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Abstract In spite of the several studies trying to

identify the biological traits that are generally

associated with the success of alien plant species,

only a few traits are consistently shown to be

important. Dividing the species into meaningful

sub-categories may improve our ability to distinguish

successful alien species. We asked whether there are

differences between short-lived and long-lived her-

baceous aliens regarding the biological traits associ-

ated with their success in their introduced range. We

used the source-area approach to answer the question

by performing a comparative study with those

Central-European herbaceous plant species which

are invasive or non-invasive aliens in the United

States. Biological traits used in the analysis were

extracted from European databases. The significant

traits (with one exception) conferred invasiveness for

only one of the two life history groups. These results

outline a particular combination of competition and

colonization in both groups, although achieved in

different ways. Short-lived invasive species, which

are supposed to be good colonizers with effective

reproduction and dispersal, are backed by some kind

of competitive ability conferred by height; while in

the case of competitive and persistent long-lived

species, the successful aliens are equipped with traits

that make them better colonizers than other perennial

alien species (e.g., tolerance for a wide range of

anthropogenic disturbance, dispersal through water).
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Introduction

The outcome of the spread of a species beyond its

natural range might vary substantially, from failing to

establish in the new habitat to showing high inva-

siveness (Williamson and Fitter 1996), and causing

ecological and economic damage (Kolar and Lodge

2001; Colautti and MacIsaac 2004). Finding the

factors and understanding the mechanisms that

explain this variation in the success of non-native

species is a central issue of invasion ecology (Kolar

and Lodge 2001).

Although many studies have searched for traits

that separate successful from less successful aliens

(e.g., Rejmánek and Richardson 1996; Williamson
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e-mail: bdz@botanika.hu

123

Biol Invasions (2010) 12:611–623

DOI 10.1007/s10530-009-9468-6



and Fitter 1996; Radosevich et al. 2003), traits rarely

are consistently associated with invasiveness (Hayes

and Barry 2008). According to a recent review based

on 18 comparative multispecies studies, only four

traits were proved to be universally associated with

invasiveness: plant height, vigorous vegetative

growth, long flowering period and attractiveness to

humans (Pyšek and Richardson 2007). Some traits

expected to be correlated with invasiveness have

shown ambiguous or non-significant results across

studies (Herron et al. 2007 and literature therein). The

difficulty of robust generalizations can be attributed,

on the one hand, to the heterogeneity of taxa and

invaded ecosystems and, on the other hand, to the

preponderant effect of variation in propagule pressure

among case studies (Lonsdale 1999; Kolar and Lodge

2001). This heterogeneity underscores the importance

of research approaches that first divide alien species

into meaningful groups, rather than treating them as a

homogeneous set (e.g., Crawley et al. 1996; Davis

and Thompson 2000; Herron et al. 2007). The use of

circumscribed subsets not only has a better chance of

providing rules for predicting invasiveness, but

may also help reveal the mechanisms behind those

rules.

In our study, we have chosen life span as a ‘‘key

feature’’ in distinguishing species groups. Life history

tradeoffs determine a particular organism’s position

along a continuum of adult longevity (Schippers et al.

2001). At one extreme is the ‘annual strategy’ which

supposes a high population growth rate, the produc-

tion of many, small, well-dispersed offspring and the

abandonment of the mother plant at an early stage;

while at the other endpoint is the ‘perennial strategy’

which supposes competitive, long-lived species with

few, large offspring that do not disperse far (Schip-

pers et al. 2001). Short-lived individuals often have

only one opportunity to disperse their offspring from

a local habitat (semelparity), while long-lived indi-

viduals may have several attempts to disperse their

offspring (iteroparity). Moreover, the short-lived

species with high numbers of offspring react quicker

to changes than long-lived species (Matthies et al.

2004), thus they are superior at higher levels of

disturbance (Pianka 1970). This is why short-lived

species flourish in early successional or otherwise

unstable habitats (Pianka 1970), while long-lived

species are competitively superior to annuals in

undisturbed habitats (Seabloom et al. 2003).

Based on these differences between long- and

short-lived species, we hypothesized that different

traits are associated with invasiveness of short-lived

and long-lived herbaceous aliens. In order to test this

hypothesis, we compared some selected biological

traits of successful range-expanding (invasive species

in natural areas) and less successful (non-invasive

naturalized species) alien species of the United States

(US) that originate from Central Europe (i.e., native

to Germany). We chose traits related to competitive

ability (dominance pattern, ecological strategy, plant

height), reproduction (e.g., timing of flowering,

compatibility, pollination), dispersal (vegetative dis-

persal, specialized and unspecialized dispersal agents,

range of dispersal types), size of the native range and

relation to human disturbances (e.g., tolerance to

human disturbance, affinity of plant species towards

urban areas, use by humans).

