From basic taxonomic data towards
a synthesis in plant invasion ecology




Table 2. — Composition of the Czech alien flora. Number of taxa in particular categories of immigration time and
invasive status (see text for definitions). Hybrids are included (for their numbers see Table 4). Distribution of
archaeophytes and neophytes with respect to invasive status are significantly different (G-test on contingency ta- (&
bles. G =379.04, df = 2, P < 0.001).

Casual Naturalized Invasive Total

Archaeophytes 74 a3 21 332
Neophytes 160 69
Aliens total 3 S0
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ca 2700 natlve + 1378 allen —

= Allens form 33% of the Czech flora

Pysek P., Sadlo J. & Mandak B. 2002. Catalogue of alien 4 INSTITUTE
plants of the Czech Republic. Preslia 74: 97-186. OF BOTANY AsCR




Alien flora of the Czech Republic in Flora Europaea

Table.1. Comparison of data on naturalized species given by Flora Europaea (TuTIN et al.
1964—-1980) for the territory of former Czechoslovakia with their present status (based on data in
PYSEK et al. 2002 and GoinicovA et al. 2002).

Group Number of species

Total reported in Flora Europaea for the Czech Republic

Not relevant for the Czech Republic (occurring only in Slovakia)
Planted, not escaping from cultivation

Not relevant for the Czech Republic (native, alien only in Slovakia)

Relevant for the Czech Republic 312
Considered native 7
Erroneous records (not occurring in the Czech Republic) 15

Correctly reported as aliens 290
Naturalized in the Czech Republic (status correct in FE) 118
Casual in the Czech Republic but naturalized in Slovakia (status correct in FE) 11
Casuals n Lhe Czech Republic (status incorrect in FE) 161
e For 55%0 of alien species in the Czech Republic, Flora Europaea
erroneously states that they are naturalized in this country
e 111 naturalized aliens in the Czech Republic (48.5%06) are not

reported in Flora Europaea for this country

PySek P. (2003) How reliable are data on alien species //- INSTITUTE

in Flora Europaea? Flora 198: 499-507. OF BOTANY ASCR




Biological invasions are a problem of global significance
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Invasions are global ... How does it relate to taxonomy?

Preslia 80: 101-149, 2008 I n terms Of

taxono my,
B Europe 53.2%
M Africa 36.1% global
OAsia (temperate) 34.0% phenomenon

MAsia (tropical) 24.6%
B Australasia 2.9% has local

MNorth America 18.4% consequences ...
CSouth America 16.4%

755
712

Fig. 5. —Donor regions of the alien flora of Europe. Based on 2271 naturalized aliens for which the region of ori-
gin was classified, including aliens with region of origin in Europe but alien to other parts of the continent. Spe-
cies numbers are given in the pie-chart (those with native distribution in more than one continent were assigned to
cach of the continents), percentage contributions of regions to the total number of species follow their names.

V Lambdon P. W., PySek P., Basnou C. et al. 2008. Alien flora of Europe: /. INSTITUTE
OF BOTANY ASCR

species diversity, temporal trends, geographical patterns and research
needs. Preslia 80: 101-149.




Global risk from invasions by South African plants
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from human activities

me, NUMber of South African species naturalized elsewhere can be g
prop explained by climatic suitability and propagule pressure s.

(explaining 79%0 of variation in the data)

Thuiller W., Richardson D. M., PySek P. et al. 2005. Niche-based //, IN ST|TUTE

OF BOTANY AsCR

\

modelling as a tool for predicting the risk of alien plant invasions at a
global scale. Global Change Biology 11: 2234-2250.




