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GENERAL INTRODUCTION

1 General Introduction

1.1 Background

Biological invasions are, in principle, a naturbbpomenon which has been recurring since
the beginning of life on this planet. However, hunaa&tivities, such as international trade and
tourism, have increased the exchange of earthts bietween regions and continents by
several orders of magnitude during recent centydeSastri 1989; Williamson 1996)

making contemporary invasions a prevalently hunmeaused issue (Sala et al. 2000; Hulme
2003). Observed and presumed implications for bEdity are the primary reason for
concern about biological invasions which are, todagarded as the second largest threat to
biodiversity worldwide (Vitousek et al. 1997, Keaared Crawley 2002). Therefore,

biological invasions have received increasing &itbenn recent decades from land managers
and scientists and have become one of today’setsgmarch topics in ecology and biology. But
despite considerable research efforts which hasessed an enormous amount of scientific
literature, our knowledge and understanding ofdgmlal invasions and their potential
impacts are still limited (Scherer-Lorenzen e28100).

Concerning the invasion of vascular plant spec¢iesy chronology comprises
differentphases andstages. In general, the invasion itself can be separatied(i)
introduction phase, (ii) establishment phase (bfsestaining populations), and (iii) spread
phase. At least in theory, an invasion will ultiedgtresult in some kind of (iv) equilibrium
distribution of an invader within its new range,iglhmay or may not entail (v) implications
for native species, ecosystems, and biodiversittherwhole (Williamson 1996; Puth and
Post 2005). Despite this rather simple basic sireceach phase of a plant invasion involves
a number of (sub{rocesses. For example, the spread phase involves an wergtiocess
consisting ofecruitment, growth, seed production, anddispersal to new sites. Complex
interactions of these processes with the new enrient create invasiquatterns. While it is
often difficult to study the processes (e.g. disprdirectly in the field (Pauchard and Shea
2006), especially on large spatial scales, we eadily analyse the resulting patterns found
by field surveys, remote sensing, or other surveshwds.

The components of plant invasions (processes,rpajtencompass virtually all spatial
scales, from local to global. For a particular comgnt, one or even all spatial scales can be
relevant. Regarding invasiqmocesses, introductions of non-indigenous species occur on
supra-regional to global scales, while recruitrreend growth occur locally, and dispersal
occurs on local (patch expansion) to regional sc@knge expansion). Equilibrium
distributions will mostly be found on regional seslwhile implications may arise on local to
regional scales.

Likewise, resulting invasiopatterns can be observed on a variety of spatial scales.
Common methods of recording abundances and digtitsuof invasive and native species
comprise vegetation samples (plot scale), fiel@maries (landscape scale), grid mappings
and mappings based on administrative boundarigs(ral scale).

It follows from the varying scale dependency anelcdprity of the invasion
components that different spatial scales will eittdifferent patterns and processes and might
lead to supplementary or even contrasting conahgsabout drivers and implications of plant
invasions. For example, distribution patterns meghdngly depend on scale resolution
(Hulme 2003). A county-wise map of an invasive ppecies might suggest that the species
is evenly distributed over a wide geographic rangeereas a higher-resolution grid map
might exhibit a patchy distribution with only fewuvasion foci. Moreover, sampling plots
might show variable patterns of local abundancekiwthese foci. Therefore, it is mandatory
to adopt multi-scale approaches in order to undedsplant invasions and to assess possible
impacts (Pauchard and Shea 2006).
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Furthermore, the relative importance of particpliancesses and spatial scales may vary with
species attributes, such as taxonomic affiliatioplant functional type, or it may even be
entirely species-specific. Hence, it is necessagonsider particular species separately, if one
wishes to assess the relative importance of diftgueocesses and scales for an invasion.
Only few species-specific studies tackling multiptales have been conducted hitherto.
Therefore, endeavours to species-specific mulliesgpproaches appear to be promising and
fruitful.

As prediction of invasion success is still in igaincy, plant invasions are usually
studiedpost hac, i.e. after introduction, establishment, and astigrable spread of a non-
indigenous species have already taken place (Miifeet al. 2005). Likewise, this thesis
deals with an on-going invasion of a plant spegikgh has attained prominence due to a
mass increase in recent decades. Hence, the gatistis of this thesis are confined to the
spread phase, apart from some hypothetical coragides of potential impacts at a future
equilibrium. In order to detect as many relevamicesses and patterns as possible, this thesis
comprises studies on the local, landscape, andmabscale.
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1.2 Objectives

The general aim of this study was to identify assless the relative importance of
environmental factors facilitating or constrainiiig invasion of the Caucasian megaforb
Heracleum mantegazzianum Somm. et Lev. into Central European cultural |lzages. A
further aim was to assess current and potentiatdumpacts oH. mantegazzianum on native
plant species and communities.

Important filters determining colonisation or ini@s of sites by plant species are
local environmental conditions and biotic interans (Lortie et al. 2004). Thus, this study is
at first based on the identification of preferrégd sonditions and communities of
H. mantegazzianum in its invaded range in Central Europe.

Beyond habitat matching, plant invasions are mediaty dispersal processes which
may depend on seed sources and transport vectarstilidy species]. mantegazzianum, is
known to have been dispersed over long distancémiimans and rivers whereas its basic
dispersal modes, barochory and short-distance dispgkrsal (anemochory), are strongly
limited in spatial extent (usually few meters; Mayr2005). Hence, it may be hypothesized
that the invasion successtdf mantegazzianum depends on the specific structure and
configuration of the invaded cultural landscapeerEfiore, | studied the relative importance
of local habitat quality and landscape structuréhenpresence and abundance of
H. mantegazzianum.

Finally, the severity of potential impacts of arglanvader will largely depend on
invasion extent and habitat saturation. Therefoassessed regional extent and severity of
H. mantegazzianum invasion at the national scale and investigatdutdétaspecific saturation
patterns at the landscape scale in order to assgent impacts and future impact potential.

After a short introduction to the study speciesaflr 2), study areas (chapter 3) and
an overview of data collection and statistical gsa$ (chapter 4) the chapters 5-7 comprise
detailed studies, the objectives of which are prieskin the following:

Analysis of habitats and communities (chapter 5)

Questions What are the characteristics of preferred sitds. onantegazzianum in its invaded
range in Germany? Which plant communities have lmerded? How are local abundances
of H. mantegazzianum related to site conditions and community type? Hio&s

H. mantegazzianum affect invaded communities? Under which circumstsns

H. mantegazzianum a problem for nature conservation?

In chapter 5, 202 sites invaded Hymantegazzianum were analysed with respect to
floristic composition, community type, soil nutriestatus, water balance, light supply, land
use, disturbance, and habitat history. Plant conmmegrwere classified according to the
Central European syntaxonomical system and prefeite conditions were identified.
Furthermore, cover-abundanced-bfmantegazzianum were analysed with respect to major
vegetation gradients and community type. Finahg, potential oH. mantegazzianum to
threaten aims of nature conservation was evalusedd on the assessment of preferred site
conditions, local cover-abundance patterns, angr@abonservation value of invaded
communities.

Cultural landscapes are patch-corridor-matrix mosacs (chapter 6)
Questions Which local and landscape factors influence thigitat occupancy and patch
saturation oH. mantegazzianum?

The study presented in chapter 6 sought to ideltdgl and landscape factors that
affect presence-absence (occupancy) and coverntagee(patch saturation) of
H. mantegazzianum in suitable habitat patches. For this purposegritaries of
H. mantegazzianum were conducted in 1 km? study areas Hnthantegazzianum stands were

3
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mapped with a Global Positioning System (GPS).ablat habitat patches were mapped from
aerial photographs of study areas. Furthermoreyiaty of parameters of habitat
configuration (e.g. patch shape and area, halotatectivity, distance from transport
corridors) were calculated with a Geographical infation System (GIS). Additionally, local
factors were derived from aerial photographs (\etg@t structure, land use) and official
geodata (soil productivity). The significance arthtive importance of these factors for
presence and cover percentageélofmantegazzianum was analysed using (logistic) regression
models.

Invasion patterns on the regional and landscape skea(chapter 7)
Questions What is the intensity of the invasion ldf mantegazzianumin Germany on a
district base? How high is the saturation of su@ddabitats with stands of this species in most
heavily invaded landscapes of Germany? How severewarent impacts of
H. mantegazzianum on native plant populations? Does or Wllmantegazzianum threaten
regional populations of native plant species oirtb@mmunities?

Firstly, chapter 7 comprises a Germany-wide assessai the extent and intensity of
H. mantegazzianum invasion based on a questionnaire survey addréssbd nature
conservation authorities of districts. The questaire enquired frequencies and extent of
H. mantegazzianum stands in different habitat types. These data wseel to calculate index
values of invasion intensity in districts. Secondhe saturation of different habitat types with
H. mantegazzianum was calculated based on field inventories andtaabiaps from aerial
photographs. These data were used to assess durpat intensity oH. mantegazzianum
on the landscape scale. Finally, | ventured a teet@rognosis regarding the future impact
potential of this species.

The results of the above-described chapters arensuwized and discussed in a general
discussion (chapter 8).
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2 Study species

The study specidderacleum mantegazzianum (Figure 1) is a tall herb of the Apiaceae family
native to the Western Greater Caucasus where utr®@c meadows, clearings and at forest
margins at altitudes between 800 and 2200 m @& dssheim 1948; Mandenova 1950; Otte
et al. 2007).

The species has a ruderal-competitive strategyaandnocarpic-plurennial life cycle
(Ochsmann 1996). Depending on stand density anarldace regime, individuals flower
after three (undisturbed open stands) to five yédease or grazed stands; Huls 2005; Pergl et
al. 2006). The maximum observed time until flowgnmas twelve years (Pergl et al. 2005).
Undisturbed plant individuals produce around 20 000
seeds (mericarps) with an average weight of 1F 418y
(HUls 2005; Moravcova et al. 2005; Perglova et al.
2006) which build up short-term persistent seeckban
(Krinke et al. 2005). Around 1% of seeds can remain
viable and dormant in the soil for at least threarg
(Moravcova et al. 2006). Seeds are dispersed bgrwat
(long-distance dispersal) and wind (short-distance
dispersal) and, furthermore, dispersal by soil nmte
garden refuse, and vehicles has been reporteddCleg
and Grace 1974; Tiley et al. 1996; Otte and Franke
1998). Wind dispersal distances do mostly not exeee
few meters and 60% to 90% of seeds are shed within
m from the parent plant (Mayrink 2005).

Heracleum mantegazzianum was introduced to
European Botanic Gardens in thé"t®ntury and,
subsequently, distributed widely as an ornamerigaitp
in gardens and parks (Wyse Jackson 1989; PySeRk.1991
Since the 19 century, the species has repeatedly escaped fittivation and become
naturalised in Germany (Ochsmann 1996). Next teeg®ing popularity as an ornamental
plant,H. mantegazzianum was also widely used as a bee plant in tHecmtury (Zander
1930; Adolphi 1995). In the second half of thd'2@ntury, the species became invasive and
showed a mass increase in several European cau(erge PySek 1991; Ochsmann 1996;
Tiley et al. 1996) and also in some parts of Néuherica (Morton 1978; Dawe and White
1979). The current distribution éf. mantegazzianum in Europe and Germany is depicted in
Figures 2 and 3, respectively.

Heracleum mantegazzianum has serious health implications for humans dyghido-
photodermatitis caused by furocoumarins (syn. focanmarins) contained in the sap of the
plant (Drever and Hunter 1970; Lagey et al. 19@5pérsen-Schip et al. 1996). Further, it
conflicts with recreational and economic interestg, by obstruction of trails and riverbanks
(Tiley and Philp 1994), and may lead to seriousieroof riverbanks (Caffrey 1994).
Moreover, it can reduce local biodiversity (alplnedsity) by outcompeting native plant
species (Lundstrom 1984; PySek and PySek 1995; hester and Bullock 2000; Thiele and
Otte 2006). Thereforé]. mantegazzianumis commonly regarded as a problem plant that
provokes costly and tedious control actions.

‘ oAy NG 7 s e 4t
Figure 1. Flowering individual of
Heracleum mantegazzianum Somm. et
Lev.
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Yy LAY
Figure 2. Current distribution oHeracleum mantegazzianum Somm. et Lev. in Europe. From Nielsen et al.
(2005). Copyright Olaf Booy, Department of Envirogmial Sciences, University of Hertfordshire, Hadfje

Hertfordshire.
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Figure 3. Current distribution oHeracleum mantegazzianum Somm. et Lev. in Germany. From the German
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in central parts of Germany (Hesse) are largehbatible to missing data for this region.
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3 Study areas

For field investigations, study areas were defiasdandscape quadrats of 1 km2 which had to
meet the criterion of containing at least threepsgive stands (>25 m?) Blfieracleum
mantegazzianum. This criterion was set in order to (i) avoid magdly infested landscapes
containing only isolated and maybe ‘accidentalhdtg (ii) to add objectivity to the sampling
procedure (all encountered areas meeting the egeints were surveyed), and (iii) enable
efficient data recording.

The selection of study areas was based on a Germiaieyquestionnaire survey
addressed to the nature conservation authoritidsstifcts. According to survey statements
about the frequency and areal extentiomantegazzianum stands, index values of invasion
intensity were calculated and districts were rarkecbrdingly. The 35 most heavily invaded
districts were chosen as potential study regiowistheir nature conservation authorities were
requested to send copies of topographic maps 0QaL:25 000) depicting known
H. mantegazzianum stands. Maps were received from 33 districts atiwR2 seemed to have
suitable study areas. Altogether, 30 potentialysareas were scrutinized on field excursions
and, finally, 20 proved to meet the requirementsdd above. These study areas, which
were distributed over 14 districts in seven Germsiates (North Rhine-Westphalia,
Rhineland-Palatinate, Hesse, Bavaria, Lower Saxbhyringia, Saarland), were surveyed in
the summer seasons of 2002 or 2003. Approximatgitots of study areas are depicted in
Figure 4. Exact coordinates and altitudes are ptedan the respective tables in chapters 5,
6, and 7. The table of study areas in chapters®, @ntains some basic climate parameters.

100 0 100 200 Kilometers
e ™ oy =

Figure 4. Approximate locations of study areas (circlesigrmany.
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4 Data collection and statistical analyses

4.1 Overview

In this chapter, methods of data collection antstieal analyses applied in this thesis are
summarized. At first, a Germany-wide questionnauesey which has already been
mentioned in the previous chapter was conducter. Survey helped to identify suitable
study areas and, moreover, delivered data forghessment of the Germany-wide invasion
pattern ofHeracleum mantegazzianum. Apart from this survey, data collection was coafi

to the study areas described in chapter 3, and gsealfield studies and inventories, remote
sensing (aerial photographs), and utilisation efgxisting geodata sets. Statistical analyses
were conducted on different objects representiffgrént scales. These objects were (i)
sampling plots (25 m?), (ii) habitat patches, anythe entire study areas. For sampling plots
and habitat patches a variety of exploratory methaddlata analysis, such as ordination
techniques and regression analyses, were usedlimprary and final analyses. For the entire
study areas, area balances, simple statisticgyrapthical methods were used to describe the
landscape invasion patterntdf mantegazzianum.

4.2 Data collection

4.2.1 Sampling of vegetation and site conditions

In each extensive stand ldf mantegazzianum, one 25 m2 plot was established for the
sampling of vegetation and site conditions (n =)208cations of plots were chosen to be
representative of the stand as a whole and thsitipo was recorded with GPS. If densities
of H. mantegazzianum varied strongly within one stand two plots wereabbshed to account
for high and low density areas.

Vegetation was sampled according to the methodafi®Blanquet (1964) using the
modified cover-abundance scale (Wilmanns 1989)vadicular plant species were recorded.
Nomenclature followed Wisskirchen and Haeupler 8)98dditionally, height and cover
percentage of vegetation layers (tree, shrub,,fralass layer), litter, and bare soil were
measured or estimated, respectively. The fieldrldgéa were recorded separately for
H. mantegazzianum and the remaining resident species. Environméatabrs estimated or
identified for each plot in the field included ligavailability (ordinal scale), land use
(agriculture, maintenance, fallow) and disturbaneeg. waste disposal, removal of shrubs).

In autumn, soil samples were taken from each pidtamalysed for nutrient contents.
Plant available phosphorus and potassium wererdeted using the CAL-method (Schdller
1969) while magnesium was extracted with Gaglution (Schachtschabel 1954). Total
nitrogen and carbon content was measured using-Ar@ziN/ser. In 2002, some additional
soil parameters were recorded (n = 118). Drill sakup to 1 m depth were taken to assess
soil morphology, bulk density, and soil charactenéath the a-horizon. Further, pH-values of
topsoils were measured in® with a laboratory pH meter.

4.2.2 Inventories of Heracleum mantegazzianum stands

Within each study area, all standg-bfmantegazzianum were mapped with a differential
GPS system as either polygons (extensive standsn®Rpoints (small stands), or lines
(narrow stands; Figure 5). Extensive stands weparaéed into operH. mantegazzianum

cover <50%) and dominant stands (>50%). For eastdsabundances bf. mantegazzianum
and the percentage class of reproductive indivglaalong all individuals were estimated not
taking into account seedlings and juveniles witlygmimary leaves. For extensive stands,
cover percentages bf. mantegazzianum were estimated additionally. Supplementary
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attribute data recorded witth. mantegazzianum stands included habitat type, land use, and
incidences of disturbances within the stands.

4.2.3 Mapping of habitat patches from aerial photographs

Complete inventories of suitable habitat patchesifanantegazzianum in the study areas
were conducted based on aerial photographs in&aiShis purpose, multitemporal series of
aerial photographs comprising present time (ap@680), 1970s, and 1950s were acquired
for each study area. While present time aerial @iraiphs were used to map current suitable
habitat patches fdf. mantegazzianum, historical photographs served to assess halgéat a
and history. Patches of suitable habitats weretifiesh ‘by eye’ and mapped in GIS.
Altogether, 15 different suitable habitat typedHoimantegazzianum could be discerned

(Table 2 in chapter 6), apart from managed gradslarhich present marginal habitats.
Different types of habitats were mapped as sepa@ygons in GIS. If current habitat
patches were not homogenous with respect to lamdrar habitat type in the 1970s, the
patches were subdivided and treated as separateepai his was repeated for the 1950s.
Hence, this procedure resulted in habitat patcheshmvere homogenous at all three time
point (i.e. least common geometries, LCG). Seveuwaient habitat patches of different habitat
types or histories could lie adjacent and form raggted habitat patches’ (Figure 6). The
basic unit for later statistical analyses of halp&tches presented in chapter 6 was, however,
the homogenous LCG habitat patch.

4.2.4 Parameters of landscape structure and habitat configuration

In order to account for landscape structure andigaration of habitat patches, maps of
special landscape elements that might be impoftait. mantegazzianum were created. On
the one hand, these were potential transport oratmog corridors foH. mantegazzianum
which included flowing waters (rivers, brooks, tliés) and traffic routes (roads, railways).
On the other hand, these were housing areas, Isgssaneas, and garden plots which might
have served as anthropogenic seed sources. Basked maps, nearest-neighbor distances
from all categories of these landscape elements wadculated for each habitat patch.
Furthermore, connectivity indices of aggregatedthapatches were calculated. For this
purpose, the area-informed proximity index of Ma@ar and Marks (1995) was chosen.
Furthermore, shape indices and areas were calddlatall habitat patches (LCG). Finally,
digital contour lines of study areas were usedelmdate topographic units (Valley, Slope,
Hilltop, Plateau) which were assigned to the halpgaches as attribute data.

Figure 5. GPS map oHeracleum mantegazzianum
Somm. et Lev. stands from an exemplary study
area. Stands were separated into extensive open
(light polygons), extensive dominant (dark
polygons), point-like (circles), and linear (lines)
ones.

10
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Figure 6. Map of suitable habitat patches for
Heracleum mantegazzianum Somm. et Lev.

Different habitat types and patches with different
histories were mapped as separate polygons from
digital aerial photographs in GIS.

4.3 Statistical analyses

4.3.1 Analyses of sampling plots

In chapter 5, classical plant sociological meth@dg. Braun-Blanquet 1964, Dierschke 1994)
were used to classify vegetation relevés accortirige system of plant communities of
Central Europe (e.g. Oberdorfer 1993, Pott 199b¢ dim of this study was not to diagnose
new plant communities but to assign vegetationvésavithH. mantegazzianum to plant
communities known from the literature. Lists of iwer or differential species serving to
discern plant communities were compiled from vasiceievant sources (Ellenberg et al.
1992, Oberdorfer 1993, Dengler 1997, Dierschke 1898rschke 2004). Furthermore, the
following explorative methods were used for thelgsia of sampling plot data (chapter 5):

— Correspondence Analysis (CA) was used to explojemgaadients in the floristic
composition of vegetation samples;

— Detrended Correspondence Analysis (DCA) was usetketmsure the gradient length
of the vegetation data set;

— General Additive Models (GAM) were used to calcelegsponse curves of species
abundances along the main vegetation gradient;

— Pearson and Spearman correlation coefficients usad to search for relationships
between environmental factors, vegetation structamdH. mantegazzianum
parameters;

— Descriptive statistics (medians, percentiles @tcenvironmental data were used to
characterize preferred site conditiondHoimantegazzianum.

4.3.2 Regression models of habitat patches

For the analyses of habitat patches mapped froral adrotographs (chapter 6), two
dependent variables were set up: (i) habitat oqoeypa.e. presence or absence of

H. mantegazzianum and (ii) patch saturation which was calculatedager sum of

H. mantegazzianum within a patch divided by patch area. In ordetest for effects of a
variety of patch-based environmental variables {sd#e 3 in chapter 6) on the two
dependent variables the following statistical mdthwere used:

— Correlation coefficients (Pearson, Spearman), sr{lphistic) regression models, and
Kruskal-Wallis ANOVA were used for pre-analysesrsbang for significant simple
relationships between predictors and dependerdahlas;

— Best-subset model building with Akaike’s InformatiGriterion (AIC) was used to
identify a best subset of predictors for each ddpehvariable;
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— Collinearity among best-subset predictors was defstiewith multiple (logistic)
regression models fitted on each predictor withiethaining predictors;

— To test for significant effects of the respectiestisubset predictors on habitat
occupancy a multiple Logistic Regression Model (LRNas calculated;

— Similarly, a multiple General Regression Model (GRMas fitted to patch saturation;

— Auto-correlation of regression residuals was teftethy Mantel-tests with residual
and spatial distance matrices of habitat patches.

4.3.3 Calculation of invasion rate and habitat saturation for study areas

Invasion rate and habitat saturation were calcdlaieeach habitat type with

H. mantegazzianum in order to identify current invasion patterns asdess impacts on the
landscape scale, i.e. within study areas (chaptdtor this purpose, area sums of habitat
types over all study areas were calculated in GlkRwise, cover and area sums of

H. mantegazzianum stands were calculated for each habitat type. ;Tihennvasion
percentage was calculated as area sum (outlinebl) mantegazzianum stands divided by the
area sum of the respective habitat type. Analogptisibitat saturation was calculated as the
cover sum oH. mantegazzianum stands divided by habitat area.

434 Software

The following computer programs were used for stial data analyses in this thesis:
» STATISTICA 6.0 (StatSoft Inc. 2001);
e SAS for Windows 9.1 (© 2002-2003 by SAS Institute.| Cary, NC, USA);
« CANOCO (ter Braak and Smilauer 1998);
* PC-Ord 4.14 (McCune and Mefford 1999);
* XLSTAT (© 1995-2006 Addinsoft);
e PopTools 2.6 (Hood 2005);
* ArcView GIS 3.2 (© Environmental Systems Researdtitute, Inc.);
* ACCESS 2002 (© Microsoft Corporation 1992-2001).

More detailed information on the applied methoddata analysis will be found in the
materials and methods sections of the chaptersadb?.
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5 Analysis of habitats and communities invaded byderacleum
mantegazzianum Somm. et Lev. (Giant Hogweed) in Germany

Jan Thiele and Annette Otte
Phytocoenologia 36 (2): 281-320

5.1 Abstract

The aim of the present study was to analyeeacleum mantegazzianum's habitat preference
and to identify recipient communities in its invdd@ange in Central Europe with regard to the
species’ effects on resident vegetation and patieimiplications for nature conservation.
Field investigations were carried out in 20 stutBaa (each 1 x 1 km?) in Germany. In all
encountered stands Hf mantegazzianum the vegetation composition and various site
parameters were sampled. Additionally, time sesfeserial photographs of study areas were
analysed to reconstruct the history of invadedssHeracleum mantegazzianum occurs in a
variety of different habitat types, such as grasitaroadsides, riverbanks, woodland margins
etc. Stand densities of the species vary widelynfsgcattered individuals to dominant stands.
Primary constraining factors fét. mantegazzianum densities are land use, shading and low-
productive site conditions. Site conditions of preéd habitats are more or less uniform, and
are characterised by high productivity in combimativith lack of land use and recent or
historic disturbances or habitat chandéa.acleum mantegazzianum is a successful invader
and a potentially dominant species only if thes#i@aar habitat requirements are met.
However, even then most stands of the speciescaominant. The majority of invaded
sites have been subject to human caused habitagebavithin the last 50 years which have
enabled or facilitated invasion. The most imporfanatcess here is land-use decline,
especially abandonment of grasslands. The pregaikgetation types with

H. mantegazzianum are ruderal Arrhenatherion grasslands and Galividétea tall-forb
stands which represent stages of secondary susned$sbm grasslands to woodlands after
abandonment of land use. Successional age seesteg/ta role with respect to stand densities
of H. mantegazzianum as maximum densities occur prevalently at siteislhviepresent young
successional stages. The results of the presatyt stiggest that high densities of

H. mantegazzianum can decrease native diversity of invaded starggeaally in abandoned
grasslands. However, a loss in diversity is a Bipétfect of the processes that facilitate the
invasion ofH. mantegazzianum, i.e. abandonment of grassland management andceseve
disturbances or even habitat destruction (e.gtawneining), and can be brought about by
native species, such bistica dioica, as well. From this point of vieW. mantegazzianum can
be seen rather as a symptom of diversity losstiracause of it. Further, the results suggest
thatH. mantegazzianum does not seriously threaten to conflict with natconservation as
preferred habitats and plant communities are vemnyroon today and habitats which are of
special conservation interest present no favouredmelitions for this species.

Keywords: invasive alien species, tall forbs, successiotioQdrticetea, Arrhenatheretalia,
land-use change, disturbance, dominance.
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5.2 Introduction

5.2.1 Moativations and objectives

The study speciesjeracleum mantegazzianum Somm. et Lev.(Giant Hogweed) is a
monocarpic, plurennial mega forb of the Apiaceamiliga(Ochsmann 1996) native to the
Northwestern Great Caucasus where it occurs in avegdlearings and at forest margins at
altitudes between 800 and 2200 m a.s.l. (Mandeh®%8). It was introduced to Europe as an
ornamental plant in the T&entury and after repeated escapes from cultivatimassive
spread was observed in several European coungiigsGreat Britain, Czech Republic,
Germany) during the second half of thd"2@ntury (cf. PySek 1991; PySek 1994; Ochsmann
1996; Tiley et al. 1996; Wade et al. 1997).

Heracleum mantegazzianum is reported to reduce native biodiversity of inedd
vegetation (Lundstrom 1984; PySek and PySek 1998)eover, a survey addressed to the
nature conservation authorities of German distiit@001 brought up reports of the species
to occur in nature reserves and sometimes everoteqted habitat types (Thiele and Otte,
submitted). Yet hitherto invasion of habitats atehpcommunities of special conservation
interest has never been scientifically confirmeldoiesearch on the species’ habitat
preferences and its effect on local native biodilkghas to date been restricted to rather few
localities or single regions.

Therefore, the objectives of the present study were

(1) To analyse the species’ habitat preference ovesailply wide geographical range in

Germany,

(2) to identify invaded plant communities,
(3) to assess effects on recipient communities andllyin
(4) to evaluate risks imposed by the species on naturservation.

5.2.2 Overview of previous knowledge

On national level, information on the distributiohvascular plant species is provided by the
floristic mapping project of Germany (‘FloristiscKartierung’) based on the grid of the
topographic map of Germany 1:25 000 (cell sizeléax 11 km?2). In 2002,
H. mantegazzianum was reported for 57% of grid cells (consideringetords observed or
confirmed after 1980). But this is probably an uedémate as data from two German states
(Schleswig-Holstein, Hesse) were virtually missihbe present distribution of
H. mantegazzianum is biased towards western and north-western Geraad the
southernmost parts of eastern Germany (Saxonyiidiay where the species is present in
the vast majority of cells, whereas the remainiaggof eastern Germany exhibit only sparse
records and southern Germany shows intermediajadrey (German national floristic
database, ‘Datenbank Gefal3pflanzen’; www.floraweh.d

The extent oH. mantegazzianum stands in invaded landscapes was studied by PySek
and PySek (1995) in the Czech Republic, as wdllyaSchepker (1998), and by Thiele and
Otte (submitted) in Germany. Some basic informationnvaded habitats has been provided
recently by listings (e.g. Wade et al. 1997) ormgitative accounts of broad habitat categories
(Pysek 1994; Pysek and Pysek 1995; Ochsmann 1GB@&jacterisations of site conditions
based on Ellenberg indicator values of Central pean plant species (Ellenberg et al. 1992)
were given by PySek and PySek (1995) from westetmeBia (50 sites) and Ochsmann
(1996) from the Gottingen area in Germany (57 sitegecific measurements of site
parameters have to date been limited to small ntsvddeplots. Data on soil nutrients, pH
values, and soil organic matter were presentedéalahd (1986) and Tiley et al. (1996) from
a total of 20 sites in Scotland and by Otte anahkeg1998) from two sites in Germany.
Clegg and Grace (1974) reported data on pH valoeé®eganic matter in the soil from the
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region of Edinburgh (18 sites). Finally, a preliin overview of the invasion and ecology of
H. mantegazzianum can be found in Kowarik (2003, pp. 207).