We used the source-area approach, the analysis of

biological traits of species introduced to a region

from a defined geographical ‘source’ area (Pyšek

et al. 2004b). This approach is appropriate for

analyzing species traits associated with invasion,

because all the species have the same origin,

pathways and distance of introduction, thus decreas-

ing the variation among introduced species (Pyšek

and Richardson 2007). Despite the potential for

greater power, to date, few studies have used the

source-area approach (e.g., Goodwin et al. 1999;

Thébaud and Simberloff 2001; Prinzing et al. 2002;

van Kleunen and Johnson 2007).

Methods

The species pool

In our analysis, we included the herbaceous angio-

sperms that (a) are native to Germany according to

the BIOLFLOR database (Klotz et al. 2002) and (b)

are non-indigenous to the flora of the US according to

the US Department of Agriculture (USDA) PLANTS

Database (USDA 2001). We excluded the species

that were considered introduced in Germany irre-

spective of the time of introduction. Interspecific

hybrids were also excluded.

We only considered naturalized species of the US,

i.e., ‘alien plants that reproduce consistently and

sustain populations over many life cycles without
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direct intervention from humans’ (Richardson et al.

2000). The USDA PLANTS Database (USDA 2001)

provided the list of species introduced to the US

(Introduced Plants of the US list). The USDA

PLANTS database distinguishes between casual

(‘species that do not occur spontaneously in the

US’) and naturalized species, thus we could exclude

casual species which ‘do not form self-replacing

populations’ in the US (Richardson et al. 2000). We

compiled our two groups of species from this list.

To simply rely on public databases, which cite the

successful, invasive plants of some regions, could be

wrong due to the different perception and termino-

logical misunderstanding of plant invasion by differ-

ent viewpoints (e.g., economic versus ecological)

(Pyšek et al. 2004a). Most of these databases are

deficient in definitions or objective criteria when

deciding about the status of individual species.

However, as we did not have direct information

about the performance of the chosen species in the

US, we used the WeedUS database to delimit our

second group of species, but we carefully denominate

our group.

The WeedUs database (Swearingen 2006) is

compiled by a consortium of US governmental

agencies in cooperation with non-governmental

groups, listing plants ‘invading natural areas in the

US’. It uses the term ‘invasive’ for species that

display rapid growth and spread, which allows them

to establish over large areas, and that are a ‘threat to

the native flora and fauna…’. Other studies have used

this database to identify high impact species (Mitch-

ell and Power 2003) or highly invasive species

(Cappuccino and Carpenter 2005). We are following

the same approach as Cappuccino and Carpenter

(2005) and throughout this paper we call this group

‘invasive species in natural areas’. In the second

(contrast) group we included those naturalized spe-

cies (according to the USDA PLANTS database)

which were not cited as invasive species in the

WeedUs database. We call this group ‘non-invasive

species in natural areas’.

The naturalization–invasion process is a contin-

uum, where at one extreme point are species which

exclusively reproduce in human-made habitats, while

at the other endpoint the species which predomi-

nantly reproduce in natural habitats (Kühn et al.

2004). However, a distinction of this continuum into

different degrees of naturalization (e.g., naturalized in

human-made versus naturalized in seminatural and/or

natural habitats) is widely accepted (Richardson et al.

2000; Pyšek et al. 2004a), because the species

naturalized in natural habitats might be more

advanced in the invasion process (Richardson et al.

2000).

The invasive species in natural areas are more

widespread in the US (median = 34 states) than the

non-invasive ones (median = 7) (the distribution

data of the species was extracted from USDA

PLANTS database).

We split the dataset into short-lived species

(annuals and biennials) and long-lived species (her-

baceous perennials). We left out the species with

varying life span (52 species). The final database

consisted of 116 (34 invasive species in natural areas)

short-lived and 296 (81 invasive species in natural

areas) long-lived herbaceous species. The short- and

long-lived species have similar rates of invasive/non-

invasive species (29.3% for short-lived and 27.3% for

long-lived species).

