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Species invasions pose one of the greatest threats to the maintenance and stability 

of biodiversity in ecosystems across the globe (Vitousek 1990). Plant species in particular 

are uniquely predisposed to successfully invade and establish themselves in novel 

habitats. In the United States alone invasive plants are responsible for nearly 35 billion 

dollars in economic and environmental damage. Grasslands are among the most 

productive ecosystems in the US and their biodiversity is threatened by continual 

introduction of alien grass species. These invasive grasses have a variety of direct and 

indirect effects on native grassland communities and have the ability to alter fire regimes, 

displace native species, and simplify grassland food webs. Little is known about the 

impacts invasive grasses have to amphibians and reptiles but there is evidence to suggest 

that these and other small organisms suffer direct mortality, impoverished prey sources, 

and reduced reproductive opportunities as a consequence of grass invasions. Here I 
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summarize the current literature surrounding invasive grass impacts on herpetofauna and 

suggest topics of further research. 
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Introduction 

Species invasions are one of the most pervasive and serious threats to biodiversity 

around the world. Globally, alien species are the second greatest threat, behind habitat 

loss, to the survival and maintenance of native biota (Vitousek 1990, Vitousek et al. 

1996). The same pattern holds true in the United States (Wilcove et al. 1998) where 

invasive propagule pressure is high and native plants and wildlife are already 

experiencing declines due to a rapidly expanding human population. Species 

introductions can be accidental or deliberate and can occur in a variety of ways. 

Introductions can take place in aquatic or terrestrial environments and can be on an 

industrial scale, such as huge volumes of ballast water exchanges in shipping ports, down 

to a local scale, via individual smugglers and importers for example. These introductions 

can also have a variety of effects on local flora and fauna, both direct and indirect. 

While animal invasions tend to make headlines, plant invasions often go 

unnoticed. Despite this, plant invasions are an order of magnitude more common than are 

animal invasions (Pimentel et al. 2001) and they pose a unique set of problems to 

conservationists. Plant seeds are often capable of traveling farther and faster than animals 

and can often survive harsh conditions during the journey or upon arrival. Most invasive 

plants tend to establish and reproduce quickly, having much shorter times to maturation 

than most animals. Many plants can self-fertilize and still produce viable offspring and 

some plants can even spread clonally, without the need for other individuals. Seeds can 

lie dormant in the soil for years, waiting out unfavorable conditions. All of these factors 

and more make plant propagule pressure particularly pernicious. 



2 

 

Once established, invasive plant species also precipitate impacts to native flora 

and fauna that, compared to animal invasions, act across a wide array of spatial, temporal, 

and physical scales. Their economic impact outweighs that of invasive animal species 

two-fold (Pimentel et al. 2001) and their environmental impacts can be dramatic. Plants, 

by definition, occupy the base of most food chains. Thus plant invasions often result in 

the erosion of entire food webs, both man-made (eg. agricultural crops) and natural, from 

direct competition with the planted or native flora and/or through indirect, cascading 

effects across entire trophic communities. Alien plants can also present a suite of direct 

and physical challenges to native biota. Invasive plant species often compete strongly 

with native flora, wielding novel allelopathic chemicals or shading out slower-growing 

natives. These plants can often spread like a phalanx and completely cover large swaths 

of native habitat. These stands can form a physical barrier to native fauna that can no 

longer hunt in, move through, or burrow under these plants. Ecosystem-level properties 

such as carbon sequestration and soil aeration can even be affected and the mere presence 

of invasive plant species can increase the risk of wildfires (Brooks et al. 2004), 

dramatically altering fire regimes and the organisms which depend on these regimes. 

Alteration of fire regimes often favors reinvasion and exacerbates the scale and myriad 

direct and indirect consequences of plant invasions. The effects, particularly indirect 

effects such as community composition and food web changes, can be long-lasting or 

even irreversible. 

