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Plant Invasions in North America

Laura Weber Ploughe and Jeffrey S. Dukes

Abstract

North America has accumulated more natural-
ized species, or “alien species that form self-
sustaining populations in new regions,” than
any other continent (5958; 3513 of which
come from outside the continent). Over the
last 35 years, North America has seen a rapid
increase in the number of plant invasions; spe-
cies have arrived through the horticulture and
aquarium trades, as agricultural contaminants,
and via other accidental and intentional path-
ways. Introduced populations have persisted
and expanded on the continent with the help of
extensive land use change and growing trans-
portation networks. The main driving forces
of naturalization in North America have been
found to be habitat legacy (i.e., the habit affin-
ities of a plant species in their native range),
propagule pressure, and residence time, which
are modulated by specific biological traits
(e.g., flowering periods, vigorous clonal
growth, and tall stature) interacting differently
with these drivers. Within North America,
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more invasive plant species are found in cold
temperate and Mediterranean climate zones
than in arid, temperate arid, subtropical, and
tropical climates. Economic activity (mea-
sured as per capita gross domestic product;
GDP) also heavily influences the distribution
of non-native species; areas with higher per
capita GDP (~17,000 USD) have over twice
the number of non-native plant species com-
pared to regions with lower GDP. Currently, in
the United States alone, over $100 billion per
year is spent on losses, damages, and the con-
trol of invasive species, with the bulk of those
funds going toward weed control for crops,
pastures, and forests. In addition to being a
drain on the economy, invasive non-native
plants disrupt ecosystems and can often have
negative effects on ecosystem services, includ-
ing altered hydrological and fire regimes,
impacts on native species, and changes in soil
properties and nutrient cycling. National leg-
islation and international agreements have
been implemented in attempts to reduce
threats from non-native species to biodiver-
sity, the economy, and human well-being.
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8.1 Introduction

This chapter focuses on plant invasions in North
America and includes research from the United
States (excluding territories), Mexico, and
Canada. The aims for this chapter are to (1)
describe the recorded history of biological inva-
sions; (2) discuss the introduction pathways for
non-native species into North America, including
the roles of trade, transport, agriculture, horticul-
ture, and disturbance on these introductions; (3)
explore the plant traits and life histories that
increase invasion success of non-native plants in
North America; (4) describe the climate zones
that are most heavily invaded by non-native
plants; (5) examine the impacts that invasive
plants have on ecosystem services, including
impacts on hydrological and fire regimes, native
species, soil properties, and nutrient cycling; and
(6) discuss some of the national and international
policy and legislation that has been enacted to
control the spread of invasive plants in North
America

8.1.1 A History of Biological

Invasions in North America

North America’s history of biological invasions
can be divided into three periods. The first phase
of modern biological invasions began around the
year 1500 with the advent of global exploration,
specifically the European rediscovery of the
Americas, the birth of colonialism, and changes
to agricultural trade and industry (Hewitt et al.
2009; Hulme 2009). By 1800 AD, the industrial
revolution had begun, and along with it the sec-
ond major phase of biological invasions in North
America (Mack 2003; Hulme 2009). This period
was defined by an exponential increase in global
trade as well as a steady increase in the annual
rate of plant introductions (Mack 2003; Hulme
2009). During this period, there were increases in
international trade through new transportation
routes and technologies, including canals, high-
ways, railways, and steamships, and increases in
emigration; over 50 million Europeans arrived in
the United States between 1820 and 1930. This

increase in international activity provided ave-
nues for the introduction of non-native plants
(McNeely 2006; Findlay and O’Rourke 2007;
Hulme 2009). Over the last 35 years, North
America has seen a rapid increase in the number
of plant invasions, suggesting a “step change” in
biological invasions, bringing us into the third
and current phase, the Era of Globalization
(Hulme 2009). Recently, Seebens et al. (2017)
showed that this increase in the number of non-
native species shows no sign of saturation at the
global scale. North America has accumulated
more naturalized species than other areas of the
world (van Kleunen et al. 2015; PySek et al. 2017;
Seebens et al. 2021); these species are distributed
unevenly across countries and their respective
states or provinces (Fig. 8.1).

8.1.2 The Introduction of Non-
native Species into North
America

Non-native species have made their way into
North America through a variety of pathways,
including as stowaways on trade and transporta-
tion routes, and intentionally or unintentionally
through agriculture, horticulture, and the aquar-
ium trade. Land use change and disturbance have
altered the receptivity of the landscape to inva-
sions. Interestingly, we now know through
advances in genetic technology and the tracing of
genealogies of invasive plants that many species
became invasive only after multiple introductions
(Oduor et al. 2015). For example, chloroplast
DNA sequences showed that black mustard
(Brassica nigra) arrived in North America from
multiple sources in its native range (Oduor et al.
2015).

Trade and Transport

Global trade and travel are primary drivers of the
spread of invasive plants, and the step increase in
invasive species recorded in recent decades could
be linked to faster transportation routes, e.g.,
semi-trucks, trains, etc. (Meyerson and Mooney
2007; Hulme 2009; Seebens et al. 2015, 2017).
International trade and travel are the primary
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Fig.8.1 Number of naturalized species per state or prov-
ince for each North American country. Data was obtained
from Global Naturalized Alien Flora (GloNAF) database

sources of non-native plant stowaways or seed
contaminants in goods and packaging material
arriving by means of passenger planes and marine
shipping ports (Hulme 2009; Tatem 2009; Levine
and D’Antonio 2015; Bellard et al. 2016; Early
et al. 2016). Generally, regions that have higher
seaport and airport capacity and greater total
imports are considered to be at greater risk of
being invaded by a non-native species (Fig. 8.2;

Early et al. 2016).
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(van Kleunen et al. 2019; GloNAF; https://glonaf.org/).
(a) United States of America; (b) Canada; (¢) Mexico

International air travel is playing an increas-
ingly significant role in driving increases in the
rates of biological introductions globally (Tatem
2009). Global airline traffic connects regions of
similar climates. Climatic similarity with the
native region is one of the requirements for estab-
lishment of non-native species (Bellard et al.
2016), along with propagule pressure and suit-
ability of other abiotic factors (Hulme 2009).
Thus, increases in travel and local climatic
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changes could further increase the risk of the
movement of non-native species and establish-
ment in new areas (Ismail et al. 1999; Tatem
2009; Bellard et al. 2016). As illustrated in
Fig. 8.2b, spatial patterns of air travel and impor-
tation of goods could affect the areas under threat
from invasive species in the future (Early et al.
2016). In North America, the area that appears to
have the greatest implied threat of invasive spe-
cies arrival is the eastern portion of the United
States.

