Accumulation of alien species creates global invasion hotspots

We published the first global flora of naturalized alien plants and, based on distribution of over 13,000 plant
species introduced by humans beyond their native range, identified current hotspots of plant invasions (1). In
follow up papers, we compared plant data with invertebrates and vertebrates and showed that coastal areas and
islands are at highest risk (2). The dynamics of introduction over last centuries revealed no signs of saturation, or
slowing down (3).
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Fig. 1. Global hotspots of plant and animal invasions. Hotspot and coldspot regions for alien species richness
across eight taxonomic groups (vascular plants, ants, spiders, freshwater fishes, amphibians, reptiles, birds and
mammals). Areas in red are over-represented and in blue under-represented compared to expected richness of
naturalized aliens based on region area, taking sampling effort into account. Taken from Dawson et al., Nature
Ecology and Evolution 1: 0186, 2017.



Impact of biological invasions: the origin matters

Although overall, robust evidence has accumulated during the past few decades that non-native species are
drivers of local and global extinctions of threatened, often endemic, native species (1), there is an ongoing
debate whether alien species cause greater negative impacts, in terms of suppressing species diversity of
plant communities, than strong native dominants. We compared such impacts of the same species in their
native and invaded ranges, and show that the dominant species suppress diversity more if they are
introduced invaders. We also found that European invaders have more profound impacts in North America
than North American invaders in Europe. We suggest that long-term coexistence and species filtering are
responsible for the lower impacts in the native range, while large-scale evolutionary patterns and
association with humans are likely to explain the more profound impacts of selected European species as
invaders in North America than vice versa (2). These results suggest that origin of the species matters when
it comes to impact, and point to the practical importance of the categorization of invasive alien species
based on their impact. Towards this goal we evaluated the impact of 128 alien species of plants in Europe
using a standard scoring system. Environmental impacts are most often manifested via competition with
native species (recorded for 83 % of the species), while socioeconomic impacts are associated mostly with
human health (78 %). Scoring the impacts of plants, that are the richest in species taxonomic group of alien
organisms in Europe, is an important step towards providing managers and policymakers with a robust tool
for identifying and prioritizing alien species with the highest impact (3). Another important topic that starts
to be addressed in research on biological invasions is whether alien species introduced by certain pathways
are more likely to have impacts. In a pioneering study we show that plants introduced as contaminants of
commodities are less likely to have an impact than those introduced by other pathways, and that ability to
arrive by multiple pathways increases the probability of impact (Fig. 2). This suggests that a promising
management strategy should be to target the most risky pathways (4).
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Conflict of interests: differentaited approach to invasive trees

European woodlands are prone to alien plant invasions especially when exposed to disturbance,
fragmentation, alien propagule pressure and high soil nutrient levels. Given the persistence of these factors
in the landscape, competitive alien plant species with a broad niche, including alien trees and shrubs, are
likely to persist and spread further into European woodlands (1). One such invasive tree with a wide
ranging impacts in Central Europe that manifest across different trophic levels is black locust, Robinia
pseudoacacia (2). However, this species has, beside negative environmental impacts that resulted in it
being listed among environmentally most detrimental alien trees in Europe, also positive economic
impacts, which creates conflicts of interest between nature conservation, forestry, urban landscaping,
beekeepers and the public when defining management priorities (3). This is rather frequent situation in
biological invasions where many impacts differ widely in how they are perceived by various interest groups
(4). The current management of Robinia stands in Central Europe varies locally according to national
legislation, preferring either socioeconomic benefits or biodiversity impacts. Because Robinia grows in
habitats ranging from urban to forest to natural grassland, neither unrestricted cultivation nor large-scale
eradication is applicable as a universal practice. We suggest a complex management strategy for Robinia
stands that takes into account habitat, this species' local ability to spread, as well as economic, cultural and
biodiversity aspects (Fig. 3). We categorized Robinia stands growing in Europe into eight groups and
proposed stratified approach to the management based on decisions that reflect local context. Depending
on that, the management includes (i) establishment of new plantations, (ii) maintenance or utilization of
existing stands, (iii) tolerance and (iv) conversion to original vegetation. Our complex management strategy
provides a comprehensive guideline for the management of alien trees in Europe (5).
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Managed plantations: Abandoned sites: Urban / agrarian conditions:
forestry, energetics no current management various management

5. Dwarf Robinia stands growing
in natural grasslands

6. Young stands ¢
vulnerable habi

Rapid spontaneous spread from existing stands to new sites in open land.

