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Summary  22 

1. A definitive list of invasive species traits remains elusive, perhaps due to 23 

inconsistent ways of identifying invasive species. Invasive species are typically 24 

identified using one or more of four demographic criteria (local abundance, 25 

geographic range, environmental range, spread rate), referred to here as the 26 

demographic dimensions of invasiveness. 27 

2. In 112 studies comparing invasive and non-invasive plant traits, all 15 28 

combinations of the four demographic dimensions were used to identify invasive 29 

species. 22% of studies identified invasive species solely by high abundance 30 

while 25% ignored abundance.  31 

3. We used demographic data of 340 alien herbs classified as invasive or non-32 

invasive in Victoria, Australia to test whether the demographic dimensions are 33 

independent and which dimensions influence invasive species listing in practice. 34 

4. Species’ abundances, spread rates and range sizes were independent. Relative 35 

abundance best explained the invasiveness classification. However, invasive and 36 

non-invasive species each spanned the full range of each demographic dimension, 37 

indicating that no dimension clearly separates invasive from non-invasive 38 

species. 39 

5. Graminoids with longer minimum residence times were more frequently 40 

classified as invasive, as were forbs occurring near edges of native vegetation 41 

fragments.  42 

Synthesis. Conflating multiple forms of invasiveness by not distinguishing 43 

invasive species that are identified using different demographic criteria may 44 

obscure traits possessed by particular subsets of invasive species. Traits 45 

promoting high abundance likely differ from those enabling fast spread and broad 46 
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ranges. Examining traits linked with the four demographic dimensions of 47 

invasiveness will highlight species at risk of becoming dominant, spreading 48 

quickly or occupying large ranges. 49 

 50 

Introduction  51 

Considerable effort has gone into identifying characteristics associated with species 52 

invasiveness (van Kleunen, Weber & Fischer 2010). Knowing that plant species with 53 

particular traits, such as short generation times and bird-dispersed seeds, are more 54 

likely to become invasive is valuable for biosecurity and weed risk assessment 55 

(Weber et al. 2009). Notwithstanding some success (Dawson, Burslem & Hulme 56 

2009; van Kleunen, Weber & Fischer 2010; Gallagher, Randall & Leishman 2015), a 57 

definitive set of traits that reliably predicts invasiveness remains elusive (Pyšek & 58 

Richardson 2007; Ordonez, Wright & Olff 2010) and a reliable, rigorous and 59 

universal approach for identifying invasive species is lacking (Higgins & Richardson 60 

2014). In this essay, we contend that imprecise definitions of invasiveness, and 61 

comparing invasive species that are identified based on different demographic criteria, 62 

may have obscured links between plant traits and invasiveness.  63 

Traits associated with invasiveness are typically identified by comparing the trait 64 

values of alien species classified as invasive with those of alien or native species 65 

classified as non-invasive (van Kleunen et al. 2010). Species are likely to be invasive 66 

for different reasons (Rejmánek 2011) and to varying extents, and different definitions 67 

of invasiveness are used (Colautti & MacIsaac 2004; Barney et al. 2013). Some of the 68 

consequences of imprecise and inconsistent invasion definitions have been discussed 69 

previously (e.g. confusion of concepts, hindrance to theory, synthesis and 70 
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communication, Colautti & MacIsaac 2004), but implications of this imprecision for 71 

trait-based studies have been largely overlooked.  72 

Here we consider how local abundance, geographic range, environmental range and 73 

spread rate are used, separately or in combination, to identify invasive species. We 74 

call these the four demographic dimensions of invasiveness. Building on 75 

Rabinowitz’s (1981) seven forms of species rarity, we show that all 15 combinations 76 

of the four dimensions (24 − 1 = 15) are used to identify invasive species in 112 77 

studies that contrast the traits of invasive and non-invasive plants (van Kleunen, 78 

Weber & Fischer 2010).  79 

In order to determine whether the demographic dimensions are correlated, making 80 

some redundant in practice, we analysed correlations among the relative abundances, 81 

environmental and geographic range sizes, and spread rates of 340 “invasive” and 82 

“non-invasive” alien (non-native, introduced) herbs in Victoria, Australia. Accounting 83 

for minimum residence time and habitat fragmentation, we find that the dimensions of 84 

invasiveness in this dataset are largely independent and that local abundance was the 85 

demographic dimension most strongly linked with this invasive species classification. 86 

Having demonstrated that species identified as invasive show many different 87 

demographic patterns and that no one demographic dimension clearly separates 88 

invasive from non-invasive species, we briefly present a few examples of plant traits 89 

that might relate to the demographic dimensions. We conclude by outlining a method 90 

to strengthen the understanding of traits that promote invasiveness. We focus on 91 

plants in this manuscript, but note that similar arguments may apply to other taxa.  92 

Criteria that underpin definitions of invasiveness  93 
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Like many terms in ecology (including invasion impacts, Jeschke et al. 2014), the 94 

definition of “invasive” is disputed (Colautti & MacIsaac 2004). We examined 43 95 

definitions of invasiveness provided in 14 key academic reviews, seven 96 

environmental policy documents and three invasive species databases to identify 97 

criteria typically used to distinguish invasive and non-invasive species (see Table S1 98 

in Supplementary Information). These references were selected because they are 99 

prominent, highly cited or recent publications that provide specific definitions of 100 

invasive species.  101 

Criteria typically used to distinguish invasive species from their non-invasive 102 

counterparts include species’ local abundance, environmental range size, geographic 103 

range size, and rate of spread (Table S1). Direct assessment of negative effect, or 104 

impact, is also used (Table S1). These five criteria indicate the fundamental 105 

dimensions, or axes, underlying the concept of invasiveness. Not all dimensions are 106 

used in all definitions of invasiveness; different combinations of these dimensions are 107 

used as criteria for distinguishing invasive and non-invasive species (Table S1). In 108 

this paper, we focus on the first four dimensions, which relate to invasive species 109 

demography (i.e. abundance and distribution) post-introduction (Table 1). Various 110 

measures and indicators can be used to represent the four demographic dimensions 111 

(Table 1). For reasons outlined below, we do not explicitly discuss impact in this 112 

paper.  113 

Either implicit or explicit to the 43 definitions was the need for invasive species to 114 

form self-sustaining populations beyond their natural range, which was usually 115 

achieved via human introduction (Table S1). We did not include “the ability to form 116 

self-sustaining populations” as a criterion of invasiveness because it does not 117 
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distinguish invasive alien species from alien species that are naturalised but non-118 

invasive. We regard invasiveness as an attribute, or characteristic, of a species. 119 

Invasiveness is distinct from invasion success (Catford et al. 2012b), which is affected 120 

by the abiotic characteristics of the invaded ecosystem, biotic interactions between the 121 

invading and resident species, and propagule pressure of the invader (Catford, Jansson 122 

& Nilsson 2009).  123 

Reasons for focusing on the four demographic dimensions of invasiveness 124 

We note that impact is often used as a criterion to identify invasive species and thus 125 

acts as a fifth dimension of invasiveness. However, we restrict our focus to the four 126 

demographic dimensions in this paper. Our goal is to provide a framework for finding 127 

traits that reliably and consistently predict invasiveness. Invasive species impacts 128 

include a diverse range of negative ecological, economic, human health and aesthetic 129 

impacts (Table S1), so impact itself could be characterised as multidimensional, with 130 

relevant traits depending on the impact of concern. Identifying a common suite of 131 

impact-related traits is therefore far less likely than identifying a suite of traits related 132 

to the other four dimensions of invasiveness, which are more limited in scope. 133 

Species’ overall impacts are partly determined by their abundance and distributions 134 

such that the four demographic dimensions may suffice as indicators of impact. 135 

Although species could potentially cause significant harm (and be considered 136 

invasive) even if they have low abundance and small ranges, species are most likely 137 

to be harmful when their abundances are high and range sizes large (Buckley & 138 

Catford 2016). This is illustrated by Parker et al.’s (1999) model of invasive species 139 

impacts where net impact is a function of species’ per capita effects, abundance and 140 

geographic range size. Our focus on demography is consistent with some other studies 141 
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that focus on the ecological aspects of invasiveness (e.g. Ricciardi & Cohen 2007; 142 

Wilson et al. 2009) (but see Vilà et al. 2011; Pyšek et al. 2012).  143 

Forms of invasiveness 144 

With the exception of spread rate, the demographic dimensions used to define 145 

invasiveness are the same dimensions used by Rabinowitz (1981) when defining 146 

species rarity. In her seminal work, Rabinowitz (1981) proposed seven forms of rarity 147 

based on combinations of species’ local population size (local abundance), geographic 148 

distribution (geographic range size) and habitat specificity (environmental range size). 149 

Though some combinations may give rise to rare species more often than others 150 

(Rabinowitz 1981), she convincingly argues (and subsequently demonstrates, 151 

Rabinowitz, Cairns & Dillon 1986) that species can be rare in different ways.  152 

The same characteristics that are used to define rarity can be used to define its inverse, 153 

commonness, because these characteristics relate to species’ abundances and 154 

distributions in the landscape (e.g. low abundance can indicate rarity, high abundance 155 

can indicate commonness; Table 2). Most invasive species eventually become 156 

common (Firn et al. 2011; Dawson, Fischer & van Kleunen 2012). It is thus logical 157 

that rare and invasive species can be defined using similar criteria (e.g. Carboni et al. 158 

2016) and, like species that are rare, species that are invasive can be invasive in 159 

different ways.  160 

Incorporating spread rates into Rabinowitz’s scheme gives rise to 15 demographic 161 

forms of invasiveness (24−1 = 15, Table 2; including impact as the fifth dimension 162 

would result in 25−1 = 31 forms of invasiveness). Although the demographic forms 163 

and demographic dimensions of invasiveness are related, the former result from 164 

different combinations of the latter (following Rabinowitz 1981), so they are distinct 165 
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concepts (Table 2); we refer to both concepts throughout the paper. The most extreme 166 

demographic form of invasiveness would comprise invasive species that reach high 167 

local abundance and have broad geographic ranges, wide environmental ranges and 168 

fast spread rates (AEGS in Table 2). Although presented as distinct forms of 169 

invasiveness, it is important to note that the dimensions underlying these 15 forms are 170 

continuous and are not demarcated by thresholds that distinguish e.g. high abundance 171 

from low abundance. Thresholds may be found that enable categorisation, but it will 172 

likely be more informative to retain continuous dimensions in any trait-based analyses 173 

(see Discussion; Carboni et al. 2016).  174 

We reviewed a sample of the trait-based invasion literature to determine whether all 175 

15 forms of invasiveness are used to identify invasive species and whether a particular 176 

form may be used more than others. Our sample consisted of 112 field or 177 

experimental-garden studies that compared the trait values of invasive alien species 178 

with non-invasive species, as used by van Kleunen et al. (2010) in their meta-analysis 179 

examining invasive species traits [we were unable to access 6 of the 118 papers used 180 

by van Kleunen et al. (2010)]. We chose this sample of papers because each of the 181 

studies specifically contrasted invasive and non-invasive species in an attempt to 182 

identify the traits that distinguish them and, as such, presumably had strong reasons 183 

for distinguishing the two types of species. Specific definitions of invasiveness were 184 

rarely presented in the 112 studies, but most authors stated their rationale for species 185 

selection; we used this information to represent the criteria used to distinguish 186 

invasive and non-invasive species (Table S2). Critically, even if a species was 187 

classified as being invasive based solely on its abundance, this does not necessarily 188 

mean that the species had slow spread rates or small ranges. Rather, it indicates that 189 

the other three demographic dimensions were not used as criteria of invasiveness 190 
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(Table 2, Figure 1), so the species could be distributed anywhere along those 191 

dimensions (e.g. high, low or medium spread rates).  192 

The 112 studies used all 15 demographic forms of invasiveness (Fig. 1, Table 2): all 193 

four demographic dimensions were used and some definitions shared no common 194 

criteria. If impact was included as the fifth dimension, 28 of 31 forms were used, but 195 

impact was never used as a criterion by itself (Table S2; 62% of the 112 studies did 196 

not use impact to identify invasive species, indicating that species can be considered 197 

invasive without necessarily having negative impacts). Of the four demographic 198 

dimensions, abundance was most commonly used (66% of studies) and 22% of 199 

studies identified invasive species solely on abundance. However, 25% of the 112 200 

studies did not include abundance as a criterion (Fig. 1), meaning that the invasive 201 

species featured in these 28 studies could potentially occur at low abundances, in 202 

contrast to the species in 74 studies that must reach high local abundance. After 203 

abundance, geographic range size was the next most commonly used demographic 204 

criterion (44%), followed by spread rate (38%). Environmental range was the least 205 

used criterion (22% of studies). Eight studies did not document the rationale for 206 

species selection, and two studies referred to databases for lists of invasive species. A 207 

single criterion was used to identify invasive species more frequently than multiple 208 

criteria (36% of studies used one criterion), but 34% of studies relied on two criteria 209 

(19% used three criteria; 3% used four criteria; 9% used none of the four demographic 210 

criteria).  211 

Are the demographic dimensions of invasiveness independent in practice? 212 

Our review of 112 studies illustrates that invasive species are identified in many ways 213 

using multiple criteria, indicating support for multiple dimensions of invasiveness. 214 
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However, a single dimension may be used in practice, or the four demographic 215 

dimensions may be highly correlated such that abundant alien species are also those 216 

with fast spread rates, wide geographic ranges and broad environmental ranges. We 217 

assessed whether each of the four demographic dimensions of invasiveness was 218 

correlated with an invasive species classification using a case study of alien plant 219 

species in Victoria, a 237,629 km² state in south-eastern Australia.  220 

We used an existing classification scheme to identify species that are considered 221 

invasive and non-invasive (Carr, Yugovic & Robinson 1992). Based on observations 222 

made over 25 years in public and private land, together with published and 223 

unpublished information, the three experts (Carr, Yugovic and Robinson) generated 224 

the classification based on the perceived threat that alien species pose to “one or more 225 

native vegetation formations” (examples of the 15 broad vegetation formations: 226 

riparian vegetation, dry coastal vegetation, cool temperature rainforest) (Carr, 227 

Yugovic & Robinson 1992). This is the only invasive species classification specific to 228 

the whole state of Victoria that is based on the threat that alien species pose to natural 229 

ecosystems (other state-wide Victorian schemes relate to weeds of agricultural 230 

systems). The authors did not specify the exact criteria used in their assessments, but 231 

given the influence of species’ demography on species’ overall impacts, we reasoned 232 

that the demographic dimensions would likely have informed the classification [this 233 

was subsequently confirmed by Geoff Carr, the lead author of the classification].  234 

Use of the existing Carr et al. classification allowed us to: 1) assess the independence 235 

of the demographic dimensions of invasiveness for a large suite of plant species and 236 

the likely existence of different forms of invasiveness; and 2) determine whether 237 

species’ demography (as represented by the demographic dimensions of invasiveness) 238 
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relates to species’ (perceived) ecological impacts (as represented by the Carr et al. 239 

classification), as theory would predict (Buckley & Catford 2016). Being based on the 240 

overall threat that alien species pose to native vegetation, which likely takes into 241 

account species’ per capita effects plus demography, the Carr et al. scheme enabled us 242 

to avoid circularity that would stem from testing, for example, an abundance-based 243 

classification scheme using data on species’ abundances.  244 

We used plant occurrence and cover data for 2714 taxa that are alien (non-indigenous) 245 

to Victoria (149,772 presence records from 1900 through 1991 from Victoria’s Flora 246 

Information System (FIS) and Australia’s Virtual Herbarium; 19,057 abundance 247 

records from 1970 through 1991 from FIS, which were collected from areas not 248 

directly modified by intensive human land use; Appendix S1). Observations before 249 

1900 were imprecise. We set the end date as 1991 so that the modeled data 250 

corresponded with information that would have informed the 1992 invasive species 251 

classification (Carr, Yugovic & Robinson 1992). We limited analyses to alien species 252 

that had at least 20 presence records and the necessary demographic data (391 253 

species). Of these 391 species, Carr, Yugovic and Robinson (1992, p.15) had 254 

classified 259 of them as either: “not a threat (but may have a negative visual 255 

impact)” (14 species); “potentially serious threat to one or more vegetation 256 

formations” (72 species); “serious threat to one or more vegetation formations” (99 257 

species); or “very serious threat to one or more vegetation formations” (74 species). 258 

The demographic characteristics (described below) of potentially serious, serious and 259 

very serious threat species were indistinguishable from each other, so we combined 260 

these three types of species into one category, which we call “invasive” (245 species). 261 

We assigned 132 unclassified alien species to the “not a threat” category, which we 262 

call “non-invasive” (146 species). Carr, Yugovic and Robinson (1992) considered all 263 
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alien species naturalized in Victoria in their assessment, but restricted their 264 

classification to a subset of alien plants considered environmental weeds, which 265 

“invade native vegetation, usually adversely affecting survival of the indigenous 266 

flora” (p. 4). This indicates that unclassified taxa were not considered a threat to 267 

native vegetation and only differ from the 14 classified “no threat” species in that the 268 

latter may have a visual (but not ecological) impact; we are not concerned with 269 

aesthetics here.   270 

Species’ local abundance was represented by the maximum cover abundance of each 271 

taxon calculated as a proportion of summed species cover in 30 m × 30 m survey 272 

plots. We use proportional cover, rather than absolute cover, because it accounts for 273 

variation in site productivity and the abundance of other species (Catford et al. 274 

