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Chapter 3. Plant Invasions and Their Management
Steve Radosevich, Oregon State University

THE INVASION PROCESS

The susceptibility of plant communities to
plant invasion can be influenced by many
factors. These factors include the species
composition, community structure, site
resource availability, and disturbances to the
original plant community. Invasibility is a
term used to describe the environmental, site-
level factors that affect the susceptibility of
an area to invasion by an exotic plant species.
Biological traits of the invading species also
have an effect on site susceptibility and
spread of the invasive plant. Most non-
indigenous plants invade latitudes similar to
those of their native occurrences (Figure 3-
1); however, the function of the “invader”
may be fundamentally different in its new
environment than in the local vegetation
from which it originally arose (Rejméanek
1996). For example, invading exotic species
may have genetic or life history traits that
allow them to preempt site resources or avoid
predators better than indigenous species,
allowing them to be successful invaders.

It is convenient to explore plant invasions as
a three-phase process (Figure 3-2): Intro-
duction, Colonization, and Naturalization
(Groves 1986; Cousens and Mortimer 1995),
and we will discuss invasions in term of
these three phases. However, Richardson et
al. (2000) consider the process of invasion
differently, as one which includes introduc-
tion, naturalization, and invasion. Invasion,
according to Richardson et al. (2000)
includes a special class of vegetation that can
enter and occupy already fully inhabited
plant communities without further assistance
from humans or the environment.

While the phases of invasion are of human
construct, they help us understand how the
process works at different ecological and
geographical scales, because they can be
organized according to known stages of plant
population growth (Sauer 1988; Forman
1995; Table 3-1).

How Plant Populations Grow

The two graphs in Figure 3-3 show how
populations grow over time. The top graph is
based on a number of experiments with
organisms that range from microbes to higher
plants and animals. The bottom graph
indicates the population growth rate of
cheatgrass in the Great Basin through the
first half of the last century. Both graphs
demonstrate the process of invasion as
depicted in Figure 3-2.

The top graph in Figure 3-3 demonstrates
two variations of plant population growth
over time. The solid line indicates geometric
growth, which is growth in an unlimited
environment. Except in very special circum-
stances, such as a newly disturbed site or one
high in fertility and free of vegetation, this
pattern of growth is hypothetical.

The dashed line in the top graph of Figure 3-
3 represents logistic population growth.
Logistic growth is the way plant populations
grow normally in environments limited by
resource availability (i.e., water, nutrients,
sunlight) or the presence of other vegetation.

Plant density as well as resource limitation
can create the logistic pattern of growth
because the presence of many plants (versus
only a few) limits environmental resources.
K in this graph represents the carrying
capacity of an environment for a plant
population that is limited by its own density
or the density of another plant.

The bottom graph in Figure 3-3 represents
actual data that shows the increase in the area
occupied by cheatgrass throughout the Great
Basin of North America. It spread initially at
a geometric rate, occupying most available
sites, and its population growth then slowed
as the carrying capacity of the entire Great
Basin was reached and new sites to invade
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became limited (from Radosevich et al. 1997).
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Figure 3-1.

Cheatgrass (Bromus tectorum), a native

to Eurasia, can successfully invade areas with
similar environmental conditions such as
Dinosaur National Monument, a natural area
in the Great Basin, Utah/Wyoming.

Naturalization

Figure 3-2. Diagram of the invasion Area
process according to Cousens and Occupied
Mortimer (1995)
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Table 3-1. Ecological processes, patterns, and scales at different phases of plant invasion. Adapted
from Radosevich et al. (2003).

Phase Ecological Process Ecological Scale Geographical Scale
Introduction Immigration Species recruitment Individual (plant)
Survival
Colonization | Germination/sprouting Patch expansion Population
Growth

Dispersal (short-distance)

Death (mortality)

Naturalization | Germination Range expansion Meta-population

Dispersal (long- distance) (satellite populations)

Death (mortality)
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Figure 3-3 (left). Population growth rates of an
idealized plant (top graph) and cheatgrass (bottom
graph; modified from Radosevich et al. 1997)

Figure 3-4. The introduction phase of the invasion
process according to Cousens and Mortimer (1995).
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Population growth curves can be generated
for any species. For invasive plants, it is only
the ability to establish (introduction), and the
rate of growth (colonization) in a new envi-
ronment that are believed to differ from that
of other plants.

