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8.1 Introduction

Heracleum mantegazzianuBommier & Levier is a monocarpic, perennial talbfof the
Apiaceaefamily. In its native region in Western GreatermuCasus, it is distributed over a
wide altitudinal range from the foothills (50 m.&)sto the subalpine zone (2200 m a.s.l.).
The main native habitat types are alluvial softwdotests of the foothills and valley
bottoms, forests clearings and abandoned grasslanti® montane zone, and subalpine
tall-herb vegetation (see Ottet al, Chapter 2, this volume). In the 19th century,
H. mantegazzianunwas introduced to Europe and cultivated in botasnd private
gardens (PySek, 1991). Since its introduction thecieshas repeatedly escaped from
cultivation and invaded a variety of habitats (Qohsan, 1996).

Several studies have investigated habitat prefesentH. mantegazzianurm its
invaded range in Europe. The extent of invasiolumopean landscapes was studied by
PySek and PySek (1995) in the Czech Republic, an8dhepker (1998) and Thiele and
Otte (2006a) in Germany. These studies found ttetds ofH. mantegazzianunsan
sometimes cover a few hectares but are mostly netl to small patches. Some
information on invaded habitat types has been pexvirecently by PySek (1994), PySek
and Pysek (1995), Ochsmann (1996), Tital. (1996), Wadeet al. (1997), and Thiele
and Otte (2006a). Ecological needg¢bfmantegazzianuinave been studied by PysSek and
PysSek (1995) and Ochsmann (1996) in a number e$ $iased on Ellenberg indicator
values of the invaded vegetation. Exact measuresmehtsoil nutrients and other soil
parameters are given by Clegg and Grace (1974)ame(1986), Tileyet al. (1996), Otte
and Franke (1998) and Thiele and Otte (2006b). tP@mmunities that include
H. mantegazzianunmave been described by Weber (1976), Dierschk&4(1Xlauck
(1988), Kolbecket al. (1994), Otte and Franke (1998), Sauerwein (2004) Ehiele and
Otte (2006b).

This chapter describes the habitats, plant comnesnénd ecological needs of
H. mantegazzianunm its invaded range in Europe, based on liteeatand our field
research (Thiele and Otte, 2006a, b). If not otievindicated, results presented in this
chapter are based on our field studies carriedro@0 study areas in Germany in 2002-
2003. Study areas were landscape sections of Ichogen to represent the most heavily
invaded areas in Germany. Mostly, the study aresre wituated in the natural geographic
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region ‘Western low mountain ranges’ and secondlyhie region ‘Foothills of the Alps’
(Thiele and Otte, 2006a). For all standstbfmantegazzianunn the study areas, we
recorded the habitat type and stand area, and astimthe abundance of
H. mantegazzianunVegetation relevés and site conditions were sadthfiom all stands
larger than 25 m2 (hereafter referred to as ‘extenstands’), unless the stands were
destroyed by management measures such as cuttirggowating. The total sample size
was 202. Each study area contained between threke 28n extensive stands of
H. mantegazzianum

8.2 Habitats invaded by Heracleum mantegazzianum

Heracleum mantegazzianuatcurs in a variety of habitat types in its invddange in
Europe. Among the most common habitat typeld.ahantegazzianumare linear structures
along traffic routes (roadsides, railway marginsyl lowing waters (Fig. 8.1; PySek and
PySek, 1995; Thiele and Otte, 2006a). These habt@n be completely open or partly
shaded by tree lines, single trees or shrubs. &umtbre,H. mantegazzianurmman often be
found at fringes and margins of woodlands and ¢aads. In terms of area covered by
stands oH. mantegazzianupabandoned grasslands are the most representeat hybe,
followed by tall-herb stands which can be foundbag-abandoned former grassland sites
or at other disused sites. Moreover, ruderal places sites that recently have been
severely disturbed by human activities, are sugtdtalbitat (Neiland, 1986; PySek, 1994;
Ochsmann, 1996). Examples are sand pits, buildteg,sand rubbish dumps. Closed tree
canopies prevent invasion and growthHhfmantegazzianumbut it can occur beneath
sparse canopies or in light gaps. Managed grasslangl a marginal habitat type for
H. mantegazzianuin which the species sometimes can establisteretis a high pressure
of H. mantegazzianureeeds from adjacent stands. However, regular ngpwingrazing
with adequate intensity (e.g. mowing twice a yeatyersely affects the performance of
H. mantegazzianurflower growth height, prevention or reduction ofif set, slower life
cycle). As a result, occurrences df mantegazzianunn managed grasslands are not
invasive as long as regular management is appliecgddition to rural habitat types,
H. mantegazzianuralso occurs in urban areas, gardens and parkeKP14894; PySek and
PySek, 1995).

