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Introduction

Invasive species are typically defined as species introduced by humans (intentionally or
unintentionally) to a region outside their historical native range, that have subsequently established
self-sustaining populations (naturalised) and spread widely, negatively impacting biodiversity
and ecosystem impacts [1]. Biological invasions are a major component of global environmental
change [2]. Every continent harbours invasive species representing many taxa, and new invasions
will likely increase along with global trade volumes and connectivity [3].
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Human-made or natural disturbances can promote biological invasions through competitor
removal and increased resource availability [4]. While cold or arid climates can explain the persis-
tence of primary grassland (see Chapter 3), elsewhere they are maintained by regular disturbance,
through fire, wild or domestic animal herbivory or trampling (see Chapters 13 and 14). Grasslands,
savannas, and rangelands (referred to collectively as ‘grasslands’) are also subject to human-wrought
disturbances, including fertilisation and soil ploughing. Natural or human disturbances combined
with high propagule pressure (the number of individuals introduced and frequency of introduction
events) increase the probability of introduced species becoming naturalised and invasive [5]. High
propagule pressure could result from direct seeding with forage species, or propagules dispersing
from nearby sites. Although well documented by scientific literature for many parts of the world,
non-native plant invasions have not been summarised and reviewed across grasslands worldwide.

Here, we first provide a summary of data on naturalised and invasive plants found in grassland
habitats, available from the SynHab database [6], which catalogues introduced plant species occur-
rences in different habitat types from multiple sources at the country or state/province level (referred
to as ‘regions’) based on information in published floras. Although habitat information from floras
is not standardised, our approach provides a first approximate estimation of naturalised plant species
numbers and identities in grasslands. We then review documented examples of invasive plants and
their impacts in grassland ecosystems for each continent. Our plant focus reflects the volume of plant
invasion research [7], but we also dedicate a section to animal invasions. Finally, we consider how
grassland invaders are managed. We use the term ‘grassland’ broadly, covering primary and second-
ary grasslands that may or may not be grazed by livestock, savannas, and rangelands (see Chapter 3).

Naturalised and invasive plants in the SynHab database

We used naturalised plant species records in grasslands that represented 84 regions. Species were
assigned the status of ‘invasive’ for a region if described as such by the data source, and we grouped
species within ‘continents’ according to the World Geographic Scheme for Recording Plant Distribu-
tions (Africa, Antarctic, Asia [Temperate+Tropical], Europe, Northern America, Southern America,
Pacific Islands) [8]. Life form (annual/biennial versus perennial) was obtained from the GloNAF
database [9] and the World Checklist of Vascular Plants [10,11], which we also used to standardise
species names and families. We specifically answered four questions with this dataset.

What are the most widely naturalised plant species in grassland habitats?

We identified 11 species occurring in 23 to 17 regions (Table 16.1). Erigeron canadensis — a wind-
dispersed weed of disturbed areas — is the most widespread. All but one species (Lantana camara
agg.) are herbaceous, with six from temperate Eurasia. Cynodon dactylon is widely introduced in
the Americas as a turf grass, and Paspalum dilatatum was introduced to many regions for forage
and grazing.

How many naturalised and invasive plant species are there per continent?

SynHab records 2,722 naturalised plant species in grasslands. Except for the Antarctic and Pacific,
all other continental regions have more than 500 naturalised plant species in grasslands, and of these
only Northern America has fewer than 100 plant species that are considered invasive (Table 16.2).
Note that the percent coverage of continents by regions with data in the database is variable, which
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Table 16.1 The 11 most widely naturalised plant species in grassland habitats, according to the SynHab
database [6]