Previous descriptions of plant communities withmantegazzianum have been based
on comparatively small numbers of relevés andictstt to single localities or regions. The
first published vegetation relevéstéf mantegazzianum stands were reported from the Czech
part of the Ore Mountains by Weber (1976). Diersc{il©®84) described a similar stand from
the eastern part of Lower Saxony (Germany) whichlassified as Heracleum
mantegazzianum — Galio-Urticenea-community, i.@rkless community of the
(sub)class of nitrophilous herb communities of lfires moist habitats (Galio-Urticenea
(Passarge 1967) Th. Mdller in Oberd. 1983, syn.iGd&lrticetea Passarge ex Kopecky
1969). On the basis of 18 relevés from Schleswitstdm (northern Germany) and Saarland
(south-western Germany) Klauck (1988) introducedwa association, Urtico-
Heracleetum mantegazzianii, which he categoriseutine alliance Aegopodion Tx.
1967. The notion of a separate associatiof.aohantegazzianum was accepted by Kolbeck et
al. (1994) who reported 40 relevés from Central@oia pointing out that this community
occurs in a variety of mesophilous to hygrophilbabitats, such as forest fringes, field edges,
ditches, moist grassy slopes and ruderalised afbay.also reported three relevés from
forest vegetation which corresponded to human-émibed forms of Stellario-Alnetum
Lohm. 1957 forests (sub-alliance of Alder-Ash-Ftseélnenion glutinoso-incanae
Oberd. 1953, within the alliance Alno-Ulmion Br.:Bit Tx. 1943). Next to predominant
occurrences dfl. mantegazzianum in Galio-Urticetea and Aegopodion communities,
Ochsmann (1996) also found the species in grasslamdnunities and, though only
vegetatively, in beech forests of the Goéttingeradt®wer Saxony, Germany). In accordance
with Schwabe and Kratochwil (1991) he advocated¢fection of a separate association of
H. mantegazzianum (Urtico-Heracleetum Klauck 1988). This view wapparted by Otte
and Franke (1998) who conducted eight relevés ssel€Germany) in derelict sites
(grasslands and gardens) and in riverbank siteshathey subsumed to the orders
Glechometalia Tx. in Tx. et Brun-Hool 1975 and Cstlggietalia (Convolvuletalia)

Tx. 1950, respectively, and by Sauerwein (2004) mesented a study of
H. mantegazzianum communities in northern Hesse.

5.3 Study areas

For field investigations, study areas were defiagdandscape sections of 1 by 1 km2 which
had to meet the criterion of containing at leastéhstands dfi. mantegazzianum. This
criterion was set in order to (i) avoid marginalfested landscapes containing only isolated
and ‘accidental’ stands, (ii) to objectify the sdimg procedure (all encountered areas
meeting the requirements were surveyed), andefi@ble efficient data ascertainment.

In 2001, a survey oH. mantegazzianum was conducted by addressing questionnaires
to the nature conservation authorities of all d &erman districts (‘Landkreise’) including
cities independent from a district administratitkngisfreie Stadte’). The received data were
used to create a ranking of districts by invasmaensity (Thiele and Otte, submitted) in order
to identify districts most likely to contain suitalstudy areas.

The 35 most heavily invaded districts, accordintheestimates based on the survey,
were chosen as potential study regions and thair@aonservation authorities were asked to
send copies of topographic maps (1:10.000-1:25.668picting knowrH. mantegazzianum
stands. Maps were received by 33 districts andxam@ation 22 seemed to have suitable
investigation areas. Altogether, 30 potential stadgas were scrutinized on field excursions
and, finally, 20 study areas proved to meet theirements defined above. These study areas,
distributed over 14 districts in seven German stdiorth Rhine-Westphalia, Rhineland-
Palatinate, Hesse, Bavaria, Lower Saxony, Thuriag@Saarland), were surveyed in the
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summer seasons of 2002 or 2003. Grid coordina@slitudes of study areas are given in

Table 1.

Table 1. State, district, grid coordinates and altitudestafly areas. Coordinates represent the south-meste
corner of each study area (1x1 km?) according ¢oGBrman geodetic system (‘Gaul3-Kruger’). If thiualinal
range of plots in a study area was less than 28varage values are supplied, otherwise the loweshahest

value of investigated plots.

No. State District (‘Landkreis") Grid east  Grid north  Altitude
(ma.s.l)

1 Rhineland-Palatinate Altenkirchen 3410.500 5623.0 160

2 Rhineland-Palatinate Ahrweiler 2588.300 5594.500135- 175

3 North Rhine-Westphalia Ennepe-Ruhr-Kreis 2593.80%696.400 85

4 North Rhine-Westphalia Euskirchen 2545.800 553%.0 470 - 490

5 North Rhine-Westphalia Euskirchen 2535.500 5539.0 590

6 Bavaria Freising 4465.500 5362.500 480 - 500

7 Bavaria Garmisch-Partenkirchen 4430.200 5270.000 865

8 Bavaria Garmisch-Partenkirchen 4443.500 5253.500 930

9 Lower Saxony Gottingen 3552.500 5710.500 235

10 North Rhine-Westphalia Hagen 3396.700 5687.000 45 -1195

11 North Rhine-Westphalia Hagen 2600.100 5695500 0 9

12 North Rhine-Westphalia Hagen 3397.000 5689.800 60 -290

13 Hesse Kassel 3529.200 5684.000 270 - 305

14 Hesse Lahn-Dill-Kreis 3467.000 5595.500 260

15 North Rhine-Westphalia Olpe 3421.500 5664.500 5 -2B75

16 Thuringia Wartburgkreis 3569.500 5620.500 3350

17 Hesse Waldeck-Frankenberg 3488.300 5668.500 260

18 Hesse Waldeck-Frankenberg 3477.800 5655.500 - 325

19 Hesse Waldeck-Frankenberg 3487.500 5661.200 - 360

20 Saarland St. Wendel 2589.000 5482.100 360 - 395

5.4 Materials and Methods

5.4.1 Establishment of plots

In all extensive stands except for some standshidlwthe vegetation cover had been
completely destroyed recently, e.g. by ploughingotovating, plots of 25 m2 were

established in order to investigate site conditiammg record plant communities. Locations of
plots were chosen to be representative of the staradwhole and their position was mapped

with GPS. If two patches of conspicuously differdansities oH. mantegazzianum were
located inside one homogenous habitat, both patebes sampled separately. Altogether,
202 plots were studied in 2002 or 2003.

5.4.2 Reconstruction of site history

Time series of aerial photographs (1950s, 197Qs0xp 2000) were acquired for study areas
and overlain with the coordinates of plots in AreWiGIS 3.2 (© Environmental Systems
Research Institute, Inc.). Aerial photographs weterpreted by eye and plots were assigned
to a particular habitat type for every point of three series. On the whole, 11 different land-
cover types, e.g. ‘arable land’, ‘grassland’, ‘dfiircould be discerned. The different
combinations of land-cover types along the timésewrere classified ‘by hand’ into groups
of similar site histories.
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5.4.3 Sampling of site conditions

Soil samples were collected in October of the rethpe year using a soil corer of 3 cm
diameter. In each plot, five cores of 25 cm depéhestaken at random locations after
removing litter and dead plant material from thi sarface. Samples were air-dried, sieved
(<2 mm) and extracted with both calcium-acetat¢akacfor the determination of plant-
available phosphorus and potassium (Schiiller 126@),CaCl solution for the determination
of magnesium (Schachtschabel 1954). Total nitr@gehtotal carbon content were analysed
with a CN-Analyser.

In 2002, also the pH values of topsoil samples wasasured in pO with a
laboratory pH meter (WTW ‘325-A / Set 1 Electroden$ix 97T’) and additional drillings
were conducted up to 1 m depth, if possible, toattarise soil morphology, especially with
regard to water supply (n = 118). The drill coreevinvestigated for signs of soil wetness
and, where applicable, soil wetness or impededdga was classified on an ordinal scale
according to AG Boden (1982). Bulk density wasreated (low, medium, high) and soil
material was taken from the drill core beneathat®rizon to determine the soil character.
Values of available field capacity were derivedtireoil character and bulk density with
corrections for lateral inflow or outflow of watdepending on topology (AG Boden 1982).

Light availability was estimated using an ordinzdle, which comprised five levels
(dark shade, shade, semi-shade, light, full lighend use of the study sites as identified in
the field was assigned to three categories, ‘n@ineluding fallow and derelict land),
‘maintenance’ (e.qg. irregularly mown fringes ordogerges), and ‘grassland’ (regularly used
meadows and pastures). Where applicable, distuelsawicsites were recorded, which in the
context of this study include all externally causbdnges to the structure of the vegetation
apart from land-use practices, e.g. depositionasdtes material or removal of shrubs and trees.

5.4.4 Sampling of vegetation

Vegetation sampling was done following the methbBraun-Blanquet (1964) using the
modified cover-abundance scale as proposed by Wii§1989). Height and cover of the
different vegetation layers and cover percentafjéiter and bare soil surface were estimated
for each plot as parameters of vegetation structaraddition to tree, shrub, herb and moss
layers, the vegetation structure parameters wegraraeely estimated fdfl. mantegazzianum.

All vascular plant species within a plot were refggt. Nomenclature follows Wisskirchen
and Haeupler (1998).

The assignment of species as character or difietesptecies was adopted from
Ellenberg et al. (1992), Oberdorfer (1993), Den@&97), Dierschke (1997), and Dierschke
(2004). Nomenclature of plant communities below(theb-) class level follows Oberdorfer
(1993) if not otherwise indicated.

5.4.5 Parametersderived from the floristic composition of vegetation samples

Unweighted averages of the indicator values fdrt|ighoisture, soil reaction and nutrients
given by Ellenberg et al. (1992) and calibrated--Strategy types by Grime et al. (1988)
were calculated for each sample to supplementahefsecorded site parameters. To avoid
bias due to the selection of plots under the premi$l. mantegazzianum occurrence, this
species was omitted in the calculations. The caiilin of unbalanced C-S-R radii for species
was performed in the manner demonstrated by Ejamg8ruun (2000) and Ecke and Rydin
(2000). Only species categorised by Grime et &38) were included in this analysis. These
comprised about 70% of the entire species podi®fiata set and 98% of species with
relative frequencies greater than10%. Furtherntbee¢cover sum of nanophanerophytes and
woody chamaephytes pooled together was calculatedinming up mean values of cover-
abundance classes of the modified Braun-Blanqude sc
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54.6 Dataanalysis

Major gradients in the vegetation data set werdoeg@d by correspondence analysis (CA, Hill
1973), a method of indirect gradient analysis (Lapd Smilauer 2003), using the program
package CANOCO for Windows 4.5 (© Biometris). Foadjent analysis the cover-
abundance of species was transformed to the nunadties 1 to 9 representing the levels of
the modified cover-abundance scale. A detrendegspondence analysis with detrending by
segments revealed a gradient length on the firsta2.8 and thus indicated predominant
linear response of species along the first ordamagixis. Therefore, CA was setup with biplot
scaling (ter Braak and Smilauer 1998). Furthermseeling was chosen to focus on inter-
sample distances and downweighting of rare spewssselected. In addition, response
curves of selected species along the first ordinadixis were produced using Generalized
Additive Models (GAM) in CANOCO.

Calculations of descriptive statistics and corretatoefficients were performed with
Statistica 6.0 package (© StatSoft, Inc.). Mediamd percentiles were calculated instead of
means and standard deviations as distributionsibhstrient concentrations and average
indicator values for soil reaction deviated consatééy from normal distribution.

Classification of medians was done according tdertrclasses of P, K and Mg for arable
fields (Landesanstalt fur Landwirtschaftliche Cher2002) or rather according to AG Boden
(1994) for organic carbon, pH and available fiedgh&city.

Sorting of vegetation samples and assignment twkrayntaxa was done ‘by hand’

on the basis of characteristic and differentiacsge

5.5 Results
5.5.1 Habitat preference

5.5.1.1Land use and disturbance

Heracleum mantegazzianum prevalently occurred at sites without a reguladlase regime,
like abandoned grasslands or other derelict lafélo(@f plots). 17% of sites were subject to
rather irregular management (e. g. maintenanceacut)1 2% were regularly mown or grazed.
Notably, when regular management was apgHenhantegazzianum was constrained to low
densities, while lack of land use or irregular ni@mance allowed for high densities of the
species.

Recent mechanical disturbances of the vegetatioa feeind in 27% of plots
altogether (Figure 1A) and were predominantly huweused. The encountered kinds of
disturbances generally cause open patches in tietateon. 34% of plots were situated inside
the inundation area of rivers and, thus, were slbpeepisodic or periodic disturbance due to
flooding (Figure 1B) which sometimes overlappedwanhthropogenic disturbances. All
disturbances combined accounted for 57% of plots.

5.5.1.2Site history

During the period covered by the time series ofghphotographs (1950s to approx. 2000),
the majority of sites witlid. mantegazzianum showed changes which are attributable to land
use decline (53.5%, Table 2). The most prominentgss was abandonment of managed
grasslands leading to herbaceous successionasstéqgeh accounted for 27.7% of all sites.
Prevalently, the abandonment occurred between3s@sland the 1970s (33 sites) and,
secondarily, between the 1970s and today (23 siteanother 14.9% of sites cessation of
grassland management before the 1970s or, excafyiopetween the 1970s and today led to
development into woodlands or forests. Furthermowayersion of margins of managed
grasslands and, subordinately, arable fields irgosgd but probably occasionally maintained
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herbaceous fringes occurred alongside boundary,llike e.g. paths, tracks, ditches, and
small rivers (7.9%) and, rather rarely, recent diomment of arable fields was observed (3%).

Tree/ Shrub
A 10%

Exposed soil
7%

Deposition
5%
Mining
5%

No disturbance
73%

Flooded
34%

Unflooded
66%

Figure 1. Relative frequencies of disturbances in investidaalots. (A) Mechanical disturbances
(predominantly human caused) and (B) disturbanestddlooding. Short cuts for disturbance categorfd)
Tree/ Shrub = Removal of single trees or shrulikéropen landscape or along fringes, Exposed soil =
mechanical disturbances of the sward leading tohesatof exposed soil, Deposition = deposition ghaic
material, e.g. garden waste, Mining = recently alomed open cast mining (former sand pit or rockigiaNo
disturbance = no obvious signs of disturbance faante field; (B) Flooded = site located inside thundation
area of a river and, thus, subject to periodicpisaic flooding, Unflooded = site located outsidendation
areas.

Sites subject to continuous agricultural land uger the whole period were found with a
frequency of 17.9%. Predominantly, these sites wersistently managed grasslands and,
secondarily, former arable land which was convetbethtanaged grasslands prior to approx.
2000. However, 25% of these sites showed signedirdng use or abandonment during the
time span between the most recent aerial photodiegmdrox. 2000) and the field survey
(2002, 2003). Other constant habitats were maiethgrassland-like fringes which persisted
since the 1950s at 4.5% of sites.

19



ANALYSIS OF HABITATS AND COMMUNITIES

Table 2. Frequencies (absolute and relative) of categofisgte history for investigated plots. Individisie
histories were grouped on two levels: (i) broadugsoof site history representing similar procegge&n in
bold) and (ii) subdivisions of the former comprigivery similar or identical site histories.

Frequency
Site history category abs. rel. [%)]
Abandonment of agricultural land use 108 53.5
Abandonment of grasslands 56 27.7
Natural or human assisted afforestation of forgrasslands 30 149
Conversion of grassland margins to (irregularlyntzned) fringes 16 7.9
Abandonment of arable land use 6 3.0
Persistent agricultural land use 36 17.9
Persistently managed grasslands 26 12.9
Rotation of land use (arable grassland) 10 5.0
Persistent maintenance 9 4.5
(Irregularly) maintained margins and fringes 9 45
Removal of forest, woodland, scrubland 19 9.4
Recent deforestation (natural (windfall) or angfwgenic) 14 6.9
Recent clearing of scrubland 5 25
Mining / habitat destruction 17 8.4
Succession after abandonment of sand pits or roakigs 14 6.9
Succession after habitat destruction 3 15
Persistent disuse 22 6.5
Disused terrestrial herbaceous sites 6 3.0
Disused riverbanks 5 2.5
Forest (margins) 2 1.0

Processes putting afforested sites and scrublacidtbderbaceous stages were found at 9.4%
of sites. These included felling of forest treessapply line routes, windbreak (during a 1990
hurricane), removal of extensive scrub by land nrely, and removal of single bushes or
trees along field margins and railway embankments.

Habitat destruction by opencast mining (rock quasand pit) or other (unknown)
means inducing subsequent secondary successidr@®soil occurred at 8.4% of sites.
Termination of mining had, throughout, taken platter the 1970s, while other kinds of
habitat destruction were found before the 1970sydxen the 1970s and today, or in both time
spans.

Constant habitats which were never subject to amy & land management within the
surveyed time period were observed at 6.5% of sitése form of forests, quasi-natural
herbaceous riverbanks or disused terrestrial hedhecvegetation.

To summarize, by far the majority of sites had ugdee considerable habitat
alterations due to change or abandonment of laedarsevere disturbances (71.3%).
Constantly managed or maintained sites (22.4%)@mthe other hand, long-term disused
sites (6.5%) accounted for much lesser proportions.

5.5.1.3Soil texture and water balance

Concerning soil texture, loamy soils prevailed (§3fdllowed by silty or loamy sands (19%),
silty or loamy clay (14%) and loamy silt (4%). Psand was found only once at a riverbank
site and pure clay soils did not occur. Estimatesvailable field capacity showed a median
of 168 mm and the 10-90 percentile range was 122@mm which can be classified (from
an agricultural perspective) as medium capacityséirmoisture (Table 3). Some sites
showed signs of impeded drainage which was clasls#s ‘very modest’ or ‘modest’ in 19%
and ‘medium’ in 2.5% of sites. Periods of wetneslsmbt extend into the summer. On the
whole, soils offered favourable conditions, weraggally well aerated, at least during the
growing season, and provided for a good water suppl
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Table 3.Chemical characteristics and available field cédpaxf the effective root zone (AFC) of soils saml
from investigated plots (median, minimum, 10 andh8€centile, maximum and evaluation of the mediahsre
applicable). Nutrient content classes B, C andfBrr® suboptimal, optimal, and more than optimgdy of
the respective nutrients in arable fields.

Parameter n median min. 10 perc. 90 perc. max. uatiah of median
P caL [mg/ 100g] 202 1.7 0.0 0.2 8.1 31.4 content class B

K caL [mg/ 100g] 202 8.3 0.8 4.2 21.6 77.8 content class C

N, [% SDM] 202 0.3 0.0 0.2 0.4 1.0 n/a

Mg caciz [mg/ 100g] 202 14.3 3.0 7.0 27.0  50.1 content class (C-)D
Corg [% SDM] 192 2.8 0.4 1.6 5.2 9.0 medium humic

CIN ratio 192 9.8 6.4 8.2 16.3  28.3 narrow

PH 10 118 5.6 4.0 4.9 6.4 7.3 medium acidic
AFCioot zone[mm] 118 168 30 140 220 275 medium

5.5.1.4 Chemical soil conditions

Median values of phosphorus, potassium and magnegdiable 3) could be classified as fair
or rich, according to the classification of nuttieontents of arable soils (classes B, C, (C-)D,
respectively). Also total nitrogen content suggegfeod supply of this resource.
Notwithstanding wide-ranging variance and occaditova values, measured soil nutrient
concentrations indicated a generally high tropéi@l of investigated plots.

Total carbon content was exceedingly high in 10@amaltogether, which was due to
a noticeable lime content in 9 samples and higherdrof organic carbon in one sample from
an anthropogenically disturbed soil. These samptee left out when calculating statistics
for carbon given in Table 3. In the remaining 18fples total carbon content was equivalent
to organic carbon (humus). The median value wag 2vBich indicates medium humic soils.

C/N ratios were markedly narrow with a median & &d values only exceptionally
exceeding 20. These values make a reference tadastnt cycling and underpin a good
nutrient balance of sites.

PH values varied widely and the limiting valuegte# 10-90 percentile range (4.9 -
6.4) corresponded to strongly acidic and moderateigic soil reaction while the median of
5.6 could be classified as medium acidic. This shthat the species is quasi indifferent to
soil reaction and can colonise, with respect tovpldies, all soils except for extremely
calcareous or acidic ones.

5.5.1.5Light supply

Heracleum mantegazzianum was prevalently found at open sites whose lighpsuwas
classified as ‘full light’ (46%) or ‘light’ (32%) Wile ‘semi-shade’ (15%) and, in particular,
‘shade’ (7%) made up only minor proportions. Thadrae value was in the class ‘light’.
Results show a clear preference of the speciesiths with high light supply although growth
of the plant is still fair in semi-shaded situasoio occurrences, however, were found in
dark shade of a closed tree canopy.

5.5.1.6Ellenberg indicator values

Ellenberg indicator values are presented here €Tapbto supplement the results of site
parameters measured or estimated in the field. Mghanhsupply numbers underpinned the
preference for open sites with a tolerance for matgeshading. Also moisture values which
indicated water supply in the range of fresh toshoonditions were in good agreement with
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the field records. Average nutrient values suggkestederate to pronounced nutrient richness
which again fitted the field data well.

The median of average soil reaction numbers waws/Biéh corresponded to near
neutral pH values and, for comparison, plants agssigo the value 7 are not able to colonise
strongly acidic soils. Only very few outliers wenea range that is indicative of soil reaction
intermediate between moderately acidic and aciol@itions. Thus, Ellenberg values for soil
reaction seemed to indicate slightly higher pH galthan actually measured in the soil
samples. Altogether, Ellenberg values correspomddto measured and estimated
parameters of abiotic site conditions.

Table 4. Unweighted mean Ellenberg indicator values of t&igen relevés from investigated plots (median,
minimum, 10 and 90 percentile, maximum and evabmatif median). Evaluations of medians follow the
definitions of the indicator scales in Ellenber@kt(1992).

Isrlc;lllceator n | median min. 10 perc. 90 perc. max. evaluatiomedian

Light 202 6.6 4.8 5.6 7.0 7.4 semi-light (- semi-shade)
Moisture 202 6.0 4.8 5.2 6.8 7.5 fresh — moist

Reaction 202 6.5 4.1 5.6 7.0 7.7 circum-neutral — lightly acidic
Nutrients 202 6.4 4.0 5.3 7.5 8.3 moderately rich - rich

5.5.2 Plant communitiesinvaded by H. mantegazzianum (Table 5)

5.5.2.10verview

Heracleum mantegazzianum occurred primarily in two main vegetation clasg@$:semi-
natural grasslands (Molinio-Arrhenatheretea) anaitophilous tall-forb communities
(Galio-Urticetea). Some occurrences were also fonradluvial woodlands (Alnenion
glutinoso-incanae, Salicion elaeagni), pioneer $taads, plantations and former
orchards. In such tree-dominated communitilemantegazzianum was, however, restricted to
margins and gaps. Singular occurrenceld.afiantegazzianum could be observed in
herbaceous pioneer vegetation at strongly distusiied such as former quarries and a
brownfield.

5.5.2.2Grasslands (Molinio-Arrhenatheretea)

Within the class Molinio-Arrhenatheretdt mantegazzianum was confined to eutrophic
grassland communities with mesic water balancefreely-draining soils with favourable
water supply, namely the alliances Arrhenatheriod @ynosurion (Table 5, 1.1 and
1.2). Only twiceH. mantegazzianum was found in wet-grassland communities of theade
Calthion.

The stands belonging to the alliances ArrhenatheiEnd Cynosurion share
frequent records for the full range of Molinio-Arehatheretea and Arrhenatheretalia
species. Cynosurion stands additionally show peetel occurrences of species
characteristic of pastures and meadows with higlvimpfrequency, namellolium perenne,
Phleum pratense, Trifolium repens andPlantago major, while the Arrhenatherion stands
are characterised by consistent recordarofienatherum elatius and generally slightly higher
frequencies and abundances of other tall grassels,asAlopecurus pratensis and Trisetum
flavescens.
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Table 5. Constancy table of vegetation types witbracleum mantegazzianum found in study areas. All relevés
that could be assigned to specific syntaxa oraatleompiled to a group of similar vegetation stand
(anthropogenic floodplain forests) were include ithe constancy table (n = 179) while singulagvébk not
assignable to a specific syntaxon were omittedaaadeferred to in the text only (n = 23). The sgiab
representing constancy classes follow common cdiore(cf. e.g. Dierschke 1994, p. 192). If the n@mbf
relevés in a column is less than five, absolutguemcies are presented (columns 2.2, 3.1, 3.Z,afpanion
species that never exceeded frequency classdhijncolumn and had no more than a single occurrenge
column with less than five relevés are left ouffé@ential species of associations and higher synéae marked
with ‘D’ while differential species of sub-commuieis are marked with ‘d’. Differential species oéttlass
Galio-Urticetea differentiate against Artemisietgstr. and vice versa. Differential species lisiader
Calystegion or Alliarion each differentiate agaitist other alliances within Galio-Urticetea (cf.
Dengler 1997).