Small populations of invasive plants often go
undetected during the introduction phase
(Figure 3-4, expanded from Figure 3-2). In
fact, plant invasions are most likely to fail at
this point due to unpredictable events like
drought and disease (Mack 1995), or because
of a lack of a minimum critical population
size necessary for the population to geneti-
cally maintain itself (Latore et al. 1998).

Environmental factors that favor establish-
ment are probably most important during this
phase of invasion because introduced seeds
have to compete with the established flora
that is already well adapted to the site. Many

ecologists have recognized the importance of

diverse plant communities in maintaining
vigorous ecosystems, and research suggests
that the chances of exotic plant invasion
diminish with increased species diversity
(Burke and Grime 1996; Tilman 1997). On
the other hand, some research also suggests
that species-poor communities resist inva-
sions Dbetter than species-diverse ones
(Levine and D’Antonio 1999; Stohlgren
1999). Regardless of the number of indige-
nous species present on a site, it appears that
sites already inhabited with local native spe-
cies resist introductions of invasive species
better than sites where native plant popula-
tions are low or weakened. Can you think of
situations in your own land management area
where this is the case? Do you think that your
area is less invasible because the native plant
community is more diverse or less diverse?

Chapter 3-3



CIPM Online Invasive Plant Management Textbook

Characteristics of Introduction

One-percent (1%) rule. The inflow of exotic
plant species into new regions is a continuous
process and many believe it is happening at
an ever-faster rate. However, research sug-
gests that only a few of the many alien spe-
cies that arrive in a new region actually

become established there, and then only a

small percentage of the established species

go on to become invasive. For example,

Williamson (1996) estimated that only 10%

of all species introduced into the British flora

actually became established, and then only

10% of those were invasive enough to be

considered as pests. He presented this finding

as the “1% rule” for plant invasions, which
has since been supported by other scientists.

For example:

o Kowarik (1995) reports that of 3,150
woody species introduced into Branden-
burg and Berlin, Germany, 10% spread
beyond the initial site of introduction,
2% became established, and only half of
those naturalized. Kowarik noted that
this ratio was 10:2:1 for all the Central
European flora of vascular plants (12,000
species).

o Weeda (1987), examined a number of
alien species in the Netherlands. He esti-
mated that approximately 75 species, or
1% of the total, penetrated the natural
vegetation, thus supporting the later esti-
mates of Williamson (1996) and Kowarik
(1995).

o Kornas (1990) found that of the 799 plant
species introduced around Montpelier,
France, 692 species failed to become
established.

Lag Time. Although some invasive species
may experience rapid population growth after
introduction (usually insects, like the African
bee), most invasive plant species have a sub-
stantial lag time between initial introduction
and subsequent population growth. For
example, Kowarik (1995), in his historical
reconstruction of the invasion dynamics of
184 alien woody species, found that only 6%
of the species had spread within 50 years
after their first introduction to the area.
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Twenty-five percent lagged up to 100 years,
51% lagged for 200 years, 14% for up to 300
years, and 4% for more than 300 years. Life
form also had a significant affect on lag
phase. On average, trees had a longer lag
phase (170 years) than shrubs (131 years).
Lag times for herbaceous species are much
shorter (decades or less) than for either trees
or shrubs. Horticultural or ornamental plants
are believed to be a source of new introduc-
tions of many potentially invasive plant
species.

According to Crooks and Soule (1999), three
categories of population lag can be
recognized:

1. Inherent lag times caused by normal
population growth (Figure 3-3), which
will vary among species.

2. Prolonged lag times caused by envi-
ronmental factors related to improving
ecological conditions for the organism.
These conditions can be either natural
or caused by humans, and include soil
disturbance and nutrient enrichment,
climate change, dispersal vectors, and
intra-specific interactions.