# Regions  Species Family Life form Origin

23 Erigeron canadensis Asteraceae Annual/biennial North America

19 Trifolium repens Fabaceae Perennial Eurasia

19 Plantago lanceolata Plantaginaceae Perennial Eurasia

19 Taraxacum officinale agg.  Asteraceae Perennial Eurasia

18 Cirsium vulgare Asteraceae Annual/biennial Eurasia/Africa

18 Cynodon dactylon Poaceae Perennial Eurasia/Australia/
Africa

18 Poa annua Poaceae Annual/biennial Eurasia

17 Lantana camara agg. Verbenaceae Perennial (shrub) Tropical America

17 Oxalis corniculata Oxalidaceae Perennial Asia

17 Lolium perenne Poaceae Annual/biennial Eurasia/Africa

17 Paspalum dilatatum Poaceae Perennial South America

# Regions = number of regions around the world where a species is known to be naturalised in grasslands.

Table 16.2 Number of naturalised and invasive plant species known to occur in grasslands of regions with
data available from the SynHab database, per continent

Continent (% area represented Grassland formations #Naturalised species;

by regions) # invasive species
Australasia (13) ASFMG, MSGFM, TGMS, TLSGS 548; 131

Africa (41) MSGFM, TGMS, TLSGS, TMSGS, WSDSG  933; 139

Europe (34) ASFMG, CSDSG, TGMS 820; 150
Northern America (23) CSDSG, MSGFM, TGMS, WSDSG 514; 51

Southern America (19) CSDSG,TGMS, TLSGS, TMSGS 635; 114

Asia (49) ASFMG, CSDSG, TGMS, TMSGS 417; 189
Antarctic (14) B 88; 0

Pacific (9) B 9;0

Also shown are the % of each continent’s area (ice-free for mainland Antarctica) represented by Syn-
Hab regions, and the International Vegetation Classification natural grassland formations represented (see
Chapter 3): ASFMG = Alpine Scrub, Forb Meadow & Grassland; CSDSG = Cool Semi-Desert Scrub &
Grassland; MSGFM = Mediterranean Scrub, Grassland & Forb Meadow; TGMS = Temperate Grassland,
Meadow & Shrubland; TLSGS = Tropical Lowland Shrubland, Grassland & Savanna; TMSGS = Tropical
Montane Shrubland, Grassland & Savanna. Secondary grasslands are likely present everywhere. Note:
Antarctica is represented only by the Falklands/Malvinas.

will affect absolute numbers, and species records will include both secondary and primary grasslands.
Estimated numbers of naturalised and invasive plants will change as more habitat data become avail-
able from floras (especially for Southern America, the Pacific, and Australasia).

What is the representation of annuals/biennial species compared to perennials?

Only 6% of vascular plant species globally are annual [12], and we assess if this proportion is
reflected among naturalised and invasive plants of grasslands. Most naturalised plant species were
perennials for six continents, while Asia, Australasia, and Southern America had slim majori-
ties for annual/biennial species (Figure 16.1a). Invasive annuals/biennials formed the majority
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Figure 16.1 Proportion of (a) naturalised and (b) invasive plant species in grasslands, which are annual/
biennial or perennial, per continent. Life form information was available for 2,620 species
naturalised in grasslands somewhere in the world. » = number of species per continent.

in only Asia and Africa (Figure 16.1b). Only 22% of all known naturalised plants worldwide are
annual [13], so percentages of annual/biennial species found in grasslands are relatively high. This
could reflect high propagule pressure of (largely unintentionally) introduced annual agricultural
weeds, and an ability of annuals to capitalise on grasslands’ frequent disturbance events and pulses
of increased resource availability [13].

Which plant families are the most represented by naturalised plant species
per continent?

Naturalised Poaceae reached the top-ten most represented families in Southern and Northern
America, Europe, Temperate Asia, and the Antarctic, but the Brassicaceae (mostly herbaceous),
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Iridaceae (geophytes), and Rosaceae (woody and non-woody perennials) were better represented
than Poaceae in most continents (Figure 16.2). Many Brassicaceae species were probably intro-
duced as crop or agricultural weed species to new continents, while many Iridaceae and Rosaceae
species were introduced as garden ornamentals.

