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ABSTRACT

Aim We hypothesize that the level of plant invasion at the scale of vegetation plots
is affected by the different sizes of regional species pools of alien plants adapted to
particular habitats. We test these species-pool effects in the context of alien species
exchange between analogous habitats on two continents.

Location North and South Carolina, and the Czech Republic (both as native and
invaded range).

Methods We identified native and alien vascular plant species within 6059 veg-
etation plots from 27 habitats of eastern North America and Central Europe. We
compared the habitats’ level of invasion, expressed as the proportion of alien species
in a representative sample of vegetation plots from each habitat, with the contri-
bution of each habitat to the alien species pool, calculated as the proportion of
species of this habitat that are native to one continent and donated as aliens to the
other.

Results A habitat’s level of invasion on one continent increases with the propor-
tion of alien species donated to its regional species pools by analogous habitats on
the other continent, i.e. the more of its native species a habitat contributes as aliens,
the more of them establish in analogous recipient habitats (direct species-pool
effect). The habitat’s level of invasion on the same continent also increases with the
proportion of native species that those habitats themselves donate to regional
species pools on the other continent, i.e. a habitat that gives many aliens also
receives many aliens (reciprocal species-pool effect).

Main conclusions We demonstrate that when a habitat on one continent
donates more of its native species to the alien species pool, the analogous habitat on
the recipient continent also contains a greater number of aliens. The same donor
habitat is itself also the recipient of more alien species invading from the analogous
habitats of other continents.
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University, Kotlářská 2, 611 37 Brno, Czech
Republic.
E-mail: kalveron@tiscali.cz

INTRODUCTION

Recent studies have revealed consistent differences among eco-

systems and habitat types worldwide in the numbers of alien

species (level of invasion; Richardson & Pyšek, 2006), suggesting

the existence of general underlying processes. It is widely

accepted that differences in the level of invasion among habitat

types (hereafter called habitats) are determined by: (1) habitat

invasibility, which depends on abiotic habitat properties and

biotic effects of resident native species (Lonsdale, 1999), and (2)

propagule pressure – the number of propagules of alien species

arriving at a site (Williamson, 1996). Although experimental

studies within single habitats have reported propagule pressure

to be a strong factor influencing the level of invasion (Tilman,
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1997; Brown & Peet, 2003; von Holle & Simberloff, 2005),

multihabitat comparisons across large areas have documented

the importance of habitat properties (e.g. Chytrý et al., 2008).

Propagule pressure remains important, however, even at large

scales: habitats that are relatively resistant to invasion may be

highly invaded due to the high input of propagules (Lonsdale,

1999; Brown & Peet, 2003; Chytrý et al., 2008). Besides habitat

properties and propagule pressure, however, a habitat’s level of

invasion may also be affected by the pool of alien species

adapted to that habitat (Kalusová et al., 2013).

The regional species pool is the set of species in a region that

can potentially coexist in a habitat (Zobel, 1997). Similarly, the

regional alien species pool for a habitat consists of those alien

species that can potentially invade that habitat. To invade the

target habitat, a species has to be introduced and to possess traits

that enable its establishment in the habitat (i.e. the species must

be ecologically compatible with the site). The traits of species

that are important for invasion elsewhere can depend on the

adaptations of these species to their original (donor) habitats in

the native range (Lee, 2002; Facon et al., 2006; Schlaepfer et al.,

2010; Dostál et al., 2012). Intercontinental comparative studies

have demonstrated that species tend to invade recipient habitats

that are analogous to their original habitats in the native range

(Hejda et al., 2009) and that some donor habitats provide more

alien species than others (Hejda et al., 2009; Kalusová et al.,

2013). Consequently, alien species pools for some recipient

habitats are richer than for others, which can contribute to the

different levels of invasion of recipient habitats. At the same

time, human-assisted dispersal is responsible for transoceanic

introductions and the formation of alien species pools. Besides

intentional species introduction for cultivation, medicinal and

ornamental use, the rapid dispersal of alien propagules via

transoceanic maritime trade and as air cargo has also led to

many introduction events (Mack, 2003; Hulme et al., 2008).

Pre-adaptation of species to human-mediated dispersal in

native-range habitats can therefore increase the chance of a

species participating in the alien species pool of another region

(Cox, 2004).

