency in this ecosystem (Baker 2006). The loss of
native grasses and shrubs threatens native animal species, especially the sage grouse (Knick
et al. 2003; Knick and Connelly 2011). Despite almost a century (Young et al. 1987) of
research on cheatgrass, the sagebrush ecosystem, and how to manage this ecosystem, first
for livestock and now for endangered species, no good general solutions to the cheatgrass
problem have been found (Miller et al. 2008; Davies et al. 2011; Mack 2011).

Similar, but more mesic, shrub savannas are found to the north of the sagebrush region,
such as the Okanagan shrub steppe of British Columbia (Clements et al. 2007). Shrub
savannas also occur intermittently in the Mediterranean-climate regions of California,
wherever the native woody species characteristic of chaparral (shrubland) occur in less
dense stands. These more open shrub stands develop after fires and may persist for 50 or
more years (L. Fox, personal communication); they may also be maintained permanently
by fires (Keeley 2002). Oak-dominated shrub savannas are discussed above.
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5.12 Conclusions

North America supports a very wide variety of savanna ecosystems. The woody compo-
nents of these savannas range from tall pine trees to wide-branched oaks to sagebrush
shrubs no more than a meter in height. Their herbaceous component is usually domi-
nated by a mix of C; and C, grasses, with the ratio of C4 to C; grasses increasing from
north to south. North American savanna ecosystems all owed their existence to fire,
although now the remaining areas of some savannas may be maintained by mechanical
means rather than by fire. Many of the savanna ecosystems present when non-Indigenous
peoples settled each region of the continent are now quite limited in extent, due to
conversion to cropland, treefarms, planted pasture, housing, and other human uses or
to fire suppression that has allowed woody plant encroachment. Because of this, and
because many savanna ecosystems provide habitat for species in danger of extinction,
they are of considerable conservation interest.
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