In summary, based on the data available, the most globally widespread naturalised plant species
of grasslands tend to be herbaceous, likely due to intentional or unintentional introductions into
secondary grasslands for agriculture [14]. While the majority of species in grasslands are peren-
nial for most continents, annual/biennial species representation is high compared to global floras.
Comparing life histories and growth forms of naturalised plants with native grassland floras might
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Figure 16.2 Top-ten most represented plant families with naturalised species in grasslands per continent.
Circles represent the percentage of all naturalised species in the grasslands of a continent from
each family.

236



How naturalised species reshape prairies, Pampas, and savannas

reveal if these attributes play a role in grassland invasion success. Finally, the Poaceae and Aster-
aceae are represented by relatively low numbers of species recorded in grasslands. However, spe-
cies numbers cannot capture the impacts that individual species can have on invaded grasslands.
Thus, we review documented examples of impactful invasive plants (per continent) and then ani-
mals, in grassland systems.

Examples of invasive species in grasslands per continent

Africa

In Africa, most research on invasive plants comes from Southern and East Africa. In South
Africa, invaders of the ‘Grassland Biome’ [15] comprise mainly woody species, though many
occur primarily in riparian habitats within the biome, where their success is driven by river
dynamics [16]. South African grasslands also have a notable paucity of grass taxa in important
invader lists [17]. Several shrub species have spread very rapidly over large parts of South
Africa’s grassland biome, the best example being pompom weed (Campuloclinium macroceph-
alum) which spread very rapidly throughout most parts of the biome since it was first reported
in the 1960s [18]. Pyracantha angustifolia has rapidly invaded and transformed especially
high-altitude grasslands [19]. Woody plant invasions in South African grasslands have had
major hydrological impacts, due to their deep roots and the massive increases in biomass they
generate [20]. Such impacts justify large-scale invasive plant management through the national
Working for Water programme.

In East Africa, the annual herb Parthenium hysterophorus disrupts native plant pollination net-
works [21], and reduces native plant diversity in Tanzania’s rangelands [22], Ugandan savanna
[23], and Ethiopian grazing lands [24]. However, native plant species may evolve and eventually
coexist with P. hysterophorus [25]. The cactus Opuntia stricta is widespread and abundant in parts
of Kenya, Tanzania, and Ethiopia [26]. In Nairobi National Park, L. camara invasion alters soil
chemical properties [27], while Opuntia ficus-indica can facilitate native plants through protection
from intense ungulate herbivory [28]. In Kenya and Ethiopia, the drought-resistant tree Neltuma
Jjuliflora (Mesquite) has encroached on arid and semi-arid pastureland, reducing native plant spe-
cies diversity [29,30].

Plant invasions can impact people’s livelihoods in Africa. O. stricta in Kenya [26], the peren-
nial herb Chromolaena odorata in Tanzania [27], and L. camara in Uganda [27] all threaten local
livelihoods through effects on livestock grazing and forage quality. In Kenya [29,31] and Ethiopia
[30], NV. juliflora invasion is associated with several negative socioeconomic impacts in pastoral
communities (income loss, human and livestock poisoning, snakebite risk, and allergic reactions),
but can also confer multiple benefits as materials, charcoal, and soil restoration [30,31].

Antarctic

Ice-free locations on the Antarctic peninsula, and nearby and more distant sub-Antarctic islands
harbour several invasive plant species, notably Poa annua [32]. In South Georgia, P. annua and sev-
eral other naturalised European grasses and forbs are colonising and spreading into areas recently
deglaciated due to warming [33]. This region may develop novel communities with northern
hemisphere grass species as an important component. South Georgia has native grass-dominated
vegetation on its coastal fringes and peninsulas, and it is unknown if these species-poor communi-
ties will become more vulnerable to invasion as the climate warms. In the Falklands/Malvinas,
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extensive grasslands are under threat from invasion by the evergreen, bird-dispersed spiny shrub
Berberis darwinii (Calafate), native to southern Chile and Argentina [34].

