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Abstract

:

Invasive alien species (IAS) is a global problem that largely relates to human activities and human settlements. To prevent the further spread of IAS, we first need to know their pattern of distribution, to determine which constitutes the greatest threat, and understand which habitats and migration pathways they prefer. Our research aimed to identify the main vectors and distribution pattern of IAS of plants in the city environment. We checked the relations between species distribution and such environmental factors as urban soil type and habitat type. We applied data on IAS occurrence (collected in the period 1973–2015) in 515 permanent plots with dimensions of 0.5 × 0.5 km and analyzed by direct ordination methods. In total, we recorded 66 IAS. We found a 27% variance in the IAS distribution pattern, which can be explained by statistically significant soil and habitat types. The most important for species distribution were: river and alluvial soils, forests and related rusty soils, and places of intensive human activities, including areas of urbisols and industriosols. Our results provide details that can inform local efforts for the management and control of invasive species, and they provide evidence of the different associations between natural patterns and human land use.






Keywords:


alien species; expansion; IAS; invasion; urban invasions; Central Europe; Toruń












1. Introduction


Invasive species have been an important research topic for scientists from around the world for several decades [1,2]. Therefore, there is a certain subjectivity among scientists when using this term [3]. For the purposes of this article, we adopt the definition according to Tokarska-Guzik et al. [1], in line with that proposed by the International Union for Conservation of Nature (IUCN) [4] and by the Global Invasive Species Program [5]. Invasive alien species (IAS) means a non-native species that has established itself in ecosystems or habitats that are either natural, semi-natural, or man-made, e.g., some agroecosystems [6]. Importantly, these species are a trigger of changes that threaten native biodiversity, economy, and/or human health [1,4].



The invasion of alien species of plants into a natural ecosystem or habitat is a complex problem. Invasive species can affect the soil and its microorganisms, and thus native species of plants as well, often leading to their displacement [7]. This may affect not only the biodiversity of the flora but also the fauna of the affected area [8,9]. IAS can pose a threat to both natural ecosystems and crops, human health, and some branches of industry, such as tourism [10]. Fighting the spread of IAS often requires considerable financial resources [11].



Research on invasive species has been going on for centuries and is becoming more intense as both awareness and the incidence of the problem rise [12]. Many years of research have shown that one of the important vectors for spreading invasive plant species is humans—their activities and the infrastructure that they create [13,14]. People can act on purpose or unintentionally; e.g., seeds can be transferred on the clothes and shoes of unwitting people, just as on animal hair or bird feathers [15,16].



Humans are not the only vector for spreading invasive plants, but they are often one of the contributing factors—man-made surfaces as concrete and asphalt amplify the natural spreading ability of some species [17]. This is caused by the phenomenon of secondary wind dispersal on these impervious surfaces within road corridors, especially present in cities.



Cities, like other human settlements, are specific places for introducing alien species [18]. IAS in cities have very good conditions to spread. First of all, large amounts of alien species are introduced into cities for ornamental purposes, e.g., in city parks, along communication routes, and into home gardens [19]. Alien species do very well in cities due to the presence of urban heat islands and numerous disturbances that facilitate the spread and development of plants [18]. The presence of the mentioned communication routes, ruderal habitats, as well as harbors, water reservoirs, and rivers is important [20]. IAS appearing in cities can do a lot of damage as they threaten both infrastructure (roots damage walls or pavements) and human health (causing sensitization and allergies) [21]. However, primarily, they displace native species [22,23]. Invasive species in cities pose a threat not only to the cities themselves but also to the landscape outside the city, where they can spread through the transport corridors or watercourses flowing through cities, wind, and zoochory [24,25,26].