2. Regularly managed mixed Robinia
forests

Uncontrolled local invasion with critical environmental impact. Robinia colonizes
open land, new stands emerge via root suckers and seeds and rapidly replace
former herbaceous vegetation.

Intentional conversion of management. The operated change of a stand to
another type of vegetation is able to optimalize both its economic and
environmental characters according to local context.

Cultural or postcultural (abandoned) stands having high environmental impact are
permanently risky until converted or removed.

Spontaneous conversion of stands through natural (or partly human-assisted)
succession |asts several decades.

Stands vith low or context-dependent impact are low-risky if they cannot spread away
or are not rejuvenated by disturbantions.

gikn B3

Instable temporary stands needing directed conversion to other types (in 7), natural /
human-assisted succession (in 3 and 7) or speed removal (in 6).

Fig.2. Classification of Robinia stands with respect to their successional dynamics and impact on nature
conservation vs economic benefits. Taken from Sadlo et al., NeoBiota 35: 1-34, 2017.
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Will climate change boost the naturalization of garden plants?

Horticulture is one of a key pathways of plant invasions. We identified 165 ornamental plant species that
are not yet naturalized but under current climate would already find suitable conditions in more than 5% of
Europe. Although climate change substantially increases the potential range of many species, there are also
some that are predicted to lose climatically suitable area under a changing climate (Fig. 4), particularly
species native to boreal and Mediterranean biomes. Overall, hotspots of naturalization risk defined by
climatic suitability alone, or by a combination of climatic suitability and appropriate land cover, are
projected to increase by up to 102% or 64%, respectively (1). While suitable ranges of garden plants will on
average increase, those of their native congeners will remain constant or shrink, at least under the more
severe climate scenarios. Hybrids between potential future invaders and resident species will therefore not
emerge more frequently in Europe when climate warms, which means that the risk from genetic erosion
and generation of new invaders are unlikely. These average trends do not preclude, however, that
hybridization risk may considerably increase in particular genera (2). Overall, our results suggest that the
risk of naturalization of European garden plants will increase with warming climate, and thus it is very likely
that the risk of negative impacts from invasion by these plants will also grow. It is therefore crucial to
increase awareness of the possibility of biological invasions among horticulturalists, particularly in the face
of a warming climate.
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Zavlékani nepivodnich druhi vytvari svétova ohniska biologickych invazi

Mezinarodni tym pod vedenim autord z BU publikoval prvni globalni fléru a na zakladé rozsifeni vice nez 13 tisic
rostlin zavlecenych ¢lovékem mimo oblast jejich plvodniho vyskytu vymezil soucasna ohniska invaznich rostlin (1).
V navazujicich publikacich jsme srovnali Udaje o rostlinach s bezobratlymi Zivocichy a obratlovci a poukazali na to,
Ze pobrezni oblasti a ostrovy Celi nejvétsimu riziku (2), a analyzou priibéhu zavlékani v nékolika poslednich
stoletich jsme prokazali, Ze rychlost invazi neklesa (3).
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Obr. 1. Globalni ohniska rostlinnych a Zivocisnych invazi.

Popis ilustrace Cesky: Oblasti s nejvétsi druhovou bohatosti neptvodnich rostlin a Zivocichi (data jsou vyjadiena
souhrnné pro rostliny, mravence, pavouky, ryby, obojZivelniky, plazy, ptaky a savce). Odstiny ¢ervené barvy jsou
znazornéna Uzemi, kde pocet neplivodnich druhl prevysuje ocekavanou diverzitu, modre oblasti na tyto druhy
chudé. Prevzato z Dawson et al., Nature Ecology and Evolution 1: 0186, 2017.



