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Global
 

patterns
 

in plant
 

invasions

Pyšek

 

P. & Richardson

 

D. M. 2006. The

 

biogeography

 

of

 

naturalization

 

in alien

 

plants. J. Biogeogr. 33: 2040–2050.

Based
 

on numbers
 

of
 

alien
 

species in individual
 

regions
 

or
 

states
 

…

BUT: regions
 

differ
 

in the
 

structure
 

of
 

habitats
 

they
 

harbour
 

…
and

 
individual

 
habitats

 
differ

 
in how

 
many alien

 
species they

 harbour 



Invasibility
 

of
 

habitats
Limitation

 
no. 1: 

Quantitative
 

information
 

on how
 

alien
 

species are 
distributed

 
in particular

 
habitats

 
is

 
very

 
scarce

If
 

there
 

are no data, 
collect

 
them

 
yourself

 
☺

www.alarmproject.net



Invasibility
 

vs. Level
 

of
 

Invasion

Limitation

 
no. 1: 

Quantitative

 
information

 
on how

 
alien

 
species are distributed

 
in 

particular

 
habitats

 
is

 
scarce

Limitation
 

no. 2:

Majority of

 
data in the

 
literature

 
concern

 
the

 
level

 
of

 
invasion

 (sensu

 
Hierro

 
et

 
al. 2005)

= how

 
many alien

 
species are present

 
in a region/habitat

Hierro

 

J.L., Maron

 

J.L. & Callaway

 

R.M. 2004. A biogeographical

 

approach to plant invasions: the 
importance of studying exotics in their introduced and native range. Journal of Ecology 93:5–15.

Distinguish
 

level
 

of
 

invasion
 

from
 

“real
 

invasibility”
 

!



Theoretical
 

model of
 

community
 

invasibility
 

(Lonsdale’s equation)

E = I ×
 

S

number
 

of
 

alien
 

species no introduced 
species

survival
 

rate

competition herbivory chance
events

maladaptation

S = Sv
 

× Sh
 

× Sc
 

× Smaccidentally intentionally

I = Ia
 

+ Ii

To invade, the
 

species must
 

survive
 the

 
effect

 
of

 
all

 
these factors

Lonsdale W. M. 1999. Global patterns of plant invasions and the concept of invasibility. Ecology 80:

 1522–1536.



„Looking for real differences in invasibility requires looking at the 
residuals from the relationship between invasion success and 
propagule pressure.“ (Williamson 1996)

Theoretical
 

model of
 

community
 

invasibility
 

(Lonsdale’s equation)

E = I ×
 
SLevel

 
of

 
Invasion

 
= Propagule

 
Pressure

 
×

 
Invasibility

If
 

we
 

want
 

to compare
 

invasibility
 

of
 

two
 

habitats, we
 

need
 to compare

 
S –

 
a habitat

 
is

 
more prone

 
to invasions

 
if

 
alien

 species, introduced
 

by means
 

of
 

propagule
 

pressure, 
survive

 
better

 
than

 
in another

 
habitat

 
with

 
lower

 
S



Invasibility
 

vs. Level
 

of
 

Invasion
Large

 
fraction of the variation in alien species richness 

among sites can be attributed to propagule
 

pressure, i.e. 
the rate of influx of alien propagules

 
into the target site

To answer the question why some habitats are more 
invaded than others, one must separate the effects of 
habitat properties from

-
 

those of propagule
 

pressure and 
-

 
other potentially confounding factors

 
(climate)

•

 
seed

 
addition

 
experiments

 
confined

 
to a single site

 
→ do 

not explain

 
between-habitat

 
differences

•

 
observational

 
studies: restricted

 
to few

 
habitats, few

 species, limited number

 
of

 
replicates

•

 
large

 
databases

 
of

 
vegetation

 
survey

 
plots

 
–

 
do not take

 into

 
account

 
variation

 
in propagule

 
pressure

 
between

 habitats



Invasibility
 

vs. Level
 

of
 

Invasion: Study area

regional

 
scale

 
of

 
the

 Czech

 
Republic

 (78,000 km2) –

 
data 

valid

 
for Central

 Europe

Europe

Chytrý

 