Seaports have been a classic symbol for trade
and economic development for centuries, but
they are also gateways for introducing non-native
species (Bellard et al. 2016). One means of
introduction of non-native species in marine
environments caused by shipping movements is
the discharge of ballast material (Seebens et al.
2015; Bellard et al. 2016). In order for ships to
remain balanced as they load and unload goods,
the bottom of the ship is filled with ballast, any
solid or liquid that is brought on the vessel to
maintain stability. In the past, solid materials
such as sand, rocks, and soils were commonly
used and were often left behind at different desti-
nations. This dry ballast was sometimes (if not
frequently) contaminated with non-native plant
seeds, resulting in new introductions (Mack
2003; Parks et al. 2005). One of the first studies
exploring the possibility of alien plant species
within dry ballast material found that of the 213
species identified, 93 species (~43%) were con-
sidered alien to the area investigated in Oregon,
USA (Nelson 1917). As a result of these large

Toaal imports

Fig. 8.2 (a) Invasion threat to North America for the
twenty-first century. Colors indicate the level of invasion
threat, from very high to low. The scale was determined
by ranking the threat values of each of the map grid cells.
The cells were then binned into percentiles: 100-90%,
very high (VH); 90-80%, high (H); 80-50%, medium

(B) Airport capacity and total imports

number of alien species, this practice becomes
obsolete, but now ships use seawater for ballast,
transferring a significant amount of ballast water
between different continents and oceans
(Government of Canada 2010; Werschkun et al.
2014).

Agriculture, Horticulture,

and the Aquarium Trade

Many non-native species have been introduced to
North America as seed contaminants in agricul-
ture, through the cut flower trade, through the
aquarium trade, or through forestry and horticul-
ture. Many non-native agricultural weeds have
been accidentally introduced as contaminants in
crop seeds, despite the Federal Seed Act (FSA) in
the United States (Ismail et al. 1999). FSA regu-
lates the interstate and foreign transport of agri-
cultural and vegetable seeds, requiring labeling
and purity standards in commerce (US FSA 7th
Cong. 1551-1611 (1988)). Cut flowers can also
have seed contaminants within the flowers, which
can be transported to new regions when airplane
passengers carry bunches of flowers from one
country to another (Ismail et al. 1999). The
majority of plants used in agriculture, forestry,
and horticulture in North America are non-native
(Reichard and White 2001), and while most of
these plants do not become invasive, a small pro-
portion of species has escaped cultivation, estab-
lished self-sustaining natural populations without
human intervention, and become invasive
(Reichard and White 2001; van Kleunen et al.
2018). For instance, St. John’s wort (Hypericum
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(M); 50-20%, low (L); and 20-0%, very low (VL). (b)
The impact of the combination of airport capacity and
total imports on invasion threat. (¢) Seaport capacity, an
indicator of invasion threat from shipping. Colors are the
same as indicated in Fig. 8.2a. All panels excerpted from
Early et al. (2016)
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perforatum) was introduced in the late 1700s as
an ornamental for medicinal purposes in the east-
ern United States and was later found in the west-
ern United States in the mid-1800s (Campbell
and Delfosse 1984; Reichard and White 2001;
Mack 2003). H. perforatum is considered a nox-
ious weed in both its native and non-native ranges
and has harmful effects on livestock and both
natural and agricultural lands (Mack 2003; Popay
2015). The species is now distributed throughout
most states in the United States and in eastern
provinces and British Columbia in Canada
(Zouhar 2004); it is considered invasive in west-
ern North America (Popay 2015). Since its intro-
duction, the abundance of H. perforatum has
been effectively restrained in much of its new
range through biological control (Mack 2003;
Popay 2015).

The aquarium trade also presents a major risk
for the introduction of aquatic non-native plants
(Padilla and Williams 2004; Ricciardi et al. 2017;
Della Venezia et al. 2018). In the United States, a
major problem is that aquatic plants listed as fed-
eral or noxious weeds can nonetheless be pur-
chased online, and most of the global trade likely
takes place via this avenue. This creates difficul-
ties for governments to enforce regulations,
although US governmental agencies have been
making headway in dealing with Internet trade
(Padilla and Williams 2004). Water hyacinth
(Eichhornia crassipes) is believed to have been
introduced into Floridian waterways following
the World’s Industrial and Cotton Centennial
Exposition in New Orleans in 1884, when it was
brought home as a souvenir and released.
E. crassipes has been nicknamed “the world’s
most troublesome weed” as a result of its ability
to double in population size and create dense
floating mats in about a week (Gopal and Sharma
1981; Padilla and Williams 2004). Since its intro-
duction, Florida has appropriated millions of US
dollars of state and federal funding to achieve
limited control of E. crassipes (Padilla and
Williams 2004). It is now found in several states,
the province of Ontario in Canada, and in parts of
Mexico.

