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Abstract. Among the invasive plant species found in Europe and North America, particular attention is paid to the Fallopia (Rey-
noutria) genus: Fallopia japonica, Fallopia sachalinensis and the hybrid created as a result of their crossing – Fallopia × bohemica. 
Many works describe the extraordinary expansiveness of knotweeds,  in anthropogenic habitats, especially in large cities, the repre-
sentatives from the Fallopia genus are already a permanent element of the local flora. The specific ecological properties of the cities 
can favour the expansion of Fallopia genus. The goal of this work was to answering the question – is there a relationship between 
the spread of  knotweeds in the city and the local climatic conditions in the form of the so-called urban heat island? The field work 

2. The study showed that despite the 
potentially broad thermal amplitude, Fallopia japonica prefers the areas in the city with the highest temperature. The invasion of this 
species proceeds most intensively in the warmest regions of  the city. Similar tendencies are observed in the case of the interspecies 
hybrid – Fallopia × bohemica. The third taxon – Fallopia sachalinensis – clearly prefers slightly colder parts of the city. It is worth 
noting that representatives of the Fallopia
city areas, there are some types of semi-natural habitats which the invasive knotweeds usually willingly occupy. The preliminary study 
shown that in the urban ecosystem, the thermal factor influences the spread of the Fallopia genus. Research in this area regarding 
the all Fallopia taxa will continue.

: Reynoutria spp., knotweeds,  invasive plants, UHI, urban areas.

in European cities on average equals 40%, of which 15% 
is attributed to archaeophytes – species brought to Europe 
before the end of the 15th century, and 25% to neophytes – 
plants imported and settled in Europe after 1492. 

Cities are rich in non-native plant species, what is 

2017). Human activity is beneficial to the dispersion of 
alien plants through the creation of new plant migration 
routes (roads, motorways, tram and railway lines) and the 
expansion of potential centres for their spread (parks, mu-
nicipal gardens and allotments). Moreover, many urban ar-

The ecosystems’ susceptibility to the expansion of foreign 
species is determined by their ecological properties. Par-
ticularly vulnerable to massive biological invasions are 
biological ecosystems, which are considered as key points 
of entry for many non-native species but are also foci for 
escape foreign plants into surrounding areas (Gaertner 
et al., 2017). The urban flora in the central part of Europe 
is characterized by a large number of non-native species. 
According to Pyšek (1998), the share of foreign species 
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eas are situated along waterways which provide corridors 
for dispersal of rapid dissemination of propagules (Säumel 

Another important element affecting the state of the 
local flora are the modifications and disturbances of the 
environmental conditions (Parepal et al., 2013). Cities are 
characterized by a greater air dryness than the adjacent 
areas, in urban environments there are high concentrations 
of dust and gas pollutants. Urban soils are often saline and 
contaminated with heavy metals. These factors affect the 
state of the local flora and facilitate the expansion of inva-
sive species. It was proven that invasive species are more 
abundant and diverse in cities because of high levels of 
disturbance and less competition (Gaertner et al., 2017). 

An important environmental factor in the cities, which 
has clearly been modified as a result of human activity, 
is the temperature. A phenomenon commonly occurring 
in large agglomerations is the urban heat island (UHI). 
Its shape is determined by the city development and addi-
tional sources of heat emission. The result is the increase 
of the average annual temperature in the most developed 
zone and of the minimum winter temperatures in the city, 
with temperature drops below 0°C becoming less frequent 

the city resulting from the UHI influence significantly af-
fect the phenology of plants present there and promote the 
development of thermophilic species, especially of foreign 
origin. 

The goal of this work was: a) to present a spatial pattern 
of the distribution of three highly invasive taxa of plants 
of the Fallopia genus (F. japonica, F. × bohemica and  
F. sachalinensis
specific thermal conditions, and b). answering the ques-
tion – is there a relationship between the spread of knot-
weeds in the city and the commonly occurring phenom-
enon of the urban heat island? 

