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Abstract

Biological invasions are one of the main problems of contemporary ecology. When considering invasive
species a special attention should be paid to Asian weeds of Fallopia genus (knotweeds): Fallopia japonica,
Fallopia sachalinensis, and their hybrid — Fallopia X bohemica, which is the most troublesome species among
the Fallopia complex. The aim of this research was to determine distribution of three Fallopia taxa in urban
environments using the example of the one of the largest Polish cities, Wroctaw, and preferences of the exam-
ined species regarding their inhabiting different habitats in urban ecosystems. The presence of knotweeds was
confirmed in over 23.0% of urban areas. The most commonly recorded species was Fallopia japonica, while
Fallopia sachalinensis (a donor of pollen for female clones of Fallopia japonica) was rare. Despite this fact,
their highly invasive hybrid occurs in approximately 6.8% of urban areas and accounts for 21.6% of the total
number of all knotweed clones. It suggests that expansion of Fallopia x bohemica in the city advances, in most
cases, in a vegetative way (as a result of rhizome regeneration).The highest number of knotweed sites was
recorded in ruderal and greenfield sites, including, among others, illegal waste dumps, heaps, rubble, and
debris fields. The investigation has shown that in urban conditions knotweeds are able to spread on soil with
various pH ranges and nutrient content. Also, the higher content of heavy metals does not limit the expansion
of Fallopia weeds — on the contrary, it can even enhance their competitiveness in relation to other plant
species, which avoid toxic concentrations of heavy metals.

Keywords: biological invasion, Fallopia japonica, Fallopia sachalinensis, Fallopia x bohemica, urban
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Introduction

Biological invasions are one of the main problems of
contemporary ecology and they are recognized as a signif-
icant component of global changes connected with human
activity [1]. Susceptibility of ecosystems to the expansion
of invasive species is connected with their ecological prop-
erties. The percentage of alien species found in a given
habitat also depends on the number of species introduced
(propagule pressure) [2]. Urban ecosystems are especially
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prone to biological invasions. The development of infesta-
tion with invasive species is an uncontrolled process, as far
as human pressure on the natural environment is concerned.
Extending the range of plant migration routes (roads, high-
ways, tramways, railways) or urban parks and gardens, as
well as garden allotments, are just a few examples of
human activity that fosters plant invasions [1, 3].
Considering invasive species, special attention should
be paid to Asian weeds of Fallopia genus. Its representa-
tives belong to the most expansive plants that can currently
be found in the whole area of Europe, North America, and
Australia, as well as in New Zealand [4]. It is supposed that
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specific ecological characteristics of cities can facilitate
spreading of species of Fallopia genus [5]. This phenome-
non gives rise to a number of questions connected with
knotweed ecology, which allows them to thrive in urban
ecosystems.

The aim of our research was to determine of the distri-
bution and current pace of invasion of three taxa of
Fallopia genus in the area of Wroctaw, and preferences of
the examined species regarding their different habitats in
urban conditions.

Materials and Methods
Study Area

Fieldwork was conducted in southwestern Poland, in
the area of Wroctaw, which is the fifth largest city in Poland
at 293 km’. The research of knotweeds was carried out
using the method of landscape mapping. The basic research
area involved regularly distributed plots 1,000 m x 1,000
m, which were plotted on map backgrounds. The represen-
tatives of Fallopia genus were inventoried using a GPS
receiver. In every examination square we calculated the
number of clusters and clone areas of Fallopia japonica,
Fallopia sachalinensis, and Fallopia x bohemica. Then,
taking into account land use regime, the habitats of species
of Fallopia genus were classified according to the follow-
ing types: residential area (with one- or multi-level build-
ings), urban green habitats (lawns, parks, green spaces,
squares, and public parks), ruderal and greenfield sites (ille-
gal waste dumps, heaps, rubble, and debris areas), service
and industrial areas (including public houses), roadsides
and stretches of railway, and urban riparian habitats. To
determine preferences of particular species for specified
types of habitats a percentage share of knotweed clones and
the areas occupied by them were estimated. The final stage
of work consisted in collecting soil samples from 10 ran-
domly chosen locations of Fallopia japonica and Fallopia
x bohemica, from a depth of 0-15 cm, for chemical analy-
ses. In the case of Fallopia sachalinensis, soil samples were
collected from 3 objects considering seldom occurrence of
this species in the urban area.