3. Genetic factors that usually improve
fitness. Some species have a so-called
“general purpose” genotype that
enables them to grow over a wide
range of environments. If an
introduced species lacks such char-
acteristics, it will be confined to a
restricted area until a genetic change
occurs through recombination, intro-
gression, or, to a lesser degree,
mutation, and then adapt to the new
environment. The likelihood of over-
coming genetic lag or fitness deficit is
proportional to the population size and
the rate of genetic adaptation (Crooks
and Soule 1999).

Disturbance and Habitat Porosity (Site
Invasibility). Disturbance is believed to be a
major factor favoring plant introduction and
the overall invasive process. Grime (1979)
defines disturbance as the removal or damage
of plant biomass. Pickett and White (1985)
view disturbance more completely as “any
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relatively discrete event in time that disrupts
ecosystem, community or population struc-
ture and changes resources or substrate avail-
ability or the physical environment.” Distur-
bance may be caused by large-scale events
such as fire, floods, and storms, or smaller-
scale events like soil turnover or vegetation
removal by animals or humans Hobbs 1991).

Plant introduction may be the direct result of
destruction of vegetation, or it may indirectly
result from changes in resource levels or
other conditions that subsequently favor
population growth through the ecological
processes listed in Table 3-1. Likewise,
disturbance does not always lead to plant
invasion, but it may provide a temporary
location or “safe site” for a potential invasive
species to establish a founding population.

Some form of disturbance usually accompa-
nies the successful introduction and subse-
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quent colonization of invasive plant species.
For example, Humphries et al. (1991) lists a
number of major “environmental” weeds in
Australia, along with their association with at
least one type of disturbance (Table 3-2). In
Table 3-2 we also see that multiple distur-
bances usually increase the chance of suc-
cessful plant introduction and invasion.
Hobbs and Atkins (1988) also observed that
disturbance in general, and multiple distur-
bances in particular, increased the density
and biomass of introduced species. On the
other hand, Apert et al. (2000) believe that
stress; i.e., environmental factors that limit
the growth of vegetation, can also contribute
significantly to invasability. Apert also pro-
vides evidence that environmental distur-
bances that are either greater or less than the
evolutionary level for a site contribute to the
susceptibility of sites to invasive plants.

Table 3-2. Species identified as the most serious environmental weeds in Australia, and types of
disturbance favoring spread and/or establishment (derived from Humphries et al. 1991)

Species Disturbance Type

Acacia gum Cattle dung, floating

Buffelgrass Floods, cattle

Bitou bush Rabbits, cattle, roading, sandmining, natural disturbances
Rubber vine Drought followed by floods, fire, grazing

Water hyacinth

Human interference, nutrient enrichment

Catclaw mimosa

Clearing, water level fluctuations

Bridal creeper

?

Retama

Flooding

Mission grass

Vehicular spread along roads, small-scale disturbance by pigs,
bandicoots

Velvet mesquite

Flooding

Giant salvinia

Human transport, nutrient enrichment

Tamarisk

Flooding, high rainfall years

Bengal clock vine

Edge or gap formation
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Porosity. Scientists often use mathematical
models to describe how plant populations
grow. A common way to study the growth
and movement of invasive species is through
reaction-diffusion models. These models
contribute a parameter of population growth
that describes the openness or porosity of the
community to further invasion by another
species.

We will illustrate this concept two ways: by
viewing a porosity animation (turn on your
speakers), and reading through the following
information describing the diagram below.

http://www.weedcenter.org/textbook/toc.html

Consider two adjacent plots of land. Area A
is a sagebrush community with yellow star-
thistle; Area B is a sagebrush community
without yellow starthistle.

The degree of movement of starthistle in this
example depends upon habitat porosity; that
is, the number of vacant sites present in area
B, availability of the sites to occupancy, and
the number of vacant sites occupied by other
species in the plant community. The rate of
introduction differs over time based on the
amount of area (vacant sites) open to possible
establishment of the invading plant, in this
case yellow starthistle. It also demonstrates
the importance of disturbance in creating
such niches, or safe sites, for successful
establishment of the new species.