This review will discuss the unique difficulties faced with plant introductions and 

will overview the impacts these introductions can have on native species; in particular, 

native herpetofauna (reptiles and amphibians, hereon referred to as herps). I will discuss 
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the direct effects of plant invasions faced by herps as well as the indirect effects on these 

important functional parts of many global and North American ecosystems. I cover the 

current status of plant invasions and what makes management of these invasions unique. I 

will describe various methods of introduction, both accidental and deliberate, and what 

benefits deliberate introductions may provide. Finally, I will explore the threats plants 

invasions pose to herps because of their position in trophic webs and species 

assemblages. 

 

Invasive Plant Introductions 

In order to discuss species invasions one must define the term invasive species. 

An invasive species is any species not native to an area which is also causing harm, either 

economic or environmental, to that area (Sax et al. 2005). The latter part of this definition 

distinguishes invasive species from introduced and established species. Introduced 

species are those that are spread to an area where they are not indigenous and established 

species are those introduced species which have formed stable populations without the 

need of demographic support from an outside supply of propagules. Williamson and 

Fitter (1996a,b) postulated that roughly 10% of the species in one category of invasion 

severity will make it to the next stage. For example for every 100 species introduced to 

an island on average, 10 of those will become established species, and one of those 10 

will become invasive. In essence, non-native species form a pyramid of declining 

numbers of species in relation to the severity of their invasion. While the adherence of 

biological systems to this tens rule is questionable (Lapointe et al. 2012) and its 

implications for conservation policy may need rethinking (Jaric and Cvijanovic 2012), 
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the basic tenant that remains that relatively few species become problematic invaders 

compared to the number of species being spread across the globe. 

Despite these numbers working in our favor, invasive species remain one of the 

greatest and fastest-growing threats to native ecosystems and to our economies (Vitousek 

1990, Wilcove et al. 1998). Invasive plants, in particular, are among the most pressing of 

these threats. By 1995 Morse and others (1995) estimated that there were roughly 5,000 

invasive species of plants in the United States. More recent estimates put the total number 

of introduced plant species in the US at 25,000 (Pimentel et al. 2001). These numbers are 

far higher than those for any other taxon studied thus far. As shown in Table 1, over five 

times as many plant species have been introduced to the US as any other taxonomic 

group. Also, the number of species introductions relative to the number of indigenous 

species present for that taxon is higher for plants than for any other group. Assuming 

Williamson and Fitter’s (1996a,b) tens rule is correct (but see further conditions in this 

review and a discussion in Jaric and Cvijanovic 2012); plants, then, present the highest 

risk of established species in the US. 

 

Plant Invasibility 

The reasons plants are such formidable invaders are many and varied (Pyšek 

1998). Accidental introductions can occur in a variety of ways in both terrestrial 

(Heywood 1989) and aquatic habitats (Padilla and Williams 2004, Ruiz et al. 1997) and 

plants are uniquely adapted to suit these introductions.  Plants possess a wide variety of 

dispersal techniques. Their seeds or other agents of propagation can also be hardy and 

long-lasting, giving them a greater chance of surviving long journeys and hitch hiking on 
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manmade vessels around the world. For example, seeds from 81 species of plants from 

the Mediterranean, South Africa, and elsewhere have been found in ballast heaps in 

Pennsylvania alone (Simberloff and Rejmanek 2011). Ballast is a major source of the 

spread of invasive species, especially before the enactment of laws banning the 

indiscriminant dumping of ballast in ports around the globe. Plant seeds are often carried 

in ballast for great distances yet remain protected by seed coats and are fertile when they 

arrive at novel ports. Many plants can also spread vegetatively so that small parts of plant 

roots or stems can be transported and establish into reproductively active individuals. 

Vegetative spread is often the result of accidental introductions from pieces of plant 

material stuck on livestock or other animals being moved from country to country. Other 

plant traits such as climbing ability and large specific leaf area have been shown to 

correlate with invasion success (Lake and Leishman 2004). This is likely because these 

traits give plants an advantage in establishing in disturbed areas and in outcompeting 

rivals. High propagule pressure and boom-bust lifecycles have also been linked to 

invasion success (Williamson and Fitter 1996a,b). While some plants such as large, slow 

growing trees do not fit this description, many other species of pants do, making their 

invasions more probable, more rapid, and more difficult to reverse than in other taxa. 