1st Reason Why Taxonomy Is Important for Invasion Ecology

All ecology depends on taxonomy - you are telling
us what our species are ©

.
~~ INSTITUTE
% OF BOTANY ASCR




DAISIE: Delivering Alien Species Inventories for Europe
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Biological invasions by non-native or ‘alien' species are one of the
greatest threats tn the ecolngical and economic well-being of the
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DAISIE: Partners
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DAISIE: Objectives

. To create an inventory of invasive species that threaten
European terrestrial, fresh-water and marine environments

. To structure the inventory to provide the basis for prevention
and control of biological invasions through the understanding of
the environmental, social, economic and other factors involved

. To assess and summarise the ecological, economic and health
risks and impacts of the most widespread and/or noxious
Invasive species

. To use distribution data and the experiences of the individual
Member States as a framework for considering indicators for
early warning
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DAISIE: European Alien Species Database

1.To create an inventory of invasive species that threaten European
terrestrial, fresh-water and marine environments

Over 10,667 taxa are alien somewhere in Europe

Terrestrial:
Plants 5789

Fungi 84
Invertebrates 2519
Vertebrates 370

Aquatic:

Inland
Marine

> 45,000 introduction events (species-region records) documented

4 7 Aerrestrial countries/regions & 9 marine areas

.
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DAISIE: European Alien Invasive Species Gateway
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"I L[ Abutifon theophrasti (Not established)

) Acer ginnala (Not established)

[) Acer monspessulanum (Mot established)
~[) Acer saccharinum  (Not established)
Achillea crithmifolia (Not established) | S
Achilles filipendulina  (Not established)

Aconitum cammarum hyb. (Established)

Acorus calamus  (Established)
Acroptilon repens  (Not established)
Adonis aestivalis (Established)
Adonis snnus (Mot established)
Adonis flammea  (Established)

Greece (East Aegean) Ukraine
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Aegilops cylindrica  (Not established)
Acgilops genicuista  (Not established)
Aesculus carmez hyb. (Not established)
Assculus hippocastsnum (Mot established)
Aethusa eynapium  (Established)
Ageratum houstonianum  (Not established)
Agropyron pectinatum  (Not established)
Agrostemma githago  (Established)
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Alchemilia sericata (Mot established)
Alchemillz speciosa (Not established)
Alchemilia tytthantha (Not established)
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DAISIE: Handbook of Alien Species (2009)

Who is DAISIE?

83 authors from partner

Handbook of Alien institutions & 99 collaborators
Species in Europe

partners and 99 collaborators and their joint effort. To acknowledge this concerted
work, we all accepted DAISIE as author of this Handbook. Consequently, each
partner and collaborator may refer to Handbook of Alien Species in Europe as part
of her/his own scientific output.

Partners

Pavlos Andriopoulos, Margarita Arianoutsou, Sylvie Augustin, Nicola Baccetti,
Swven Bacher, Jim Bacon, Corina Basnou, loannis Bazos, Pavel Bolshagin, Frangois
Bretagnolle, Frangois Chiron, Philippe Clergeau, Pierre-Olivier Cochard, Christian
Cocquempot, Armelle Ceeur d'Acier, Jonathan Cooper, Darius Daunys, Pinelopi
Delipetrou, Viktoras DidZiulis, Franck Dorkeld, Franz Essl, Bella Galil, Jacques
Gasquez, Piero Genovesi, Kyriakos Georghiou, Stephan Gollasch, Zigmantas
Gudzinskas, Ohad Hatzofe, Martin Hejda, Mark Hill, Philip E Hulme, Vojtéch
Jarosik, Melanie Josefsson, Salit Kark, Stefan Klotz, Manuel Kobelt, Yannis
Kokkoris, Mladen Keotarac, Ingolf Kiithn, Philip W Lambdon, Eugenia Lange,
Carlos Lopez-Vaamonde, Marie-Laure Loustau, Arnald Marcer, Michel Martinez,
David Matej, Mathew McLoughlin, Alain Migeon, Dan Minchin, Maria Navajas,
Pierre Navajas, Wolfgang Nentwig, Sergej Olenin, Irina Olenina, Richard Ostler,
Irina Ovcharenko, Vadim E Panov, Eirini Papacharalambous, Michel Pascal, Jan
Pergl, Irena Perglova, Andrey Phillipov, Joan Pino, Katja Poboljsaj, Petr Pysek,
Wolfgang Rabitsch, Jean-Yves Rasplus, Natalia Rodionova, Alain Roques, David
B Roy. Helen Roy. Daniel Sauvard, Riccardo Scalera, Assaf Schwartz, Ondfej
Sedlacek, Susan Shirley, Valter Trocchi, Montserrat Vila, Marten Winter, Annie
Yart, Artemios Yiannitsaros, Pierre Zagatti, Andreas Zikos

