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Chapter 4

Fire, Plant Invasions,

and Global Changes
Carla M. DAnronio

Fire has played an important role in human history and in the ability of
humans to control the natural world. Nonetheless, in the last century, our
ability to control plant growth with fire has begun to change as unwanted
exotic species spread across the landscape and interact with fire in a way that
may be both unpredictable and undesirable. Generalizations regarding the
relationship between fire and' the dynamics of invasive, exotic species have
been elusive because of the diversity of ecosystems being invaded by intro-
duced species and the variation in the frequency and importance of natural
fire. Yet clarification of this relationship is essential if we are to predict how
climate, land use, and other global-scale changes will influence the occur-
tence and outcome of wildfire. Because well-established invaders can them-
selves influence fire regimes (DD’Antonio and Vitousek 1992; Mack and
D’Antonio 1998), it is also important to begin identifying invader traits that
might promote or suppress fire under current and changing climate.

There is clear evidence that many invasive nonnative species can be pro-
moted by fire, but there is also evidence that many introduced species can be
controlled by fire. For example, in the Hawaiian islands, fire in seasonally dry
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66 Part 1. Dimensions of the Prablem

ecosystems appears (o promote exotic grasses to the detriment of native species
(Smith and Tunison 1992; Hughes et al. 1991). Yet in the California coast and)
interior valleys, fire s used asa management tool to reduce exotic and promote
native species (¢.g., Parsons and Stohlgren 1989; Hastings and DiTomaso 1996).
In addition, in some areas of the western United States, introduced European
annual grasses increase fire frequency and respond positively to it (e.g.,
Whisenant 19904; Young 1992; Brooks 1998) while in other parts of the west-
ern United States, fire is being used 1o control some of these same invaders.
Clearly then, it is important to try to clarify the conditions under which fire
suppresses versus promotes introduced species. In addition, many of the fire-
promoted and fire-promoting invasive exotic species are grasses that were pur-
posefully brought to or planted into the region where they are now naturalized.
If these species promote fire to the potential detriment of native species, then
we need the tools with which to evaluate the ecological versus cultural or
socioeconomic trade-offs that arise from the grass-fire interaction.

In this.chapter 1 will discuss recent literature examining the impacts of fire
on introduced species and the impacts of introduced plants on fire regimes
with the goal of finding generalizations that might be useful in a management
framework. I will also briefly explore potential interactions between fire, inva~
sion, and other elements of global environmental change. I used BIOSIS, an
abstract service, and references cited in D’Antonio and Viwusek 1992 and
D’Antonio et al. (1999) to survey for recent (past thirteen years) literature on
the subject. I did not attempl to survey the extensive gray literature or older
literature on use of fire as'a management tool. Several caveats should be noted
a priori regarding our ability to draw firm conclusions in this area: (]) Fire
intensity and behavior is extremely variable even within a site, so variation in
impacts should be espected at all scales. (2) Quantification of fire frequency.
and intensity is rarely done because it is difficult. Thus few data are available’
to look for numerical correlation between fire regime parameters and inva-
sion intensity, and much of the information available is anecdotal. (3) There
is no general consensus on what constitutes an invasion or what level of pop-
ulation increase or decrease after fire represents a biologically important
change. In spite of these caveats, there is ample information available to begin
to make reasonable predictions about the relationship between fire and inva-
sions now and inte the near future.

Role of Fire in Promoting Invasion of Native
Ecosystems
Understanding the role of fire in promoting the invasion of native ecosystems

is important because human contact with ecosystems often promotes acci-
dental fire as well as provides a means for propagules of exotic species to enter i
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an ecosystem, In addition, many societies use fire to manage ecosystems boil
to promote or to discourage particular species. Lastly, several investigator:
(e.g, Torn and Fried 1992) have suggested that natural fire frequency and/o
intensity should increase in many regions of the world as a result of climat
changes predicted by recent global circulation models. Such changes ma
affect the abundance of invasive exotic species, which in turn might affec
native biological diversity and the functioning of ecosystems.