According to Gulezian and Nyberg [22], there is usually no relationship between the type of habitat in a city and the invasion of specific species. However, the type of land use influences the number of invasive species [27]. There is also an obvious negative correlation between species abundance and the presence of an impervious surface [22]. Moreover, results by Štajerova et al. [18] demonstrate that a great amount of IAS variation in the city can be explained by spatial predictors and the species cover of invasive species can decrease with an increasing proportion of urban greenery but increase with road margins, ruderal sites, and railway sites. This implies that habitat structure in the city landscape can be crucial for IAS distribution. Understanding IAS behavior in the urban environment is of crucial importance to future landscape management and activities against invasions and threats to the natural ecosystem.



Therefore, the aim of our research was to identify the main vectors and patterns of IAS distribution in the city landscape. We performed our research in a medium-size city on the Vistula river bank in central Poland. We hypothesized that (a) there is a relation between IAS pattern and habitat or soil type, and (b) habitat or soil type can drive IAS richness within the city. Accordingly, the research was conducted in terms of land cover and habitat preferences of recorded IAS in the context of soil and habitat types within the city limits.




2. Results


2.1. Invasive Species Flora


We recorded 66 plant species recognized as IAS in Poland [1], of which we selected 31 with full data available to analyze their distribution (Table S1). The most frequent were Erigeron canadensis L. and Acer negundo L., present in 98–97% of plots; next, Robinia pseudoacacia L. and Galinsoga parviflora Cav., noted in over 80% of plots; then, Solidago gigantea Aiton, Prunus serotina Ehrh., Cannabis sativa L., Lycium barbarum L., and Parthenocissus inserta (A. Kern.) Fritsch in over 50% of plots. In 20–40% of plots we recorded Quercus rubra L., Helianthus tuberosus L., Juglans regia L., Rumex confertus Willd., Echinocystis lobata (Michx.) Torr. & A. Gray, Bidens frondosa L., Xanthium albinum (Widd.) Scholz & Sukopp and Elodea canadensis Michx. The least frequent were Eragrostis multicaulis Steud., Impatiens parviflora DC., Elodea nuttallii (Planch.) H.St.John, Impatiens glandulifera Royle, Fraxinus pennsylvanica Marshall, Reynoutria japonica Houtt., Asclepias syriaca L., Bunias orientalis L., Erechtites hieracifolia (L.) Raf., which were recorded in between 1% and 15% of plots, and Ailanthus altissima (Mill.) Swingle, Clematis vitalba L., Celtis occidentalis L., Ambrosia artemisiifolia L., Reynoutria sachalinensis (F. Schmidt) Nakai, which were noted in less than 1% of plots. Most of the invaders came from North America (ca. 55%) followed by Asia and south and east Europe (ca. 32% combined). In this group, we have seven trees: A. negundo, R. pseudoacacia, Q. rubra, F. pensylvanica, and C. occidentalis from North America, J. regia, and A. altissima from Asia, and one north-American shrub, P. serotina.




2.2. Invasive Species Distribution Patterns


2.2.1. Species—Soil-Type Relations


Searching for invasive flora distribution patterns, first, we checked the relationship between the presence of species and the urban soil type. Results of direct ordination (RDA), forward selection, and Monte Carlo significance test demonstrated that areas of rusty soils (Rs) and urbisols (Us) accounted for the largest amount of variance in invasive plant species distribution pattern, i.e., together ca. 12% (Table 1). Among recorded species, the presence of Q. rubra, P. serotina, and, partly, R. pseudoaccacia was related to Rs, whereas C. sativa, L. barbarum, H. tuberosus, P. inserta, and J. regia were related to Us (Figure 1a). Podzols (Po), industrisols (Is), alluvial soils (As), and hortisols (Ho) were also statistically significant in the species–soil-type relation model (Table 1). R. confertus, E. lobata, B. frondosa, X. albiuum, E. multicaulis, Elodea canadensis, and E. nuttallii were present in plots with the domination of As. The occurrences of G. parviflora and partly S.gigantea were related to the presence of Ho. The remainder of the soil types were also significant in the model but explained less than 1% of the species variance.