Biological traits

Most of the species traits were extracted from two

German databases: BIOLFLOR (Klotz et al. 2002)

and FloraWeb, an Internet portal of the German

Federal Agency for Nature Conservation (BfN;

www.floraweb.de) (see the full list of traits, number

of species in each category and data sources in

Appendix). All plant attributes were based on mea-

surements or observations made in the native range of

the species.

In most cases, the meaning of traits and categories

are straightforward (see Appendix). Ability of vege-

tative dispersal was used according to the classifica-

tion of Klimeš et al. (1997) for clonal plants. A species

was considered to be able to disperse vegetatively, if

its vegetative offspring can reach farther than

5–10 cm from the mother plant. Species that use their

organs of clonal growth for storage rather than

dispersal (e.g., species with bulbs) or develop vege-

tative offspring very close to the mother plant (e.g.,

tussock forming grasses) were considered incapable

of vegetative dispersal throughout this paper.

Compatibility was defined as the success (self-

compatibility) or failure (self-incompatibility) of

producing viable zygotes by selfing, with those

partially incompatible or partially compatible species
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called intermediate species. In case of pollination and

dispersal vectors we found many categories with low

numbers of species, thus we used the different types

of pollination or dispersal as separate traits with two

categories (i.e., yes/no). However, we used the trait

‘range of pollinators’ and ‘range of dispersal vectors’

to emphasize that there were species effectively

pollinated and dispersed by two or even more vectors.

The trait ‘tolerance to human disturbance’ corre-

sponds to the hemeroby categories of Prinzing et al.

(2002). We used this trait to rank the species

according to their occurrence in a gradient from

natural to highly anthropogenic vegetation (Prinzing

et al. 2002). We merged the original system with

seven levels found in the BIOLFLOR database in

three groups, because there were small numbers of

species in certain categories. ‘Weakly tolerant spe-

cies’ occur in slightly utilized habitats, where there is

no human impact or just weak disturbances (e.g.,

species of rocks, mountains, bogs, natural grass-

lands); ‘moderately tolerant species’ occur from

moderately to intensively disturbed habitats, with

human impact as clearings, rarely ploughing or

fertilizing; and ‘highly tolerant species’ occur in

persistently disturbed and totally modified habitats.

We also counted the number of levels occupied by a

species in the original system with seven levels

(BIOLFLOR database, ‘Hemeroby’ trait) to rank the

species according to their ‘tolerance range to human

disturbances’, as some species can tolerate many

differently disturbed environments, while the others

are highly specialized in this sense.

Statistical analysis

As the response (dependent) variable was binary

(1 = invasive species in natural areas, 0 = non-

invasive species), generalized linear model (GLMs)

with binomial distribution and logit link function

were fitted (Dobson 2001).

Since attributes often covary due to phylogenetic

constraints, we applied a method that accounts for the

degree of relationship between species (Desdevises

et al. 2003). The phylogenetic tree was obtained from

the BIOLFLOR database. Since there was no infor-

mation on branch lengths, phylogenetic distances

were calculated as number of nodes ?1 between two

species in the phylogenetic tree (i.e., all branch

lengths were set to unity). The matrix of phylogenetic

distances was analysed by metric multidimensional

scaling. Lososová et al. (2006) suggested that only

the first few ordination axes should be used in the

subsequent regression procedure because ‘‘higher

dimensions incorporate information of species-spe-

cific traits unrelated to phylogenetic trends, i.e.,

noise’’. To establish the number of axes that repre-

sents phylogenetic trends, observed eigenvalues were

compared with random expectations based on the

broken-stick model (Jackson 1993; Diniz-Filho et al.

1998). Subsets of axes which best explained variation

in the success were determined using Akaike Infor-

mation Criteria (AIC) as a measure of fit, and these

axes were used as co-variables in the analyses

(Lososová et al. 2006).

Because of the possible correlations among traits,

multiple regression would be a suitable model, but due

to the collinearity and the high number of parameters,

the variances of parameter estimations were extre-

mely high. Therefore, both simple and multiple

regressions were applied, similar to the approach

used by Küster et al. (2008). First each trait was

analysed separately, including the trait, its interaction

with life span and the phylogenetic covariates in the

model. If the interaction with life span proved to be

significant, the regression was repeated for short-lived

and long-lived species separately. Only the significant

effects in the first step were included in the subsequent

multiple regression. To increase the reliability of

parameter estimations and significance tests in the

multiple regression, non-significant effects were

removed by backward stepwise model selection based

on AIC. The final model was fitted not only for all

species, but also for the two life span categories. This

procedure helps to avoid the interpretation of those

significant results in simple regressions that appear as

a result of multicollinearity between non-relevant and

relevant traits. We have to admit that the present

approach does not identify those relationships

between traits and successful aliens that are ‘‘hidden’’

by multicollinearity. Effect of traits or interactions

were tested by the likelihood ratio test in each case.