Fallopia genus  
as an object of the conducted study

Among the invasive plant species found in Europe and 
North America, particular attention is paid to the Fallo-
pia genus: Fallopia japonica, Fallopia sachalinensis and 
the hybrid created as a result of their crossing – Fallo-
pia × bohemica. All knotweeds are clonal geophytes with 
substantial sizes of aboveground and underground parts, 
and their characteristic feature is the immense strength of 
the vegetative propagation (Fabiszewski & Brej, 2008). 
Representatives of the Fallopia genus belong to plants 
that cause serious environmental and economic problems 
(Baliey et al., 2008; Tokarska-Guzik et al., 2012). They are 
aggressive invasive plants the presence of which in the en-
vironment undoubtedly threatens the native flora (Fabisze-

wski & Brej, 2008). The literature emphasizes the great 
ability of knotweeds to compete with local plant species 
(Bimová et al., 2004). The knotweeds often form tight phy-
tocoenoses, casting a shadow on the ground and preventing 
the growth of other species (Bailey et al., 2008).  In addi-
tion, these plants alter the physical and chemical properties 
of the habitat (Simens & Blossey, 2007). Removing the 
thickets of these onerous weeds together with combating 
them on a regular basis takes even up to several years. 
Many works describe the extraordinary expansiveness of 
knotweeds, especially in anthropogenic habitats (Mandák 
et al., 2004; Chmura et al., 2013; Rahmonov et al., 2014; 

in Poland, where, mainly in large cities, the representatives 
from the Fallopia genus are already a permanent element 
of the local flora (Fojcik & Tokarska-Guzik, 2000). In cit-
ies, knotweeds are dominating the anthropogenic areas: 
roadside, landfills, rubble, railway embankments, where 
they inhabit soil with high concentrations of heavy met-
als (e.g. Cd, Cr, Pb) and exhibit tolerance to these metals 

They also display an ease in inhabiting semi-natural habi-
tats: suburban meadows, riverside areas. They can be en-
countered in parks and gardens to which they were usually 

Research shows that the above-mentioned specific eco-
logical properties of the cities favour the expansion of Fal-
lopia 
nature of the impact of individual ecological factors on 
the distribution of taxa of the Fallopia genus is important 
in the context of predicting the invasion of these knotweeds 
in cities that may become centres of secondary invasion of 
knotweed on the outskirts of the city.

3. Characteristics of the study area –  
location and climatic conditions  

-

an area of 292.82 km2. The city is in the middle of Low-

The landscape of the city is dominated by the Odra River, 
which, with its branches, canals, oxbow lakes and back-
waters, forms the main ecological axis of the city in the 

-
mate is characterised by features typical of transitional 
climate of the temperate zone. The city’s location in the 
Odra valley and in the outskirts of the Sudetes results in its 

area” (Szymanowski 2004). The average annual air tem-
-
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the warmest is July, with the average temperature of 18.8 

in the average annual temperature has been observed. The 
last two decades of the 20th century and the beginning 
of the 21st century have been very warm. The frequency 
of low-temperature days has decreased, especially in the 
transition seasons (Drzeniecka-Osiadacz et al., 2010). As 

the local climate conditions are also modified by the phe-
nomenon called the urban heat island (UHI), which mani-
fests itself in increased temperature values in the city (es-
pecially in its central parts) in relation to adjacent areas. 
The basic characteristic of UHI is its intensity, which de-
pends mainly on the size and spatial structure of the city 
(Szymanowski 2004). The average annual intensity of the 
urban heat island in the warmest, central area of Wroclaw 
amounts to 1.0°C and alternates from 0.5°C in the day to 
1.6°C during the night. The highest intensity of UHI is 
recorded during summer nights: from 2.3°C in the centre 
through 1.6°C in high buildings to 0.6°C in single-family 
homes. Research shows that the maximal intensity of the 

and can appear in the night during any season (Dubicki 
-

plicated structure. The warmest city zones (i.e. zones from 
6 to 10) cover areas with a concentrated settlement. The 
highest temperatures are recorded in zones 9 and 10 in the 
central part of the city. Peripheral districts create their own 
“heat centres”. They experience local temperature drops 
generated by recreational and park areas. The coldest parts 

-
rigation fields, water-bearing areas and agricultural areas 
(Szymanowski, 2004). 