Identification of the Species

The objects of research were three invasive species of
Fallopia genus (Polygonaceae): Fallopia japonica var.
Japonica (Houtt.) Ronse Decraense, Fallopia x bohemica
(Chrtek et Chrtkova) J.P. Bailey, and Fallopia sachalinen-
sis (F.W.Schmidt ex Maxim.) Nakai. Despite extensive
research on invasive Fallopia species (knotweeds), there
still exist a number of vague ideas regarding the nomencla-
ture and taxonomic classification of these plants. In this
research, classification and nomenclature according to
Bailey and Stace [6] was taken on, as the genus name
Fallopia, according to recent molecular research, seems to
be more appropriate than the one used by Czech [7, 8] or
Polish [9-11] (Reynoutria) scientists.

Identification of species was based on morphological
features of leaves (shape, size, hairiness of leaf blade) [12],
which were collected from the medium part of a shoot. In
the case of the hybrid — Fallopia x bohemica we conduct-
ed additional cytological examination in order to determine
the number of chromosomes. To this end the method by
Bailey and Stace [6] was followed. Because of considerable
morphological similarity of some Fallopia % bohemica
clones to parental species (especially to Fallopia japonica),
the number of chromosomes is regarded as a crucial, deci-
sive feature enabling distinguishing of these species [12]. In
Europe a single genotype of Fallopia japonica, with only
female flowers, has been found [13-16], and it is exclusive-
ly octoploid, characterizing 88 chromosomes [8, 13].
Fallopia x bohemica clones are genetically diverse, but
most of them are hexaploid, of 66 chromosomes [17]. All
specimens of Fallopia x bohemica originating from
Wroctaw possessed 66 chromosomes.

Soil Analyses

Soil samples collected from 23 sites were dried at room
temperature in conditions providing protection against con-
tamination. The soil material was crushed in a mortar,
sieved (sieve of 2 mm mesh), and ground in an agate mill.
Then, determination of exchange acidity of soil, active
acidity of soil, the content of C and N, the content of avail-
able forms of potassium, and phosphorus and magnesium
took place. We also determined the contents of selected
heavy metals (Cd, Cr, Cu, Pb, Zn), after previous mineral-
ization of soil samples in a pluggable terminal block, with
the use of concentrated acids mixture of HCl and HNO; in
3:1 voluminous ratio.

Results
Distribution of Fallopia Genus in Wroctaw

The research area was divided into 340 experimental
plots. The presence of three Fallopia species was con-
firmed in 79 plots, i.e. in over 23.0% of urban area. The
most commonly recorded taxon in Wroctaw was Fallopia
Japonica, which provided for 73.2% of all knotweeds.
That species was found in 53 squares, i.e. 15.6% of the
research area. Locations of Fallopia japonica were spread
throughout Wroctaw, except for its northern and most
western parts. On 1 km’ of the examined area we found
from 2 to 4 clones of this species (Fig. 1). Nearly half of
Fallopia japonica clusters constituted clumps of the area
from 10 to 40 m>. The most widespread and dense aggre-
gations of this species (exceeding 200 m*) were found in 7
out of 53 research plots. The mentioned species agglomer-
ations were, first of all, in the central and western, 1.e. the
most industrialized, parts of Wroctaw (Fig. 2).

The second of the examined species — Fallopia sacha-
linensis occurs sporadicaly and accounts for merely 5.2%
clones of all knotweed plants. It was recorded only in three
out of 340 research plots (less than 1% area of the city), in
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southern, western, and eastern parts of Wroctaw. Clusters of
Fallopia sachalinensis featured density from 2 to 4, as well
as from 5 to 10/ km? (Fig. 3). Rarely occurring in Wroctaw
specimen of Fallopia sachalinensis form large agglomera-
tions as far as their area is concerned. In the western and
southern parts of the city we recorded clones whose area
did not exceed the range of 40-200 m’. In the eastern part of
Wroctaw we found high and dense agglomerations occupy-
ing more than 200 m* (Fig. 4).

Despite the small number of Fallopia sachalinensis
sites, regarding its role as a donor of pollen for exclusively
female clones of Fallopia japonica, specimens of interspe-
cific hybrid — Fallopia x bohemica could be relatively often
found in the research area. Aggregations of this species pro-
vided for 21.6% of knotweed clones and they were record-
ed in 23 research plots, i.e. on approximately 6.8% of urban
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area. A hybrid was most frequently met in the central and
western parts of Wroctaw, usually accompanying Fallopia
Japonica clones, shaping common, dense phytocenoses.
The density of Fallopia x bohemia clusters (number of
clusters per 1 m? in research plots) was the same as the den-
sity of Fallopia japonica. Typically, on 1 km? from 2 to 4
clusters of Fallopia x bohemica occurred (Fig. 5).
Agglomerations of Fallopia x bohemica showed slight
diversity concerning their share of particular research areas.
The highest number — 7 plots — were occupied by the small-
est patches, whose area did not exceed 10 m?. Clones mea-
suring 10-40 m* and those of 40-200 m? area were recorded
in 5 research plots. The largest agglomerations, measuring
more than 200 m? occurred in 6 out of 23 squares. They
were localized in the western, central, and southern parts of
Wroctaw (Fig. 6).