Heracleum mantegazzianudevelops stands of varying extent and densityoun
field studies, we recognized point-like stands (fnahan 25 m2), linear stands (narrower
than 1 m), and extensive stands (larger than 25Exdensive stands were classified into
dominant (with more than 50% cover Bf mantegazzianujmand open (with less than
50% cover). Of all extensive stands found duringfalid studies in Germany, 36% were
dominant. The highest proportions of dominant sta@mong extensive stands) were
found in open roadsides where inadequate maintenavees applied, in abandoned
grasslands, and in neglected grassland and fietdinsa(Fig. 8.1). Particularly extensive
invasions byH. mantegazzianumn abandoned pastures and former settlements are
currently present in the Slavkovsky les region,&@zRepublic (see PySek al, Chapter 3,
this volume; PySek and PySek, 1995; Millerataal, 2005) and byH. sosnowskyi
Manden. in abandoned agricultural land in Latviae(Ravnet al, Chapter 17, this
volume).

8.3 Plant communities invaded by Heracleum mantegazzianum

An alternative and more detailed perspective ontaisbofH. mantegazzianums provided
by phytosociological analysis of vegetation relewffe made 202 vegetation relevés in the
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20 study areas in Germany during 2002 and 2003 sideeof relevé plots was 25 m2. We
recorded all vascular plant species in the plotsestimated their abundance based on the
modified Braun-Blanquet scale (Braun-Blanquet, 1986Imanns, 1989). The relevés
were classified according to the Central Europgatesn of plant communities (Ellenberg,
1988; Oberdorfer 1993). Species names follow Wiskkin and Haeupler (1998). The
floristic composition, basic parameters of vegetatstructure, and species numbers of
plant communities withdl. mantegazzianumre presented in Table 8.1.

Plant communities oH. mantegazzianunm its Central European invaded range
predominantly belong to the vegetation classewofisatural grasslands and nitrophilous
tall-herb communities (Kolbeckt al, 1994; Ochsmann, 1996; Otte and Franke, 1998,
Sauerwein, 2004; Thiele and Otte, 2006b). Woodlaniils H. mantegazzianurbelong
partly to more or less natural alluvial forests exk et al, 1994; Sauerwein, 2004;
Thiele and Otte, 2006b) but anthropogenic woodlarfttn do not match with the system
of plant communities and, therefore, are not dbscrin detail here. The same applies to
some pioneer plant communities ldf mantegazzianumat severely disturbed sites, e.g.
sand pits, and other anthropogenic vegetation ty@ehismann, 1996; Thiele and Otte,
2006b). Klauck (1988) classified the stands withmd@ant H. mantegazzianunas a
separate association Urtico-Heracleetum mantegaizzibut this proposal has been
rejected by the majority of authors studying thedant communities (Schwabe and
Kratochwil, 1991; Ochsmann, 1996; Otte and Fraik88; Sauerwein, 2004; Thiele and
Otte, 2006Db).

Within the class of semi-natural grasslands (MoklArrhenatheretea)
H. mantegazzianuims confined to communities of nutrient rich, metgianoist sites. These
belong to the order Arrhenatheretalia, which cosg®si oat grass meadows
(Arrhenatherion) and rye grass-white clover pastuf€ynosurion). Principally, these
communities are characterized by regular agricaltéand use (mowing, pasturing).
However, H. mantegazzianunis more prevalent in variants without regular larse
regimes. These are, on the one hand, ruderal graissimaintained by rather irregular
mowing or removal of shrubs, such as neglected veages and grassland margins, and on
the other hand, abandoned former agricultural taads.