 

Plant invasions are also unique in that many more of them are via deliberate introductions 

than is the case for other taxa. This is due to the fact that many plant species have 

extreme economic value. Plants are used as human food crops, fodder for livestock, 

ingredients in consumables and non-consumables such as make-up and pharmaceuticals, 

as building materials, and much more. Beyond utilitarian uses, many plant species are 
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also introduced and traded in the US as ornamentals for use in homes, gardens, and 

landscaping. 

Many plant species that are introduced deliberately, often as ornamentals in 

private gardens, later escape and spread into native habitat. The majority of these escape 

events are localized and do not have a significant impact on native flora and fauna. 

However, some ornamentals such as snowdrop (Galanthus nivalis) in Europe and 

fountain grass (Pennisetum setaceum) in the US have escaped cultivation to spread across 

entire ecosystems and have major detrimental consequences for native species (Dehnen-

Schmutz and Touza 2008). Deliberate introductions can be difficult to abate as these 

escape events can happen repeatedly in time and space. This is especially true for 

organisms in high demand and for those whose import has not yet been banned or 

restricted. Complicating this issue is the fact that some plants may be restricted in one 

state but not in a neighboring state or that continual import for private use supports a 

local source population whose propagules can invade surrounding public or protected 

land. 

One of the largest sources of the import of non native species in the US is the 

ranching and cattle grazing industry. In the US, cattle ranching is an 80 billion dollar per 

year industry which produces significant demand for land, water use, and native and 

imported plants. Ranchers lease or own huge tracts of land to raise cattle on and often 

need to supplement the existing water sources on the landscape through drilling wells or 

pumping water in from elsewhere. The same need to supplement the existing resources 

exists with foraging stock for the cattle. Cattle eat a variety of plants and the growth of 

many of these is encouraged or supplemented. Chief among these food plants are grasses; 
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members of the family Poaceae. Cattle graze on a variety of grasses, however many 

native grasses are not adapted to this grazing. Even those species which are are often not 

adapted to the volume and frequency of grazing experienced on most cattle ranches. For 

example, many native grass species could tolerate grazing by buffalo which only eat the 

upper portion of the plant but are unable to grow back as vigorously when eaten down to 

the ground level by domestic cattle (Plumb and Dodd 1993, Towne et al. 2005). This 

often makes them more vulnerable to competition such as outshading from other grass 

species. Additionally, many native grass species only present green, edible shoots for a 

small portion of the year making reliable, year-round grazing difficult. While many 

ranchers use techniques such as rotational grazing to help avoid these problems and to 

reduce some of this pressure on the landscape, these techniques are not mandatory. Many 

of the larger ranching operations instead rely on supplementing their landscape by 

seeding in various species of grass, both native and invasive. Some invasive species 

become edible at different times of the year or remain edible for longer than native 

species. The seeds of these invasive grass species are often cheaper than those of native 

species (Dan Walker pers. comm.). Thus ranchers often spread the seeds of grass species 

from all over the world on their land to fill in the gaps in the hopes of providing year-

round, reliable cattle fodder. 

With such continual propagule pressure it is unsurprising that many of these 

deliberately planted invasive grasses escape from ranches to spread unchecked across the 

landscape. Beyond being seeded in, a number of invasive grass species are extremely 

tolerant of ecological disturbance. Many grazed areas include access roads and well worn 

cattle trails. Roadside edges where soil has been disturbed or compacted are favorite 
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establishment sites for many invasive grass species. These strips can quickly become 

entirely covered with one or more introduced grass species and then serve as source 

populations for the grasses to invade intervening patches of habitat. Many invasive 

species do so by spreading out in a phalanx so that the habitat behind the invasion front 

becomes a dense monoculture. Some species even spread rhizomotously and can create 

these monostands in short order (Aguilera et al. 2010). Soil compaction also tends to 

favor invasive grass species and drive out native grasses. The same is true for 

overgrazing whereby grazing pressure knocks back populations of native grasses to a 

point where alien species have an easier time of invading. Both of these problems are the 

result of keeping too many head of cattle on a given area or keeping them on an area for 

too long. Again, however, these problems tend to manifest themselves over a period of 

decades and there are few mandates to encourage less intense forms of grazing. Ranchers, 

knowingly or unknowlingly, have thus historically opted for the shorter term gain of 

rearing as many cattle as they can produce; the result of this being that huge swaths of 

grazed land are now seeded with invasive grass species. Moreover, the habitat is no 

longer suitable for native grass species and the success of restoration of these degraded 

grasslands is still an open question. 