Fig. 1. Density of Fallopia japonica clusters in urban conditions of Wroctaw city (number of clusters/1 km?).
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Fig. 2. Area of Fallopia japonica clusters in urban conditions of Wroctaw with a division of class size (m*/1 km?).
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Types of Habitats Invaded by Knotweeds
in Urban Conditions

Considering the land use regime in Wroctaw, we distin-
guished four types of Fallopia species habitats. The per-
centage share of knotweeds in particular types of habitats
was shown in Figs. 7 and 8, taking into account the number
of clones and their area.

The highest number of Fallopia japonica clusters was
recorded for residential areas (26.0% of total urban area)
and in ruderal and greenfield sites (20.7% of total urban
area). The first of the mentioned areas included relatively
small, highly dispersed clones. It seems that expansion of
Fallopia japonica is in its early stage in those areas. In rud-
eral and greenfield sites, Fallopia japonica formed com-
pact and large-surface clusters, accounting for 22.6% of
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the area occupied by that species. Similarly compact and
widespread aggregations of Fallopia japonica were locat-
ed on the waterfront, mainly along the Odra River. Their
area provided for 51.4% of total urban area. The smallest
number of Fallopia japonica sites was found in urban
green habitats.

Among habitats most often occupied by Fallopia X
bohemica, ruderal and greenfield sites were dominant
(41.8% of total urban area). In riparian habitats Fallopia *
bohemica was rarely found, while clones of interspecific
hybrid formed large patches there and their share amounted
to 45.4% of total urban area. As in the case of Fallopia
Jjaponica, the smallest number of Fallopia x bohemica sites
was recorded in urban green habitats.

The presence of Fallopia sachalinensis was confirmed
in three out of six distinguished types of habitats: in ruder-

Fig. 3. Density of Fallopia sachalinensis clusters in urban conditions of Wroctaw city (number of clusters/1 km?).
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Fig. 4. Area of Fallopia sachalinensis clusters in urban conditions of Wroctaw with a division of class size (m*/1 km?).
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al and greenfield sites (75%), in berms and stretches of rail-
way (18.8%), and on the waterfront (6.2%). The largest sur-
face, measuring 43.6% of total area of Fallopia sachali-
nensis clones, was occupied by clusters growing along
roadsides and stretches of railway. The smallest site surface
(covering 17.5% of total area occupied by knotweeds) was
recorded for residential areas.

Characteristics of Urban Soils Overgrown
by Knotweeds

Select chemical properties of collected soils samples
from 23 knotweed sites were shown in Tables 1 and 2. Soil
analyses proved that the species of Fallopia genus occur on
soils featuring a wide range of reaction — from acid, through
slightly acid, to basic. Moreover, these soils characterize
very high content of available forms of P, K, and Mg (up to

. 1 cluster
2-4 clusters

- 5-10 clusters

. > 10 clusters

129.5 mg P,0O5100 g, 127.0 mg K,0-100 g', and 35.0 mg
MgO-100 g"), as well as considerable total C and N content.
In the soils subjected to analysis, the widest range of total
C and N belong to samples originating from Fallopia %
bohemica sites. The content of C ranged from 1.10% up to
14.48%, while N content amounted from 0.03% to 0.42%.

A characteristic feature of urban environment is soil
contamination with heavy metals. Trace elements, whose
level in urban conditions often exceeds threshold standard
values, are Cd, Cr, Cu, Zn, and Pb. In soil material, higher
than natural content values were determined for cadmium,
chromium, copper, lead, and zinc. The highest amount fea-
tured zinc and lead, whose mean values ranged from 448.8
mg Zn'kg' and 216.3 mg Pb'kg' (Fallopia *x bohemica
sites) to 413.7 mg Zn'kg"' and 105.9 mg Pb-kg" (Fallopia
Japonica sites), as well as 237.7 mg Zn'kg"' and 45.1 mg
Pbkg! (Fallopia sachalinensis sites).