While non-native plants are primarily intro-
duced deliberately through the ornamental plant

trade (Reichard and White 2001; Mack and
Erneberg 2002; Lehan et al. 2013), accidental
introductions through seed contamination are of
increasing concern as a major pathway for inva-
sive plants (Lehan et al. 2013; Fig. 8.3). In the
eastern United States, the majority of non-native
angiosperms (64% of surveyed species) were
introduced deliberately, whereas only 2% arrived
accidentally as seed contaminants and the
remainder of species had unknown origins (Mack
and Erneberg 2002; Lehan et al. 2013). In the
western United States, a high proportion of inva-
sive plants — primarily grasses and forbs — arrived
accidentally as seed contaminants, whereas in
eastern states non-native plants primarily arrived
through deliberate introduction as ornamentals
(Lehan et al. 2013). In fact, although all types of
invasive plants are more likely to be introduced
deliberately, introduction pathways vary consid-
erably by plant growth habit; a significantly
larger percentage of forbs and grasses were acci-
dentally introduced compared to vines, shrubs
and trees. In the United States, accidental intro-
ductions account for at least 12% of all invasive
plants and 21% of noxious weeds; these are likely
underestimates because many species have
unknown introduction pathways (Lehan et al.
2013). Seed contaminants account for the major-
ity of accidental introductions in the United
States (Lehan et al. 2013).

Land Use Change and Disturbance

As globalization increases, so does the amount of
land use change and disturbance (Houghton and
Nassikas 2017). In North America, the landscape
is evolving to keep up with the demands of a ris-
ing population and global markets, as land is con-
verted to support transportation routes,
agricultural production, and energy infrastruc-
ture, among other things (Bradley et al. 2010;
Houghton and Nassikas 2017). Disturbances to
the land harm native plant populations and can
provide opportunities for non-native species to
benefit, for instance, by providing rapid large-
scale increases in resource availability (Bradley
et al. 2010). An example of this is deforestation,
which increases light and belowground resource
availability in a very short time frame. A strong
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Fig. 8.3 Pathways for invasive plant introductions in the
continental United States. (a) Deliberate, accidental, and
unknown introduction pathways for invasive plants.

positive relationship between physical distur-
bance and plant invasion has been found in sev-
eral studies (as reviewed by Bradley et al. 2010).
Disturbance types include roads (Larson 2002;
Gelbard and Belnap 2003; Bradley and Mustard
2006), deforestation (Yates et al. 2004; Fan et al.
2013), urban areas (Turner et al. 2005; Pennington
et al. 2010), energy development (Barney 2014;
Villarreal et al. 2019), and agriculture (Pimentel
2009). The novelty, magnitude, and rate of distur-
bances often disadvantage native plants, causing
the system to become less resistant to invasion
(Bradley et al. 2010). Changes in disturbance
regimes can allow for a different set of species,
potentially invasive species, to persist and are
therefore important for understanding invasive
species establishment.

The intensity and global patterns of invasive
plant establishment and disturbances are chang-
ing at a faster rate than any other period in
recorded human history (Seebens et al. 2015;
Early et al. 2016), indicating that the geographi-
cal patterns of future invasions will likely be very

] (5%)
Environmental restoration
(6%)

Forage crops
(13%)

Specific introduction pathways for accidentally (b) and
deliberately (c) introduced invasive plants. Data from
Mack and Erneberg (2002) and Lehan et al. (2013)

different from today as land use change continues
to expand (Foley et al. 2005; Theoharides and
Dukes 2007; Early et al. 2016). In North America,
many non-native species take advantage of such
disturbances to become widely established and
can subsequently suppress native species’ popu-
lations (Bradley et al. 2010). In a study exploring
the patterns of invasive plant diversity in
Northwest mountain ecoregions, Parks et al.
(2005) found that disturbed riparian systems and
forests are especially vulnerable to plant inva-
sion, whereas alpine and wilderness areas remain
relatively unaffected by invasive plants. One such
species that has been found to establish and thrive
following a disturbance is pale swallow-wort
(Vincetoxicum rossicum), a perennial, herbaceous
vine native to southern Europe, which is of par-
ticular concern in the northeastern United States
and southeastern Canada (Parks et al. 2005). It is
expected that intense land use will likely con-
tinue to enhance invasive plant introductions into
these low elevation mountain ecosystems (Parks
et al. 2005).
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8.2  Life History and Origin

of Non-native Plants

Researchers often look to non-native plants’
traits or life histories, including properties such
as growth rate, nutrient use efficiency, stress tol-
erance, herbivore resistance, and reproduction
strategy, to better understand why certain species
become more invasive than others (Theoharides
and Dukes 2007; PySek and Richardson 2008;
Ricklefs et al. 2008; Pysek et al. 2017). For
example, PySek et al. (2015) used a model to
identify plant traits that promote naturalization of
central European species in North America and
confirmed that traits such as longer flowering
periods, vigorous clonal growth, and tall stature
promoted invasion success in North America.
Ultimately, the main driving force of naturaliza-
tion has to do with a myriad of life history traits,
and Pysek (2015) demonstrated that habitat leg-
acy, propagule pressure, and residence time are
important driving forces in North America.
While Pysek et al. (2015) specifically explored
the naturalization of European species in North
America, invasive plants from other regions tend
to possess these same traits. For example, the
Asian species Japanese knotweed (Reynoutria
Jjaponica) is a highly aggressive, invasive peren-
nial in Europe and North America. The clonal
species was introduced into the United Kingdom
as a garden ornamental around 1830 and was
reported as naturalized in the United States by
1894 (Merhoff et al. 2003; Grimsby et al. 2007).
Clonal spread by rhizomes and rapid growth have
been suggested as the major characteristics that
make R. japonica difficult to control and a prob-
lematic invader (Grimsby et al. 2007).
Interestingly, Grimsby et al. (2007) found evi-
dence that F. japonica implements different
reproductive strategies in Europe and North
America. In the United Kingdom, R. japonica is
a single female clone reproducing exclusively
through vegetative growth or hybridization with
other  Reynoutria  spp. (Bailey  1994;
Hollingsworth and Bailey 2000; Grimsby et al.
2007). However, in the United States, Grimsby
et al. (2007) found evidence of both asexual and
sexual reproduction, resulting in populations of

knotweed that are genetically diverse, as these
populations are not purely clonal. These complex
reproductive dynamics of Reynoutria spp. and
their widespread distribution indicate that the
invasive potential of these species is far-reaching
and is not fully realized (Grimsby et al. 2007).
Further, this suggests that the invasion biology of
Reynoutria spp. in the United States is different
from that of knotweeds in Europe, demonstrating
a need for regional studies of this likely rapidly
evolving taxon in North America (Grimsby et al.
2007).