Collaborators

Borys Aleksandrov, Gianni Amori, Pedro Anastacio, Paulina Anastasiu, Jean-
Nicolas Beisel, Sandro Bertolino, Alain Bertrand, Dimitra C Bobori, Marco Bodon,
Laura Bonesi, Manuela Branco Simoes, Giuseppe Brundu, Vitor Carvalho. Sandra
Casellato, Laura Celesti-Grapow, Jean-Louis Chapuis, Simone Clanfanelli. Kristijan
Civic, Ejup Cota, Simon Devin, Yury Dgebaudze, Ovidijus Duméius, Agustin
Estrada-Pefia, Massimo Faccoli, Helena Freitas, Jean-Frangois Germain, Francesca
Gherardi, Milka Glavendekié, Stanislas Gomboé, Morris Gosling, Michael
Grabowski, Duncan Halley, Stephan Hennekens, Djuro Huber, Blagoj Ivanov,
Jasna Jeremic, Neje Jogan, Maria Kalapanida, Kaarina Kauhala, Marc Kenis,
Ferenc Lakatos, Colin Lawton, Roland Libois, Ake Lindeléw, Elisabetta Lori,
Andreja Lucic, Petros Lymberakis, Anne-Catherine Mailleux, Michael Majerus,
Elizabete Marchante, Hélia Marchante, Marco Massetti, Joao Mayol-Serra, Robbie
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Alien flora of Europe

Heslia

Preslia 80: 101-149, 2008

Alien flora of Europe: species diversity, temporal trends, geographical
patterns and research needs

Zavlecena flora Evropy: druhova diverzita, ¢asové trendy, zakonitosti geografického rozsireni a oblasti
budouciho vizkumu
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Brundu', Laura Celesti-Grapow'', Philippe Chassot' Pinelopi Delipet-
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DAISIE: classification of origin

Aliens with native
range in some part of
Europe, but invading in
other parts of Europe

Alien ro Europe
g (native range outside
European continent)

Alien /n Europe
(complete alien
flora)

: A
LLambdon P. W., PySek P., Basnou C. et al. 2008. Alien flora of Europe: ~~ INSTITUTE

species diversity, temporal trends, geographical patterns and research / OF BOTANY ASCR
needs. Preslia 80: 101-149.




Alien flora of Europe: Big picture

49 countries/regions

5789 alien plant species
(2843 of origin outside Europe)

Naturalized:
3749 species
(1780 of origin outside Europe)

_ . ) 00 Endi > Y.

Europe — ca 10 000 native species
aliens = ca 22%0

species diversity, temporal trends, geographical patterns and research
needs. Preslia 80: 101-149.

Lambdon P. W., PySek P., Basnou C. et al. 2008. Alien flora of Europe: %/, INSTITUTE
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Invasion trends: alien plants in Europe
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species diversity, temporal trends, geographical patterns and research
needs. Preslia 80: 101-149.




Alien flora of Europe: distribution in regions

Number of naturalized plants

/ [_Jnodata ) : ) )
' Species distributions

'Q%;jaz-:oo 1 i I
)i Numbers of aliens in countries
-

/

7
e

Fig. 4.1 Pattern of invasions by alien plants in Europe, expressed as numbers of naturalised alien
plants in countries/regions; dotted areas indicate poorly researched regions for which only the
information on the total number of aliens is available (Based on data from Lambdon et al. 2008);
see this source for information on the numbers of species and assessment of the quality of data in
particular countries/regions

' Pysek P., Lambdon P., Arianoutsou M., Kihn 1., Pino J. & Winter M.
(2009): Alien vascular plants of Europe. — In: DAISIE (eds), Handbook INSTITUTE
OF BOTANY AsCR

of alien species in Europe, p. 43-61, Springer, Berlin.