If the size of the alien species pool is an important factor

influencing the level of invasion, there should be two conse-

quences. First, the level of invasion of vegetation plots in a

recipient habitat should be partly explained by the number of

alien species introduced into the regional species pool from

similar donor habitats. The more alien species from a particular

donor habitat are introduced into the species pool in another

region, the higher the level of invasion of the analogous recipi-

ent habitat is expected to be. This first consequence would then

be a direct species-pool effect. Second, it is likely that a reciprocal

relationship exists, such that donor habitats that contribute large

numbers of alien species to regional species pools elsewhere –

and therefore similar recipient habitats elsewhere – should

themselves be subject to higher levels of invasion by alien species

from those habitats. This second consequence is in part a reflec-

tion of the convergent properties of floras that occupy similar

habitats. If a particular type of donor habitat has species that are

good invaders elsewhere (because they are good dispersers,

highly competitive and capable of rapid population expansion;

Kalusová et al., 2013), then it is likely that native species with

similar traits will also occur in the invaded recipient habitat.

Such species of the recipient habitat would thus also be expected

to be invasive in the donor habitat. Native species of the recipi-

ent habitat are therefore more likely to be found in the regional

alien species pool of the donor habitat themselves, resulting in a

higher level of invasion of the donor habitat, and thus creating a

reciprocal species-pool effect. In summary, a habitat that contains

many potentially invasive species will create a direct species-

pool effect for similar habitats elsewhere; the same donor habitat

is also likely to be itself subject to invasion, because of the

reciprocal species-pool effect created by the alien species native

to similar habitats elsewhere.

Direct and reciprocal species-pool effects can both be evalu-

ated by habitat-matched comparisons of native invading and

alien invader floras in different parts of the world. The first

attempt to test such effects focused on European natural habitats

as donors of alien invasive species to other continents at a broad

geographical scale (Kalusová et al., 2013). That study related the

proportion of invasive species provided by European donor

habitats to the level of invasion by alien species in the same

European donor habitats. At the global scale, a positive relation-

ship (i.e. reciprocal species-pool effect) was observed, indicating

that European habitats that provide many alien species to other

continents also receive many alien species from other conti-

nents. No significant relationship was found, however, between

European donor habitats and their counterparts in North

America, which may have been caused by an absence of data on

the actual levels of invasion in fine-scale habitats – in contrast to

the simple presence in ecoregions in Kalusová et al. (2013) – as

well as a lack of species-composition data for European semi-

natural or man-made habitats.

Here, we investigate more deeply the relationship between

donor and recipient habitats of alien plant species, focusing on

reciprocal exchanges of species between North America and

Europe and using fine-scale species-composition data related

directly to community assembly within habitats. We test both

relationships described above: (1) the level of invasion of recipi-

ent habitats in the invaded range as a function of the number of

aliens provided to the regional species pool by donor habitats in

the native range (direct species-pool effect); and (2) the level of

invasion of donor habitats in the native range as a function of

the number of species that are native to this habitat and that

have entered the regional alien species pools and invaded other

areas (reciprocal species-pool effect). In both cases, we consid-

ered invasions from North America to Europe and vice versa.

This study was enabled by recent progress in the development

of vegetation-plot databases that have resulted in availability of

huge numbers of fine-scale species-composition records from

large areas that are directly linked to habitats (Dengler et al.,

2011). Because the existing databases still do not cover whole

continents, however, we used two comprehensive regional data-

bases that contain representative information on the species

composition of a broad range of temperate habitats in eastern

North America and Europe: the Carolina Vegetation Survey
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Database (Peet et al., 2012) and the Czech National

Phytosociological Database (Chytrý & Rafajová, 2003). These

are among the largest databases available from these continents

and contain plot assignments to association or higher-level units

in their respective vegetation classifications. The availability of

these databases enables detailed comparisons of species compo-

sitions of habitats and their roles as donors or recipients of alien

species to be made.

We explore the species-pool effect on habitats’ levels of inva-

sion by examining the relationships between donor and recipi-

ent habitats in Europe and North America. Our specific

questions are: (1) Do recipient habitats in the invaded range

have more alien species when analogous donor habitats in

another region provide more of their native species to the

regional alien species pool of the recipient habitats (direct

species-pool effect)? (2) Do donor habitats that provide more of

their native species to the regional alien species pool in another

region themselves experience a higher level of invasion of

species introduced from the invaded region (reciprocal species-

pool effect)?