 

Impacts 

The above process illustrates one way in which healthy, native grasslands can be 

converted into areas rife with invasive grass species. Some areas become so thick with 

the invasive species that their canopy coverage is %100. This tendency towards 

monoculture is perhaps the most serious way in which invasive grass species directly 
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impact native grasslands. Such large, unbroken swaths dominated by one or a few 

invasive grass species pose a number of direct threats to a system. First, the physical 

presence of these grasses leaves no room for native species to grow (Sands et al. 2009). 

The alien species compete directly with native ones for light; a major resource for plant 

growth. As the invasives quickly grow into a think monoculture they shade out any 

natives trying to grow. This has a particular impact on the longer term establishment and 

recruitment of native grasses as their seedlings are often too small to access light by 

growing above the invasives. This shading-out steadily leads to shrinking populations of 

native grasses as invasives swarm to blot out light gaps across the landscape. 

 

Invasive grasses also compete directly with native plant species through a variety 

of mechanisms that may have different impacts on different native taxa. One form of 

direct competition in plants is allelopathy; where individual plants secrete toxic 

chemicals into the soil which discourages plant growth from other individuals or species. 

A more broad form of root as well as shoot competition is simply nutrient competition. 

As already discussed, plants compete strongly for light. Plants also compete for resources 

as varied as soil moisture, macronutrients such as carbon and nitrogen, as well as 

micronutrients and trace minerals. Another way in which plants compete directly is 

reproduction. Many invasive plants maintain a competitive edge over native species 

through the ability to produce seeds quickly or at a higher volume than their competitors 

(Hulbert 1955), the ability to reproduce clonally, or by having short growth and 

maturation times. 
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Invasive grasses are all but unparalleled in their ability to reproduce quickly, 

cover vast areas, and outcompete native species. In fact, it is for this reason that ranchers 

often choose to seed their land with invasive species. Fast-growing grasses that can 

quickly provide a reliable seed source allow for large swaths of palatable land for cattle 

and cut down on the financial burden of continually supplying seed to maintain grass 

populations. Historically, however, these short-term benefits have come at a great cost to 

the landscape. Many invasive grass species are only green for a small portion of the year 

and are all but useless as livestock fodder the rest of the year. This is not an issue for 

ranchers if there are enough native grasses edible for other periods of the year. However, 

through the methods of direct competition described above, many of these invasives 

spread completely across a landscape, turning it from a continually productive system 

into a system which is highly productive for a few weeks or months but useless 

thereafter. This is exactly the scenario which describes the cheatgrass invasion across 

much of Arizona and the southwestern US (Pellant 1996). Cheatgrass (Bromus tectorum) 

is so named because ranchers thought they were planting a supplemental grass that would 

help increase herd sizes only to find that, years later, the annual productivity of their land 

actually decreased and they had been cheated (Dan Walker pers. comm.). 

Invasive grasses such as cheatgrass also have a number of indirect effects on 

native grasslands. Invasive plants in general often substantially change soil conditions by 

altering decomposition and nutrient recycling rates (Allison and Vitousek 2004). These 

altered soil conditions usually favor growth of the invasive species, creating a positive 

feedback loop of invasion. This scenario is less well-understood in grasslands, although 

some species of invasive grass appear to follow this trend (Perkins et al. 2011). While 
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much work remains to be done in the area of microbial facilitation,  some recent research 

suggests that those grasses which do favorably alter their soil conditions may be doing so 

with the help of the soil microbes they bring with them (Batten et al. 2008, Hamilton and 

Frank 2001). 