4. Research methodology

The study included three taxa of the Fallopia genus: Fal-
lopia japonica var. japonica (Houtt.) Ronse Decraense, 
Fallopia sachalinensis (F.W.Schmidt ex Maxim.) Nakai. 
and Fallopia × bohemica (Chrtek et Chrtková) J.P. Bailey. 
The search for knotweed in the city began with the des-

For this purpose, the city area was divided into 53 squares 
with a side of 1 km. Inventory works were carried out 
in each of the squares; the habitats most frequently occu-
pied by knotweeds were searched in detail. The individual 
taxa from the Fallopia genus were identified based on the 
morphological features of the leaves, which were collected 
from the middle part of the shoots. In individual cases, 
there were doubts regarding the correct recognition of the 
interspecies hybrids – Fallopia × bohemica. These speci-
mens were identified based on an analysis of the number 
of chromosomes, which are considered as the final deci-

sive feature in case of doubt (Bailey et al., 2008). In total, 
310 clusters of knotweeds were found in the research area, 
including 227 of Fallopia japonica, 67 clusters of Fallopia 
× bohemica and 16 clusters Fallopia sachalinensis.  Their 
locations have been determined by the receiver of a global 
positioning system (GPS). Then, these data were plotted on 
a map illustrating the spatial structure of the urban heat is-
land, thus, obtaining a picture of the spatial distribution of 
knotweed against the background of thermal conditions of 
the city (Fig.1). Szymanowski’s map (2004) was used here, 
which shows normalised (0-100) average air temperature 
distribution from seven selected measurement sessions of 

-
sitions was analysed in the following zones: 
1, 2 –  cold zones, with the lowest temperature (<11-20) 

and with the lowest intensity of urban heat island 
in the city

3, 4, 5 –  temperate zones (21-50), that is zones encom-

6, 7, 8 –  warm zones, with an elevated temperature  
(51-80)

9, 10 –  the warmest zones, with the highest temperature 
(81-100) and with the highest intensity of  UHI.

Individual zones (1-10) have been designated by Szy-
manowski (2004) through normalisation of average air 
temperatures (recorded in the years 2001 and 2002), lower 
temperature was assigned the 0 value, whereas the highest 
temperature was assigned the 100. 

5. Results

The obtained data allowed analysing the impact of the lo-
cal climatic conditions – in the form of the so-called urban 

(Fig.1). The number of  Fallopia japonica, Fallopia sa-
chalinensis and Fallopia × bohemica clusters in particular 

majority of Fallopia japonica and Fallopia × bohemica 
clusters were recorded in warm zones, with an elevated 
temperature (zones from 6 to 8) and in the warmest parts 
of the city (zones 9 and 10).

On the other hand, the third taxon – Fallopia sacha-
linensis – clearly prefers slightly colder parts of the city. 
All clusters of this species were found in temperate zones 
(i.e. in zones 3 and 4). The research shows that in areas 
of the city with the lowest temperature (zones 1 and 2), 
representatives of the Fallopia genus are very rare. Three 
clusters of  Fallopia × bohemica were found in zone 2, 
in the western part of the city. Two clusters of Fallopia 
japonica were also found in the same zone in the southern 
part of the city. It is worth noting that representatives of 
the Fallopia genus do not appear in in zone 1, which is the 



[22]

Figure 1. The distribution of three taxa of plants of the Fallopia
-

owski, 2004)

Table 1. The number of  Fallopia japonica, Fallopia sachalinensis and Fallopia × bohemica clusters in particular thermal zones of 

F. japonica F. sachalinensis F. × bohemica

cold
(1, 2) 2 0 3

temperate
(3, 4, 5) 78 16 20

warm and the warmest
(6, 7, 8, 9, 10) 147 0 44

total number of clusters 227 16 67
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6. Discussion

The temperature distribution determines the occurrence 
of plants on Earth. In addition, plant species numbers (in 
general) increase with the increasing temperature (Fran-
cis & Currie, 2003; Nobis et al., 2009).  The temperature 
in the city is one of the most important ecological factor; 
it significantly affects the species composition and the dis-
tribution of the local flora. In cities, there are significant 
differences in temperature between the central and built-
up areas and the peripheral areas. In the city centre, where 
the temperatures are higher, the share of species of foreign 
origin in the flora increases compared to the adjacent areas 

phenomenon of the urban heat island, which is common 
for urban ecosystems, promotes the spread of foreign spe-