1 Arrhenatheretalia 2 Gallio-Urticetea 3 Alno-Ulmion
1.1  Cynosurion 2.1  Galio-Urticetea basal communitiy 3.1  Stellario-Alnetum
1.2 Arrhenatherion 2.2 Galio-Alliarion 3.2 Alnetum incanae
1.2.1 Managed Arrhenatherion meadows 2.3 Aegopodion 4 Salicion elaeagni
1.2.2 Managed Arrhenatherion meadows, wet sub-com. 2.3.1 Aegopodion, typical sub-communities 5 Anthropogenic floodplain forests
1.2.3 Ruderal Arrhenatherion grasslands 2.3.2 Aegopodion, Calystegia sub-communities
1.2.4 Ruderal Arrhenatherion grasslands, wet sub-com. 2.4  Calystegion, Aegopodium sub-communities
1 2
1.2 2.3 4 5
11 I 121 | 122 | 123 | 124 21 | 22 231 | 232 24 31 32
Number of relevés 7 24 5 43 10 21 3 10 13 31 3 2 2 5
Average height of layers [m]
Tree Iayer 13 0-20 10 0-10 16 0-30 14 10-18 19 0-20 12 0-18 15 0-20 19 17-20 9 8-10 14 1215 17 12-20
Shrub Iayer 5 05 33 05 2 0-23 28 0-3 08 0-0.8 7 0-7 18 0-2.2 15 0-15 43 2.6-6 25 0-25
Fleld Iayer 02 0.15-0.% 04 0.2-08 05 0.4-0.7 06 0112 06 031 06 0114 04 0305 05 0211 07 0312 08 0317 04 0.35-0.4 08 0.8-0.8 08 04-12 06 0311
Heracleum mantegazzianum 0.4 0750t 0§03 (g0l QO ] gO0BLT[ g 40624 9113 30418 0818 g (04LT| g 08I g g 0813] g 31313] (g O6LL
Average cover of layers [%]
TO'[a| 93 80-98 93 60-100 97 90-100 94 80-100 89 50-98 90 4595 90 90-90 82 15-100 89 70-98 88 4598 87 80-90 75 60-90 75 65-85 86 80-90
Tree layer 4209 3g0%0 | 3305 o6 500® 5y 045 33060 | gn7oss  ogiswo | 4o 065 [ 936080
Shrub layer 50 30% 5% 350 202 80%* 159 5% | 5511 302
Fleld |aye|' 88 80-95 88 60-99 93 85-95 72 20-95 79 30-95 35 1-90 45 20-65 38 5-98 58 20-80 66 20-95 30 25-40 48 15-80 25 25-25 44 25-80
Heracleum mantegazzianum 15%%° 1770 1512 46%%° 35100 | g7°%® 571000 52 5% 47109 3450 | 1350 151020 40 %% | 16 %%
Llﬁer 5 110 19 0-60 15 1-60 19 0-70 11 120 18 5-60 9 2-15 23 5-60 24 1-60 23 5-60 52 35-60 5 55 23 20-25 26 1-60
MoSses l 02 2 0-10 2 05 12 0-45 18 0-75 15 0-70 30 5-50 14 2-60 10 0-60 8 0-60 1 12 3 15 15 5-25 12 5-30
50I| 15 2-60 12 0-50 3 0-10 18 0-60 5 0-20 47 0-90 33 20-50 42 1-85 32 0-70 41 0-95 27 20-30 50 20-80 43 25-60 28 0-80
Average SpeCieS number 32 15-46 22 835 27 21-32 20 6-47 29 17-40 11 4-23 22 2223 11 6-17 19 12-29 15 4-26 14 11-18 23 16-30 19 12-26 17 11-22
Heracleum mantegazzianum v v (Vi v s (VA (VA 328 v s v s (VA 3 b 20 23 v a3
Cynosurion
Phleum pratense v e v P e e 't 4 1a . . +1 . . 1!
Trifolium repens v e e . e +m .
Lolium perenne Vi e . rt . rt
D Plantago major major vt . . rt
Arrhenatherion
Arrhenatherum elatius . vdome vy (I . e nt e . .
Galium mollugo agg. -+t v+t v n 2 n e . . | 't +1 . 17
d  Angelica sylvestris . rt v + vt . o
d  Cirsium palustre . rt v+t r v i . . +°
d  Lotus pedunculatus 1t nm nem
Arrhenatheretalia
Dactylis glomerata Vi v v P v e v e n 1t 1t v e 1t 1’ v
D Anthriscus sylvestris sylvestris m*t vt . nre +f re . +1 nr [ . . . 1
D Veronica chamaedrys s.I. . 0" 12 0" m" . m "
D Heracleum sphondylium 't e . net . r' . +1 +'
Trisetum flavescens flavescens e o +! rt +1
Leucanthemum vulgare 1t prm + nt
Crepis biennis n* 1 rt
Mol.-Arrhenatheretea
Holcus lanatus v e v Vi v 2 Vi | . e + 12 . .
Ranunculus repens Vi v R v ne v et 2! . e + 1 17 17 . 1t
Alopecurus pratensis v e v v 2 me 1=t r? . e me2 e
Festuca rubra agg. 1@ [ A nee v e rm . +1 . .
Rumex acetosa (e e nt net e . . . +' r' . . .
Agrostis stolonifera n e nee 13 e nee r? . +m 't +1 . 220 1t
Lathyrus pratensis m*t et nt e + rt + + + 71
Achillea millefolium agg. mem e 't (e e rt + .
Poa pratensis s.str. m? e . | mt rt +1
Bistorta officinalis vt v e rt 1t +1 . +*
Festuca pratensis me ne e rt |
Cardamine pratensis pratensis N et et Pt 1t +° 7
Vicia cracca 1t + nem | et . +° rt
Plantago lanceolata 't mm +* [ r'
Cerastium holosteoides m*t n-m e .
Ajuga reptans . rt 1 rt m*t rt . rt
Trifolium pratense 't e 1t + 1 . .
Prunella vulgaris mem rt . met r'
Sanguisorba officinalis nt + 1 et . +1
Centaurea jacea m*t + e ' .
Ranunculus acris agg. m* + It rt +1
Bellis perennis m*t rt

Colchicum autumnale . . |
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(Table 5 continued)

Galio-Urticetea
D Poa trivialis
Urtica dioica dioica
D Galium aparine
D Galeopsis tetrahit
Glechoma hederacea
Geum urbanum
Rumex obtusifolius
Chelidonium majus
Artemisieteas. |.
Solidago gigantea
Artemisia vulgaris
Arctium minus
Artemisietea s.str.
Elymus repens
Tanacetum vulgare
D Agrimonia eupatoria
D Cirsium vulgare
D  Convolvulus arvensis
Pastinaca sativa
Linaria vulgaris
Melilotus albus
Melilotus officinalis
Picris hieracioides s.I.
Alliarion
Alliaria petiolata
D Stachys sylvatica
Geranium robertianum
D Moebhringia trinervia
D Poanemoralis
D Brachypodium sylvaticum
D Scrophularia nodosa
D Epilobium montanum
Chaerophyllum temulum
D Lapsana communis
D Lamiastrum galeobdolon
Aegopodion
Aegopodium podagraria
Petasites hybridus
Lamium maculatum
Silene dioica
Lamium album
Cruciata laevipes
Chaerophyllum bulbosum
Chaerophyllum aureum
Calystegion
Impatiens glandulifera
D Symphytum officinale
Calystegia sepium
Carduus crispus
Humulus lupulus
Filipendula ulmaria
Phalaris arundinacea
Cirsium oleraceum
Stachys palustris
Lythrum salicaria
Eupatorium cannabinum
Poa palustris
Cuscuta europaea
Rubus caesius
Myosoton aquaticum
Epilobium hirsutum
D Mentha longifolia
Stellario-Alnetum
D Stellaria nemorum
D Alnus glutinosa
D Salix fragilis
Alnetum incanae
Alnus incana
Alno-Ulmion - Fagetalia
Elymus caninus
Festuca gigantea
Stellaria holostea
Circaea lutetiana
Impatiens noli-tangere
Arum maculatum
Rumex sanguineus
Salicion elaeagni
Salix eleagnos
Anthropogenic floodplain forests
Fraxinus excelsior
Acer pseudoplatanus
Populus nigra
Salix alba
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(Table 5 continued)

Companions
Cirsium arvense v
Taraxacum officinale agg. v
Rubus fruticosus agg. . . . "
Deschampsia cespitosa 1 + 1 n +*
Vicia sepium m* rt 1t "
Hypericum perforatum . e 1t nt n
Agrostis capillaris s &
Rubus idaeus . r |
Epilobium sp. . . +
Stellaria graminea e nem 1 + 12 n*
Bromus hordeaceus agg. - [

A A S A 4
ERNE TS

Myosotis nemorosa n* rt v
Alchemilla sp. n " r . . . .

Senecio fuchsii . . . r I + 1° . +° + "
Holcus mollis r

Vicia hirsuta | . . . . .
Sambucus nigra . . . . . r' 3" . +* + . . 2"
Anthoxanthum odoratum . . . . .
Cardamine flexuosa . . . . . r 1t . e . . 1t 1? 12
Stellaria media agg. nm* . . r . . . . + +

Veronica hederifolia . . . r . . 1" . . |
Chaerophyllum hirsutum hirsutum . . . + 2 . . . . +2 r
Geranium sylvaticum . rt v . +7 . . . . . . .
Valeriana officinalis agg. . . nt + . . . . . . . . . "t
Achillea ptarmica
Caltha palustris . . .
Epilobium angustifolium . . . . nr rt . . .
Epilobium palustre . . n* . + . . . +
Juncus inflexus

Mentha arvensis
Potentilla erecta
Trifolium medium . r . . .
Senecio alpinus . . . . . r'
Tussilago farfara . . . . +
Veronica beccabunga

+a
1]}

NNN L
[

Cynosurion-grasslands colonisedbymantegazzianum were found in horse paddocks and
mown pastures representing the typical sub-commuhithe Cynosuro-Lolietum Br.-Bl.
et De Leeuw 1936. Species typical of poor or diytygoes (e.g. C.-L. luzuletosum, C.-L.
ranunculetosum bulbosi; cf. Dierschke 1997), sidhuaula campestris agg.,Hieracium
pilosella, Viola canina or Ranunculus bulbosus, were completely absent whereas differential
species of moist sub-communities (C.-L. lotetosuhgimosi), such agotus
pedunculatus (syn.Lotus uliginosus), Achillea ptarmica andCarex hirta occurred at least in
some of the relevés in moderate quantity. Notahly/forbs characteristic of the alliance
Filipendulion Eilipendula ulmaria, Lythrum salicaria) and of nitrophilous herb
communities of the class Galio-Urticetddrijca dioica, Aegopodium podagraria), had
fairly high constancies indicating low land-usesimgity.

The observed Arrhenathericommunities comprised (managed) meadows
(Table 5, 1.2.1 and 1.2.2) and ruderal grasslah@s3 and 1.2.4). Meadows with
H. mantegazzianum mostly belonged to the Arrhenatheretum elatioroxhK1926
although some stands were missing the charactesis¢icie#\rrhenatherum elatius and
Galium mollugo agg. Most of the stands were used for haymakinggelier, some meadow-
like stands without agricultural land use wereunleld too. These were road verges and green
areas apparently subject to regular maintenanceimyoamd also former agricultural
meadows, which have been abandoned only recemtiiytprsampling. The meadows and
meadow-like stands could predominantly be allocttetie typical sub-community group of
the Arrhenatheretum elatioris (Table 5, 1.2.1) Wwhgcharacterised by the lack of
differential species (Dierschke 1997). Some relexégained species indicating fairly moist
conditions, such a&ngelica sylvestris, Cirsium palustre andLotus peduncul atus, and
therefore belonged to the sub-community groufiilghe (= Lychnis) flos-cuculi (Table 5,
1.2.2) which is transitional to Molinietalia wetagslands. As with Cynosurion stands,
species indicative of nutrient poor or dry subtyfsg-community group ddriza media, cf.
Dierschke 1997) could not be found.
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The ruderal grasslands (Table 5, 1.2.3 and 1.2dpdsed abandoned or neglected stands of
agricultural origin and rather irregularly managsehrds on road verges, field margins,
embankments and ditches. They could be distingdifioen the meadows by species
characteristic of Artemisietea and, especially, i@dlrticetea communities
supplementing the stock of common grassland pEmdssometimes reaching fairly high
abundances. On the other hand, ruderal grasslaadsyadefinition, distinct from tall-forb
communities in the preponderance of grassland naisa@nd herbs (Fischer 1985). The most
constant and typical ruderal species of the rudgesslands with. mantegazzianum were
Urtica dioica, Galium aparine andGaleopsis tetrahit. Additional ruderal species of fresh to
moist tall-forb communities (Alliarion, AegopodiorGalystegion) as well as other
species with low mowing and grazing compatibilgych ad upinus polyphyllos, Senecio
fuchsii, Epilobium angustifolium, Rubus sp., andRosa sp.) had rather scattered and infrequent
occurrences.

Due to constant occurrencesAst henatherum elatius andGalium mollugo agg. it was
possible to integrate the ruderal grasslands cedohibyH. mantegazzianum into the alliance
Arrhenatherion, yet a more detailed assignmensso@ations or rankless communities
known from literature was not feasible. Vegetatiygres described as, e.g., Artemisia-
Arrhenatherum community (Bornkamm 1974; Diersch@87) or Tanaceto-
Arrhenatheretum (Fischer 1985) typically contaia@ps characteristic of Artemisietea
communities, the most frequent beisgemisia vulgaris and Tanacetum vulgare among
others. As Fischer (1985) points out, the Tanac/tohenatheretum (Artemisia-
Arrhenatherum-community) is transitional betweeni®gnatheretum and Tanaceto-
Artemisietum Sissingh 1950 of the alliance DaucotiMdion, which belongs to the
drought-resistant and thermophilic branch (Onopadadi@) of the Artemisietea s.l. In
contrast, the ruderal grasslands coloniseti ayantegazzianum contained several species of
the Galio-Urticetea but rarely Artemisietea speciasnsequently they are transitional to
Glechometalia or Calystegietalia, which represaiforb communities of permanently
fresh or moist sites.

By analogy with the meadows, the ruderal grasslaotmised by
H. mantegazzianum could be split up into fresh (Table 5, 1.2.3) amoist sub-communities
(1.2.4).

In two relevés from abandoned grassland sitescthatl vaguely be connected with
Calthion wet grassland communitids mantegazzianum co-occurred with wetland species
such afAngelica sylvestris, Cirsium palustre, Lotus pedunculatus, Juncus effusus, Galium
palustre, Juncus inflexus, Slene flos-cuculi andJuncus articulatus. As these relevés did not
exactly match Calthion communities but differed siderably from the Arrhenatheretalia
communities they were grouped as ‘other’ vegetalypes in the gradient analysis (ch. 4.3)
and not included into the frequency table.

5.5.2.3Nitrophilous tall-forb communities (Galio-Urticetga

Relevés of tall-forb communities with. mantegazzianum showed consistent records of
species characteristic or typical of the class @dlirticetea of which the most constant
and abundant wendrtica dioica, Poa trivialis andGalium aparine (Table 5, 2). On the basis
of presence-absence and proportions of diagngsticiess groups the stands could mostly be
assigned to the alliances Aegopodion, Calystegiud) subordinately, Alliarion, but
some stands almost completely lacking charactaiepef syntaxa below the class level had
to be classified as a basal community of the cladsgether, five types of tall-forb
communities wittH. mantegazzianum were distinguished: (1) Galio-Urticetea basal
community, (2) Alliarion, (3) Aegopodion, typicalls-communities, (4) Aegopodion,
Calystegia sub-communities, and (5) Calystegidtegopodium sub-communities.
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Galio-Urticetea basal community was quite ubiqustouits range of habitats and found at
a variety of man-made sites without regular managgnsuch as roadsides, railway
embankments, former horticultural land, abandonedduows, an abandoned sand pit, and
forest clearings. Apart from the typical specie$atlio-Urticetea mentioned in the
previous paragrapiactylis glomerata was the only constant (Table 5, 2.1). Various othe
grassland, tall-forb, and sometimes woodland spesmeoccurred but usually with low
frequency and abundance, and the stands were dgrsprecies poorHeracleum
mantegazzianum was mostly the dominant species (i.e. cover >5@%)etimes with co-
dominantUrtica dioica which occasionally was dominant as well.

Alliarion stands withH. mantegazzianum were rare exceptions (3 releves) and
occurred in more shaded situations along fringes gaps of tree rows. Characteristic
species werdlliaria petiolata andGeranium robertianum, accompanied by some woodland
species such &achys sylvatica, Poa nemoralis andBrachypodium sylvaticum among others
(Table 5, 2.2).

Aegopodion and Calystegion communities made uprtherity (70%) of tall-
forb stands witiH. mantegazzianum found in the present study. The two alliancesoante
closely related not only by sharing a full set lafss character species, but also Calystegion
character species may spread to Aegopodion standsjice versa (Table 5, 2.3 and 2.4)
with an increase of Calystegion species with flogdrequency.

Typical Aegopodion sub-communities are fully tetries and differentiated from
the remaining by the lack of Calystegion specieh(@ 5, 2.3.1). The stands were
characterised by constant co-occurrencddraita dioica andAegopodium podagraria. The
latter is, in fact, rather a characteristic speoiethe class (Dengler 1997) but also commonly
regarded as an Aegopodion character species (Eligri®92; Oberdorfer 1993). Further
character species of the alliance Aegopodion wédelwlacking in the given set of relevés
except for few records dfetasites hybridus andLamium maculatum. Basically, this
community type corresponded to the Urtico-Aegopddie podagraria€R.Tx. 1963)
Oberdorfer 1964 in Gors 1968 in its typical subeagation although floristically noticeably
impoverished in character species of the alliamcktgpical companions. Habitats colonized
by this community type were mostly abandoned gaasikkites and sometimes disturbed
forest margins and small clearings in (floodpldorkests.

Aegopodion sub-communities wialystegia sepium differed floristically from
Calystegion sub-communities wiiegopodium only in the number and cover-abundance
sum of the character and differential species efréspective alliances and orders (Table 5,
2.3.2 and 2.4). The only constant Aegopodion sgegss agaifegopodium podagraria.
Other species characteristic of Aegopodion (ormttter Artemisietalia sensu Dengler
1997) werePetasites hybridus, Lamium maculatum, Slene dioica, Lamium album, Cruciata
laevipes andChaerophyllum bulbosum which, however, were limited in frequency to cléss
(max. 40%) or lower classes. Recorded characteiespef Calystegion (or
Calystegietalia, respectively) wdmpatiens glandulifera, Calystegia sepium, Carduus
crispus, Humulus lupulus and, rarelyCuscuta europaea, Myosoton agquaticum andEpilobium
hirsutum. These were supplemented by a set of moistureatdi@lants, most prominently
Symphytum officinale, serving as differential species for the orderyzaégietalia (cf. e.g.
Dengler 1997).

Aegopodion sub-communities wialystegia mostly corresponded to the Urtico-
Aegopodietum convolvuletosum (cf. Oberdorfer 1988)ept for two relevés which
could best be affiliated with the Phalarido-Petasitm hybridi Schwick 1933.
Calystegion communities witH. mantegazzianum resembled most closely the Urtica-
Convolvulus sepium-community Lohmeyer 1975, whelhypical of the banks of small
rivers in (sub-) montane regions (cf. Oberdorfed3)9
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These two vegetation types were found in a vaoétifferent habitats, partly natural, like
small clearings in alluvial Alder-Willow forests awerbanks with tall-forb vegetation, but
mostly in semi-natural or anthropogenic habitd¢s hrtificial river embankments, railway
embankments, abandoned (alluvial) grasslands, stwdey of planted tree rows along rivers,
abandoned horticultural land, and at ruderaliseéstofringes in river valleys.

5.5.2.4Woodlands

Some relevés withl. mantegazzianum could be affiliated to specific woodland commuesti

of the (sub-) alliances of Alder-Ash-gallery fore$fInenion glutinoso-incanae, class:
Querco-Fagetea) and Gray Willow scrub (Salicioneal@gni, class: Salicetea
pupureae). Other woodland relevés that originatea fafforestations of alluvial grasslands
or man-made sites in river valleys could not bettd to any specific syntaxa but were
included into Table 5 as a group of substitute8lofenion communities (anthropogenic
floodplain forests). FinallyH. mantegazzianum was singularly found i&alix caprea and

Populus tremula pioneer stands, an Oak copse and beneath an Adk2Warry tree row.
Altogether, occurrences &f. mantegazzianum in woodlands were rather scarce and restricted
to gaps, sparse canopies or fringe areas whespt#wes could benefit from increased light
levels compared with closed forest stands. Notdwosill but two woodlands had developed
from grasslands or similar vegetation after theQs&f. chapter 4.1.2).

Within Alnenion glutinoso-incanadd{. mantegazzianum was found to occur in
two associations of Alder-Ash-gallery forests thaiw in the inundation area of small rivers
in the (sub-)montane and colline zones. Thesebgreame, Stellario-Alnetum
glutinosae and Alnetum incanae (Table 5, 3.1 aByl Bhe ecological distinction of
these communities coincides with the preferenceleotharacteristic alder speciedlrus
glutinosa on loamy soils of submontane and colline riversidedAlnus incana on calcareous
sands and shingle banks of montane rivers. Bothcagsns share common species of moist
and rich woodlands such as, ekgstuca gigantea andCircaea sp. (cf. Oberdorfer 1993).
Among the companions were some species typicaladfd@Urticetea tall-forb
communities likeJrtica dioica, Galium aparine andlmpatiens glandulifera.

In Stellario-Alnetum stands algeegpodium podagraria andSellaria nemorum were
consistent and conspicuous elements of the figierland the relevés all belonged to the
typical sub-community. Concerning eco-sociologsabtypes of Alnetum incanae the
relevés were more or less intermediate betweerdlpnd wetter sub-associations (A. i.
typicum and A. i. phragmitetosum, respectively) difterential species of the summer-
dry subtype (A. i. caricetosum albae) were lacldiampletely.

Salicion elaeagni comprises Gray Willow scrubs asebdrich shingles and
sandbanks in the montane zone of alpine riversidStavithH. mantegazzianum were found
in older, more consolidated stages of fresh vasiahSalicion elaeagni communities
which build up forest-like stands with a generatigre or less closed canopy and an
understorey of quite demanding plants (cf. Obertdt®93), which are represented in the
relevés byJrtica dioica, Galium aparine, Galeopsis tetrahit andimpatiens glandulifera
among others (Table 5, 4). The investigated staesismbled quite closely a Salicetum
elaeagni (Hag. 1916) Jenik 1955 phalaridetosunoath differential and accompanying
species did not perfectly match species lists knfram literature. Oberdorfer (1993) points
out that this sub-community type is transitionahimetum incanae.

Habitats of Salicion elaeagni and Alnenion glutineisicanae stands were
more or less natural gallery forests that had dgexl from open riverbank habitats after the
1950s probably subsequent to abandonment of gattieng. Incidentally, seedlings of
H. mantegazzianum were also found at open river sandbanks closetoc®n elaeagni
stands but were not able to survive a summer flupdvent.
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As mentioned abov. mantegazzianum sometimes occurred in anthropogenic floodplain
forests which did not match known syntaxa. Thea&ufedFraxinus excelsior, Acer
pseudoplatanus, Populus nigra andSalix fragilis among the dominant woody components and
may be viewed as substitutes of the drier brandhloenion glutinoso-incanae forests.
(Table 5, 5).

5.5.2.50ther vegetation types witH. mantegazzianum

Next to the plant communities described above whitounted for the majority of relevés,
H. mantegazzianum occurred in various other types of open vegetatibith could not be
affiliated with known syntaxa. These types stootifoam the former primarily on account of
severe disturbances of the sites and, in few catsdue to comparatively unfavourable site
conditions. To give an impression of the spectrdithese vegetation types some examples
shall be briefly mentioned.

At a former military site and in former quarriesy® stands were found in young
successional stages dominateddayamagrostis epigeios. Companions wer€irsium
arvense, Urtica dioica, Rubus sp., few other unspecific grassland species, aratiaty of
ruderal species of open habitats. Furthermoreptangccurrences dfi. mantegazzianum
were found on a recently abandoned arable field,former scrub which had been cleared by
rotovating, and an abandoned orchard. Finally,elevés were recorded from a windbreak
site whereH. mantegazzianum grew together with Molinietalia wet grassland sesclike
Angelica sylvestris, Cirsium palustre, Molinia caerulea, small sedges and rushes, interspersed
with few tall forbs of the order Atropetalia, lil@necio fuchsii andEpilobium
angustifolium.

5.5.2.6Relative frequencies of vegetation types wHh mantegazzianum

Grasslands accounted for 45% of all relevés (Figir©f these, the ruderal
Arrhenatherion grasslands made up the largest gropd27% of the total) followed by
managed Arrhenatherion meadows (15%). Typical Anditderion sub-communities
prevailed by far over the moist subtypes. Tall-fodmmunities were slightly less frequent
than the grasslands (39%) with more or less evarestof Aegopodion, Calystegion,
and Galio-Urticetea basal communities while Alliani communities were notably rare
with only about 1% of all relevés. Alongside thadjent from typical Aegopodion sub-
communities througRalystegia sub-communities of Aegopodion to Calystegion
communities frequencies increased (5%, 6%, 15%egertwely). Woodlands (Alnenion
glutinoso-incanae, Salicion elaeagni, anthropogioaxiplain forests) made up
merely 6%, altogether. Other vegetation types doutied 11% of releves.

5.5.2.7Red list status of species and communities

According to national and regional red data listsglant communities and vascular plant
species in Germany (e.g. www.floraweb.de) the comitias colonised by

H. mantegazzianum are throughout listed as ‘not endangered’ andamnoing indigenous

plant species are also virtually absent from tliedata lists. Single occurrences in man-made
habitats ol_eonurus cardiaca andOrobanche flava, both nationally and regionally listed as
‘endangered’, were the only exceptions.
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Figure 2. Relative frequencies of vegetation types wdracleum mantegazzianum found in study areas.
Percentages were rounded up or down to amountQ#;16xactly. Abbreviations of vegetation types: Gyn
Cynosurion; mArr = managed Arrhenatherion; rudAnuderal Arrhenatherion; GaUrt = Galio-
Urticetea basal community; All = Alliarion; Aeg =efgopodion; Cal = Calystegion; Aln = Alnenion
glutinoso-incanae; Sal = Salicion elaeagni; antFanthropogenic floodplain forest; other = all
remaining relevés not assigned to specific syntaxa.

5.5.3 Gradient analysis

The first axis of CA ordination of relevés maingpresented a gradient from managed
grasslands — prevalently hay meadows and suboetjn@own) pastures — over young
stages of abandoned or neglected grasslands (rgglasalands) to tall-forb stands with
increasing proportions of woody components ana@llfmwoodlands (Figure 3).
Environmental variables significantly correlatediwthe ordination axes are presented in
Figure 4. Along the main gradient (axis 1) the msigy of land use declined from regular
grassland management, via irregular maintenanabandonment or disuse, and the time
span since abandonment of sites increased. Waliedupply declined due to increasing
cover of trees at the upper end of the gradieststlpply of moisture and soil nutrients,
particularly phosphorus and potassium, increaseath gard to plant strategies, there was
an increase in competition (C-strategy) while striederance (S-strategy) decreased.

The second axis separated (former) agriculturassite. managed grasslands or sites
developed therefrom after abandonment, in the Igaetr of this axis from a smaller group of
sites that never were subject to agricultural lase in the upper part (Figure 3). Most relevés
of the latter group could neither be assigned &xi$ic plant communities nor grouped in
homogenous vegetation types and therefore wergaréged as ‘Other’ in the ordination plot
(see ch. 4.2.5).

Consequently, land use also declined along thenskeaxis and likewise did the soil
nutrient status, particularly nitrogen. In revet$e, proportion of disturbed sites increased
and, especially, heavy disturbances, such as mamdgvindbreak, were found in the upper
array of the second axis. With respect to vegetdbature, there was a marked increase in
the pooled cover-abundance of nanophanerophytewandy chamaephytes which was
prevalently attributable tBubus andSalix sp. Furthermore, an increase in stress-tolergice (
strategy) could be observed along the second axis.

30



ANALYSIS OF HABITATS AND COMMUNITIES

Pot ere

|
|
+ : SPECIES
|
|
Sen fuc ! +
| SAMPLES
|
i A Managed grasslands
|
: |:| Ruderal grasslands
|
! i .
Loti)ed : Q Tall-forb vegetation
‘ Woodland
Angsyl : \V4 oodlands
Cir pal ! i”b Sp >< Other
Des ces |
+ |
|
|
|
|
|
|
1
x |
x X
| o
X l
X o X
: % Xy v
ox X g O
O | Imp gla
o | o Pg
° >><$< X 1y 7o w%o ¥
|
BDQ o :00 %Hoeém 4
Sgp om | XO ma, #Ggl apa
Hollan, = ‘Do(g 009 © ©
I = Eh% Ov & urt dio +Sym off
NS B0, %8 °g 038..°
A
Ao O BHEHO o OP
g o +
AAAXQHEA ADEE!P o v All pet
£ |
A
A : +
‘ Aeg pod
l +
I Ste nem
+ |
Tar off !
|
|

Figure 3. CA ordination biplot of sites and species. Axi&Jland axis 2 (y) are presented. All of 202
investigated plots were included in the analysis jglotted in the diagram. The first CA axis maindpresented
a successional series from grasslands to talldtabds and woodlands. Only species above a predefint-off
value of fit on the first two axes were plotted.bkbviations of species names: Aeg podlegopodium
podagraria, All pet =Alliaria petiolata, Ang syl =Angelica sylvestris, Cir pal =Cirsium palustre, Des ces =
Deschampsia cespitosa, Gal apa =Galium aparine agg., Her man #eracleum mantegazzianum, Hol lan =
Holcus lanatus, Imp gla =Impatiens glandulifera, Lot ped =Lotus pedunculatus (syn.uliginosus), Pot ere =
Potentilla erecta, Rub sp. =Rubus fructicosus agg. &Rubusidaeus, Sen fuc =Senecio fuchsii, Ste nem =
Sellaria nemorum, Sym off =Symphytum officinale, Tar off =Taraxacum officinale agg., Urt dio =Urtica

dioica. Classification of sites: ‘Managed grasslands’ pdee managed Arrhenatherion and Cynosurion
communities, ‘Ruderal grasslands’ refers to abaadar irregularly maintained Arrhenatherion grassta
‘Tall-forb vegetation’ includes all communities thfe class Galio-Urticetea (basal community, Alliauni
Aegopodion, Calystegion), ‘Woodlands’ comprisesnadbdland relevés whether assigned to known
syntaxa (Alnenion glutinoso-incanae, Salicion elgei) or not, and ‘Other’ catches the remainder of
relevés which could not be grouped or assignegéaacific syntaxa.
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Figure 4. CA ordination diagram of environmental variablasgis 1 (x) and axis 2 (y) are presented. The first
CA axis mainly represented a successional seies firasslands to tall-forb stands and woodland$; On
environmental variables with a t-value of 1.96 mrajer were plotted. Classification of environméngaiables:
‘site properties’ include all variables actually aseared or estimated in the field as well as aveEigaberg
indicator values; ‘community structure’ comprisigparameters of the structure of the vegetatiomds
(strategy types, layers). Abbreviations of variatdenes: AGE = habitat change before the 1970s fig9sC =
proportion of C-strategy (Grime et al. 1988), CHARGE& habitat change in the last fifty years (ye9, @org =
organic carbon content of soils; DIS = disturbafy@s, no), K = plant-available potassium contergails,
LAND USE = regular management regime (yes, no),HTG= estimated light supply, MOISTURE = average
Ellenberg indicator values for moisture supply, kbtal nitrogen content of soils, NPhan&wCham =lpdo
cover-abundance of nanophanerophytes and woodyagymites, P = plant-available phosphorus content of
soils, REACTION = average Ellenberg indicator valéer soil reaction, S = proportion of S-strate@yi(ne),
TREE COVER = cover percentage of the tree laygorébent).