-

Fig. 5. Density of Fallopia x bohemica clusters in urban conditions of Wroctaw city (number of clusters/1 km?).
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Fig. 6. Area of Fallopia x bohemica clusters in urban conditions of Wroctaw with a division of class size (m*/1 km?).
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Discussion

Urban flora in central Europe characterize a significant
number of non-native species, especially kenophytes (neo-
phytes) [3]. Among them a large group are invasive species
[11], which are responsible for considerable losses in the
natural environment due to biological invasion [18].

In urban conditions of Wroctaw, three invasive species
of Fallopia genus were subjected to investigation: Fallopia
Jjaponica var. japonica (Houtt.) Ronse Decraense, Fallopia
x bohemica (Chrtek et Chrtkova) J.P. Bailey, and Fallopia
sachalinensis (F.W.Schmidt ex Maxim.) Nakai.

Species of Fallopia genus were introduced from East
Asia into Europe in the 19" century and they have become
destructive and aggressive weeds in a short amount of time
[8]. Currently, Fallopia taxa is spreading around all of
Europe (for instance in: Great Britain, Czech Republic,
Germany, France, Poland) [8, 13, 17].

Among all species the most numerous in the area of
Wroctaw proved to be Fallopia japonica, while the least
numerous was Fallopia sachalinensis. Similar tendencies
regarding distribution of Fallopia japonica and Fallopia
sachalinensis, can be observed in other parts of Europe
(Great Britain, the Czech Republic, Germany), where the

a) 26.0% b)  17.9%

6.6%
16.4%

dominant species is Fallopia japonica var. japonica, while
Fallopia sachalinensis was definitely less often recorded
[8, 12, 19]. In the Czech Republic, out of a total number of
knotweed sites (which equals 1982), 68% belong to
Fallopia japonica and 13% to Fallopia sachalinensis [8].
In Wroctaw, however, the share of Fallopia japonica
amounts to 73.2% of all clones of this species, while
Fallopia sachalinensis provides for merely 5.2%.

In invasive range the Fallopia species is spread mainly
by a vegetative way, but they also show sexual reproduction
by hybridization, which is known as a rapid mechanism for
increasing genetic variation and provides the natural selec-
tion [20, 21]. Newly created hybrids often tend to have
greater fitness, size, stronger competition abilities, and
increased aggression [21]. Also, hybridization between
widespread Fallopia japonica and Fallopia sachalinensis
creates a very troublesome hybrid — Fallopia % bohemica.
The occurrence of the hybrid in a particular areas constitutes
a serious threat to local flora. Fallopia x bohemica features
the best regeneration abilities among all knotweed species
[22, 23], characterized by higher expansiveness than
parental species [8], and it is also the most difficult to con-
trol [24]. In Wroctaw, despite a small number of Fallopia
sachalinensis clones — serving as a donor of pollen for

C) 6.2%

Fig. 7. Percentage share of knotweeds (a. Fallopia japonica, b. Fallopia x bohemica, c. Fallopia sachalinensis) in particular types of

habitats taking into account the number of clones.

residential area (with one — or multi — level buildings), . urban green habitats (lawns, parks, green spaces, squares and public

parks)

ruderal and greenfield sites (illegal waste dumps, heaps, rubble and debris areas), I:l service and industrial areas (includ-

ing public houses), road sides and stretches of railway, [ urban riparian habitats
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Fig. 8. Percentage share of knotweeds (a. Fallopia japonica, b. Fallopia * bohemica, c. Fallopia sachalinensis) in particular types of

habitats taking into account their area.
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Table 1. Chosen chemical properties of soil samples from the Wroctaw area (sites of Fallopia japonica, Fallopia x bohemica, and

Fallopia sachalinensis).

Chjﬁfﬁ‘;;ﬁ‘;fiies pHKCl | pHH,O | Ntotal% | Ctotal% | CN K,0 P,0; Mg
Fallopia japonica
Average 6.9 7.2 0.2 4.4 18.7 44.0 513 11.9
Minimum 6.1 6.9 0.1 2.1 6.8 11.5 22.1 6.2
Maximum 7.3 7.5 0.4 11.3 30.7 127.0 129.5 19.2
Standard deviation 0.4 0.4 0.1 2.6 7.9 32.7 333 5.0
Coefficient of variation [%] 5.6 4.0 33.9 60.0 42.4 74.4 65.0 41.8
Fallopia x bohemica
Average 6.9 7.1 0.16 4.80 24.89 345 334 13.0
Minimum 54 6.0 0.03 1.10 10.64 214 124 3.6
Maximum 7.9 8.0 0.42 14.48 53.63 59.7 58.5 35.0
Standard deviation 0.8 0.6 0.1 43 14.1 12.0 16.5 9.7
Coefficient of variation [%] 11.0 83 68.0 89.5 56.7 34.7 49.6 74.4
Fallopia sachalinensis
Average 7.2 7.5 0.14 2.5 17.7 41.8 26.0 10.6
Minimum 7.0 7.3 0.05 1.2 13.5 32.6 15.7 5.3
Maximum 7.7 7.8 0.24 32 25.0 57.7 39.5 14.1
Standard deviation 0.4 0.3 0.10 1.2 64 13.9 122 4.6
Coefficient of variation [%] 5.6 3.5 63.3 473 36.1 332 46.9 44.0