MATERIALS AND METHODS

Delimitation of donor and recipient habitats

We analysed the exchange of alien plant species between habitats

of North America and Europe using the Carolina Vegetation

Survey Database (Peet et al., 2012) as a representative of

eastern North American habitats and the Czech National

Phytosociological Database (Chytrý & Rafajová, 2003) as a rep-

resentative of temperate European habitats. Hereafter, we refer

to these data sets as North America and Europe, respectively. We

distinguished donor habitats (habitats in the native range of

aliens) from recipient habitats (those in the invaded range of

aliens). Habitat delimitation was based on the vegetation classi-

fication units used in each database, except that we merged fine

units into consistently defined broader-habitat categories

according to their ecological and floristic characteristics. Vegeta-

tion plots that were already assigned to fine classification units

were thus reclassified into broad habitats in each database.

Unclassified plots were excluded. In total, 27 habitats repre-

sented by more than 20 vegetation plots in at least one database

were defined. We identified 12 analogous habitats (those occur-

ring in both North America and Europe) and 15 non-analogous

habitats, comprising 11 confined to North America and four

confined to Europe. (See Appendix S1 in Supporting Informa-

tion for crossovers between the Carolinian and Czech vegetation

classification units and the list of broad habitats used in the

analysis.)

The Carolina Vegetation Survey Database (CVSD) includes

nested-plot data with 1000-m2 plots divided into 100-m2 sub-

plots, with several 10-m2 and smaller nested subplots, in which

plant species composition was recorded (Peet et al., 1998, 2012).

For our study, 100-m2 subplots were used to represent forested

habitats and 10-m2 subplots to represent non-forested habitats.

Because the largest CVSD plots typically contained several

nested subplots of the desired size, a single subplot of the appro-

priate size (100 m2 or 10 m2) was selected randomly from each

site. The Czech National Phytosociological Database (CNPD)

was resampled by choosing plots of the same sizes as used in the

CVSD. Although these plot sizes are not often used in Europe,

including in the Czech Republic (Chytrý & Otýpková, 2003), we

considered this selection representative because the proportion

of alien species within habitats calculated from a broader set of

plots of varied sizes was significantly correlated with that calcu-

lated from the selection of plots of these two sizes (r = 0.806,

P = 0.002). The final data set contained 3606 plots from the

CVSD and 2453 vegetation plots from the CNPD. Broad habi-

tats, numbers of plots and plot sizes are listed in Table 1.

Identification of alien and native species

Only vascular plants were considered, and we did not consider

infraspecific taxa such as subspecies and varieties. Species with

frequent inaccurate determination in the databases were merged

into aggregates or species sensu lato (Appendix S2 in Supporting

Information); all distinguished taxa are hereafter referred to as

species. To identify North American species native to the Caro-

linas and invading Europe, we combined the alien species list for

the Czech Republic (Pyšek et al., 2002; species labelled as neo-

phytes) with the US National Checklist, including species distri-

bution maps for the states of interest (North and South

Carolina; USDA, 2013). Conversely, to identify European species

native to the Czech Republic and invading North America, we

combined the US National Checklist – including introduced

species status for the states of interest (USDA, 2013) – with the

list of the Czech flora (Kubát et al., 2002). Using the resulting

species lists, we divided the species recorded in the vegetation

plots into eight classes: (1) all alien species in the European data

set coming from North America; (2) all alien species in the

North American data set coming from Europe; (3) native species

in the European data set invading North America; (4) native

species in the North American data set invading Europe; (5) all

native species in the North American data set; (6) all native

species in the European data set; (7) all alien species in the North

American data set, irrespective of their native region; and (8) all

alien species in the European data set, irrespective of their native

region. The identification of both native and alien species from

independent lists avoided the circularity that would have

resulted from classifying species using the plot-based data of the

CVSD and CNPD. Aggregates or sensu lato species that included

both alien and native species were omitted in these counts,

except for their inclusion in the total numbers of species. Species

with both alien and native populations in the same continent

(seven species, such as Rumex acetosa and Rubus idaeus) were

also excluded (see Appendix S2 in Supporting Information for a

list of all the alien species).