In the case of three traits (ecological strategy,

vegetative dispersal and endozoochory), we departed

from this general procedure because there was no

reason to test these traits in interaction with life span:

Grime (1974) identified annuals with ruderal strategists

and perennial herbs with stress-tolerants or competitors

(our data reflects this: the majority of short-lived species
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are R, RS or RC strategists, while long-lived species are

C, CS or CRS strategists, see Appendix); short-lived

species cannot disperse vegetatively, and there was only

one invasive short-lived species that can spread by

endozoochory in our dataset (Appendix). These addi-

tional variables were included in the regression when

the final model was fitted separately for datasets contain

only short- or long-lived species.

In the case of traits with more than two categories,

the likelihood ratio test provided an assessment of

any significant difference within a trait, but did not

inform the differences among categories. Therefore

we applied post-hoc comparison for generalized

linear models (Westfall 1997; Bretz et al. 2001)

implemented in the multcomp package of R (Bretz

et al. 2004; R Development Core Team 2008).

The relationship may be statistically significant, but

if the model fit is quite low, it may be of only minor

biological significance. To provide information on

model fit, pseudo-R2 values (Dobson 2001) were

calculated. The interpretation of pseudo-R2 is similar

to the interpretation of traditional R2, but it can be used

not only for least-square regression, but any regres-

sions, because it is based on log likelihoods instead of

variances. Variation explained by the model was

partitioned by the method of Desdevises et al. (2003)

into three components: variation explained by traits

only, by phylogeny only, and shared effect. This

procedure may results in counterintuitive negative

values; it indicates that traits and phylogeny have

synergistic effect (i.e., including phylogenetic infor-

mation increases the predictive power of traits).

Based on the parameter estimates of simple

regression we calculated predicted proportion of

invasive species (abbreviated by PPI).

The Principal Coordinate Analysis was conducted

using PrCoord 1.0 (in the CANOCO 4.5 package), all

other analysis were done by R 2.7.1 (R Development

Core Team 2008).

Results

Seventeen of the 25 studied traits were significantly

related to invasive success of alien species in at least

one of the life longevity groups in the single trait

analysis (Table 1). However, several of these signif-

icant traits did not contribute significantly to the

multivariate analysis (Table 1).

There was only one significant trait influencing the

invasive herbaceous species irrespective of life span:

‘tolerance to human disturbances’. The proportion of

invasive species in natural areas was significantly

higher among species moderately tolerant to human

disturbances (PPI = 0.41) than among weakly and

highly tolerant species (PPI = 0.22 and 0.28, respec-

tively). This means that the invasive species in

natural area occur in moderately disturbed habitats in

their native range.

Short-lived herbaceous plants

Plant height had a distinctive role associated with the

invasive success of short-lived species (Table 1):

PPI = inverse logit (-2.72 ? 0.02 9 plant height in

cm). This trait represents by far the best fit (Table 2).

There were two reproductive or dispersal traits

related to invasiveness of short-lived species (Tables 1,

2). Intermediate compatibility (PPI = 0.77) enhances

the invasive success. The number of possible dispersal

types was also higher in the case of invasive species:

PPI = inverse logit (-2.25 ? 0.69 9 number of dis-

persal types).

Long-lived herbaceous species

Among the studied traits related to dispersal, two

traits influenced the invasiveness of long-lived alien

species (Table 1). The proportion of invasive species

in natural areas was significantly higher among

species with vegetative dispersal (PPI = 0.37) than

among species that lack this ability (PPI = 0.16).

There were significantly more invasive aliens among

species dispersed through water (PPI = 0.51) than in

those not sharing this trait.

Invasive aliens in natural areas were overrepre-

sented among species with no preference to urban or

non-urban areas (‘indifferent species’) (PPI = 0.62),

they significantly differ from species restricted to

(PPI = 0.10) and occurring predominantly in non-

urban areas (PPI = 0.31).