2012b), and accords with the way abundance is usually related to invasiveness in the 275 

literature (Table S2).  276 

Species’ environmental range sizes were represented by the geometric mean of the 277 

standard deviations of four uncorrelated (|r| < 0.6) environmental variables at 278 

locations where species were detected [maximum temperature in warmest quarter 279 

(°C), precipitation in coldest quarter (mm), soil radiometric thorium concentration 280 

(radioelement count; indicates soil texture and fertility, Pracilio et al. 2006) and 281 

topographic wetness index, Appendix S1] following Catford et al. (2011). The four 282 

variables can be incorporated into one metric because the scales on which original 283 

data are measured do not influence relative changes in geometric means (McCarthy et 284 

al. 2014). We use standard deviations rather than ranges (i.e. maximum minus 285 

minimum) to account for potential differences in sampling effort (Burgman 1989). 286 
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We estimated species’ geographic ranges using the latitude and longitude of locations 287 

in which species were recorded. Geographic range size was represented by the 288 

geometric mean of the standard deviations of latitude and longitude. 289 

Species’ rate of spread was estimated by fitting self-starting logistic models (nls 290 

function in R) to occurrence data, which indicated the time elapsed between 291 

successive observations, and the cumulative distance of these observations from the 292 

point of origin (location of earliest recorded presence in Victoria). The predicted 293 

distance, Dit, spread by taxon i after time t has elapsed is given by: 294 

Dit = asymi /(1 + exp ((midi – t)/scali)) 295 

where asymi is the asymptotic spread distance for taxon i, midi is the time at which 296 

taxon i has spread to half its asymptotic spread, and scali is the time elapsed between 297 

reaching half and 1/(1 + e-1) (approximately three quarters) of its asymptotic spread. 298 

For each taxon, maximum spread rate was approximated as the gradient between the 299 

points on the curve at t = midi  and t = midi + scali.  300 

In their assessments of alien species threat, Carr, Yugovic and Robinson (1992) may 301 

have accounted for the time available for populations of each species to grow and 302 

spread, or the strength of species’ associations with anthropogenic habitats (e.g. they 303 

may have down-weighted the risk of species that only occur at the edges of vegetation 304 

fragments and around human settlements). We therefore quantified minimum 305 

residence time (MRT) to account for time since introduction and distance to edge 306 

(akin to habitat fragmentation) to jointly account for variation in propagule pressure 307 

and human disturbance (Catford et al. 2011), which may facilitate invasion (Pyšek et 308 

al. 2015). MRT was calculated as the number of years between the first recorded 309 

observation (from 1900 onwards) in native-dominated vegetation in Victoria and 310 

Page 13 of 112 Journal of Ecology



For Peer Review

 14

1992. For each species, we quantified the mean distance between each observation 311 

and the edge of the associated vegetation fragment (e.g. distance to road, distance to 312 

crops).  313 

We analyzed correlations among local abundance, environmental and geographic 314 

range sizes, spread rate, MRT and mean distance to edge. We used logistic regression 315 

to estimate relationships between the probability of taxa being classified as invasive, 316 

and the four demographic dimensions of invasiveness, MRT and mean distance to 317 

edge (cover abundance and distance to edge were log-transformed).  318 

The probability that taxon i was classified as invasive was: 319 

logit(pi) = tf[i] + uf[i]ai + vf[i]ei + wf[i]gi + xf[i]si + yf[i]mi + zf[i]di 320 

where tf[i] is the intercept term for taxon i of growth form f, the values of u, v, w, x, y 321 

and z are the other regression coefficients that are estimated, and ai, ei, gi, si, mi and di 322 

are the local abundance, environmental range, geographic range, spread rate, MRT 323 

and mean distance to edge, respectively, for taxon i. All analyses were performed with 324 

R 3.1.1 (R Core Team 2014).  325 

We only present results from the models based on forbs (240 species: 132 invasive, 326 

108 non-invasive) and graminoids (100 species: 69 invasive, 31 non-invasive), 327 

because few records were available for woody species (44 species) and other growth 328 

forms (7 species). 329 

Results and discussion of the Victorian analysis  330 

Apart from a positive correlation between the sizes of species’ environmental and 331 

geographic ranges, which was expected, the demographic characteristics of alien 332 
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herbs in Victoria were not strongly correlated (Fig. 2; MRT and distance to edge were 333 

also independent, with all correlations |r|<0.5, Table S3). This illustrates that species 334 

in the dataset that reach high relative abundance, for example, are no more or less 335 

likely to have fast spread rates or broad geographic and environmental ranges than 336 

species with low relative abundance.  337 

The demographic characteristics of invasive and non-invasive species varied, with 338 

invasive and non-invasive species spanning each demographic dimension of 339 

invasiveness (Fig. 2). This means that species with high and low abundances, fast and 340 

slow spread rates, and wide and narrow ranges were all defined as invasive, indicating 341 

that some demographic characteristics of some invasive species contradict the 342 

demographic characteristics of other invasive species. Despite this variation, the 343 

probability of graminoids and forbs being classified as invasive, rather than non-344 

invasive, increased with abundance (Figs 3 & 4, Table S4). The only other significant 345 

relationship between the invasive species classification and the demographic 346 

dimensions was geographic range for graminoids.  347 

Contrary to expectations, the probability of a graminoid being classified as invasive 348 

(as opposed to non-invasive) decreased with increasing geographic range sizes. This 349 

may reflect an assessment by Carr, Yugovic and Robinson (1992) that graminoids 350 

with wide distributions posed less of a threat to native vegetation than graminoids 351 

with narrow distributions because the former had already filled most of their potential 352 

range and exerted their impacts. The negative relationship could also reflect our 353 

methodological approach, which restricted analyses to species with ≥20 observations. 354 

This threshold was essential for calculating representative range sizes, but also meant 355 

that non-invasive species, which are perhaps more likely to have small ranges than 356 
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invasive species, were disproportionately excluded (78% of the graminoids and forbs 357 

with <20 presence records were classified as non-invasive, whereas 41% of the 358 

species with ≥20 presences were classified as non-invasive).  359 

Graminoids with longer minimum residence times were more likely to be classified as 360 

invasive than graminoids with shorter MRT (Fig. 4). There were no correlations 361 

between species demography and MRT, suggesting that, for graminoids, species 362 

introduced earlier may have been more likely to exert impacts (not assessed here). 363 

Alternatively, Carr et al. may have been more familiar with graminoids introduced 364 

earlier than graminoids introduced later. Forbs classified as invasive were generally 365 

recorded closer to the edge of vegetation fragments than forbs classified as non-366 

invasive. This was surprising, as alien species that invade intact native vegetation 367 

would presumably pose a greater threat to native plant species – the aim of Carr et 368 

al.’s classification. The greater visibility (and therefore familiarity to Carr et al.) of 369 

alien forbs at the edge of vegetation fragments (compared to alien forbs in the interior 370 

of fragments) may have affected the classification of these species.  371 

Species’ maximum relative cover appears to be a key characteristic underlying Carr et 372 

al.’s (1992) risk ratings, so traits related to abundance may help predict this particular 373 

classification. However, not every species with high abundance was listed as invasive 374 

and vice versa. For example, Urtica urens L. had the 24th highest proportional cover 375 

(32%) among 240 forbs but was classified as no threat by Carr et al., yet Emex 376 

australis Steinh., with a maximum observed cover of 2%, was classified as invasive. 377 

Although we found that species abundance was correlated with Carr et al.’s threat-378 

based classification, we also highlight that some species can be listed as invasive for 379 

reasons that are unrelated to their observed demography. Eragrostis curvula (Schrad.) 380 
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Nees is classified as invasive in Victoria despite being ranked 99th for relative 381 

abundance, 86th for environmental range, 67th for geographic range and 81st for spread 382 

rate out of 100 invasive and non-invasive graminoids. Its classification may reflect 383 

high per capita effects, which may result in this species reaching a high threat status 384 

despite its seemingly benign demography. The classification of E. curvula as invasive 385 

may also reflect evidence of its invasiveness elsewhere, or that the abundance data 386 

were collected from plots used to characterize native vegetation and thus are not a 387 

random sample of Victoria’s vegetation.  388 

The Victorian analysis illustrates that species are classified as invasive for different 389 

reasons and invasive species can exhibit several distinct demographic characteristics. 390 

Apart from geographic and environmental range size, the dimensions were 391 

independent of each other, indicating that three of the four demographic dimensions 392 

inform this invasive species listing and that multiple forms of invasiveness exist in 393 

Victoria. Local abundance was the main predictor of the classification, but some forbs 394 

and graminoids were classified as invasive for reasons other than their abundance. If 395 

searching for traits related to invasive forbs and graminoids in Victoria, it would 396 

therefore be worthwhile distinguishing among these different forms of invasiveness 397 

by examining traits related to three of the demographic dimensions (because of their 398 

strong correlation, it would only be necessary to examine traits related to geographic 399 

range size or environmental range size, not both).  400 

Although local abundance was the main predictor for this threat-based invasive 401 

species list, the key demographic dimension may vary for other groups of taxa, in 402 

other places and for invasive species lists compiled by other people.  403 

Discussion 404 
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Our examinations of key definitions of invasiveness (Table S1), criteria used to 405 

identify invasive species (Fig. 1, Table S2), and the demographic characteristics of 406 

alien species in Victoria (Figs 2-4) together provide strong evidence that invasiveness 407 

is multidimensional and many forms of invasiveness exist. The variety of ways 408 

invasive species are defined and identified reflects the biological reality that species 409 

become invasive in different ways. Even though some definitions share no common 410 

criteria, most classifications and studies of species invasiveness categorise species as 411 

either invasive or not (though some specify different strengths of invasiveness, e.g. 412 

major, minor or non-weeds, Speek et al. 2013). This implies that multiple – possibly 413 

contradictory – forms of invasiveness are routinely condensed into a single form. 414 

Conflating different forms of invasiveness is problematic in that it could obscure traits 415 

linked with invasiveness, as species that spread rapidly may possess different traits to 416 

those that reach high local abundance. To paraphrase Rabinowitz (1981), failure to 417 

discriminate among the forms of invasiveness represents a lost opportunity to 418 

investigate the causes and consequences of their differences. 419 

Demographic dimensions of invasiveness may be associated with different 420 

functional traits  421 

Based on current ecological understanding, it seems likely that the functional traits 422 

related to the four demographic dimensions differ. We briefly note a few examples. 423 

By helping populations grow from a small size, self-compatibility (Lovett-Doust 424 

1981) and clonality (Rejmánek 2011) should facilitate high local abundance and fast 425 

spread rates, but these traits should be less important for range sizes. The ability to 426 

disperse long distances should be crucial for achieving fast spread and wide 427 

geographic range sizes (Nathan et al. 2008), but should not facilitate high local 428 
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abundance or broad environmental ranges. High phenotypic plasticity, genetic 429 

polymorphism and outcrossing can increase intraspecific variation and should 430 

therefore facilitate broad environmental ranges (Sultan 2001; Pohlman et al. 2005; 431 

Rejmánek 2011). These three traits may be indirectly related to geographic range 432 

because of correlations between environmental and geographic range sizes, but they 433 

are unlikely to correlate with local abundance and spread rate.  434 

Some traits may relate to some dimensions and not others, but of greater concern is 435 

the potential for contradictory relationships where traits are positively correlated with 436 

one dimension and negatively correlated with another. Fast relative growth rates can 437 

contribute to high local abundance in disturbed ecosystems, but species with broader 438 

environmental ranges typically have slower growth rates than species with narrower 439 

environmental ranges (Tilman 1982). In this situation, relative growth rates (and 440 

associated traits, e.g. specific leaf area, plant size; Rejmánek 2011) may be positively 441 

related to one dimension of invasiveness (local abundance) but negatively to another 442 

(environmental range). Habitat generalists could be expected to have broad 443 

environmental ranges whereas habitat specialists may be more likely to reach high 444 

local abundance. Traits associated with colonisers versus competitors could similarly 445 

contribute to different dimensions of invasiveness.  446 

Potential implications of conflating demographic dimensions  447 

Current understanding suggests that plant traits relate to local abundance, spread rate, 448 

and geographic and environmental range sizes in different and sometimes contrasting 449 

ways. If studies identify invasive species using different demographic dimensions, it 450 

may therefore be hard to ascertain the functional traits associated with invasiveness. 451 

Though it would be undesirable if trends were rendered weak, uncertain or 452 
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inconsistent because of this issue, a greater concern is that traits might be overlooked 453 

altogether, despite being strongly related to a dimension of invasiveness. Below, we 454 

outline four main ways in which conflating dimensions may obscure trait-based 455 

trends.  456 

a) Traits investigated are unrelated to the demographic dimension of invasiveness of 457 

interest 458 

Traits selected for analysis should be ecologically meaningful and relate to the 459 

process of interest (Violle et al. 2007). As an example, imagine that a trait like 460 

clonality is strongly linked with local abundance, but is unrelated to environmental 461 

range. Consider two studies of invasiveness that both measure clonality, but one study 462 

uses abundance to identify invasive species and the other study uses environmental 463 

range. The expected outcomes are a positive relationship and null relationship 464 

respectively. A meta-analysis would conclude weak and uncertain effects of clonality, 465 

whereas – in reality – clonality had inconsistent relationships with the underlying 466 

dimensions of invasiveness. Without explicitly considering the dimensions of 467 

invasiveness being examined, researchers may unwittingly study inappropriate traits 468 

because of a desire to assess the generality of a previously observed trend. This may 469 

partly explain cases where traits are found to be related to invasiveness in some 470 

studies, but not others (e.g. seed mass, Pyšek & Richardson 2007).  471 

b) Traits can relate to multiple demographic dimensions of invasiveness but in 472 

contrasting ways  473 

Some traits may relate to multiple dimensions of invasiveness because dimensions 474 

may share underlying population characteristics (e.g. long-distance dispersal should 475 

be positively linked with both spread rate and geographic range size), or because of 476 
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life history tradeoffs and phylogenetic conservatism (van Kleunen, Weber & Fischer 477 

2010). Although traits that have a consistent interpretation across multiple dimensions 478 

of invasiveness would make robust indicators, there are many cases where 479 

contradictory trait-based trends seem likely (e.g. traits related to colonisation versus 480 

competitive ability, and habitat generalists versus habitat specialists, noted above). 481 

The way to interpret some traits is even unclear within a single dimension. Having 482 

many, light seeds can facilitate high local abundance by increasing the probability of 483 

arriving in a safe site suitable for germination, but seedlings from large seeds have a 484 

higher probability of establishing in any given site (Muller-Landau 2010). Also within 485 

the abundance dimension, traits associated with high abundance in disturbed 486 

ecosystems are often in contrast to those associated with high abundance in 487 

undisturbed ecosystems (Tilman 1982; van Kleunen, Weber & Fischer 2010). Without 488 

knowledge of the local conditions for invasion, it is unclear how to interpret effects of 489 

seed mass and “coloniser” traits on species’ local abundance because of tradeoffs 490 

between seed size and seed number, and tradeoffs between species’ colonisation and 491 

competitive abilities. 492 

c) Invasive and non-invasive species used in comparisons have similar demographic 493 

characteristics  494 

To find trait-based trends that relate to the demographic dimensions of interest, 495 

invasive and non-invasive species must be identified using the same criteria, albeit 496 

representing different ends of the spectra. Some native species can have similar 497 

demographic characteristics to invasive alien species [both may be spreading 498 

(Thompson, Hodgson & Rich 1995), abundant (Firn et al. 2011) or common 499 

(Dawson, Fischer & van Kleunen 2012)], so invasive alien species should not simply 500 

be compared with any native species. Acknowledging this, many comparative studies 501 
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exclude native species that are known to be invasive elsewhere (van Kleunen, Weber 502 

& Fischer 2010). However, rather than relying on criteria reported in invasive species 503 

definitions, it would be much more reliable to identify suitable study species using 504 

data about their abundance, spread rate and range sizes.  505 

Accounting for alien species’ residence time and propagule pressure, especially for 506 

alien-alien comparisons, is also essential for ensuring that comparisons of species’ 507 

invasiveness are robust. Some species may have low abundance or a small range not 508 

because of their traits, but because they have had insufficient time to grow and spread.   509 

d) Rationale for invasive species listing is inaccurate or imprecise  510 

Invasive species classifications commonly use expert-opinion derived from 511 

observation (Burgman 2004; McGeoch et al. 2012; Speek et al. 2013). Even if precise 512 

definitions are provided, people may be unaware of their own underlying motivations 513 

for listing some species as invasive because of cognitive biases (Burgman 2001; 514 

Hulme 2012). For example, a researcher may believe that they have classified a 515 

species as invasive because of its ability to spread rapidly, but this perception may in 516 

fact be the result of the species reaching high abundance over a large geographic 517 

range. Many authors do not provide specific definitions of invasiveness, instead 518 

providing broad definitions that encompass several options (Burgman 2001; 519 

McGeoch et al. 2012). As a consequence, even species (seemingly) identified using 520 

the same criteria may be incomparable. Using empirical data, like in the Victorian 521 

analysis above, avoids the potential problems of expert-derived classifications.  522 

A way forward 523 

a) Focusing on the demographic dimensions of invasiveness  524 

Page 22 of 112Journal of Ecology



For Peer Review

 23

Being more explicit about the demographic dimensions of invasiveness (Colautti & 525 

