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The pool of invasive ornamental plants keeps expanding, and one of the best studied plant invasion 
habitats is the riparian zone. Europe has no native Miscanthus spp. or bamboos, which are popular 
garden plants. In 2022–2024 we observed Bisset bamboo (Phyllostachys bissetii) and giant miscanthus 
(Miscanthus × giganteus) naturalizing in the riparian zones of two rivers of the Vistula River basin 
(Poland). Bisset bamboo has not been recorded before in the wild in Europe and giant miscanthus has 
not been reported before as naturalized in Europe. We describe their present habitats and invasive 
potential, to alert others to the prospect of spread in Europe. Examples from other parts of world 
indicate that Phyllostachys spp. invasive running bamboo has a tendency to spread aggressively. 
Because we only located single plants our species qualify as ‘casuals’, but we mention them out of 
a concern that these species are establishing more widely or will soon do so. Our observations fit an 
“accelerated trend” in exotic plant invasion in Europe, in particular, of escaped ornamental plants. 
Based on information about the ecology of both species, their popularity in horticulture, and our 
observations, we speculate that giant miscanthus and Bisset bamboo may become new European 
plant invaders. Both species should be mechanically removed. There is an urgent need to raise 
awareness among gardeners, hobbyists, plant sellers and importers, about environmental risk from 
spread of invasive plants. It is concerning that seedlings and seeds of other species of the genera 
Miscanthus and Phyllostachys, which have naturalised in several European countries, are available in 
horticulture. Bioinvasion is easier to control if there is early detection and a rapid response.
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Reducing the rate of introduction and establishment of invasive or potentially invasive alien species is one of 
the targets of the Kunming-Montreal Global Biodiversity Framework 20301. Unfortunately, the pool of invasive 
ornamental plants keeps expanding2. In Europe, many of them are tall-statured grasses (defined as grass species 
that maintain a self-supporting height of 2 m or greater3) e.g., exotic Miscanthus grasses, or such belonging to the 
Bambusoidae family4. Europe has no native Miscanthus or bamboos5. The latter were first imported into Europe 
several hundred years ago6, and the former have been grown since the 1930s7. Some of these plants are invasive 
elsewhere, especially the so-called running bamboos, including Phyllostachys species8–13. Due to fast growth and 
adaptation to a cool climate, the hybrid giant miscanthus (Miscanthus × giganteus) has escaped in the USA14, and 
elsewhere.

In 2022–2024 we observed Bisset bamboo (Phyllostachys bissetii) and giant miscanthus as naturalized 
plants. Each has, established in the ecotonal zones of two Central European rivers of the Carpathian Vistula 
River basin (Poland). One species is new for Europe and one is new for southeastern Poland. Neither species 
has been recognized in Europe as invasive so far. Bisset bamboo does not appear on the checklists of alien 
plants of Europe and Poland15–18, and is a new alien species for Europe. Alien giant miscanthus also does not 
appear on these lists15–18 and only in the Global Naturalized Alien Flora (GloNAF) database owing to one site 
in Germany19. The Global Biodiversity Information Facility (GBIF) dataset for Europe includes occurrences of 
M. giganteus (record: Miscanthus gigantheus J.M.Greef & Deuter) and M. xgiganteus = M. × longiberbis (record: 
Miscanthus × giganteus JMGreef & Deuter ex Hodk. & = Miscanthus × longiberbis (Hack.) Nakai), in Germany, 
Austria, France, Switzerland, Sweden, the Netherlands, and one in Great Britain and one in Poland20 (Table S1). 
Our aim was to describe the present habitats and invasive potential of M. giganteus and P. bissetii, to alert others 
to the prospect of their wider spread in Europe. Other species of the genera Phyllostachys and Miscanthus have 
already been included in the Global Register of Introduced and Invasive Species checklists for several European 
countries18,21–31 (Fig. 1, Table S2). The occurrence of some of them was also recorded in the GBIF20 dataset for 
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Europe, in areas outside botanical gardens (Fig. 1, Table S3). It cannot be ruled out that Phyllostachys bissetii is 
more widely distributed in Europe, but e.g., could only be identified in the genus due to difficulties in species 
identification. Therefore, there is an urgent need for formal publications that confirm the identify that will help 
to organize the data and more fully assess the potential invasiveness of Phyllostachys spp. bamboos in Europe.