Asia

Asia is home to vast grassland systems (see Chapter 3), and most invasion research comes from
China and India, with knowledge gaps for temperate grasslands of the former Soviet Union. The
Steppe of Mongolia and Northern China harbours at least 108 introduced plant species [35,36],
and there are at least two impactful invasive plants: the North American grass Cenchrus long-
ispinus and the perennial Solanum rostratum. C. longispinus has sharply barbed fruits that can
injure grazing livestock, and its spines degrade fur and wool product quality. Solanine (a neu-
rotoxin) in S. rostratum fruits renders them fatal to livestock when ingested, and the plant
threatens biodiversity in China’s northeast grasslands, outcompeting native plants under high
nitrogen deposition [37]. Hordeum jubatum and Oenothera biennis are naturalising in disturbed
steppe and saline grasslands of temperate Asia [38]. Large areas of Indian savanna are vulner-
able to multiple invasive plant species [39], including Neltuma laevigata, Mikania micrantha
and C. odorata [39]. In Nepal, Mikania is invading tall and short grasslands in Chitwan National
Park [40], while the shrub L. camara invades protected areas of Sri Lankan grassland [41].
P. hysterophorus has been a problematic weed of South Asian grasslands and rangelands [42]
since its accidental introduction as a cereal grain contaminant. The forb Sida rhombifolia is
invading Northern Iranian grasslands, and is spread by livestock and hay movement, but is
itself unpalatable [43]. Montane grasslands also harbour invasive plants, e.g., the perennial herb
Centaurea iberica in Himalayan grasslands [44].

Several invasive plants in Asian grassland systems impact wild mammal herbivores or live-
stock forage and grazing quality. For example, in India’s Banni grassland, N. laevigata inhibits
native forage grass growth [45], though native grasses have recovered after tree removal. In Nepal,
M. micrantha smothers and outcompetes native food plants of the greater one-horned rhinoceros
(Rhinoceros unicornis) [40]. Invasive Lantana may be replacing grasslands in Pandangaran nature
reserve (Java), with implications for fire regimes and wild buffalo (Bos javanicus) habitat suit-
ability [46].

Australasia

While human disturbance and conversion of vegetation occurred in Australia and New Zealand long
before British colonialism [47,48], it was after Europeans’ arrival and expansion of pastoralism in the
1800s that invasive grasses were widely introduced to increase pastoral productivity [49,50]. At least
330 and 250 grass species have been recorded as naturalised in Australia and New Zealand, respec-
tively. Many native grasslands managed for grazing contain a high proportion of impactful invasive
grasses that are often among the most problematic invaders. Invasive grasses often outcompete and
reduce the diversity of native plants, particularly at more productive sites. Some grasses can reduce
forage quality, for example, Nassella trichotoma is a perennial tussock-forming grass invasive in
both Australia and New Zealand, which is unpalatable to stock and forms extensive monocultures.
Invasive grasses can also modify the frequency and intensity of fire, and thus act as ecosystem trans-
formers. In this regard, two species stand out as particularly problematic in Australia: Cenchrus
ciliaris (Buftel grass) and Andropogon gayanus (Gamba grass).

C. ciliaris dominates many semi-arid pastoral lands with the potential to invade two-thirds
of mainland Australia [51]. This grass forms dense swards, outcompeting native species, and
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altering fire frequency and intensity by increasing fuel loads and creating greater connectivity
in otherwise sparsely vegetated areas [52]. C. ciliaris is, however, economically important to the
livestock industry and is not listed in the weed legislation of any Australian state, with only a few
regional-level attempts to manage its spread and impacts [51]. Since large-scale plantings began
in northern Australia in the 1980s, A. gayanus has spread rapidly in savanna ecosystems. The
natural fire regime in this region involved frequent low-intensity ground fires, which maintained a
grass-savanna woodland. 4. gayanus, however, grows up to 4 m tall and produces up to five times
the biomass of native grass species, massively increasing the fuel load [53]. The resulting increase
in fire intensity can kill adult woody plants and substantially alter community structure [54].