Dusledky biologickych invazi: na ptivodu zalezi

Prestoze v poslednich letech zac¢iname mit doklady pro tvrzeni, Ze invaze neplvodnich druhi jsou jednou

z pFic¢in vymirani ohroZenych druh( plvodnich, ¢asto dokonce endemickych (1), jejich negativni dopad na
biodiverzitu byva stale nékdy zpochybrnovan; jako argument se uvadi, Ze dominanty rostlinnych
spolecenstev v oblasti svého plvodniho rozsifeni maji stejné silny potlacujici vliv. V nasi mezikontinentalni
studii jsme proto srovnali vliv, jaky ma na pocet druht rostoucich ve spolecenstvu plvodni dominantni
druh, s vlivem, jaky ma tentyz druh poté, co byl zavlecen do jiné geografické oblasti, kde se stal druhem
invaznim. Ukazalo se, Ze jakoZto invazni dominanty potlacuji rostliny druhovou diverzitu silnéji nez jako
dominanty plvodni. Navic jsme zjistili, Ze evropské druhy invadujici v Severni Americe maji vyraznéjsi
negativni vliv, nez severoamerické druhy zavlecené do Evropy. Nizsi dopad v plvodnim arealu Ize pficist
dlouhodobé koexistenci rostlinnych druht v tomtéz geografickém prostoru, zatimco vétsi schopnost
evropskych druhl potlacovat fléru invadovanych oblasti jde na vrub jejich adaptaci na plsobeni ¢lovéka a
djim vyvolané disturbance (2). Tyto vysledky dokladaji, Ze geograficky plvod je dilezitym faktorem
podminujicim impakt rostlinnych druh(, a proto je opodstatnéné zamérit se na screening impaktu rostlin
neplvodnich. V dalsi studii jsme proto vyhodnotili impakt 128 druhd zavlecenych do Evropy, k cemuz jsme
pouzili standardni systém semikvantitativniho hodnoceni jednotlivych typl impaktu. Nejcastéjsim
mechanismem environmentdlnich dopadU invazi je kompetice s plvodnimi druhy (zaznamenana u 83 %
druh(l), v pripadé socioekonomickych dlsledk je to vliv na lidské zdravi (78 %). Souhrnna klasifikace miry
impaktu neplvodnich druhl rostoucich v Evropé se mlze stat dlileZitym ndstrojem pro management,
protoZe na jejim zakladé Ize stanovit prioritni druhy uréené k pripadnym zasahlm (3). DuleZitou informaci
pro management je, zda se neplivodni druhy zavlékané riznymi zpUsoby lisi v mife svého impaktu. V jedné
z prvnich studii na toto téma jsme ukazali, Ze rostliny introdukované jako pfimés obchodovanych komodit
jsou z hlediska impaktu méné rizikové, nez druhy zavlékané jinymi cestami. Prokdzalo se také, Ze druhy
vyuZzivajici vétsi pocet zplsobU zavlékani maji ¢astéji negativni dlsledky (obr. 2) —to znamen3, Ze v ptipadé
rostlin mdze byt vhodnou managementovou strategii soustfedit se na nejrizikovéjsi cesty, napt. vysévani Ci
vysazovani do pfirody (4).
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extinction of native and endemic species. In: Vila M. & Hulme P. E. (eds), Impact of biological invasions on
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has a biogeographical component: do plants tend to exert stronger impacts in their invaded rather than
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J., Nentwig W. & Pysek P. (2016) Scoring environmental and socioeconomic impacts of alien plants invasive
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BacherS., Essl F., Genovesi P., Harrower C. A,, Hulme P. E., Jeschke J. M., Kenis M., Kiihn I., Perglova I.,
Rabitsch W., Roques A., Roy D. B., Roy H. E., Vila M., Winter M. & Nentwig W. (2017) Troubling travellers:
are ecologically harmful alien species associated with particular introduction pathways? NeoBiota 32: 1-20
(doi: 10.3897/neobiota.32.10199
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Stiet zajmu vyZaduje diferencovany pfristup k invaznim drevindm