Fig. 1.  European countries a) whose lists of alien and invasive species (according to the GRIIS18 national lists 
see also Table S2) include species of the genera Miscanthus and/or Phyllostachys were marked in yellow, and b) 
where (according to the GBIF1, see also Table S3) species of the genera Miscanthus and/or Phyllostachys have 
been found outside botanical gardens and palm houses (CorelDRAW v. 21.0, ArcMap v.10.7.1).
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Results and discussion
Giant miscanthus and Bisset bamboo were found in the San River basin (a right-bank tributary of the Vistula 
River; southeastern Poland) (Fig. 2, Table S4). Miscanthus was detected in the riparian zone of the Magierka 
Stream (tributary of the San river) in August 2023. It was a one patch of grass with six stems about 3.5 m high 
(Fig. 3). By July 2024 it had increased to 12 stems (Fig. 3). A strip of trees and bushes has been preserved along 
the stream, and a little further on there was sparse rural development. The location is in the East Beskid Area 
of Protected Landscape, and the San River (the recipient of the Magierka Stream) is included in the Natura 
2000 network of protected areas (i.e., with the Habitats Directive32). Bisset bamboo was discovered in February 
2022 on the Lubatówka River (the Wisłok River’s tributary—the largest river feeding the San River; Fig. 4). The 
Wisłok River (the recipient of the Lubatówka River), is included in the Natura 2000 network of protected areas32. 
The bamboo had formed a circular stand of about four square metres, which after two years had expanded 
into a thicket 18-m long and 1.5–4-m wide, occupying ca. 50 m2. Despite our efforts, we could not determine 
the source of these plants. They were not growing in any nearby home gardens. We suspect they originated in 
gardens upstream and were transported after bank erosion.

The giant miscanthus, a hybrid of Chinese silver grass (M. sinensis) and Amur silver grass (M. sacchariflorus), 
originates from South-East Asia. It is characterised by fast growth and dense tufts14,33. In Poland it has recently 
become a very popular ornamental plant (see Fig. 3). Expansion of the patch in the riparian zone of the Magierka 
Stream indicated the plant could tolerate winter frost and snow cover (Fig. 3). As a sterile hybrid, M. × gigantheus 
flowers in autumn (in Poland) but does not produce seeds. It can spread widely in riparian areas if floods erode 
banks and transport fragments of its rhizomes33. The steep slope of the Magierka Stream favours bank erosion. 
The potential for downstream spread of rhizomes with water seems high. In the Magierka Stream riparian zone, 
native plants include black elderberry Sambucus nigra, dogwood Cornus sanguinea, and among herbaceous 
plants—native grass species and hedge bindweed Calystegia sepium. Miscanthus as a perennial grass with 
bamboo-like stems clearly taller than native grasses. Plant height is a key trait34. Increased height helps with 
initial colonisation, assisting with light capture and competitive ability35. Invasive tall-statured grasses are noted 
for their ability to dominate plant communities and alter ecosystem functioning3,36,37.

Bisset bamboo may pose a far more serious risk. There are no bamboos native to Europe and they have not 
been popular in cultivation, in part because most horticultural species cannot tolerate the winter temperatures. 

Fig. 2.  Map of the study area; location against the background of Europe (a) and Poland (b); orthophotomaps 
(c, d) of a fragment of the catchment area of the Magierka Stream (c) and the Lubatówka River (d). 
(CorelDRAW v. 21.0, ArcMap v.10.7.1, ​h​t​t​p​s​:​​​/​​/​m​a​p​​y​.​g​e​o​p​o​r​t​a​​l​.​​g​​o​v​.​​​p​l​/​​w​s​s​​/​s​e​r​v​​​i​c​e​/​P​​​Z​G​I​K​​/​N​M​T​/​​G​R​I​D​1​/​W​M​T​
S).
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However, increasing interest in bamboos has encouraged gardeners and the horticulture industry to import 
species tolerant of frost and snow cover38. Ten species can now be bought from nurseries in Poland (Table 1). 
Several species from temperate Asia, including aggressively spreading Phyllostachys species10, have naturalised 
in other part of world11,12. Temperate bamboos have a long history in European horticulture5, but only limited 
naturalization has been reported so far. In Europe, Italy has reported the largest number of naturalized 
Phyllostachys species (seven)18 (Table S2). However, bamboos are becoming more popular in horticulture, 
perhaps due to the return of the “bamboo fad” bringing a touch of overseas to the garden, maybe due to more 
affordable prices or easier online sales (Table 1). Phyllostachys bamboos can spread indefinitely via rhizomes4, 
and gardeners are advised to install root barriers when growing them10. The riparian zone of the Lubatówka 
River lacks natural barriers, such as rocky reefs, boulders or ditches, so further vegetative spread can be expected, 
along with dispersal of rhizomes during floods.