@ Mative Planis
O Yellow starthizile

]
m ‘ L
Oipen niches E .'..-

| Mutive ymdisturbed commumty with most mehes [illed

Fotrve plant commumity with disturbance cansed by overgrazng
soimee miche areas open habital porosity mereasing

Area A: ]
Showing —
a source

population of

yellow starthistle. a

Adl matvedongimal plont habatat removed ns g result of the nearby
constrection of a trailhead QR a recently abandoned field
This ste has the greatest habatal porosity and patential for invasion
b vellow starthistle

Area B: Showing possible niches open to yellow
starthistle spread. Combinations of native plant
occupancy and vacant niches allow different rates
of introduction.

Figure 3-5. Example of environmental porosity
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COLONIZATION PHASE

Colonization is characterized by geometric,
exponential, population growth (Figure 3-2).
During this “explosive” growth phase, the
new plant species often becomes apparent
and control efforts to halt its spread begin.
This rate of spread is similar to the popu-
lation growth rate of an organism in an ideal,
resource-limitless environment and is there-
fore believed to be more a function of
intrinsic biological characteristics of the
species than of its growing environment.

For this reason, the colonization phase
(Figure 3-6, expanded from Figure 3-2) of
an invasive species is sometime referred to as
its intrinsic rate of increase. It is thought to
depend more on biological factors than
environmental ones, though both can be
important at times.

Biological Factors

There is no clear-cut description or list of
attributes that make a plant species more
invasive than another. However, some useful
generalizations have been made. For example

Rejméanek (2000) lists the following bio-

logical characteristics as being responsible

for invasiveness:

e The ability of an individual or population
to maintain relatively constant fitness
over a wide range of environments. This
is equivalent to Baker's (1974, 1995)
“general purpose genotype.”

e Small genome size that is usually
associated with short minimum genera-
tion time, short juvenile period, small
seed size, high leaf area ratio, high seed
size, high leaf area ratio, high relative
growth rate.
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Dispersed easily by humans and animals.
Ability to vegetatively propagate. This is
an especially important characteristic in
aquatic environments (Auld et al. 1982;
Henderson 1991) and at high latitude
(Pysek 1997).

Alien plants belonging to exotic genera
are more invasive than are alien species
with native congeners. This may be
partly because of an absence or limited
number of resident natural enemies for
that species (Darwin 1859; Rejmanek
1999).

Plant species without dependence on
specific mutualisms (root symbiosis,
pollinators, seed dispersers, etc.) (Baker
1974; Richardson et al. 2000).

Tall plants tend to invade mesic plant
communities.

Persistent seed banks; that is, seeds with
different inherent dormancies that provide
a random appearance through time and

Environmental
Factors Most
Important

f

Area
Occupied

Introduction

v

Colonization Phase

Colonization

Time

guarantee their survival and persistence.

Two Ways to Colonize: Sources and
Satellites

Colonization occurs when plants in an intro-
duced, founding (original) population repro-
duce and then increase sufficiently to become
self-perpetuating. Cousens and Mortimer
(1995) describe the radial expansion of such
self-perpetuating patches or sources as an
advancing front on all sides with a rate of
increase that conforms to the following
equation:

((change in A) /(change in t)/A = 2nr2t

where A equals the area occupied by the new

species, r is the radius of the expanding pop-
ulation, and t is time in years or generations.

Figure 3-6. The colonization phase of the

invasion process according to Cousens and
Mortimer (1995).
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From the equation we see that a patch should
grow by half the distance of each previous
generation (Cousens and Mortimer 1995),
assuming successful recruitment continues
within the founding population and the rate
of expansion is constant (Figure 3-7).
Although this model of expansion seems
intuitively reasonable, it has received only
limited examination in field studies with
invasive plant species (Auld and Coote 1980;
Moody and Mack 1988, Cousens and
Mortimer 1995).

I
i3

Figure 3-7. Diagram depicting patch
expansion. The source patch will expand at a
rate of half the distance of the previous
generation (year).

It is also possible for some individuals from
the founding source population to disperse
widely (Figure 3-8) and to produce new sat-
ellite populations of the species. In this case,
dispersing individuals that form satellite
populations should have the same environ-
mental requirements as the original introduc-
tion. Satellite populations will usually
continue to grow, form their own patch, and
eventually behave as a new source.