Fire Often Promotes Invasion

Over the past two decades many studies have documented an increase
decrease, or no change in the abundance of an exotic species in response t
fire. A sampling of these are detailed in Tables 4.1 and 4.2, In the vast major
ity of cases, fire resulted inan increase in introduced species; only in 20 per
cent of the cases did fire reduce or eliminate an invader. In very few cases dit
fire have no effect on the abundance of an invader. Ecosystems where fire hac
a positive effect on native species include (1) desert shrublands and wood
lands of western North America, including the Great Basin and the Mojav
and Sonoran Desert regions; (2) semiarid shrublands including heathland
and shrublands of Australia, the fynbos of South Africa, and California chap
arral; (3) grassland/savanna ecosystems from eastern Australia, Venezuel:
France, and California; and (4) more mesic but seasonally dry woodland
including Hawaii, western Australia, and parts of eastern Australia.

Despite a sizable literature on the role of recurrent “natural” fire in man
ecosystems throughout the world, such as Califormia mixed-conifer forest an
interior chaparral, the garigue of Spain, monsoonal forests and savannas i
northern Australia, and dry savannas of Africa (¢.g., MacDonald and Fram
1988), there is very lirtle mention of the occurrence of invasive exotic specic
in these systems. In the case of California chaparral, we know that the propag
ules of introduced species are sometimes close by, yet communities experi
encing a more or less “natural” fire regime appear to be somewhat resistant 1
invasion (at least right now!). By contrast, South African shrublands, whic
have a long history of recurrent firg, are becoming heavily invaded by a {e
fire-tolerant woody species (e.g., Richardson et al. 1990, 1996). Althoug
native species there can respond positively to fire, the introduced specit
appear (o have more prolific seed production and maore rapid regeneratiol
and five provides a “window of opportunity” for the invaders. After successiy
fire cycles, invaders increase and native species richness declines (Holmes an
Cowling 1997). This instructive example demonstrates that even commun
ties where fire has been an historic occurrence can be invaded by fire-resistar
o1 -responsive species.

In many studies, investigators conducted controlled burns specifically 1
try to reduce the abundance of an exotic pest plant ( Table 4.2). The effectiv
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an ecosystem. In addition, many societies use fire to manage ecosystems both
to promote or to discourage particular species. Lastly, several investigators
(e.g., Torn and Fried 1992) have suggested that natural fire frequency and/or
intensity should increase in many regions of the world as a result of climate
changes predicted by recent global circulation models. Such changes may
affect the abundance of invasive exotic species, which in turn might affect
native biological diversity and the functioning of ecosystems.

Fire Often Promotes Invasion

Over the past two decades many studies have documented an increase,
decrease, or no change in the abundance of an exotic species in response to
fire. A sampling of these are detailed in Tables 4.1 and 4.2. In the vast major-
ity of cases, fire resulted in an increase in introduced species; only in 20 per-
cent of the cases did fire reduce or eliminate an invader. In very few cases did
fire have no effect on the abundance of an invader. Ecosystems where fire had
a positive effect on native species include (1) desert shrublands and wood-
lands of western North America, including the Great Basin and the Mojave
and Sonoran Desert regions; (2) semiarid shrublands including heathlands
and shrublands of Australia, the fynbos of South Africa, and California chap-
arral; (3) grassland/savanna ecosystems from eastern Australia, Venezuela,
France, and California; and (4) more mesic but seasonally dry woodlands
including Hawaii, western Australia, and parts of eastern Australia.