M., Jarošík

 

V., Pyšek

 

P. et

 

al. (2008) Separating habitat invasibility

 

by alien plants from the 
actual

 

level of invasion. Ecology

 

(in press)



propagule
pressure

habitat
 

resistance
 against

 
invasions

Level
 

of
 

invasion
= proportion

 
of

 
aliens

 
to all

 
species

native

alien

Invasibility
 

vs. Level
 

of
 

Invasion: Model

climate

Habitat
 

invasibility
 

= Level
 

of
 

invasion
 

| Propagule
 

pressure
 

|
 

Climate

Habitat
 

invasibility
= proportional number of aliens when 
the effects of propagule

 
pressure and 

climate are held constant



20,468 vegetation
 

plots
from

 

the
 

Czech
 

Republic
 

(Central
 

Europe)
(Czech

 

National

 

Phytosociological

 

Database)

GIS digital
 

maps 
(climate, elevation

 

model, land

 

cover, 
floristic

 

regions, population

 

density)

National 
catalogue 
of

 

alien
 

plants

(Pyšek

 

et

 

al. 2002)

Modelling 
habitat

invasibility

Invasibility
 

vs. Level
 

of
 

Invasion: Data



Neophytes

 

(n = 171)
arrived

 

after

 

1500, mainly 
from

 

North

 

America

 

and

 

Asia

Example: Amaranthus retroflexus

Archaeophytes

 

(n = 219)
arrived

 

before

 

1500, mainly

 

from
the

 

Middle

 

East

 

and

 

Mediterranean

Example: Centaurea cyanus

Response variable: 
percentage

 
of

 
alien

 
species in each

 
vegetation

 
plot (n=20,468)

Invasibility
 

vs. Level
 

of
 

Invasion: Variables

…

 

plus native

 

species (n = 1451)



Predictor
 

variables:

1.

 
Habitat

 
properties

•

 
habitat

 
type (based

 on EUNIS hierarchical

 habitat

 
classification; 

32 categories)

Invasibility
 

vs. Level
 

of
 

Invasion: Variables

http://eunis.eea.europa.eu/habitats.jsp

1.

 
Habitat

 
properties

•

 
habitat

 
type (based

 on EUNIS hierarchical

 habitat

 
classification; 

32 categories)
•

 
vegetation

 
cover

 
(%)



2. Propagule

 
pressure

 
proxies

•

 
proportional

 
area of

 
surrounding

 
urban/

industrial/agricultural

 
landscape

•

 
human

 
population

 
density

 
in the

 
region

•

 
altitudinal

 
floristic

 
regions

•

 
distance from

 
a river

Predictor
 

variables:

1.

 
Habitat

 
properties

•

 
habitat

 
type (based

 
on EUNIS habitat

 
classification; 

32 categories)
•

 
vegetation

 
cover

 
(%)

Invasibility
 

vs. Level
 

of
 

Invasion: Variables

3. Climate

 
variables

•

 
mean

 
annual

 
temperature

•

 
annual

 
precipitation

•

 
altitude



• Regression Trees
 

using binary recursive partitioning 
(CART)

• Finding
 

optimal
 

tree
• Cross-validation

 
on random

 
20% of

 
data

• Total
 

variance explained
 

by the
 

tree
 

= R2 = 1 –
 resubstitution

 
relative error

• Level
 

of
 

invasion
 

was
 

compared
 

among
 

habitats
 

after
 removing

 
all

 
variables

 
except

 
habitat

 
properties

Invasibility
 

vs. Level
 

of
 

Invasion: Statistics

Statistical
 

methods:

Technically, between-habitat comparisons of invasibility

 
was

 done in statistical models,

 
in which habitat was

 
the predictor 

variable and residuals from the regression of alien richness on 
the confounding variables (climate and propagule

 
pressure) 

the response variable



Invasibility
 

vs. Level
 

of
 

Invasion: Predictors

Chytrý

 

M., Jarošík

 

V., Pyšek

 

P. et

 

al. (2008) Separating habitat invasibility

 

by alien plants from the 
actual

 

level of invasion. Ecology

 

(in press)