On the landscape level, alien grass species are a major driver in altering historic 

fire regimes. Fire is an important tool in maintaining healthy native grasslands. The 

timing, intensity, and amount of area burned in grassland fires all have important impacts 

to plant survival and reproduction (Brooks et al. 2004). Fire also plays an important role 

in regulating the ecological succession of grasslands. Alien grass species dramatically 

alter fire regimes through both their density and seasonality. For example buffelgrass 

(Pennisetum ciliare) spreads like a phalanx and becomes brown and dormant for much of 

the year. This creates unnaturally high fuel loads on the landscape and leads to frequent 

high-intensity fires. Some invasive grasses can increase fuel loads by seven times and fire 

intensity by 8 times that of historic levels (Rossiter et al. 2003). Unfortunately, this 

change in fire regime favors the growth and reseeding of buffelgrass and discourages the 

growth of native grasses and forbs (Franklin et al. 2006, Miller et al. 2010). Buffelgrass 

also shades out competing grasses and forbs (Butler and Fairfax 2003, Franks 2002) and 

altering fire regimes only makes this community conversion through competition happen 

faster. These same concomitant effects of fire, competition, and reinforcement are seen in 

cheatgrass and a number of invasive grass species across the US and around the world 

(Billings 1994). 

These indirect effects also affect grassland communities as a whole. Invasive 

grasses can destabilize communities through their effects on native food web dynamics. 
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As discussed above, invasive grasses compete strongly with native plant species which 

form the base of grassland food webs. This competition within the same trophic level can 

reduce the population sizes of native grasses and can even cause extirpations of a number 

of native species (Corbin and D'Antonio 2004, Jordan et al. 2008). This has the effect of 

reducing the diversity of primary producers on the landscape. This leaves primary 

consumers with fewer options to sustain their diet (Larson et al. 2012). Many invasive 

species lack sufficient nutrient resources for native consumer species to sustain 

themselves. Invasive grasses may also be unpalatable or seasonally inedible. Overall, the 

plant resources become poorer after invasion and can support fewer numbers of native 

species. Ultimately, this can lead to extirpation of many consumer species across the 

landscape (McCann 2000). 

This reduction in consumer diversity and abundance has concomitant effects all 

the way up the food chain. Primary and higher order predators cannot survive without a 

sufficient prey base. Their populations begin to decline as prey becomes scarce, 

populations become fragmented, and allee effects take hold. Grasslands are among the 

most productive and diverse ecosystems in north America (Tilman and Downing 1994, 

Dengler et al. 2012) but as more links in the community web are weakened or removed, 

these diverse communities collapse down to vastly simplified food webs (Rooney and 

McCann 2011, Wright unpublished data). Consequently these invaded systems have few, 

strong food web linkages and are difficult for native species to reestablish themselves as a 

part of. This further reinforces species invasions and accelerates the landscape-level 

changes they create. 
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Reptiles and amphibians are affected by grass invasions in a variety of ways. This 

is in part due to the fact that these organisms straddle many ecological boundaries and 

occupy a variety of niches and trophic levels. Additionally, the seasonal, temporal, 

ontogenetic, and demographic variability they display further enhances this niche 

diversity. Tiger salamanders (Ambystoma spp.), for example, broadly utilize aquatic and 

terrestrial environments in vernal pool grasslands. But beyond that, these salamanders 

exhibit individual variation in trophic position based on factors such as the timing of egg 

hatching and the density of other individuals in a pond (Collins and Holomuzki 1984). 

This wide range of niche utilization means that reptiles and amphibians can be impacted 

by invasive species in multiple ways and at multiple levels. 

As with other plant species, invasive grasses can directly interfere with the 

survival and reproduction of native herps and other native animal species. Native wildlife 

species are not adapted to the altered fire regimes many invasive grass species introduce. 