Despite a sizable literature on the role of recurrent “natural” fire in many
ecosystems throughout the world, such as California mixed-conifer forest and
interior chaparral, the garigue of Spain, monsoonal forests and savannas in
northern Australia, and dry savannas of Africa (e.g., MacDonald and Frame
1988), there is very little mention of the occurrence of invasive exotic species
in these systems. In the case of California chaparral, we know that the propag-
ules of introduced species are sometimes close by, yet communities experi-
encing a more or less “natural” fire regime appear to be somewhat resistant to
invasion (at least right now!). By contrast, South African shrublands, which
have a long history of recurrent fire, are becoming heavily invaded by a few
fire-tolerant woody species (e.g., Richardson et al. 1990, 1996). Although
native species there can respond positively to fire, the introduced species
appear to have more prolific seed production and more rapid regeneration,
and fire provides a “window of opportunity” for the invaders. After successive
fire cycles, invaders increase and native species richness declines (Holmes and
Cowling 1997). This instructive example demonstrates that even communi-
ties where fire has been an historic occurrence can be invaded by fire-resistant
01 -responsive species.

In many studies, investigators conducted controlled burns specifically to
try to reduce the abundance of an exotic pest plant (Table 4.2). The effective-
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Table 4.2. Examples where invaders responded either positively or negatively

by geographic proximity. Common names presented if available. 1© experimental burning. Examples organized
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ness of fire in killing nonnative species or reducing their population growth
will depend on fire intensity, time of burning and prior and subsequent
weather conditions. While fire intensity is likely to directly affect control, very
few studies estimated it (but see Nuzzo 1991; Gentle and Duggin 1997).
Several investigators found that timing of burning had a strong influence on
the degree to which control was achieved (e.g., Parsons and Stohlgren 1989;
Hastings and DiTomaso 1996; Willson and Stubbendieck 1997; Meyer and
Schiffman, in press). While simulating the timing of “natural” fire seems like
an intuitive thing to do (see Parsons and Stohlgren 1989; Howe 1995;
Hastings and DiTomaso 1996), it is not always effective at reducing exotics.
Howe (1995) measured substantial increases in abundance of two exotic
perennial prairie grasses after midsummer (the lightning season) burns in a
Wisconsin prairie. In two studies where the response of the entire communi-
ty to fire was measured (Parsons and Stohlgren 1989; Meyer and Schiffman,
in press), fire was used successfully to reduce exotic annual grasses but exotic
forbs increased. The relative impact of the forbs compared to the grasses on
native diversity or ecosystem funcltion was not evaluated. Nonetheless, the
results of these studies imply that if fire is to be used as a management
tool, the benefits (reduction of one invader) must be weighed carcfully
against the costs (increase in another invader or decline of native species). In
addition, past land-use history and availability of seed have a strong effect on
the outcome of controlled burns even in vegetation types thought to have
evolved with fire (see Lunt 1990). If the seedbank is (ull of exotic species
and natives are depleted (e.g., Parsons and Stohlgren 1989; Lunt 1990), or if
individuals of exotic species are resistant to fire (Johnson and Purdie 1981;
Doren and Whiteaker 1990; Grice 1997), then fire has little effect on their
control,

I found numerous studies where invasion of a native-dominated habitat
could ocecur without fire but where subsequent fire promoted thickening or
spread of the invader. These studies were largely in arid or semiarid ecosys-
tems where introduced grasses invade the understory ot intershrub spaces in
largely woody vegetation. In many of these cases, disturbances such as cattle
grazing and/or gopher activity may have preceded invasion, but Whisenant
(1990a) and Svejcar and Tausch (1991) provide clear cases where invasion
occurred without fire or livestock grazing. Also, in South Africa woody exotics
can invade without fire but are promoted by it (e.g., Richardson 1988;
Richardson et al. 1990).