 Predictor Archaeophytes Neophytes
Habitat properties
Habitat type 76.7 18.4
Vegetation cover 0.6 0.9
Propagule pressure
Surrounding urban+industrial land 1 3.1
Surrounding agricultural land 0.6 –
Human density 0.1 –
Distance from a river – –
Altitudinal floristic region 2.9 –
Climate
Altitude 2.3 5.9
Temperature 0.1 –
Precipitation 2.1 –
Total 86.4 28.3

Table 2. Predictors of proportional representation of archaeophytes and 
neophytes expressed in terms of the improvement values of the optimal 
regression trees. All predictors are in percentages of the total variance 
explained by the model and are obtained by adding all values of each predictor 
for the model



Proportion of neophytes (%)

Habitats

 

C2, D1-D4, E1-E5.5, E6, 
F2-F4, F9.2, G1, G3, G3F, G4, H2

x = 1.7
SD = 4.0

n = 16 360

Habitats

 

C1, C3, D6, E5.6, 
F9.1, G1.C, G5, H3, H5.6, I1, X 

x = 0.7
SD = 2.1 
n = 9 869

x = 4.6 
SD = 6.0 
n = 6 491

x = 1.5 
SD = 3.7 
n = 1 399

x = 0.5 
SD = 1.7 
n = 8 470

Altitude < 253

x = 0.3 
SD = 1.1 
n = 4 026

Altitude < 465
(temperature > 

7°C)
x = 0.7

 

SD = 2.0 
n = 4 444

x = 9.2 
SD = 10.1 

n = 96

Others
Habitats

 

C2,
E5.4, E6, H2

x = 0.6 
SD = 1.7 
n = 4 089

x = 2.4 
SD = 5.1 
n = 355

x = 1.2 
SD = 2.8 
n = 1 303

x = 4.6 
SD = 6.9 
n = 59

x = 1.1 
SD = 2.5 
n = 1 244

Urban/industrial
> 60%

x = 6.2 
SD = 5.8 
n = 856

x = 5.6 
SD = 5.4 
n = 673

x = 8.6 
SD = 6.6
n = 183

Altitude < 216

x = 5.8 
SD = 6.8 
n = 3 030

(Meso-, Oreophyticum)

x = 9.0 
SD = 9.0 
n = 497

Urban/industria

 

l > 46%

x = 5.2 
SD = 6.2 
n = 2 533

Others Habitats

 

I1, X

x = 3.6

 

SD = 5.0
n = 3 461

x = 5.0 
SD = 5.3 
n = 1 369

x = 2.4 
SD = 4.5 
n = 2 092

x = 8.8 
SD = 8.5 
n = 479

x = 26.7
SD = 20.3 

n = 18

x = 4.0 
SD = 6.4 
n = 1 677

Habitats 
E5.4,F9.2Other

 

s

Cover < 23%

Habitats

 

C3, E5.6,

 

F9.1, G5, H3
Habitats

 

C1, D6, 
G1.C, H5.6, I1, X 

Altitude < 365
(temperature > 8°C)
(Thermophyticum)

(I) (II)

Man-made

 

habitats
+ disturbed

 

woody

 

vegetationNatural

 

and
semi-natural
vegetation

Chytrý

 

M., Jarošík

 

V., Pyšek

 

P. et

 

al. (2008 Separating habitat invasibility

 

by alien plants from the 
actual

 

level of invasion. Ecology

 

(in press)

Invasibility
 

vs. Level
 

of
 

Invasion: Predictors

Most 
invaded

Least
invaded

increasing
 

invasion



Proportion of neophytes (%)

Habitats
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(temperature > 
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n = 4 444
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n = 96

Others
Habitats

 

C2,
E5.4, E6, H2
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n = 4 089

x = 2.4 
SD = 5.1 
n = 355

x = 1.2 
SD = 2.8 
n = 1 303

x = 4.6 
SD = 6.9 
n = 59

x = 1.1 
SD = 2.5 
n = 1 244

Urban/industrial
> 60%

x = 6.2 
SD = 5.8 
n = 856

x = 5.6 
SD = 5.4 
n = 673
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SD = 6.6
n = 183