In addition to high genetic diversity, another
trait that has been suggested to promote natural-
ization is a small genome size (Lavergne et al.
2010b; Pysek et al. 2017, 2018). It has been theo-
rized that small genomes allow species to have a
shorter generation time and reproduce more
quickly, leading to higher propagule pressure
(Rejmanek and Richardson 1996; Pysek et al.
2015). Comparative studies have shown that spe-
cies with smaller genomes are more likely to
become invasive than their relatives (KubeSova
et al. 2010; Lavergne et al. 2010a, b; Pandit et al.
2014). Reed canary grass (Phalaris arundina-
cea), an invasive species in North America that is
considered a major threat to native wetland veg-
etation and bird breeding habitat (Lavergne and
Molofsky 2006; Lavergne et al. 2010b), has been
used as a model to investigate whether reduced
genome size could result in rapid phenotypic
evolution (Lavergne et al. 2010b; PysSek et al.
2018). It is suggested that the invasiveness of this
species in North America was a result of multiple
introductions and subsequent recombination of
multiple European strains, allowing for rapid
selection of novel genotypes with higher poten-
tial for vegetative reproduction (Lavergne and
Molofsky 2004, 2007; Lavergne et al. 2010b).
These novel genotypes of P. arundinacea in its
invasive range have a smaller genome than
European genotypes (Lavergne et al. 2010b), and
this smaller genome size was associated with
plant traits favoring invasiveness (long rhizomes,
early emerging abundant shoots, resistance to
aphid attack, and low C:N ratio; Pysek et al.
2018).
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8.3  PlantInvasions by

Climate Zone

In North America, certain types of climate are
more heavily invaded than others. In this section,
we explore the number of invasive plant species
that invaded each of North America’s five most
common climate zones: tropical (equatorial and
savanna), subtropical (arid), Mediterranean, tem-
perate (warm, arid, and cold/boreal), and Arctic
(excerpted from the zonobiomes outlined in
Pysek et al. (2017) and by Walter and Breckle
(1991); Fig. 8.4a).

In North America, the colder temperate and
Mediterranean climate zones harbor approxi-
mately twice the number of non-native plant spe-
cies as regions with arid, temperate arid,
subtropical and tropical climates (PySek et al.
2017). For example, forests in the eastern United
States have been found to harbor more invasive
species than those in the western regions of the
country (Iannone et al. 2015; Oswalt et al. 2015;
Fig. 8.4b). Per capita GDP heavily influences the
distribution of non-native species in temperate
arid, subtropical, and tropical regions. Areas with
higher per capita GDP (~17,000 USD per capita)
have over twice the percentage of non-native
plant species in their floras (16%) compared to
regions with lower GDP (6%). Table 8.1 contains
a list of the most widely distributed naturalized
species in North America according to climate
zone (Pysek et al. 2017). Note that these widely
distributed species are not necessarily those
thought to have the greatest ecological or eco-
nomic impacts, or those of the greatest manage-
ment concern.

8.4 Impacts on Ecosystem

Processes and Services

Invasive non-native plants threaten ecosystems,
habitats, and native species and are key drivers of
human environmental change. Ecosystems pro-
vide a number of benefits, both ecological and
economic, known as ecosystem services, e.g.,
provision of habitat, storage of carbon, and pol-
lination (Fisher et al. 2009; IPBES 2018).

According to the most recent estimates, invasive
species inflict over $100 billion per year in asso-
ciated losses, damages, and management
expenses in the United States alone (Pimentel
et al. 2005). In addition to being a drain on the
economy, invasive non-native plants disrupt eco-
systems (Dukes and Mooney 2004), altering eco-
system processes, and often have negative effects
on ecosystem services (Charles and Dukes 2007).
Invasive plants are abundant in all major habitats
in North America, but their impacts on biodiver-
sity, cultural values, and economics differ among
subregions (IPBES 2018). Here, we discuss the
impacts that invasive plants have on ecosystem
services in North America.

8.4.1 Hydrological and Fire

Regimes

Terrestrial ecosystems provide hydrological ser-
vices that benefit people by providing freshwater
supplies (Brauman et al. 2007) and flood control.
Invasive plants can alter the hydrology of ecosys-
tems by changing the rate and/or timing of evapo-
transpiration (ET) or runoff, as a consequence of
differences in transpiration rates, phenology,
growth, or rooting depth of non-native versus
native species (Levine et al. 2003). Some inva-
sive plant species, particularly trees, use more
water than native species (Calder and Dye 2001).
Hydrological studies investigating the effects of
removing invasive woody species have shown
reductions in ET (Cleverly et al. 2006), rises in
the water table (Asbjornsen et al. 2007), and
increased water yield (Dye and Jarmain 2004).
For example, a removal experiment in Hawaii
exploring the effects of three invasive tree spe-
cies, Cecropia obtusifolia, Macaranga mappa,
and Melastoma septemnervium, on stands of the
native tree species Metrosideros polymorpha
found that stand-level water use within removal
plots was half that of the invaded plots, despite a
significant increase in compensatory water use
by the native tree (Cavaleri et al. 2014). However,
other experiments have shown the potential for
increased stand ET after invasive woody plant
removal as a result of compensatory water use by
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Fig. 8.4 (a) Naturalization in North America according
to zonobiome. The red dots indicate naturalization
hotspots based on the percentage of naturalized species
within regional floras. Excerpted from Pysek et al. 2017.