One of the best studied plant invasion corridors are river valleys, and especially their riparian zones39,40. 
The riparian zone of the San River (Fig. S1) has numerous invasive alien species that were originally grown for 
ornamental or other purposes. These include Himalayan balsam Impatiens glandulifera, woodland sunflower 
Helianthus tuberosus, coneflower Rudbeckia laciniata, Japanese knotweed Reynoutria japonica, and vines such 
as balsam-apple Echinocystis lobata and Virginia creeper Parthenocissus quinquefolia (Fig. 5). Because we only 
located single plants, giant miscanthus and Bisset bamboo qualify as ‘casuals’ rather than as naturalised or 
invasive41, but we mention them out of a concern that these species are establishing more widely or will soon 
do so.

Currently, in the Lubatówka River riparian zone, native plants include willows Salix spp., hazel Corylus 
avellana, bird cherry Padus avium, black elderberry Sambucus nigra, guelder rose Viburnum opulus, and 
dogwood Cornus sanguinea (Table S5). Bisset bamboo has shown it can compete with these by forming a 
large, compact stand with a high density of stems. Species in genus Phyllostachys are “runners”, i.e., they send 
underground rhizomes to produce shoots several meters from parent plants. This growth form enables them 
to spread more rapidly than other bamboo species42. With vegetative growth, bamboos can outcompete native 

Fig. 3.  Miscanthus × giganteus in the Magierka Stream riparian zone (a, b), characteristic features of the plant 
(c–e), and an example of cultivation in southeastern Poland (f) (July 1, 2024).
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shrubs and saplings of native trees, establishing “monocultural” thickets43. Invasive bamboos may suppress 
understory plants3,10,44,45. Phyllostachys nigra and P. pubescens in Puerto Rico have transformed biologically 
rich coastal forests into bamboo monocultures46. Suzaki and Nakatsubo47 documented the decrease of the 
understory and perennial plant richness caused by the increasing density of P. bambusoides stems, and bamboos 
can displace animals12,48, and disrupt hydrology and surface runoff, and deplete soil nutrients11. In forests 
affected by spreading running bamboo species (Phyllostachys pubescens and P. bambusoides) in western Japan, 
adverse changes in soil silica content were observed49. The expansion of P. edulis  simplified the community 
composition and structure of the secondary evergreen broad-leaved forest and reduced species diversity50. 
Three of the biological traits contributing to this invasiveness include an ability to: (i) invade a neighbouring 
broadleaved forest by vigorous rhizomes; (ii) compete successfully for soil nutrients; and (iii) tolerate strong 
wind and heavy snow accumulation38,51.

Non-native invasive plants have increasingly become a major threat to natural areas by displacing native 
species and wildlife and significantly degrading habitats. Today, they are considered one of the greatest threats 
to natural areas and global biodiversity52,53. Bamboo has the potential to transform the functioning of the 
whole aquatic ecosystem, beginning with the shredder functional group (among benthic macroinvertebrates). 
Dense tall bamboo thickets can produce more litter than native riverine plant communities, and the rate of 
decomposition of bamboo leaves in the river may be slower46, resulting in changes in the rate and quality of 
coarse organic matter flowing into the stream and structure of the macrozoobenthos, i.e. a main link between 
basal resources and upper trophic levels in the river food web such as fishes54,55. Examples from the other part of 
world indicate that, the Phyllostachys invasive running bamboo has a tendency to spread aggressively9.

Conclusion
Until recently, in the region where we discovered these species (Fig. 2), the climatic conditions for plants sensitive 
to low temperatures were described as moderate or even difficult56. Discovery of these two species is concerning, 
and should draw attention to the possibility of further escapes of these and other garden plants, especially species 

Fig. 4.  Phyllostachys bissetii in the riparian zone of Lubatówka River (a–c) and characteristic features of the 
plant (d–f); (July 19, 2024).
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from the genera Miscanthus and Phyllostachys. Bioinvasion is easier to control if there is early detection and a 
rapid response.

Our observations of giant miscanthus and Bisset bamboo fits an “accelerated trend” in exotic plant invasion 
in Europe, in particular, of species propagated as ornamental plants. Both species survived the difficult winter 
time. As each of them is clonal, there is a high probability of their further expansion through rhizomes (Fig. 6). 
Based on information about the ecology of both species, their popularity in horticulture, and our observations, 
we speculate that miscanthus and Bisset bamboo may become widespread European plant invaders.

To prevent negative impacts (e.g.44,46,47), both species should be removed from the sites they have colonized. 
Due to the proximity of the rivers, herbicides should not be used. We suggest mechanical removal of running 
bamboo and miscanthus.