female clones of Fallopia japonica, specimens of Fallopia
x bohemica occur quite numerously, accounting for 21.6%
of the total number of knotweed clones. It proves that
expansion of Fallopia X bohemica in the examined area
advances, in most cases, vegetatively (as a result of rhizome
regeneration). The presence of young shoots of Fallopia %
bohemica in the vicinity of wild waste dumps, heaps and
rubbles, indicates that human activity favors the spread of
knotweed hybrid in the Wroclaw area. It is probable that
fragments of Fallopia x bohemica rhizomes are transferred
with the soil from one part of the city to another.

Both within the range of natural (primary) and sec-
ondary geographic distribution, knotweeds show prefer-
ences to grow in anthropogenic habitats [8, 12]. The most
common sites of their occurrence are along roads, high-
ways, railways, on waste dumps, in rubble and embank-
ments, as well as along river banks. As it results from our
research, a similar situation takes place in Wroctaw, where
all species of Fallopia genus prefer ruderal habitats, as well
as those which are significantly disturbed sites due to
human activity. The highest number of knotweed sites was
recorded in greenfield ruderal sites, including, among oth-
ers, wild (illegal) waste dumps, heaps, and rubble.

Knotweeds, especially Fallopia japonica, often occur
in the areas of intensive residential development, although
they form not large, highly dispersed clones. Rapid devel-

opment of cities such as Wroctaw, accompanied by sponta-
neous occurrence of rubble and waste heaps, fosters fast
spreading of species from Fallopia genus. The area in the
vicinity of a newly built sports stadium can serve as an
example — in 2011, on newly-formed soil heap, there were
recorded Fallopia x bohemica sites. Previous observation
did not confirm the presence of this species.

Suburban wetlands and riparian habitats are eagerly
covered by the species of Fallopia genus. In Wroctaw, in
those types of habitats, clusters of Fallopia japonica were
most commonly recorded. The highest number of sites
belonging to this species can be found along the banks of
the Odra River. Aggregations of Fallopia japonica are also
accompanied by clones of Fallopia x bohemica. Both
species develop compact phytocenoses in waterfront of the
Odra River.

Urban green areas, as well as parks and gardens with
frequently introduced exotic plants as ornamentals, are
regarded as significant centers of spreading invasive
species. Yet in Wroctaw, in urban green areas (lawns, parks,
green squares, and green spaces) the smallest number of
representatives of Fallopia genus were localized.
Aggregations of knotweeds are often mowed and observa-
tion proved that regular treatments considerably reduced
the growth and expansion of Fallopia species in those
areas. Also, Wroctaw parks do not play an important role in
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Table 2. Heavy metal content in soil samples from Wroctaw area (sites of Fallopia japonica, Fallopia x bohemica, and Fallopia sacha-

linensis).
Heavy metal content [mg-kg"] Cd Cr Cu Pb Zn

Fallopia japonica

Average 0.9 22.1 722 105.9 413.7
Minimum 0.2 13.1 15.0 20.6 139.7
Maximum 33 61.5 171.7 3219 1007.0
Standard deviation 1.0 14.8 51.2 87.6 299.5
Coefficient of variation [%] 102.3 66.8 70.4 82.7 72.4
Fallopia x bohemica

Average 0.9 20.0 51.6 216.3 448.8
Minimum 0.04 7.9 11.6 11.5 65.0
Maximum 3.0 473 116.0 1336.0 1721.0
Standard deviation 0.98 11.9 372 406.3 511.8
Coefficient of variation [%] 112.5 59.3 72.0 187.8 109.2
Fallopia sachalinensis

Average 04 153 27.3 45.1 237.7
Minimum 0.01 10.1 7.2 10.6 55.6
Maximum 0.6 18.0 39.6 62.6 500.0
Standard deviation 0.3 4.5 17.5 29.9 232.8
Coefficient of variation [%] 86.5 29.3 64.3 66.3 98.0

invasive knotweeds spreading within the city area. The sites
of the mentioned plant species were located only in the
Urban Park in Lesnica (the western part of the city).