MacIsaac 2004), and the population characteristics and ecological mechanisms 526 

underlying these dimensions (Gurevitch et al. 2011; Rejmánek 2011), will aid 527 

understanding of invasions and will help extrapolate findings gained from a limited 528 

suite of invaders to a broader pool (Rejmánek 2011). The value of a more mechanistic 529 

approach is illustrated by advances in conservation biology following the 530 

differentiation of small versus declining populations (Caughley 1994), gains in 531 

understanding of bird extinction risk by relating species ecological characteristics to 532 

environmental threats (Owens & Bennett 2000), and by recent work in invasion 533 

biology that identifies plant traits related to different stages of invasion (Dawson, 534 

Burslem & Hulme 2009; Pyšek et al. 2015).  535 

b) The importance of a comprehensive approach 536 

It is important to account for propagule pressure, time since introduction, 537 

environmental conditions and characteristics of the recipient community when 538 

assessing invasiveness traits as these factors can affect invasion success (Wilson et al. 539 

2007; Catford, Jansson & Nilsson 2009; van Kleunen, Weber & Fischer 2010; 540 

Rejmánek 2011; Gallagher, Randall & Leishman 2015; Pyšek et al. 2015). For 541 

example, the range sizes and abundance of species will be sensitive to the amount of 542 

time that species have had to invade. Despite a growing body of research (Ordonez, 543 

Wright & Olff 2010; Tingley et al. 2014; Pyšek et al. 2015), the combined influence 544 

of these factors is rarely examined in trait-based studies of invasiveness. To illustrate, 545 

at least 76% of the invasive species included in the 112 studies were associated with 546 

humans (1% not associated, 23% association not reported), in contrast to only 8% of 547 

the non-invasive species (18% not associated, 74% association not reported), yet only 548 
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one study explicitly accounted for species’ human association in their analyses (i.e. 549 

Grotkopp, Erskine-Ogden & Rejmánek 2010, Table S2). A strong association with 550 

humans through widespread planting and dispersal, for example, may elevate the 551 

propagule pressure of certain species (Catford et al. 2012a), disentangling the 552 

relationship between their ecophysiological traits and their demography. Completely 553 

separating human- and species-mediated propagule pressure is likely to be difficult 554 

(Colautti, Grigorovich & MacIsaac 2006), but including a covariate that represents the 555 

strength of human association in analytical models should help (Wilson et al. 2007).  556 

c) An analytical approach that offers greater nuance   557 

Rather than relying on reported classification criteria and the ability of experts to 558 

distinguish invasive from non-invasive species (McGeoch et al. 2012), we 559 

recommend avoiding invasive species lists altogether when searching for invasiveness 560 

traits, instead focusing on demographic data that relate to invasiveness (provided that 561 

data are not compromised by weed control). Regressing species’ trait values against 562 

their abundance, spread rates and the size of their geographic and environmental 563 

ranges would help to identify the traits that are most strongly related to the 564 

demographic dimensions of invasiveness, and would negate the need to identify a 565 

threshold beyond which species are considered invasive (this applies to 15 forms of 566 

invasiveness as well). Hierarchical trait-based models seem well suited to such a task 567 

(Pollock, Morris & Vesk 2012) and would enable species origin to be included as a 568 

covariate. A Bayesian framework would enable information about species’ 569 

demographic characteristics in other regions to be included as priors.  570 

d) Attributes of good indicators  571 
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One of the chief purposes of identifying invasiveness traits is to predict the likelihood 572 

of new species becoming invasive. A universal set of traits is unlikely but, like any 573 

indicator, traits must possess certain characteristics to be useful indicators (Catford et 574 

al. 2012b). Traits should be ecologically meaningful (i.e. functional, sensu Violle et 575 

al. 2007) by linking the autecology of species to the way in which they are invasive. 576 

The traits (and the way the traits are examined, e.g. relative to co-occuring native 577 

species; Ordonez, Wright & Olff 2010) must be unambiguous where the meaning and 578 

interpretation of a trend is clear. Traits should have consistent effects and be widely 579 

applicable and comparable across organisms, ecosystems and regions.  580 

Conclusion 581 

Plant traits that are associated with species invasiveness are used to guide weed risk 582 

assessment and management. Rather than searching for traits that distinguish two 583 

types of species – invasive or non-invasive, we posit that it will be far more fruitful to 584 

look for traits associated with the four demographic dimensions of invasiveness and 585 

the multiple forms of invasiveness that they produce. Comparing like with like should 586 

lead to more accurate conclusions about the traits commonly possessed by invasive 587 

species. 588 
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Table 1. The four demographic dimensions of invasiveness with examples of definitions that use them as criteria (underlined), ways in which 806 

they can be quantified, possible indicators and measures, and some potential management implications of focusing on a given dimension when 807 

designating species as invasive. As well as the indicators and measures listed here, we provide other examples of potential measures in the case 808 

study that compares the demography of invasive and non-invasive species in Victoria.     809 

Dimension  Description Example of 

definition 

Quantification method  Indicators  Management implications  

Local 

abundance  

 

Refers to species’ 

cover, biomass, 

density or number 

of individuals at a 

site, usually in 

terms of their 

relative abundance 

or dominance.  

“Invasive 

species can 

quickly 

transform 

biological 

communities 

due to their high 

abundance and 

Field surveys; remote 

sensing. The relative 

contribution that taxa make 

to different life forms or 

structural components can 

help to account for 

differences in taxon size 

(Catford et al. 2012b). 

Proportion 

of total 

vegetation 

cover or 

biomass 

composed 

of alien 

species; 

Prioritizes management of alien species 

that dominate standing vegetation, even if 

only over a small area, allowing 

management resources to be highly 

targeted spatially and temporally, e.g. to 

coincide with stages of population growth 

that are more sensitive to herbicide 

(Lindenmayer et al. 2015). If aiming to 
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strong impacts 

on native 

species” 

(Lankau et al. 

2009, p. 15362). 

density.  limit the geographic range of a species, it 

can sometimes be optimal to control 

abundant populations that supply most 

propagules, but at other times it can be 

optimal to control low-density satellite 

populations that contribute more to spread 

(Epanchin-Niell & Hastings 2010).   

Geographic 

range size 

 

Refers to size or 

spatial extent of 

species’ 

distributions.  

 

“Stage V: 

Widespread and 

dominant” 

(Colautti & 

MacIsaac 2004, 

p. 138). 

Species presence records 

from e.g. herbaria to 

characterise latitudinal and 

longitudinal distributions. 

Although the (ultimate) area 

of invasive species 

occupancy is probably of 

Range or 

standard 

deviation 

of latitude 

and 

longitude; 

areal 

Focuses management resources on 

species that occur over vast areas of the 

landscape, even if at low numbers, 

presenting challenges for logistics, 

resourcing and detectability (Hauser & 

McCarthy 2009). The larger the range 

size of a species, the more expensive the 
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most concern, we suggest 

using the extent of 

occupancy as species will 

likely infill their range with 

time (see Gaston & Fuller 

2009 for potential 

measures). 

extent of 

occupancy

.  

cost of control and the lower the 

likelihood of eradication or containment. 

As the size of the invaded area increases, 

there is less uninvaded land to protect 

from damages, reducing benefits of 

control (Epanchin-Niell & Hastings 

2010).  

Environmental 

range size 

 

Refers to the range 

of abiotic 

conditions in which 

a taxon resides. 

Proxies include 

species’ latitudinal 

or altitudinal range 

“Invasive (E): 

Fully invasive 

species, with 

individuals 

dispersing, 

surviving and 

reproducing at 

Species’ environmental 

range sizes can be 

characterised through 

species distribution 

modelling or by the 

diversity of habitats that 

species occupy. 

Number of 

habitat 

types a 

species 

occupies; 

range of 

environme

Management would target species that 

occur across a broad range of 

environmental conditions and habitat 

types. The efficacy of invasive species 

detection and management can vary 

depending on the environmental 

conditions of the invaded area, like terrain 
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or the number and 

diversity of habitat 

and ecosystem 

types that species 

occupy. The 

dimension least 

referred to in 

definitions of 

invasiveness.  

multiple sites 

across a greater 

or lesser 

spectrum of 

habitats and 

extent of 

occurrence” 

(Blackburn et al. 

2011, p. 337). 

ntal 

conditions.  

and native vegetation structure (Hauser et 

al. 2016), so different approaches will 

likely be optimal under different 

environmental conditions. Invasive 

species control programs often aim to 

protect particular ecosystems from 

invasion impacts (Downey et al. 2009), so 

targeting species that are listed as 

invasive solely because of broad 

environmental ranges seems an unlikely 

management goal. 

Spread rate  

 

Refers to change in 

spatial extent over 

time. Most 

“Alien species 

were designated 

as invasive if 

The most challenging 

demographic metric to 

quantify, requiring 

Distance a 

species’ 

range front 

Targets rapidly expanding populations. 

Early detection and intervention presents 

the best chance of containing species 
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definitions do not 

specify actual 

spread rates, 

instead describing 

invasive 

populations as 

those that spread or 

those that spread 

rapidly.  

there was… 

rapid range 

expansion or 

population 

growth in the 

introduced 

country” 

(McGeoch et al. 

2010, p. 1 of 

Appendix S3).  

information about where 

and when species were 

introduced and records of 

how they have moved 

across the landscape. Many 

modelling approaches are 

available (Wilson et al. 

2007; Andrew & Ustin 

2010; Caplat, Nathan & 

Buckley 2012).  

increases 

over a 

specific 

period of 

time.  

before geographic range and number of 

satellite populations become too large 

(Hobbs & Humphries 1995). Individuals 

on edge of population range may be more 

heavily targeted in control, or populations 

at the edge of a range (or abutting a 

potential dispersal barrier) may be 

supplemented with individuals that have 

lower dispersal capability, reducing both 

the rate and probability of continued 

spread (Phillips et al. 2016).   

 810 

  811 
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Table 2 A typology of 15 forms of invasiveness based on combinations of the four demographic dimensions: high local abundance (A), broad 812 

environmental range (E), wide geographic range (G) and fast spread rate (S). Adapted from Rabinowitz (1981). Adding the fifth dimension, 813 

impact, would increase the forms of invasiveness to 31 (i.e. each of the 15 forms, with and without impact, plus impact by itself).  814 

Environmental range Used Not used 

Geographic range  Used Not used Used Not used 

Abundance Spread rate      

Used 

Used 

AEGS Fast spreading and locally 

abundant over a broad range of 

environmental conditions and a large 

geographic area.  

AES Fast spreading and 

locally abundant over a broad 

range of environmental 

conditions. 

AGS Fast spreading and 

locally abundant over a 

large geographic area. 

AS Fast 

spreading and 

locally 

abundant.  

Not used 

AEG Locally abundant over a broad 

range of environmental conditions 

and a large geographic area.  

AE Locally abundant over a 

broad range of environmental 

conditions. 

AG Locally abundant 

over a large geographic 

area.  

A Locally 

abundant.  
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Not used 

Used 

EGS Fast spreading over a broad 

range of environmental conditions 

and a large geographic area.  

ES Fast spreading over a broad 

range of environmental 

conditions. 

GS Fast spreading over 

a large geographic area. 

S Fast 

spreading. 

Not used 

EG Occurs over a broad range of 

environmental conditions and a large 

geographic area. 

E Occurs over a broad range of 

environmental conditions.  

G Occurs over a large 

geographic area. 

--  

 815 
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 816 

Fig. 1. Proportion of 112 trait-based invasion studies that classify invasive species 817 

into 15 forms of invasiveness based on combinations of high local abundance (A), 818 

broad environmental range (E), wide geographic range (G) and fast spread rates (S). 819 

Pie charts in each cell indicate the percentage of 112 studies that used those 820 

dimensions to identify invasive species as determined by the classification criteria 821 

reported or invoked in the studies (Table S4). Letters and colour-coded shading 822 

indicate cases where that dimension is explicitly used as a criterion of invasiveness 823 

(some colours overlap indicating use of multiple criteria, see Table 2), e.g. AEGS, all 824 

demographic dimensions are used as criteria. None: proportion of studies where none 825 

of the four demographic dimensions were used as criteria of invasiveness (8.0% of 826 

studies did not specify the criteria used; 0.9% of studies used only impact as a 827 
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criterion of invasiveness). When impact was considered, 28 of the 31 forms of 828 

invasiveness were used in these 112 studies. 829 

830 
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45 

 831 

 832 

 833 

Fig. 2. Relationships among the four demographic dimensions of invasiveness for 340 834 

alien forbs and graminoids in Victoria. Pearson correlation coefficients are shown in 835 

each panel; |r| >0.5 in bold font. Units of measurement: local abundance = log-836 

transformed maximum relative cover observed in a quadrat; environmental range size 837 

= geometric mean of the standard deviations of four environmental variables in their 838 

original units (Appendix S1); geographic range size = geometric mean of the standard 839 

deviations of latitude and longitude (decimal degrees); spread rate = log-transformed 840 

rate of geographic spread (km/year). Invasive species in black circles, non-invasive 841 

species in white circles. Correlations with and among MRT and distance to edge were 842 

all |r| <0.5 (Table S5). 843 
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46 

 844 

Fig. 3. Predicted probability of 240 alien forbs being classified as invasive based on 845 

species’ local abundance, environmental range size, geographic range size, spread 846 

rate, minimum residence time and distance to edge. Units of measurement: minimum 847 

residence time = years between first and last observation in Victoria for period 1900-848 

1991 inclusive; distance to edge = log-transformed mean of distance to edge of 849 

vegetation fragments (km); others provided in caption of Fig. 2. Significant slope 850 

coefficients are reported; *** p < 0.001, * p < 0.05; dotted lines are 95% credible 851 

intervals.   852 

  853 
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47 

 854 

Fig. 4. Predicted probability of 100 alien graminoids being classified as invasive 855 

based on species’ local abundance, environmental range size, geographic range size, 856 

spread rate, minimum residence time and distance to edge. Details as in Fig. 3.  857 

 858 
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Appendix S1: Details of the data, data processing and modeling approach used 

for the Victoria case study. 

Datasets 

1. Carr et al.’s (1992) risk ratings of alien plant taxa 

A list of 585 alien taxa categorized by Geoff Carr, a botanical consultant with 

36 years of experience, and colleagues based on perceived short- to long-term 

threat to one or more native vegetation formations in Victoria. Classes 

“potential risk” (243 species), “serious risk” (182 species), and “very serious 

risk” (128 species) were combined in our study and the member taxa 

considered invasive (according to this listing). The remaining 24 species were 

deemed by Carr to present “no risk”, and we considered these non-invasive.  

 

2. Flora Information System (FIS) 

A database maintained by the Victorian Department of Environment, Land, 

Water & Planning that comprises plant community composition data (cover 

abundance estimates of all detected species) from planned surveys of 30 × 30 

m quadrats throughout Victoria, a 237,629 km² state in south-eastern 

Australia, in addition to incidental observations of plants recorded since 1801. 

Between 1970 and 2010, 32,400 geo-referenced plots (~2,900 ha in total) were 

surveyed across the state. Plots are primarily used to characterize native 

vegetation communities and thus are not a random sample of Victoria’s 

vegetation but are somewhat biased towards areas with higher native cover or 

areas that are about to cleared for development. Since the present study seeks 

to identify relationships between characteristics of alien (non-indigenous) taxa 

and their assigned risk of invasiveness, native taxa were omitted from 

analyses. In addition, taxa for which a specific epithet was not provided, and 

those that were listed as “unidentified” were also excluded. This database has 

since been migrated to the Victorian Biodiversity Atlas – 

https://vba.dse.vic.gov.au/vba/index.jsp. 

 

3. Australia’s Virtual Herbarium (AVH) 

AVH provides access to geo-referenced observation data for plants, algae and 

fungi in Australia. Records correspond to actual specimens housed at 
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Australia’s many herbaria; these specimens have undergone expert inspection 

such that taxonomy is highly reliable. The Atlas of Living Australia 

(www.ala.org.au) provides open electronic access to these data via the AVH 

data hub (http://bie.ala.org.au/search?qc=data_hub_uid:dh2), and via the R 

package ALA4R (https://github.com/AtlasOfLivingAustralia/ALA4R). 

  

4. Geographic data 

AVH geographic coordinate data are provided in the WGS 84 coordinate 

reference system, while coordinates describing locations of FIS observations 

are provided in VicGrid94. Coordinate systems of both datasets were 

transformed to geographic coordinates with the GDA94 datum for calculation 

of distances (great circle) and standard deviations of latitude and longitude (in 

decimal degrees) of observation. We use standard deviations rather than 

ranges (i.e. maximum minus minimum) to account for potential differences in 

sampling effort (Burgman 1989). 

 

Data preparation 

We extracted occurrence and cover data from FIS for all alien taxa that were recorded 

to at least species level. Synonymy in taxon names was resolved by querying accepted 

names for each taxon, as held by ALA, using the R package ALA4R version 1.181 

(Raymond, VanDerWal & Belbin 2015). For each accepted taxon concept, FIS 

records for all taxa that resolved to that accepted taxon concept (i.e., synonymous 

taxa) were combined. These were supplemented by Victorian records for each taxon 

concept from the AVH data hub of ALA (using the occurrences function to download 

records without any reported taxonomic issues). Similarly, currently accepted names 

were retrieved for the list of taxa whose invasiveness was assessed by Carr et al. 