(b) Geographic patterns of forest plant invasion in the
contiguous 48 states of the United States for (top) inva-
sion richness and (bottom) invasion prevalence. Excerpted
from Iannone et al. (2015)

Table 8.1 Common naturalized species of North America according to climate zones outlined in Walter and Breckle

(1991) and excerpted from Pysek et al. (2017)

Tropical and subtropical Mediterranean
Ricinus communis
Sonchus oleraceus
Bidens pilosa
Eleusine indica
Catharanthus roseus
Portulaca oleracea
Chenopodium murale
Erodium cicutarium

Anagallis arvensis
Capsella bursa-pastoris
Chenopodium album
Medicago sativa
Chenopodium murale
Melilotus indicus
Amaranthus hybridus
Centaurea melitensis
Medicago polymorpha

Chenopodium album

Marrubium vulgare

the remaining native species (Moore and Owens
2012) and little to no changes in water yield
(Doody et al. 2011; Moore and Owens 2012).
Alterations to the hydrology of the ecosystem as
a result of invasion depend largely on the species
involved and site-specific conditions (Dye and
Jarmain 2004; Doody et al. 2011; Cavaleri et al.
2014). Changes in hydrology are not only caused
by invasion of woody plant species; some herba-

Stellaria media
Brassica rapa

Datura stramonium
Echinochloa crus-galli
Poa annua

Temperate Arctic

Lolium perenne Alopecurus pratensis
Chenopodium album Dactylis glomerata
Capsella bursa-pastoris Phleum pratense

Leucanthemum vulgare
Matricaria matricarioides
Poa annua

Trifolium pratense
Fallopia convolvulus
Lamium amplexicaule

ceous invasive species have been shown to alter
water cycling. For example, in annual grasslands
in western North America, yellow starthistle
(Centaurea solstitialis) has increased summer
water use by 105-120 mm year~! (Gerlach 2001;
Levine et al. 2003). Invasive annual grasses with
shallow root systems, such as cheatgrass (Bromus
tectorum), can change hydrology by competi-
tively excluding deeper-rooted native perennials
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(Dyer and Rice 1999; Bradley et al. 2018; Fusco
et al. 2019).

While fires are natural events in many ecosys-
tems, invasive species can alter fire regimes, and
there are many examples of invaders increasing
fire frequency. This is particularly true of inva-
sions of grasses into otherwise woody species-
dominant systems; some non-native grasses
create a more continuous fuel bed that was not
previously found in the invaded system (Levine
et al. 2003; Fusco et al. 2019). B. fectorum in par-
ticular has been found to dramatically accelerate
fire regimes in western North America (Brooks
et al. 2006; Balch et al. 2013; Bradley et al.
2018). In a study exploring fire frequency in the
Great Basin, United States, from 1980 to 2009,
where B. tectorum dominates at least 6% of land-
scape, B. tectorum was found to burn nearly four
times more frequently than any other type of
native vegetation (Balch et al. 2013). Fires were
more likely to ignite in cheatgrass than in other
types of vegetation, and cheatgrass was associ-
ated with increased fire frequency, size, and dura-
tion, suggesting even small amounts of cheatgrass
in an ecosystem can increase fire risk and alter
fire regimes (Balch et al. 2013; Bradley et al.
2018). Most of the native shrub species cannot
persist in locations where B. fectorum increases
fire frequency (Whisenant 1990; Brooks et al.
2006). In addition to B. tectorum, Fusco et al.
(2019) found evidence for significant alteration
to regional fire regimes for seven additional inva-
sive grass species in different ecoregions of the
United States: Taeniatherum caput-medusae in
the Great Basin, Pennisetum ciliare and Schismus
barbatus in the desert southwest, Microstegium
vimineum and Miscanthus sinensis in eastern
temperate deciduous forests, and Imperata cylin-
drica and Neyraudia reynaudiana in southern
pine savannah and pine rockland communities.
These eight invasive grass species are associated
with increases in rates of fire occurrence of
27-230% in the United States (Fusco et al. 2019).

In contrast, the invasion of stem-succulent
plants can increase the moisture content of live
fuels, making it more difficult for fires to ignite
and spread (Brooks et al. 2006). The reduction of
fires in some regions of North America reduces

the recruitment and growth of native shrub spe-
cies (D’ Antonio et al. 1993; Brooks et al. 2006).
Invasion of the non-native succulent, hottentot-
fig (Carpobrotus edulis), has become a common
event after a fire in the maritime chaparral in
California, USA (Zedler and Scheid 1988). In
this case, the invasion of C. edulis reduces fire
frequency and can eventually lead to the conver-
sion of maritime chaparral to a mix of succulent-
and shrub-dominated vegetation (Brooks et al.
2006).

8.4.2 Consequences
for the Displacement of Native
Species by Non-native Plants

Invasive plant species displace and suppress pop-
ulations of native plant species, which can have
significant economic as well as ecological
impacts on plant communities. For example, yel-
low starthistle (Centaurea solstitialis), which
infests rangelands, is unpalatable to cows and
toxic to horses and costs California $7.65 million
annually in livestock forage loss and ranchers an
additional $9.45 million in out-of-pocket expen-
ditures (Eagle et al. 2007; Pejchar and Mooney
2009).