Thus, colonization by an invasive species can
continue geometrically both from advancing
fronts from existing patches, and from the
wide-ranging satellites that arise from them.
Caswell et al. (2003) present compelling evi-
dence that aerial spread of invasive plants is
most dependent on the annual dissemination
of these widespread satellite populations. As
you read about colonization, think about the
populations in your management area; are
they expanding as fronts or as satellite
populations?
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Figure 3-8. Recruitment of new genotypes as
a function of the number of dispersed seeds
and the probability of juvenile survival
(From Cook, 1980, in O.T. Solbrig, ed.,
“Demography and Evolution in Plant
Population”s; modified from Radosevich et
al. 1997).

Source populations. In the absence of
continual “safe site” availability, the ad-
vancement of source populations (patches) of
invasive plant species is influenced most by
the biological characteristics that influence
their population growth. Thus, attempts to
diminish patch size, and therefore coloni-
zation rates, should concentrate on the
intrinsic biology of the species. For example,
Maxwell et al. (1988, Figure 3-9) used a
population demographic approach to examine
population growth and management options
of leafy spurge (Euphorbia esula).

Maxwell et al. (1988), following Watson
(1985), divided the life history of leafy
spurge into five stages: seeds, buds, seedling,
vegetative shoots, and flowering shoots
(Figure 3-9, top diagram). By identifying
these stages, the process of population
growth was determined. It was found that
three important transitions must occur for
patch growth to proceed; basal buds to
vegetative shoots (G2), the number of basal
buds that flowering shoots produced (V5),
and the number of basal buds that vegetative
shoots produced (V4). These three transitions
were sensitive to their own density.

When these three  density-dependent
functions were simultaneously included in
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the model, initial exponential growth
resulted, followed by decline and eventual
stabilization of the simulated population
(Figure 3-9, middle graph). They then
subjected the simulated population of leafy
spurge to several management tactics: a
single application of picloram (Fugre 3-9,
middle graph: see a) and several levels of a
foliage-feeding herbivore (Figure 3-9, bottom
graph: see a, b, and c) .

Also shown in Figure 3-9 (bottom graph: see
d) is the actual effect of sheep grazing on real
populations of leafy spurge. This example
demonstrated how well the dynamics of
population growth can be predicted from
basic biological information. It also
demonstrates the degree of patch reduction
(i.e., slowed local colonization rate) that can
be achieved by targeting particular life stages
of the plant during management, in this case
transitions G-2, V-4, and V-5. On the other
hand, attempts to reduce the overall
(regional) population spread of an invasive
species are usually more effective if control
tactics are focused on satellite populations
originating from large patches.

Figure 3-9. Top diagram shows the five
stages of leafy spurge life history and the
three important transitions that must occur
for patch growth to proceed.: basal buds to
vegetative shoots (G2), the number of basal
buds that flowering shoots produced (V5),
the number of basal buds that vegetative
shoots produced (V4).

Middle graph shows leafy spurge population
simulation and an application of picloram
simulated at year 10 (a), and the observed

effects (b).

Bottom graph shows population simulation
with the introduction of a foliage-feeding
herbivore at year 10 that removes (a) 40, (b)
50, and (c) 60 percent of stems. Observed
effects from sheep feeding on leafy spurge
also are shown (d) (modified from Maxwell
et al. 1988 in Radosevich et al.1997).
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Satellite populations. Populations of invasive
plant species also expand by satellite popu-
lations that are often isolated from their
source. The -equation of Cousens and
Mortimer (1995) presented earlier also sug-
gests that such satellite populations, because
they are younger, should expand most
rapidly. However establishment of a new
satellite requires the existence of a vacant site
for a dispersing propagule to occupy. Pre-
vention of vacant sites by minimizing
environmental porosity is thus a key to
reducing the colonization rate of invasive
species. Still, satellite populations will exist
on the landscape. A relevant research and
management question therefore emerges; i.e.,
whether to contain the “source” or “satellite”
populations of an invading species after
successful introduction has occurred.