Europe

Data from vegetation plots across Europe indicate low to intermediate levels of invasion com-
pared to other habitats and continents [55,56]. Even the widespread and locally abundant inva-
sive herbaceous plants Heracleum mantegazzianum [57], Solidago species [58], Senecio species,
and Reynoutria japonica [59] occur relatively infrequently at the European scale [56]. Many
European native plants have been moved within the continent. The most frequently occurring
neophyte (introduced after 1500) in grassland plots was the southeastern European herbaceous
forage legume Onobrychis viciifolia (common sainfoin), closely followed by the tall-statured,
wind-dispersed North American forbs Erigeron annuus and E. canadensis [56]. E. annuus and
several other herbaceous dicot species are invading meadows and open grasslands of the northern
Steppe in European Russia [60]. However, across Europe, no species listed above occurred in
more than 1.5% of grassland plots [56]. Only one tree species (Robinia pseudoacacia) was among
the top 20 most frequently occurring species in grasslands in European regions [56]. Other notable
examples of woody invaders include Prunus serotina in ‘rough’ grassland, and Rosa rugosa in
sand dune communities [59]. From the habitat perspective, grasslands with sandy soils are more
frequently invaded (up to >30% of vegetation plots) than other grassland types, maybe because
the unstable substrates lead to disturbance gaps, aiding invader colonisation [56]. Further work is
needed to understand why other European grasslands are less invaded.

North America

The desert steppe in the U.S. and Mexico, and Pacific coast grasslands have been subjected to
novel grazing and fire regimes, and millions of hectares are dominated by invasive annual grasses
[61-63]. Bromus tectorum (cheatgrass) is one of several short-lived, fire-adapted grasses that
have altered fire regimes [64,65], leading to positive feedbacks and further invasion [66]. Domi-
nance by B. fectorum is associated with two- to four-fold higher fire frequency and larger fires
[63,64]. Impacts also include reduced plant and animal diversity, forage availability for livestock
and wildlife, and carbon storage [66—68]. Other invasive annual grasses include Avena barbata,
Bromus hordeaceus, and Hordeum murinum in California grasslands, and Bromus rubens and
Taeniatherum caput-medusae in the southwestern U.S. In contrast, large areas of semi-arid prairie
of the western Great Plains and western montane grasslands still exist as diverse native grasslands
with lower levels of invasion [69].

Invasive perennial grasses, forbs, and trees also have substantial impacts in North American
grasslands. Many species, such as Agropyron cristatum, Bromus inermis, and Poa pratensis, have
been planted for livestock forage or soil stabilisation and can form dense monocultures, reduc-
ing plant diversity [69,70]. In northern Mexico, C. ciliaris spreads unassisted from plantings,
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increasing fire frequency, reducing plant and animal diversity, productivity, and carbon storage
[71]. North American grasslands can become dominated by perennial forbs such as Euphorbia
esula and Centaurea stoebe in the Great Plains and foothill grasslands, and Centaurea solstitialis
in California grasslands [72]. Grassland conversion to shrublands or forests is also common in
some regions. For example, a single tree species, Triadica sebifera, is largely responsible for con-
verting much of the endangered southeastern U.S. coastal prairie to forest [73].

Pacific Islands

Pacific island grasslands are novel communities, largely composed of invasive introduced grass
species. Transformation of lowland areas from mosaics of woody species-dominated vegetation
types to grasslands is directly attributable to human arrival and subsequent conversion of lowland
plant communities to agricultural systems. The Hawaiian Islands provide the best-studied exam-
ple of vegetation conversion to invader-dominated grassland in the Pacific, and this development
arose historically after Polynesian arrival and European colonisation.