Invasive plants owe their success to their broad toler-
ance in relation to environmental conditions, as well as the
possibility of quick adaptation to the changes taking place
in the environment [25]. Most of them inhabit a wide range
of habitats [2]. These features are possessed by the species
of genus Fallopia. Especially, in secondary sites of their
occurrence, ecological tolerance of knotweeds is high.
Representatives of the Fallopia genus are able to grow in
diverse soil types, with various pH ranges and nutrient con-
tent: from colliery soils through alluvial soils, clays and
loams to mineral soils and peats [4]. Richards et al. [26]
reported clones of knotweeds even on highly saline soils in
the United States.

Chemical analyses of soil collected from 23 knotweed
sites proved that in Wroctaw these species occur on soils
featuring a wide range of reaction: from acid — pH in KCl
— 5.4 and in H,0 — 6.0, to basic — pH in KC1 7.9 in H,0 —
8.0). An even wider range regarding soil pH is reported [4]
from the area of England. The soil samples collected in
Wroctaw characterized significantly high content of avail-
able forms of phosphorus, potassium, and magnesium. The
research on chemical composition of Japanese soils proved
that knotweeds also can cover soils poor in nutrients, as
well as those of low water capacity [4]. High contents of

organic carbon and organic nitrogen also were assayed in
the analyzed soils. The content of organic carbon ranged
from 1.10% up to 14.48%, while the content of organic
nitrogen amounted from 0.03% to 0.42%. Evenly high con-
tent of organic matter was recorded for English soils, where
organic carbon content in the soils overgrown with
knotweeds equaled 18.6% [4].

The species of Fallopia genus abide relatively well in
environmental pollution. The spread of the mountain eco-
type of Fallopia japonica var. compacta in the neighbor-
hood of volcanoes suggests tolerance of this species to
increased sulphur dioxide content [19]. Moreover, within
the natural range of their occurrence, knotweeds inhabit
areas polluted by heavy metals [4]. The soil sample collect-
ed from the area of Wroctaw included more elevated con-
tents of Cd, Cu, Pb, and Zn than the natural ones. The high-
est quantities belonged to Pb and Zn, whose average values
ranged from 448.8 mg Zn'kg' and 216.3 mg Pbkg' —
Fallopia X bohemica sites, 413.7 mg Zn-'kg" and 105.9 mg
Pbkg! at sites of Fallopia japonica, to 237.7 mg Zn'kg*
and 45.1 mg Pb'kg"' — Fallopia sachalinensis sites. Natural
content of Pb in soils amounts from 1 to 25 mgkg* [27],
while the most frequent Zn content ranges from 5 to 50
mg-kg' [15]. According to Burkhead et al. [28] average Zn
abundance is 70 mg-kg'. Also the primary investigation of
the urban conditions of Wroctaw and Prague cities has
shown that Fallopia japonica and Fallopia * bohemica
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spread on soils with higher than natural content of Cd, Fe,
Pb, and Zn [29]. A higher tolerance of invasive species to
stressful environments may result in exotic plants being
more competitive than native, thus promoting plant inva-
sion [30]. Among some invasive plants the mechanisms of
metals tolerance have been found. Examples of this species
are Spartina densiflora and Solidago canadensis. Both
species developed physiological mechanisms to tolerate or
avoid heavy metals, hence they are able to germinate [31]
and spread in soils polluted by heavy metals [32]. It seems
that, in the case of the Fallopia genus, increased content of
heavy metals in urban soils does not reduce its expansion.
On the contrary, it enhances their competitiveness in rela-
tion to other species, which avoid higher concentrations of
heavy metals, especially toxic ones.

Conclusions

Based on the results of the presented study the follow-
ing conclusions can be drawn:

1. Invasive plants of Fallopia genus are frequent compo-
nents of urban ecosystems. On the example of Wroctaw
city (in the area of 293 km?), the presence of three
Fallopia species was confirmed in over 23.0% of the
urban area. Among all species the most numerous in the
urban area proved to be Fallopia japonica, while the
least numerous was Fallopia sachalinensis.