5.5.4 Cover-abundance of H. mantegazzianum in relation to recipient community, gradient
analysis and species numbers

Cover values oH. mantegazzianum varied in a wide range between 1% and 95% and ethow
an uneven distribution with 47% of values in thassl ‘1-20%’, 17% in the class ‘20-40%’
and 12% each in the higher classes (40-60%, 60-80%00%). The pattern of medians of
cover values with regard to community type exhibi@v values for managed grasslands
(Cynosurion, Arrhenatherion meadows) and shady Vemaidhabitats (Alnenion
glutinoso-incanae, anthropogenic floodplain forgstile ruderal grasslands and tall-forb
communities comprised the whole range of covereal(uuderal Arrhenatherion, Galio-
Urticetea basal community, Alliarion, Aegopodiomal@stegion; Figure 5).
Exceptional high cover percentages in managed lgrasswere due to massive recruitment
of H. mantegazzianum seedlings in disturbed swards but the specimehaatimanage to
grow to normal height due to mowing or grazing.

Dominant stands (cover &f. mantegazzianum >50%) made up the largest proportion
in Galio-Urticetea basal community (85%) and Aegdpon (52%). Two out of three
stands in Alliarion were dominant, but due to theah number of observations this ratio is
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vague. From these terrestrial tall-forb communitesards riparian ones (Calystegion)
there was a conspicuous decrease in median colersvdigure 5).

Regular mowing or grazing, and shading reduce@lhmdance of flowering
individuals ofH. mantegazzianum in managed grasslands (median / maximum: 1.5/ 26
generative individuals / 25 m2) and woodlands %) ¢ompared to ruderal grasslands (4.5 /
37) and tall-forb stands (7 / 54). Fruit set wasrggly reduced by cutting or biting off of the
primary stems in managed grasslands, while ingh®aming vegetation types fruit set was
generally abundant, even in woodlands where flavgeimdividuals occurred.

As indicated by the gradient length of 2.8 measime®CA most species showed
linear response along the first ordination axisasskand species, suchhéa cus lanatus,
Ranunculus repens, Taraxacum officinale agg. andRumex acetosa declined whereas tall-forbs
and herbs typical of tall-forb vegetation, suchiJasca dioica andAegopodium podagraria,
increased (Figure 6). In contrast to the majorftgmeciesH. mantegazzianum showed a
unimodal response along the first ordination axik & maximum predicted cover-abundance
class of ‘3’ (cover percentage 25-50%) in the adrgart of axis 1 according to the fitted
GAM. Also along the second axis the responsid.ohantegazzianum was unimodal.

Cover values oH. mantegazzianum were negatively correlated with the number of
vascular plant species of relevés. When all relexefe included into correlation analysis the
Pearson correlation coefficient was r = -0.29 (@08Q; Spearman’s R =-0.28, p <0.001).
However, managed grasslands in whithmantegazzianum cover values were low, had
generally higher species numbers compared to thth communities. Leaving out
managed grasslands, there was still a negativelaton but with a lower correlation
coefficient of r =-0.24 (p = 0.002; Spearman’s R023, p = 0.003).
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Figure 5. Cover percentages bf. mantegazzianum with respect to vegetation types (medians, geartind
min-max ranges). Outliers are further from the ugpex level than 1.5*inter-quartile-range. For exties the
coefficient is 3. Key to vegetation types: Cyn =r@surion; mArr = managed Arrhenatherion; rudArr =
ruderal Arrhenatherion; GaUrt = Galio-Urticeteadaommunity; All = Alliarion; Aeg =
Aegopodion; Cal = Calystegion; Aln = Alnenion glatiso-incanae; Sal = Salicion elaeagni;
antFor = anthropogenic floodplain forests; othedlrelevés not assigned to specific syntaxa.* Few
observations: All = 3, Sal =
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5.6 Discussion
5.6.1 Habitats

5.6.1.1Spectrum of habitats and site conditions

From a broad perspecti¥€ mantegazzianum colonises a variety of different habitats such as
abandoned or neglected grasslands, roadsidedaives, railway embankments, forest and
scrubland fringes, ruderal areas and even managsdlgnds or woodlands (Neiland 1987;
PysSek 1994; PysSek and Pysek 1995; Ochsmann 19@§;é€fial. 1996; Thiele and Otte,
submitted) which has lead to the assumption tresgecies is generally superior over
indigenous ones and quality of the recipient halsteather unimportant (PySek 1991; PySek
and PySek 1995).

However, closer examination of habitat charactesseveals that the preferred
habitats are more or less uniform. Abiotic sitesditbons are generally characterised by high
trophic level, fast nutrient cycling, favourabldalgeaction and favourable water balance
offering good water supply as well as good aeraiosoils which altogether is in good
agreement with other studies on chemical soil atarstics (e.g. Tiley et al. 1996; Otte and
Franke 1998) or Ellenberg indicator values (Py3ekRySek 1995; Ochsmann 1996) of
H. mantegazzianum sites. Furthermore, preferred habitats have innsomthat they are
disused or neglected and it seems that they aveeggilarly characterised by episodic
disturbances providing particularly suitable coiwi$ for recruitment.

Her man

/_\ o

Hol lan Aeg pod

Ran rep Sym off
Gal apa
Ste nem

Imp gla
Tar off o

Rum ace "“

All pet

Figure 6. Response curves of selected species along thefissof CA ordination. The first CA axis (x) main
represented a successional series from grasslanalé-forb stands and woodlands. The vertical dddime
indicates the zero point (i.e. center) of the fiE#t axis. The y-axis depicts predicted cover-abmeda of the
species. The horizontal dashed line indicates ¢he goint of predicted cover-abundances. The maximu
predicted cover-abundance classiefacleum mantegazzianum (Her man) was in class ‘3’ (i.e. 25-50% cover).
Only species above a predefined cut-off valuetadrithe first axis antieracleum mantegazzianum were

plotted. Curves were calculated by Generalized #thagiModel in CANOCO using default settings.
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Figure 6 (continued). Abbreviations of species neindeg pod =Aegopodium podagraria, All pet =Alliaria
petiolata, Gal apa #Galium aparine agg., Her man #eracleum mantegazzianum, Hol lan =Holcus lanatus,
Imp gla =Impatiens glandulifera, Ran rep =Ranunculus repens, Rum ace Rumex acetosa, Ste nem Sellaria
nemorum, Sym off =Symphytum officinale, Tar off =Taraxacum officinale agg., Urt dio =Urtica dioica.

The factors differing most conspicuously amongedéht habitats and communities colonised
by H. mantegazzianum are land use and light supply. These act as @nstg factors or.
mantegazzianum at the lower or upper end of the major gradierth@vegetation data,
respectively.

To further delimit the optimal range of abioticesdonditions it is interesting to
considerH. mantegazzianum stands in more detail that grow under apparerggspnal
conditions with regard to nutrient status and whtdance. The sites in question are two
abandoned wet grasslands (ch. 4.2.2) and a winkllarea colonised primarily by
Molinietalia wet grassland species (ch. 4.2.5).dAlthese sites were open, disused and at
least the latter was severely disturbed recentlythermore H. mantegazzianum stands have
been present in the immediate vicinity since ald@uyears before the study which in
combination should offer good possibilities forasiwon ofH. mantegazzianum. Nevertheless
H. mantegazzianum abundances were low (cover values <10%) and tladlesnthan normal
specimens rarely managed to flower. In contragtéaemaining sites, nutrient status was
moderate to poor (P ~ 0.1 mg/ 100 g; N ~ 0.2 g/d)0énd drainage was noticeably impeded.
Therefore, it seems likely that the species’ abaundand growth is limited by poor and wet
conditions. ObviouslyiH. mantegazzianum is also hampered by low water supply as it was
never found in habitats characterised by dry soails.

Summarising, it can be concluded that the qualfitycipient habitats is crucial for the
invasion ofH. mantegazzianum. Although its ecological niche is fairly wide thpecies is an
invader, in the sense of attaining high densitreklzaving great impact on the resident
vegetation (cf. Davis and Thompson 2000) only ttipalar habitat requirements are met.

5.6.1.2Creation of suitable habitats by changing land-usgimes

Generally, sites afl. mantegazzianum are well suited to agricultural land use. AnalyHisite
history revealed that more than 50% of sites hdidbsen used agriculturally, predominantly
as meadows or pastures, before the 1970s or egegafter (Table 2) but have been
abandoned or partly turned into rather irregulamgintained grasslands fringes or margins
alongside rivers, roads, and forests. This shoatsaimajor proportion of favourable sites has
been newly created within the last 50 years incth@se of declining grassland management
in the invaded landscapes.

The timing of abandonment or de-intensificationnefaded grasslands coincides,
temporally, with the phase of exponential increafdd. mantegazzianum distribution from
the 1960s onwards, which suggests that the masgread and increase of the species was
enhanced considerably by changes in land management

5.6.2 Plant communities and vegetation dynamics

Correspondence analysis shows that the main gradiéme set of relevés is attributable to
secondary successions on, primarily, abandonedlgraits and, secondarily, ruderal sites
(Figure 3). Along this successional gradieinmantegazzianum shows a unimodal response
with the highest predicted stand densities in tiheyeof recently abandoned or ruderalised
sites. This suggests that successional age plapje with respect to densities of

H. mantegazzianum stands and possibly also to the invasion sucdab® gpecies as
hypothesized by PySek and PySek (1995).
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At the older end of the successional gradient stgady woody components of the vegetation
is an obvious constraining factor. But as only camafively few plots featured a largely
closed tree canopy and were consequently classiiedoodlands, it appears that in older
successional stages also competition by other bedoa species, particularly tall forbs,
restrictsH. mantegazzianum.

Concerning the structure of the vegetation staimd@sstriking that a shrub layer is
either completely absent or very sparsely develdpek. 10% cover). Obviously, shrubs are,
once successfully established, strong competitors thantegazzianum and capable to
suppress seedlings and adult plants with theireshad

Plant communities witH. mantegazzianum reflect site conditions and dynamics of
the habitats which are characterised by high prisdticand, in the majority, considerable
historical or recent alterations in managementmegi (cessation or de-intensification of land
use) or severe disturbance events (e.g. miningpvahof tree or shrub layer, mechanical
damaging of the sward). Floristically, this is eagsed in high constancies of a set of more or
less nutrient demanding and ruderal species rdguwafroccurring withH. mantegazzianum
in ruderal grasslands, tall-forb vegetation and dands. These alfoa trivialis, Urtica
dioica, Galium aparine andGlechoma hederacea which act as baseline species of virtually all
communities wittH. mantegazzianum except for managed grasslands and indicate its
preference for Galio-Urticetea communities. At lignel of alliancedd. mantegazzianum
centers on Aegopodion which can be seen from nsaaance with the characteristic or
differential species of Aegopodion along the gratifeom terrestrial to riparian
communities of Calystegion. Notwithstanding, a ¢desable part of relevés belongs into
the latter alliance. This centring on Aegopodiomaoaunities was also reported by other
authors (e.g. Sauerwein 2004).

The findings of the present study support the \ileat it is not advisable to keep up a
separate association ldf mantegazzianum (Urtico-Heracleetum Klauck 1988) within the
alliance Aegopodion. Firstly, the Aegopodion comitiga with H. mantegazzianum are
not ecologically different from other communitiefstiois alliance (cf. Otte 1994, 1996) and
consequently lack own character or differentialcgeeapart fronH. mantegazzianum itself.
SecondlyH. mantegazzianum would perform rather poorly as a character spexses
frequently occurs in vegetation types belongindifterent alliances or even different classes.
While the spectrum of tall-forbo communities foumdihe present study is in good agreement
with findings of other authors, occurrencedHoimantegazzianum in managed grassland
communities (Arrhenatherion, Cynosurion) and teaily stages of succession after
abandonment have been more or less neglected aaddescribed in detail hitherto.
However, the large proportion of ruderal grassldodsd colonised bid. mantegazzianum
in the present study emphasises the importanckasfdmned or neglected grasslands for this
species.

5.6.3 Assessment of impacts on the diversity of communities

Assessment of impacts Bif mantegazzianum on recipient communities should take into
account the particular effects of the species laat igs relationship to potential indigenous
competitors and their effects on communities in parable situations. Therefore, relevant
guestions concerning the role playedHhymantegazzianum are whether the species (i) affects
community composition angkdiversity, (ii) is generally superior to competimgligenous
species, and (iii) exerts different effects ondest communities as compared to indigenous
species.

Heracleum mantegazzianum can attain high cover values of up to 95% of taed's
surface area. A possible effect of raised covanesmbf one species should be reduction in
cover or even complete displacement of residertispeThe negative correlation of
H. mantegazzianum cover values with species-richness of relevésesitgghat the species
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causes a decreaseotdiversity, which is consistent with assumption®thfer authors
(Lundstrom 1984; PySek and PySek 1995). Yet, itthdme considered that a higher species
number at a given site before the species’ invasitrypothetical. It would also be
conceivable that the species diversity was alréawahprior to the arrival of

H. mantegazzianum, possibly due to disturbances or other histof@etiors which in turn
could be a driving factor dfi. mantegazzianum invasion (Woods 1997 in Meiners et al.
2001). Thus, a secure estimation of the speciésttsfona-diversity could only be brought
about by long-term observations starting priomizasion.

Despite the difficulties to assess causal effects fthe correlation between species
numbers and cover values, it is quite plausibleligat-demanding herbs will decrease and
possibly disappear when a tall-forb builds up @etbcanopy of leaves. Therefore, it is
reasonable to assume that high densitid$. ofantegazzianum cause a decrease in species
numbers of swards consisting of light-demanding raider low-growing species, which
applies especially to abandoned grasslands.

Cover values oH. mantegazzianum were often rather low and only about a third & th
surveyed stands had cover values greater than H0%s to be taken into account that
populations oH. mantegazzianum and the abundances of the species are not nebessar
equilibrium with their environment. Populations wlbw abundances might be in an early
stage of invasion and further increase but, orother hand, dense stands might decrease
under competition by other tall forbs, shrubs eef. Nevertheless, the distribution of cover
values suggests that the species does not alwagsliina potential for becoming dominant.
The most frequent native tall forb in relevés withmantegazzianum wasUrtica dioica

which is itself a strong and high-growing competiiG-strategist according to Grime et al.
1988). Inferring from the observations of the préstudy it appears that neither species is
generally competitively superior to the other osdheey co-occur in virtually every possible
mixing ratio.

Habitat changes as found for the majority of sjggsmndonment of grasslands, severe
disturbances) provoke secondary successions sgtémim herbaceous swards or bare soils
and, thus, naturally involve colonisation by spsd@merly excluded or removed from the
sites through land use, shading, or severe digtgdsa ObviouslyiH. mantegazzianum can
benefit from dynamics as described above in gelyesaitable habitats and under favourable
site conditions. But this is also the case with sandigenous plant species. The most
frequent and competitive is without doubt agditica dioica. With regard to the third
guestion, it can be stated théttica dioica as well adH. mantegazzianum are occasionally
able to build up dominant stands and decreaseespaambers in the course of successions.
In this respect, their impacts are comparable.

Concludingly,H. mantegazzianum s in fact a successful coloniser and sometimes
invader (sensu Davis and Thompson 2000) but ibisgenerally superior to indigenous
species and does not have more negative impadtsearegetation than some natives or other
non-natives do under the same circumstances. \&jf#rd to the processes forming the
habitats of the species (abandonment, disturbavizie can often lead to a decrease in
species numbers due to non-native as well as nedlemisers (Schmidt 1981; Neuhausl and
Neuhéauslova-Novotna 1985; Meiners et al. 200Xt be stated that. mantegazzianum is
rather a symptom of biodiversity loss than the eanfst.

5.6.4 Evaluation of risks for nature conservation

According to a surveyl. mantegazzianum has invaded nature reserves in approximately a
third of all districts of Germany and it coloniga®tected habitat types in almost as many.
Among the mentioned habitat types were, e.g., watsiands, alluvial (softwood) forests,
alder swamp forest, lakeshores, calcareous anttanatshes, terrestrial reed stands, and
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poor (chalk) grasslands (Thiele and Otte, submitf€lis suggests that the species might be
in conflict with aims of nature conservation.

However, within study areas virtually no habitgieég or plant communities of interest
for nature conservation were found to be invadeadtdpom exceptional open stands in
slightly wet abandoned grasslands (Calthion-likeds) and some occurrences in alluvial
(softwood) forests (Alnenion, Salicion). This mighttmarily be attributable to the habitat
spectrum of the study areas that generally condaiee habitats of interest for nature
conservation. But site conditions supporting prigd@communities and rare species are often
characterised by stress factors such as nutridicielecy, drought, excessive wetness etc.,
and in the case of semi-natural habitats (e.gstaads) they also depend on suitable
management. Starting from the observed habitainagents oH. mantegazzianum it can be
assumed that the species is not able to invaderamrendangered communities, as long as
appropriate low productive site conditions and nggmaent are still prevailing. Only at the
extreme margins of its ecological niche it coulgbifere with rare species and communities
but thereH. mantegazzianum is struggling itself and is constrained to low addances. In
conclusion, the assumption thtmantegazzianum is in conflict with aims of nature
conservation can be largely refuted by our findings
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6 Cultural landscapes of Germany are patch-corridor-natrix mosaics for
an invasive megaforb

Jan Thiele, Ulrike Schuckert and Annette Otte
submitted to Landscape Ecology

6.1 Abstract

Predicting the vulnerability of landscapes to bibih initial colonisation and the subsequent
spread of invasive species remains a major challeéfge aim of this study was to assess the
relative importance of local and landscape fadimrshe landscape distribution of the
invasive megaforbieracleum mantegazzianum. Particularly, we tested which factors affect
the presence or absence in suitable habitat pafobegpancy) and the cover percentage
within occupied patches (patch saturation). F®& thirpose, we used standard (logistic)
regression modelling techniques. The regressiolysesmwere based on inventories of
suitable habitat patches in 20 study areas (e&eh?Lin cultural landscapes of Germany. The
saturation of occupied patches was independent fradscape factors, except for patch
shape, and even unsatisfactorily explained by Itabrs included in the analysis. In
contrast, habitat occupancyléf mantegazzianum was affected by both local and landscape
factors. Woody habitat structure decreased theromoce probability, whereas vicinity to
transport corridors (rivers, roads), high habitatreectivity, patch size and perimeter-area
ratio of habitat patches had positive effects. Sigaificance of distances from corridors and
habitat connectivity for habitat occupancy shovat thispersal oH. mantegazzianum through
the landscape matrix is limited. We conclude thétiucal landscapes of Germany function as
patch-corridor-matrix mosaics for the spreadHomantegazzianum. Our results highlight the
importance of landscape structure and habitat gardtion for invasive spread. Furthermore,
this study shows that both local and landscap@ifachould be incorporated into spatially-
explicit models to predict spatiotemporal dynanaog equilibrium stages of plant invasions.

Keywords: dispersal, habitat configuration, habitat occupameracleum mantegazzianum,
invasion, island-biogeographic model, logistic esgion, spread, transport corridors.
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6.2 Introduction

The landscape distribution and abundance of plagties may depend on local (patch level)
and landscape factors (Freckleton and Watkinso2;280rlén and Eriksson 2003). Local
factors affecting the occurrence and abundancéaat ppecies within a habitat patch include
resource supply (nutrients, water, light etc.) bidic interactions among plants and between
trophic levels (e.g. competition, facilitation, befory; Lortie et al. 2004). They are key
determinants of recruitment, growth, and productibseeds or other propagules (e.g.
Schemske et al. 1994). Further, current occurreotcpkant species can be generally
influenced by habitat age or individual historié$abitat patches (Eriksson et al. 2002; Deil
and Ludemann 2003; Ehrlén and Eriksson 2003). Ratiraplementary, landscape factors
are primarily related to biogeographical processegerning dispersal of propagules and
species’ abilities to reach patches of suitablatabfi_ortie et al. 2004).

Among contemporary biogeographical and landscapkgical concepts, patch size
and isolation (or connectivity, conversely) of saléy structured habitats, especially discrete
habitat patches in an inhospitable matrix, playagomrole in explaining dispersal success and
landscape abundance of plant (and animal) spezigsEriksson and Ehrlén 2001). In theory,
dispersal success and the rate of occupied hgiaitelhes should decrease with increasing
isolation, whereas patch size should have a pestifect. Furthermore, corridors (e.g. roads,
rivers, hedge rows etc.) may enhance dispersaesadty enabling movement of species and
their propagules between otherwise isolated hap#ethes (Tewksbury et al. 2002; Kirchner
et al. 2003). These concepts apply especiallyéciep with limited or imperfect dispersal
abilities which live in fragmented or ‘patchy’ hédis (de Blois et al. 2002). Such species may
be hypothesized to perceive landscapes as patdldarmmatrix mosaics.

Recent studies confirming effects of patch sizaaison (or connectivity), and habitat
age on plant populations have considered nativeiespe fragmented natural habitats, such
as serpentine seeps (Harrison et al. 2000), rosesoaunb (Quintana-Ascencio and Menges
1996), and forest fragments (Dupré and Ehrlén 2082quemyn et al. 2003; Kolb and
Diekmann 2004; Petit et al. 2004). Concerning doms, some recent empirical studies have
brought evidence of their importance for animalemas for plants empirical studies are still
widely lacking (de Blois et al. 2002; Kirchner ¢ét2003).

Hitherto, corridors have primarily played a rolecmnservation biology for
improvement of dispersal success and gene flowtand, persistence of declining native
species in fragmented habitats (Murphy and Loveiidd 2004; Horskins et al. 2006). But on
the other hand, corridors might also have negatifexts by facilitating the spread of diseases
or species of concern, such as invasive non-indigespecies (Wiens 2002). In fact, studies
investigating occurrences of non-indigenous plaetges along road or river corridors have
confirmed that corridors may enable or enhanceatimn of plant species into new regions
(Parendes and Jones 2000; Gelbard and Belnap R@08hard and Alaback 2004; Hansen
and Clevenger 2005). Altogether, it can be hypateeisthat invasive as well as native plant
species in discrete habitat patches may be affégtédbitat configuration with respect to
patch size, isolation (or connectivity) and corr&lo

Factors affecting invasion processes and landsdigpéutions of invading species
are of fundamental scientific and practical intefesinvasion biology and the management
of invasive species. Yet, despite presumable inftee on plant invasion processes, only little
research has explicitly investigated effects oflrape structure (With 2004). Apart from
theoretical or modelling studies of dispersal of/ésive) plant species in fragmented
landscapes (e.g. Collingham and Huntley 2000; kingd With 2002), especially empirical
studies of the effects of landscape structure antphvasions are hitherto rare (but see
Deckers et al. 2005; Bartuszevige et al. 2006) sTthere is a need to empirically study
effects of habitat configuration on spread andrithistion of invasive plant species. In
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particular, landscapes with ongoing plant invasiprvide a unique possibility to investigate
relationships between landscape structure and pfaties spread.

As relationships between regional plant populatems landscape structure may
depend on life-history traits (e.g. dispersal medras, life span, seed production; Dupré and
Ehrlén 2002; Kolb and Diekmann 2005), it is adviedb adopt a species-specific approach.
For our own empirical study, we chadderacleum mantegazzianum Somm. et Lev. (Giant
Hogweed) as a model species. This species invasisentral Europe appeared to be
particularly suitable because it presumably haseni@gt long-distance dispersal capacity and
occurs in discrete habitat patches in its natiwkiamaded range.

The aim of this study was to test the relevanddeipatch-corridor-matrix model
(Forman 1995) as well as local factors for the smagbe distribution pattern of
H. mantegazzianum. Specifically, we tested the relative effects Dftfansport corridors, (2)
habitat connectivity (complementary to isolatidi), patch size and shape, (4) habitat
structure (herbaceous vs. woody habitats), (5)thahge, (6) land use, (7) soil productivity,
and (8) topography on the occupancy of suitablettgbatches byd. mantegazzianum and
on the saturation of occupied patches by this sgeci

6.3 Materials and methods

6.3.1 Study species

The study specidderacleum mantegazzianum Somm. et Lev. is a megaforb of the Apiaceae
family native to the Western Greater Caucasus.speeies has a ruderal-competitive strategy
and a monocarpic-plurennial life cycle (Ochsman@6) 9Her acleum mantegazzianum was
introduced to European botanical gardens in thectditury, and subsequently distributed
widely as an ornamental plant in gardens and p@y&Sek 1991). In the 3tcentury, the
species became invasive and showed a mass inaneseseeral European countries (e.g.
PySek 1991; Ochsmann 1996; Tiley et al. 1996) dswlin some parts of North America.
Plant individuals produce around 20,000 seeds (agrs) with an average weight of 13.1 mg
(HUls 2005; Moravcova et al. 2005), which buildsiprt-term persistent seed banks (Krinke
et al. 2005). Seeds are dispersed by water (lostgittie dispersal) and wind (short-distance
dispersal). Furthermore, dispersal by soil mategatden refuse, and vehicles has been
reported (Tiley et al. 1996; Otte and Franke 1998).

Habitats ofH. mantegazzianum are prevalently fresh to moist, nutrient rich ad@med
grasslands, tall-herb stands, ruderal sites, reeges, and riverbanks. Although light
demanding, the species can grow fairly well ben&athrows, or in copses and woodlands
with sparse canopies (Thiele and Otte 2006). Ifepred habitats, the species can attain
dominance and outcompete resident species (PyseRyaek 1995; Thiele and Otte 2006).
However, the species cannot properly develop amedeice in regularly used agricultural
land (arable land, managed meadows and pastur@€)@sed forests. In the study region, the
species is usually absent from housing areas &panrtcultivation in gardens which has
become rather uncommon in recent years (althélughantegazzianum is fairly common in
settlements in a heavily invaded region of the @ZRepublic; PySek and PySek 1995).

Thus habitats of the species in European cultaraldcapes form discrete patches or
narrow strips along transport corridors (rivergds) situated in a virtually inhospitable
matrix of agricultural land, forests, and housingas. Thereford;l. mantegazzianum
gualifies as a model species to test the patchedarrmatrix model (habitat isolation, patch
size, distance from corridors). Moreover, beingl#drgest forb in Central Europe, the species
is easily detectable in the field and, thus, conduto field inventories.
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6.3.2 Sudy areas

The selection of study areas which we defined la®Zdlandscape sections was based on a
Germany-wide questionnaire survey addressed toahee conservation authorities of all
440 German districts in 2001 (rate of return: 70.286 assessment of relationships between
environmental factors and invasion pattern is cliffiin early stages of invasion due to lack
of equilibrium with the new environment (Hulme 200&e set the criterion that each study
area should contain at least three extensive s{@aedstands >25 m?) ¢f. mantegazzianum.
Thus, the study areas could be considered to Ae advanced stage of invasion.
We investigated 20 study areas in Germany whicleyweedominantly situated in the
most heavily invaded natural geographic region ‘Wieslow mountain ranges’.
Subordinately, study areas were situated in therabfjeographic region ‘Foothills of the
Alps’ (three study areas) which appears to be arstary invasion focus of

H. mantegazzianum in Germany (Thiele and Otte, submitted). Locatjamm®rdinates,

altitudes and basic climate parameters of studysaaee presented in Table 1.

Table 1.Study areas: state, district, coordinates, akitadd basic climate parameters. Coordinates reyprése
south-western corner of study areas accordinget@tirman geodetic system (‘Gaul3-Kriiger’). Altitudesthe
average between the highest and lowest stahtbaicleum mantegazzianum within the respective study area.
Climate parameters: MAPREC = mean annual precipitdtnm). MATEMP = mean annual temperature.
JATEMP = mean January temperature. JUTEMP = melgrtelmperature. Temperatures are given in °C.
Climate data refer to the closest climate statimh represent the years 1961-1990 (Deutscher Wittt

www.dwd.de).

Coordinates Climate
Altitude A MA JA Ju
State District (‘Landkreis'") East North (mas.l) pPREC TEMP TEMP TEMP
Rhineland-Palatinate Altenkirchen 3410.500 5623.000 160 1041 85 0.3 16.7
Rhineland-Palatinate Ahrweiler 2588.300 5594.500 155 703 9.1 1.1 17.4
North Rhine-Westph. Ennepe-Ruhr-Kreis 2593.8005696.400 85 916 95 2.0 17.4
North Rhine-Westph. Euskirchen 2545.800 5595.000 480 769 73 0.1 15.1
North Rhine-Westph. Euskirchen 2535.500 5589.000 590 937 73 0.1 15.1
Bavaria Freising 4465.500 5362.500 490 837 75 2.1 16.7
Bavaria Garmisch-Partenkirchen 4430.2005270.000 865 1565 6.5 3.0 15.8
Bavaria Garmisch-Partenkirchen 4443.5005253.500 930 1437 6.7 15 15.0
Lower Saxony Gottingen 3552.500 5710.500 235 768 8.7 0.3 17.1
North Rhine-Westph. Hagen 3396.700 5687.000 170 1157 95 2.0 17.4
North Rhine-Westph. Hagen 2600.100 5695.500 90 900 95 2.0 17.4
North Rhine-Westph. Hagen 3397.000 5689.800 275 1043 95 2.0 17.4
Hesse Kassel 3529.200 5684.000 290 811 8.1 -0.4 16.6
Hesse Lahn-Dill-Kreis 3467.000 5595.500 260 713 7.7 -1.0 16.3
North Rhine-Westph. Olpe 3421.500 5664.500 265 1185 8.1 0.3 16.0
Thuringia Wartburgkreis 3569.500 5620.500 340 697 8.7 -0.1 17.6
Hesse Waldeck-Frankenberg 3488.3005668.500 260 727 7.4 09 15.8
Hesse Waldeck-Frankenberg 3477.8005655.500 335 876 7.4 09 15.8
Hesse Waldeck-Frankenberg 3487.5005661.200 285 735 7.4 09 15.8
Saarland St. Wendel 2589.000 5482.100 380 809 9.1 0.6 18.1

6.3.3 Fiddinventories

Within study areas, we conducted complete inveesoofH. mantegazzianumin 2002 or

2003. We mapped all stands of the species with & §B8tem (differential GPS, sub-meter
accuracy). Extensive stands, i.e. stands larger2bam? and wider than about one meter,
were mapped as polygons while smaller and narreteeds were mapped as points or lines,
respectively. Attribute data recorded wkhmantegazzianum stands included (i) cover
percentage (in cases of extensive stands), (iqlweadance of individuals (not taking into

account seedlings and juveniles with only primaares), and (iii) the proportion of
reproductive individuals within the stand (six @as: none, -10%, -25%, -50%, -75%, >75%).
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Furthermore, we recorded habitat type and landtifee sites as supplementary attribute
data, which served as ‘a priori field controls’ Bubsequent mapping of occupied and
unoccupied habitat patches from aerial photographs.