(1992), such that we could match names between the two lists to add Carr et al.’s 

weed risk classification to our FIS/AVH dataset (invasive = Carr’s “potential risk”, 

“serious risk”, and “very serious risk”; and non-invasive = Carr’s “no risk” and 

unlisted taxa). Records with spatial accuracy worse than 1000 m were omitted, as 

were records reported by ALA as duplicates.  
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Species’ environmental ranges  

At each occurrence locality we extracted data from four uncorrelated (|r| < 0.6) spatial 

layers describing:  

1) highest temperature of any weekly maximum temperature (ºC) extracted 

from ANUCLIM (Xu & Hutchinson 2011) applied to 30 m Shuttle Radar 

Topography Mission (SRTM) Digital Elevation Model;  

2) precipitation in the coldest quarter (mm) extracted from ANUCLIM (Xu & 

Hutchinson 2011) applied to 30 m Shuttle Radar Topography Mission 

(SRTM) Digital Elevation Model;  

3) the soil radioelement Thorium concentration (ppm) sourced from various 

Federal and State Agencies (75 m resolution); and  

4) Topographic Wetness Index, which is a compound terrain attribute (sensu 

Beven & Kirby 1979) implemented using 30 m Shuttle Radar Topography 

Mission (SRTM) Digital Elevation Model and TOPOCROP Version 2.1 

(Schmidt & Persson 2003).  

The environmental range of each taxon was estimated as the geometric mean of the 

standard deviations of these four variables, across locations at which the taxon was 

recorded.  

Spread rates 

For each taxon, we estimated maximum spread by fitting logistic models to data 

describing the geographic spread over time. We assumed that the earliest observation 

of a taxon represented the source population from which subsequently observed 

individuals had spread, with distance travelled estimated along great circles. For taxon 

i, the cumulative distance travelled from the source population after time t has 

elapsed, Dit, was thus modeled as 

��� = ����� 	1 + exp ������������ ��� , 

where, for taxon i,  asymi is the asymptotic spread distance, midi is the time at which 

the taxon has spread to half its asymptotic spread, and scali is the time elapsed 

between reaching half and 1/(1 + e
-1
) (approximately three quarters) of its asymptotic 
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spread. These models were fit as non-linear self-starting logistic models in R using the 

SSlogis function.  

The maximum spread rate was then estimated from these fitted models by calculating 

the gradient between the point at (xmid, asym/2) and the point at (xmid + xscal, 

asym/(1 + e
-1
)), where the latter term represents the time at which the species has 

reached approximately 3/4 of its asymptotic spread, and xscal is the time elapsed 

between the species reaching half and ~3/4 of its asymptotic spread. 

 

Model evaluation  

We used Boosted Regressions Trees (Elith, Leathwick & Hastie 2008) to confirm that 

relationships were linear and that parametric models were appropriate. We examined 

the fit of logistic regressions that included all two-way interactions and used the R 

package, glmulti (Calcagno 2015), to examine model fit with all possible interactions. 

AIC indicated that models with only direct effects had the best fit (models that 

included interactions had AIC scores that were greater than 2 units higher than the 

direct-effects-only model).  
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Table S1 Criteria used to distinguish invasive from non-invasive species from a sample of academic papers (n = 14), policy documents (n= 7) and invasive 

species databases (n = 3). Two papers provided distinct definitions for different types of invasiveness (Colautti & MacIsaac 2004; Blackburn et al. 2011). X, 

species must meet criterion; Ψ, species may meet criterion. See Table 1 in manuscript for definitions of four demographic criteria; impact refers to negative 

ecological economic, aesthetic or human health impacts. NB. Some definitions refer to population growth rates. Although population growth can be 

considered a form of spatial spread, from the context of definitions reviewed (McGeoch et al. 2010; Convention on Biological Diversity 2014; see Table S1 in 

Supplementary Information), it seems to imply increases in the density of a population, which seems more closely linked with high local abundance than 

rapid spatial spread. Most definitions do not specify actual spread rates, instead describing invasive populations as those that spread (Richardson et al. 2000; 

Convention on Biological Diversity 2014) or those that spread rapidly (Pyšek et al. 2004; DAISIE European Invasive Alien Species Gateway 2014). If 

“spread” is specifically mentioned in a definition, we have assumed that this refers to the rate of spread, but we acknowledge that this may not be the case, in 

which case we have overestimated how often spread rates are used to characterise invasiveness. 

Reference and definition  

 

Introduced 

by humans 

Beyond 

natural 

range 

Self-

sustaining 

population 

Local 

abundance 

Environmental 

range 

Geographic 

range  

Spread  Impact  

Academic papers          

Richardson et al. (2000): Invasive plants: Naturalized plants 

that produce reproductive offspring, often in very large 

numbers, at considerable distances from parent plants 

(approximate scales: > 100 m in < 50 years for taxa spreading 

by seeds and other propagules; > 6 m/3 years for taxa 

spreading by roots, rhizomes, stolons, or creeping stems), and 

thus have the potential to spread over a considerable area. 

Naturalized plants: alien plants that reproduce consistently (cf. 

casual alien plants) and sustain populations over many life 

cycles without direct intervention by humans (or in spite of 

human intervention); they often recruit offspring freely, 

usually close to adult plants, and do not necessarily invade 

natural, semi-natural or human-made ecosystems. Alien 

X X Χ Ψ  Χ Χ   
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plants: plant taxa in a given area whose presence there is due 

to intentional or accidental introduction as a result of human 

activity.  

Richardson & Pyšek (2006): Invasive plants are a subset of 

naturalized plants that produce reproductive offspring, often in 

large numbers, at considerable distances from parent plants, 

and thus have the potential to spread over a large area.  

Naturalized plants are those aliens that form self-replacing 

populations for at least 10 years without direct intervention by 

people (or despite human intervention) by recruitment from 

seeds or ramets capable of independent growth.  Alien plants 

are those whose presence in an area is the result of human-

mediated transport.  

Χ Χ Χ   Χ Χ   

Daehler (2003): Invasive plants are nonnative species that 

have successfully spread outside their native range. Most 

invasions over the past several centuries have involved species 

transported directly or indirectly by humans. Invasive plants 

have attracted much attention because of their economic costs 

as weeds and because they may reduce native biodiversity or 

alter ecosystem functions.  

Ψ Χ       Χ 

Colautti & MacIsaac (2004) Stage IVa: Widespread but 

rare. 
     Χ    

Colautti & MacIsaac (2004) Stage IVb: Localized but 

dominant. 
   Χ      

Colautti & MacIsaac (2004) Stage V: Widespread and 

dominant. 
   Χ  Χ    

Pysek et al. (2004): Invasive plants are a subset of naturalized 

plants that produce reproductive offspring, often in very large 

numbers, at considerable distance from the parent plants, and 

thus have the potential to spread over a large area. 

Approximate scales: >100 m in <50 years for taxa spreading 

by seeds and other propagules (for dioecious taxa that rely 

exclusively on seeds for reproduction, this applies only after 

  Χ   Χ Χ   
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the introduction of both sexes); > 6 m in 3 yrs for taxa 

spreading by roots, rhizomes, stolons, or creeping stems. Taxa 

that spread previously, but do not spread currently because the 

total range of suitable habitats and landscapes has been 

occupied, should still be termed invasive because local 

eradication will undoubtedly lead to re-invasion. Naturalized 

plants: alien plants that sustain self-replacing populations for 

at least 10 years without direct intervention by people (or in 

spite of human intervention) by recruitment from seeds or 

ramets (tillers, tubers, bulbs, fragment etc) capable of 

independent growth.   

Catford et al. (2009): Species that expand beyond their 

natural range and population density are defined as invasive 

and may cause ecological or economic harm. 

 Χ       Ψ 

Lankau et al. (2009): Invasive species can quickly transform 

biological communities due to their high abundance and strong 

impacts on native species. 

   Χ     Χ 

Simberloff (2009): For an introduced species to become 

invasive it must succeed at all [stages of invasion]. One or 

more propagules of a species must first become entrained in a 

transport pathway, then survive the transport voyage, then 

successfully exit the transport vector, then establish an initial 

population that may or may not spread and become invasive. 

For the purposes of this review, all but the last stage can be 

subsumed into the question of whether a species arrives and 

establishes a population, while the last stage encompasses the 

question of whether that population becomes invasive.  

 Χ Χ    Χ   

McGeoch et al. (2010): Alien species were designated as 

invasive if there was at least one of (i) published evidence of 

negative biodiversity impact by the species in the country, (ii) 

rapid range expansion or population growth in the introduced 

country, or (iii) evidence that the species is invasive elsewhere 

in its introduced range. 

   Ψ   Ψ  Ψ 
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van Kleunen et al. (2010): The term invasive refers to 

spreading alien species having an ecological or economic 

impact, or reaching high local abundance in the region where 

the study was conducted. 

   Ψ   Χ  Ψ 

Blackburn et al. (2011) Invasive (D1): Self-sustaining 

population in the wild, with individuals surviving a significant 

distance from the original point of introduction. 

Χ Χ Χ       

Blackburn et al. (2011) Invasive (D2): Self-sustaining 

population in the wild, with individuals surviving and 

reproducing a significant distance from the original point of 

introduction. 

Χ Χ Χ   Χ    

Blackburn et al. (2011) Invasive (E): Fully invasive species, 

with individuals dispersing, surviving and reproducing at 

multiple sites across a greater or lesser spectrum of habitats 

and extent of occurrence. 

Χ Χ Χ  Ψ Ψ Χ   

Rejmánek (2011): Invasiveness: the degree to which a species 

is able to reproduce, spread from its place of introduction, and 

establish in a new location. 

  Χ    Χ   

Catford et al. (2012): An alien (exotic, nonnative, 

nonindigenous, introduced) species is considered invasive 

when it sustains self-replacing populations over several life 

cycles, spreads considerable distance from its site of 

introduction and often reaches very large numbers. 

  Χ Ψ  Χ Χ   

Hulme et al.(2013): Invasion or invasive refers to established 

alien organisms that are rapidly extending their range in the 

new region, usually causing significant harm to biological 

diversity, ecosystem functioning, socio-economic values, 

and/or human health in invaded regions. 

  Χ    Χ  Ψ 

Policy documents and databases 

USA Executive Order 13112 (Clinton 1999): invasive 

species [are] species that are non-native (or alien) to the 
 Χ       Χ 
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ecosystem under consideration and whose introduction causes 

or is likely to cause economic or environmental harm, or harm 

to human health. Invasive species can be plants, animals, or 

pathogens. [Definition used by USA National Invasive Species 

Council (2014)].  

International Union for Conservation of Nature (McNeely 
2001): Invasive alien species: an alien species whose 

establishment and spread threaten ecosystems, habitat of 

species with economic of environmental harm. 

        Χ 

International Union for Conservation of Nature (McNeely 
et al. 2001): Alien species that become established in a new 

environment, then proliferate and spread in ways that are 

destructive to human interests are considered “invasive alien 

species". 

 Χ Χ    Χ  Χ 

International Union for Conservation of Nature (2009): 
Species that have been moved, intentionally or 

unintentionally, as a result of human activity, into areas where 

they do not occur naturally are called “introduced species” or 

alien species. … some thrive and start to take over native 

biodiversity and affect human livelihoods – these are known 

as invasive species.   

Χ Χ Χ Χ     Χ 

Australian Government Department of Environment 
(2014): An invasive species is a species occurring, as a result 

of human activities, beyond its accepted normal distribution 

and which threatens valued environmental, agricultural or 

other social resources by the damage it causes. 

Χ Χ       Χ 

Convention on Biological Diversity (2014): Invasive alien 

species are species whose introduction and/or spread outside 

their natural past or present distribution threatens biological 

diversity. For a species to become invasive, it must 

successfully out-compete native organisms, spread through its 

new environment, increase in population density and harm 

ecosystems in its introduced range. To summarize, for an alien 

Χ Χ Χ Χ   Χ  Χ 
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species to become invasive, it must arrive, survive and thrive. 

DAISIE European Invasive Alien Species Gateway (2014): 
Alien species, also known as exotic, introduced or non-native 

species, are species, subspecies, or lower taxon occurring 

outside of the range they occupy naturally or could not occupy 

without direct or indirect introduction or care by humans. 

Although the majority of alien species cause no harm, some 

alien species spread very rapidly and can harm biological 

diversity, human health, and/or economic and aesthetic values. 

These harmful species are called invasive alien species. 

Χ Χ     Χ  Χ 

Global Invasive Species Database (ISSG 2014b): The GISD 

focuses on invasive alien species that threaten native 

biodiversity and natural ecosystems and covers all taxonomic 

groups from micro-organisms to animals and plants in all 

ecosystems.  

        Χ 

IUCN’s Invasive Species Specialist Group (2014a): Invasive 

species can negatively impact human health, the economy (i.e. 

tourism, agriculture), and native ecosystems. These impacts 

may disrupt the ecosystem processes, introduce diseases to 

humans or flora and fauna, and reduce biodiversity. Invasive 

species are organisms that have been transported from their 

native environment to a new environment. Depending upon 

the transportation distance, these species may be removed 

from competitive factors (i.e. pathogens, pests, predators) that 

limit their abilities to disrupt native and human altered 

ecosystems. Research has demonstrated that invasive species 

have characteristics that allow them to outcompete native 

species and change biodiversity, community structure, and 

ecosystem processes in a region.  

 Χ       Ψ 

NOBANIS European Network on Invasive Alien Species 
(2014): Invasive alien species - an alien species whose 

introduction and/or spread threaten biological diversity. Alien 

X X     Ψ  X 
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species (syn: non-native, non-indigenous, foreign, exotic, 

introduced) - a species, subspecies or lower taxon (such as a 

variety, race, provenance or stock), introduced outside its 

natural past or present distribution; includes any part, gametes, 

seeds, eggs, or propagules of such species that might survive 

and subsequently reproduce. 
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Table S2 Criteria used to identify invasive species in the 112 studies that compared traits of invasive and non-invasive plant species. Criteria 

used to identify invasive species were gleaned from the definitions or study species descriptions provided in the original studies (provided here). 

The form of invasiveness used by the studies was assessed based on these criteria; letters indicate criteria used (A, high local abundance; E, 

broad environmental range; G, wide geographic range; S, fast spread rate; I, impact on economy, ecology and human health). Studies were 

selected using the criteria of van Kleunen et al. (2010) [we could only access 112/118 of the papers used by van Kleunen et al. (2010); the six 

studies that could not be reviewed are included at the bottom of the table]. Despite many papers indicating that invasives were associated with 

humans (Y, yes; N, no; NR, not reported), only one study accounted for potential differences in the strength of human association between 

invasive and non-invasive species (Grotkopp et al. 2010), which is relevant for issues relating to propagule pressure. Two of seven studies that 

compared invasive aliens with non-invasive aliens accounted for minimum residence time (Ashton et al. 2008; Grotkopp et al. 2010). References 

provided below table.  

Reference and description of study species’ invasiveness Invasive 

form 

Growth form Invasives 

associated 

with humans  

Non-invasives 

associated with 

humans 

Allison & Vitousek (2004): Aggressively invade native ecosystem in 

Hawai'i. In contrast to the native flora, the vast majority of invasive plant 

species are angiosperms (Vitousek et al. 1987), and invasions in mesic-wet 

Hawaiian ecosystems usually cause a shift from fern to angiosperm 

dominance in the understory. We hypothesized that the physiological 

characteristics of invasive plants would affect their litter chemistry and lead 

to differences in litter decomposition and nutrient cycling.  

AI Mixed (grass, 

shrub, ferns, 

forb, tree) 

NR NR 

Anderson (1982): Most widely distributed and important phraetophyte in 

the SW US. Stock of various species of Tamarix was introduced by nursery-

men in the early 1800s. Native of Mongolia, China and Japan. From an area 

GS Shrub or 

small tree 

Y NR 
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of 16000 or 20,000 has in 1920, it has spread to >500,000 ha by 1965. A 

reputation as a rapid colonizer and vigorous invader, but a slow starter that 

does not compete well in established communities.  

Ashton et al. (2008): Refers to USDA-NRCS (2001) and Pysek et al. (2004) 

for definitions. Invasive vines as those listed as invasive species in the 

USDA national parks database (USDA-NRCS 2001). We follow the 

terminology of Pysek et al (2004). Naturalised plants (i.e. non-invasive ones) 

are defined as those species that are exotic and found outside cultivation in 

the NE USA but are not common. All naturalised vines were introduced to 

the USA >70 years ago.  

-- Woody vines NR  NR 

Asner & Beatty (1996): Native to African savannas; introduced to Hawaii 

in 1913 and can now be found on all major islands. Melinis is a fast-growing 

C4 species that can reach heights of 1.5 - 2.0 m, forming a dense mat that 

decreases light levels below its canopy by as much as 99%. . It quickly 

reestablishes and spreads following fire, and it may increase fire frequency 

due to its large biomass and relatively dry tissue. Melinis was introduced to 

Molokai Island, Hawaii in the 1920s for use as cattle forage in pastures 

along the lower leeward slopes (300-500 m elev.). Dry season (June-August) 

fires have become more frequent in these lower elevation grass dominated 

areas, leading to large monospecific Melinis stands that extend beyond the 

initial pasture areas. In addition, the grass has spread into upper elevation 

moist shrubland areas (800-1000 m elev.). For an invading species to alter 

ecosystem processes, it must cause a measurable change in primary or 

secondary productivity, hydrology, nutrient cycling, soil development, or 

energy flow. 