Evropské lesy jsou nachylné k invazim neplvodnich drevin, zejména pokud jsou vystavené disturbanci,
fragmentaci, pfisunu diaspor a maji vysoky obsah Zivin v pudé. Vzhledem k tomu, Ze tyto faktory jsou

v soucasné krajiné zcela bézné, nelze ocekavat, Ze by kompetitivné zdatné neplvodni druhy drevin

v budoucnosti zacaly z evropskych lest ustupovat (1). Jednim ze strom(, jehoZ invaze ve stfedni Evropé ma
rozmanité negativni disledky, projevujici se na rliznych trofickych urovnich, je trnovnik akat, Robinia
preudoacacia (2). Tento druh vSak vedle zminénych environmentalnich vlivl, jez vedly k jeho zarazeni na
seznam nejrizikovéjsich evropskych invaznich druh, pini i fadu pro ¢lovéka pozitivnich funkci, jez
predstavuji socioekonomické benefity. Tyto dva pohledy vyvolavaji silny stfet zajm( mezi ochranou pfirody,
lesnictvim, tvorbou méstské krajiny, v€elafi, verejnosti a dalSimi zajmovymi skupinami (3). To je ostatné

v oborech souvisejicich s biologickymi invazemi ¢asta situace (4). Sou¢asny management akatovych porostl
ve stfedni Evropé se liSi v zavislosti na legislativé jednotlivych zemi, ktera akcentuje bud socioekonomicka
hlediska nebo negativni vliv na biodiverzitu. ProtozZe akat roste na Sirokém rozmezi stanovist, od méstskych
lesik(l po pfirozena travinna spolecenstva, je tfeba k jeho managementu pristupovat diferencované —
neomezené péstovani ani velkoplosné odstrafiovani nemohou byt univerzalné platnym principem. V nasem
¢lanku jsme navrhli komplexni strategii, jeZ zohlediuje typ stanovisté, schopnost akatu se lokalné Sifit,
ekonomické a kulturni aspekty i vliv na biodiverzitu (obr. 3). Tento pristup je zaloZen na rozdéleni akatovych
porostl do osmi skupin, na némz je zalozen management reflektujici lokaIni kontext. Podle konkrétni
situace je mozno (i) vysazovat nové kultury, (ii) udrZzovat a obhospodarovat stavajici porosty, (iii) tolerovat
rozsifovani tam, kde nejde o pronikani do cennych habitatll, nebo (iv) odstranénim akatu zajistit navrat

k plGvodni vegetaci tam, kde dochazi ke konfliktu s hledisky ochrany pfirody. Nase komplexni
managementova strategie mlze slouZzit jako voditko pro invazni stromy v Evropé obecné (5).
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(doi: 10.1111/ddi.12592). — 2. Hejda M., Hanzelka J., Kadlec T., Strobl M., Py3ek P. & Reif J. (2017) Impacts
of an invasive tree across trophic levels: species richness, community composition and resident species’
traits. Diversity and Distributions 23: 997-1007 (doi: 10.1111/ddi.12596). — 3. Vitkova M., Miillerova J.,
Sadlo J., Pergl J. & Pysek P. (2017) Black locust (Robinia pseudoacacia) beloved and despised: a story of an
invasive tree. Forest Ecology and Management 384: 287-302 (doi: 10.1016/j.foreco.2016.10.057). — 4. Essl
F., Hulme P. E., Jeschke J. M., Keller R., PySek P., Richardson D. M., Saul W.-C., Bacher S., Dullinger S.,
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management of invasive alien trees based on the assessment of their impacts: the case of Robinia
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Managed plantations: Abandoned sites: Urban / agrarian conditions:
forestry, energetics no current management various management

5. Dwarf Robinia stands growing
in natural grasslands

6. Young stands ¢
vulnerable habi

Rapid spontaneous spread from existing stands to new sites in open land.