The increased frequency and intensity of fires across invaded landscapes can lead to 

substantial direct mortality of small animals such as reptiles and amphibians, especially 

slow-moving species such as desert tortoises (Gopherus spp.) (Esque et al. 2003, 

Rochester et al. 2010, Smith et al. 2012). Many of these species take refuge from 

wildfires in burrows. These burrows are readily available or easy to dig in native 

grasslands which tend to have less soil compaction and less vegetation density than 

invaded areas. Dense monocultures of invasive grass species physically impair this 

burrowing because of the sheer amount of root and shoot mass burrowing animals have to 

contend with. This makes refugia harder to obtain, helping to increase mortalities during 

wildfires. Burrowing is also a substantial component of the life histories of many 



14 

 

amphibian and reptile species which lay their eggs and raise their young underground and 

within strict thermal tolerance limits. The physical mass of invasive grass species thus 

also interferes with reproduction and recruitment of small animal species at the same time 

as it eliminates reproductive individuals from the population. Sands and others (2011) 

demonstrated that bobwhite quail (Colinus virginianus) had lower reproductive fitness in 

invaded areas of south Texas grasslands and avoided nesting in these patches. Native 

patches can only sustain smaller and smaller populations of these small animals. 

Eventually many of these species are extirpated from the landscape and grassland 

diversity becomes simplified (Esque et al. 2003, Rochester et al. 2010). 

Many reptile and amphibian species also depend directly on landscape 

characteristics in other ways. A number of lizard species are active foragers and need 

open areas in which to see and stalk their prey. Horned lizards, for example, prefer open 

areas to areas of dense vegetation even when their preferred prey species is randomly 

distributed across the landscape (Whiting et al. 1993). Many lizard species also establish 

territories which are important in determining the breeding success of individuals 

throughout the population. Territories become smaller and harder to establish and defend 

as vegetation becomes denser and visual cues are harder to sense (Fleishman 1992). This 

is also true for a number of bird and insect species which rely on lekking behavior to 

secure mates and whose reproduction is thus tied to open, clearly visible habitat patches. 

Invasive grasses also harbor a number of indirect effects to reptile and amphibian 

survival and reproduction. Areas dominated by invasive grass species have less diverse 

and abundant arthropod faunas than do native areas (Wright unpublished data). A stable 

and diverse prey base is critical to the maintenance of reptile and amphibian species on 
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the landscape as these species often occupy and span several mid-level consumer links in 

a food web. An impoverished prey base can have detrimental effects on small animal 

development and reproduction. Suarez and others have studied this effect on horned 

lizards in areas invaded by argentine ants (Linepithema humile), which have the same 

effect of reducing prey abundance and species diversity. They showed that coastal horned 

lizards (Phrynosoma coronatum) preferred to eat a diet of native arthropods and that 

eating such a diet results in higher growth rates of lab-reared lizards as compared to 

lizards reared on a diet typical of an invaded community (Suarez et al. 2000, Suarez and 

Case 2002). Robust populations of these herps and other mid-level consumers also helps 

support the diversity of predator species that feed on them. Thus, grass invasions pose a 

serious threat to the stability of the complex and diverse communities that make 

grasslands one of the most productive landscapes on the planet. 

 

Conclusions and Projections 

Species invasions remain one of the greatest threats to the persistence of native 

flora and fauna and grasslands are especially vulnerable to invasion. These invasions 

have a number of severe consequences on both a species and community level. In the 

United State alone, plant invasions are responsible for nearly 35 billion dollars in damage 

to our ecosystems and economies (Pimentel et al. 2001). While, in the short term, some 

introduced species may pose economic benefits, it is clear that continued propagule 

pressure will lead to more escapes of introduced species, more severe consequences of 

these escapes, and the continued simplification of native communities of plants and 

animals. What remains to be understood is the dynamic nature of species invasions and 
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their interaction with other landscape-level changes. For example, it appears likely that 

climate change will facilitate the spread of invasive species around the globe and 

exacerbate their impacts to native systems (Kriticos et al. 2003, Hellmann et al. 2008, 

Rahel and Olden 2008). Further research into species interactions is needed to understand 

community responses to invasion if we hope to conserve intact systems and maintain 

them into the future. This work would allow us to better predict where invasion impacts 

will be greatest and where limited conservation dollars would be most wisely spent; a 

critical approach if we hope to maintain and improve native landscapes in the face of 

increasing human pressures and ecosystem threats. 
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Table 1. Total numbers of native and introduced species in the United States along with 

their economic imapcts in millions of dollars. Also displayed is a ratio of the number of 

native species to the number of introduced species for each taxon. 
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