AEGIS Grass Y N 

Baruch & Gomez (1996): African grasses have been introduced in order to 

improve forage quality and livestock production. Several of the latter 

established successfully and invaded new areas displacing the native plants 

AI Grass Y NR 
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in some habitats of the savanna. Reduced native plant diversity and altered 

architecture of herbaceous community, probably affecting biogeochemistry. 

greater competitive capacity.  

Baruch & Bilbao (1999): Hyparrhenia was one of the introduced grasses 

that established successfully and displaced the plants from native grasslands 

dominated by Trachypogon plumosus. Introduced to improve forage quality. 

In addition to these life history traits that confer a competitive advantage to 

Hyparrhenia, it has been postulated that invader plants also grow fast, 

respond quickly to resource availability, have high reproductive allocation 

and several other traits related to r-selection.  Invaded and dis-placed native 

plants, forming closed, almost monospecific tall-grass stands. The native 

communities reach up to 800 g m
-2

 standing biomass, 80% of it composed 

by Trachypogon reaching a peak standing biomass of 1250± 1400 g m
-2

. The 

introduction of African grasses and their subsequent spread markedly 

decreased local vegetation diversity and may have profound effects on 

ecosystem function and stability postulated. The latter had higher laboratory 

photosynthetic rates (Baruch et al. 1985), lower tissue construction costs 

(Baruch and Gomez 1996), coped better with seasonal drought (Baruch and 

Fernandez 1993), was more tolerant to defoliation under semi-controlled 

conditions (Simoes and Baruch 1991), and had higher germination potential 

than native grasses (Z. Baruch, unpublished results). 

AI Grass Y NR 

Blicker et al. (2003): Centaurea maculosa. (spotted knapweed), a perennial 

tap-rooted herb, was introduced to the Pacific Northwest in the late 1800s 

from Eurasia. Millions of hectares of native semi-arid grasslands in the 

western United States have been invaded by Centaurea (Lacey et al., 1995), 

including pristine, ungrazed or lightly grazed grasslands. Centaurea has few 

natural enemies and it produces potential allelopathic compounds including 

polyacetylenes and sesquiterpene lactones. Besides these factors, 

Centaurea’s success in North America may also reflect a greater ability to 

GS Forb Y NR 
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compete for soil resources. An invasive species may create a new steady 

state plant community by using more of a limiting resource, reducing the 

amount of that resource to low levels thereby leaving less for its neighbors, 

and/or by tolerating low levels of resources by using that resource more 

efficiently. Either strategy could inhibit establishment, survival, and/or 

reproduction of native species. 

Blicker et al. (2002): The Eurasian forb Centaurea maculosa (Lam.; spotted 

knapweed) has invaded millions of hectares of semi-arid grasslands in 

western North America. The Eurasian forb Centaurea maculosa Lam. 

(spotted knapweed) was introduced to the Pacific Northwest (U.S.A. and 

Canada) in the late 1800s, and is spreading rapidly on semi-arid grasslands 

(Lacey et al., 1995). C. maculosa reduces the productivity of desirable 

forage plants (Watson and Renney, 1974), and floristic diversity (Tyser and 

Key, 1989). C. maculosa’s success in North America may reflect that it was 

introduced without its native enemies, it is not grazed by domestic large 

herbivores, it may be more competitive than native species, it may interfere 

with native species via allelopathy, or most likely some combination of these 

factors. C. maculosa colonizes disturbed areas (Watson and Renney, 1974), 

which generally have a greater abundance of available (inorganic) nutrients, 

and less competition for resources. Besides colonizing early-successional, 

disturbed sites, C. maculosa invades semi-arid grasslands dominated by 

native, late-successional grass species. C. maculosa’s success may, in part, 

reflect its plasticity to colonize early-successional, disturbed sites by rapidly 

acquiring nutrients, and to compete with late-successional grasses for limited 

nutrients on undisturbed sites. 

AGS Forb Y NR 

Booth et al. (2003): Invasions by exotic species are an increasingly serious 

threat to ecosystem integrity and function (Vitousek 1986; D’Antonio & 

Vitousek 1992). Certain species can dramatically change ecosystem 

properties such as light availability and water and nutrient balance, 

AGIS Grass NR NR 
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potentially influencing the trajectory of vegetation community development. 

The most successful invasive species are probably those that restructure the 

environment to favour their own long term persistence, thus ultimately 

resetting the course of plant community development. Bromus tectorum (L.) 

(cheatgrass) are widespread and often represent complete replacement of 

native shrub and bunchgrass communities. In the Great Basin of the western 

USA, the exotic annual grass Bromus tectorum is an example of the 

sweeping influence of invaders, having replaced millions of hectares of 

native shrub and bunchgrass communities. Transpiration by densely 

growing. Bromus depletes soil moisture in the spring, preventing 

establishment of native shrub and perennial grass seedlings and depressing 

the moisture status even of mature shrubs. 

Brudvig & Evans (2006): L. tatarica, which was introduced from Eurasia 

sometime before 1800 (Rehder 1927). Although L. tatarica has formed 

nearly impenetrable thickets in some forest understories. Its congener, 

Lonicera maackii Rupr. (Amur honeysuckle), has been shown to reduce 

growth and survival of native tree seedlings in Ohio forests. 

AI Shrub Y Y 

Burns (2004): The invasive Commelina benghalensis is native to tropical 

Africa and Asia (Wiersema & Leon, 1999; Faden, 2000) and invasive in 

Hawaii, California, Louisiana, Alabama, Florida, and tropical America 

(Faden, 1992; Faden,2000; NRCS Plants, 2004). All the invasive species in 

this study invade disturbed habitats in Florida and were probably introduced 

as ornamentals, with the exception of Commelina benghalensis, which was 

probably introduced as a seed contaminant (Wiersema & Leon, 1999). All of 

the non-invasive species have been introduced outside their native range, 

primarily as ornamentals.  

G Grass Y Y 

Burns & Winn (2006): A species is invasive if it has been introduced to a 

novel range, established, and spread there. This definition does not require a 

GS Forb Y Y 
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species to displace native species or negatively impact them in order to be 

invasive.  For example, higher resource allocation plasticity or plasticity in 

node elongation may contribute to the competitive advantage of some 

invasive species over native species. It has also become increasingly clear 

that traits of the environment interact with traits of the species to determine 

invasibility. Tradescantia fluminensis Vell. is native to South America , and 

is invasive in the United States, New Zealand , South Africa and Australia. 

Callaway & Josselyn (1992): Spartina species are some of the few salt 

marsh plants that have been commonly introduce outside their native range. 

Spartina anglica Hubbard has been widely planted in New Zealand, China, 

and Europe. Cordgrass species (particularly S. anglica) have been 

intentionally introduced because of their ability to colonize open areas, 

stabilize eroding shorelines, and reclaim land, and many of these 

introductions have been regarded as successful for the purposes intended. 

Recent concerns about possible negative impacts of these introductions 

include: competition with native flora, altered habitat for native fauna, 

changed estuarine sediment dynamics and the loss of shorebird and wading 

bird foraging areas. Because it is spreading rapidly and is a potential threat· 

to the native estuarine system, an investigation was undertaken.  

GIS Grass Y NR 

Cleverly et al. (1997): Tamarix ramosissima Ledeb. (saltcedar) is an exotic 

phreatophyte that has invaded many thousand hectares of floodplain habitat 

in the southwestern United States. It often forms monospecific thickets in 

which most of the native riparian plants have been eliminated. Tamarix also 

occurs with a mixture of native riparian species in early successional 

habitats, such as recently scoured sandbars or in post-burn floodplain 

communities. Thus, it made an ideal site for studying biotic interactions in 

an ecosystem with a predicted successional trajectory toward monospecific 

Tamarix dominance. Tamarix is well known to be tolerant of the desiccation 

of watercourses and the salinization of surface soils, and is a facultative 

AGI Shrub Y NR 
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rather than obligate phreatophyte. 

Conner (2001): Chinese tallow (Sapium sebiferum Roxb.) has recently 

received considerable attention due to its spread through the South Atlantic 

and Gulf coastal plains. The species was intentionally introduced from 

eastern Asia into the Charleston, South Carolina area in the late 1700s.In 

Texas, Louisiana, and Florida, this species has become a serious competitor 

of native species, forming dense monotypic stands and threatening the 

structure and function of many natural ecosystems. The range of Chinese 

tallow is determined by its inability to withstand frigid and/or arid 

conditions. Rapid growth, high seed production and germination rate, and 

tendency to form monoculture stands suggest that Chinese tallow will 

interfere with natural regeneration and growth of desirable native species. 

AIS Tree Y NR 

Cordell et al. (2002): Lantana camara (Verbenaceae), a highly invasive 

woody shrub in pastures and dry forests, native to the West Indies, and 

Ascepias physocarpa. These species were selected because of the similarities 

in their growth form and because they were sufficiently abundant (these five 

species represent 93% of the total plot biomass) to allow statistical 

comparisons across treatments. Of (Asclepiadaceae), a herbaceaous 

milkweed, naturalized in low elevation dry habitats and native to South 

Africa. 

A Shrub Y NR 

DeFalco et al. (2001): No definition provided. -- Forb and Grass NR NR 

DeFalco et al. (2003): The annual grass Bromus madritensis subsp. rubens 

was introduced into western North America more than a century ago with 

other species of the genus Bromus. Density and biomass of B. madritensis in 

the Mojave Desert appears to have been initially low early in the 20th 

century, but abundance increased sharply in the 1970s, and B. madritensis is 

now dominant across many landscapes in the warm deserts of North 

America including the Mojave Desert. The establishment and spread of B. 

AGS Grass Y NR 
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madritensis may be similar to that of its congener B. tectorum, whose 

success in the intermountain West has been facilitated by competitive 

displacement of native perennial species. Bromus tectorum is particularly 

competitive after wildfire because its rapid root growth quickly depletes soil 

resources, leaving little water and nutrients available for other species.  

Deng et al. (2004): Mikania micrantha H.B. Kunth, commonly known as 

mile-a-minute, is an extremely fast growing, sprawling, perennial vine and 

one of the world’s most notorious invaders. With its rapid growth, ready 

rooting at nodes, smothering habit, and prolific seed production, M. 

micrantha rapidly colonizes disturbed habitats, retarding the growth of crops 

or natural vegetation by competing and producing plant inhibitors. In 

addition to its native distribution in tropical America, it has spread to 

Mauritus, India, Sri Lanka, Bangladesh, Southeast Asia, and the Pacific.  

GIS Vine Y NR 

Domenech & Vilà (2008): C. selloana (Pampas grass) is a South American 

long-living perennial grass which is considered invasive worldwide. It was 

first introduced to Europe between 1775 and 1862.This species is planted for 

many purposes such as a windbreak or to prevent erosion but due to the 

attractiveness of its plumes it has mainly been used as an ornamental. It has 

escaped from cultivation and is invading abandoned agricultural lands, 

ruderal areas, shrublands, grasslands, and wetland communities. C. selloana 

threatens native vegetation and poses a fire hazard due to the accumulation 

of dry leaves and flowering stalks on the plant. 

EGIS Grass Y NR 

Durand & Goldstein (2001a): The Australian tree fern, Sphaeropteris 

cooperi, was introduced to the Hawaiian Islands as a horticultural plant and 

first escaped from cultivation in the 1950s (Wagner 1995). Sphaeropteris 

cooperi is now naturalized on the islands of Oahu, Maui, Kauai, and Hawaii 

(Wagner 1995) and is listed as among the worst alien plant invaders of 

Haleakala National Park. This difference in growth and reproductive 

AG Fern Y NR 
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capacity may contribute to the ability of S. cooperi to outcompete the native 

tree ferns in Hawaiian rainforests. 

Durand & Goldstein (2001b): Sphaeropteris cooperi, a tree fern native to 

Australia, has recently become an invasive species of concern in the 

Hawaiian Islands (Medeiros et al. 1992; Wilson 1996). S. cooperi forms 

dense stands, displacing native species (Medeiros et al. 1992), including the 

native tree ferns in the genus Cibotium, the dominant tree ferns in Hawaii. 

Sphaeropteris cooperi is now naturalized on the islands of Oahu, Maui, 

Kauai, and Hawaii. 

A Fern Y NR 

Eissenstat & Caldwell (1989): Definition not specified. The study area was 

located on a site typical of semiarid North American Great Basin rangelands 

where Agropyron spicatum and Artemisia tri-dentata are native and where 

Agropyron desertorum, an exotic, has been extensively seeded. Found that 

the exotic had greater competitive ability based on root invasion into gaps, 

but this was after the study, not before it so does not count as a reason for 

species selection a priori.  

-- Grass Y NR 

Feng et al. (2007): Buddleja davidii Franchchet (Loganiaceae), native to 

China, was first introduced to Britain as an ornamental plant in the 1890s 

(Binggeli 1998). It can tolerate a wide range of climates and soil types, but 

prefers dry open disturbed sites such as bomb pits, mining towns, roadsides, 

abandoned areas, pastures, scree slopes, open woodlands and forestry 

plantations. The plant can quickly form dense monocultures, displacing 

native species (Humphries and Guarino 1987). B. davidii has become 

naturalized as an invasive deciduous shrub in Europe, New Zealand, 

Australia and the United States. 

AEGI Shrub Y NR 

Feng & Fu (2008): Peperomia pellucida and A. spinosus are invasive 

annual forbs in the subtropics and tropics of many countries (Li and Xie 

2002). They invade crop field, orchard, plantation, wasteland and roadside. 

AEGI Shrub Y NR 
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Piper hispidinervium, a perennial shrub, was introduced into China as an 

aromatic plant in 1979. Now it has been successfully naturalized and has 

formed dense thickets in some habitats, impacting local biodiversity. All 

three invasive species are native to tropical America and propagate through 

seeds.  

Fickbohm & Zhu (2006): Such impacts are found in New York State, the 

Great Lakes region and across the United States as purple loosestrife 

(Lythrum salicaria) proliferates and takes over habitats in freshwater 

wetlands. Originally introduced from Europe in the 1800’s, Lythrum has 

spread quickly, possibly through inter-connected canals and widely 

distributed road systems, and populated many of North America’s wetlands 

(Stuckey, 1980). Its invasion into a wetland frequently suppresses native 

plant communities and results in the eventual alteration of the wetland’s 

structure and function The distribution and spread of Lythrum has been 

enhanced by the absence of natural enemies and an increase of disturbances 

to natural systems, frequently resulting in large monotypic stands at the 

expense of native flora. 

AGIS Forb   Y NR 

Fogarty & Facelli (1999): English (or Scotch) broom (Cytisus scoparius 

(L.) Link) is an outstandingly successful invader of Mediterranean-type 

ecosystems. It is a leguminous shrub, originally from meridional Europe, 

and now an important invasive species in many of the countries to which it 

has been introduced including New Zealand (Williams 1981), the United 

States (Bossard 1991) and Australia (Waterhouse 1988). Broom invades this 

natural bushland after a disturbance such as fire and it can also continue to 

establish and prosper even in undisturbed open wood lands. It creates a 

dense understorey canopy, and if unchecked, displaces native understorey 

and grasses, finally forming monospecific stands. Ultimately it can prevent 

the recruitment of overstorey species. Both the relative growth rate of the 

entire plant and its competitive ability in higher nutrient soils could be 

AGI Shrub Y NR 
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important contributors to the mechanism by which broom creates a dense 

monospecific canopy thus displacing other species. 

Frenot & Gloaguen (1994): The two others were probably introduced by 

whalers during the early 19th century: Poa annua L. (Poaceae) and 

Cerastium fontanum. In the subantarctic region P. annua and Cerastium 

fontanum are the most widespread introduced species (Walton 1975 

G Grass and Forb Y NR 

Garcia-Serrano et al. (2004): Two alien species from South Africa that 

have been introduced accidentally in Europe.  S. inaequidens, common and 

widespread throughout western Europe and in expansion towards the south. 

Introduced accidentally from South Africa at end of the 19
th

 century. Form 

dense populations in old fields and road margins.  S. pterophorus, recently 

introduced in continental Europe, forms very dense populations. First 

recorded in 1995.  Geographic distribution still reduced.  Both invaders can 

be classified as novel, invasive colonisers according to David and Thompson 

(2000), although the distribution of area of S. inaequidens is far greater than 

that of S. pterophorus.  

AGS Forb Y  N  

Geng et al. (2006): A. philoxeroides (Mart.) Griseb (Amaranthaceae), 

alligator weed, is an invasive species native to South America, which has 

now invaded almost all tropic and temperate areas across the world, 

becoming a problem weed of 10 crops in about 30 countries. A. 

philoxeroides has a strong adaptability to different water availabilities, and 

occurs in extremely diverse habitats from swamps to dry lands. A. 

philoxeroides is a perennial herb. As one of the nine most harmful alien 

plant species in China, it results in an economical cost of nearly 72 million 

US dollars each year. 

EGI Herb Y Y 

Goergen & Daehler (2001): Invasive alien plants have become a serious 

threat to native plant biodiversity in many parts of the world. While changes 

in fire regimes in the Hawaiian Islands can easily account for the dominance 

AE Grass Y Y 
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of fire-adapted alien grasses like Pennisetum setaceum (fountain grass) over 

fire-intolerant natives. The success of several invasive grasses has also been 

related to high leaf area ratio and low leaf construction costs compared to 

native or noninvasive species. High phenotypic plasticity in growth and 

flowering may have allowed P. setaceum to invade a broad altitudinal range 

on the island of Hawai’i. Furthermore, P. setaceum produced more biomass 

than H. contortus when the two were grown together in competition. These 

previous studies provide reasonable explanations for the successful 

establishment and persistence of P. setaceum. Previous studies have 

characterized invasive plants as having high seed production and 

germination rates, high tolerance of low resources, and the ability to thrive 

with increased resources or disturbance. Pennisetum setaceum (Forssk.) 