Cousens and Mortimer (1995) and Moody
and Mack (1988) suggest that the preferred
containment strategy would be to remove
satellite populations as they occur over space
and through time, since these populations
expand more rapidly and potentially cover
greater area than the front of a source
population. For example, Ghersa et al. (2002)
determined that satellite populations of
johnsongrass that were uniformly distributed
over a previously vacant area occupied that
area more quickly than the advancing front of
its adjacent source population. Nonetheless,
this strategy of expansion has received
relatively little experimental attention by
many field scientists. Land managers also
continue to control source rather than satellite
populations of invading species (Moody and
Mack 1988; Cronk and Fuller 1995; Zamora
and Thill 1999), perhaps because such
populations are much more obvious than the
smaller satellite populations or because
control tactics seem more effective.

In linear habitats that are often disturbed as
well, such as roads or riparian areas, it may
be impossible to find long-distance-dispersed
satellite populations. In these cases it would
probably be best to contain source popu-
lations of invasive species; e.g., Japanese
knotweed, since they can be located.

http://www.weedcenter.org/textbook/toc.html

NATURALIZATION PHASE

A species is becoming naturalized in its new
environment when it successfully establishes
new self-perpetuating populations, is dis-
persed widely throughout a region, and is
incorporated into the resident flora.

As previously discussed, a lag time of years
to decades is usual between the time of first
arrival and the eventual rapid occupation by a
naturalizing invading species (Figures 3-4, 3-
6). During subsequent colonization some
individual plants disperse, survive, and
produce new populations away from the
founding or source populations (e.g., Forcella
and Harvey 1983; Forman 1995; Ghersa and
Leon 1999; Figure 3-8). Such “outliers” push
the range of an invading species more rapidly
than is possible by normal dispersal and
patch development (Silvertown and Lovett-
Doust 1993; Caswell et al. 2003).

At some carrying capacity, K, the population
approaches a quasi-threshold density where
its population growth may remain near one
(1); that is, it may stabilize and not expand
very quickly (Figures 3-2 and 3-3). The K
density occurs when niche occupancy and
available resources limit the rate of spread.
This phase is controlled by environmental
factors, so predictions of risk for populations
approaching K should also focus on
environmental parameters. Most agencies
remove weeds from their target list (e.g.,
noxious weed lists) in this phase as they are
too difficult and expensive to eradicate or
control (see Figure 3-10).

Carrying capacity
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v unlikely  without
{ massive resource
! Inputs
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-'
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Figure 3-10. Management strategies used in
relation to the invasion process (after

Chippendale 1991).
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ENVIRONMENTAL FACTORS THAT
INFLUENCE POPULATION GROWTH

Habitat Suitability for the Invasion
Process

Disturbed ecosystems (by either human or
natural causes) often have a higher suscepti-
bility to invasions than those with long
periods in late successional phases. An
explanation for semi-arid and grassland
vulnerability to invasion by exotic plant
species is that these areas have spatially open
niches; that is, sites that are devoid of
vascular plants for some or most of the year
(Baker 1986). However, it is important to
note that biological factors may influence
invasion as well. For example, plants that
have life forms dissimilar to the native
vegetation have also invaded some
ecosystems. The conversion to annual grass-
lands from tussock grasslands in California
and the invasion of Opuntia stricta into
Australia (a cactus where no members of
Cactaceae existed previously) are examples
where biological characteristics play an
important role in the invasion process.

The environmental factors most responsible
for population growth and persistence of
invasive species are soil, climate, and land
use.

Soil

Many studies show that both plant growth
(e.g., Ecological Site Descriptions for
Forestland and Rangeland, NRCS 1997,
1998) and plant invasions occur within
certain ranges of soil types (Huenneke et al.
1990). Although soil-mapping units often
have indistinct boundaries, species are
usually most productive within certain soil
types. The isolation of soil mapping units
delineating soil types that each target species
finds suitable could provide a criterion for
studying the spread of invasions.