Altitude < 216
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(Meso-, Oreophyticum)
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l > 46%

x = 5.2 
SD = 6.2 
n = 2 533

Others Habitats

 

I1, X

x = 3.6

 

SD = 5.0
n = 3 461

x = 5.0 
SD = 5.3 
n = 1 369

x = 2.4 
SD = 4.5 
n = 2 092

x = 8.8 
SD = 8.5 
n = 479

x = 26.7
SD = 20.3 

n = 18

x = 4.0 
SD = 6.4 
n = 1 677

Habitats 
E5.4,F9.2Other

 

s

Cover < 23%

Habitats

 

C3, E5.6,

 

F9.1, G5, H3
Habitats

 

C1, D6, 
G1.C, H5.6, I1, X 

Altitude < 365
(temperature > 8°C)
(Thermophyticum)

(I) (II)

Chytrý

 

M., Jarošík

 

V., Pyšek

 

P. et

 

al. (2008) Separating habitat invasibility

 

by alien plants from the 
actual

 

level of invasion. Ecology

 

(in press)

Invasibility
 

vs. Level
 

of
 

Invasion: Predictors

climatepropagule

 

pressure habitat

 

identity



Invasibility
 

vs. Level
 

of
 

Invasion: Neophytes

Level of invasion
(actual proportion of aliens)

Invasibility
(residuals

 

of

 

alien

 

proportions
after subtracting the effects of 

propagule

 

pressure and climate)

Pyšek

 

P., Chytrý

 

M. &

 

Jarošík

 

V. 2008.

 

Habitats and land-use as

 

determinants of plant invasions in the 
temperate zone of Europe.

 

In:

 

Perrings

 

C.,

 

Mooney

 

H. A. &

 

Willimason

 

M. (eds.),

 

Bioinvasions and 
globalization:

 

Ecology,

 

economics, management

 

and policy, Oxford University

 

Press, Oxford.

Fig. 2.

 

Comparison of the level of invasion and 
invasibility of Czech habitats

 

by

 

neophytes.

 

Level of 
invasion is defined

 

as

 

the mean proportion of 
archaeophytes or neophytes

 

to

 

all

 

species

 

encountered in 
the vegetation survey plots belonging

 

to

 

particular 
habitats.

 

Invasibility is defined

 

as

 

the same measure 
provided that propagule pressure and climate

 

are

 
constant across the plots;

 

it was quantified

 

by

 

using 
residuals of the linear

 

model

 

that subtracted the effects 
of propagule pressure and climate from the relationship 
between the level of invasion and invasibility. To

 

make 
both measures comparable,

 

they were relativized

 

to

 
equal

 

sum

 

across all the habitats Based

 

on data

 

reported 
in

 

Chytrý

 

et al. (2008a). 



alpine & subalpine
grasslands, bogs, 
conifer woodlands

low                                 
low                                    

probably low

low, stable

rare

meadows and pastures
broadleaf woodlands, 

cliffs and outcrops

medium                                    
high                                       
low

low to high, stable

rare or of medium 
frequency and moderate 

intensity

man-made habitats,
ruderal vegetation,

arable weeds

high
high
high

usually high, 
fluctuating

frequent and strong

Habitats

Level of invasion           
Propagule pressure       
Invasibility

Nutrient availability

Disturbance

Invasibility
 

vs. Level
 

of
 

Invasion: Summary

complete
 

removal
 

of
 

above-ground
 

biomass
 

on arable
 

land; strong
 

and
 

frequent
 disturbances

 

in ruderal
 

habitats; tree
 

felling
 

in forest
 

clearings; afforestation
 

of
 previously

 

deforested
 

land; floods
 

in riverine
 

willow
 

stands

Nutrient
 

availability

Disturbance
 

regime



alpine & subalpine
grasslands, bogs, 
conifer woodlands

low                                 
low                                    

probably low

low, stable

rare

meadows and pastures
broadleaf woodlands, 

cliffs and outcrops

medium                                    
high                                       
low

low to high, stable

rare or of medium 
frequency and moderate 

intensity

man-made habitats,
ruderal vegetation,

arable weeds

high
high
high

usually high, 
fluctuating

frequent and strong

Habitats

Level of invasion           
Propagule pressure       
Invasibility

Nutrient availability

Disturbance

Invasibility
 

vs. Level
 

of
 

Invasion: Summary

TEMPORARY INCREASE IN RESOURCE AVAILABILITY: fertilization of arable land;
 nutrient input into ruderal