Data analysis

Our aim was to quantify the relationships between the donor

role of habitats (how many native species of each habitat were
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donated to the alien species pool on the recipient continent) and

the level of invasion in recipient habitats (how many alien

species from the other continent each recipient habitat received)

for North America and Europe. For each North American and

European vegetation plot, we counted the number of alien

species coming from the other region (species classes 1 and 2)

and the number of native species that are invasive in the other

region (species classes 3 and 4). Because of large differences in

the number of plots among habitats, we used sample-based

rarefaction (Colwell et al., 2004) to calculate species numbers

per habitat using the program juice 6.3 (Tichý, 2002). Rarefac-

tion yielded average numbers of native and alien species found

in a standardized number of 23 plots for each habitat, which was

the lowest number of plots available from any single habitat

(herb-dominated river fringes in the CVSD). Native and alien

species numbers were calculated as a mean number of species

per plot across 100 randomized subsets of 23 plots for given

habitat. Rarefaction ensured that the numbers of species were

derived from equivalent numbers of plots for each habitat. The

number of aliens donated by a habitat also depends, however, on

the total number of species in that habitat (species-rich habitats

would provide more aliens if everything except species richness

was equal). The number of aliens donated by a habitat would

also vary as a function of the plot sizes used to represent forested

and non-forested habitats (100 m2 and 10 m2, respectively). We

therefore expressed the donor role of each habitat as the ratio of

the number of its native species invading the other region

(species classes 3 and 4) to the number of all native species

found in this habitat (species classes 5 and 6) (hereafter called

‘proportion of native invading species’). The resulting figure

expresses the contribution of the given donor habitat to the

regional alien species pool: i.e. the set of alien species introduced

to the invaded region and able to invade the given habitat.

Similarly, to express the level of invasion of recipient habitats, we

calculated the number of alien species received by that habitat

(species classes 1 and 2) relative to the number of all species

found in that habitat (i.e. native and alien together; hereafter,

‘proportion of alien species’). The numbers of native species

(species classes 5 and 6) and native and alien species combined

– as well as those of native invading species (species classes 3 and

4) and alien species (species classes 1, 2, 7, and 8) – were first

calculated for each habitat by rarefaction, as described above.

Table 1 Overview of habitats shared by European and North American data sets (analogous habitats) and those confined to one of these
regions (non-analogous habitats): numbers of vegetation plots selected from the Carolina Vegetation Survey Database (CVSD; 3606 plots)
and the Czech National Phytosociological Database (CNPD; 2453 plots) assigned to the particular habitats are shown.

Habitat

Plot

size (m2)

Plot count

CVSD

Plot count

CNPD

Analogous habitats (common to European and North American data sets)

Bogs and poor fens 10 27 54

Cliffs 10 50 48

Freshwater marshes 10 90 349

Grasslands 10 54 453

Herb-dominated river fringes 10 23 114

Alluvial forests and riverine scrub 100 253 224

Bog and waterlogged coniferous woodlands 100 67 131

Bog and waterlogged deciduous woodlands 100 156 195

Mesic coniferous forests 100 65 196

Mesic broad-leaved deciduous forests 100 439 206

Xeric coniferous forests 100 351 131

Xeric to subxeric deciduous forests 100 316 173

Non-analogous habitats unique to the North American data set

Hypersaline mudflats 10 46 –

Sand-dune grasslands and scrub 10 226 –

Salt marshes and tidal scrub 10 255 –

Lowland evergreen wet scrub 100 86 –

Maritime evergreen forests 100 150 –

Non-riverine mixed mesic evergreen-deciduous forests 100 131 –

Riverine mixed broad-leaved evergreen-deciduous forests 100 113 –

Pine savannas and flatwoods 100 369 –

Taxodium, Nyssa and Chamaecyparis swamp forests 100 339 –

Non-analogous habitats unique to the European data set

Annual herbs of wet substrata 10 – 36

Dwarf evergreen heaths 100 – 25

High-mountain coniferous scrub 100 – 85

High-mountain broad-leaved deciduous scrub 100 – 33
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(See Appendix S3 in Supporting Information for an example,

illustrating how the proportion of native invading species and

proportion of alien species in mesic broad-leaved deciduous

forests was computed.)