While Polynesian settlers played a pivotal role in reshaping the landscape of Pacific islands by
using fire to clear areas for agriculture and housing [74,75], arrival of Europeans greatly accel-
erated the conversion to grasslands, and water resource diversion, to accommodate sugarcane
cultivation. Scrubland was repurposed as grazing terrain for cattle and other grazing animals.
Deliberate or accidental introduction of fire-adapted grasses (e.g., Cenchrus setaceus, C. ciliaris,
Megathyrsus maximus), which burn swiftly and recover rapidly following fire, prevented native
vegetation recovery. This process initiates a grass/fire cycle wherein grasses replace native woody
species, degrading biodiversity in invaded areas [66].

South America

South American grassland ecosystems include tropical and temperate grasslands and open savan-
nas (see Chapter 3), and some are severely affected by intentionally introduced invasive plants that
are facilitated by human disturbance (e.g., ranching and silviculture). Most information available
on grassland invasions in South America comes from non-Andean grassland ecosystems.

In tropical savannas and grasslands, multiple African C4 grasses were introduced to improve
pastures for livestock feeding thanks to their exceptional productivity and nutritional value
[76,77]. Melinis minutiflora, Hyparrhenia rufa, M. maximus, A. gayanus, and several Urochloa
species have become major invaders in the savanna-like ecosystems of the Brazilian Cerrado and
Colombian-Venezuelan Llanos. These species often competitively exclude native plants, reduce
biodiversity [76], alter nutrient cycling and carbon dynamics [78], and greatly increase fire risk
due to high dry biomass production [79]. In temperate grasslands — the Pampas of southern Brazil,
Uruguay, and northeast Argentina — Eragrostis plana and C. dactylon reduce native herb diver-
sity, while E. plana is of low forage quality [80,81]. Arundo donax — a giant grass of likely Asian
origin — is highly dispersed in South American grazing lands [82]. Under climate change, several
grasses are expected to spread further [83].

Pinus trees were brought to South America mostly for timber and pulp production or, in some
cases, as ornamentals [84], and include North and Central American [76,84,85], and Mediterra-
nean species [84,85]. The invasion success of most species lies in their high reproductive capac-
ity and multiple introduction events [84,86]. Pine invasions in grasslands and savannas change
vegetation structure, altering light and water availability to native plants, nutrient cycling, and fire
regimes [87].
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Invasive animals

While literature on invasive animals and their impacts in grasslands is more limited than for plants,
documented examples of invasive animals fall into four key groups: mammal herbivores, omni-
vores and carnivores, and insects (especially ants).

A comprehensive dataset on invasive mammals in the Neotropics [88] records significant
mammal invasions in grasslands, particularly in Argentina, Brazil, Chile, Paraguay, and Uruguay,
including the herbivores European hare (Lepus europaeus) and feral horses (Equus ferus). Feral
horses are also controversially considered invasive in North America, having been extinct for
~10,000 years prior to reintroduction in the sixteenth century, and have substantial impacts on
plant communities, wildlife, and soils [89]. On Pacific islands, goats and sheep (Capra aegagrus
hircus and Ovis spp.) and deer species, including Asian spotted deer (A4xis axis) overgraze and
trample vegetation, compact soils, opportunistically consume native ground-nesting bird eggs,
and disperse invasive plant seeds [90,91]. Native grasslands in Australia and New Zealand are
also vulnerable to the impacts of invasive mammalian herbivores. Horses, goats, and several deer
species have significant impacts on Australasian grasslands through grazing and trampling (e.g., in
the Australian Alps [92]). In South America, 4. axis was introduced to Argentina in the early 1900s
for hunting, became invasive, and is advancing in Brazil [93]. For Europe, despite comprehensive
reports and listing, there is scant information available on the impacts of invasive mammals in
grasslands compared to other continents: many of the 16 invasive mammal species in the EU List
of Union Concern are not typically grassland species [94].