2. Regularly managed mixed Robinia
forests

Uncontrolled local invasion with critical environmental impact. Robinia colonizes
open land, new stands emerge via root suckers and seeds and rapidly replace
former herbaceous vegetation.

Intentional conversion of management. The operated change of a stand to
another type of vegetation is able to optimalize both its economic and
environmental characters according to local context.

Cultural or postcultural (abandoned) stands having high environmental impact are
permanently risky until converted or removed.

Spontaneous conversion of stands through natural (or partly human-assisted)
succession |asts several decades.

Stands vith low or context-dependent impact are low-risky if they cannot spread away
or are not rejuvenated by disturbantions.

gikn B3

Instable temporary stands needing directed conversion to other types (in 7), natural /
human-assisted succession (in 3 and 7) or speed removal (in 6).

Obr. 3. Klasifikace akatovach porostl na zakladé jejich sukcesni dynamiky, dopadu na biodiverzitu a
socioekonomickych hledisek. Pfevzato ze Sadlo et al., NeoBiota 35: 1-34, 2017.



Vyvola zména klimatu zvySené riziko novych invazi okrasnych zahradnich rostlin?

Péstovani okrasnych rostlin je jednou z hlavnich cest zavlékani neplvodnich druh(. V souc¢asnosti se

v Evropé péstuje minimalné 165 druhu, které dosud nezdomacnély mimo kulturu, ale za sou¢asného
klimatu pro pro né existuji pfiznivé podminky na vice nez 5 % Uzemi kontinentu. Predikované klimatické
zmény sice vyrazné rozsifi potencidlni oblasti vyskytu mnoha péstovanych rostlin, pro fadu druhd, zejména
v borealni a mediteranni oblasti, se vsak rozsifeni zmensi. Celkové se vsak oblasti, kde s vysokou
pravdépodobnosti bude dochazet ke zdomacnéni novych druh(, v Evropé rozsiti o 60—100 % soucasného
stavu, podle toho, zda je do modelu vedle klimatu zahrnuta i pfedpokladana zména ve vyuzivani krajiny (1).
Toto rozsifovani aredll zplanujicich zahradnich rostlin ciziho pdvodu vsak nemusi nutné znamenat zvysené
riziko hybridizace s domacimi druhy, protoZe rozsifreni domacich druhi zlstane stejné nebo se dokonce
zmensi (2). Je nutno mit také na paméti, Ze ruku v ruce se zvysujicim se rizikem naturalizace novych druhl
porostou s ménicim se klimatem i disledky téchto novych invazi, a vtomto ohledu plisobit na zahradnickou
verejnost.

1. Dullinger I., Wessely J., Bossdorf O., Dawson W., Essl F., Gattringer A., Klonner G., Kreft H., Kuttner M.,
Moser D., Pergl J., Pysek P., Thuiller W., van Kleunen M., Weigelt P., Winter M. & Dullinger S. (2017)
Climate change will increase the naturalization risk from garden plants in Europe. Global Ecology and
Biogeography 26: 43-53 (doi: 10.1111/geb.12512). — 2. Klonner G., Dullinger I., Wessely J., Bossdorf O.,
Carboni M., Dawson W., Essl F., Gattringer A., Haeuser E., van Kleunen M., Kreft H., Moser D., Pergl J.,
Pysek P., Thuiller W., Weigelt P., Winter M. & Dullinger S. (2017) Will climate change increase hybridization
risk between potential plant invaders and their congeners in Europe? Diversity and Distributions 23: 934—
943 (doi: 10.1111/ddi.12578)
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Obr. 4. Srovnani poctu mapovacich ¢tverc(, které budou klimaticky vhodné pro v soucasnosti péstované
zahradni okrasné druhy pfi tfech moznych scénarich vyvoje klimatu (zvyseni teploty o 2,6/4,5/8,5 °C).
Cervené jsou druhy, pro které je predikovan narGst vhodnych podminek na vice nez 5 % tzemi Evropy,
modfre ty, jez naopak vhodné podminky ztrati.
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