2. Despite a small number of Fallopia sachalinensis
clones — serving as a donor of pollen for female clones
of Fallopia japonica, a strongly invasive specimen of
Fallopia x bohemica occur in the city quite numerous-
ly, on approximately 6.8% of urban area and accounting
for 21.6% of total number of all knotweed clones. It is
suggested that expansion of Fallopia X bohemica in the
examined area advances, in most cases, vegetatively (as
a result of rhizome regeneration). This process could
contribute to the future invasive success of hybrid in
urban areas and it should not be underestimated.

3. The highest number of knotweed sites in an urban area
was recorded in ruderal and greenfield sites including,
among others, illegal waste dumps, heaps, and rubble
and debris areas. Urban green areas, as well as parks
and gardens (with frequently introduced exotic plants as
ornamentals), do not play an important role in invasive
knotweeds spreading within the city area.

4. In urban conditions knotweeds are able to spread on soil
with various pH ranges and nutrient content. Also, the
higher content of heavy metals does not limit the expan-
sion of Fallopia weeds; on the contrary, it can even
enhance their competitiveness in relation to other plants
that avoid toxic concentrations of heavy metals.

Acknowledgements

The authors would like to thank Dr. John Bailey from
Leicester University (UK) for his help with Fallopia
species identification.

10.

11

12.

13.

14.

15.

16.

References

VILA M., CORBIN J. D., DUKES J. S., PINO J., STAN-
LEY S. D. Linking plant invasion to global environmental
change. In: Canadell J. G. Pataki D. E., Pitelka F. L. (Eds.)
Terrestial Ecosystems in a Changing World, Springer,
Berlin, Heidelberg, pp. 93-102, 2007.

KALUSOVA V., CHYTRY M., KARTESZ J. T., NISHINO
M., PYSEK P. Where do they come from and where do they
go? European natural habitats as donors of invasive alien
plants globally. Diversity and Distributions, 19, (2), 199, 2013.
WITTIG R. The origin and development of the urban flora
of Central Europe. Urban Ecosystems, 7, 323, 2004.
BEERLING D. J., BAILEY J. P., CONOLLY A. P. Fallopia
Jjaponica (Houtt.) Ronse Decraene (Reynoutria Japonica
Houtt.; Polygonum Cuspidatum Sieb. and Zucc.). J. Ecol.,
82, 959, 1994.

SOLTYSIAK J., BREJ T. Characteristics that make the
Fallopia genus (Polygonaceae) highly invasive. Ecological
Questions, 16, 23, 2012.

BAILEY J. P., STACE C. A. Chromosome number, mor-
phology, pairing and DNA values of species and hybrids in
the genus Fallopia (Polygonaceae). Plant Syst. Evol., 180,
29, 1992.

MANDAK B., PYSEK P, LYSAK M., SUDA I,
KRAHULCOVA A., BIMOVA K. Data variation in DNA-
ploidy levels of Reynoutria taxa in the Czech Republic. Ann.
Bot-London, 92, 265, 2003.

MANDAK B., PYSEK P., BIMOVA K. History of the inva-
sion and distribution of Reymoutria taxa in the Czech
Republic: a hybrid spreading faster than its parents, Preslia,
76, 15, 2004.

MIREK Z., PIEKOS-MIRKOWA H., ZAJAC A., ZAJAC
M. Flowering plants and pteridophytes of Poland. A check-
list, W. Szafer Institute of Botany, Polish Academy of
Sciences, Krakow, 2002.

TOKARSKA-GUZIK B. The Establishment and Spread of
Alien Plant Species (Kenophytes) in the Flora of Poland,
University of Silesia Publisher, Katowice, 2005.
TOKARSKA-GUZIK B., DAIDOK Z., ZAJAC M,
ZAJAC A., URBISZ L. DANIELEWICZ W,
HOEDYNSKI C. Alien plants in Poland, including in par-
ticular the invasive species, The General Directorate for
Environmental Protection, Warsaw, 2012 [In Polish].
BAILEY J. P, BIMOVA K., MANDAK B. Asexual spread
versus sexual reproduction and evolution in Japanese
Knotweed s.l. sets the stage of “Battle of the clones”.
Biological Invasions, 11, 1189, 2008.

BAILEY J. P. Japanese Knotweeds s.1. at home and abroad.
In: Child L., Brock J. H., Brundu G., Prach K., Pysek P.,
Wade P. M., Williamson M. (Eds.) Plant Invasions:
Ecological Threats and Management Solutions, Backhuys
Publishers, Leiden, pp. 183-196, 2003.

GAMMON M. A., KESSELI R. Haplotypes of Fallopia
introduced in the US. Biological Invasions, 12, (3), 421,
2010.