Discussion

Our results verify that the role of traits in the success

of naturalized alien species differs between groups of

short-lived and long-lived herbaceous species. Since
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all of the studied species are naturalized in the

introduced range, the significant traits must help the

short- and long-lived alien species to persist and

increase in abundance in natural habitats and/or

expand their populations.

We characterized invasive species thriving in

natural habitats, thus we stress the importance of

competitive ability, because interspecific competition

is an important determinant of the structure and

dynamics of plant communities (Aerts 1999). In

general, perennials are thought to be competitively

superior to annuals in undisturbed habitats (Seabloom

et al. 2003), while short-lived species tend to be faster

growers and better exploiters of disturbances (Garnier

1991). Thus, traits that confer competitive ability to

aliens may be particularly important in allowing these

species to persist and spread in natural habitats.

We found a strong relationship between plant

height and invasiveness for the short-lived species.

Consequently, it seems that effective light competition

or dispersal-vector competition [e.g., releasing height

is important for wind and animal dispersal (Fischer

et al. 1996)] helps determine the success of short-lived

alien species becoming a successful alien species.

On the other hand, the ability of vegetative

dispersal helps the long-lived invasive alien species

to become good competitors. Plant species with

vegetative spread are more persistent and have higher

Table 1 Results (Type I

error rate) of the logit

regressions for each studied

trait: the main effect and

interaction between the trait

and life span in the analysis

of all species dataset and the

main effects in the analyses

of short- and long-lived

species separately. The

separate analyses of two

datasets were completed only

if the interaction between the

trait and life span was

significant. The traits

showing significant results

were included in a multiple

regression. P values that were

not significant in this

subsequent analysis were

bracketed. Significant results

are marked with bold. For

empty cells see ‘‘Methods’’

and ‘‘Statistical analysis’’

Traits All species Short-lived

species

Long-lived

species
Main effect Interaction

Competitive ability

Ecological strategy – – 0.060 (0.036)

Dominance pattern (0.000) (0.010) (0.000) (0.000)

Plant height 0.043 0.042 0.040 0.219

Reproductive traits

The beginning of flowering period 0.094 0.123 – –

The end of flowering period 0.150 0.101 – –

The length of flowering period (0.004) 0.941 – –

Compatibility 0.000 0.026 0.000 (0.010)

Wind-pollination 0.423 0.141 – –

Self-pollination 0.677 0.122 – –

Insect-pollination 0.712 0.099 – –

Range of pollinators 0.654 0.457 – –

Seed weight 0.802 0.838 – –

Dispersal traits

Vegetative dispersal – – – 0.000

Wind dispersal 0.456 0.074 – –

Animal dispersal (digestion) – – – 0.285

Animal dispersal (external) 0.454 (0.011) (0.021) 0.515

Water dispersal 0.100 0.020 0.396 0.008

Ant dispersal 0.087 (0.022) (0.033) (0.617)

Range of dispersal types 0.105 0.035 0.041 0.523

Native range and dependence on human activity

Size of the native geographical range (0.000) 0.234 – –

Presence in disturbed communities (0.000) 0.244 – –

Tolerance to human disturbance 0.003 0.343 – –

Tolerance range to human disturbance (0.000) 0.367 – –

Affinity towards urban areas 0.000 0.020 0.165 0.000

Use by humans (0.012) 0.332 – –
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competitive ability than species that are unable to

spread vegetatively (Pyšek 1997). Persistence is a

neglected, but important feature of the invasion

process: successful alien species must persist and

keep the space occupied after colonizing an area

(Pyšek et al. 2001).

Beside the importance of competitive ability, we

cannot ignore the ‘‘pervasive historical paradigm’’

(Duyck et al. 2007) that successful aliens in natural

habitats should be good colonists (e.g., Williamson

1996) as well, because they had to survive the early

phases of invasion, which often involve highly

disturbed, human-made habitats (Kühn et al. 2004),

and because they have to expand their population. In

our study, both life longevity groups are backed by

traits that make them good colonizers: effective

reproduction and dispersal and wide tolerance of

human disturbances.

The breeding system is an important driver of

reproductive success in alien species. We found that

intermediate compatibility contributes to the inva-

siveness of short-lived alien species. For long-lived

species, we found the same trend in the simple

regression, but it disappeared in the multiple regres-

sion. Previous studies also found that both self-

compatibility and self-incompatibility could confer a

benefit for introduced species (Rejmánek et al. 2005).