Chiov is native to Africa and was introduced to the Hawaiian Islands as an 

ornamental plant in the early 1900s.  

Gosper (2004): Exotic shrub introduced to Australia from South Africa. 

Naturalised along >80% of the NSW coastline. Numerous impacts on native 

species and communities (plants, bird diversity, litter invertebrates). 

Invasion by bitou bush listed as a threatening process under the NSW 

Threatened Species Conservation Acts 1995.  

GI Shrub (invasve), 

Trees (native)  

Y N 

Grotkopp et al. (2010): Refers to Randall (2002) and Weber (2003) for 

definitions. For example, among the most dangerous invaders in riparian 

areas in the western United States are several species and hybrids of 

tamarisks (Tamarix). The cost of irrigation water lost to tamarisks has been 

estimated as between 2 and 7 billion U.S. dollars. The species used in this 

study (see Table 1) were limited to exotic woody plants (with the exception 

of Fraxinus velutina, which is native in southern California) that have been 

commonly planted in California for at least 100 years.  For the purposes of 

our analyses, ‘‘invasive species’’ were those species that, based on available 

data, can be classified as ‘‘invasive’’ (sensu Pysek et al., 2004; i.e., 

IS Trees and 

Shrubs 

Y Y 
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regenerating 100 m from source trees in less than 50 yr) in California or that 

have been reported as clearly invasive in other states or regions in the world, 

mainly based on data in Randall (2002) and Weber (2003). ‘‘Less-invasive 

species’’ were those species that, in spite of widespread planting, have never 

been reported as invasive in California or anywhere else in the world or that 

have only limited, local reproduction. 

Gruberová & Prach (2003): Bidens frondosa, a member of the family 

Asteraceae, is an invasive species in central Europe. The primary range of its 

occurrence stretches from south of the US to Canada. It occurs there 

especially along riverbanks and shores of the water bodies, in wet arable 

land and pastures, and in various ruderal sites, all sufficiently wet. It was 

first reported in the wild in 1894 in the territory of the Czech Republic 

(Pysek et al 2002). It forms mixed populations with B. triparitita and often 

out-competes it.   

G Forb 

(Asteraceae) 

NR NR 

Hanzélyovà (1998): In the last 20 years, invasive white pine (Pinus 

strobus), as American species, has been spreading in many places of the 

Czech Republic. Rapid invasion was observed also in forests dominated by 

the native Scotch Pine (Pinus sylvestris) with indigenous plant species in the 

undergrowth in sandstone regions. Even aged seedlings of White Pine often 

form dense monospecific patches offering a reduced possibility for 

reestablishment of new scotch pine seedlings. Because of the higher growth 

rate of white pine than scotch pine, the invasion of white pine brings about 

changes in species composition and reduction of species diversity in the 

invaded plant communities.  

AGIS Tree  NR NR 

Harris (1967):Thus, several annual species introduced from Europe and 

Asia have replaced perennial species. Bromus tectorum L. (cheatgrass) 

invaded and dominated several million acres previously held by A. 

spicatumn. Typical of these, Daubenmire (1942) relates that B. tectorum 

AGIS Grass Y NR 
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appears to be a fully naturalized alien in central Washington, presently found 

in the indigenous low herb synusia of the climax "Agropyronetum." 

However, dominance of B. tectorum on A. spicatum sites is only known to 

occur as the result of disturbance such as overgrazing, fire, plowing, 

fertilizer application, or trampling. B. tectorum became dominant on shallow 

soils near Moscow, Idaho, replacing A. spicatum. By virtue of its vigorous 

spring growth, B. tectorum in dense stands draws heavily on the soil 

moisture provided by winter snows and spring rains by the time it matures 

seed. 

Hester & Hobbs (1992): Definition not specified.  -- Herbs NR NR 

Holmes & Rice (1996): These species were chosen because B. diandrus is 

an ubiquitous exotic annual in  Californian grasslands (Wilken and Painter, 

1993), and N. pulchra appears to have been a community dominant in 

Californian grasslands prior to European colonization. 

G Grass NR NR 

Honig et al. (1992): Invasive plants, especially woody shrubs and trees 

introduced from Mediterranean-climate regions, are a major problem in 

fynbos, a fire-prone heathland associated with nutrient-poor soils in 

temperate South Africa. The success of these invasive species is commonly 

attributed to the accumulation of a large seedbank (in soil or on the canopy) 

in the absence of natural predators and disease. Other reasons that have been 

suggested are the increased frequency of man-induced disturbance, 

especially fire; a superior competitive ability due to high phosphorus 

reserves in the seed (Mitchell & AUsopp 1984) or high relative growth rates 

(Witkowski 1991); and the possession of well-dispersed seed capable of 

long-distance dispersal. Success of invasives is influenced both by historical 

factors and dissemination by humans, and by ability to invade fynbos. 

Several species of Banksia, mostly southwestern Australian species, are 

grown commercially on wildflower farms or sold as horticultural plants in 

A Shrub Y NR 
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the fynbos regions of the southwestern Cape. It is a dominant species in fire-

prone coastal heathland that is structurally and functionally analogous to 

fynbos. 

Hoya et al. (2004): Taraxacum officinale is a perennial rosette herb native to 

Europe and it now is distributed all over the world. This invasive species 

started to enter Japan more than 100 years ago and is presently found in 

most areas of the country. There are 15 or more species of native dandelions 

in Japan (Morita 1995) and the elimination of native species through 

competition with alien species is feared because T. officinale has an 

agamospermous reproductive mode. 

G Forb Y NR 

Huxman & Smith (2001): Bromus madritensis ssp. rubens (red brome; 

hereafter referred to as Bromus) is an exotic annual grass that is prominent 

across the northern Mojave Desert and may be particularly responsive to 

growth at elevated CO2. The density of Bromus on the Nevada Test Site has 

increased over the last century (Hunter 1991), possibly replacing a number 

of perennial shrubs, most likely through an alteration in early season soil 

water, as in B. tectorum. 

A Grass NR NR 

Jones & McLeod (1989): Chinese tallow tree (Sapium sebiferum (L.) 

Roxb., Euphorbiaceae) is native to subtrop- ical China where it has been 

cultivated for at least 14 centuries as a seed oil crop. During the past two 

centuries, tallow tree has been introduced repeatedly to the United States as 

an ornamental or potential oil crop species. It is now naturalized in waste 

places, wet prairies, and bottomland hardwood forests in the southern 

Coastal Plain. The bird-dispersed seeds are capable of establishing in a wide 

range of environments including fields and closed-canopied forests. These 

traits, combined with an apparent lack of serious insect or pathogen 

problems, may allow Chinese tallow tree to establish and proliferate to the 

detriment of native species. In wet prairies, tallow tree is replacing native 

E Tree Y NR 
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graminoids thereby changing the physiognomy of prairie plant communities. 

Kercher & Zedler (2004): In North America, two plant species that are 

invasive by this definition are reed canary grass (Phalaris arundinacea), an 

erect, cool season perennial grass that occurs in 43 of the United States plus 

Canada, and broadleaf cattail (Typha latifolia), an erect perennial semi-

aquatic graminoid that is ubiquitous throughout North America and occurs 

in all 50 of the United States plus Canada and Mexico Although both are 

native to North America, Phalaris and Typha are capable of spreading large 

distances via seed and rhizome fragments and, once established in a wetland, 

can undergo rapid clonal spread and form dense monotypic stands with few 

coexisting species.  

AGS Grass N NR 

Kloeppel & Abrams (1995): However, in many urban woodlots an exotic 

ornamental species native to Europe, A. platanoides L. (Norway maple), is 

dominating the regeneration layers and young tree classes (Webb and 

Kaunzinger 1993). In central Pennsylvania, A. platanoides is much more 

aggressive than the native A. saccharum and is generating additional 

competition for Quercus regeneration.  

A Tree Y NR 

Kolb & Alpert (2003): B. diandrus is an annual native to the Mediterranean 

region of Europe that may have been accidentally introduced to California as 

early as the 17th century and has become widespread in open, generally 

disturbed habitats and fields below 2000m in western North America from 

British Columbia to California. On Bodega Head, both species are 

associated with deeper soils, but the abundance of B. diandrus tends to be 

relatively high and the abundance of B. carinatus relatively low in 

microsites.  

AS Grass Y NR 

Kuhn & Zedler (1997): Polypogon monspeliensis is an annual C3 grass 

introduced from Europe. It now has a cosmopolitan distribution, including 

southwestern Europe, England, the Mediterranean region, the Azores, 

G Grass Y NR 
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Abyssinia, South Africa, and the United States, and occurs in damp (fresh or 

brackish) meadows, usually near the coast (Clapham et al. 1962). In the 

United States, it isclassified as a facultative wetland plant (Reed 1988). In 

California, it is frequently found in natural and created salt marshes along 

the coast. 

Lambrecht-McDowell & Radosevich (2005): R. discolor was first 

introduced to the PNW from Europe via India for fruit production (Kent 

1988) and is considered an invasive plant species outside of its native range 

because it can grow, reproduce, and proliferate following introduction. 

AS Forb Y NR 

Larson (2000): Lonicera japonica is a weedy exotic species in the 

southeastern USA capable of invading and dominating a wide variety of 

habitats. In addition, the capacity to grow vertically as a vine or clonally 

across the ground surface contributes to L. japonica's ability to grow in 

abundance in habitats ranging from old fields to mature forest.  

AE Vine NR NR 

Lavergne et al. (1999): Tropical oceanic islands are experiencing serious 

problems with alien plant invasions, due to the massive introduction of 

exotic species by humans. Of the about 3000 plant species introduced into 

the Mascarene Islands, more than 600 are naturalized and 80 have become 

very invasive in little or non-disturbed ecosystems. Among the most 

invasive species, the Sri Lankan privet (Ligustrum robustum subsp. walkeri) 

is a major threat to the native ecosystems. It has invaded all the Mauritian 

forests (about 57,000 ha) in less than fifty years. There is some doubt about 

the identity of the populations of L. robustum from India and Sri Lanka. L. 

robustum was introduced to Mauritius as an ornamental plant in the 1890s. 

AIS Shrub Y NR 

Leicht & Silander (2006): Introduced lianas can blanket and girdle trees in 

temperate forests as well as shade out young seedlings, ultimately arresting 

succession. One of the most threatening of these introduced lianas in the 

Northeast is Celastrus orbiculatus Thunb. (oriental bittersweet), which was 

AE vine Y NR 
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introduced to the United States in the 1860s from East Asia.  This species 

commonly grows along edges of forest and open areas, but also grows in the 

forest understory (Gleason and Cronquist, 1991; S. Leicht, personal 

observation). Celastrus orbiculatus can survive in the forest understory 

under very low light conditions, while C. scandens does poorly in these 

same conditions. 

Levine & Stromberg (2001): Probably the most widely noted exotic 

invader of south-western riparian areas is saltcedar or Eurasian tamarisk 

(Tamarix ramosissima and closely-related species).  Tamarix occur along 

many different stream types but seem to proliferate on those that are 

dammed. From a life-history perspective, Tamarix species have many traits 

that may contribute to success along heavily managed streams, including a 

high degree of stress tolerance and a high degree of reproductive plasticity. 

Tamarix’s steady advance into areas that formerly supported native plants 

has generated much research into its competitive abilities. Everitt (1980) 

suggested that Tamarix competes better with native vegetation. 

AS Shrub NR NR 

Luken et al. (1997): Lonicera maackii is an upright, deciduous, multi-

stemmed shrub indigenous to eastern Asia. The plant was originally 

introduced to the U.S. in 1897 as an ornamental. After many subsequent 

introductions, artificial selection for high reproductive output and escape, the 

species became naturalized in 24 eastern state.  

G Shrub Y NR 

Luttge et al. (2003): Definition not specified. Eucalyptus spp. are generally 

considered as robust competitors to other tree species due to their pioneer 

plant-properties, i.e. a sun-plant nature with high photosynthetic activity at 

high irradiation.  

-- Tree Y NR 

Marler et al. (2001): Saltcedar (Tamarix ramosissima Ledeb.) is an exotic 

Eurasian species that has been expanding its range along southwestern 

streams since the 1800s, replacing some of the cottonwood-willow riparian 

IS Shrub NR NR 
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forests. Recent studies indicate that some exotic plant species exhibit greater 

growth plasticity than natives, with the potential to respond rapidly to 

increased nutrient-loading in an ecosystem.  

McDowell (2002): Rubus (blackberry) species, two of which are prolific and 

vigorously invasive species. The two invasive species are native to Europe, 

but are considered invasive outside of their native range because they grow, 

reproduce, and spread prolifically following introduction to new regions.  

S Forb NR NR 

Meiners (2005): Acer platanoides, a native of continental Europe, is 

commonly planted as a shade tree in North America because of its disease 

resistance, tolerance of poor soils, and overall attractiveness (Webb et. al 

2000). From widespread horticultural plantings, this species has colonized 

natural areas throughout the eastern United States and now commonly 

occurs across a gradient of forest types from urban woodlots to relatively 

undisturbed old-growth forests. Invasion of forests by A. platanoides is 

associated with declines in understory species richness and in native tree 

regeneration. The seedling pool of these forests is also dominated by A. 

platanoides, indicating that abundance of this species is likely to increase in 

the future. As A. platanoides expands its range...  

AEI Tree Y NR 

Mesleard et al. (1993): Among these species, the grass Paspalum 

paspalodes, of Central American origin, produces good quality pasture 

(Gros and Grillas 1990) and is exploited by many wintering waterfowl (Pirot 

et al. 1984). P. paspalodes develops abundantly on abandoned agricultural 

land that is temporarily flooded. In both situations it frequently replaces an 

indigenous grass species.  

A Grass Y NR 

Mihulka et al. (2003): The species of Oenothera are native to Central, 

North and South Americas. A number of them are now naturalised 

worldwide and approximately 70 have been reported from Europe.  

Oenothera represents one of a few genera alien to Central Europe whose 

GS Forb NR NR 
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representatives largely differ in their invasive success, from widespread to 

rare. Oenothera are biennials adapted to colonization of open, irregularly 

disturbed habitats. They typically invade open habitats such as old fields, 

roadsides and dunes.   

Milberg et al. (1999): The comparison was done among species co-

occurring in the Mediterranean climate region of southwestern Australia. 

Here, a number of exotic annual species appear to be superior as colonisers 

to the native ones, since the latter have not increased their range over the last 

50 years but are apparently endemic to their current area of distribution. In 

contrast, the exotic species have been able to spread over vast geographical 

areas during that time, grow in a range of soil types and habitats, and invade 

after fire or soil disturbance. Table 1 shows origin of invasive species.  

EGS Forb NR NR 

Miller & Zedler (2003): The invasive grass Phalaris arundinacea (reed 

canary grass, hereafter Phalaris) is a facultative wetland species that also 

grows in riparian areas and some uplands. Although considered native to 

parts of North America, Phalaris cultivars were also introduced from Europe 

in the 1800s, and both native and introduced genotypes likely occur. In 

southern Wisconsin, Phalaris has displaced native species on thousands of 

hectares of wetlands. Phalaris is productive under variable moisture levels, 

including flooding and drought, and it occupies habitats where native species 

perform poorly.  

AEIS Grass Y NR 

Morris et al. (2002): The woody plant genus Ligustrum represents a good 

example of a group of plants in which several species have become 

naturalized on more than one continent. Ligustrum taxa grow as shrubs or 

small trees that have been extensively cultivated for ornamental purposes 

(Dirr 1998). Approximately one to eight species in this genus have 

established to varying degrees in Argentina, Australia, New Zealand, North 

America, and on several Pacific Islands. Where these species have been 

AEGI Shrub Y NR 
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introduced, they have a history of forming dense, impenetrable thickets in 

both edge and woodland habitats. Moreover, Ligustrum taxa often 

marginalize native shrubs or small trees and have been recorded to be 

particular threats to rare species. Ligustrum sinense Lour., Chinese privet, is 

native to China, Laos, and Vietnam. The species is naturalized and is 

considered a severe threat to ecosystems in the United States from 

Massachusetts to Missouri, south to Florida and Texas , in Australia and 

New Zealand (Swarbrick et al. 1999), in Argentina (Montaldo 1993), and on 

several Pacific Islands (Institute of Pacific Islands Forestry 2000). Like other 

invasive members of the genus, L. sinense forms thickets at both the edge 

and interior of woods and is known to compete with other species of shrubs 

(Burrows and Kohen 1983; Langeland and Burks 1998; Swarbrick et al. 

1999). In the southeastern United States, L. sinense has successfully invaded 

the limestone cedar (Juniperus virginianus) glade/woodland complex.  

Nagel & Griffin (2001): Lythrum salicaria (purple loosestrife), a 

herbaceous perennial introduced from Europe and Asia, is thought to have 

arrived in North America during the early 1800s. Since its introduction, this 

species has become particularly widespread across wetland, marshy, and 

riparian habitats in the northern tier states and provinces of North America. 

The spread of this species, along with that of other invasive plants, has 

altered the vegetation of many North American wetlands, resulting in the 

decline of species diversity and the extinction of some rare species. 