MANDAK B., BIMOVA K., PYSEK P, STEPANEK J.,
PLACKOVA 1. Isoenzyme diversity in Reynoutria
(Polygonaceae) taxa: escape from sterility by hybridization.
Plant Syst. Evol., 253, 219, 2005.

TIEBRE MARIE-S., BIZOUX JEAN-P., HARDY OLIVI-
ER J., BAILEY J. P, MAHT GREGORY. Hybridization and
morphogenetic variation in the invasive alien Fallopia
(Polygonaceae) complex in Belgium. Am. J. Bot. 94, 1900,
2007.



458 Sottysiak J., Brej T.
17. BAILEY J. P, WISSKIRCHEN R. The distribution and origin 26. RICHARDS C.H. L., WALLSR. L., BAILEY J. P., PARA-
of Fallopia x bohemica in Europe. Nord. J. Bot., 24, 73, 2006. MESWARAN R., GEORGE T., PIGLIUCCI M. Plasticity

18. FABISZEWSKI J., BREJ T. Ecological significance of in salt tolerance traits allows for invasion of novel habitat by
some kenophytes in Lower Silesian national parks. Acta Japanese Knotweed s.1. (Fallopia japonica and F. x bohem-
Soc. Bot. Pol., 77, 167, 2008. ica, Polygonaceae). Am. J. Bot., 95, 931, 2008.

19. BAILEY J. P, BIMOVA K., MANDAK B. The potential 27. GORLACH E., GAMBUS F. Potentially toxic trace ele-
role of polyploidy and hybridization in the further evolution ments in soils (excess, harmfulness and prevention).
of the highly invasive Fallopia taxa in Europe. Ecol. Res., Advances of Agricultural Sciences Problem Issues, 472,
22, 920, 2007. 275, 2000 [In Polish].

20. ELLSTRAND N. C. Evolution of invasiveness in plants fol- 28. BURKHEAD J. L., GOGOLIN REYNOLDS K. A.,
lowing hybridization, Biological Invasions, 11, 1089, 2009. ABDEL-GHANY S. E., COHU C. M., PILON M. Copper

21. LEE C. E. Evolutionary genetics of invasive species. Trends homeostasis in plant cells, New Phytologist 182, (4), 799,
Ecol. Evol,, 17, 386, 2002. 2009.

22. BIMOVA K., MANDAK B., PYSEK P. Experimental study 29. SOLTYSIAK J., BERCHOVA-BIMOVA K., VACH M.,
of vegetative regeneration in four invasive Reynoutria taxa BREJ T. Heavy metals content in the Fallopia genus in cen-
(Polygonaceae). Plant Ecol., 166, 11, 2003. tral European Cities — study from Wroclaw and Prague. Acta

23. PYSEK P, BROCK J. H., BIMOVA K., MANDAK B., Botanica Silesiaca, 7, 209, 2011.

JAROSIK V., KOUKOLIKOVA I, PERGL J., STEPANEK 30. QIAN ZHANG, RUYI YANG, JIANJUN TANG, XIN
J. Vegetative regeneration in invasive Reynoutria CHEN. Competitive interaction between the invasive
(Polygonaceae) taxa: the determinant of invisibility at the Solidago canadensis and native Kummerowia striata in lead
genotype level. Am. J. Bot., 90, 1487, 2003. contaminated soil. Botanical Studies, 49, 385, 2008.

24. BIMOVA K., MANDAK B., PYSEK P. Experimental con- 31. CURADO G., RUBIO-CASAL A. E., FIGUEROA E.,
trol of Reynoutria congeners: a comparative study of a CASTILLO J. M. Germination and establishment of the
hybrid and its parents. In: Brundu G., Brock, J., Camarda I., invasive cordgrass Spartina densiflora in acidic and metal
Child L., Wade M. (Eds.) Plant Invasions: Species Ecology polluted sediment of the Tinto River. Mar. Pollut. Bull., 60,
and Ecosystem Management, Backhuys Publisher, Leiden, 1842, 2010.

The Netherlands, pp. 283-290, 2001. 32.  YANG R.Y,, TANG J. J. YANG Y. S., CHEN X. Invasive

25. BRADLEY B. A., BLUMENTHAL D. M., WILCOVE D. and non—invasive plants differ in response to soil heavy

S. ZISKA L. H. Predicting plant invasions in an era of glob-
al change. Trends Ecol. Evol., 25, 310, 2010.

metal lead contamination, Botanical Studies, 48, 453,
2007.