The impact of invasive species on agriculture
is not just felt in terrestrial agriculture, but also in
aquatic food production (Pejchar and Mooney
2009). Eurasian watermilfoil (Myriophyllum spi-
catum) is one of the most widely distributed non-
native aquatic plants in North America; the weed
is established in 48 states (expect Hawaii and
Wyoming) and in the Canadian Provinces of
British Columbia, Ontario, and Quebec (U.S. Fish
& Wildlife Service 2018). Myriophyllum spica-
tum has high environmental and socio-economic
impacts as well as moderate beneficial impacts in
the Great Lakes. The environmental impacts of
M. spicatum included a potential reduction in the
abundance and diversity of non-native insects
and other benthic macroinvertebrates compared
to native communities (Keast 1984), a reduction
in the growth and vigor of warm-water fishery,
and a reduction in nutritional value for waterfowl
compared to native plants it replaces (Aiken et al.



8 Plant Invasions in North America

177

1979). The species can alter the hydrology of
waterbodies and create stagnant water conditions
for parasites that cause swimmer’s itch and pro-
mote mosquitoes (Jacobs and Margold 2009).
Further, dense mats of M. spicatum can reduce
water flow or clog agricultural, residential, or
commercial water intakes, which can be expen-
sive to unclog (Jacobs and Margold 2009;
U.S. Fish and Wildlife Service 2018).

In addition to altering agroecosystems, inva-
sive plants also have consequences for the biodi-
versity of native plant communities. Researchers
often suggest strong competitive effects of
invasive species on the growth, reproduction, and
resource allocation of native residents as a mech-
anism for plant invasion (Levine et al. 2003).
Dyer and Rice (1999) found that non-native
annual vegetation changed seasonal patterns of
resource availability in California’s inland grass-
lands. Here, increased competition for light in the
spring, when rapid growth of annuals tends to
occur, suppresses the growth of native perennial
bunchgrasses and reduces access to belowground
resources through competitive inference. These
changes in resource availability eventually result
in the loss of perennial grasses, general domi-
nance of non-native annual species, and a relative
underutilization of deep soil resources. This
example shows how phenology of non-native
species and the seasonal shifts in resource avail-
ability as a result of their dominance can shift the
primary limiting resource from soil moisture to
light and alter the seasonal timing of resource
limitation (Dyer and Rice 1999).

In addition to affecting biodiversity through
competition and by changing disturbance
regimes, non-native plant species have been
found to affect native plant species by hybridiz-
ing with them. Hybridization can have evolution-
ary consequences; native species can be reduced
or lost as native genes are diluted by invasive
genes. Hybridization can play a role in the suc-
cessful spread of invasive plants, hybrids, and
their genes (Ellstrand and Schierenbeck 2000;
Blair and Hufbauer 2010). Hybridizations can be
interspecific or intraspecific, so it is possible that
a hybridization event among well-differentiated
populations within the same species may act in

the same way as hybridization among species and
serve as a stimulus for the evolution of invasive-
ness (Ellstrand and Schierenbeck 2000). One
intraspecific hybridization event(s) that increased
invasiveness in North America took place in B.
tectorum. Bromus tectorum in North America
was found to have greater within-population
genetic variation than populations in its native
range, likely the result of hybridization of popu-
lations from multiple introductions (Novak and
Mack 1993; Ellstrand and Schierenbeck 2000).
Invasive species with the ability to hybridize
may benefit from evolutionary novelty and/or
increased genetic variation. These properties may
provide genetic material for rapid adaptation to
abiotic and biotic conditions (Blair and Hufbauer
2010). Typha x glauca (Typhaceae) is a hybrid
between T. latifolia (native) and T. angustifolia
and is aggressive in disturbed wetlands in the
eastern United States, such in the Great Lakes
wetlands, especially when watersheds are urban-
ized (Zedler and Kercher 2004; Frieswyk and
Zedler 2007). This species is sterile, but offspring
spread aggressively through rhizomes that crowd
out native species (Zedler and Kercher 2004). As
mentioned  previously, knotweed species
(Fallopia spp.) hybridize in the United States but
do not appear to have hybridized in their invasive
range in Europe (Grimsby et al. 2007).
Hybridization among knapweed species
(Centaurea spp.) makes these plants some of the
most economically and ecologically detrimental
introduced plants in western North America
(Watson and Renney 1974; Blair and Hufbauer
2010). These species are capable of hybridizing
with other knapweeds: Centaurea x psammog-
ena is a hybrid between two non-native plants,
spotted knapweed (C. stoebe) and diffuse knap-
weed (C. diffusa). Debate around Centaurea x
psammogena has suggested that the plants are
diffuse knapweed, expressing variable genotypes
as a result of loose gene control (Watson and
Renney 1974; Blair and Hufbauer 2010). More
sophisticated genetic techniques have now made
it possible to explore whether this hybridization
in fact occurred. Blair and Hufbauer (2010)
explored the hybridization of these two knap-
weeds at the molecular level and found hybrid-
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ization had occurred in some individuals, but
plants with intermediate morphology did not
show evidence of mixed ancestry more often than
plants with typical morphology of diffuse knap-
weed. Thus, in North America, sites that have
both diffuse and spotted knapweed will likely
include hybrid swarms (Blair and Hufbauer
2010).