I also attempted to assess whether the invaders that were promoted by
fire were a long-term part of the community or whether they rapidly gave
way Lo native species. In many cases, studies were very short term, so it was
not possible to make this assessment. In the majority of cases, however,
invaders appeared to be a persistent part of the community. These included
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annual and perennial grasses, shrubs, trees, and succulents. The cascs where
exotics persisted for only a short time (<5 years) were all instances where
invaders were annuals or biennials (Hobbs and Atkins 1990; Trabaud 1990;
Wein et al. 1992) and fire was a part of the recent (<10,000 years) history of
the sites,

Lastly, invasion due to fire suppression in an otherwise fire-prone ecosys-
tem does not yet appear to be a common phenomenon, yet a few examples
exist. In dry woodland fragments within an urban boundary near Sydney,
Australia, fire suppression is practiced for the protection of houses and build-
ings. There, invasion by an introduced woody species appeared to increase
with increasing time since previous fire (Rose and Fairweather 1997).
Likewise, Putz (1998) suggests that fire suppression is leading to the replace-
ment of native oaks by the exotic laurel oak in Florida woodlands. Fire is well
known to control the invasion of grasslands by woody species, and in Texas
prairies, fire suppression is partly responsible for widespread invasion by
Sapium sebiferum, Chinese tallow tree (Bruce et al. 1995; Whisenant, person-
al communication),

Conclusions

Johnson and Purdie (1981) suggest that fire is rarely effective at controlling
woody invaders in grassland and that fire alone may even encourage many
troublesome invaders. Recent literature on fire and exotic species also sug-
gests that fire in most ecosystems tends to promote rather than discourage
introduced species. The exceptions to this are some ecosystems where fire has
a long evolutionary history (e.g., California chaparral and mixed-conifer for-
est, Australia monsoonal forests, African savannas). Yet fire can favor exotics
in many ecosystems where fire has been an important force prior to European
colonization, including South African fynbos ecosystems and northcentral
U.S. prairies (Howe 1995), .

. No two fires are alike, and the outcome of fire depends on its timing, inten-
sity, recurrence interval, and subsequent weather. Thus, specifically predicting
fire impacts is difficult. Nonetheless, examples accumulating from through-
out the world suggest that, more often than not, fire promotes nonnative
species, and that if fire is to be used for their control, it must be carefully
applied and factors such as sced availability (of both natives and exotics),
Plant phenology, and fire intensity must be critically evaluated. .

Impact of Invaders on Fire Regimes

_mu:m of the most potentially damaging impacts that an invading species can
ave on native biological diversity and ecosystem functioning is to alter the
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disturbance regime (D’Antonio and Vitousek 1992; Mack and D’Antonio
1998). Introduced species can alter the rate of spread of fire, the probability
of oceurrence of fire, and the intensity of fire in an ecosystem. The nature of
the evidence provided varies considerably among studies and is indicated in
Table 4.3. T also include unpublished information from systems where inva-
sions are well documented in published literature but impacts on fire regime
are speculative but based on a firm understanding of the biology of the sys-
tem (see Myrica faya).

Invaders Affect Frequency and Intensity of Fires

I found very few published studies where an introduced species had the
potential to, or clearly did, decrease the spread of fire in the invaded systems.
Nonetheless, I believe that this may become a more broadly recognized phe-
nomenon as our awareness of the role of fire and invaders increases. Potential
examples include (1) invasion of maritime chaparral in coastal California by
the South African succulent Carpobrotus edulis (invasion documented by
Zedler and Schied 1988; D'Antonio et al. 1993; impacts on fire = personal
abservation of author); (2) invasion of the nitrogen-fixing tree Myrica faya in
Hawaii Volcanoes National Park (invasion documented by Vitousek and
Walker 1989 and others; effects on fire = personal observation, T. Tunison,
Hawaii Volcanoes National Park, Resources Management); (3) Mimosa pigra
(nitrogen-fixing shrub) invasion in western Australia (Gill et al. 1990;
Lonsdale and Miller 1993); (4) invasion by the tree Schinus terebinthifolius in
Florida (Wade et al. 1980; Doren et al. 1991), (5) invasion by vines that blan-
ket trees in Florida (Gordon 1998); and (6) invasion by leguminous shrubs
such as French and Scotch brooms in California grasslands (personal obser-
vation). In the case of Myrica faya invasion into Hawaii, Myrica’s low flam-
mability and lack of litter layer is expected to suppress the spread of fire in
woodland ecosystems invaded by introduced grasses. Myrica is not necessar-
ily suppressing an historic fire regime, but it could suppress the recent regime
created by grass invasion of the forest understory. In four of the remaining
examples, recurrent fire plays a role in stimulating native species regeneration
in the ecosystems the invaders are entering. Hence fire suppression by the
invaders could reduce regeneration of native species.