We used two approaches to assess the relationship between

the donor role of a habitat and its level of invasion. First, we

tested whether the level of invasion of a given habitat depends

on the success of the analogous habitat on the other continent in

donating aliens to the regional species pool of the habitat’s

continent (direct species-pool effect). To accomplish this, we

regressed the proportion of alien species in one region against

the proportion of native invading species in the other region,

and we performed reciprocal analyses for invasions from North

America to Europe and vice versa, for the 12 analogous habitats

only (Fig. 1a,b). Second, we tested whether on the same con-

tinent the ability of habitats to donate aliens to the other

continent’s species pool correlates with their level of invasion

(reciprocal species-pool effect). To accomplish this, we regressed

the proportion of alien species in one region on the proportion

of native invading species in the same region, and we performed

these analyses for the 12 analogous and 9 non-analogous habi-

tats of North America and for the 12 analogous and four non-

analogous habitats of Europe (Fig. 1c,d). We used major-axis

regression (MAR, model II linear regression; Legendre &

Legendre, 2012), which is appropriate when a predictor is not a

fixed variable and contains a measurement error. The signifi-

cance of the slope was tested over 4999 permutations.

All regressions were performed using Statistica 9.1

(StatSoft, 2010). Proportions were square-root-transformed to

improve normality of the data.

RESULTS

Across the 3606 North American plots, we found 114 alien

species, of which 53 were of European origin. Across the 2453

European plots, we found 158 alien species, of which 23 were of

North American origin. The North American data set further

contained 85 native species reported as alien to Europe, and the

European data set included 156 native species reported as alien

to North America.

Testing the relationship between the proportion of alien

species in habitats of one region and the proportion of native

invading species in analogous habitats of the other region

(direct species-pool effect; Fig. 1a,b), we confirmed that the level

of invasion in recipient habitats varies with the relative number

of alien species contributed by analogous donor habitats. This

relationship was detected for both directions of species intro-

duction. The proportion of species invading Europe from North

American habitats was positively related to the proportion of

native species in North American habitats invading Europe (i.e.

direct species-pool effect; r2 = 0.241, P = 0.030; Fig. 2a). This

relationship was also positive in the opposite direction of inva-

sion (r2 = 0.285, P = 0.035; Fig. 2b). This result indicates that

habitats on one continent will receive more alien species when
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and tests used in this study: the
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the level of invasion of North American
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European plant species, and (d) donor
role of European habitats for plant
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of invasion means the proportion of alien
species in a habitat. Schemes (a) and (b)
represent direct species-pool effects;
(c) and (d) represent reciprocal
species-pool effects.
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more are donated by analogous habitats on the other continent.

The slopes of the regressions were 0.729 (North America to

Europe) and 0.543 (Europe to North America).

Relating the proportion of alien species to the proportion of

native invading species in the same habitats of a given region

(reciprocal species-pool effect; Fig. 1c,d), we found that the hab-

itat’s level of invasion was dependent on the number of species

donated for invasion across all habitats (analogous and non-

analogous together), both in North America (r2 = 0.390,

P < 0.001; Fig. 2c) and in Europe (r2 = 0.581, P < 0.001; Fig. 2d).

This result indicates that habitats that donate greater propor-

tions of native species for invasion elsewhere also receive higher

proportions of alien species. The slopes of the regressions were

less than 1.0 in both cases (invasions from and to North

America: 0.859; invasions from and to Europe: 0.567). When the

regression analyses were repeated with non-analogous habitats

excluded (results not shown), the relationships illustrated in

Figure 2c,d were again significant, both for North America

(r2 = 0.332; P = 0.012) and for Europe (r2 = 0.587, P = 0.003).

DISCUSSION

Our study shows that beyond habitat properties and propagule

pressure, there is another important mechanism contributing to

the variation in alien species numbers or proportions found in

habitats: regional alien species pools. During invasion, a species

disperses from the habitats of its native range and is confronted

with the spectrum of habitats in its invaded range. Upon their

deliberate or accidental introduction, alien species usually have

to be able to withstand conditions in the human-disturbed habi-

tats where their invasion often begins (Richardson et al., 2000).