There is an urgent need to raise awareness among gardeners, hobbyists, plant sellers and importers, about 
ecological and environmental risks from spread of invasive alien plants. It is concerning that seedlings and/or 
seeds of M. giganteus, P. bissetii and other species from the genera Miscanthus and Phyllostachys, which have 
been listed as introduced in several European countries, are available in the Polish garden market, including 
online sites (Table 1, Table S2).

Materials and methods
Ethics statement
A sampling permit for fish studies and riparian zone assessment (No. RG-IV.7143.6.2022.MP) was issued 
by the Marshal Office of the Podkarpackie Voivodeship following approval by the Regional Directorate for 
Environmental Protection. In Poland no additional permit is required for sampling alien and exotic plants.

Study area
Sampling sites
Monitoring studies of fish communities in the middle and upper San River and its tributaries were conducted 
in 2022–2024. At the 65 sampling sites (Fig. S1), i.e., 150–250 segments of rivers and streams, the main 
characteristics of the riparian zone were described. Attention was also paid to the presence of invasive alien 
plants in the riparian zone (according to the River Habitat Survey (RHS) method).

Bamboo and miscanthus sites
The bamboo site was located on the banks of the Lubatówka River in the town of Krosno (southeastern Poland) 
at an altitude of 264 m above sea level. Lubatówka River (length 29 km, catchment area 89 km2) is a left-bank 
tributary of the Wisłok River (left tributary of the San River, 228 km, Vistula River basin). In turn, the miscanthus 
site was located in the riparian zone of the Magierka Stream, at an altitude of 258 m above sea level. The Magierka 
Stream is a left-side tributary of the San River. The Magierka Stream is 20 km long and has a catchment area of 
41 km2.

Category—common 
name Common name Scientific name

Inclusion on the lists of introduced and invasive species 
in European countries18

Clumping bamboo

Narrow-leaved bamboo Fargesia angustissima None

Fountain bamboo Fargesia nitida None

Umbrella bamboo Fargesia robusta None

Dragon head bamboo Fargesia rufa None

Dwarf white stripe bamboo Pleioblastus variegatus None

Pigmy bamboo Pleioblastus distichus Belgium

Chinese fountain-bamboo* Fargesia spathacea* Belgium, Great Britain

Running bamboo

Golden bamboo Phyllostachys aurea Italy, Portugal

Yellow-groove bamboo Phyllostachys aureosulcata None

Bisset bamboo Phyllostachys bissetii None

Black bamboo Phyllostachys nigra Austria, Italy, Portugal

Moso bamboo Phyllostachys pubescens Italy

Giant timber bamboo* Phyllostachys reticulata
(P. bambusoides)* Italy

Green glaucous bamboo* Phyllostachys viridiglaucescens* Italy, Belgium

Red-margined bamboo* Phyllostachys violascens* Italy

Sulphur bamboo* Phyllostachys sulphurea* Italy

Elephant grass

Giant miscanthus Miscanthus giganteus None

Chinese silver grass Miscanthus sinensis Austria, Belgium, Bosnia and Herzegovina, Czech Republic, 
Denmark, Germany, Great Britain, Norway, Slovenia, Italy

Amur silver grass Miscanthus sacchariflorus Austria, Belgium, Czech Republic, Germany, Norway

Table 1.  Species of ornamental grasses (Poaceae) from the Miscanthus genus and the bamboo family 
(Bambusoideae), the seedlings or seeds (marked with an asterisk) of which could be purchased in garden 
centres in south-eastern Poland in 2022–2024;
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Both research sites are located in the Carpathians in the Central Beskid Foothills mesoregion. The highest 
elevations of this area are approximately 600 m above sea level. The area belongs to the temperate climate and 
submontane climate zone, with features of a transitional climate. The average annual temperature for the multi-
year period (1991–2020 Normals) is + 18 °C in July and around − 3 °C in January. There are around 40 days per 
year with an average air temperature below 0 °C. The average annual precipitation is around 750 mm to 800 mm. 
In the last two years (2022 and 2023), the average monthly air temperatures were higher than the multi-year 
averages, i.e. for January they were − 0.8 °C and 2.5 °C, respectively, and for July 19.2 °C and 19.6 °C, respectively.

Fig. 5.  Invasive alien species that were originally introduced e.g., for ornamental purposes, noted in the 
riparian zone of the San River catchment (A) Himalayan balsam Impatiens glandulifera, (B) woodland 
sunflower Helianthus tuberosus, (C) coneflower Rudbeckia laciniata, (D) Japanese knotweed Reynoutria 
japonica, (E) balsam-apple Echinocystis lobata, (F) Virginia creeper Parthenocissus quinquefolia.
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Data availability
All data are included in the article and its supplementary information files.
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