Climate

Climate also drives both abiotic and biotic
thresholds for growth in ecosystems. For
example, the retreat of forests to
mountainous areas over the last 10,000 years
is a direct result of changing -climate
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(Betancourt et al. 1990). Climate can change
habitat suitability over short time scales
through drought, and seasonal frost and
flooding (Nilson and Muller 1980). Invasive
plant species tend to adapt well to a variety
of habitats, but usually invade areas with
climates similar to those of their native range
first, and then adapt to other climates later
(Panetta and Mitchell 1991); however,
notable exceptions also occur (Mack 1995).
Topography and elevation also influence
climate and the species that can grow at a
given location.

Land Use

The condition of the land is a third general
driving component in habitat suitability and
invasion. Changes in land use are thought to
be the single most important factor in species
extinction (Cousens and Mortimer 1995) and
to have strong influences on invasible sites
(Elton 1958 as cited by Hodkinson and
Thompson 1997). Humans to some degree
have modified most of the world's
ecosystems and this has direct effects on
invasion suitability. Some ecosystems are
altered by the presence of the invasive plant
itself (D'Antonio and Vitousek 1992) through
an increase in fire frequency, nitrogen
depletion, or allelopathic chemicals. Other
species are adapted for change in land use
where native species are not; e.g., resilience
to grazing pressure in the Great Basin (Mack
and Thompson 1982).

MANAGEMENT BASED ON THE INVASION
PROCESS

Land managers routinely use several general
strategies based on the invasion process to
manage invasive plant species. Various tools
may then be employed depending on the
prevalence and abundance of the plants
detected. The most common strategies used
against invasive plants and their relationship
to the invasion process are shown in Figure
3-10. To view this figure as an animation
click on management animation (text but no
sound).
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PREVENTION

Like many other pest management problems
or disease epidemics, prevention is a key tool
used against exotic invasive plants. The most
common forms of prevention are national,
state, or local quarantines. Because of the 1%
rule for successful introductions, quarantine,
if successfully implemented, can be a very
effective management approach.

Early Detection and Eradication

Since exotic invasive plants usually have a
long lag period following introduction but
before exponential growth during coloni-
zation, they can usually be eradicated at that
time if recognized. Thus, early detection and
rapid response (EDRR) usually requires an
informed and vigilant public and the ability
to remove the new population once detected.
Land managers who can act quickly to
eradicate an exotic invasive plant usually
avoid the long-term costs of containing the
plant and the damage it causes to the land.

Containment/Control

During rapid population growth or coloni-
zation, managers should abandon efforts to
eradicate the plant species and focus on
control or containment. If no action is taken
to contain the species from spreading, it can
eventually become naturalized, occupying
the land close to its carrying capacity and
replacing local species.

Restoration

At the naturalization phase of the invasion
process, it is difficult to devise and imple-
ment strategies to manage such a widespread
problem species unless substantial amounts
of time and money are spent. Usually,
attempts at restoration are confined to local
areas, such as stands, fields, and occasionally
watersheds.

Land managers and management agencies
tend to direct resources toward control of
weed species that are already major prob-
lems, and not much toward the prevention,
early detection, and or even early contain-
ment of new exotic plants. Most conventional
and biological control programs get under-
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way only after a particular species is an obvi-
ous problem. Understanding the biological
and environmental factors that allow for the
appearance of an invasive plant species in a
habitat will help land managers undertake
appropriate action. However, changing pre-
vailing land management regimes, such as
grazing or logging practices, may be neces-
sary to avoid the continual reoccurrence of an
invasive species episode.

SUMMARY

Plant invasions are influenced by both the
biological characteristics of the invasive
plant species and the environmental charac-
teristics of the site(s) being invaded. These
factors often interact allowing successful in-
vasions to occur. Stages of the invasion proc-
ess are also influenced by characteristics of
biology and environment. Thus, the invasive
process can inform land managers about the
best time to use tool or tactics that limit plant
invasions.

Management activities to prevent invasions,
such as quarantines or early detection/eradi-
cation, are best informed by environmental
factors that relate to site. Restoration of an
area already heavily infested by an invasive
plant usually requires manipulation of site
factors to favor desirable plants while disfa-
voring the invasive plant species. Manage-
ment to contain/control an invasive species
usually is best informed by the biological
characteristics of the species that influence
the growth and expansion of the invasive
plant population over an area.
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