2.2.2. Species—Habitat-Type Relations


In the pattern of invasive plant species distribution determined by habitat types, the most important were river (Sw) and forest areas (Fo), which explained respectively 11 and ca. 7% of the species distribution variance (Table 1). R. confertus, E. lobata, B. frondosa, X. albinum, E. multicaulis, Elodea canadensis, and E. nuttallii, described previously as being related to alluvial soils (As), were at the same time related to the river (Sw), which was, of course, to be expected (Figure 1b). The presence of I. parviflora and Q. rubra was connected with forest areas (Fo), whereas P. serotina was additionally associated with open sandy areas (SaGr). A relatively large group of species (i.e., G. parviflora, C. sativa, L. barbarum, H. tuberosus, P. inserta, and J. regia) was significantly correlated with allotment gardens, shrubs and grasslands (Ag), multifamily housing areas (Mh), and ruderal areas (Ra) (Table 1, Figure 1b).



The division of variance in species distribution into two groups of factors (i.e., soil type and habitat type) revealed that all these factors explained ca. 27.1% of the total variation, but soil-type factors explained ca. 4.5% and habitat type 5.4%, while they shared relatively large responsibility for the variation in species data, amounting to ca. 17.3% (Figure 2).




2.2.3. Invasive Species Richness


The results of invasive species distribution within the monitored plot demonstrated their richness in selected regions of the city (Figure 3a). Analysis of the distribution of these areas showed that they are related to the river cutting through the city and to the main roads and railway lines. We noted a maximum of 20 species out of 31 in some plots. Northern border areas of the town (covered by pine forest monoculture) were relatively poor in invasive species, reaching from two up to seven different plant invaders. The largest richness of invasive species covered about 14 km2 (10% of the total area), whereas the largest area of ca. 37 km2 was inhabited by two IAS (27.4% of the total area). The most common were Erigeron canadensis and A. negundo, as already mentioned. Species number increases on urbisols (Us), industriosols (Is), hortisols (Ho), and alluvial soils (As) (Figure 3b), in areas of allotment gardens, shrubs, and grasslands (Ag), and in the river valley (Sw) (Figure 3c).






3. Discussion


We recorded 66 alien invasive plant species in the city of Toruń which is 4.5% of the total number of Toruń’s flora, estimated at 1466 taxa. Compared to currently available data from other European cities, this is quite a small number. A comparable number was observed in, for example, the similarly sized city of Hradec Králové (the Czech Republic)—42 invasive neophytes [18]. However, in the much larger city of Bratislava (the capital of Slovakia), in ruderal areas alone, 26 invasive taxa were recorded [28]. Data collected by La Sorte et al. [29] (Appendix S1) has shown that in other European capital cities even more invasive species have been found, e.g., Vienna (Austria)—141 (10.0% of city flora), Prague (Czech Republic)—138 (13.54%), Berlin (Germany)—121 (12.78%), Dublin (Ireland)—107 (19.7%), Rome (Italy)—213 (16.92%), Warsaw (Poland)—95 (17.96%). All these capitals, except Dublin, are cities at least twice the size of Toruń. Although this relationship has not been investigated, it seems that the city area size does not have a decisive influence on the number of invasive plant species present there. For example, 55 more invasive species were found in Wrocław (Poland), as compared to Warsaw, which is a little over twice the size [29].



Research by La Sorte et al. [29] showed also that the flora of European cities has a greater percentage of archaeophytes and invasive species compared to cities outside Europe—mainly in North America. Additionally, the studies of Lososová et al. [30] show that the urban flora of Central Europe consists of ca. 54% native species, and similar numbers of archaeophytes and neophytes, i.e., 24% and 22%, respectively. Therefore the number of new and old arrivals there is almost comparable.