8.4.3 Impacts on Soil Properties

and Nutrient Cycling

Plants also modify the physical and chemical
nature of the soil, altering biogeochemical pro-
cesses and soil structure (Weidenhamer and
Callaway 2010; Fei et al. 2014). Invasive plants
primarily impact geomorphic properties of an
ecosystem through bioprotection or bioconstruc-
tion (Fei et al. 2014). Bioprotection effects are
properties that reduce or inhibit erosion or weath-
ering, whereas bioconstruction refers to sedimen-
tary accretion caused or facilitated by invasive
species or through formation of organically dom-
inated surface layers (e.g., leaf litter; Fei et al.
2014). Many invasive plants were originally
introduced to novel ecosystems because they
have geoprotective properties. A classic example
in North America is the introduction of a vine
native to Asia, kudzu (Pueraria montana), to the
southeastern United States for erosion control.
Pueraria montana forms a dense protective cover
trapping sediments and infilling eroded gullies;
however, since its introduction kudzu has over-
whelmed the landscape in some areas, engulfing
fields, trees, poles, and abandoned dwellings
(Winberry and Jones 1973; Fei et al. 2014).
Similarly, European beachgrass (Ammophila
arenaria) was introduced into San Francisco’s
Golden Gate Park from northern Europe around
1869 with the intention of stabilizing sand dunes
(Lamb 1898; Schroeder et al. 1977; Dukes and
Mooney 2004). Ammophila arenaria has since
colonized dunes along much of the US Pacific
coast (Dukes and Mooney 2004). This species is
thought to have become invasive for several rea-
sons: (1) multiple introductions and introduc-
tion sites, via widespread planting of A. arenaria

for 100 years after introduction (Wiedemann
and Pickart 1996); (2) rapid within-site spread,
through lateral growth of rhizomes; and (3)
effective dispersal, as living rthizome fragments
can wash down shore and colonize new loca-
tions (Wallén 1980). Ammophila arenaria col-
lects sand more effectively than the previously
dominant native dune grass Leymus mollis
(Dukes and Mooney 2004; Barbour et al. 2007).
This results in the development of steep, con-
tinuous foredunes, as high as 10 m, along the
coast (Wiedemann and Pickart 1996). These
large foredunes may inhibit active inland dune
systems from collecting sand, resulting in more
static systems that do not allow for establish-
ment of native plants (Dukes and Mooney
2004).

In addition to bioprotective properties, non-
native plants also impact geomorphology through
bioconstruction by altering sediment deposition
or litter accumulation rates (Dukes and Mooney
2004; Fei et al. 2014). In riparian ecosystems,
salt cedar (Tamarix spp.) encroachment upon for-
merly unoccupied sandbanks along riverbanks
has resulted in stabilization of sediments and
slowed water velocity (Blackburn et al. 1982). As
water movement is reduced, sediment deposition
increases further and river channels narrow,
increasing the flooding frequency of rivers
(Blackburn et al. 1982). Like Tamarix, other
freshwater invasive plants have been shown to
increase sedimentation. Floating plants such as
water hyacinth (Eichhornia crassipes) increase
sedimentation through their complex root struc-
ture (Gopal 1987), and emergent plants such as
papa grass (Urochloa mutica) and submerged
plants such as water thyme (Hydrilla verticillata)
increase sediment accumulation rates by reduc-
ing flow velocity and litter accumulation
(Langeland 1996; Bunn et al. 1998). Other inva-
sive plants can accelerate erosion (Dukes and
Mooney 2004; Fei et al. 2014). For example,
spotted knapweed (Centaurea maculosa) dis-
placed native bunchgrasses throughout many
rangelands of western North America (Tyser and
Key 1988; Lindquist et al. 1996). The presence of
C. maculosa results in greater losses of sediment
and greater runoff from areas dominated by this
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species than bunchgrass communities (Lacey
et al. 1989).

Through these types of alterations to geomor-
phic properties, invasive plants can alter soil
chemical and physical properties, influencing
nutrient availability. Invasive species frequently
have higher specific leaf area, growth rate, and
leaf nutrient concentration compared to their
native counterparts; these traits have the potential
to accelerate decomposition and nutrient cycling
(Allison and Vitousek 2004; Liao et al. 2008;
Weidenhamer and Callaway 2010). For example,
in deciduous forests in North America, areas
invaded by garlic mustard (Alliaria petiolata), a
biennial forb from Europe, have soils with sig-
nificantly higher nutrient availability and soil pH
(Reinhart and Callaway 2006; Rodgers et al.
2008). This may be the result of the significantly
higher rates of leaf decomposition of this species
compared to native trees (Reinhart and Callaway
2006; Rodgers et al. 2008). Higher nutrient con-
tents in soils have also been found in western
North America with the invasion of cheatgrass
(B. tectorum; (Blank 2008) and the succulent,
hottentot-fig (Carpobrotus edulis Renz and Blank
2004; Reinhart and Callaway 2006).

The examples above demonstrate the interwo-
ven relationships of plants and soil biota known
as plant-soil feedbacks (Reinhart and Callaway
2006). These feedbacks are considered positive
when plant species increase beneficial soil biota,
including mycorrhizal fungi, nitrogen-fixing bac-
teria, and other soil organisms that increase plant
growth. Plant-soil feedbacks are considered neg-
ative when plants boost the abundance of soil-
borne pathogens, herbivores, and parasites
(Reinhart and Callaway 2006). In some invaded
ecosystems, plant invaders promote soil biota
that may even promote the establishment and
invasion of non-native species, making plant-soil
feedback processes an important component of
invasion (Callaway et al. 2004). Rare species in
North America consistently demonstrate negative
feedbacks with soil microbes that promote bio-
logical diversity; conversely, abundant non-native
and native species tend to produce positive feed-
backs that can reduce biodiversity. Positive feed-
backs occur when a plant species accumulates

microbes near their roots that have beneficial
effects on the plants that harbor them, such as
mycorrhizal fungi or bacterial nitrogen fixers,
which can lead to a reduction in biodiversity.
Negative feedbacks occur when plant species
accumulate pathogenic microbes in their rhizo-
spheres that create increasingly hostile condi-
tions to the plants that cultivate these pathogens,
resulting in increased species turnover rates and,
therefore, greater diversity. For example, soil
microbes obtained from European soils in the
native range of spotted knapweed (C. maculosa)
were found to have stronger inhibitory effects on
that plant’s growth than soil microbes in its non-
native range within North America. In soils from
North America, C. maculosa cultivated soil biota
that had increasingly positive feedbacks on its
growth, which may contribute to the success of
this species on this continent (Callaway et al.
2004).