2st Reason Why Taxonomy Is Important for Invasion Ecology

Much of the knowledge in current
Invasion ecology derives from the
studies of congeneric species

Comparison of alien species with native, or invasive
with non-invasive aliens:

filtering out phylogenetic bias

ebias associated with the region of origin
econgeners often occur in similar habitats

... explicit role of taxonomy in studies on plant invasions

% INSTITUTE
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Fallopia japonica (Houtt.) Fallopia sachalinensis

Ronse Decraene var. japonica f (F. Schmidt) Ronse Decraene
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Mandak B., Bimova K., Pysek P., Stepanek J. & Plackova I. 2005. ~~ INSTITUTE

Isoenzyme diversity in Reynoutria (Polygonaceae) taxa: escape from sterility OF BOTANY ASCR
by hybridization. Plant Syst. Evol. 253: 219-230.




Taxa of the genus Fallopia in Czech Republic

In invaded range knotweeds reproduce and spread almost
exclusively vegetatively, but rare hybridization events do occur

Manddk et al. — Variation in DNA-ploidy levels of Reynoutria Taxa the patte rn Of
R. japonica var. japonica R. japonica var. compacita R sachalinesis hyb ri d i Z ati O n
2n=88 2n=44 =44 .

Is complex
and hybrids
are difficult to
determine

R. xbohemica R. xbohemica \ R. sachalinensis
2n=606 2n=44

v

R. xbohemica R. xbohemica R. sachalinensis
2n=88 2n=R88% 2n=88

F1G. 4. Schema of hybridization and polyploidization within the genus Reynoutria in the Czech Republic. More frequent ploidy levels are indicated

by wider frames: those with 6-20 localities have intermediate frames, those with more than 20 localities have wide frames. Solid lines indicate origin

of particular taxa by hybridization, dashed lines indicate expected fusion of reduced and unreduced gametes, and dot-and-dashed lines indicate
autopolyploidization.

Bimova K. 2003. Variation in DNA-ploidy levels of Reynoutria OF BOTANY ASCR
taxa in the Czech Republic. Ann. Bot. 96: 265-272.

Mandak B., Pysek P., Lysdk M., Suda J., Krahulcova A. & %/. INSTITUTE




Problems with determination of knotweeds in floristic literature

lable 2. Overview of misidentifications of Revnoutria taxa in original data obtained from literature, herbaria
and unpublished records. Number of localities in which the clone persisted (n) until recently and which were
used for verification of the past determination in Revnoutria species is shown. Cells showing incorrect deter-
mination are shaded.

Correct determination (%)
Original determination: R. japonica R. xbohemica R. sachalinensis

R. japonica (n = 120) @ 10.8 (p—13) (n=3)
R. sachalinensis (n = 43) 0 (n=3) 9.3 ¢h=4) @

correct determination correct determination
of Fallopia japonica in of F. sachalinensis in
floristic papers = 87%0 floristic papers = 84%0

proportion of F. bohemica determined
as either of parents = 20.1%0

Pysek P. et al. (2001) Persistence of stout clonal herbs as invaders in the /i N T T E
landscape: a field test of historical records. In: Brundu G. et al. (eds.), Plant /' I S I UT
invasions, p. 235-244, Backhuys Publishers, Leiden. OF BOTANY ASCR



History of invasion and distribution in the Czech Republic

Table 1. — Number of localities recorded for Reynoutria taxa in the Czech Republic up to 2000. Percentages of the
total number of localities recorded for all taxa are shown in brackets, those of the total number of localities re-
corded for a given taxon in parentheses.