Because colonization frequently involves a small

number of founders, self-compatibility is advanta-

geous where the presence of a mate has low

probability, or the specialized pollinators are missing,

and thus there is an intense competition for the

generalized pollinators (Baker 1955; Pannell and

Barrett 1998; Sun and Ritland 1998). On the other

hand, self-incompatibility proved to increase genetic

diversity, which is generally low in alien populations

(Frankham 2005), thus it is promoting the survival

and efficient adaptation of small, nascent populations

(Gray 1996).

Moreover, our results suggest that dispersal traits

are of overriding importance in the case of short-lived

invasive species in natural areas. Several studies

regarding the dispersal vectors of successful aliens

revealed the importance of wind, animals (Lake and

Table 2 Fit of the model

measured by pseudo-R2,

partialled out into three

components: variation

explained by traits only (Trait

effect), by phylogeny

(Phylogeny effect) only and

shared effect. Only those

models are listed where there

is a statistically significant

relationship between the trait

and success of alien species.

If the interaction between the

trait and life span was

significant (see Table 1), the

fit of separate models of

short- and long-lived species

are listed

Traits Trait

effect

Phylogeny

effect

Shared

effect

All species analysed

Length of flowering period 0.02 0.00 0.04

Size of the native geographical range 0.06 -0.01 0.05

Presence in disturbed communities 0.03 0.00 0.03

Tolerance to human disturbance 0.12 0.01 0.03

Tolerance range to human

disturbance

0.14 0.01 0.03

Use by humans 0.01 0.00 0.04

Short-lived species analysed only

Dominance pattern 0.32 0.00 0.05

Plant height 0.45 -0.03 0.08

Compatibility 0.17 -0.00 0.05

Animal dispersal (external) 0.10 0.02 0.02

Ant dispersal 0.10 0.02 0.02

Range of dispersal types 0.09 0.03 0.01

Long-lived species analysed only

Ecological strategy 0.08 0.01 0.03

Dominance pattern 0.23 0.01 0.02

Vegetative dispersal 0.08 -0.00 0.05

Compatibility 0.22 0.01 0.03

Water dispersal 0.11 0.00 0.05

Affinity towards urban areas 0.15 0.01 0.03
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Leishman 2004) or water (Pyšek and Jarošı́k 2005).

Our results underline the importance of the ability to

be dispersed by many dispersal vectors for short-lived

invasive species and by water for long-lived invasive

species.

We found that the success of alien plants was

related to their tolerance of various human impacts,

supporting the so-called ‘disturbance hypothesis’

(Hierro et al. 2005) or the ‘human commensal

hypothesis’ (Inderjit et al. 2005). These ideas empha-

size the importance of pre-adaptation of a successful

alien species to disturbances and the importance of

human activities in naturalization and invasion pro-

cesses. While in the case of short-lived species,

tolerating a wide range of anthropogenic disturbance

is obvious due to their ruderal strategy, in the case of

long-lived species tolerating human disturbances in

the native range is not so evident, but was found to be

highly beneficial during the naturalization and inva-

sion process.

In conclusion, separating alien plants by their life

history provide new insights into what makes partic-

ular species successful in undisturbed areas. Short-

lived invasive species benefited from having greater

competitive ability than other potential aliens (Duyck

et al. 2007), given that they are already strong

colonizers. The invasive perennials benefited by

having traits that make them good colonizers: wide

tolerance range regarding human disturbances and

efficient dispersal by water. We found that the

successful aliens appear to represent compromises

between different traits, resulting in particular com-

binations of competition and colonization.

We caution that this study possesses the negative

attributes of multispecies studies where the quality of

the results is highly determined by the quality of the

available data within the used public databases. Such

databases influenced the delimitation of the species

pool and also the selection of biological traits.

Nevertheless, we think that our results, based on

many species, are fairly robust and are adequate to

create predictive models. It would be interesting to

see whether further grouping of herbaceous aliens

species according to their life history characteristics

(e.g., to separate species that spread vegetatively with

those that do not in long-lived species or along other

functional types) or their habitat preference (e.g.,

invaders of grasslands versus invaders of woodlands)

would exhibit different significant traits.
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Appendix

See Table 3.