Invasions of L. salicaria, in particular, have been linked with the 

displacement of native plant species, as well as changes in ecosystem 

nitrogen cycling, sediment chemistry, detrital input, and avian diversity. The 

increasing abundance of L. salicaria suggests a high competitive advantage 

over many co-occurring native plants, yet this competitive success is not 

completely understood. Habitat disturbance also has been cited as a factor 

influencing invasions of L. salicaria.  

AGIS Forb Y NR 
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Nijjer et al. (2004): Sapium sebiferum (L.) Roxb, a native to central China, 

was introduced to Georgia in the late 18th century (Bruce et al. 1997). 

Although present in Texas in the early 1900's, Sapium did not become 

invasive until the middle of the century and has only rapidly increased 

abundance in the past two decades in mesic and hydric forests in the Big 

Thicket National Preserve (BTNP) in east Texas (Harcombe et al. 1999). 

Although a release from belowground pathogens could explain the high 

growth rates of Sapium, unusually large benefits from mycorrhizal 

associations are also a factor that may contribute to Sapium's invasive 

success.  

A Tree Y NR 

Nijjer et al. (2008): Currently, mesic and floodplain forests of BTNP are 

invaded by the exotic species Sapium sebiferum (Chinese Tallow tree (L.) 

Roxb., Euphorbiaceae synonyms include, Triadica sebifera).  In BTNP, 

Sapium has steadily increased in abundance over the past 20 years. In some 

areas Sapium has become the most abundant understory tree and is 

becoming common in the overstory. 

A Tree NR NR 

Nilsen & Muller (1980a): The pepper trees (Schinus molle L. and Schinus 

terebinthifolius Raddi) have both been introduced into California within the 

last 200 years. S. molle, the California pepper, is a Peruvian riparian tree 

whose range extends into southern Ecuador. The Spaniards transported the 

species into Mexico and southern California as an ornamental. Although 

both species have the potential to colonize new areas, only S. molle has 

become established in southern California.  

G Tree Y Y 

Nilsen & Muller (1980b): Schinus molle L. and Schinus terebinthifolius 

Raddi. have been grown as shade trees in southern California for 100-200 

years. S. molle, a riparian tree from Peru, has become naturalized in Mexico 

and southern California (as per specimens from the Herbaria of the Arnold 

Arboretum, Harvard). S. molle establishes in grassland, old fields, coastal 

EG Tree Y Y 
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sage scrub, and disturbed chaparral of coastal southern California. S. 

terebinthifolius, a tree from the Brazillian savanna and forest margin, has 

become naturalized in the Phillipines and in southern Florida (Long and 

Lakela 1971). These are two closely related taxa, both with demonstrated 

naturalizing potential, but only S. molle has become established in southern 

California.  

O'Dell & Claassen (2006): Definition not specified. Many invasive exotic 

annual grass species, including Bromus madritensis and barbed goatgrass 

Aegilops triuncialis L. (Poaceae), have been observed growing in disturbed 

areas at and surrounding the site as well as in adjacent non-serpentine 

grassland communities, which are dominated by these invasive species.  

Additionally, two invasive annual species occurring at the site, Bromus 

madritensis and Aegilops triuncialis, were included to study the potential for 

increased non-native species invasion as a result of improved substrate 

nutrient conditions. 

-- Grass Y NR 

Osunkoya et al. (2005): Acacia mangium Willd., an evergreen tree up to 

15–20 m tall is native to Australia. It was introduced as a plantation tree to 

Borneo Island, initially into the Malaysian states of Sabah and Sarawak in 

the early 1980s, and by the early 1990s into Brunei, northwest borneo (4 

44¢N, 114 36¢E). It was widely planted to contribute to the timber and 

furniture industry in Brunei. The Acacia species were prime candidates as 

they are fast growing, even in poor soils, and are known to fix nitrogen. The 

Acacia species have since spread to other coastal land habitats and regions in 

Brunei. In particular they are colonizing disturbed heath (kerangas) 

vegetation—a major forest type in Borneo. The Acacia trees are also 

spreading inland. They now inhabit degraded/disturbed forestlands where 

they appear to be displacing native, pioneer tree species.  

EIS Tree Y NR 

Otto et al. (1999): Lythrum was introduced to America from Europe A Forb Y NR 
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approximately 200 years ago and since 1930 has increased in abundance 

dramatically along river flood plains in glaciated regions of Northeast 

America.  

Padgett & Allen (1999): Definition not specified.  -- Grass NR NR 

Pan et al. (2006): A. philoxeroides, a native to South America, was first 

brought to China as a forage crop from Japan during the 1930s, and later 

widely cultivated and spread in southern China as fodder during 1950s (Li 

and Xie, 2002). Now, A. philoxeroides is one of the 12 most harmful alien 

invasive species in China. Alligator weed grows abundantly in habitats 

ranging from open waterways to shaded sites under dense vegetation. Also, 

alligator weed can be found in semiaquatic (e.g. in gardens, plantations, and 

cultivated crops) or even drier conditions (e.g. on ditch bank, along 

roadsides, and the margins of floodplain and dunes with perennial dense 

tubers. 

AEI Forb Y NR 

Pattison et al. (1998): Table 2 shows origin of study species. No specific 

details on each species. Five invasive and four native plant species 

representing shade tolerant, shade-intolerant and intermediate shade-tolerant 

species (Swaine and Whitmore 1988) were chosen for this study (Table 2). 

Seven of the nine species are woody evergreen perennials while the other 

two, the invader, Bidens pilosa and the native B. sandwicensis are 

herbaceous with 1- to 2-year life spans. All of the species, both native and 

invasive, are common throughout the Hawaiian rainforests (Wagner et al. 

1990). An invasive species is defined as one whose migration and 

subsequent growth and spread has detrimental effects on the native biota in 

its new range (Mack 1997).  

IS Shrubs and 

Forbs 

NR NR 

Pavlik (1983c): The introduction of European dune grass, Ammophila 

arenaria (L.) Link, along the Pacific coast of North America occurred in 

1869 and began a radical transformation of the native beach and dune 

AI Grass Y NR 
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communities. Among the most dramatic changes resulting from Ammophila 

establishment was an increase in phytomass relative to native stands.  

Pavlik (1983a): Along the Pacific coast of North America, stands of the 

introduced dune grass Ammophila arenaria (L.) Link typically have two or 

three times more above-ground phytomass than stands of the native beach 

grass Elymus moll Trin. ex Spreng.  

AI Grass Y NR 

Pavlik (1983b): Definition not specified.  -- Grass Y NR 

Peperkorn et al. (2005): Acacia species were introduced into costal dune 

systems in Portugal during the middle of the 20th century with the objective 

of stabilising the dunes along roads, to prevent sand erosion or just for 

ornamental purposes.  However, some decades after planting, the introduced 

acacia species became dominant and extensively invaded these dune 

ecosystems in some areas of the Portuguese coastline. This invasion has 

caused serious ecological problems, negatively affecting native species 

(Marchante et al. 2003), resulting in the possible extinction of native species 

through rampant growth and / or indirect effects and thus, lowering 

biodiversity.  

AIS Tree Y NR 

Perry et al. (2004): Widespread Phalaris invasions have displaced native 

plant communities in wetlands throughout the Midwest and north-west of 

North America. Rapid establishment by Phalaris often precludes 

colonization by sedge meadow vegetation.  

AGS Grass NR NR 

Radford & Cousens (2000): The closely related invasive species Senecio 

madagascariensis Poir. from South Africa and the indigenous, non-invasive 

S. lautus Forst. f. ex Willd. complex in Australia provide a good model 

system to investigate invasive life-history traits. In contrast, S. lautus 

comprises a range of ecotypes, some of which are recognised as subspecies 

(Ali 1969) and associated with diverse native habitats. This suggests that 

ES Forb Y NR 
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invasiveness in S. madagascariensis is unrelated to release from natural 

enemies associated with introduction to a new country. Although S. 

madagascariensis continues to spread, it has now been established for 

decades in many areas, having been present near its first recorded location at 

Raymond Terrace since 1915 (probably introduced with cattle or hay: Sindel 

et al. 1998). 

Radford et al. (2006): We compared community dominants with H. 

lepidulum, rather than plants representing native Asteraceae, because this 

invader has often become a dominant species at many field sites where it 

occurs and is likely, therefore, to be interacting directly with these species.  

A Forb NR NR 

Rickey & Anderson (2004): Mack et al. (2000) define invasive species as 

exotic, aggressive species that have negative effects on their environment. 

The present study species Phragmites australis (Cav.) Trin. ex Steudel 

(Poaceae; common reed) is an invasive grass that has dramatically increased 

in distribution and abundance within the USA in the last 100 years. 

Phragmites australis is present in North America in several forms, a recently 

arrived non-indigenous haplotype M, from Europe and Asia, and haplotypes 

E and S, which are indigenous to North America. Phragmites australis 

forms monospecific stands that can eradicate native wetland species such as 

Typha spp. Phragmites australis occurs in undisturbed and disturbed 

wetlands, along roadsides and in drainage ditches. Because P. australis is 

able to spread and forms monospecific stands, species diversity and richness 

decrease. 

AGIS Grass Y NR 

Rogers & Siemann (2002): Chinese Tallow Tree (Sapium sebiferum (L.) 

Roxb., Euphorbiaceae) has recently become a major invader in the 

southeastern United States (Bruce et al. 1995, Jubinsky & Anderson 1996). 

Once established, it is capable of aggressively displacing native plants and 

transforming native ecosystems into biotically depauperate woodland 

AEI Tree Y NR 
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thickets (Bruce et al. 1997). Sapium’s success as an invader is frequently 

attributed to a lack of pests and pathogens. Sapium sebiferum, originally 

introduced into Georgia in 1772, has recently become a major invader 

throughout the southeastern United States (Bruce et al. 1995). Rapid growth, 

colorful fall foliage, attractive flowers, and seeds rich in oils have 

encouraged extensive planting of Sapium for ornamental purposes, biomass 

production, industrial oils, and a nectar crop (Scheld & Cowles 1981). 

Unfortunately, it readily escapes from 

cultivation and Sapium invasions are threatening numerous ecosystems of 

the southeastern United States, including upland mesic forests, floodplain 

forests, and endangered coastal prairies.  

Royer et al. (1999): The Russian olive tree (Elaeagnus angustifolia L.), 

native to Eurasia, was brought to the western United States during the early 

to the mid-1900s (Christensen, 1963). In Idaho, it was (and continues to be) 

planted widely and subsequently has become a common member of many 

riparian communities, particularly in the southern portion of the state. In 

addition to intentional planting, the altered flow regimes that have followed 

impoundment of most western rivers have led to a reduction of native 

riparian trees, primarily cottonwoods (Populus spp.), while favoring the 

establishment of Russian olive. Because of decreased cottonwood 

recruitment and because Russian olive can germinate in a wider range of 

physical habitats than can cottonwoods (Shafroth et al., 1995), the probable 

outcome is extensive replacement of native cottonwoods by Russian olive.  

AE Tree Y NR 

Sanford et al. (2003): While the alien, Norway maple (Acer platanoides L.), 

produces a dense canopy that suppresses wildflowers and tree seedlings. The 

ability to thrive under a wide range of conditions has been invoked in 

explaining the increasing prevalence of the native Acer rubrum in the 

northeastern United States.  

AE Tree NR NR 
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Sans et al. (2004): The genus Senecio L. includes native and alien perennial 

species that grow in the Mediterranean region. The introduction of S. 

pterophorus into mainland Europe is recent; it was first recorded in 1995 

around the metropolitan area of Barcelona and in recently burned areas, and 

it has also been reported in the British Isles (Stace, 1997). It forms dense 

populations of around 3 individuals/m2. It has also been reported in southern 

Australia from 1930 (Parsons and Cuthbertson, 1992). In Europe, S. 

pterophorus is mainly found in disturbed riverbeds and waste nitrophilous 

areas. Senecio inaequidens was introduce into Europe via sheep wool at the 

end of the nineteenth century (Ernst, 1998), and today it is widely distributed 

in many countries of Europe. It has been found in the NE of the Iberian 

Peninsula since the second half of the 1980s (Casasayas Fornell, 1990). 

Senecio inaequidens is currently establishing itself as a weed of considerable 

significance in southern France (López and Maillet, 1998) and northern 

Catalonia because its high toxic alkaloid content (Ernst 1998) is rejected by 

cattle. It forms dense populations ranging from 5 to 15 individuals m
-2

. 

AGIS Forb Y NR 

Sasek & Strain (1991): However, Japanese honeysuckle was introduced in 

the United States in 1806 from Japan as an ornamental and later was used 

for erosion control.  Since then, it has escaped from cultivation and become 

naturalized throughout the eastern United States. In the Southeast, it is one 

of the worst nonagricultural weeds and can eliminate the native flora where 

it occurs (United States Department of Agriculture, 1971). It is found most 

commonly in disturbed areas, but it can occur in nearly any habitat. The vine 

rapidly over- grows and inhibits the growth of competitors by shading, 

although the dense and extensive root systems have also been shown to 

reduce the growth of competing trees.  

AEI Vine Y NR 

Schierenbeck & Marshall (1993): Disturbance produces light gaps, and 

since light interception is dependent directly on leaf area, the phenological 

AGI Vine Y NR 

Page 89 of 112 Journal of Ecology



For Peer Review

and allocation patterns of the weedy vine, L. japonica, allow it to 

aggressively exploit such gaps. The focus of this study is Lonicera japonica 

Thunb. (Japanese honeysuckle, Caprifoliaceae), a native of Asia. L. japonica 

is a widespread naturalized pest, especially throughout southeastern North 

America. Lonicera japonica has been identified as a successful competitor 

and as a contributor to reduced species diversity in communities throughout 

its new range. This aggressive plant has been found to alter species 

composition and vegetative structure in deciduous forests and ensure its 

continued dominance through the suppression of juvenile individuals of 

associated species.  

Schierenbeck et al. (1994): Lonicera japonica is a widespread, naturalized 

pest, especially throughout the southeastern U.S. (Oosting1942, Leatherman 

1955, Sasek and Strain 1991). In its native range, L. japonica occurs in 

thickets in the hills of Japan, Korea, and eastern China. Lonicera japonica 

historically has been planted by wildlife managers as forage and is still 

promoted as cattle and deer forage (Stransky 1984, Hardt 1986). Even with 

heavy grazing, it has remained dominant in many mid-successional 

communities throughout the southeastern United States.  

AG Vine Y N 

Schmidt et al. (2008): Old World Bluestems (OWB; Bothriochloa spp.) are 

one group of non-native, perennial, warm-season grasses that have begun to 

raise concerns in the central and southern Great Plains. These grasses were 

introduced from Europe and Asia in the 1920s, because of their purported 

superiority to native grasses. For instance, a comparison of growth of OWB 

versus native grasses showed that OWB produced more biomass than the 

native grasses and OWB seedlings were established more easily. The 

anecdotal evidence in the 1950s suggesting OWB were potentially weedy 

and negatively affected biodiversity.  

AI Grass Y N 

Schweitzer & Larson (1999): Lonicera japonica is an aggressive invader AEG Vine Y N 
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that often dominates the native vegetation and is considered one of the most 

important weed species on state and federal lands in the USA. Lonicera 

japonica is found growing vigorously in a wide range of conditions, 

including thickets, old fields, riparian zones, and even undisturbed natural 

communities. Lonicera japonica (Japanese honeysuckle) is native and 

common in Japan, China, Korea and Manchuria, where it grows as a trailing 

or climbing vine in thickets on hills and mountainsides (Ohwi 1965). 

Following its introduction to the United States in the early 1800's, this 

species easily escaped cultivation and became an important naturalized pest 

in nearly every county of the southeastern USA.  

Sher et al. (2000): Since the early 1900s, when damming caused cessation 

of natural flooding regimes, non-native saltcedar (Tamarix ramosissima, 

previously identified as Tamarix chinensis) has replaced native cottonwood 

and willows (Salix spp.) as the dominant woody species in many riparian 

forests. It has been suggested that Tamarix may be replacing native species 

through competitive exclusion (hypothesis 1), possibly because of superior 

competitive ability under the new flooding conditions. Tamarix has 

aggressive recruitment on wet, open substrate; therefore, when overbank 

flooding occurs (managed or naturally. Tamarix may have been introduced 

to the southwest as early as the mid-nineteenth century, but its rapid 

expansion was not observed until after the 1940s when the rivers were 

dammed and channeled.  

AS Shrub Y N 

Siguenza et al. (2006): Our objectives were to show how N-induced 

changes in the AM fungal community, as well as 

associated microorganisms, affected the growth of a dominant native and a 

dominant exotic of CSS.  

A Shrub NR N 

Soldaat & Auge. (1998): M. aquifolium, is an evergreen clonally growing 

shrub native to western North America and was introduced to Europe in 

GS Shrub Y NR 
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1822 for horticultural purposes. Plants cultivated and naturalised in Europe 

are mostly hybrids of closely related Mahonia species but will be referred to 

as M. aquifolium in this study. These cultivated forms are known as 

successful invaders of man-made and semi-natural habitats, especially in 

forests. The use of M. aquifolium as an ornamental shrub is still widespread 

in Europe, invasive populations were reported from various European 

countries and local M. aquifolium populations are still expanding. Therefore, 

we predict that both the number and the size of R. meigenii populations will 

further increase in the future.  