According to results presented here, the most common in the city of Toruń was Erigeron canadensis and A. negundo, which are present in almost all plots. Already published research shows that the invasiveness of specific species can vary dependent on latitude, and invasive plants do best in conditions similar to those prevailing where they come from. For example, Erigeron canadensis is clearly influenced by temperature [31]. This species is common throughout Poland. Research in the Warta River valley showed that Erigeron canadensis has increased its range since the 1980s, spreading through the river valley, as well as within ruderal areas [32]. In general, Erigeron canadensis is one of the most successful invaders outside North America [33,34]. The second most common species, A. negundo, is also common not only in Toruń but in almost the whole of Poland and other European countries [35,36]. This species was introduced for ornamental purposes. Within cities, it occupies mainly ruderal sites. It is also common in riparian ecosystems, where it poses a great threat. It spreads similarly to Erigeron canadensis—along river valleys [32,37,38]. Both species were not related to any soil type or habitat type, as they were present in almost all plots.



Other common recorded species were R. pseudoacacia and G. parviflora—noted in over 80% of plots. R. pseudoacacia is a species that has been studied for years for its invasiveness, both in Poland and Europe as well as globally [37,39,40,41,42,43]. People intentionally introduced this plant to new areas for various reasons, e.g., as an ornamental plant, to prevent soil erosion, or as a source of nectar. Currently, this persistent species is a great threat to the plant richness and stability of the species composition of forests, in dry and semi-arid grasslands and alluvial areas. It also appears in cities and post-industrial areas. G. parviflora is common in almost the whole of Poland and in many regions across the world [44]. The species spreads mainly in anthropogenic habitats and is considered a common weed in gardens and fields. Due to the loss in crops it can cause, it is analyzed in economic terms, but also as a threat to local biodiversity [37,45]. This problem related to the spreading of G. parviflora has affected many countries, and not only in Europe. The appearance of G. parviflora is often associated with changes in the agriculture of a given area [46,47]. Research is being carried out to find crop species capable of suppressing the invasion of this and other weeds in agroecosystems, e.g., sweet potato [48].



Our results have confirmed our hypothesis, that there is a relationship between species distribution pattern and environmental factors because ca. 27% of the variance in IAS distribution models has been explained by statistically significant soil and habitat types. It is worth emphasizing that over half of this variance was related to both of these groups of factors simultaneously. The most important for species distribution were river (Sw) and alluvial soils (As), forests (Fo) and related rusty soils (Rs), and places of intensive human activities including areas of urbisols (Us), industriosols (Is), and hortisols (Ho) such as allotment gardens, shrubs, and grasslands (Ag), multifamily housing areas (Mh) and ruderal areas (Ra).



The group of species related to alluvial soils (As) in the river valley (Sw) has already been reported as spreading along rivers. R. confertus was noted in Poland at the end of the 19th century in the Bug valley [49] and was described as being able to spread along river valleys [50,51]. E. lobata was introduced in Poland for ornamental purposes and was often cultivated in allotments, from where it spread to natural habitats mainly within willow and poplar riparian forests on river and lake banks [32,37]. This species has also spread widely along rivers and streams in Bashkortostan Republic (Russia), where its presence causes even osier-beds to dry out [52]. The spread of B. frondosa along rivers is confirmed by other studies: in Poland along the Odra river from Germany, then along the Bug and Vistula river valleys [37]; in Russia, e.g., on the banks of the Rybinsk Reservoir located on the Upper Volga river [53]; in disturbed riverside habitats in the upper stream of the Iset’ river [54]; and in the Bashkortostan Republic [52]. Similarly, the spread of X. albinum is mainly related to human-disturbed habitats: along two large rivers (the Vistula and the Bug) in Poland [37]; along the Elbe river in Germany [55]; and in the flood plains of rivers, in moist riverbed habitats and coastal sands in Russia (Bashkortostan Republic) [52]. Moreover, Poland’s largest river and valley, the Vistula, is also described as the main corridor for the spread of E. multicaulis in Poland [37,56]. Interestingly, the species is known as a weed in rice fields, where it poses an economic problem: the plants can survive even when their roots are completely flooded [57,58,59].