During their subsequent spread, they can benefit from the simi-
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larity of semi-natural or natural habitats in the native and

invaded ranges (Rejmánek et al., 2005). If habitats in the native

range differ in the proportions of their native species donated

for invasion elsewhere, the sizes of the regional species pools of

potential alien species that are ecologically compatible with par-

ticular recipient habitats also differ. Such unevenness in the size

of alien species pools can translate into variation in the level of

invasion across recipient habitats. Our analyses confirm that the

higher the proportion of native species contributed by a given

donor habitat, the higher the level of invasion of the analogous

recipient habitat in the invaded range. This pattern exists in both

directions of species introduction, from eastern North America

to Europe and vice versa, the result of what we refer to here as a

direct species-pool effect in habitat invasions. Our within-

continent comparisons also support what we refer to as a recip-

rocal species-pool effect in habitat invasions. Because species of

analogous habitats in both donor and recipient regions are likely

to share traits that increase their success in such habitats, a

higher proportion of alien species provided from a donor

habitat in a given region tends to be associated with a higher

level of invasion of that same habitat by species from an analo-

gous habitat in the recipient region.

During the invasion process, the regional alien species pool

is filtered by abiotic and biotic factors that determine habitat

invasibility (Lonsdale, 1999; Chytrý et al., 2008). In the inter-

continental comparison, alluvial forests and riverine scrub,

together with herb-dominated fringes donated the highest pro-

portions of their species as aliens. Their analogous habitats in

the invaded range were also the most invaded. These habitats

have also been reported to be more invasible than other semi-

natural and natural habitats (Chytrý et al., 2008). In contrast,

bogs and poor fens, bog and waterlogged coniferous wood-

lands, and mesic coniferous forests donated the lowest propor-

tions of their species as aliens, and were also the least invaded

recipient habitats. These habitats have been previously consid-

ered to be invasion-resistant (Chytrý et al., 2008). Such patterns

suggest that those habitats that support high proportions of

alien species are not only highly invasible (conducive to the

survival of alien species in general; Lonsdale, 1999), but also

have a wider offering of ecologically compatible species for the

alien species pool. Low levels of invasion in recipient habitats

are not only caused by the intrinsic resistance of these habitats

to invasion, but also by the lower numbers of alien species able

to establish and persist there. At the same time, habitat prop-

erties responsible for high or low invasibility also foster simi-

larly high or low proportions of species that are likely to be

invasive in analogous habitats elsewhere. This relationship

remains significant even when non-analogous habitats are

taken into account, because alien species can probably inhabit

several habitats in the invaded range, including those that do

not match perfectly. The habitat conditions that increase or

decrease invasibility in analogous habitats also affect non-

analogous habitats. Thus, non-analogues also show the rela-

tionship between the proportions of alien species donated and

received even though they do not have counterparts in the

other region (see examples below).

Comparative studies across a range of habitats (Chytrý et al.,

2008) have identified that high invasibility is typical of habitats

that experience frequent disturbances accompanied by tempo-

rary increases in available resources, as predicted by the theory

of fluctuating resource availability (Davis et al., 2000). In the

cases of alluvial forests, riverine scrub and herb-dominated river

fringes, disturbances are caused by periodic floods and increases

in nutrient availability from the deposition of fluvial sediments

(e.g. Planty-Tabacchi et al., 2001; Brown & Peet, 2003;

Richardson et al., 2007). Such riparian habitats have also been

identified as important donors of invaders, both here and in

other studies (Hejda et al., 2009; Kalusová et al., 2013). This is

probably due to specific traits developed by species in riparian

habitats. Species in these habitats must be able to regenerate

after disturbances and to effectively disperse and colonize newly

emerged substrates (Naiman & Décamps, 1997). The dispersal

of riparian plants is effected by wind, water or vertebrates,

including humans (e.g. Nilsson et al., 1991; Jansson et al., 2000).

Due to long-term human activities in river corridors

(Richardson et al., 2007), species of riparian habitats have a high

chance of being transported repeatedly from the donor habitat.

At the same time, the high nutrient availability in riparian habi-

tats selects for strong competitors with vigorous growth and

high biomass production (Grime, 1979). In both naturally dis-

turbed and human-disturbed habitats of the invaded range,

therefore, alien species from riparian habitats are likely to dis-

perse and compete with native species better and spread further

than species from other habitats. This is also supported by the

analysis of non-analogous habitats. The most-invaded and

most-donating non-analogues were sand-dune grasslands and

scrub, salt marshes and tidal scrub, and maritime evergreen

forests in North America, and annual herbs of wet substrata in

Europe. Coastal habitats and periodically exposed freshwater

shorelines are also greatly affected by human activities and are

inhabited by species adapted to periodic disturbances by wind

or fluctuating water level, with the ability to recolonize rapidly

in shifting environments (Moreno-Casasola, 1986; Šumberová

et al., 2005). Their species are probably therefore also able to

assert themselves as aliens in other habitats characterized by the

above-described processes that increase invasibility. Conversely,

these non-analogues probably support the establishment of

alien species from other donor habitats with similar environ-

mental conditions.