R. japonica R. japonica R. sachalinensis R. xbohemica Total
var. japonica var. compacta

Date of the first documented 1883 1948 1921 1950
record

Total number of recorded 1335 [67.3] 510.3] 261 [13.2 381 [19.2]
localities

Number of specimens in 152 (11.4) 1 (20.0) 60 (23.0) 58 (15.2)
herbaria

Number of localities in 1030 (77.2) 5 (100.0) 200 (76.6) 238 (62.5)
settlements

Number of localities outside 305 (22.8) 0 (0.0) 61 (23.4) 143 (37.5)
settlements

! Indirect evidence suggests 1869 (see text for details)

Fallopia japonica F. x bohemica F. sachalinensis

first record 1883 first record 1950 | first record 1869
& 1335 localities 381 localities 261 localities

/ Mandak B., PySek P. & Bimovéa K. 2004. History of the invasion and %« INSTITUTE

distribution of Reynoutria taxa in the Czech Republic: a hybrid
spreading faster than its parents. Preslia 76: 15-64.

OF BOTANY ASCR




Distribution of Fallopia taxa in the Czech Republic

F. sachalinensis:

158 grid cells (22.7%b)
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F. x bohemica:

149 grid cells (21.4%0)



Persistence of Fallopia clones in invaded sites

Mean persistence of clonal SpECiE‘SL

Persistence (%)
japonica
sachalinensis

Fig 3. Comparison of the persistence rate of the three clonal species presented
in this study (solid bars) with a non-clonal invader Heracleum mantegazzianum
(hatched bar, data from WAaDE er al. 1997). Mean values calculated from the
pooled data of clonal species 15 indicated.

Fallopia japonica — persistence in 86%0 localities
Fallopia sachalinensis — persistence in 75%0 localities

Py3ek P. et al. (2001) Persistence of stout clonal herbs as invaders in the %/- INSTITUTE

OF BOTANY ASCR

landscape: a field test of historical records. In: Brundu G. et al. (eds.), Plant
invasions, p. 235-244, Backhuys Publishers, Leiden.




Comparing the rate of invasion in the Czech Republic

—+ R japonica statistical analysis:
—=— R sachalinensis 1950-2000

—— R xbohemica

8
©
:
2
g
=
-
3

1900 1920 1940 1960 1980 2000

Differences in slopes (= measure of the rate of
iInvasion) were tested using ANCOVA with species as a
factor and year as a covariate

distribution of Reynoutria taxa in the Czech Republic: a hybrid OF BOTANY ASCR
spreading faster than its parents. Preslia 76: 15-64.

Mandak B., PySek P. & Bimova K. 2004. History of the invasion and % INSTITUTE
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Comparing the rate of invasion in the Czech Republic

Rate of invasion:
—— R japonica F. japonica F. x bohemica
= R sachalinensis | = 0.049 > F. japonica

—— R, xbohemica > F. sachalinensis

F. sachalinensis
= 0.042

F. bohemica
= 0.086

1900 1920 1940 1960 1980 2000

Since this first record in the wild, the hybrid exhibits twice the
rate of invasion of its parents, measured as the number of
occupied localities

Mandak B., PySek P. & Bimova K. 2004. History of the invasion and //, INSTITUTE

distribution of Reynoutria taxa in the Czech Republic: a hybrid OF BOTANY ASCR
spreading faster than its parents. Preslia 76: 15-64.



Regeneraion rate |

Cumulative number of shaots

Fallopia taxa: _hybrld superior to the parents

EXPLICIT ROLE OF TAXONOMY: Only after the taxonomy was
disentangled, we were able to analyse the invasion dynamics, EY

s and conduct a number of ecologlcal studles
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Fallopia taxa: hybrld superior to the parents
sy R A ,
The invasion of the hybrld taxon Fallopia % bohemlca N
the Czech Republic is faster than that of either parental
e species

ngher regeneratlon ablllty of the hybrld compared to

&g both parents, contributes to its invasiveness at the
;* landscape level, and so does the fact that it is superior
,:,,, |n dlrect competltlon W|th parental speC|es

’£°;; There seem to be ongomg evolutlon of novel hybrld
_5,, 24 genotypes of F. x bohemica with superior regeneration
, characteristics, that are produced sexually and fixed by
¢ clonal growth, and may become threat to native
i vegetatlon
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3rd Reason Why Taxonomy Is Important for Invasion Ecology

Invasion Ecology Is About Distributions

INn macroecological studies based on whole floras, it is
iImpossible to deal with each species in detail — yet such
studies depend on good primary taxonomic, floristic and
phytogeographic information