8.5 Policy and Legislation

for Invasive Plants

North America has accumulated more invasive
plant and animal species than any other continent
(Fig. 8.5), and non-native species numbers are
projected to continue to increase over the coming
decades (Hulme 2009; Seebens et al. 2017,
2021). National legislation and international
agreements have been developed in the last 100
years in attempts to reduce threats from non-
native species to biodiversity, the economy, and
human well-being (McGeoch et al. 2010; Seebens
et al. 2017). Without legislation and international
agreements, the number and impact of invasive
species would probably be much greater (Seebens
et al. 2017). Countries in North America are
addressing non-native species in a variety of
ways (Table 8.2), and there is a patchwork of
additional legislation at state and local levels
(Pyke et al. 2008; McGeoch et al. 2010). Much of
this legislation focuses on prevention measures,
as these are more cost-efficient and effective than
combatting invasive species after their establish-
ment and bearing the environmental and eco-
nomic costs of invasion. Prevention measures are
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Fig. 8.5 Predicted

Vascular planys

developments of alien,

vascular plant species |
numbers on different 6,000
continents until 2050. 5,000 -
The dots represent 7]

means of up to 100 Q 4,000 4
model runs. The shaded % 3.000 4
area represents the full Q. b

range of predicted n 2,000 -
trajectories. Excerpted

from Seebens et al. 1 ,000 "

2021
(2021) 0

¢ Africa
* Temperate Asia
® Tropical Asia
Pacific Islands

- ® Northern America
Fuieet®| & Southern America
: ¢ Australasia
: ® Europe

1800

1900 2000

Table 8.2 Websites and examples of legislation for information on invasive plants by country

Country Government website(s) for more information

USA https://www.fws.gov/invasives/laws.html
https://plants.sc.egov.usda.gov/java/

Canada https://www.canada.ca/en/services/
environment/wildlife-plants-species/invasive-
species.html

Mexico https://www.cbd.int/invasive/doc/legislation/

Mexico.pdf

diverse, ranging from prohibitions on import,
possession, or release of certain species to educa-
tion to prevent accidental introduction of a spe-
cies by the public (Pyke et al. 2008). Rapid
response to initial sightings of a non-native plant
species can be important for preventing subse-
quent invasion. For example, Caulerpa taxifolia,
an invasive marine algae, was discovered in
California in June 2000. Because C. taxifolia had
a well-known 15-year history of spread in the
Mediterranean Sea, this species was already on

Examples of national-level legislation

Nonindigenous Aquatic Nuisance Prevention and Control
Act of 1990

Lacey Act

Executive Order 13112

Nutria Eradication Control Act

Alien Species Prevention and Enforcement Act

Plant Protection Act

National Invasive Alien Species Strategy

Bioinvasion and Global Environmental Governance: The
Transnational Policy Network on Invasive Alien Species
Agencies involved in Policy Network:

1. The National Commission for Agricultural and Animal
Health (CONASAG)

2. The National Commission for the Knowledge and Use
of Biodiversity (CONABIO)

3. The Secretary of Environment and Natural resources
(SERMANAT)

4. The Federal Office for Environmental Protection
(PROFEPA)

5. National Commission on Aquaculture and Fisheries
(CONAPESCA)

the US Federal Noxious Weed List in 1999. This
awareness facilitated mobilization of a large
number of state, federal, and local agencies, as
well as private groups and non-governmental
organizations (Anderson 2005), and the two pop-
ulations in California were considered eradicated
in June 2006 (NOAA 2019).

In this era of globalization, it is projected that
naturalization of non-native species will continue
in North America. At the same time, as green-
house gas emission rates continue to rise, climate
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change is also increasingly affecting North
America’s ecosystems and the economy. Invasive
plants and climate change are often treated as
important, but independent, environmental
issues. To date, there has been limited investment
into forecasting how global climate change could
shape future invasions, or how invasive species
may affect the magnitude, rate, and impact of cli-
mate change (Pyke et al. 2008; Ricciardi et al.
2017). Thus, as new policies are developed in
North America for invasive species, it will be
beneficial to consider the implications of climate
change and to develop policies that consider the
interactions between invasive species and climate
change that may combine to increase invasion
risk to native ecosystems (Pyke et al. 2008;
Bradley et al. 2009; Ricciardi et al. 2017). A
changing climate creates risk as the climatic
range for a given invasive species may expand
into some new areas, but may also create oppor-
tunities for ecosystem restoration on invaded
lands that have become climatically unsuitable
for the invasive species (Bradley et al. 2009).
Bradley et al. (2009) found that climate change
can result in the potential for both range expan-
sion and contraction of invasive plants in the
western United States using habitat suitability
modeling. Their analysis suggested Centaurea
solstitialis and Tamarix spp. ranges are likely to
expand with climate change, whereas Bromis
tectorum and Centaurea stoebe are likely to shift
in range, leading to both expansion and contrac-
tion (Bradley et al. 2009).

8.6  Conclusions

North America has more recorded naturalized
plants than any other continent, and this number
is expected to rise in the future as a result of
human-related activities like transportation, agri-
culture, and climate change (van Kleunen et al.
2015; Pysek et al. 2017; Ricciardi et al. 2017).
The naturalization of these non-native species is
often attributed to plant life history traits, and in
North America, habitat legacy, propagule pres-
sure, and residence time have been found to be
important driving forces for non-native species to

become invasive (PySek et al. 2015). These spe-
cies are often distributed disproportionately
across the continent, with the majority of non-
native species being found in the colder temper-
ate and Mediterranean climate zones (PySek et al.
2017). Invasive non-native plants threaten eco-
systems, habitats, and native species and are key
drivers of human environmental change in North
America. Challenges associated with plant inva-
sions are likely to grow, as international trade
continues and environmental changes influence
the rate and consequences of future invasions
(Pyke et al. 2008; Ricciardi et al. 2017).
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