1995a), most of which are species originating from warmer 

Representatives of the Fallopia genus occur in differ-
ent climatic zones from cold through temperate to desert 

Fallopia japonica has the 
widest geographical range. It occurs in many regions of 
the European continent, in the north, reaching the Baltic 
countries and Scandinavia, and in the east, reaching Russia 
and Ukraine. It is also growing in North America – in Can-
ada and the USA (from Alaska to Georgia), Australia and 
New Zealand (Tokarska-Guzik et al., 2015). This species 
has a wide thermal amplitude and can tolerate even low 
temperatures. For example, rhizomes of Fallopia japonica 
can survive temperatures of up to – 42°C (Beerling, 1993). 
Yamaguchi et al. (2000) also confirm the high viability and 
survival ability of Fallopia japonica seedlings in extreme 
mountain climate conditions. 

the potentially broad thermal amplitude, Fallopia japon-
ica prefers the areas in the city with the highest tempera-
ture. The invasion of this species proceeds most intensively 
in the warmest regions of the city. Similar tendencies are 
observed in the case of the interspecies hybrid – Fallopia × 
bohemica, which most often inhabits the warmest areas of 
the city. The geographical range of this hybrid corresponds 
to the distribution of the Fallopia japonica. In terms of 
habitat preferences, this taxon does not differ significantly 
from its parental species. It is also known that Fallopia × 
bohemica is characterized by a high tolerance regarding 
the type of soil, its salinity (Richards et al., 2008) or the 
presence of impurities in the environment, e.g. heavy met-

thermal requirements of this hybrid.
The third taxa – Fallopia sachalinensis in compari-

son to the other ones has a narrower range of occurrence. 
It also seems that Fallopia sachalinensis has a lower eco-

urban conditions, this taxon occurs in temperate regions. 
In the zones where the presence of F. sachalinensis has 
been recorded, the average temperatures range from 5.6 to 
8.5°C (in spring). In its homeland, the Fallopia sachalin-
ensis grows in areas where the average annual temperature 
is 4-8°C (CABI, 2015), which may partially explain the 
habitat preferences of Fallopia sachalinensis in the city. 

It is worth noting that representatives of the Fallopia 

quite puzzling, because in these city areas, there are types 
of semi-natural habitats (shrubs, banks of river and other 
bodies of water), which the invasive knotweeds usually 
willingly occupy (Tokarska-Guzik et al., 2015).

Interpreting the results of the study, it can be conclud-
ed that in the urban ecosystem, the thermal factor influ-
ences the spread of the Fallopia genus. The research car-
ried out by Groeneveld et al. (2014) also testifies to the 
significant impact of the urban heat island phenomenon 
on the ecological properties of knotweeds. The authors 
analysed, among others, the knotweed’s ability to produce 
seeds in urban conditions. According to them, the urban 
heat island, which delays the appearance of the first frosts 
in the warmest areas of the city, significantly affects the 
phenology of the Fallopia taxa and enables these plants 
to produce a large number of fully mature seeds. The pro-
longed frost-free period also affects the Fallopia japonica 
germination rate, which is higher in large urban centres 
compared to small towns. 

Despite many studies on the invasive taxa from the Fal-
lopia genus, the state of knowledge about the relationship 
between the temperature and the ecological properties of 
these onerous weeds is still insufficient. This preliminary 
research suggests that urban areas with elevated tempera-
tures are more vulnerable to the invasion of knotweeds 
than the peripheral areas. Elevated temperatures in the city 
are favourable for the invasion of knotweeds, especially 
Fallopia japonica and Fallopia × bohemica the largest 
number of these taxa were recorded in the warmest ar-
eas of the city. This is important in the context of fore-
casting future threats related to the presence of invasive 
plants in cities and in the context of the climate change 
(global warming), which is favourable for the invasion of 
foreign species. Quite few examples are known where the 
successful invasion of plants can be due to an interaction 
of directional climatic changes (rising temperatures since 

-
tres, where it is possible to observe the impact of tempera-
ture changes in the form of the urban heat island on the 
foreign invasive plants. Research in this area regarding the 
Fallopia taxa will continue. 
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