Steinlein et al. (1996): One recent successful colonizer in Central Europe is 

Bunias orientalis L. (Brassicaceae), a polycarpic perennial probably 

originating in the South Western parts of Russia (Tutin et al. 1980). It was 

introduced to Central Europe in the 18th century. Over the next 200 years 

the species slowly spread through Central Europe to the continental parts of 

Western and Northern Europe (Meusel et al. 1965, vol. 1 ) representing the 

typical 'lag-phase' reported for most alien plant species (Jager 1988). Within 

the last two decades B. orientalis populations showed increased progression 

along with a widespread establishment of dominance stands. Recently, 

however, B. orientalis has colonized meadows, orchards and vineyards (e.g. 

Schug 1990) and even thermophilous grassland of the Festuco-Brometea 

type.  

AEGS Forb Y N 

Stratton & Goldstein (2001): Schinus terebinthifolius was introduced in the 

mid-1900s to Lana‘i from South America (Wester 1992) and is rapidly 

colonizing seasonally dry environments on all of the major Hawaiian Islands 

(Tamimoto and Char 1992). This species is also a major threat to southern 

Florida habitats (Ewel 1984). 

IS Shrub Y N 

Taylor & Ganf (2005): Phyla canescens (Kunth) Greene (Verbenaceae) is 

an exotic, prostrate, perennial herb that has displaced native, floodplain 

AG Forb NR N 
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grasses in the northern Murray–Darling Basin (MDB), Australia. The 

proliferation of P. canescens coincided with reductions in the frequency of 

floodplain inundation following water-resource development Phyla 

canescens has been present in the northern MDB since the 1930s and 5.3 

million ha may currently be affected by its presence. Its broad-scale 

distribution appears to overlap with the native grass Sporobolus mitchellii.  

Thomsen et al. (2006): European perennial grasses, however, are becoming 

increasingly common 

in the northern California coastal prairie, where they often form dense stands 

in which only a few native species co-exist. The exotic species we studied 

were Holcus lanatus, Phalaris aquatica L., and Festuca arundinacea. The 

California Invasive Plant Council lists the three exotic species we selected as 

being of conservation concern.  

A Grass NR N 

van Clef & Stiles (2001): Celastrus orbiculatus is an abundant non-native 

invasive in the region (Dreyer 1994). While P. tricuspidata is a non-native 

species that has only minimally spread from horticultural plantings in the 

region (Gleason and Cronquist 1991). Polygonum perfoliatum is a more 

recently recognized invasive non-native species in the region. 

A Vine NR N 

Vilà & D'Antonio (1998a): Both C. edulis and its hybrids are very abundant 

and aggressive and hybrids occur in all habitats where either one of both 

parental species are found. The perennial succulent C. edulis was introduced 

from South Africa in the early 1900s for dune stabilisation and erosion 

control. It has invaded a variety of coastal plant communities throughout CA 

due to effective fruit dispersal by native mammals and fast growth. 

A Succulent  Y N 

Vilà & D'Antonio (1998c): Carpobrotus edulis L. Bolus (Aizoaceae) is an 

aggressive exotic perennial that is considered a wide- spread, invasive 

wildland pest plant in coastal California where it displaces native plants. 

Carpobrotus edulis was introduced to California from South Africa in the 

AGS Forb Y N 
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early 1900s for soil stabilization, and has been widely planted along 

roadsides and railroad tracks. It has invaded coastal communities through 

vertebrate seed dispersal (D'Antonio 1990) and rapid clonal growth.  

Vilà & D'Antonio (1998b): Carpobrotus edulis is invading coastal 

communities and is an aggressive competitor against native species. 

Carpobrotus edulis was introduced from South Africa to the Pacific coast of 

North America in the last century for dune stabilization, and has now been 

extensively planted along roadsides. It has invaded natural coastal 

communities in California through the dispersal of its seeds by native 

mammals (D’Antonio 1990) and through high clonal growth rates after 

establishment (D’Antonio 1993). It is an aggressive competitor against 

native species.  

AS Forb Y N 

Walker & Vitousek (1991): Myricafaaya Ait. (Myricaceae) is a nitrogen-

fixing subtropical tree native to the Azores and Canary Islands that is a very 

successful invader on volcanic soils on the island of Hawai'i (Whiteaker and 

Gardner 1985). It is becoming dominant throughout a large part of the 

seasonal submontane forests of Hawai'i, an area previously dominated by 

sparse, slow-growing native trees. Myrica is also invading abandoned 

agricultural lands and tropical montane rain forests that have been disturbed 

by volcanic activity. We have established that Myrica is a successful invader 

due to its prolific seed production, rapid growth rate, and widespread 

dispersal by exotic birds.  

AEGS Tree Y N 

Walling & Zabinski (2006): Centaurea maculosa Lam. (spotted 

knapweed), a plant species native to Eurasia, was introduced to the United 

States in the early 1900s. Since its introduction, C. maculosa has invaded 

over 4 million ha in the Rocky Mountain region of the United States (Boggs 

and Story, 1987). C. maculosa is characterized by its ability to outcompete 

neighboring plants for nutrient and water resources, forming dense 

AG Forb Y N 
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monocultures in areas once dominated by native bunchgrasses.  

Wang et al. (2006): Many coastal marshes in the world are now under the 

serious threat of invasive alien species such as Phragmites australis 

(common reed, hereafter referred to as Phragmites) and Spartina alterniflora 

(hereafter referred to as Spartina). Phragmites and Spartina both are tall 

perennial graminoid grasses that grow in the intertidal zones of estuaries in 

dense monocultures. Phragmites has been moving from high to low marshes 

and has replaced the native Spartina in many marshes along the Atlantic 

Coast of the US. The dramatic spread of Phragmites into the lower marshes 

has caused some major ecological and economical problems in North 

America. Phragmites is therefore considered a weedy invader because it 

outcompetes other plant species, lowers plant and bird species richness, 

causes accumulation of sediments, alters patterns of water flow, and reduces 

habitat heterogeneity. Spartina, native to the East and Gulf coasts of North 

America, has become a highly invasive weed in some Pacific coastal 

marshes across the world including those in the Yangtze River estuary in 

eastern China. Spartina was first introduced to China from North America in 

1979. Now Spartina flourishes in the coastal intertidal areas from Guangxi 

northward to Tianjin mainly by intentional introductions (Chung 1993). 

Introduced Spartina spp. have clear negative effects on some native plants 

species (Daehler and Strong 1996), and some indications that invertebrate 

communities and shorebird populations may also be negatively affected by 

Spartina invasion. As invasive species, both Phragmites and Spartina also 

have tremendous impact on the invaded ecosystems, and their invasions in 

the non-native habitats are often considered as ecological disasters.  

AGIS Grass Y N 

Weber & D'Antonio (1999a): Carpobrotus edulis, a succulent perennial 

introduced from South Africa, is an aggressive invader of coastal plant 

communities throughout California. Carpobrotus edulis has a wide 

ecological amplitude, occurring in coastal habitats but also in nonsaline 

AE Forb Y NR 
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environments such as road edges, grass slopes, and forest edges. Once 

established, Carpobrotus spreads mainly by means of clonal growth.  

Weber & D'Antonio (1999b): Carpobrotus edulis is an invasive species 

introduced from South Africa that is considered damaging to native coastal 

plant species because of its vigorous growth. Carpobrotus edulis was 

introduced from South Africa around 1900 and was extensively planted 

along highways and railroads for sand stabilization. Carpobrotus edulis (L.) 

N. E. Br. (Aizoaceae) has a prostrate growth form with trailing stems that 

easily root at nodes, allowing extensive lateral growth and the formation of 

large and dense mats up to 40 cm thick and 8–10 m in diameter. Since then, 

C. edulis has invaded many natural coastal communities where it 

successfully displaces native shrubs. 

AI Forb Y NR 

Weiss (1984): Several native plant communities in Australia have been 

invaded by the exotic Chrysanthemoides monilifera (L.) T. Nod. 

(Asteraceae). The subspecies rotundata (DC.) T. Norl. (bitou bush) has 

invaded extensive littoral areas in New South Wales (Weiss 1981), as has 

ssp. monilifera (boneseed) particularly in inland areas in Victoria. C. 

monilifera is a perennial, native to South Africa where ssp. rotundata and 

ssp. Monilifera occur in the south-eastern and south-western regions, 

respectively. Part of the success of ssp. monilifera is due to its prolific seed 

production and seed longevity (up to at least 10 years; Lane 1976); and of 

ssp. rotundata to its extended period of production each year of large 

numbers of seeds which, however, are comparatively short-lived (Weiss 

1981). Littoral areas invaded by ssp. rotundata commonly carry Acacia 

longifolia var. sophorae-Banksia integrifolia communities (Weiss 1983). 

-- Forb Y NR 

Wilson & Wilson (2004): Although widely sold by the southeastern nursery 

industry, R. tweediana has escaped cultivation in Florida and was designated 

recently as a category I invasive species by FLEPPC. By definition, 

AI Forb Y NR 
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FLEPPC classifies a plant species as category I when it has actively altered 

native plant communities through native species displacement, changed 

community structure or ecological functions, or hybridized with native. A 

native plant of Mexico, R. tweedianais an herbaceous perennial with flowers 

distinctly pedunculate and borne solitary or in a few flowered cymes from 

leaf axils (Wunderlin, 1998). The wild type form that has escaped in natural 

areas of Florida is inferior to the cultivated forms, with smaller purple 

flowers, thinner leaves and less desirable growth habit. It is commonly found 

on riparian sites but has been reported on drier sites as well.  

Yamashita et al. (2000): Bischofia javanica Blume (Euphorbiaceae) is one 

alien tree species that has successfully invaded the subtropical forest of the 

Bonin Islands – a group of small oceanic islands in the western Pacific of 

Japan. Native canopy species in many parts of the natural forest are being 

replaced by B. javanica (Shimizu 1988; Tanimoto and Toyoda 1996). B. 

javanica, indigenous to southeast Asia, was introduced into the Bonin 

Islands in the early 1900s as a timber tree. Because it can germinate and 

establish under forest shade and shows an aggressive growth in the canopy 

gaps (Shimizu 1988), its establishment on the Bonin Islands has been 

thought to be associated with the high frequency of typhoon disturbance.  

A Tree Y NR 

Yamashita et al. (2003): Bischofia javanica is an invasive tree of the Bonin 

Islands in the western Pacific, Japan. This species has aggressive growth, 

competitively replacing native trees in the natural forest of the islands.  The 

invasion of alien tree species has seriously affected many natural forest 

ecosystems in the world (Reichard & Hamilton 1997; Richardson 1998). 

Bischofia javanica (Euphorbiaceae), bishopwood tree, indigenous to 

southeast Asia, tropical Australia and Polynesia, has successfully invaded 

several disparate locations including southern Florida (Horvitz et al. 1998; 

Morton 1984), mid-Pacific islands such as Hawaii (Gerrish & Mueller-

Dombois 1980) and the west Pacific Bonin Islands (Shimizu 1988). 

AGI Tree  Y  N  
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Bischofia was introduced into the Bonin Islands, a group of remote oceanic 

islands in the western Pacific of Japan, in the early 1900s as a timber tree 

because of its vigorous growth rate. In the Bonin Islands Bischofia, with 

pulpy seeds attractive to birds, has escaped from plantations and spread 

widely in the natural forest, competitively replacing native tree species. It is 

now a canopy dominant in ca. 11% of the natural forest on Hahajima-island 

(the most strongly invaded island) (N. Tanaka et al. unpubl.). The threats to 

native species and forest biodiversity by Bischofia are made more acute 

given the high number (75%) of endemic tree species (Kobayashi 1978). 

Furthermore, in other invaded areas such as Florida, this species is reported 

to have become the prime host for several foliage diseases and pests 

affecting adjacent cultivated areas and subtropical forests (Horvitz et al. 

1998; Morton 1984). The total number of tree seedlings (> 20 cm tall and < 

5 cm DBH) under a closed canopy sampled in 2000 was 17 090.ha–1, of 

which 49% was Bischofia and 11% Elaeocarpus (N. Yamashita et al. 

unpubl.). At these seedling densities, it is more likely for Bischofia to first 

occupy and pre-empt undisturbed sites before canopy gaps occur which may 

otherwise be available to native seedlings. Since the ultimate abundance and 

spatial distribution of a species is initially determined at the stage of 

germination and seedling establishment when mortality is greatest 

(Harcombe 1987; Silvertown & Doust 1993), we hypothesize that the more 

advantageous early life history traits of Bischofia in pre-empting shaded 

understorey sites will contribute to the exclusion of native species. 

Yatsu et al. (2003): Cardamine hirsuta is a European species that was 

recently introduced into Japan. The earliest specimen found in Japan was 

collected at Tottori in 1974, and the species was reported in the urban areas 

of Kyoto, Shiga, Niigata, Yamagata and Miyagi Prefectures in the early 

1990s (Kudoh et al . 1992). Currently, the species is spreading at both local 

and regional scales in Japan, and the addition of this species to the local flora 

S Forb Y Y 
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has been reported from many areas in Honshu.  

Yoshida & Allen (2001): An abundant invasive annual grass, Bromus 

madritensis L. ssp. rubens (foxtail chess). Exotic  

A Grass NR N 

Zedler et al. (1990): In south-western Australia, both inland and tidal 

wetlands are rapidly being invaded by Typha orientalis, a species considered 

to be native to the continent, but not to the region (Brock & Pen 1984). In 

the last decade, managers have witnessed its establishment and expansion in 

coastal and inland wetland near Perth. Western Australia. The invasion of 

south-western Australia salt marshes by Typha has been attributed to 

artificially reduced soil salinities. In both inland and tidal wetlands, the 

expansion of Typha occurs at the expense of native plants, with total 

replacement occurring over large areas.  

AS Forb Y N 

Deering & Young (2006): Not reviewed (could not access paper).       

Graaff & van Staden (1984): Not reviewed (could not access paper).       

McDowell & Moll (1981): Not reviewed (could not access paper).       

Müller (2011): Not reviewed (could not access paper).       

Schmitt & Rivière (2001): Not reviewed (could not read language).        

Vor (2005): Not reviewed (could not access paper).       
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Table S3: Pearson correlation coefficients among local abundance, environmental 

range size, geographic range size and spread rate for alien a) herbs (n = 340), b) forbs 

(n = 240) and c) graminoids (n = 100) in Victoria. Coefficients were similar when 

forbs and graminoids were partitioned into invasive and non-invasive species. Pearson 

correlation coefficients are shown in each cell; |r| >0.5 in bold font. Units of 

measurement: local abundance, log-transformed maximum relative cover observed in a 

quadrat; environmental range size, geometric mean of the standard deviations of four 

environmental variables in their original units (Appendix S1); geographic range size, 

geometric mean of the standard deviations of latitude and longitude (km); spread rate, 

log-transformed rate of geographic rate of spread (km/year); MRT, minimum residence 

time in years between first observation after 1901 and 1992; distance to edge, log-

transformed mean distance to edge of vegetation fragment where each species was 

observed (km).  

 

 Local 

abundance 

Environmental 

range 

Geographic 

range  

Spread 

rate 

MRT  

a) Herbs       

Environmental 
range 

-0.105     

Geographic range  -0.044 0.658    

Spread rate -0.040 -0.153 -0.077   

MRT 0.027 0.282 0.285 -0.449  

Distance to edge -0.015 0.124 0.135 -0.026 -0.021 

b) Forbs      

Environmental 

range 

-0.113     

Geographic range  -0.004 0.686    

Spread rate 0.010 -0.146 -0.105   

MRT -0.011 0.258 0.272 -0.462  

Distance to edge 0.052 0.192 0.188 0.018 -0.036 
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c) Graminoids 

Environmental 

range 

-0.068     

Geographic range  -0.149 0.566    

Spread rate -0.177 -0.172 0.001   

MRT 0.158 0.352 0.329 -0.412  

Distance to edge -0.048 -0.080 -0.008 -0.117 -0.001 
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Table S4: Parameter estimates, standard errors and Z values for the statistical relationship 

between the probability of alien herbs being listed as invasive in Victoria and their local 

abundances, environmental range sizes, geographic range sizes, spread rates, minimum 

residence time and mean distance to edge: a) forbs (n = 240) and b) graminoids (n = 100). 

AIC scores for models without MRT and distance to edge were similar for forbs (within one 

AIC point) but over 4 points greater for graminoids. Pr(>|z|) <0.001***, 0.001-0.01**, 0.01-

0.05*. 

 Coefficient estimate  Standard error Z value Pr(>|z|) 

a) Forbs     

Intercept 4.079711 1.221396 3.34 0.000837*** 

Local abundance 0.719374 0.148446 4.846 1.26E-06*** 

Environmental range 0.036748 0.028169 1.305 0.19204 

Geographic range -0.80771 0.676917 -1.193 0.232784 

Spread rate 0.008452 0.113379 0.075 0.940573 

Minimum residence time -0.001992 0.007127 -0.28 0.779858 

Distance to edge -0.330224 0.156245 -2.114 0.034558* 

b) Graminoids     

Intercept 4.83857 2.46031 1.967 0.0492* 

Local abundance 0.87894 0.2593 3.39 0.0007*** 

Environmental range 0.08456 0.05659 1.494 0.1351 

Geographic range -3.59213 1.51225 -2.375 0.0175* 

Spread rate 0.09932 0.21378 0.465 0.6422 

Minimum residence time 0.03028 0.01525 1.986 0.0471* 

Distance to edge -0.51662 0.27728 -1.863 0.0624 
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