Bogs and poor fens and various types of coniferous forests

(i.e. rarely-disturbed habitats with constantly low nutrient avail-

ability; Pyšek et al., 2010) appear to have relatively low

invasibility, and, as we have shown, they also have relatively few

species that are likely to be invasive in analogous habitats else-

where. These oligotrophic habitats do not support the evolution

of species with high competitive ability, but rather select for

species with lower seed production, which restricts their disper-

sal abilities (Grime, 1979). There is consequently little inward

dispersal, and the survival rate of such species in human-

disturbed habitats of the invaded range is also low, limiting

subsequent invasion into similar habitats of the invaded range.

The incidence of such habitats in sparsely populated areas such

Alien species pools and habitat invasions
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as waterlogged lowlands (forested bogs in North America) or

isolated mountain areas (coniferous forests in Europe) reduces

the representation of species native to these habitats in regional

alien species pools (i.e. the probability of their transport by

humans is decreased). Similarly, the direct introduction of such

species to analogous stressed habitats can be infrequent because

of limited human activity in such environments (Alpert et al.,

2000). Although some experimentally planted North American

bog plants (Sarracenia spp.) have been able to establish in

Central European bogs (Adlassnig et al., 2010) and have become

invasive in some areas (Parisod et al., 2005), the invasion success

of such species requires direct introduction to analogous habi-

tats in the invaded range. The non-analogous habitats again

support this conclusion. In North America, the least invaded

and the least donating habitats were hypersaline mudflats, and

pine savannas and flatwoods; in Europe, they included high-

mountain broad-leaved deciduous and coniferous scrub. Such

habitats are also characterized by extreme environmental con-

ditions, low resource supply and low human activity. They

therefore do not donate successful alien species and their

regional alien species pools are very small.

Alien species are often thought to have broad ecological

ranges and the ability to establish in many habitats (Drake et al.,

1989). Species from certain donor habitats on one continent can

invade not only the analogous recipient habitats but also other

habitats, at least the man-made habitats that are crucial for

initial establishment. This was demonstrated by the presence of

alien species in non-analogous habitats of both continents.

Despite this, the direct and reciprocal species-pool effects are

still pronounced, and the exchange of species between analo-

gous donor and recipient habitats with similar conditions

should therefore occur at higher rates than between non-

analogous habitats. Climatic differences can also affect the

results of intercontinental comparisons, because climates in

selected regions on different continents are rarely identical. In

our case, both study regions are situated in the temperate zone

and the broad-leaved deciduous forest biome, but the Carolinas

are warmer than the Czech Republic. There can be shifts in the

habitat preferences of particular alien species, but generally it

seems likely that, in this case, climatic differences have a smaller

effect on habitat preference of alien species than the differences

between recipient habitats. Testing the relative effects of climatic

differences and habitat types will be only possible, however, with

future data sets that cover broad spectra of habitats across cli-

matic zones on different continents.

CONCLUSIONS

This study provides evidence that, aside from abiotic and biotic

habitat properties and propagule pressure, there is another

factor influencing habitat levels of invasion: regional alien

species pools specific to different habitats. Habitats differ in the

numbers and proportions of native species available for the

invasion of other areas, which is reflected in the uneven repre-

sentation of species that are compatible with different habitats

in the alien species pools. One consequence is that when a

habitat in one region donates a greater proportion of native

species as alien invaders, analogous habitats in another region

are more extensively invaded (the direct species-pool effect).

Similarly, donor habitats of one region that provide more alien

species are themselves more heavily invaded by species arriving

from similar habitats in other regions (reciprocal species-pool

effect). Nutrient-rich and frequently disturbed habitats such as

riverine woody or herbaceous vegetation are easily invaded

because of their frequent disturbances and pulses of resource

availability. Such habitats not only serve as sources of native

species that invade other regions, but also receive more invaders

from analogous habitats elsewhere.
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