European rabbit (Oryctolagus cuniculus) impacts have been considerable in multiple countries.
Rabbits were introduced to Australia and New Zealand in the 1800s and contributed to major
grassland degradation. In central Chilean matorral, rabbits graze more on native forbs in open
grassland areas, resulting in an altered spatial distribution of forb populations under shrub cano-
pies [95]. Native grasslands on the sub-Antarctic Macquarie Island were overgrazed by rabbits,
leading to exposure of bare ground and erosion of soil and peat [96]. A rabbit eradication pro-
gramme has been successful, with no sightings since 2011 [97].

Wild pigs (Sus scrofa) are omnivores of conservation concern in South America, with potential
to establish widely in Cerrado and Pampas [98]. Wild pigs are also increasingly problematic in
New Zealand, the U.S. and Mexican grasslands [99]. Their impacts include competition with and
depredation of native wildlife species, disease transmission to livestock and wildlife, and increases
in disturbance with corresponding effects on native vegetation and plant invasion [99-101]. Simi-
lar impacts are reported from the Pacific [91], where novel grasslands also harbour rats (Rattus
spp.) and mice (Mus spp.), which prey on native bird eggs and chicks [102], disperse introduced
plant seeds, and consume the seeds of native species [103].

Examples of invasive mammal carnivores are less common than for herbivores. Feral dogs
(Canis familiaris) can have impacts on native mammals. Indian foxes (Vulpes bengalensis) in dry
grasslands of India suffer interference competition from feral dogs, with the result that foxes avoid
more disturbed human-dominated grassland areas despite higher rodent prey availability [104].
Feral dogs are also listed as impacting South American grassland systems through competition
with and predation on native animals [88]. In New Zealand, the early introduction of mustelids
(weasels, stoats, ferrets) to combat rabbits has been disastrous for native animals.

Several studies report surprising impacts of invasive ants, including trophic cascade impacts of
Pheidole megacephala on a Kenyan savanna [105], which disrupted native ant-Vachellia mutual-
isms. Consequently, Vachellia tree browsing by elephants (Loxodonta africana) increased, result-
ing in reduced tree density and increasing visibility for plains zebra (Equus quagga), ultimately
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leading to lions (Panthera leo) switching to other prey species. A succession of introduced ant
species has invaded grassland systems in the southeastern U.S. and Texas [106,107]. In Texan
savanna, invasive red imported fire ants (Solenopsis invicta) displaced native fire ants, disrupted
spatial patterns, and reduced diversity of native ant assemblages in wet, undisturbed environments
[108]. The more recently introduced crazy ant (Nylanderia fillva) can displace Solenopsis, reduc-
ing native arthropod species richness and abundance in Texan coastal prairie [106]. A notable inva-
sive insect in several Asian countries is the fall armyworm (Spodoptera frugiperda) [109]. While
primarily an agricultural pest, the armyworm is highly polyphagous (with >350 food plants) and
can occur in grasslands. Further research is needed to shed light on the extent and impact of insect
invasions in grassland ecosystems [107].

Management of grassland invaders

Prevention of invasive species introduction to a new area is always the most cost-effective approach
to preventing invasions. Effective legislation and biosecurity measures can minimise introduction
risk [110], but preventing all introductions of potentially invasive species will be impossible. Thus,
risk management of invasions in grasslands should prioritise prevention of invasive species incur-
sions and removal of nascent populations in areas of high conservation and socioeconomic value
[111]. Legislation can also codify and enforce species eradication and control. For example, N. #ri-
chotoma and N. neesiana are classed as weeds of national significance in Australia [112], a federal
designation that requires a strategic weed management plan coordinated across government. Eradi-
cation of invasive animals is more realistic on islands and for vertebrates (e.g., rabbits on Macquarie
Island). For prioritised plant species, there are typically four sets of tools for eradication or control:
mechanical, chemical (herbicides), biological (including biological control and grazing), and fire.