 

vegetation in human settlements;
 

sedimentation of nutrient-
 rich mud after floods; increased light availability after opening the woodland canopy

Nutrient
 

availability

Disturbance
 

regime



alpine & subalpine
grasslands, bogs, 
conifer woodlands

low                                 
low                                    

probably low

low, stable

rare

meadows and pastures
broadleaf woodlands, 

cliffs and outcrops

medium                                    
high                                       
low

low to high, stable

rare or of medium 
frequency and moderate 

intensity

man-made habitats,
ruderal vegetation,

arable weeds

high
high
high

usually high, 
fluctuating

frequent and strong

Habitats

Level of invasion           
Propagule pressure       
Invasibility

Nutrient availability

Disturbance

Invasibility
 

vs. Level
 

of
 

Invasion: Summary

disturbances in perennial grasslands
 

do not result in such increase in nutrient 
availability: vegetation is never disturbed completely, rapid uptake of free nutrients 
to support fast regrowth

Nutrient
 

availability

Disturbance
 

regime



B = Increased
 

supply

C = Decreased
 

uptake

Increase
 

of
 

available
 

resources:

1. Resource

 
level

 fluctuates

 
in space

 
and

 time

2. Community

 
invasibility

 increases

 
with

 
increase

 in available

 
resources

D = Both

Davis M.A., Grime

 

J.P. & Thompson

 

K. 
2000. Fluctuating resources in plant 
communities: a general theory of 
invasibility. Journal of Ecology 88:528–534. 



Habitat
 

invasibility
 

at
 

continental
 

scale

Chytrý

 

M., Maskell

 

L., Pino

 

J., Pyšek

 

P., Vila M., Font X. & Smart

 

S. 2008. Habitat

 

invasions

 

by alien

 

plants: a 
quantitative

 

comparison

 

between

 

Mediterranean, subcontinental

 

and

 

oceanic

 

regions

 

of

 

Europe. Journal

 

of

 

Applied

 Ecology

 

45: 448–458

Catalonia
 

(Mediterranean
 

climate)
Czech

 
Republic

 
(subcontinental

 
climate)

Great
 

Britain
 

(oceanic
 

climate)

Data sets: neophytes
 

in plant
 

communities



Habitat
 

invasibility
 

at
 

continental
 

scale

Chytrý

 

M.,

 

Maskell

 

L.,

 

Pino

 

J.,

 

Pyšek

 

P., Vila M., Font X. &

 

Smart

 

S. 2008.

 

Habitat invasions

 

by

 

alien plants: a

 
quantitative comparison between Mediterranean,

 

subcontinental and oceanic regions of Europe.

 

Journal of Applied 
Ecology

 

45: 448–458

Large
 

difference
 

in species 
composition, but

 
consistent

 patterns
 

of
 

habitat
 invasions

 
between

 
regions

Extreme
 

habitats
 

with
 

low
 nutrients

 
little

 
invaded

 
× 

frequently
 

disturbed
 habitats

 
with

 
fluctuating

 resource
 

availability
 

highly
 invaded

Inter-regional
 

consistency
 of

 
the

 
habitat

 
invasion

 patterns  -
 

habitats
 

are 
good

 
predictor

 
for invasion

 risk analysis



Mapping
 

invasions
 

by using
 

habitats

Chytrý

 

M.,

 

Pyšek

 

P.,

 

Wild

 

J.,

 

Maskell

 

L.

 

C.,

 

Pino

 

J. & Vilà

 

M.:

 

Habitat-assessed level of invasion

 

as a basis for

 
mapping risks from alien plants in Europe.

 

Diversity and Distributions

 

(in review)

EUNIS habitat
 

categories
 

transferred
 

to spatial
 

CORINE 
landcover

 
classes

 
(proportional

 
contribution

 
of

 
relevant

 
habitat

 categories
 

estimated
 

for each
 

landcover
 

class)



Mapping
 

invasions
 

by using
 

habitats

Chytrý

 

M.,

 

Pyšek

 

P.,

 

Wild

 

J.,

 

Maskell

 
L.