6.3.4 Mapping of habitat patches

We acquired a multitemporal series of aerial phapls for all study areas for three dates:
1950s, 1970s, and present time (approx. 2000)hEsiaf suitable habitats for

H. mantegazzianum were identified by interpretation of present tichgital orthophotos and
mapped in ArcView GIS 3.2 (© Environmental SystdResearch Institute, Inc.; Figure 1).
Suitable habitats were all habitat types recordethd field inventories except for managed
grasslands which are marginal habitatslomantegazzianum but do not play a role for the
invasion (Thiele and Otte 2006). Different habttgdes (Table 2) were mapped as separate
polygons. Digitalized historical aerial photograjgiesved to determine habitat age and
history. If parts of a present time habitat werféedent at an earlier date (i.e. different habitat
type or non-habitat land-cover type) we subdivitteslhabitat accordingly. We repeated this
procedure for both historical dates (1970s and §pa@ich led to habitat patches based on
least common geometries (LCG) with uniform histower the time period covered by aerial
photographs. These LCGs, hereafter referred thastat patches’, were used as objects for
later statistical analyses. Two or several of thedatat patches could lie adjacent forming
altogether one contiguous ‘aggregated habitat patetsisting of different habitat types or
histories (Figure 2).

Legend
/] open habitat types

m woody habitat types
matrix land-cover types

I:l arable land

eadows

: pastures

E orchards

gardens

amenity grassland
forests

- business areas

- housing areas

- lakes

Figure 1 Map of habitat patches bferacleum mantegazzianum and other land-cover types in an exemplary
study area (Rhineland-Palatinate, Ahrweiler). Edifate study area are 1 km.
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Figure 2. Map ofHeracleum mantegazzianum presence in habitat patches (least common ge@setlCG) and
road and river corridors in an exemplary study §Rfgneland-Palatinate, Ahrweiler). Edges of thalgtarea
are 1 km.

Table 2. Habitat types oHeracleum mantegazzianum which could be discerned in the mapping of habitat
patches from aerial photographs in 20 study are&ermany. Habitat types were classified basedatitdt
structure into open and woody ones (>10% tree ubsbover).
Open habitats
Abandoned grasslands, neglected
grassland and field margins, and tall-
herb stands
Open riverbanks
Open roadsides
Open railwaysides
Ruderal areas
Cable routes
Woody habitats
(Partly-) Shaded riverbanks
(Partly-) Shaded roadsides
(Partly-) Shaded railwaysides
Tree fallow
Afforestations
Copses

6.3.5 Variablesfor statistical analyses

For analyses of relationships between parametétis mbintegazzianum landscape
distribution and environmental properties of hati@ches, we compiled a set of two
dependent and 12 potential predictor variablesl€rap

Dependent variables were (i) habitat occupancygresence or absence of
H. mantegazzianum in all suitable habitat patches), and (ii) saiorabf occupied habitat
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patches (percentage of patch area coverddl. Ioyantegazzianum). We calculated the latter as
the cover sum of al. mantegazzianum stands within a habitat patch divided by the afea
that habitat patch. For this purpose, the covgroaiit-like and linear stands was calculated
from abundance estimates and proportions of regtoduindividuals while assuming that the
area covered by each individual alone is on avetage for reproductive individuals and

0.1 m2 for vegetative individuals.

Table 3. Variables for regression analyses of habitat oanap and patch saturationtdéracleum
mantegazzianum.

Variable Type Description

Dependent variables

Habitat occupancy by HM (n = 1555) binary Presasrcabsence of HM in suitable habitat patches
Patch saturation by HM (n = 333) continuous HMarosum within patch / patch area (%)
Independent variables

HM cover in adjacent patches continuous HM coven sarea sum for all adjacent patches (%)
Distance from flowing waters continuous Edge-toedistance (m)

Distance from traffic routes continuous Edge-toedistance (m)

Distance from housing areas etc. continuous Edgslte distance (m)

Habitat connectivity continuous Proximity indexM€Garigal and Marks (1995)

Patch size continuous Area (m?)

Patch shape continuous Shape index of McGarigaMar#ts (1995)

Habitat structure binary Open, woody

Habitat age ordinal Young (since recently), med{@@ies), old (50ies)
Land use binary Fallow, maintenance

Soil productivity continuous Official rating of dgultural soils (>0-100)
Topographic unit categorical Valley, slope, hilligateau

Note. HM = Heracleum mantegazzianum.

Possibly, the occurrence and patch saturatidth. ofiantegazzianum in a particular habitat
patch might be influenced by occurrences in thenitic(auto-correlation). Therefore, we
calculated the average cover percentage. ofiantegazzianum in adjacent habitat patches for
every habitat patch as a potential predictor vigiab

In order to take transpocbrridors into account, we mapped flowing waters and traffic
routes which can serve as transport vectors andwdrabitat strips foH. mantegazzianum
from aerial photographs (Figure 2). Likewise, wepped housing areas and garden lots
which might have served as anthropogenic seed estocH. mantegazzianum. Then, we
calculated nearest-feature distances (edge to eddapitat patches from all of these
landscape elements. Distances were calculatedagelyafior the different landscape element
classes (traffic routes, flowing waters, housingaaretc.) and different sub-categories of them
(e.g. major roads, agricultural roads). For assesswi theconnectivity of habitat patches,
we calculated the area-informed proximity indexMwfGarigal and Marks (1995) with a
search radius of 100 m using the ‘Proximity Anadysixtension in ArcView (S. Lang,
Salzburg, AT). Prior to calculations of the proxiynindices, we dissolved adjacent habitat
patches to form aggregated patches of contigudoitaiaAs the calculation of nearest-feature
distances and proximity indices may be flawed byriaary effects (McGarigal and Marks
1995) habitat patches and landscape elements&(Dtm outside of study areas were taken
into account. Moreover, we calculated the halpghth sizesin GIS and assessed tbetch
shape with the shape index in FRAGSTATS for ArcView IL@McGarigal and Marks 1995).

Obviously, suitability of habitat types fét. mantegazzianum differs depending on
habitat structure, especially, presence or absence of woody compeii€hiele and Otte
2006). Therefore, we classified habitat types campletely open and woody ones (tree or
shrub cover >10%; Table 2). We derivabitat age on an ordinal scale for each current
habitat patch from the multitemporal series of@grvhotographs. For this purpose, we
counted consecutive instances of a patch beindigahé&egardless of the particular habitat
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type) going back in time from present via ‘197@s'1950s’. Furthermore, we classified
currentland use of habitat patches into either ‘Fallow’ or ‘Mainnce’ according to habitat
type. ‘Maintenance’ referred to regular or occaalanowing or, at least, removal of shrubs
and young trees and was ascribed to open roadsidkesailwaysides while all other habitat
types were assigned ‘Fallow’. Moreover, we obtaidath from the German soil rating survey
(‘Reichsbodenschatzung’). On the basis of digitalizadastral maps, we used these data to
create GIS layers @il productivity which we intersected with the habitat mapping.i he

we attributed area-weighted means of soil prodiigtte the habitat patches. Data of the soil
rating survey are not available for the whole laag® but for agricultural land parcels only
(arable fields, grasslands). For this reason,daid were available for only 52% of all habitat
patches, while for the remainder average valuesutzed over all rated patches were used as
substitutes. Finally, we subdivided study areas fatr topographic units, valley, slope,
hilltop, and plateau, which we delineated on th&daf digitalized contour lines in GIS. We
assigned each habitat patch to one topographichaltitat patches overlapping with two
topographic units were assigned to the unit whodtk the largest part of them.

6.3.6 Statistical analyses

We conducted two separate analyses for the twondiegpe variables (i) habitat occupancy
(n = 1555) and (ii) patch saturation (n = 333) gsappropriate regression models. In a first
step, we carried out pre-analyses to downsizeuthsdt of 12 potential predictor variables
for each dependent variable separately. Pre-arsatgselted in sets of predictor variables
showing significant simple relationships with tlespective dependent variable. These sets
were used for ‘best subset’ model building in STBTICA 6.0 (© StatSoft, Inc.) with
Akaike’s Information Criterion (AIC) as measure fapdel selection. After identifying the
best subset for each dependent variable, we ctdulimal regression models.

As habitat occupancy was a binary variable, weste&ir effects of predictor variables
with a Logistic Regression Model (LRM) which we @alated in SAS 9.1 (© 2002-2003 SAS
Institute Inc.). The significance of single effeatsd interactions was assessed by Type IlI
Likelihood-ratio tests. As a measure of explainadation we calculated McFadden’s R?
(Shtatland et al. 2002).

For patch saturation, which was a continuous végjate calculated a General
Regression Model (GRM) in STATISTICA. Patch satumatwvas loge-transformed prior to
the analysis in order to fulfil the assumption ofmality. Coefficients of partial
determination (partial r?) were calculated accagdmthe method described in Quinn and
Keough (2002, p. 123).

The cover oH. mantegazzianum in adjacent habitat patches was in the best ssibset
for both dependent variables. Therefore, the inatlels were auto-regressive (Legendre and
Legendre 1998). We tested residuals of both mddelspatial auto-correlation by Mantel
tests of spatial and residual distance matriceggusSLSTAT (© 1995-2006 Addinsoft).
Distance matrices were calculated in PopTools (H2@@b) for each study area separately as
well as for random samples of all objects ovesaltly areas. Mantel tests with spatial and
residual distance matrices revealed three studisamith significant spatial correlation of
residuals for either model (LRM, GRM). However, egtfor one instance, these correlations
were only marginally significant and would not hdeen significant after Bonferroni
correction. For all other study areas, residualevgpatially uncorrelated. Likewise, random
samples of patches over all study areas showe@jnificant spatial correlation of residuals
for either model. Altogether, these tests showatlttiere was generally no significant spatial
auto-correlation of residuals. Therefore, the aagoessive models appeared to be valid.
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6.4 Results

6.4.1 Logistic Regression Model (LRM) of habitat occupancy

Tests of the overall model (Score test, Wald teste highly significant (Table 4) which
means the model significantly improved the predicf Heracleum mantegazzianum
presence (or absence) compared to a null modehioamg only an intercept. Although the
goodness-of-fit tests suggested some lack-ofHie,@ statistic (86%) which measures
association between observed and predicted presamd¢d/icFadden’s R? (0.29) indicated
good model fit.

Table 4. Logistic regression analysis of habitat occupasfdyteracleum mantegazzianum in 1555 suitable
habitat patches.

Predictor Factor level Estimate SE Est. 12 df p ra?igd(z?) (r):;jt?os
units

Intercept -1.9698 0.3029 134.0195 1533 < 0.0001 NA NA
HM cover in adjacent patches 0.8799 0.0790  271.7886 1 <0.0001 2.4106 1
Habitat connectivity 0.0001 0.0001 12.3969 1 0.0004 11606 1000
Distance from rivers -0.0013 0.0002 37.9279 1 <0.0001 0.8776 100
Distance from agricultural roads -0.0051 0.0014 14.9017 1 0.0001 0.6029 100
Patch size 0.0001 0.0001 8.4215 1 0.0037 1.0598 1000
Shape index 0.4116 0.0941 18.7687 1 <0.0001 1.5093 1
Habitat structure woody -0.3779 0.1226 9.6589 1 0.0019 0.4697 NA
Land use none 0.1064 0.1289 0.6944 1 0.4047 1.2373 NA
Topography NA NA 2.8582 3 0.4140 NA NA
Land use*Topography none*valley 0.5140 0.1791 8.6717 3 0.0340 NA NA
Test »2 df p
Overall model evaluation

Score test 402.5020 21 <0.0001

Wald test 235.5080 21 <0.0001
Goodness-of-fit test

Hosmer & Lemeshow 20.1861 g8 0.0097

Explained variation: McFadden’s R? = 0.29. Meaafrassociation: C statistic = 86.0%.

Note. All main effects but only significant interacti®mere included into this table. HMHeracleum mantegazzanum. NA = not
applicable.

! Significance tested by the Wald test.

The relationship between predicted probabilitiebl ofnantegazzianum presence and the
percentage of observed presence is graphicallgsepted in Figure 3. Habitat patches with
predicted probabilities below 0.1 were occupiedbhynantegazzianum in 3.4% of cases,
while for predictions >0.9 the percentage of presemas 87.9%. The turning point from less
than 50% observed presence to more than 50% olosprgsence was between predictions of
0.3 and 0.4. Therefore, we calculated the clasdibo table (observations vs. predictions)
with a cut-off value of 0.4 (Table 5). The overadircentage of correct predictions was 84.2%.
The model performed especially well in correctlggticting absence ¢i. mantegazzianum
(specificity: 93.8%), whereas prediction of presen@s rather moderate (sensitivity: 49.7%).
Significant positive effects on presence-bfmantegazzianum were found for
H. mantegazzianum cover in adjacent patches, habitat connectivitg, @atch size. Further,
the significant positive regression coefficientloé shape index implied that elongated or
complex polygon shapes favourddmantegazzianum presence. Conversely, increasing
distances from transport corridors (rivers, agtiomall roads) and woody habitat structure had
negative effects. Furthermore, there was a maigisggnificant interaction between land use
and topography (Table 4).
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Figure 3. Classified predicted probabilities by logistic mregsion of presence bfferacleum mantegazzianum in
suitable habitat patches (abscissa) versus pegeenfabserved presence (ordinate).

Table 5. Classification table: the observed and the prediftequencies for presence and absenéteicleum
mantegazzianum by logistic regression with the cutoff of 0.4.

Observed Predicted %
PresenceAbsence  Correct
Presence 169 171 49.71
Absence 75 1140 93.83
Overall % correct 84.18

Note. Sensitivity = 169/(169+171)% = 49.71%.
Specificity = 1140/(75+1140)% = 93.83%. False
positive = 75/(75+169)% = 30.74%. False negative =
171/(171+1140)% = 13.04%.

Concerning traffic routes, the negative distandectefor, respectively, positive vicinity effect
was significant only for agricultural roads but fat major roads and railways (railways
occurred in only 7 out of 20 study areas). Theadlicé effect of agricultural roads was
especially marked within 200 m from the road amdrsgly declined beyond that range
(Figure 4). Distances from agricultural roads wespecially important in the topographic unit
‘Hilltop’ which showed a highly significant differee between unoccupied and occupied
habitat patches (Mann-Whitney U-Test, p <0.001)erghs in the unit ‘Valley’ there was no
difference at all, and ‘Slope’ as well as ‘Platesliowed intermediate but non-significant
results. However, including an interaction betwdestance from agricultural roads and
topographic unit did not significantly improve thdel. Rivers affected the occurrence
probability up to approx. 300 m from the riverb&dglre 5). Beyond this threshold, predicted
probabilities of presence dropped below 0.2.

The interaction between land use and topographtdndicated that fallow sites
situated in valleys were more prone to invasiotdbynantegazzianum than other
combinations of these two predictors.
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Figure 4. Predicted occurrence probabilities by logisticresgion oHeracleum mantegazzianum in suitable
habitat patches versus distances from agricultosads.
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Figure 5. Predicted occurrence probabilities by logisticresgion oHeracleum mantegazzianum in suitable
habitat patches versus distances from rivers.

Measures of effect sizes are given by the oddssathich represent the change in the odds of
H. mantegazzianum presencgiven a unit change in the respective predictoe dtids are the
probability of presence divided by the probabibfyabsence. Therefore, odds ratios greater
than one indicate an increase of the odds andaalsacrease in probability of

H. mantegazzianum presence. However, it is noteworthy that oddesatdds and

probabilities are different concepts which are pesly related but not in a linear fashion
(Peng et al. 2002). The odds ratiad-bfmantegazzianum cover in adjacent patches was 2.41
which means that an increase in average coveredulrounding from, e.g., 1% to 2% led to
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a 2.41-fold increase of the oddsHbfmantegazzianum presence. In contrast, distance from
rivers had an odds ratio of 0.88 which was caledldor a distance increase of 100 m. Thus,
with every 100 m further from a river the oddg-bfmantegazzianum presence decreased by
the factor 0.88. In order to further illustrate tieéationships between predictor variables and
predictions, we compiled profiles of habitat patkath high (>0.95) and low (<0.05)
predicted probabilities dfi. mantegazzianum presence which are presented in Table 6.

6.4.2 General Regression Model (GRM) of patch saturation

The GRM of patch saturations was highly significantl explained approx. 20% of the
variance (Table 7). Significant predictors weremantegazzianum cover in adjacent patches,
habitat structure, and shape index. Moreover, theean effect of soil productivity which,
however, was only marginally significant.

Again high cover percentagestf mantegazzianum in adjacent patches had a
positive effect and, furthermore, high soil produity tended to favour high patch saturation.
As expected, woody habitat structure had a negaffeet on patch saturation. In contrast to
the LRM of habitat occupancy, the shape index veggmtvely related to patch saturation
which means that elongated or complex-shaped patwe loweH. mantegazzianum
saturation than isodiametric simple-shaped patdflest of the explained variance was
attributable to habitat structure aHdmantegazzianum cover in adjacent patches, whereas
shape index and, especially, soil productivity baty minor contributions (see partial r2 in
Table 7).

Table 6. Profiles of suitable habitat patches with hig8).and low (<.05) predicted probabilities of
Heracleum mantegazzianum presence by logistic regression. Profiles arergfee open and woody habitat
patches separately in each probability class. \adfi€ontinuous predictors and predicted probadsliare
averages over all cases in the respective préfile categorical predictors the most frequent categ
presented. Number of cases in profiles: Open >.93.3Voody >.95 = 31. Open <.05 = 21. Woody <.0%L%.

HM

coverin  Distance from Predicted Observed
Habitat adjacent Agricultural ~ Habitat ~ Shape Patch Land Topo- occurrence presence
structure patches Rivers roads  connectivity index size  use graphy probability  [%]
Open 10.69 420.6 50.5 1018.9 1.8 3553.5 Fallow Valley 0.994 100
Woody 11.93 382.1 51.8 787.5 1.9 1300.9 Fallow Valley  0.993 87.1
Open 0.02 854.7 2235 306.1 1.6 720.0 Maint. Hiltop  0.029 1.3
Woody 0.03 9234 83.1 886.0 1.5 1299.1 Fallow Slope 0.032 0

Note. HM = Heracleum mantegazzianum.

Table 7.General linear regression analysis of patch séuraf Heracleum mantegazzianum in 333 occupied
habitat patches.

Predictor Flg\(/:écl)r Partial r2 Estimate B SEB  F-ratio p
Intercept NA  0.7022 NA NA 73.0236 < 0.0001
;'a'\fcffé‘;er in adjacent 0.0750 0.0284 0.2572 0.0499 26.6053 < 0.0001
Habitat structure woody 0.0995 -0.1442 -0.2977 0.0494 36.2559 < 0.0001
Shape index 0.0361 -0.0995 -0.1763 0.0503 12.2858 0.0005
Soil productivity 0.0152 0.0033 0.1121 0.0498 5.0608 0.0251
Test MU||?tI2p|e Corr. R? df MQ  F-ratio p
Overall model
evaluation
Regression 0.2039 0.1942 4 3.8757 21.0058 < 0.0001
Residual 328 0.1845

Note. HM = Heracleum mantegazzianum. NA = not applicable.
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6.5 Discussion

6.5.1 Habitat occupancy

The LRM results confirm that both local (habitatusture) and landscape factors (distances
from transport corridors, habitat connectivity,qrasize and shape) influence habitat
occupancy oH. mantegazzianum. Local factors are essentially related to recrartrand
growth ofH. mantegazzianum, while landscape factors are related to dispgnsaiesses.

The effect of habitat structure might be directiyibutable to trees or shrubs in
woody habitats (>10% tree or shrub cover) whichst@mn by shading the effective patch
area suitable for recruitment and growth and, treduice the probability of
H. mantegazzianum seeds to reach ‘safe sites’. In addition to tihatpuld also be
conceivable that lack of disturbance and old swstoeal age of woody habitats exert indirect
effects orH. mantegazzianum presence through increased competition by (nataleherbs
under such conditions (Thiele and Otte 2006). Tgukmo account that recruitment and
growth ofH. mantegazzianum depend considerably on productive site condititimes,
insignificance of soil productivity might be surging. However, the differences of soll
productivity between habitat patches were rathederate and low-productive soils scarcely
occurred in the study areas. In the face of thasks fit can be assumed that soil quality would
affect occurrence probability &f. mantegazzianum in landscapes which feature low
productive sites.

Effects of habitat configuration have prevalentgeb found for perennial species that
produce rather low numbers of seeds and have rptiwgrcapacities for long-distance
dispersal (Dupré and Ehrlén 2002; Kolb and Diekm2005). In this light, the high
significance of all parameters of habitat configiara for H. mantegazzianum habitat
occupancy is remarkable, Hsmantegazzianum is a fast spreading, monocarpic plurennial
with huge seed production.

Significant effects of distances from transportrictmrs (rivers, agricultural roads)
indicate, on the one hand, tltmantegazzianum successfully spreads through long-distance
dispersal and migration along such corridors bathe other hand, that the species often has
failed to reach habitat patches distant from th€hus, limited long-distance dispersal
capability through the landscape matrix seems toneeof the key determinants of the
landscape distribution pattern ldf mantegazzianum, at least up to the current stage of
invasion in the study areas.

The positive effect of rivers on habitat occupantii. mantegazzianum extended
approx. 300 m from the riverbed. This thresholdhcmled roughly with the largest extent of
inundation areas of the rivers in the study areggesting that seeds might be dispersed
outside riverbeds during floods. The significan€teiers forH. mantegazzianum distribution
is in agreement with observational studies repgrsipread oH. mantegazzianum along river
corridors (e.g. PySek 1991; Tiley and Philp 1994).

Concerning traffic routes, only the distance fragni@ltural roads (including dirt
tracks) had a significant effect while distancesrfrmajor roads and highways were not
significant. This might be due to higher maintereaafforts in the latter categories of traffic
routes where roadside mowing is usually conducted megular basis (e.g. twice a year)
which strongly reduces growth height and seed prioaiu (Thiele and Otte 2006) and, hence,
spread into adjacent or nearby habitat patchesefifealess, migration di. mantegazzianum
along major roads has been observed in the Rula, ermany (Keil and Loos, pers.
comm.), and it can be assumed that it also ocdsesveere even though regular roadside
maintenance decreases the opportunities for mograind spread. Lack of regular
maintenance of road verges seems to favour thadfél. mantegazzianum by allowing for
high seed production in road habitats and, thusnesation of nearby habitat patches in the
open landscape distant from rivers or human seetas. In general, road corridors enhance
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the spread of many invasive and native plant speeigardless of the intensity of use (e.qg.
Parendes and Jones 2000; Watkins et al. 2003; @odleind Koedam 2004; Pauchard and
Alaback 2004; Rentch et al. 2005).

Railways showed no significant effect in the préstady which might be attributable
to the fact that they were present in 7 out oft2@y areas only. Nevertheless, railwaysides
often present suitable habitats and they featugedral occurrences &f. mantegazzianumin
the respective study areas. Therefore, migrationgatailways cannot be fundamentally
rejected. Generally, railways can support spreddwafsive plant species (Hansen and
Clevenger 2005).

The findings concerning transport corridors cormalb® previous interpretations of
H. mantegazzianum records which suggested that the species, apantriver corridorshas
also spread along traffic routes (PySek and Pr@&3;1Caffrey 1999). Furthermore,
Mullerova et al. (2005) could observe spreatt ofnantegazzianum from linear landscape
elements (rivers, paths, roads) to adjacent extergbitat patches within recent decades in
the Czech Republic in time series of aerial phapbs.

The chance of seeds dispersed along corridorathr@ new habitat patch is related to
the area and shape of that particular habitat pechdicated by the highly significant effects
of these parameters on habitat occupancy. Gengttadlychance of propagule input increases
with area and perimeter (per area unit).

Next to long-distance dispersal along transpontidors which substantially
influences the landscape distribution, short-distagispersal affects the local distribution
pattern (sub-landscape level) as indicated byitirefeant effect ofH. mantegazzianum
cover in adjacent patches. After arrival at a nega/the species can successfully spread
through contiguous aggregates of habitat patclgggdéess of habitat type, structure, or
history. Moreover, the species can ‘jump’ to corteddabitat patches in the vicinity (100 m
buffer distance for proximity indices) by wind aher means. In such conducive situations of
habitat connectivityd. mantegazzianum can attain high rates of local habitat occupancy.
Rates of local spread have been determined by kéirdeet al. (2005) for 60 ha landscape
sections in a heavily invaded region in the Czeepu®lic. Average rates of spread were
1261 m2 yeat (areal) and 10.8 m yeaflinear), respectively.

The classification table of observed and predifteguencies of presence and absence
of H. mantegazzianum showed a high percentage of correct classificggdn2%; Table 5).
However, there was a great difference between cioprediction of absence (93.8%) and
correct prediction of presence (49.7%). These tesuiggest that there are factors included in
the model which strongly impedi¢ mantegazzianum occurrence in a number of generally
suitable habitat patches. These impeding fact@®lviously large distances from transport
corridors and disconnectedness of habitat patcheshwgivenH. mantegazzianum's
limitation of long-distance dispersal through thatnx, largely prevent invasion of
H. mantegazzianum. On the other hand, the high rate of predicte@ms in patches where
the species was in fact present suggests thaatherp of habitat occupancy is substantially
influenced by factors not accounted for in the nheddch help to overcome long-distance
dispersal limitation. Most likely, these are hunfiactors such as deliberate sowing into the
wild as a bee plant and other human related mefasisfgersal that were not accounted for by
the model (e.g. translocation of dry umbels).

Concerning management, probability-of-occurrencpsr{&ew et al. 2005) of
invasive species within invaded regions would loesirable tool to make early detection and
application of preventive measures more efficignhérrowing down the area to be surveyed
or treated, respectively. However, the low sengjtiicorrect prediction of presence) with the
cutoff of 0.4 would lead to unreliable probabilityaps. On the other hand, lowering the cutoff
until acceptable sensitivity is reached would hadiiminish the number of patches to be
surveyed. Therefore, application of the model tostauction of probability maps appears not
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to be advisable for already invaded landscapeseifl@sless, in currently uninvaded
landscapes the model might be appropriate to iiyemtibitats most likely to be invaded in the
first place afteH. mantegazzianum arrival. A promising extension of the static LRMvdel
would be to incorporate parameters of landscaperesatogether with more detailed local
data into spatially-explicit dynamic models in artie assess invasion dynamics and predict
equilibrium stages of invasive plant species.

6.5.2 Patch saturation

In contrast to habitat occupancy, patch saturatias not substantially influenced by habitat
configuration (apart form patch shape, see belowgjead local factors prevailed and,
additionally, spatial auto-correlation was fountie$e results suggest that patch saturation
does not depend on seed input from long-distargedsal. It rather depends on local habitat
conditions governing recruitment, growth and seedlpction and, secondly, on propagule
pressure from the immediate vicinity (adjacent pas}. The negative effect of woody habitat
structure confirms that patch saturatiorHoimantegazzianum is constrained by woody
components of the vegetation and, presumably, dneased competition from other tall-herbs
under low disturbance and old successional agehndfiaracterize woody habitats.
Conversely, high soil productivity seems to faatit high patch saturation of

H. mantegazzianum which would be plausible taking into account tthet species has a quite
high demand for nutrients and moisture (PySek ars@lP1995; Tiley et al. 1996; Otte and
Franke 1998; Thiele and Otte 2006). Yet it hasaddrne in mind that values of soil
productivity were available for 52% of habitat gege only and the effect was only
marginally significant. Although, we would expebetsignificance of soil productivity to
rather increase given that all patches were réteddiagnosis of a facilitating effect of soil
productivity within the rather short productivityaglient of the habitat patches in our study
areas appears to be vague.

Altogether, the sum of variance explained by |daators included in the model
(habitat structure, soil productivity) was rathewlsuggesting that other local factors have
additional influence or are even more importantgfatch saturation dfi. mantegazzianum.

At this point, small-scale disturbances facilitgtirecruitment oH. mantegazzianum (Thiele,
Otte, Scholz-vom Hofe, unpublished data) and biotieractions, particularly presence or
absence of competitive species (Thiele and Ott&R@dme into consideration. However, in
this study it was not possible to account for tHaséors. Moreover, it would be possible that
H. mantegazzianum cover within habitat patches is not yet in tunéhve@nvironmental
conditions.