Mechanical control of invasive grasses has been tried with relative success, such as mowing
and clipping in South America [113], and mowing in Tiirkiye to prevent seed production of spiny
species [6]. In New Zealand, legislation in the 1940s established a government-funded programme
aimed at controlling the grass N. trichotoma by hand-grubbing on properties [114]. For smaller
tree populations of species that do not resprout after cutting or from roots, uprooting young plants
and cutting the mature ones close to the ground can be effective, although frequent fires have been
applied to kill pine trees in Brazil [115].

Chemical control of invasive grasses in South America with herbicides has been tried alone
[116] or with other techniques such as fire and uprooting [117]. In North America, invasive annual
grass management includes landscape-scale herbicide treatment. In Australia, 4. gayanus was
listed as a weed of national significance in 2012, and under legislation in several states must be
eradicated or managed where it occurs, primarily through herbicide treatment.

Grazing has been attempted for multiple invasive plant species across continents. In Brazil-
ian pastures, management through continuous or rotational grazing might reduce the invasion
of E. plana [80]. Targeted grazing and restoration of native communities have been used to bio-
logically control invasive annual grasses in semi-arid regions of North America. In South African
grasslands, grazing exclusion sometimes promotes invasions, but overall, human changes to fire
regimes and overgrazing seem to be more important than grazing cessation [118].

Classical biological control is a ‘last-resort” management tool for invasive species that are
too widespread and abundant for eradication to be possible. A cochineal bug (Dactylopius opun-
tiae ‘stricta’ biotype, Hemiptera) was introduced to Kenya in 2014 to control O. stricta [119],
which has shown significantly reduced reproduction at local scales. In East Africa, the parthe-
nium beetle Zygogramma bicolorata shows promise as a potentially effective control agent of

242



How naturalised species reshape prairies, Pampas, and savannas

P hysterophorus [120,121]. Invasive animals have also been subjected to biological control:
strains of calicivirus were introduced from the 1980s to Australia and New Zealand, replacing the
earlier myxoma virus as a successful rabbit control agent.

The Hawaiian Islands provide examples of approaches to managing invasive grasses and asso-
ciated fire risk [122]. Restoration efforts can use native species with fire-resistant characteristics
[123], and prescribed fire can be employed to control grasses, especially in areas where native
shrubs and grasses once co-occurred [124]. Experimental grazing may reduce fuel loads and sub-
sequent fire intensity effectively [125]. Whatever the region and management tool, the often vast
areas invaded, and the effects of other global change drivers (climate change, nutrient deposition)
represent major challenges to eradication and spread prevention.

Conclusions

Based on available data, widespread naturalised species in grasslands tend to be herbaceous. All
continents harbour naturalised plant species in grassland, many are annual/biennial, and several
families are well represented consistently across continents. However, only a small subset of natu-
ralised plants will be impactful invaders in primary grassland systems: further work is needed to
identify invaders of primary versus secondary grasslands, and whether they differ in the attributes
that make them successful. Examples of invasive plants in grasslands range from trees and shrubs
to tall-statured, fast-growing, and disturbance-adapted annual or perennial herbs. Invasive grasses
feature heavily on most continents, but not in Africa. Invasive plant impacts include changes to
vegetation structure (especially trees and shrubs) and fire regimes (especially the grasses), reduced
native plant diversity and forage availability for both wild mammal herbivores and domestic live-
stock, in what are often multiple-use systems. Invasive mammal herbivores, pigs and ants, can
have pervasive impacts in grasslands, and should be priority targets for management. Some inva-
sive taxa have similar impacts in multiple continents, for example, the plants P. hysterophorus
and Neltuma spp., African grasses (especially C. ciliaris), the European rabbit and multiple deer
species, and feral dogs and pigs. Sharing experiences across borders should serve to promote best
practices in the management of these impactful invaders.
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