We found also that some species occur mainly in forests (Fo) on rusty soils (Rs). Q. rubra and P. serotina were intentionally introduced in forests of European countries and beyond, e.g., in Italy in temperate deciduous woodland patches of the Po plain, in the Lombardy region, or Ukraine, France, Germany, and the British Isles [60,61]. The soils occupied by these species are therefore mainly conditioned by places of their introduction. This explains the presence of P. serotina on sandy soil because the species was introduced into pine monocultures [37] that grow over such habitats. These species pose a threat to biodiversity, protected areas, landscape, and economy [37,62,63]. I. parviflora, which we found to also be related to city forests, spread in a slightly different way in Europe. One hypothesis states that it spread as an escapee from botanical gardens to ruderal habitats from where it entered forests (mainly deciduous). Alternatively, it could have made its way to Europe by accident due to sea travelers [37]. The success of I. parviflora is related to, among other things, its great ability to survive in various types of forests [64]. I. parviflora, Q. rubra and P. serotina are among the most invasive and most common IAS in Polish national parks [65].



The group of species related to allotment gardens, shrubs and grasslands (Ag), multifamily housing areas (Mh), and ruderal areas (Ra), i.e., G. parviflora, C. sativa, L. barbarum, H. tuberosus, P. inserta, and J. regia, demonstrates the places where IAS have the potential to spread inside and outside the city landscape. People who behave irresponsibly in their home gardens and allotments may even unintentionally increase the range and accelerate the invasion of invasive species. This is the case when, for example, they remove their bio-waste and leave it in nearby forests [66]. In this way, species can get into favorable habitats and quickly spread outside cities, e.g., in forests surrounding cities. Even arboretums and botanical gardens can pose a threat that alien plant species will spread from their areas [67], the more so in the case of city parks.



Such common species as R. pseudoacacia, and partly S. gigantea have almost no preferences in their distribution pattern, because of their large tolerance to environmental conditions. However, within city borders S. gigantea was related to gardening areas of hortisols, as it is still cultivated for ornamental purposes (e.g., [37]).



Finally, we also confirmed our second hypothesis—that richness of different IAS may be related to soil and habitat type. We can interpret that the most important for species number was the presence of vacant environmental niches (disturbed areas along river banks [Sw, As], housing areas [Mh], and ruderal places [Ra]), sources of diaspores (allotments and home gardens [Ag]), and transport routes (river valley [Sw] and roads), along which we found higher numbers of invasive species. There are favorable conditions for growth in these places, but also the possibility of transport across city borders, e.g., along roads or rivers e.g., [68,69]. Such dependence of IAS number on landscape structure has been reported by, among others, Manier et al. [70] and Štajerova et al. [18]. Moreover, Štajerova et al. [18] noticed that the number of invasive species decreased with an increasing proportion of urban greenery, which was also presented by our results.



According to Wagner et al. [71], many of the species that occur in Toruń are among the most common alien plant species in European woodlands, i.e., I. parviflora, P. serotina, R. pseudoacacia, Q. rubra, I. glandulifera, S. gigantea, B. frondosa, A. negundo, and Erigeron canadensis. This implies that if invasive species are not monitored sufficiently, their presence may have different consequences for both species diversity in cities and the surrounding landscape.



All plant species analyzed in this paper belong to the invasive group. Each of them has the appropriate mechanisms to succeed in new territories. Due to research in other areas, many lists of invasive species have been created for individual smaller and larger regions. Popular on a global scale is ‘100 of the world’s worst invasive alien species: a selection from the global invasive species database’ [72]. None of the IAS species recorded in the investigated city is on this list. However, this does not mean that the species found here include none that pose a threat to the biological diversity of cities and their adjacent areas. That is why our results provide details that can inform local efforts for management and control of invasive species, and they provide evidence of the different associations between natural patterns and human land use.