Table 3 The attributed values (categories) of tested traits, the number of invasive and non-invasive alien species in natural areas in

each category and the source of information

Traits and categories (data types) Short-lived alien species Long-lived alien species Source

Invasive Non-invasive Invasive Non-invasive

Competitive ability

Ecological strategy (categorical) BF

Competitors (C) 4 5 26 48

Ruderals (R) 6 25 – –

Stress-tolerators (S) 0 3a 0 8a

CR 10 13 2 2a

CS 1 1a 14 76

SR 6 29 1 0a

CSR 5 5 34 79

618 A. Fenesi, Z. Botta-Dukát

123



Table 3 continued

Traits and categories (data types) Short-lived alien species Long-lived alien species Source

Invasive Non-invasive Invasive Non-invasive

Dominance pattern (categorical) FW

Species growing solitarily 0 20 3 13

Species forming small groups 12 30 5 41

Species forming medium groups 11 15 13 68

Species forming large groups 5 2 41 47

Stand-forming (dominant) species – – 5 9

Plant height (continuous) LEDA

Mean stem height ± SD 42.55 ± 26.87 25.79 ± 19.71 52.39 ± 33.24 47.82 ± 29.92

Number of species 34 79 79 210

Reproductive traits

Flowering phenology BF

Beginning of flowering period (categorical)

Spring (February, March, April) 4 17 7 19

Early summer (May, June) 20 44 64 138

Summer (July, August, September) 10 21 10 58

End of flowering period (categorical)

Spring-early summer (April, May, June) 2 22 12 37

Summer (July, August, September) 25 46 60 158

Autumn (October, November) 7 14 9 20

Length of flowering period (continuous, in months)

Mean number of months ± SD (1–10 months) 3.73 ± 1.56 3.25 ± 1.22 3.33 ± 1.10 3.00 ± 1.03

Number of species 34 82 81 215

Compatibility (categorical) BF

Self-compatibility 27 59 27 98

Self-incompatibility 0 6 12 36

Intermediate compatibility 5 2 30 28

Pollination vectors (presence/absence) FW

Wind-pollination

Yes 4 14 19 43

No 29 60 60 140

Self-pollination

Yes 22 45 28 74

No 11 29 50 109

Insect-pollination

Yes 29 60 59 140

No 4 14 20 43

Range of pollinators (continuous) FW

Mean number of pollination vectors ± SD (1–3) 1.66 ± 0.47 1.62 ± 0.51 1.70 ± 0.65 1.39 ± 0.50

Number of species 33 74 48 183

Seed weight (continuous) LEDA

Mean seed weight ± SD (0.01–73.45 mg) 2.24 ± 3.55 2.19 ± 5.59 2.05 ± 5.84 3.36 ± 7.51

Number of species 27 62 73 176
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Table 3 continued

Traits and categories (data types) Short-lived alien species Long-lived alien species Source

Invasive Non-invasive Invasive Non-invasive

Dispersal traits

Vegetative dispersal (presence/absence) a

Yes 4 1 50 82

No 28 75 21 118

Dispersal vectors (presence/absence) FW

Wind dispersal

Yes 30 58 53 136

No 3 15 23 47

Human dispersal

Yes 0 3a 1 6a

No 33 70 75 177

Animal dispersal (digestion)

Yes 0 1a 4 19

No 33 72 72 164

Animal dispersal (external)

Yes 24 29 39 98

No 9 44 37 85

Water dispersal

Yes 3 13 13 17

No 30 60 63 166

Ant dispersal

Yes 12 8 16 34

No 21 65 60 149

Range of dispersal types (continuous) FW

Mean number of dispersal vectors ± SD (1–4) 2.21 ± 0.78 1.72 ± 0.69 1.94 ± 0.78 1.95 ± 0.87

Number of species 33 73 76 183

Native range and dependence on human activity

Size of the native geographical range (continuous) BF

Mean number of inhabited floristic zones ± SD (1–7) 3.38 ± 0.92 3.06 ± 0.89 3.34 ± 1.09 2.81 ± 0.76

Number of species 34 82 81 214

Presence in disturbed (ruderal and arable weed)

communities (presence/absence)

BF

Communities (presence/absence)

Yes 25 50 34 37

No 9 32 47 178

Tolerance to human disturbance (categorical) BF

Weakly tolerant species 9 25 42 145

Moderately tolerant species 15 27 24 24

Highly tolerant species 8 22 8 12

Tolerance range to human disturbance (continuous) BF

Mean number of categories ± SD (1–5) 2.59 ± 0.79 2.32 ± 0.76 2.69 ± 0.82 2.26 ± 0.69

Number of species 32 74 73 180
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