Concerning habitat configuration, patch shape Wwanly significant predictor and
had a negative effect on patch saturation, whick diametrically opposed to its effects on
habitat occupancy. The negative effect implied ghahgated and complex shapes featured
lower patch saturation ¢f. mantegazzianum which might be attributable to elongated habitat
patches along major roads facing comparativelynggemaintenance management which
reducedH. mantegazzianum cover and abundance. PySek and PySek (1995) thand
adjacency to roads and flowing waters was a sicamti factor for patch saturation of
H. mantegazzianum. This pattern, however, was not found in the prestudy.

6.5.3 Insignificant factors

Against expectations, land use and patch age hadyndicant effects in both models.
Concerning land use, other observations have shioatnmegular (agricultural) land use
constraindH. mantegazzianum to low abundances, and reduces growth height ratdset
(Thiele and Otte 2006). However, suitable habitpés are either disused or maintained at
rather low intensities compared to agricultural. sgparently, there is no significant

53



CULTURAL LANDSCAPES ARE PATCH-CORRIDOR-MATRIX MOSICS

difference between disuse and low-intensity magee for habitat occupancy and patch
saturation oH. mantegazzianum.

Regarding patch age we had assumed that youngsgssienal stages after
abandonment or disturbance should be more easifgible byH. mantegazzianum and
facilitate high patch saturation. However, thisldowot be confirmed by the models presented
here. The reason for lack of significance mightheetemporal and spatial scale at which
patch age was measured. The temporal resolutiormp@®Xx. 25 years which probably is too
long to separate ‘young’ and ‘old’ habitats férmantegazzianum. Further, the grain of this
study was patches which did not allow for recordmogsible small-scale disturbances
facilitating recruitment.

6.6 Conclusions

The present study confirms that habitat occupahf@jamt species may depend on both local
and landscape factors. Particularly, the resulisharsize the importance of habitat
configuration for the landscape distribution ofrglapecies and for the spread of invasive
species.

The landscape distribution patternHdracleum mantegazzianum is strongly mediated
by dispersal processes which depend on transpoitlas (rivers, roads) and connectivity of
habitat patches whereas dispersal through thedapdamatrix is limited. Therefore, cultural
landscapes of Central Europe function as patchemyrmatrix mosaics for the spread of
H. mantegazzianum.

Application of the LRM for construction of probaibjtof-occurrence maps could
provide a means for more efficient early detectiad prevention in previously uninvaded
landscapes. Concerning preventive measures, regaiatenance of roadside habitats could
impede further spread &f. mantegazzianum outside river valleys.

In contrast to habitat occupancy, patch saturaifdf. mantegazzianum does not
depend on landscape factors. Not even local fagtohsded in this study (habitat structure,
soil productivity) could satisfactorily explain gatsaturation. Therefore, we would suggest
that sub-patch level factors, such as small-sdatertbances and biotic interactions, are more
important determinants of the saturation of halptathes.
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7.1 Abstract

Heracleum mantegazzianum Somm. et Lev. is an invasive tall forb in Europiéhw
implications for human health (photo-dermatitiggneational and economic interests, and
local biodiversity. This paper presents invasiotigras of the species in Germany on the
regional and landscape scale and assesses thessjpmgiacts on native habitats. We
conducted a survey addressing the nature consemvatihorities of all 440 German districts
and carried out our own field studies in the meastMily invaded landscapes in Germany. The
survey indicated thadtderacleum mantegazzianum is present and perceived as a potentially
dangerous invader in about two thirds of Germatridis, while actual or short-term hazards
can be assumed for only about 15% of districts. [&tter were concentrated in the natural
geographic region ‘western low mountain rangesthinfield studies, dominant stands of
Heracleum mantegazzianum, which bear the highest potential for adversectffen native
biodiversity, accounted for 36% of all large stanfithe species. Invasion success was
highest in abandoned grasslands, grassland addi@lgins, and corresponding tall-forb
stands. The saturation (% area covered) of theferped habitats withleracleum
mantegazzianum was 8.7%. The invasion percentage (% area invadasl}18.5%. In
conclusion, our results suggest that toHayacleum mantegazzianum has only moderate
impacts on the regional and landscape scale everosh heavily invaded regions of
Germany.

Keywords: abandoned grassland, dominance, habitat saturatipact assessment, invasion
success, invasive alien species.
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7.2 Introduction

The umbelliferous tall forlbleracleum mantegazzianum Somm. et Lev. (Giant Hogweed) is
one of the most prominent invasive species in @e&wrope today. It was introduced from
its native range in the Western Greater Caucashettmic and private gardens in several
European countries in the"l@entury (e.g. Wyse Jackson 1989; Ochsmann 1996aKk
2003). During the 2B century the species became a popular ornameatzt (Mobylka 1977,
in PySek 1991; Sheldon 1982; Lundstrom 1984) arslalso propagated as a bee plant
(Zander 1930; Adolphi 1995). Hence, the speciedkas widely dispersed by humans
(gardeners and bee keepers) which substantiallgreeldl its spread (PySek 199 gracleum
mantegazzianum has repeatedly escaped cultivation since itsdioicbon (Ochsmann 1996)
but a massive spread has been observed in sevemgddan countries only from the 1950s
onwards (e.g. Czech Republic: PySek 1991; Germ@nlgsmann 1996; Great Britain: Clegg
and Grace 1974; Tiley et al. 1996; Wade et al. 1.9B@day,H. mantegazzianum is
widespread in Germany and occupies at least 578tisbtells in the national floristic map
(German national floristic database, ‘Datenbankéd@pflanzen’; www.floraweb.de).

Heracleum mantegazzianum has serious health implications for humans dyghido-
photo-dermatitis caused by furocoumarins (syn.rfacaumarins) contained in the sap of the
plant (Drever and Hunter 1970; Lagey et al. 19@5pé&rsen-Schip et al. 1996). Further, it
conflicts with recreational and economic interestg, by obstruction of trails and riverbanks
(Tiley and Philp 1994), and may lead to seriousieroof riverbanks (Caffrey 1994).
Moreover, it can reduce local biodiversity (alplnedsity) by outcompeting native plant
species (Lundstrom 1984; PySek and PySek 1995; hMester and Bullock 2000; Thiele and
Otte 2007). Thereforé]. mantegazzianumis commonly regarded as a problem plant that
provokes costly and tedious control actions. Thal @nnual costs due to health impacts and
management of the species in Germany were estimated. 12 mio. € (Reinhardt et al.
2003).

As monetary resources are always limiting, it isassary for managers to decide
which invasive species and populations to contrehe first place and which ones to control
later or leave alone (Hiebert 1997). In order teetaound and sensible decisions, managers
are in need of information on the impacts of invasipecies. However, rigorous assessments
of imminent impacts from nonindigenous species havely been conducted (Parker et al.
1999; Byers et al. 2002).

On a geographical scale, impacts can be quanbiygd the range size of an invader,
(i) its abundance per unit area across that raauge (iii) the size of the effect per individual
or per biomass unit (Parker et al. 1999). It isoe@ble, for impact assessment, to try to
narrow down the total non-indigenous range of &iggeo regions where the species actually
has spread and increased in abundance after itiodpi.e. where it is an ‘invasive species’
(sensu e.g. Kolar and Lodge 2001). Concerning bo@@ance of invasive plant species,
dominant stands, whidH. mantegazzianum is able to build up, will have especially severe
effects on recipient habitats. Therefore, the prijgpo of stands that attain dominance appears
to be a useful additional measure. Furthermorgebptecision in assessing impacts will be
achieved if the available area of potentially qalgéehabitats is taken into account. Finally,
different types of invaded habitats should be dggtished in any assessment of impacts
because abundances and effects might vary withatagppe.

The aim of our study was to assess the impadtbeadcl eum mantegazzianum on
native habitats at the regional and landscape .SCaleobjectives were:

(1) to assess the large scale patterkl.ahantegazzianum invasion throughout Germany
and to identify regions where the species is ‘ins

(2) to record the distribution and abundance of theisgan the most heavily invaded
landscapes with regard to different habitat types,
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(3) to calculate the area-corrected relative invasianvasion percentages (i.e. % habitat
area invaded) and habitat saturation (i.e. % hiahits covered by
H. mantegazzianum) — for each invaded habitat type and, finally,

(4) to assess present impacts and to make a progoosigefspecies’ potential to threaten
regional biodiversity.

7.3 Methods

7.3.1 Germany-wide survey

In 2001, a survey oH. mantegazzianum was conducted by addressing questionnaires to the
nature conservation authorities of all 440 Germiatridts (‘Landkreise’) and cities
independent from a district administration (‘kregsé Stadte’). The questionnaire asked for
information on habitat types invaded by the spe(eault list provided), occurrences in
nature reserves (yes, no), protected habitat tfyplkeieh ones?) and whether inventories of the
species had been carried out. For each habitatiypeessees were asked to estimate the
frequency class dfl. mantegazzianum (absent, rare, occasional, common) and maximum
spatial extent of single stands of the speciesqu®0 m2, >100 to 1000 m2, >1000 m?).

The received data were used to create a rankidgstricts by invasion intensity which
was assessed by summing up weights allocateditatstl frequency classes and maximum
stand sizes, with higher frequencies and largerdss&zes receiving higher weights. Extra
points were awarded for each protected habitat tgperted to be invaded and inventories of
H. mantegazzianum carried out. Index values derived from this sumomatvere categorised
into four classes of invasion intensity: speciesea, low, medium, and high invasion
intensity. The first class contained zero valudyg,amhile the latter were derived by dividing
the range of non-zero values into three equalvatsr

7.3.2 Locating and mapping of study areas

For our own field research, study areas were defaselandscape sections of 1 by 1 km?2
which had to meet the criterion of containing aiskethree stands of the species. This criterion
was set in order to (i) avoid marginally infestaddscape containing only isolated and maybe
‘accidental’ stands, (ii) to add objectivity to teempling procedure (all encountered areas
meeting the requirements were surveyed), andefigble efficient data recording.

The 35 most heavily invaded districts (and indegendities), based on the Germany-
wide survey, were chosen as potential study regondstheir nature conservation authorities
were asked to send copies of topographic maps (0Q€L:25 000) depicting known
H. mantegazzianum stands. Maps were received from 33 districts atiwR2 seemed to have
suitable study areas. Altogether, 30 potentialystareas were scrutinized on field excursions
and, finally, 20 proved to meet the requirementadd above. These study areas, which
were distributed over 14 districts in seven Germsiates, were surveyed in the summer
seasons of 2002 or 2003. State, district, griddioates and altitude of study areas are given
in Table 1.

Within each study area all stands-bfmantegazzianum were mapped by means of a
GPS system (submeter accuracy). Stands smalle28er® or narrower than 1 m were
mapped as points or lines, respectively. Largerveidér stands, here referred to as ‘large
stands’, were mapped as polygons categorised ortorédint stands (dense stands) and open
stands. The criterion for dominance whamnantegazzianum cover exceeding 50% of the total
surface area of the stand. Abundanced.ohantegazzianum and the percentage of
reproductive individuals were estimated (not takimng account seedlings and juveniles with
only primary leaves) and habitat types were reabfdeall point-like, linear and large stands.
GPS data were imported to ArcView GIS 3.2 (© Ennimeental Systems Research Institute,
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Inc.) for quantitative analysis. The total numbemalividuals ofH. mantegazzianum was
calculated from abundance estimates and numbe@thlem area of the respective stand types.

Table 1. State, district, grid coordinates and altitudestafly areas. Coordinates represent the south-weste
corner of study areas (each 1 byl km?2) accordinbddserman geodetic system (‘Gaul3-Kriiger’). If the

altitudinal range of plots in a study area is lbgs1 20 m, average values are supplied, otherivestotvest and
highest value of investigated plots.

Altitude
No. State District (‘Landkreis") Grid east Grid north (ma.s.l)
1 Rhineland-Palatinate Altenkirchen 3410.500 5623.0 160
2 Rhineland-Palatinate Ahrweiler 2588.300 5594.500 135-175
3 North Rhine-Westphalia Ennepe-Ruhr-Kreis 2593.808696.400 85
4 North Rhine-Westphalia Euskirchen 2545.800 559%.0 470-490
5 North Rhine-Westphalia Euskirchen 2535.500 5539.0 590
6 Bavaria Freising 4465.500 5362.500 480-500
7 Bavaria Garmisch-Partenkirchen 4430.200 5270.000 865
8 Bavaria Garmisch-Partenkirchen 4443500 5253.500 930
9 Lower Saxony Gottingen 3552.500 5710.500 235
10  North Rhine-Westphalia Hagen 3396.700 5687.000 45-195
11  North Rhine-Westphalia Hagen 2600.100 5695.500 0 9
12 North Rhine-Westphalia Hagen 3397.000 5689.800 60-29D0
13  Hesse Kassel 3529.200 5684.000 270-305
14  Hesse Lahn-Dill-Kreis 3467.000 5595.500 260
15  North Rhine-Westphalia Olpe 3421.500 5664.500 5-2F5
16  Thuringia Wartburgkreis 3569.500 5620.500 326-35
17 Hesse Waldeck-Frankenberg 3488.300 5668.500 260
18 Hesse Waldeck-Frankenberg 3477.800 5655.500 3335-
19 Hesse Waldeck-Frankenberg 3487.500 5661.200 3260-
20 Saarland St. Wendel 2589.000 5482.100 360-395

7.3.3 Measurement of invasion percentages and habitat saturation

Invasion percentage was defined here as the ratween the area &f. mantegazzianum
stands and the total area of the respective hapgatwithin the study areas. Habitat
saturation was defined as the ratio of the arearealvbyH. mantegazzianum plants within

the stands and the total area of the habitat typ&ySek and PySek 1995). As the cover
percentages dfi. mantegazzianum are mostly lower than 100%, the habitat saturason
lower than the invasion percentage. The spati&mdf potential habitats was assessed by
interpreting digital aerial orthophotos of the stadleas. All areas with sufficient extent to

allow for adequate precision of area measurement the images were mapped as polygons
in ArcView GIS and for each habitat type the anaa svas calculated. Patches insufficient in
size and fringes narrower than about 5 m in natues not mapped separately but subsumed
to neighbouring areas. The habitat types whichabel discerned in interpretation of aerial
images are listed and described in Table 2.

Abandoned grasslands, margins of grasslands ddd,fend tall-forb stands had to be
combined into one category due to methodologicastraints related to the interpretation of
aerial images. The area of forest margins was ted by creating 10 m buffer zones inside
the forest polygons. Point-like and linear standsiages of woodlands and scrublands were
included into the category ‘woodlands’ while staati$orest fringes were included into
‘forest margins and fringes’.

The area of large standstéf mantegazzianum within a particular habitat type was
measured by intersecting polygons mapped by GR&ifield with the interpretation of
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aerial images. The area covered by point-like arght stands was calculated from
abundance estimates, length (in the case of Istaads) and percentage of reproductive
individuals under the assumption that the areareavBy each individual alone is on average
1 mz for reproductive individuals and 0.1 m2 fogetative individuals.

Table 2. Habitat types and other land-cover types whicHdcbe discerned in the interpretation of aerial ges

Habitat type

Key traits

Abandoned grasslands, margins of
grasslands and fields, and tall-forb

stands

More or less nutrient rich sites which have notrbeabject to regular
land use in recent years and which feature herhscesgetation (mostly
dominated by grasses and sometimes dominated|bigrtag)

Open riverbanks

Unshaded riverbanks with herbaceegstation

Shaded riverbanks

Riverbanks shaded by tree loogpses or forests

Open railwaysides

Unshaded railwaysides (vergebaakments) with herbaceous
vegetation

Shaded railwaysides

Railwaysides (verges, embantsingimaded by tree lines, copses or
forests

Open roadsides

Unshaded roadsides (verges, embatfiméth herbaceous vegetation

Shaded roadsides

Roadsides (verges, embankmeatgdshy tree lines, copses or forests

Woodlands

Copses, tree-dominated wasteland, affatesites, and scrubland

Ruderal areas

Heavily disturbed sites, such as @igs\dotovated areas etc.

Managed grasslands

More or less nutrient rich mea@dmd pastures which are used
agriculturally on a regular basis

Forest margins and fringes

Ecotonal zone betwemstfand adjacent vegetation and the outermost
10 m of the forest itself

Housing areas

Areas of coherent plots used forihgus

Garden plots

Gardens outside settlements

Nutrient-poor grasslands

Low-intensity meadowsastpres at rather nutrient poor sites

Industrial and business areas

Areas of coherets pfandustry or business use

Amenity grassland

Lawns in parks, sports completes

Straw meadows

Wet meadows on poor substrates \ahéicihown once per year in late
summer or autumn

Lakes Water body of lakes and ponds
Streets Tarmacked area of streets
Railway tracks Rails and their gravel bed
Rivers Water body of rivers

7.4 Results

7.4.1 Germany-wide survey

In total, 309 (70.2%) of the 440 questionnairesenreturned. Of these, 300 stated that

H. mantegazzianum was present in the district area (68.2 of thd t686 of returns).
Occurrences in nature reserves were mentioned #yd@he districts that had replied and
denied by 26%, while the remaining made no statémidrout 40% reported protected

habitat types to be invaded. Among these were, megtiently, natural riversides and wet
grasslands and, occasionally or rarely, alluvie¢$ts, alder swamp forests, calcareous and
acidic fens, lakeshores, terrestrial reed standsatrient-poor (chalk) grasslands. Inventories
of H. mantegazzianum stands had been carried out in at least 21% daligttgcts (48% ‘no
inventories’, 31% ‘no statement’) and 3.7% indicafeithout being asked) that management

action had been undertaken.

There were significant differences léf mantegazzianum-frequency estimates
between habitat types (Kruskal-Wallis-ANOVA: p ©01).Heracleum mantegazzianum
occurred most frequently on ‘riverbanks and dit¢ches ‘road verges and paths’ (tested by
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Mann-Whitney U tests with Bonferroni adjustmenttermediate frequencies were exhibited
by ‘ruderal areas’, ‘forest margins and fringesidagardens and parks’, while ‘fallow fields
and abandoned grasslands’, ‘railway tracks antstf and ‘low-intensity grasslands’ were
mentioned noticeably less frequently. The speci&s east frequently reported from high-
intensity grasslands.

Also concerning the maximum extent of single stavfdd. mantegazzianum there
were significant differences between habitat tyjpesskal-Wallis-ANOVA: p < 0.001).
Stands of the species most frequently reached &dagat (>1000 m?) in ‘riverbanks and
ditches’, ‘ruderal areas’, and ‘fallow fields andaamdoned grasslands’, whereas the maximum
extent of stands was significantly smaller in ‘raamiges and path’, ‘gardens and parks’,
‘railway tracks and stations’, and ‘high-intensgsasslands’ (Mann-Whitney U tests with
Bonferroni adjustment). ‘Forest margins and fringesl ‘low-intensity grasslands’ did not
differ significantly in stand size from all the ethhabitat types.

On the basis of index values of invasion intensitye districts (3% of returns) were
classified as ‘*high’, 57 (18%) as ‘medium’, and Z36%) as ‘low’ while in another nine
districtsH. mantegazzianum was absent. Figure 1 shows that the particulaselwere not
evenly distributed over Germany. There was a sigamt accumulation of ‘medium’ and
‘high’ levels of invasion intensity in the mid-wesh parts of Germany (Mann-Whitney U
test: p < 0.001) which mostly coincided with théumal geographic region ‘western low
mountain ranges’. In the regions ‘Alps’ and theoftiaills of the Alps’ (‘Alpenvorland’) there
was a slight accumulation of ‘medium’ invasion imggy, suggesting a secondary focus. In
contrast, in the ‘north-eastern lowlands’, dissiatithoutH. mantegazzianum occurrences or
‘low’ invasion intensity prevailed, except for Berland two districts of ‘medium’ and ‘high’
level where gianHeracleum sp. were tested as a fodder crops in the 1960sw@rskquently
spread into the wild. However, these test plantgast in the district ‘Oder-Spree’, were
reported to béleracleum sosnowskyi (Zimmermann 1966). Throughout the remaining parts
of Germany, the ‘north-western lowlands’ and ‘sewtstern low mountain ranges’, invasion
intensity was predominantly ‘low’, interspersedwiéw instances of ‘medium’ level.

7.4.2 Fidd investigations

The study areas were prevalently situated in thalfaegion ‘western low mountain ranges’
(16 out of 20 study areas). They covered a totd af 2000 ha (20 km?) and contained 233
large stands dfl. mantegazzianum of which 36% were dominant stands. The standspedu
an area of 16.4 ha (0.8% of the total study arkagether. Open stands (11.8 ha) generally
prevailed over dominant ones (4.6 ha). With bodmdttypes, sizes of single stands between
100 to 1000 m? occurred most frequently (145 stantide stands larger than 1000 m2 were
in the minority (32).

Apart from large stands, occurrenceddoimantegazzianum were frequently found in
the form of linear and point-like structures noited for mapping of spatial extent. Linear
structures bearing. mantegazzianum were found in 16 out of 20 study areas and amaunte
to a length of between 30 to 2121 m per study &emt-like stands were found in all study
areas with absolute frequencies of between 2 anebZtudy area. The number of stands per
category declined from point-like (322), over lin€a85) and open (148) to dominant (85)
while the number of individuals per category extallithe opposite pattern (6921, 12 690,
53 979, 126 687 individuals per category, respebt)with 63% of all individuals
accumulated in dominant large stands.

Figure 2 shows the absolute frequenciel .ahantegazzianum incidences per habitat
type found during the field surveys of 2002 and208 accordance with the questionnaire
survey, roadsides and embankments of rivers aoteaditshowed high frequencies regardless
whether open or shaded by trees. Also marginsramges of forests, woodlands and
scrublands were frequently infested ymantegazzianum while this species occurred less
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commonly in ruderal areas and on railway embankséntcontrast to the questionnaire
survey, abandoned grasslands were among the corstiaigtat types of

H. mantegazzianum and the species was even found in managed grdsdaiite regularly.
Further the species occurred with intermediateueegies in woodlands (copses, tree-
dominated wasteland and afforested sites), at mauafigrasslands and fields and in tall-forb
stands at disused sites (this habitat type hatdeen included in the Germany-wide
guestionnaire survey). The percentage of dominantls among all large stands varied with
habitat type and was especially high (above 50%9pen roadsides, abandoned grasslands,
and margins of grasslands and fields. Protectedataypes were almost completely lacking
in the field records except for two sites featurafandoned and slightly wet grasslands, and
some occurrences in alluvial forests which, howggtel not contain Red List species (Thiele
and Otte 2006).

=

Invasion intensity
Il High

[ | Medium

| JLow

Species absent
| ] Nodata

Western low
mountain ranges

200 .
Kilometers

Figure 1. District-wise map oferacleum mantegazzianum Somm. et Lev. invasion intensity in Germany.
Classification of invasion intensity was based dBeamany-wide survey addressed to 440 district@masion
authorities in 2001. The line signature delinedtesnatural geographic region ‘western low mountaimges’
which represents a focal regiontdf mantegazzianum invasion.
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Figure 2. Absolute frequencies dferacleum mantegazzianum Somm. et Lev. incidences found during field
surveys of 2002 and 2003 in different habitat ty[sgnatures separate different stand types of
H. mantegazzianum (point-like stands, linear stands, extensive agiands, extensive dominant stands).

The highest invasion percentage (18.5%) was foanddandoned grasslands, margins of
grasslands and fields, and tall-forb stands (wheth to be combined into one category)
followed by open riverbanks (13.8%), open railwdesi (9.7%), ruderal areas (5.8 %) and
open roadsides (3.4%). The remaining invaded halypas showed invasion percentages of
about 2% or less. Due to their lesser frequencyspatial extent dominant stands contributed
considerably less to the invasion percentagesdpan stands (Table 3). Contributions of
point-like and linear stands to invasion percentage habitat saturation were negligible
throughout. The highest habitat saturation (8.7%8 again found for abandoned grasslands,
margins of grasslands and fields, and tall-forindsa

7.5 Discussion

7.5.1 Perception and extent of H. mantegazzianum invasion in Germany

The high percentage of returns (70.2%) of the suméicated that nature conservation
authorities in Germany are well aware of the inea$f H. mantegazzianum. Nearly all
returned questionnaires (97%) stated that the sp&as present and half of them confirmed
occurrences in nature reserves. These ratios, leweannot be extrapolated to the whole of
Germany, as missing returns mostly coincided wetfions where the species is absent or
exhibits only sparse records according to the natifioristic map as of 2002 (German
national floristic database, ‘Datenbank Gefal3piarizwww.floraweb.de). Apparently,
districts in which the species is not present orrive to be considered relevant refused to
reply (except for 3% of returns), whereas returgeestionnaires suggest that
H. mantegazzianum is perceived as a potentially hazardous invad#rarespective districts.
If we start from this assumption, in approximateiyp third of German districts
H. mantegazzianum is perceived as an invader, in about one thirdgortedly occurs in
nature reserves and in almost 30% it has allegadgded protected habitat types.

While keeping in mind the pitfalls of subjectivityne index of invasion intensity based
on the survey results appears suitable for comgalistricts with regard to
H. mantegazzianum’s invasion success and to identify districts ki face implications. The
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field surveys confirm that districts classifiedanimedium’ or 'high' level of invasion intensity
comprise 'hot spots' of invasion. However, expeeeinom field studies shows that invasion
intensity is rather overestimated than underesg@thathis can be concluded from the fact that
one third of all potential study areas allegedlyresenting invasion ‘hot spots’ in districts
classified into ‘medium’ or ‘high’ level of invasmintensity turned out to be only negligibly
invaded byH. mantegazzianum (i.e. single stands with few individuals). Distgatlassified

into ‘low’ invasion level prevalently reportdd. mantegazzianum to be ‘rare’ or ‘occasional’,

at the most, and seldom reported large standsnGhestendency to overestimate invasion
severity, it can be assumed that in these distdcteantegazzianum really has mere sporadic
and small occurrences.

Table 3.Invasion percentages of different stand typedeficleum mantegazzianum Somm. et Lev. and total
habitat saturation aggregated over 20 study ateadgcape sections of 1 by 1 km?) in Germany. liovas
percentage is calculated here as the ratio bettiearea sum dfi. mantegazzianum stands and the total
available habitat area. Habitat saturation is dated as the ratio of the area covered by indiv&loa

H. mantegazzianum and total available habitat area.

Point-like & linear

Habitat Open stands Dominant stands stands Habitat saturation
area - - -
: Area Invasion Area Invasion Area Invasion Area

. available . . . Saturat-

Habitat type (m2) invaded rate invaded rate invaded rate covered ion (%)
(m?) (%) (m2) (%) (m?) (%) (m2) °

Abandoned grasslands,
grassland margins and tall-
forb stands 427 804 50 720 11.9 27 398 6.4 958 0.2 37214 8.7
Open railwaysides 19 647 808 4.1 786 4.0 320 1.6 830 4.2
Open riverbanks 65747 7077 10.8 1537 2.3 428 0.7 1855 2.8
Ruderal areas 79259 1806 2.3 2707 34 56 0.1 2189 2.8
Open roadsides 67001 1057 1.6 307 0.5 899 1.3 1085 1.6
Shaded riverbanks 219569 3809 17 462 0.2 299 0.1 2108 0.7
Woodlands 1284723 10414 0.8 11 320 0.9 649 0.1 5760 0.7
Shaded railwaysides 172833 364 0.2 445 0.3 161 0.1 706 0.4
Shaded roadsides 212431 1126 0.5 48 0.0 520 0.2 339 0.2
Managed grasslands 3871 259 37 897 1.0 593 0.0 12 0.0 2498 0.06
Forest margins / fringes 1115017 1777 0.2 251 0.0 168 0.0 393 0.04
Housing area 1 062 694 86 0.0 124 0.0 0 0.0 54 0.01

Thus, it seems reasonable to narrow down the nuoflaéstricts with actual or imminent
hazards oH. mantegazzianum to those with 'medium' and 'high' invasion intgndf we rate
all missing returns as either ‘species absentlow’invasion intensity, we can project
‘medium’ and 'high’ levels to 13% and 2% of alltdists, respectively. Altogether, this
suggests thatl. mantegazzianum, although present and perceived as an invadéein t
majority of districts, is an actual or short-terazhrd in comparatively few districts. The map
of invasion intensity in German districts (Figufeshows that districts likely to face problems
with H. mantegazzianum are prevalently found in the ‘western low mountanges’'.
Projections of ‘medium’ and ‘high’ invasion inteties are about twice as high for districts
overlapping with this region (23% and 5%, respetyiyas for the whole of Germany.
Furthermore, the survey results suggest a secoolewg around the foothills of the
Bavarian Alps. However, the national floristic m&tptes only sparse records in this region
and our own investigations gave the impressiondhbt few isolated centres of invasion do
exist (two study areas were investigated). Preshymaithese cases classification into
‘medium’ level of invasion intensity is rather amepestimation which might be attributable to
higher awareness of nature conservation authomtidss region of especially high
conservation value.
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Three different factors may play a role to expkai@ focus oH. mantegazzianum invasion on
low mountain ranges of mid-western Germany: (i) €lhmate of this region (sub-atlantic and
(sub)montane) closer resembles climatic conditafitbe native range of the species as
compared to other regions of Germany (‘north-eadt@rlands’, ‘south-western low

mountain ranges’), (ii) habitat availability mighe higher, depending considerably on
changes in land-use regimes, especially abandonmhgnasslands (Thiele and Otte 2006), or
(iif) the number of local introductions by humaesy, sowing in the wild by bee keepers,
cultivation in gardens and parks) per unit areahiniave been higher. It seems quite possible
that all three factors have an effect on the intgrmd H. mantegazzianum invasion. However,
confirming their significance is beyond the scopéa study.