In contrast to the relatively small number of cases cited above, I found
numerous cases where invaders had a significant effect on fire regime,
enhancing some aspect of it (Table 4.3). In the majority of cases, invaders
were suspected of increasing fire frequency while in a few cases (e.g., van
Wilgen and Richardson 1985; Bilbao 1995; Lippincott, in press), invaders
were suspected of increasing fire intensity. These latter cases were largely from
the Americas and the fynbos of South Africa in places where fire has been a
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Andropogon s
atum, M
Hyparrhenig rufa
(thaiching grass or
jaragua)

Bromuis tectorum
(cheatgrass)
Schismus spp.

Table 4.3. Examples of invaders that alt

Most examples are obser
by geographic proxi
(subalpine woodland)

Region (habitat)
Hawaii
(submontane dry
forest & woodland)
(coastal lowlands,
(Great Basin Desert)

shrubland)
(Mojave Desert)

Western U.S.A.
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Table 4.3. Continued

Invader
Region (habitat) (commion name)

California

Growth form

(riparian) Artindo donax (giant Perennial grass Yes
reed) -

(coastal chaparral) Loliutm perenne ( Peren-  Perennial grass Yes
nial rye)

(chaparral) Various annual grasses, Yes
forbs

NW Mexico

(Sonoran Desert) Pennisetyum ciliare {buffel Perennial grass Yes
grass)

Florida

(pine sandhills) Imperata cylindrica Perennial grass No
lcogongrass)

{prairie) Melaleuca quinguinervig Tree Yes
(punk tree)

Costa Rica

(dry forest) Hyparrhenia rufa Perennial grass Yes
(jaragua/thatching
grass)

Venezuela

(llanos) Hyparrhenia rufa Perennial grass No

(thatching grass)

South America

(savannas) Hyparrhenia rifa, Perennial grasses
Melinis minutiflora,
Panicum maxivium
(guinea grass), Brach-
iaria spp.(Para)
Australia

Cenchrus (=Pennise- Perennial grass

tum) ciliare (buffel)

(riparian)

Ehrhardra calyeina (veldt Perennial grass
£rass)

(woodland)

Melinis nrinutiflora Perennial grasses
(molasses grass),
Pennisetum polystachum

(feathery pennisetuny)

(mesic forest)

South Africa .
{mountain fynlios) Pinus spp. Tree
Acacia saligna, Hakea Shrubs

{fynbos)
seriveq (silky wattle)

No

Yes

Yes

Yes

Invader = new
life-formz +

Effect on fire

Increase frequency and
intensity)

Increase frequency

Increase frequency

Increase f'requem‘y

Increase fire intensity

Increase fire intensi ty

Increase fire frequency

Increase fire intensity

increase fire frequency
and intensity

Increase fire frequency
and area

Increase fire frequency

Increase fire frequency

Increase fire intensity;
decrease fire frequency
Increase fire intensity;
decrease frequency

Reference
Bell 1997

Zedler 1983

Haidinger and Keeley
1993

Burquez and Quintana
1994

Lippincott, in press

Gardon 1998

Janzen 1988

Bilbao 1995

Blydenstein 1967; Medina
1987

Latz 1991

Baird 1977

Gill et al. 1990

van Wilgen and van
Hensbergen 1992

van Wilgen and Richayd-
son 1985; van Wilgen and
van Hensbergen 1992

" Decision based either on investigators’ comments or opinion of this author.
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