4. Materials and Methods


4.1. The Research Area


The research was carried out within administrative borders of the city of Toruń (Central Poland, 52°58′–53°04′ N and 18°32′–18°43′ E). The city is located on the left and right bank of the Vistula river. The city covers 115 km2. The distance between the extreme points to the east and west is ca. 19 km, and 12 km north and south. The city has 191,227 inhabitants. The climate of Toruń is characterized by low mean values of precipitation, amounting to 522.5 mm. The average annual temperature in the years 1951–2000 ranged from 6.0 °C (1956) to 9.9 °C (2000). The warmest month is July (mean temperature of 18.1 °C), and the coldest, January (−2.2 °C). The vegetation period lasts for 218 days [73,74].




4.2. Data Collection


Data about IAS were collected from 1973 through 2015 within general inventory research of flora in the city of Toruń. Available data on species distribution (presence/absence) were placed in a grid of squared plots based on the ATPOL (Atlas of Poland) system [75], which is a common floristic research method in Poland [76], currently based on World Geodetic System WGS 84. Based on this system we divided the research area into 515 squares of 0.5 × 0.5 km (Figure 4). In each square, we recorded plant species recognized as alien invasive for Poland according to Tokarska-Guzik et al. [1]. The species names were unified according to World Flora Online [77]. For statistical analysis, we included only species with complete current distribution in ATPOL plots.



Environmental data regarding habitat type were based on a generalization of satellite data [78] and synthesis of soils in each of the plots (Figures S1 and S2). The vector map of soils [79] was generalized into a raster of 0.5 × 0.5 km grid of species data plots. In the same way, a vector map of habitat type was generalized into a raster. For the generalization, we used the ArcGIS software, version 9.3, and the methods described by Adamska and Juśkiewicz [78]. In that way, we obtained eleven types of dominant soil types in 515 plots (Figure S1): Rs—rusty soils, Us—urbisols, Is—industriosols, Po—podzols, As—alluvial soils, Rp—replantosols, Ho—hortisols, Ms—mucky soils, Ns—necrosols, Gp—gleyic podzols, Gd—garbage dump (nomenclature followed Hulisz et al. [80]) and ten local habitat types (Figures S2 and S3): Fo—forests, Ag—allotment gardens, shrubs and grasslands, Ra—ruderal areas, SaGr—sands and gravels, Af—arable fields, Ow—open water, Mh—multifamily housing areas, Ia—industrial areas, Ih—individual housing areas, and Tb—tenement buildings.




4.3. Data Analyses


Based on invasive species data in each square, the map of the concentration of invasive species in the city was generated in ArcGIS software, version 9.3. Distribution patterns of invasive species in the gradient of soil types and land-cover classes were analyzed using the direct ordination method and CANOCO 5.0 software [81]. We applied two runs of redundancy analysis (RDA) together with a forward selection procedure and Monte Carlo permutation test to assess the relative importance of each environmental variable and its statistical significance [81,82]. In the first run, species data were used as dependent variables and soil data as an independent. In the second RDA run, the dependent variables remained the same, but habitat types were applied as the independent variables. In both runs, the loess model was applied with span = 1 and robust fitting algorithm to obtain the model of IAS number in the gradient of independent variables. To assess the relative importance of soil types compared to habitat types we applied a species variance partitioning procedure into these two groups [83].





5. Conclusions


Our findings proved that variance in the IAS distribution pattern can be explained by statistically significant soil and habitat types. The most important for species distribution were: river and alluvial soils, forests and related rusty soils, and places of intensive human activities, including areas of urbisols and industriosols. More detailed not only qualitative but also quantitative research on IAS distribution and environmental factors could help in the future in better understanding urban invasions in a diverse city environment. However, our results now provide details that can inform local efforts for management and control of invasive species, and they provide evidence of the different associations between natural patterns and human land use.
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Figure 1. Results of redundancy analysis (RDA) with forward selection and Monte Carlo permutation test: (a) relation between invasive plant species distribution and urban soil types, species over 3% fit are presented in ordination space of axis I and II; (b) relation between invasive plant species distribution and habitat types, species over 3% fit are presented in ordination space of axis I and II. * significant variables (p < 0.05). Abbreviations of urban soil types and habitat types as in Table 1. Abbreviations of plant names consist of the first three letters of the genus name and the first three letters of the species name, e.g., Que.rub—Quercus rubra L., Pru.ser—Prunus serotina Ehrh., full list in Table S1. 