7.5.2 Invasion pattern in study areas

Saturation of suitable habitats with standsiofmantegazzianum best represents the invasion
success (PySek and PySek 1995). According to thasare (defined as the ratio between
habitat area covered Iy, mantegazzianum and total available habitat area),

H. mantegazzianum is most successful in abandoned grasslands, gnaksahd field margins,
and tall-forb stands at disused sites. An additiomeasure of the invasion success and the
invasibility of habitats is dominance of the invafleundholm and Larson 2004). The
moderate percentage of dominant stands (36%) amaogg stands dfl. mantegazzianum
suggests that this species is not always domintmtuggh stands are not necessarily in
equilibrium with their environment and possibly turther increase in density. Comparing
the percentages of dominant stands for the merdibabitat types. mantegazzianum

seems to be less successful in tall-forb stand% @4large stands dominant) than in the
former two habitats (both above 50% dominant staridaus, it can be stated that

H. mantegazzianum is especially successful in abandoned grasslamtigi@assland-like fringe
habitats in the open landscape and, in the revirese habitats are most vulnerable to
invasion.

H. mantegazzianum is similarly successful in open riverbanks witBpect to invasion
percentage but the percentage of dominant stal®ds (2 all large stands) is rather moderate
in this habitat type resulting in moderate hats&turation (Table 3). Hence, riverbanks are
considerably less vulnerable to invasiorHoimantegazzianum than abandoned grasslands.
Nevertheless, they certainly represent an impoftahitat for the species, particularly with
regard to long-distance dispersal. The same apiliepen roadsides which also play an
important role in the spread of the species.

In western Bohemia, Czech Republic, PySek and P{&95) found that ‘water
courses’ and ‘path margins’ had a much higher habdturation and, conversely, unmanaged
grasslands showed a considerably lower habitategain than in the present study. This
opposite pattern might be attributable to differmgintenance regimes of water courses and
roads, and to unfavourable conditions of the unmedarasslands which were characterized
by either drought or wetness in the Czech study.

Comparing the results of the Germany-wide questoersurvey with the findings of
our field studies, the most striking differencénishe ranking of abandoned grasslands and
grassland margins. According to the questionnaireey these are among the least occupied
habitats oH. mantegazzianum while they are among the commonest and most peefer
habitats of the species in the most heavily invddadscapes. There are two possible
explanations for this conspicuous difference: Birgshe survey estimates might be influenced
by pre-existing studies about invaded habitats kvbiten found roadsides, riverbanks and
waste places as common habitats (e.g. Neiland BB&&k 1994; PySek and Pysek 1995;
Ochsmann 1996; Wade et al. 1997) but rarely (ab@eddograsslands (e.g. Tiley et al. 1996).
Secondly, the spectrum of invaded habitat types difégr between heavily and marginally
invaded landscapes. This would imply thiaimantegazzianum has managed to spread from
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riversides and roadsides into the open landscaje imvasion ‘hot spots’, while it is still
restricted to rather rare occurrences in thesddiaypes outside these foci.

According to the Germany-wide survey, mantegazzianum has invaded nature
reserves in approximately a third of all distriatel protected habitat types in almost as many.
However, within the 20 selected study areas vilyus protected habitat types were found to
be invaded. This might primarily be attributablehe fact that the study areas hardly
contained habitats of interest for nature consemaBut an analysis of plant communities
and preferred site conditions indicated tHatnantegazzianum is barely capable of invading
sites offering suitable conditions (drought, wetmem®or nutrient status, shade, management)
for protected plant communities (Thiele and Otteé&0These findings seem to contradict
reports of occurrences in protected habitat typasexplanation may be found in the details
of spatial arrangement éf. mantegazzianum stands and habitats of conservation concern.
Possibly, in the questionnaire survey, stands@ftffecies in close proximity to rare or
endangered communities were interpreted as ongwimgpending invasion into those
habitats. One example could be observed by cong#raquestionnaire of one district with
a case study of a nature reserve in the same r€gahepker 1998). The questionnaire stated
thatH. mantegazzianum occurred within the protected habitat types ofritaiire reserve
(calcareous marsh, acidic marsh, salt meadows)eskéhe case study showed that
H. mantegazzianum was growing close to these habitats but not ingiden. An alternative
explanation might be, that invasion of protectelitad types has occurred after deterioration
of habitat quality (e.g. due to abandonment orogitication).

7.5.3 Assessment of impacts

Heracleum mantegazzianum has managed to become a common feature in laresoéthe
‘western low mountain ranges’. Hence, here theispas probably sufficiently abundant and
widespread today to sustain pools of metapopulatiand, in a medium- or long-term
perspective, it may disperse to landscapes oféigi®n where it has not been present until
now without further deliberate assistance by hunfaessowing in gardens or in the wild).
Thus, concerning the invasive range it can be éthi@H. mantegazzianum fulfils the
prerequisites to be a hazardous invader and to meyative impacts at the regional and
landscape scale within the focal region ‘westem thoountain ranges’. However, even in
most heavily invaded landscapes, today the specmspies only moderate or low
proportions of potentially suitable habitats, andst, at present, the impacts are moderate at
the landscape and regional scale.

Concerning the future development of the invasibH.anantegazzianum, we
presume that this species, just as competitiveaapecies, will not be able to exhaust its
potential growth sites in the future. Hence, thiitglio displace native species and their
communities seems to be limited at the landscaple smd regional endangering or extinction
of natives byH. mantegazzianum appears to be unlikely unless the invasion pestain
rarities.

As H. mantegazzianum seems not a serious threat to nature conservatiomegional
biodiversity, large-scale control programs appedrto be mandatory. Nevertheless, the
species bears other implications, e.g. for humatttn¢Drever and Hunter 1970; Lagey et al.
1995; Jaspersen-Schip 1996), river managementi@igion and Forbes 1982; Caffrey 1994;
Tiley and Philp 1994), and public accessibilitysdks, such as riverbanks, amenity areas, and
trails (Lundstrom 1984; Tiley and Philp 1994). Henit is of concern to stakeholders and
land managers. Where problems arising from theiepate imminent or extant, suitable
measures of management should be taken. Instrscioout how to manage
H. mantegazzianum and a comprehensive list of references on thig @ provided in
Nielsen et al. (2005).
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8 General discussion
8.1 Factors facilitating or constraining the invasion ¢ Heracleum mantegazzianum

8.1.1 Local scale

The results of the studies presented in this tredsigv that habitat occupancy (i.e. presence or
absence in suitable habitat patches) and covereamnges oH. mantegazzianum depend on
several factors acting on different scales androtimg different phases of the plant’s life
cycle. The first step in the colonisation of nevbitat patches is recruitment (germination and
establishment) of juvenile individuals. High propons of disturbed sites among preferred
habitats (chapter 5) in accord with the plant’s pefitive-ruderal strategy suggest that
recruitment success bf. mantegazzianum depends on disturbed microsites (gaps). This was
corroborated by a recruitment experiment in clagedsland swards where recruitment of

H. mantegazzianum could only be observed in disturbed subplots (@#Llwhere the sward

had been removed completely, whereas in undistuwbedly slightly hoed subplots
recruitment was zero (Thiele, Otte, Scholz-vom Hafgublished data). Although large-
seeded species, suchrhsmantegazzianum, usually respond less to gaps than small-seeded
ones (Gross and Werner 1982; Donath et al. 2086)yitment in dense swards appears to
rely more or less completely on gaps where conpetivith resident species has been
reduced by small-scale disturbances. These findingg accordance with the general theory
of plant invasions which predicts that soil dismmbes usually increase invasion success (e.g.
Burke and Grime 1996; Prieur-Richard and Lavor€l®0Such disturbances can be
anthropogenic or natural, e.g. deposition of gameétings, wounding of the sward by land
machinery, or digging by animals. In habitats whe¥getation cover is strongly reduced due
to larger-scale disturbances (e.g. open-cast minimege is, of course, no need for further
small-scale disturbances and gap creation.

Growth and seed production depend on local factdesed to habitat patches. These
local factors can be grouped into abiotic resoyreesl use, competition and large-scale
disturbances. Good supply of abiotic resourcesignis, water, light, soil aeration) facilitates
growth and seed production and, subsequently, &gralad, high cover-abundances and high
patch saturation dfi. mantegazzianum. In contrast, regular land use and competition are
constraining factors and large-scale disturbanaashave varying effects depending on
timing and frequency.

Apart from shading which is a major constrainingtéa (Ochsmann 1996; chapter
5.5.1.5), statistical evidence for relationshipssMgen abiotic resources and growth or seed
production ofH. mantegazzianum (measured as height of the leaf canopy and priopoot
flowering individuals, respectively) is rather weakthe studies of this thesis. This is
probably attributable to the shortness of the gnatdof nutrient and water availability at
investigated sites which mostly offered favouratmaditions (chapter 5.5; Table 3, 4).
Nevertheless, it can be plausibly inferred fromahalysis of vegetation and site data that
growth depends on resource supply meeting comgahatiigh minimum requirements
(chapter 5.6.1).

It appears, that regular land management at apptepntensities, e.g. mowing twice
a year, is the primary constraining factor, besls=sp shade, ¢1. mantegazzianum presence
and abundance in German cultural landscapes. Ippgately managed grasslands,

H. mantegazzianum is usually confined to marginal zones, whereasrthasion of the interior

of managed grasslands parcels could hardly be wxerhis pattern indicates source-sink
dynamics depending on seed input from vital stan@sljacent fringes. Thus, under regular
grassland management mantegazzianum appears to be rather a transient species. Although
this species has a high phenotypical plasticity gmull resprouting capability, regular
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mowing or grazing prevent high abundances (chdp¥ed; Figure 5) and reduce fruit set
(Otte and Franke 1998). Unlike co-occuring natiy@aseae species, suchAaghriscus
sylvestris L. andHeracleum sphondylium L. which are also competitive ruderals but with a
polycarpic-perennial life cycle (Grime et al. 1988keems that. mantegazzianum is not
capable to adapt to regular grassland managenuganies. Explanations for the failure to
establish self-maintaining populations in regulamgnaged grasslands are high mortality
rates of juveniles after establishment in grasdavwaards (Thiele, Otte, Scholz-vom Hofe,
unpublished data), extension of the time until #oiwg up to 12 years (Huls 2005; Pergl et al.
2005), flowering phenology not in tune with usualwing regimes (cf. Perglova et al. 2006)
and lack of clonal growth. However, transient stacan have founder effects (Grime 2001)
and build up vital stands when land use is abandloneelaxed below appropriate levels.

Effects of competition by other plant species ammgh and seed production cannot be
directly measured in empirical field studies assprged in this thesis. However, analysis of
vegetation data (chapter 5) suggests that compeigian important mechanism constraining
cover-abundances &f. mantegazzianum. Along the main vegetation gradient which reflecte
secondary successions following mainly abandonmiegtasslands or large-scale
disturbances, the proportion of C-strategy amosglest species increased (chapter 5.5.3,
Figure 3). This is attributable to the arrival andreases in cover-abundance of competitive
species in the course of succession. The generalase of competitors is accompanied by a
decrease dfl. mantegazzianum cover-abundance (chapter 5.5.4, Figure 6). Asl#ta were
single records from different sites in differentsessional stages the exact mechanisms
behind this pattern remain unclear. On the one hihmglpattern could be caused by less
successful invasion into old successional stagesnothe other hand, by establishment of
high cover-abundances in young successional stagksubsequent decline due to increasing
competition. As the supply of nutrients and wateswnostly high at investigated sites it can
be assumed th&t. mantegazzianum and native tall herbs prevalently compete fortligtdult
individuals ofH. mantegazzianum should not face problems to receive sufficiertligecause
they are at least as tall as native competitors dBting the recruitment phase and the early
growth phase competition with juveniles and adoftether species might increase mortality
rates. On the whole, these considerations sudgasttominant stands might develop into
mixed tall-herb stands over time due to arrival anwlease of other competitive species.
Outstanding examples of species rich mixed staad$e found in the native range in the
Western Greater Caucasus (Otte et al. 2007).

While small-scale disturbances primarily facilitageruitment in dense swards, large-
scale disturbances can also have indirect faargatffects on the growth phase of
H. mantegazzianum. Initially after large-scale disturbance or abandent of land use,
competitive tall herbs are often lacking which opémindows of opportunity’ for potential
colonisersHeracleum mantegazzianum, as well as native tall herbs, can make use df suc
opportunities, and the dominance by competitiveerablspecies, such &k mantegazzianum,
in young successional stages is often the outcdraérace between seedlings’ (Grime 2001)
and the sequence of colonisation (‘priority effedfgard and Thornton 2000; Seabloom et al.
2003). Thus, timing of disturbance (or abandonmant) arrival of tall-herb species might
explain a large part of the high variability ldf mantegazzianum cover-abundances in tall-
herb communities of successional seres.

Depending on life cycle characteristics and contipetabilities, plants have a
preference for particular disturbance regimes.enegal, frequent disturbances favour short-
lived ruderals while relaxation of land managemneent other disturbances brings about a
decline of competitive-ruderal strategies and auismeous increase of competitors (Grime
2001). Regardingl. mantegazzianum, the average time until flowering is three to fixears
in open and dominant stands, respectively (HUI$200n the one hand, annual disturbances,
such as mowing or cutting hamper the growtkofmantegazzianum and, on the other hand,
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habitats which have not faced large-scale distubdor more than 20 years show reduced
cover-abundances. Therefore, it can be assumedititatbances recurring every five to 20
years present especially suitable conditions ferding-time survival oH. mantegazzianum

in a particular habitat patch. Such disturbancgueacies are reflected in the preferred plant
community types oH. mantegazzianum (Aegopodion) which emerge after disturbance
events in the course of several years of undistudaselopment. Communities such as
managed grasslands (Arrhenatherion, Cynosuriobjeomnial tall-herb communities
(Alliarion), are rather marginal vegetation types@use here disturbances are too frequent
to allow for optimal development &f. mantegazzianum.

8.1.2 Landscape scale

In the study areas, which represented the mosilii@avaded landscapes of Germany,

H. mantegazzianum occupied 21% of all suitable habitat patches {leasimon geometries;
chapter 6) and 31% of optimal habitat patchestfiee and shrubless habitat types). Thus,
hitherto the species has not been able to utillaege part of suitable habitat area in the most
heavily invaded landscapes. Possibly, the spedgistmeach higher rates of habitat
occupancy in the future. However, at least at tireetit stage of invasion, dispersal limitation
at the landscape scale is a key factor for thesleaqok distribution pattern and moderate rates
of habitat saturation dfi. mantegazzianum (maximum 8.7%; chapter 7, Table 3). Evidence
for dispersal limitation is given indirectly by tisegnificant facilitating effects on habitat
occupancy of short distances from transport corsigovers, roads) and high habitat
connectivity, which both help to overcome dispefsaitation (chapter 6).

The analysis of habitat occupancy showed lthatantegazzianum occurs quite
frequently in habitat patches which should be unop@d according to the predictions of the
LRM (chapter 6). It seems likely that colonisatmfrsuch ‘remote patches’ has been largely
facilitated by human activities, such as sowinggpecies in the wild as a bee plant.

Habitats ofH. mantegazzianum are mostly highly dynamic, and land-use changes,
particularly abandonment of regular grassland memamt, are the main drivers of these
dynamics in cultural landscapes of Germany (chamté@able 2). At the landscape scale, the
study areas showed a strong decline of agricultaral (arable land, grasslands) during the
last 50 years and a simultaneous increase of sitabitat area far. mantegazzianum
(Thiele and Otte, 2007a). This increase of avadldialbitat area has, presumably, lead to
increased connectivity of habitat patches. Possthre might be a more or less definite
threshold level of habitat required for invasiveesul at the landscape scale (With 2004).

8.1.3 Regional scale

The grid map from the national floristic databaseapter 2, Figure 3) shows a wide current
distribution ofH. mantegazzianum throughout Germany which is the outcome of the
exponential increase of locations during the |8sy&ars with 75% of current incidences first
recorded after 1980 (German national floristic date, www.floraweb.de). In general, long-
distance dispersal events govern the invasion spesdwhen they are rare (With 2002).
Therefore, long-distance dispersal by rivers maydly explain the fast spread of

H. mantegazzianum. However, during recent decades there has obyidgsin a fast increase
of invaded sites outside river corridors. Takingpiaccount an observed average linear spread
through habitat patches of 10.8 m ye@Mliillerova et al. 2005) it is clear that the fastead
throughout regions cannot be fully explained byglaiistance dispersal by rivers and
subsequent dispersal and migration along roaddmeioutside rivers valleys. Apparently,
the massive increase during recent decades hasrieiated by hierarchic diffusion
(Hengeveld 1989 in Weber 1998) based on a numheasifent foci outside river corridors.
Obviously, the establishment of these foci is pkavidy attributable to human factors such as
cultivation in gardens and parks and sowing in®wiid as a bee plant. Therefore, it appears
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that the invasion speed Hf mantegazzianum has been increased by massive human
‘assistance’ which helped to overcome dispersatditon.

The estimates of invasion intensities on a disbage (chapter 7, Figure 2) showed
that there is a high degree of variation betwesitridis and there are only comparatively few
invasion ‘hot spots’. These are prevalently foumdistricts for which Bethe and Bolsius
(1995) have recognized that agriculture is likelyery likely to be reduced. Therefore, it
appears that land use dynamics are primarily resplenfor the heterogeneous pattern of
invasion intensities in districts. Large-scale atmarment of land use leads to a high habitat
availability and connectivity and, thus, facilitatgpread at the landscape scale. Moreover,
low-intensity maintenance of road verges (espegc@lbhgricultural roads) facilitates
migration ofH. mantegazzianum into landscape sections outside river valleysistadt from
anthropogenic invasion foci. In this way, the spedias been able to make use of increased
habitat availability. Altogether, these factorsiliteete comparatively high invasion intensities
in districts characterized by declining land use.tle other hand, intensive management of
agricultural land and road verges which is typadahigh-intensity land use regions largely
prevents spread éf. mantegazzianum. On the whole, the regional pattern of
H. mantegazzianum invasion supports the view of Radosevich (2003} wsfated that “the
existence of small nascent populations aided bg-ltintance dispersal agents and human
perturbations may account for the marked populdhorease and expansion of exotic
invading species.”

8.2 Impacts on native flora and vegetation

8.2.1 General comments

Following programs and conventions in the 1980sX310s, such as the Global Invasive
Species Programme (http://www.gisp.org/) and ttee ®nvention on Biological Diversity
(CBD:; http://www.biodiv.org/convention/default.shidpthe awareness of the ‘invasive
species problem’ has strongly increased. Reseathegports on invasive species have
understandably targeted such species which appealedespecially harmful. In the light of
worst cases and ‘horror stories’, differentiatingws of invasive species may have been
somewhat neglected in recent decades. Wholesalenuehts, such as “Biological invasions
are believed to be the second largest cause adrausrodiversity loss” (Vitousek et al. 1997;
Keane and Crawley 2002) lack differentiation betvieonomic groups (animals, plants,
pathogens etc.), geographic situations (continecesanic islands), and spatial scales, and are
of little help for policy makers and practitionelismay be possible that scientists, nature
conservationists, land managers and other peopleecoed may sometimes have tended to
direct their perception especially at vital and dwant stands of invasive plants, while
passing over subordinate stands rather cursoritpnsidering them as nascent foci.

Heracleum mantegazzianum has commonly been perceived as an especially barmf
plant invader which is generally superior over getious species and dramatically suppresses
native biodiversity (e.g. Lundstrom 1984; PySek By8ek 1995). Moreover, it has been
considered to seriously invade and threaten predgaiant communities and habitats
(chapter 7). Without doulti. mantegazzianum is a highly successful invader in Central
European cultural landscapes which can be seenitsoiast spread during the second half of
the 20" century, its wide distribution, and its abilityfiarm dominant stands. However, the
studies of this thesis indicate some discrepari@éseen the perceived harmfulness and the
reality of H. mantegazzianum in its invaded range in Germany and support a more
differentiated view on this species.
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8.2.2 Patch scale

In cases wherkl. mantegazzianum attains high cover percentages, these certaiaty e far-
reaching alterations of resident plant communifléese alterations concern the abundance
of resident species, vegetation structure, flaristimposition, and eventually ecological
function. In fact, there was an overall negativer@ation between the number of vascular
plant species and cover percentagkl ahantegazzianum (chapter 5), suggesting a
suppressing effect on species diversity. Howev#rpeough assessment of impacts on
species diversity requires to distinguish differglaint community types and to consider
presumable mechanisms. A more detailed analysarapling plots showed that within
particular community types there are practicallysignificant relationships between cover
percentage dfl. mantegazzianum and species numbers but community type is theroleg
factor (Thiele and Otte 2007).

Generally, tall-herb communities had lower spea@sibers per sampling plot (25 m?2)
than managed or ruderal grasslands. The main misohdry whichH. mantegazzianum can
outcompete other plant species is outshading oflaywowing species. It is obvious that high
cover percentages bf. mantegazzianum can exclude light-demanding species of grasslands
or pioneer vegetation in the course of secondargessions towards tall-herb communities,
resulting in reduced species numbers per unit &teaever,H. mantegazzianum does not
reduce species numbers below the average levall¢farb communities. This suggests that
effects ofH. mantegazzianum do not differ from those of native tall-herbs agplements
evidence that invaders do not fundamentally dififem natives (e.g. Daehler 2003; Hulme
2003; Bruno et al. 2004). Generally, species numper unit area decrease in the course of
succession from low-growing and light-demandingetagon types towards tall-herb stands
and, finally, woodlands (Schmidt 1981; Neuhaus| Bledhauslova-Novotna 1985; Meiners
et al. 2001; Kahmen 2004). Thus, loss of plantiggediversity in such cases is a general
symptom of successional changes rather than aplartieffect of invasive species.

Plot-level analyses (chapter 5) indicated thatdgafH. mantegazzianum can have
varying cover percentages between one and alm@8b10he current rate of dominant stands
of H. mantegazzianum was 36% of all extensive stands (chapter 7). ¢amnot be treated as a
fixed figure as cover percentages in sampled pliEeshot necessarily in equilibrium with their
environment. However, response curveblomantegazzianum and native species along the
successional gradient (chapter 5.5.4, Figure 6)estghat there will be no uniform increase
of cover-abundances but rather both increases ecr@ases depending on successional stage.
Altogether, these results lead to the conclusiabHhmantegazzianum is not generally a
dominant species as often feared but mostly a cohtint and sometimes subordinate
species.

8.2.3 Landscape and regional scale

At the current stage of invasion in the most hgawVaded German landscapes, which were
studied here, the constraints and limitationbl ofnantegazzianum are reflected in rather
moderate rates of habitat saturation. Thus, upd@tesent stage of invasion, there appears to
be no severe impact on regional populations ofagilant species. Of course, the invasion
pattern ofH. mantegazzianum recorded in the study areas is merely a snapshichwloes not
provide means for predicting the future developmBetertheless, some issues related to the
invasion process and impact potentiaHoimantegazzianum shall be discussed here.

The currently rather low rates of habitat occupasuey saturation suggest that there is
a high potential for further spread and it couldassumed thatl. mantegazzianum will
further increase. In a heavily invaded region ef @zech Republic, Millerova et al. (2005)
observed a strong and steady increase of invagedmtandscape sections (60 ha). Rates of
H. mantegazzianum spread were on average 1261 m? ydareal) and 10.8 m yea(linear).
However, these rates refer to spread through maess contiguous habitats and do not
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apply to mosaics of cultural landscapes with reglalad-use regimes. Taking into account
the limited capacity for long-distance dispersalsen habitat patches, it can be assumed
that it would takeH. mantegazzianum some more decades to occupy all suitable habitats
within the study areas. At this pojmtynamics of suitable habitats have to be consitlere
Most of the habitats dfi. mantegazzianum are created by disturbance or abandonment of land
use (chapter 5; Thiele and Otte 2007a) and, thre@fadually become more and more
resistant or unsuitable fét. mantegazzanum due to secondary successions towards
woodlands or forests. The time span to the estahksit of closed tree or shrub canopies
which exclude light-demanding tall herbs is vargabut usually in the order of few decades
(approx. 25-40 years; Harmer et al. 2001). Theegfdynamics of habitats might prevent full
habitat occupancy dfi. mantegazzianum. Likewise, even common and abundant native
species usually do not occupy all suitable patdieynamic habitats. Altogether, | would
assume that. mantegazzianum, like comparable native species, will not occulpgaitable
habitats and will attain dominance in only few slenThus, it appears rather unlikely that

H. mantegazzianum will endanger populations of common native plgreaes at landscape to
regional scales. In a general perspective, | sufparerer-Lorenzen et al. (2000) who
suggested that plant invasion in Germany are “notgortant threat to biodiversity at a
national or regional scale, but could be problematia local scale”.

8.3 Invasion hypotheses and the case bferacleum mantegazzianum

In recent decades many studies tried to ident#ysiof invasive plant species which
distinguish them from native species. The ratioh&leind these studies is the ‘unlike
invader’ hypothesis which is based on the notigst fnentioned by Darwin (1859) that
“being unlike native species confers invasiveneathough recent studies showed that traits
of invasive plant species generally do not diffent natives ones (e.g. Daehler 2003; Bruno
et al. 2004), the ‘unlike invader’ hypothesis majdhfor regions which have not been
saturated with plant functional types by immigratar evolution. This is obviously the case
with many oceanic islands, such as Hawaii, Galapago It could be hypothesized, that
there is also a lack of saturation with plant fumeal types in the temperate zone of Europe
which has been impoverished in species due tarshiftimate during the ice age. In the
database of Grime (1988, ‘Functional Plant Ecolpgyére is no plant species that has the
same traits alsl. mantegazzianum regarding the established strategy, life histoanopy
height, lateral spread, and regenerative strafBgg. suggests that the ‘unlike invader’
hypothesis might apply to this species and raisesjtiestion in which traits

H. mantegazzianum differs from native species of its preferred pleotnmunities
(Aegopodion). Species of the alliance Aegopodi@umually competitive (e.grtica

dioica L.) or ruderal-competitive (e.@egopodium podagraria L.) perennials with more or
less pronounced clonal growth. But most specigkisfalliance either produce comparatively
few seeds or small seeds. In contrBistnantegazzianum is a monocarpic-plurennial lacking
clonal growth and it produces numerous large sé@édls 2005; Moravcova et al. 2005;
Perglova et al. 2006). After initial colonisationdaseed production, it is conceivable that
local 'swamping’ (Williamson 1996) with seeds, drigh germination percentages are the
main traits oH. mantegazzianum that confer local invasiveness (Moravcova et @0
Perglova et al. 2006). In particular, these traiight be very effective in young successional
stages where clonal perennials have not yet reddlgadcover-abundances. Thus, in this
respect, the ‘unlike invader’ hypothesis might pelecable toH. mantegazzianum.

Among recent hypothesis on plant invasions, therenrelease’ and ‘EICA’
(Evolution of Increased Competitive Ability) hypeites stand out because they are exclusive
to the field of invasion biology, whereas otheraswon hypotheses also apply to colonisations
by native species and the fields of successiomseiand community assembly. ‘Enemy
release’ and ‘EICA’ require that a plant speciesosstrained by substantial specialist
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herbivory or pathogen attack in its native rangeemgas the species suffers less from such
enemies in the invaded range (Crawley 1987; BloaselyNo6tzold 1995Keane and Crawley
2002). This appears to apply to some invasive @paties, e.dHlenelatifolia in North
America (Wolfe 2002) oAmbrosia artemisiifolia in Europe (Genton et al. 2005). However,
field surveys conducted in Central Europe and enGaucasus have yielded no clear signs of
herbivore or pathogen species having more sevgradhonH. mantegazzianum in its native
range (Seier et al. 2004; Hattendorf et al. 2006ys, although the proportions of oligo- and
monophagous herbivores bh mantegazzianum are higher in the Caucasus than in the
invaded range of Europe (Hansen et al. 2006),aears that ‘enemy release’ and ‘EICA’ are
rather not relevant for this species.