. iImplicit role of taxonomy in studies on plant invasions

INSTITUTE
__ %‘ OF BOTANY ASCR




Central-European flora as a source of invasions

A study

The minor and only indirect role of traits in early stages of invasion

using source area approach

evaluating invasion success at global scale
distinguishing between two phases of invasion
exploring relative importance of distribution and traits
considering direct and indirect effects of biological traits

Distribution in native region is the major determinant of the
probability of a species to become an alien, but not necessarily
Invasive

The role of biological traits is stage-dependent: traits have
direct effect when it comes to the probability of a species to
become invasive

process advocates for precautionary approach to the management.
Common species which have large native ranges should be paid

Increased attention upon introductions

Pysek P., Jaro$ik V., Pergl J., Randall R., Chytry M., Kuihn I., Tichy L., Danihelka /
J., Chrtek J. jun. & Séadlo J.: Relative effects of species traits and native //- | N ST | T U T E
distribution ranges on the global invasion success of Central-European plants OF BOTANY ASCR

depend on the stage of invasion (in review)




How is it in reality:
Does taxonomy interact sufficiently with invasion ecology?

.
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DAISIE: European Alien Species Expertise Registry

Adresa [&] http:/jdaisie. kit si]

Delivering
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- forEurope

database of
experts
studying
biological
invasions
(searchable by
taxa, region
and experise)

Project Home
Registry Home
Experts
registration

my profile
Search Expertise

by name

by countryfarea
by taxon

by field

combined

Summary

DAISIE
European Alien Species
Expertise Registry

The Expertise Registry links and mobilises current expertise in biological invasions, to
contribute knowledge and data to meet the reguirements in dealing with invasive alien
species, The European Expertise Registry contains details for individual experts with
respect to tazonomic expertise, geographic units, and thematic areas. Since species from
all over the world may invade into Europe, experts from all over the world are invited to
register here,

@ Show last registered expert
Show random expert
E Registry report Z007

— L~

‘ This reqistry contains infu:urm{u:n about 1627 experts from 91 countries for 3181 taxa\|
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DAISIE: European Alien Species Expertise Registry

number of experts
number of alien species

° .
....0 X
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number of aliens species number of experts

taxonomy b Only 17% of the registered claim

17% distribution

risk assessment 16% to be taxonomic experts

physiology
2% conservation
ey 13%
pathways
4%

management

ecology
11%

legislation | genetics 24%
3% 4%
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Invasive alien species in Europe: The future

ECOLOGY

WiII Threat Of Biological Invasions New data on the extent of biological

invasions pose major regulatory and
political challenges to European

Unite the European Union?

Philip E. Hulme,"* Petr PySek,” Wolfgang Nentwig,* Montserrat Vila*
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Costs of biological invasions
iIn Europe estimated at:
12,700,000,000 € annually
(Genovesi et al., in prep.)
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Period EZZ European Centre For Invasive Species
Management (ECISM) ?

Hulme P., Pysek P., Nentwig W. & Vila M. 2009. Will threat of Z INSTITUTE
biological invasions unite the European Union? Science 324: 40-41. / OF BOTANY ASCR




European Centre For Invasive Species Management (ECISM) ?

Scientific Advice and Research Direction
Information service to the Commission, the Parliament, the Member
States and their citizens; advise on targeting research, identifying gaps

Surveillance and Early Warning

Maintenance of the DAISIE database and its development to early
warning system; warning lists, immediate removal of newly detected
invaders

Horizon Scanning and Risk Assessment
Development of an integrated invasive species risk assessment
scheme; monitoring of pathways; regular reporting of emerging threats

Rapid and Continuing Response
Timely reaction to invasion threats; coordinated approach; mobilization
of experts; guidelines and operating procedures for eradications

Training and Capacity Building
Public awareness and stakeholder consultation ....

Hulme P., Pysek P., Nentwig W. & Vila M. 2009. Will threat of Z INSTITUTE
biological invasions unite the European Union? Science 324: 40-41. / OF BOTANY ASCR
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