 

C.,

 

Pino

 

J. & Vilà

 

M.:

 

Habitat-

 
assessed level of invasion

 

as a basis for

 
mapping risks from alien plants in 
Europe.

 

Diversity and Distributions

 

(in 
review)

Fig. 1. Delimitation of areas where the 
invasion risk was mapped based on 
different data sources: 1 –

 

Catalonian 
data, 2 –

 

Czech data, 3 –

 

British data, 4 –

 
mean of Czech and British data. 
Boundaries between the areas follow the 
map of European

 

biogeographic

 

regions 
(European Topic Centre on Biological 
Diversity, 2006).



Mapping
 

invasions
 

by using
 

habitats

least
 

invaded

most invaded

Chytrý

 

M.,

 

Pyšek

 

P.,

 

Wild

 

J.,

 

Maskell

 
L.

 

C.,

 

Pino

 

J. & Vilà

 

M.:

 

Habitat-

 
assessed level of invasion

 

as a basis for

 
mapping risks from alien plants in 
Europe.

 

Diversity and Distributions

 

(in 
review)



Mapping
 

invasions
 

by using
 

habitats

• landscape
 

structure
 

taken
 

into
 

account

• habitats
 

are by far the
 

most 
important

 
determinant of

 
the

 
level

 
of

 invasion/ invasibility 

• it
 

allows
 

to extrapolate
 

to other
 

regions 

• phytosociological
 

data are robust 

Why
 

mapping
 

by habitats??

→
 

solid background
 

for risk 
assessment, monitoring and

 modelling
 

future
 

changes
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Deliverable
 

3.2.3: 
Report on results of 
predictive modelling 
of invasion in 
different habitats 
under climate and 
land-use change
(WP 3.2)



Deliverable
 

3.2.3: Predictive
 

modelling of invasion in different 
habitats under climate and land-use change

 
(WP 3.2)

BAMBU
Business-As-Might-Be-

 Usual

Policy decisions already made 
in the EU are implemented and 
enforced. At the national level, 
deregulation and privatisation 
continue except in “strategic 
areas”. Internationally, there is 
free trade. Environmental 
policy is perceived as another 
technological challenge.

Prediction
 

for 2080



Deliverable
 

3.2.3: Predictive
 

modelling of invasion in different 
habitats under climate and land-use change

 
(WP 3.2)

GRAS
Growth Applied Strategy

Deregulation, free trade, growth 
and globalisation will be policy 
objectives actively pursued by 
governments. Environmental 
policies will focus on damage 
repair and limited prevention 
based on cost-benefit-calculations. 
No emphasis on biodiversity.

Prediction
 

for 2080



Deliverable
 

3.2.3: Predictive
 

modelling of invasion in different 
habitats under climate and land-use change

 
(WP 3.2)

SEDG 
Sustainable European 
Development Goal

Enhancing the sustainability of 
societal development by 
integrated social, 
environmental and economic 
policy. Aims for a competitive 
economy and a healthy 
environment, gender equity 
and international cooperation. 
A normative scenario with 
stabilisation of GHG emissions.

Prediction
 

for 2080



Deliverable
 

3.2.3: Predictive
 

modelling of invasion in different 
habitats under climate and land-use change

 
(WP 3.2)

SEDGE 2080GRAS 2080 BAMBU 2080

increasing “friendliness to biodiversity”

generates higher levels of invasion in Europe!



Deliverable
 

3.2.3: Predictive
 

modelling of invasion in different 
habitats under climate and land-use change

 
(WP 3.2)

Alien species are predicted to decrease under
 

GRAS 
(e.g. in Poland and Baltic countries)

 
but increase 

under
 

SEDG and BAMBU. 

This is because GRAS predicts abandonment of 
uneconomic arable land (highly invaded habitat) and 
expansion of forest (less invaded habitat), while 
SEDG and BAMBU predict that agricultural land will 
be maintained to a large extent. 

The more free capitalism and environmental 
ignorance, the less invasive species in the future 

European landscape?!
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