Another concept based on leaving behind constrgiopponents is ‘competitive
release’ (Mitchell et al. 2006). When effects ofmpetitors on potential invaders are low, e.g.
due to lack of competitive species in young habijtttis provides an opportunity for invasion.
In the reverse, older successional stages ar@enleasible byH. mantegazzianum which
matches with the concepts of ‘maturity’ (Shea ahe$3on 2002), successional age (Bastl et
al. 1997), and biotic resistance (Darwin 1859; El1®58). Transferred to
H. mantegazzianum, these concepts could mean that competitive glaeties are fewer or
less frequent in the habitats of the invaded ramogepared to the Caucasus. In fact, plant
communities oH. mantegazzianum in the montane and subalpine zones of the Western
Greater Caucasus contain many competitive tall-Bpdties, such d8®lekia speciosa, Inula
helenium, andCephalaria gigantea to name but a few (Otte et al. 2007). In contrids,
relevés of invaded plant communities in Europe @onmuch fewer tall-herb species
(chapter 5). Hence, there might be some degreeoaipetitive release’ of
H. mantegazzianum facilitating dominant stands in the invaded raagd, on the other hand,
some degree of ‘biotic resistance’ due to numepamspetitors in plant communities of the
native range.

Next to traits of invasive species and biotic iatgions, recent invasion hypotheses
have been based on characteristics of the reciprenitonment. A general and mechanistic
one among these is the ‘fluctuating resources’ thgses proposed by Davis et al. (2000).
This hypothesis predicts that susceptibility obanenunity to invasion is controlled by the
amount of unused resources which may vary in spaddime. A temporary surplus in
resources can be caused by an increase of thetotalnt of resources in the system or by a
decrease of biomass and, thus, resource consumpheratter case is consistent with the
theory of ‘community disturbance’ facilitating insian. Regardingd. mantegazzianum, the
‘fluctuating resources’ hypothesis seems to apptyé recruitment phase. This is suggested
by the fact that recruitment in dense sward is @algsible in gaps where biomass has been
destroyed and, consequently, the amount of unwessairces (light, water, nutrients) has
temporally increased. ‘Fluctuating resources’ arairipetitive release’ are both integrated
into the general hypothesis of ‘niche opportunit{&hea and Chesson 2002).

The significance of human alterations of disturtearegimes and land-use changes for
plant invasions has long been recognized and isrammtonsensus today (Elton 1958;
Crawley 1987Vitousek 1997; Arroyo et al. 2000; Mooney and HoBbB80). Although they
are no genuine issues of invasion biology but radih¢he fields of succession science,
vegetation ecology and conservation biology, diéar that they have facilitated a large
number of invasions worldwidéleracleum mantegazzianum is just another example of
invasion facilitated by anthropogenic disturbanecd End-use changes.

Last but not least, an overriding factor of plantasions is habitat matching. It is
trivial that a plant species can only grow in aitebwhich matches the requirements of the
species physiology and life cycle. It is reasonablexpect that a species will establish and
grow in a matching habitat given sufficient propleagaput. Thus, on the whole, propagule
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pressure and habitat matching might explain a Ipegeof plant invasions in general, and
also the invasion dfl. mantegazzianum.

9 Main conclusions

0 Heracleum mantegazzianum Somm. et Lev. is an example of a plant invasioicivhas
massively been facilitated by anthropogenic disgdeasd land-use changes in cultural
landscapes.

0 H. mantegazzianumis not a generally superior species as often delwe has some
limitations. These are:
— dispersal limitation through the landscape mataind

— competition by native tall herbs, especially in garatively old successional stages of
tall-herb vegetation.

o H. mantegazzianum can lead to far reaching local alterations ofdtmacture and floristic
composition of vegetation stands in the courseeobsdary successions; however effects
of H. mantegazzianum do not differ significantly from those of nativaltherbs.

o0 The studies of this thesis confirm that multisGale species-specific approaches are
mandatory for a thorough assessment of plant ionasand their impacts.
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10 Summary

The present thesis on the invasiorHef acleum mantegazzianum Somm. et Lev. (Giant
Hogweed) in Germany sought to answer the follovgjngstions:
i.  Which habitats and plant communities have beendeddchapter 5)?
ii.  Which anthropogenic and environmental factors itaté or constrain the invasion
(chapters 5 and 6)?
iii.  How is the abundance &f. mantegazzianum related to site conditions and plant
communities (chapter 5)?
iv.  How doesH. mantegazzianum affect the local diversity of plant communities
(chapter 5)?
v. In which regions of Germany k8. mantegazzianum invasive in the sense that it has
shown mass increases (chapter 7)?
vi.  Does the invasion dfl. mantegazzianum threaten native plant species (chapter 7)?

Heracleum mantegazzianum is an invasive plant species in Germany which waeduced
from its native range in the Western Greater Causts European botanical gardens in the
19" century. Afterwards it has frequently been culidbas an ornamental plant and has also
been sown in the countryside as a bee plant. Isebend half of the J0century, the species
showed a massive spread and todagnantegazzianum is generally widespread throughout
GermanyHeracleum mantegazzianum belongs to the Apiaceae family and has a monaocarpi
plurennial life cylce with a competitive-ruderataegy (CR strategy sensu Grime). This
species is a conspicuous and remarkable plantoditee @normous growth height which
regularly is between 2 and 3 m, its cart wheeldsit@ver umbels, and the formation of
dominant stands. It is commonly regarded as a prolglant because of its massive spread
and its ability to form dominant stands.

A questionnaire survey addressed to the naturescaaison authorities of districts
was conducted to assess the invasion intensity ofantegazzianum in Germany in 2001.
Field studies were conducted in 2002 and 2003tateh of 20 study areas (each 1 km?),
which were distributed among Western and Southarts @f Germany with a focus on the
natural geographic region ‘western low mountairges. Study areas were chosen to
represent the landscapes most heavily invaded. Injantegazzianum in Germany.

In the study areas, all large enough stands. ehantegazzianum were documented by
vegetation relevés according to the method of BiBlanquet based on 25 mz2 plots. Plot data
were completed by records of habitat charactesigtight supply, land use, incidents of
disturbance within the stands), top soil nutriemdlgses and soil morphological
characterization of the water balance. Furthermaltstands oH. mantegazzianum were
mapped with GPS in the study areas. Field data sugyplemented by multitemporal series of
digitalized aerial photographs. These were useddp all patches of suitable habitat of
H. mantegazzianum (unoccupied and occupied) for GIS analyses amedonstruct individual
histories of habitat patches for the last 50 years.

Heracleum mantegazzianum has invaded a number of different habitat types in
Germany. The predominant ones are abandoned grdsslaversides, and roadsides. From a
plant sociological perspective, occurrencebl ofmantegazzianum are more or less restricted
to the vegetation class of agricultural grasslgiMislinio-Arrhenatheretea) where the
species invades abandoned and ruderal variantharudass of nitrophilous tall-herb
communities (Galio-Urticetea). In the latter cladsmantegazzianum prevalently occurs
in plant communities of the order Glechometalia @mdociological centre is the alliance
Aegopodion. Plant communities | mantegazzianum represent different stages of
successional seres, which mostly started from kgnads after abandonment of management
or, secondarily, from disturbed grounds, such ad gds, in the study areas. Along these
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seresH. mantegazzianum attains its highest cover-abundances in compaigtixoung
successional stages whereas it shows lesser courdances in old tall-herb stands and
woodlands.

Preferred sites dfi. mantegazzianum are generally highly productive and are
consequently characterized by high nutrient avditgpfavourable water balances and good
soil aeration during the growing season. The sgqmiefers full light but it can fairly well
grow and set fruit in semi-shade conditions as.vikelationships between site characteristics
and stand structure éf. mantegazzianum (growth height, cover-abundance, proportion of
flowering individuals) could hardly be detectedlve studies presented in this thesis.
Primarily, this is attributable to the short envinoental gradient of investigated sites which
mostly offered very favourable conditions. Howevera few less favourable sites,
characterized by modest nutrient status or unfaldarwater balance (periods of drought or
wetness during the growing seasdth) mantegazzianum showed markedly reduced vitality
and low cover-abundances.

The studies of this thesis brought up several faderilitating or constraining the
invasion ofH. mantegazzianum on the local, landscape, or regional scale. Antbegnost
important facilitating factors is abandonment afdaise of productive sites. A reconstruction
of histories of invaded sites from multitemporaliee of aerial photographs detected that a
large part (53.5%) of the current extensive starid$. mantegazzianum can be found in
habitats which have been affected by abandonmemeiaxation of land management. In the
study areas, the primary land-use changes weralabarent of grassland management and
secondary ones were abandonment of arable fielotthdfmore, low-intensity land use or
maintenance, such as unregular mowing, enablesiomvafH. mantegazzianum. Moreover,
there are indirect effects of abandonment becaurseef land-use regimes have excluded or
strongly reduced tall herbs locally which opensn@ow of opportunity’ for native and non-
native tall herbs to colonise after abandonmennhddgeearly colonisers have an advantage
over species which arrive later (‘priority effegtsThese principles hold for secondary
successions after large-scale disturbances, sugbesscast mining or deforestation, too.
Probably, the chronology of abandonment or distocbaand propagule input of colonisers
explains a large part of the high variability ofzeo-abundances &f. mantegazzianum and
native tall herbs, and ‘priority effects’ are thaimfacilitating factor for dominant stands.
Depending on the particular situation, abandonrmedisturbance can favour
H. mantegazzianum or native tall herbs, such bistica dioica L.

When competitive tall herbs co-occur with mantegazzianum, interspecific
competition plays an important role for cover-abamzes. This can be seen from the fact that
cover-abundances 6f. mantegazzianum are reduced in older successional stages while
native tall herbs show increased values. It apphatsdominant stands bf. mantegazzianum
which have formed in young successional stagestrdigéelop into mixed tall-herb stands
due to colonisation by native species and incrgasiterspecific competition.

Next to interspecific competition on the local s;alispersal limitation on the
landscape scale is a major constraining factothfeinvasion. A lack of long-distance
dispersal capabilities makes it difficult felr mantegazzianum to reach patches of suitable
habitat ‘by own means’ if these patches are isdlatea non-habitat landscape matrix
(agricultural land, forests). However, the dispEkligaitation can partly be overcome by
dispersal of seeds along transport corridors +giaad roads — or by gradual migration
through corridor habitats, such as river embanksentoad verges.

Furthermore, land-use changes also have effediseoinvasion at the landscape scale.
Multitemporal area balances of habitats and otledcover types showed a massive increase
of suitable habitat area during the last 50 yeadsaasimultaneous decrease of agricultural
land in the study areas. In addition to the inceezfshabitat area itself, this lead to an increase
of habitat connectivity which presumably has faated spread on the landscape scale.
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At the national scale, the district-based invasimansities show a heterogeneous pattern and
hitherto there are only few invasion ‘hot spotsGermany where a massive increase of

H. mantegazzianum has occurred in some landscape sections. Thegeeara@ently situated

in low mountain ranges where agricultural land lnage been declining. On the other hand,
there has rarely been a massive increase in regi@racterized by intensive agriculture.
Obviously,H. mantegazzianum benefits from increased habitat availability andrmectivity

due to abandonment of land use in peripheral |apmesc

Heracleum mantegazzianum is generally considered to have severe impactsatne
flora and vegetation. Specifically, it is often aeded to be a per se dominant species which
locally suppresses native species. However, the diedies have shown a high variability of
cover-abundances and only about a third of surveteitls were dominant with cover-
abundances exceeding 50%. The observed limitatibHs mantegazzianum — reduced cover-
abundances in old tall-herbs stands and dispensightion at the landscape scale — suggest
that only a part of stands will be dominant in thieire, namely those which represent early
invasions of habitats created by disturbance ai-lase changes. On the whole, it can be
stated thaH. mantegazzianum is a highly successful species but not per se wlamti

WhereH. mantegazzianum attains dominance, it has strong local effectthen
structure, floristic composition and ecological ¢tion of invaded vegetation. High cover-
abundances of the species bring about local sugipresr exclusion of low-growing and
light-demanding species which results in reducadlyers of vascular plant species per unit
area (25 mz? plots). However, a detailed analysrelationships between species numbers,
cover-abundances and vegetation type has shownesajelecline of species numbers in the
course of secondary successions from grasslandsleral pioneer vegetation towards tall-
herb communities, regardless of the particular cabeindances dfi. mantegazzianum. The
reason for this is that native tall herbs bringwl®milar changes of vegetation structure and
composition. Thus, it can be concluded that loedliction of phytodiversity is not a specific
problem ofH. mantegazzianum.

The questionnaire survey of nature conservatiohaaiites yielded comparatively
frequent statements bf. mantegazzianum to have invaded protected habitat types, such as
chalk grasslands or fens, and showed that theespecgenerally considered to be a problem
for nature conservation. However, the analysisrefgrred habitats and site conditions
suggested that. mantegazzianum cannot invade sites characterized by suitableitond
(drought, wetness, poor nutrient status, pastunmmying) for protected habitat types in
cultural landscapes of Germany or if so it is caised to low cover-abundances. Therefore,
this species appears not to endanger protectethhalpes. However, it is possible that the
species invades protected habitat types aftecsitditions have deteriorated, e.g. due to
eutrophication, artificial drainage or abandonn@riand management. In such cases,

H. mantegazzianum as well as native tall herbs can replace protestgetation types.
However, the underlying problem is not the invasipecies by itself but rather the altered
site conditions or management regimes. In thisgeatsve,H. mantegazzianum is an
indicator of landscape changes and habitat deétioor but not the genuine cause of them.

At the landscape scale, the limitationdbimantegazzianum result in mostly
moderate values of habitat saturation. The maximalme of habitat area covered by the
species was 8.7% in abandoned grasslands, grasskngdhs, and tall-herb communities.
The current values of habitat saturation suggedtgbantitative impacts of
H. mantegazzianum on native biodiversity have been rather moderdtefo even in most
heavily invaded German landscapes . Altogethegralangering of native plant species and
communities at the landscape or regional scaleaappe be rather unlikely in the future.
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11 Zusammenfassung

Der vorliegenden Arbeit zur Invasion des RieseneBElaus Heracleum mantegazzianum
Somm. et Lev.) in Deutschland liegen folgende Fstadkingen zugrunde:
I.  Welche Habitate und Pflanzengesellschaften sinddesrinvasion betroffen
(Kapitel 5)?
ii.  Welche anthropogenen und Umweltfaktoren beginstgien hemmen die Invasion
(Kapitel 5 und 6)?
iii.  In welchem Zusammenhang stehen die AbundanzenidesrRBarenklaus mit
Standortfaktoren und Pflanzengesellschaften (KbBp)te
iv.  In welchen Teilregionen Deutschlands ist der Rid3a@renklau invasiv in Sinne einer
massenhaften Ausbreitung (Kapitel 7)?
v.  Wie wirkt sich der Riesen-Barenklau auf die lokBigersitat der invadierten
Pflanzengesellschaften aus (Kapitel 5)?
vi.  Gefahrdet die Invasion des Riesen-Barenklaus eimkehe Arten (Kapitel 7)?

Der Riesen-Barenklau ist in Deutschland eine inmeagirt, die im 19. Jahrhundert aus seinem
Ursprungsgebiet in Westlichen Grof3en Kaukasusiiogglische botanische Garten
eingebracht wurde. In der Folgezeit wurde er haaigZierpflanze kultiviert und auch als
Bienenweide in der freien Landschaft ausgeséatetredeiten Halfte des 20. Jahrhunderts
liel3 sich eine rasante Ausbreitung in weiten Tellitteleuropas feststellen und heute ist der
Riesen-Barenklau in Deutschland allgemein weit ratét. Der Riesen-Barenklau gehort zur
Pflanzenfamilie der Apiaceen und hat einen monckéupennen Lebenszyklus mit einer
kompetitiv-ruderalen Strategie (CR-Stratege sensm&). Er fallt durch seine enorme
Wuchshohe, die regelmaliig zwischen 2 und 3 m kleséme wagenradgrol3en Blitendolden
und die Bildung von Dominanzbestanden auf. Aufgrdadmassiven Ausbreitung in den
letzten Jahrzehnten und der Fahigkeit zur Dominéra der Riesen-Barenklau allgemein als
Problempflanze angesehen.

Fur die Abschatzung der Invasivitat des Riesen-fdaelis in Deutschland wurde im
Jahre 2001 eine Fragebogenkampagne durchgefiddiati an die Unteren
Naturschutzbehérden der Kreise und kreisfreient&t&dndte. Gelandeerhebungen wurden
2002 und 2003 in insgesamt 20 Untersuchungsgehetdnkm? grof3) durchgefiihrt, die tber
West- und Suddeutschland verteilt waren mit einelma@rpunkt in der Naturrdumlichen
GrolRReinheit ,Westliche Mittelgebirge’. Die Untersumgsgebiete wurden so ausgewahlt,
dass sie die am starksten invadierten LandscheftBeutschland reprasentieren.

In den Untersuchungsgebieten wurden alle hinredigeolRen Bestande des Riesen-
Barenklaus durch Vegetationsaufnahmen (25 m2) Baaghn-Blanquet belegt. Die
Erhebungen der Aufnahmeflachen wurden durch Daidrabitateigenschaften (Lichtgenuss,
Landnutzung, Storungen), Nahrstoffanalysen desidolens und bodenmorphologische
Charakterisierungen des Bodenwasserhaushaltes é&tiragtl Dartber hinaus wurden alle
Bestdnde des Riesen-Barenklaus in den Untersuceligéen mit einem GPS-System
kartiert. Die Gelandeerhebungen wurden durch neatjitorale Luftbildreihen erganzt.

Anhand der Luftbilder wurden alle geeigneten Hakiatches (besetzt und unbesetzt) im GIS
kartiert und die individuellen Historien der Patshiekonstruiert.

Der Riesen-Barenklau hat in Deutschland eine Reginechiedener Habitate invadiert,
vor allem Grinlandbrachen, FlieRgewéasserbdschumgerstralen- und Wegseitenstreifen.
Aus pflanzensoziologischer Sicht beschranken sielvdrkommen des Riesen-Barenklau
weitestgehend auf die Vegetationsklassen Wirtsspaihland (Molinio-
Arrhenatheretea), wo er in junge Brachestadienruddralisierte Bestande, wie z.B.
Wegrander, eindringt sowie nitrophytische Stauderfi der Klasse Galio-Urticetea.
Innerhalb der letzteren Klasse kommt der Rieserefddau vor allem in
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Pflanzengesellschaften der Ordnung Glechometalramitoeinem deutlichen
soziologischen Schwerpunkt im Verband Aegopodioie.\legetationstypen mit Riesen-
Barenklau bilden Sekundar-Sukzessionsreihen abndien Untersuchungsgebieten meist
von Wirtschaftsgriinland ausgingen und untergeordoetstark gestorten Flachen, wie z.B.
Sandgruben. Innerhalb dieser Sukzessionsreihetteh&iesen-Béarenklau seine hochsten
Artméchtigkeiten in jungen Stadien wohingegen élteéochstaudenfluren und Gehdolze
geringere Artmachtigkeiten aufweisen.

Die bevorzugten Standorte des Riesen-Barenkladsgenerell sehr produktiv mit
entsprechend hohen Boden-N&hrstoffgehalten, gigeselr guter Wasserversorgung und
vollstéandiger Durchliftung des Oberbodens wahraerdgetationsperiode. Volle
Belichtung wird bevorzugt, jedoch wachst und friikiert der Riesen-Barenklau auch in
halbschattigen Lagen noch gut. Zusammenhange zevisstandortparametern und der
Bestandesstruktur des Riesen-Barenklaus (WuchsBdtmeachtigkeit, Anteil blihender
Individuen) waren in den hier vorgestellten Studien in Ansétzen zu erkennen. Dies ist vor
allem der geringen standortlichen Amplitude deetsuchten Flachen geschuldet, die fast
ausschlief3lich ausgesprochen produktive Bedingungegten. Anhand der wenigen relativ
ungunstigen Standorte, die in den Untersuchungst@binvadiert wurden, l&asst sich jedoch
erkennen, dass mafige Nahrstoffverhaltnisse undliemn unginstige
Bodenwasserverhaltnisse (Trockenphasen, Vernassaimgnd der Vegetationsperiode) nur
geringe Artméachtigkeiten des Riesen-Barenklausibda.

In den Studien dieser Arbeit lie3en sich eine RetreFaktoren erkennen, welche die
Invasion des Riesen-Barenklaus auf der lokalemdemaftlichen oder regionalen Ebene
begiinstigen bzw. hemmen. Zu den wichtigsten begj@amsten Faktoren z&hlt
Landnutzungsaufgabe auf produktiven Standorten.nuisi-temporalen Luftbildreihen
abgeleitete Habitat-Historien ergaben, dass eifdterin(53,5%) der aktuellen flachigen
Bestande des Riesen-Barenklaus in Habitaten zerimst, die durch Landnutzungsaufgabe
oder —extensivierung entstanden sind. In den Umtbrtsngsgebieten handelte es sich dabei
hauptsachlich um die Aufgabe von Grinlandwirtschaft untergeordnet um Ackerbrache.
Des Weiteren erméglichen auch zu geringe Nutzumgd-Pflegeintensitaten, wie z.B.
unregelméanige Mahd, die Invasion des Riesen-BaaaskDarlUber hinaus ergibt sich ein
indirekter begunstigender Effekt dadurch, dassngegangene landwirtschaftliche Nutzung
konkurrierende Hochstauden lokal weitgehend ausdessene hat. Die Nutzungsaufgabe
oder Extensivierung bietet daher ein ,window of ogipnity’ fir einheimische wie
neophytische Hochstauden wobei erstbesiedelnde Arté/orteil sind (,priority effects’).
Diese Prinzipien gelten ebenso fur Sukzessioneh gaafiflachigen Stérungen, wie z.B.
Abgrabung oder Abholzung. Es ist wahrscheinlictssdder zeitliche Verlauf des
Diasporeneintrags nach Nutzungsaufgabe bzw. Staumeg grof3en Teil der hohen
Variabilitat der Artméchtigkeiten des Riesen-Baidank und einheimischer Hochstauden
erklart und dass ,priority effects’ der Hauptfakftar die Ausbildung von Dominanzen in den
Vegetationsbestanden mit Riesen-Béarenklau sindadledem kdnnen dadurch Neophyten,
wie der Riesen-Barenklau, oder auch einheimischehstaudenarten, wie z.B. die Grol3e
BrennesselYrtica dioica L.) beglnstigt werden.

Kommen konkurrenzstarke Hochstauden zusammen mitRlesebarenklau vor so
spielt interspezifische Konkurrenz eine wesentliBlodle hinsichtlich der Artmachtigkeiten.
Dies ist daran ersichtlich, dass mit zunehmendekz&asionsalter die Artmachtigkeiten des
Riesen-Barenklaus ab und im Gegenzug diejenigeridbeimischen Hochstauden
zunehmen. Es ist zu vermuten, dass sich Dominatizisks des Riesen-Barenklaus, die sich
in jungen Sukzessionsstadien gebildet haben, dliecAnsiedlung weiterer Hochstauden und
dadurch zunehmende interspezifische Konkurrenzathstauden-Mischbestanden weiter
entwickeln.
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Neben interspezifischer Konkurrenz auf der lokddew. Bestandesebene ist
Ausbreitungslimitierung auf der Landschaftsebemengsentlicher invasionshemmender
Faktor. Mangelnde Mechanismen fir Fernausbreituscheveren es dem Riesen-Barenklau
,aus eigener Kraft’ Patches geeigneter Habitatereeichen, wenn diese durch eine
unbesiedelbare Landschaftsmatrix (landwirtschéidiblutzflache, Wald) voneinander
getrennt sind. Die Ausbreitungslimitierung des Rre8arenklaus auf der Landschaftsebene
kann teilweise dadurch Gberwunden werden, dass §imen entlang von
Ausbreitungskorridoren, namentlich FlieRgewassaih\erkehrswegen, verdriftet werden
oder dass eine allmahliche Migration in Korridoritaten, wie z.B. Uferb6schungen und
Seitenstreifen von Verkehrswegen, stattfindet.

Weiterhin wirken sich auf der Landschaftsebene dwarfdnutzungsveranderungen
auf die Invasion aus. Multitemporale Flachenbilanzen geeigneten Habitaten und anderen
Flachentypen in den Untersuchungsgebieten zeighemeassive Zunahme der geeigneten
Habitatflache in den letzten 50 Jahren wahrendvamsthaftlich genutzte Flache stark
abnahm. Neben der Erh6hung des Habitatangebotggdféh auch zu einer erhdhten
Konnektivitat der Habitat-Patches, wodurch Auslomait auf der Landschaftsebene in den
Untersuchungsgebieten vermutlich begunstigt wurde.

Auf der nationalen Ebene lasst sich erkennen, diaslsvasionsintensitat in den
Landkreisen sehr variabel ist und bisher relatinigre Invasions-,Hot Spots’ vorhanden sind,
in denen eine massive Ausbreitung des Riesen-Blaenkeinigen Landschaftsteilraumen
stattgefunden hat. Diese finden sich vor allem ittélgebirgsregionen, in denen
landwirtschaftliche Nutzung rucklaufig ist. Dagedéasst sich eine starkere Ausbreitung in
intensiven Agrarregionen kaum feststellen. Offemidiich profitiert der Riesen-Barenklau in
peripheren Landschaften von erh6htem Habitatangilreh Landnutzungsaufgabe.

Der Riesen-Barenklau wird im Allgemeinen als eireddhr fir die einheimische Flora
und Vegetation angesehen. Dabei wird haufig dausgegangen, dass der Riesen-Béarenklau
per se dominant ist und einheimische Arten lokaérdriickt. Die Gelandeerhebungen
zeigten jedoch eine hohe Variabilitat der Artmagkeiten und nur rund ein Drittel der
beobachteten flachigen Bestande waren dominarDetkungswerten tiber 50%. Die
festgestellten Limitierungen des Riesen-Barenkiagsringere Artméchtigkeiten in alteren
Hochstaudenfluren und Ausbreitungslimitierung aarf dandschaftsebene — lassen vermuten,
dass auch in Zukunft nur ein Teil der BestandeRlesen-Barenklau dominant sein werden,
namlich solche die frihzeitige Besiedlung von netstandenen Habitaten darstellen.
Insgesamt lasst sich feststellen, dass der RiegeenBlau zwar eine erfolgreiche jedoch
keine per se dominante Art ist.

Dort wo der Riesen-Barenklau dominant wird fuhriveitreichende lokale
Veranderungen der Struktur, floristischen Zusammusg und 6kologischen Funktion der
Vegetation herbeBei hohen Deckungswerten des Riesen-Barenklausendichtliebende
niedrigwtchsige Arten ausgeschattet und lokal \@rgi. Dies fiihrt zu einem Ruckgang der
Pflanzenartenzahl pro Aufnahmeflache (25 m?). Heetrillierte Analyse der
Zusammenhange zwischen Artenzahl, Deckungswertgvagetationstypen zeigte
allerdings einen generellen Artenriickgang in ZugieSlikzession von Grinland oder
Pionier-Ruderalfluren zu Hochstaudenfluren, unaglgivon den Deckungswerten des
Riesen-Barenklaus. Dies liegt daran, dass auclemmsche Hochstauden entsprechende
Veranderungen der Vegetationsstruktur und —zusarseteing herbeifiihren. Somit lasst sich
feststellen, dass die lokalen Auswirkungen desdRidg3arenklaus auf die Phytodiversitat kein
spezielles Problem darstellen.

Aus der Befragung der Unteren Naturschutzbehénd®eutschland ging hervor, dass
der Riesen-Barenklau in vielen Fallen schitzengnegbensrdume, wie z.B. Kalk- und
Silikatmagerrasen oder Niedermoore, invadiert haodinund generell als Problem fur den
Naturschutz angesehen wird. Die Befunde der vaghedgn Arbeit legen jedoch nahe, dass
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der Riesen-Barenklau geeignete Standorte (TrockN&sse, Nahrstoffarmut, Beweidung,
Mahd) fur schitzenswerte Biotope der KulturlandfieimaDeutschlands nicht invadieren
kann oder nur mit mal3igem Erfolg. Daher scheing @ingindre Gefahrdung schutzenswerter
Biotope durch den Riesen-Barenklau nicht gegebeseiru Allerdings besteht die
Maglichkeit, dass schitzenswerte Biotope dann iradierden, wenn sich die
Standortbedingungen verschlechtert haben, z.Bhdtmtrophierung, Drainage oder Aufgabe
von Landnutzung und Pflege. In solchen Fallen karder Riesen-Barenklau wie auch
einheimische Arten schitzenwerte Vegetationstypdidsen. Das zugrunde liegende
Problem ist dabei nicht die neophytische Art sonake unginstigen Veranderungen der
Standortbedingungen oder Bewirtschaftung. In dieSeme ist der Riesen-Barenklau ein
Indikator fUr landschaftliche Veranderungen undséatechterung schitzenswerter Biotope
aber nicht die Ursache derselben.

Auf der Landschaftsebene resultieren die Limitigemdes Riesen-Barenklaus in
meist moderaten Habitatsattigungswerten. Der hédhart wurde mit 8,7% gedeckter
Habitatflache fur Grinlandbrachen und —raine fesagi. Dieser Befund legt nahe, dass
negative Auswirkungen des Riesen-Barenklaus aufN@garhaushalt und die Biodiversitat
bisher auch in den am starksten invadierten Laradtarh Deutschlands quantitativ nicht allzu
gravierend sind. Insgesamt erscheint eine Gefalgrdimheimischer Pflanzenarten und —
gesellschaften auf der landschaftlichen bis regeankbene auch in Zukunft eher
unwahrscheinlich.
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