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Campanula bohemica 

(endemicь

ÅIsolatedisland of arctic-alpinetundra combining elements of 

both ecosystems

ÅUnique mosaic of mountain ecosystems; ca 1,200 vascular 

plant species, endemics and glacial relicts

ÅComprehensivehistoricalbotanical dataset of roadside 

species from 700 road/trail sections monitored since 1976

ÅIn the heartof densely inhabited Central Europe ­ long-term 

human impact

Model area: 
Why the Krkonoġe Mts?

ÅĲũŔĦƣШƓĲƖŔŊũċĦŔċũШũċŰĬŉŸƖů



ÅLong-term humanimpactup to the alpine zone, evident since the 

    9thcentury and intensifying from the 16th century 

ÅTraditional farming replaced by massive tourism  ╖  dense trail network 

causing fragmentation of vulnerable tundra communities 

ÅEasy access to the highest parts (cable car, bus, comfortabletrails)

       ideal conditions for the spread of alienspecies

Human impact



Aims and Methods

Main aim: Identify hotspots and drivers of alienspecies threatening the unique 

arctic-alpine tundra.

Additional aim: Compare the effectiveness of detection and management   

for selected species using UAVand traditional botanical surveys. 

SeepostersP.04 and P.38

We defined three categories of plant species according to their origin status  

as indicators of global and local changes in montane landscape:

Alienspecies- introduced by human activities beyond their native distribution 

range(Pyġek et al. 2022) 

Nativeexpansivespecies - nativetaxa increasing in abundance at the 

landscape or in plant communities since 1990 (Axmanov§ et al. 2024)

Nativeextralimitalspecies - native in the country but their natural distribution 

does not include ecosystems under study (sensu Foxcroft at al. 2023),        

e.g. a species typical for submontane meadows growing in tundra.

Native species not included in the previous categories serve as indicators of 

natural conditions.



Studied species 
- examples

ÅƨůĲǂЮċũƓŔŰƨƚ xƨƓŔŰƨƚЮƓŸũǃƓőǃũũƨƚ[ċũũŸƓŔċЮŢċƓŸŰŔĦċ

ÉĲŰĲĦŔŸЮŰĲůŸƖĲŰƚŔƚЮċŊŊЮ?ĲƚĦőċůƓƚŔċЮĦĲƚƓŔƣŸƚċéĲƖċƣƖƨůЮċũĤƨů

xĲƨĦċŰƣőĲůƨůЮƻƨũŊċƖĲ ÂƖƨŰĲũũċЮƻƨũŊċƖŔƚ[ƖċŊċƖŔċЮƻĲƚĦċ
EƖŔŊĲƖŸŰ
ЮċĦƖŔƚ

Alien invasive species

Native extralimital 

species

Native expansive 

species 



Hotspots and drivers

We define invasionhotspots in the mountains as disturbed, mainly human-created microhabitats 

characterized by altered microclimatic and soilcharacteristics, combined with reduced 

interspecific competition. These factors enablealienspecies (non-native, native expansive and 

extralimital) to persist and spread under conditions that exceed their natural tolerance limits. 

Invasion hotspots: settlements & mountain chalets, roads & transport corridors, tourist trails & 

cableways, ski slopes, construction & mining sites.

Invasion driversin the mountainsinclude human disturbance and land-use change(e.g., ski 

resorts, abandonment of traditional farming),propagule pressure from tourism, transport, imported 

materials, and garden cultivation,altered soil and microclimatic conditions(e.g., artificial 

snowmaking, erosion, eutrophication, and air pollution), climate warming,reduced biotic 

resistanceof native vegetation, and globalization (introduction of new species).



Settlements 
& mountain chalets

Å Invasionhotspots with the highest species richness 

combine cultural (ornamentalplants and weeds, often 

aliens), ruderal (nitrophytes, synanthropic species 

tolerant to trampling and disturbance)and native 

elements (mainly meadow species, ferns, dwarf pine). 

Å Until 1950, ornamental flora was species-poor. It is 

alarmingthat escapes occurredover such a short 

historical period, driven by the massive 

transformation of mountain landscape.

Å Escapes are relatively rare in the highest mountain 

ranges due to a natural selection filter that prevents 

most cultivated species from becoming invasive. Hiking 

trails and roadsidesare the main dispersal vectors for 

alien species in arctic-alpine tundra.

We recorded 3,156 occurrences 

of 446 cultivated taxa; 44%showed 

escape ability, and 21 species can 

pose a threat to local biodiversity, 

most commonly Digitalis purpurea 

and Lysimachia punctata.



Safecultivation usingnative species

Lupinus polyphyllus (alien, invasive)

╖  USA; cultivatedin gardens and sown 

on ski slopes as erosion control, invading

many habitatsincluding Nardusgrasslands 

Telekia speciosa (alien, 

invasive)  ╖  SE Europe, 

cultivated, long-term 

invasion along streams, 

rivers and roads to forest 

clearings and abandoned 

montane meadows

Anaphalis margaritacea

(alien, naturalized)  ╖  E Asia, 

North America; cultivated, 

recent spread along trails and 

streams into forest edges, 

forming sustainable dispersed 

populations



ÅRoad/hiking trail vergesare the main vector for alien

species spreadfrom foothills to tundra.

ÅIn total, we recorded 708 taxa in 290 segments.

Å307species reached tundra communities. 

ÅSpecies compositionof verges shifts with elevation. 

Number of species remainssimilar along roads, but 

show a sharp decline along hiking trails.

ÅCultivated aliens, lowlanddry to mesophilous ruderal 

and meadowspecies, annualsof disturbed sites, and 

species of broadleaved forests dominate at lower 

elevations.

ÅLowland species (mainly meadow and ruderal) 

constitute 13%of verges in tundra; 25%are species 

from (sub)montane forest margins, clearings, and 

trampled sites.

Roads & Trails
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ÂũċŰƣЮƚƓĲĦŔĲƚЮŸŰЮƣƨŰĬƖċЮƖŸċĬфƣƖċŔũЮƻĲƖŊĲƚЮĤǃЮ
ċũƣŔƣƨĬĲЮċŰĬЮƓċƻĲůĲŰƣЮůċƣĲƖŔċũ



fŰŰŸƻċƣŔƻĲШ ƓƓƖŸċĦőШ
ƣŸШ~ŸƨŰƣċŔŰШfŰƻċƚŔŸŰƚ

We are developing an automated approach 

to monitor the spread of alienplant species 

in inaccessiblemountain areas using 

remote sensing.

FordetailsseePoster P.04.

Field survey: multispectral 

UAV data(DJI Mavic 3 

Multispectral) with very high 

spatial resolution, 

complemented by botanical 

reference data(GPS mapping, 

permanent plot relev®s).