Figure 1. Results of redundancy analysis (RDA) with forward selection and Monte Carlo permutation test: (a) relation between invasive plant species distribution and urban soil types, species over 3% fit are presented in ordination space of axis I and II; (b) relation between invasive plant species distribution and habitat types, species over 3% fit are presented in ordination space of axis I and II. * significant variables (p < 0.05). Abbreviations of urban soil types and habitat types as in Table 1. Abbreviations of plant names consist of the first three letters of the genus name and the first three letters of the species name, e.g., Que.rub—Quercus rubra L., Pru.ser—Prunus serotina Ehrh., full list in Table S1.



[image: Plants 10 00773 g001]







[image: Plants 10 00773 g002 550] 





Figure 2. Partitioning of the variance in invasive species data into the contributions of two subsets of environmental variables, which denote soil types (ST) and habitat types (HT) and shared portion by these two groups. 
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Figure 3. Species richness models: (a) spatial IAS number in permanent plots, only species noted within city borders are included; (b) loess model of species number (isolines) in the gradient of soil types based on redundancy analysis (RDA); (c) loess model of species number (isolines) in the gradient of soil types based on redundancy analysis (RDA). Abbreviations of urban soil types and habitat types as in Table 1. 
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Figure 4. Location and area of data collection in the city of Toruń in a grid of ATPOL squares (0.5 × 0.5 km). 
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Table 1. Results of forward selection and Monte Carlo permutation test demonstrating relative importance and statistical significance of soil types and habitat types in IAS distribution pattern.
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Soil-Type Effects

	
Habitat-Type Effects




	
Variable

	
V %

	
F

	
p

	
Variable

	
V %

	
F

	
p






	
Rs

	
6.6

	
36.4

	
0.002

	
Sw

	
11.0

	
63.5

	
0.002




	
Us

	
5.4

	
31.2

	
0.002

	
Fo

	
6.8

	
42.3

	
0.002




	
Is

	
2.8

	
16.7

	
0.002

	
Af

	
1.7

	
11.1

	
0.002




	
Po

	
2.4

	
14.9

	
0.002

	
Ag

	
1.2

	
7.9

	
0.002




	
As

	
1.3

	
7.9

	
0.002

	
SaGr

	
0.9

	
5.8

	
0.002




	
Rp

	
1.6

	
10.3

	
0.002

	
Mh

	
0.6

	
4.1

	
0.002




	
Ho

	
1.9

	
12.5

	
0.002

	
Ra

	
0.4

	
2.3

	
0.02




	
Ms

	
0.8

	
5.4

	
0.002

	
Tb

	
0.3

	
1.9

	
0.084




	
Ns

	
0.5

	
3.6

	
0.002

	
Ia

	
0.2

	
1.2

	
0.254




	
Gp

	
0.5

	
3.2

	
0.008

	
Ih

	
0.2

	
1.2

	
0.334




	
Gd

	
0.5

	
3.3

	
0.004

	

	

	

	








Soil types: Rs—rusty soils, Us—urbisols, Is—industriosols, Po—podzols, As—alluvial soils, Rp—replantosols, Ho—hortisols, Ms—mucky soils, Ns—necrosols, Gp—gleyic podzols, Gd—garbage dump. Habitat types: Fo—forests, Ag—allotment gardens, shrubs and grasslands, Ra—ruderal areas, SaGr—sands and gravels, Af—arable fields, Sw—surface water, Mh—multifamily housing areas, Ia—industrial areas, Ih—individual housing areas, and Tb—tenement buildings. Other abbreviations: V%—percentage of IAS variance explained in the model, F—Fisher parameter, p—significance level.
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