Nitrophilous tall-herb communities of the class iGdlrticetea which feature
H. mantegazzianunmare mainly terrestrial ground eldeAggopodium podagrarial..)
communities at mesic to moist sites (Aegopodiond aiparian tall-herb communities
(Calystegion). In addition to thedd, mantegazzianuraccasionally occurs in the alliance
Alliarion, which comprises communities of shadyn@es. Within the class Galio-
Urticetea,H. mantegazzianurhas the highest affinity to plant species thatespecially
typical or characteristic of Aegopodion communitidpart from the name-giving species,
ground elder, these are most frequehlijica dioicalL., Galium aparineL. andGlechoma
hederaced.. In riparian tall-herb communities]. mantegazzianuns usually confined to
zones that are only inundated during floods butewtise offer aerated top soils
(Ochsmann, 1996; Thiele and Otte, 2006b). Therefooen the phytosociological point of
view, H. mantegazzianuns a species of terrestrial tall-herb communitbéghe alliance
Aegopodion (Sauerwein, 2004; Thiele and Otte, 2D06b

According to Sauerwein (2004h. mantegazzianurman also establish in ruderal
annual communities of the alliance Sisymbrion &I8¢ellarietea mediae) in urban areas.
However, a precondition for occurrences in annuammunities is that frequent
disturbances, essential for such vegetation types stopped.

Alluvial woodlands withH. mantegazzianuroan partly be classified as alder-ash-
gallery forests (Alnenion glutinoso-incanae, cl@agerco-Fagetea) along colline (100-200
m a.s.l.) to montane (500-900 m a.s.l.) riverggrary willow scrub (Salicion elaeagni, class
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Salicetea purpureae) along montane to subalpi®®@-in a.s.l.) rivers. These are the most
natural vegetation types dfi. mantegazzianundescribed from Central Europe. Other
woodlands in whictH. mantegazzianuraccurs include young forestry plantings in river
valleys and pioneer forests of, e.Bgpulus tremuleor Salix caprea(Sauerwein, 2004;
Thiele and Otte, 2006b). It is noteworthy, that @én all woodlands with
H. mantegazzianunthat were found during our field studies had depet from
abandoned grasslands during the last 50 years gsetons 8.4, 8.7). Generally,
H. mantegazzianunm woodlands is restricted to sparse canopiess,gapmargins where
the species can benefit from increased light sugpiympared with closed canopies of
forest interiors.

The frequencies of plant communities widh mantegazzianunm the sites that we
studied are presented in Fig. 8&racleum mantegazzianumecurs with about the same
frequency in grasslands and tall-herb communitielsich accounted for most of the
relevés, while other open vegetation types and Vemold are less represented.

8.4 Types of disturbance and soil conditions in sites invaded by Heracleum
mantegazzianum

Generally, sites invaded By. mantegazzianurare not subject to regular land use except
for marginal occurrences in managed grasslandsuirdata set, 71% of relevé plots were
disused and 17% were maintained by rather irregulawing or removal of shrubs and
trees, while only 12% of sites were under agrigaltiand use. The difference between the
percentages of agricultural land use (12%) and pglamt community type ‘managed
grasslands’ (18%, Fig. 8.2) are due to some recatihndoned grasslands that were
classified as ‘managed grasslands’ from a phytosogical perspective.

Disturbances apart from agricultural land use orinteaance mowing were
detectable in 57% of extensive stand$domantegazzianunHuman-caused disturbances
included clearing of trees or shrubs (10%), meda@andisturbing of the sward (7%),
deposition of organic and inorganic waste (5%), emding (5%). Furthermore, 34% of
sites were disturbed by periodical flooding of rsjewhich sometimes overlapped with
human-caused disturbances.

The history of relevé plots during the last 50 gearas reconstructed from
longitudinal series of aerial photographs (see &gdeket al, Chapter 3, this volume;
Thiele and Otte, 2006b). Dates of the time serieehe 1950s, 1970s, and approximately
2000. The prevalent change was abandonment oflgndsmanagement and arable land
use (54% of plots). Another trend was severe disture or destruction of sites (18%) by,
e.g., clearing of woodlands or open-cast miningidspit, rock quarry). The remaining
sites were either under persistent managementc(digmal land-use, maintenance) or
derelict over the whole period. In general, sitesfgrred byH. mantegazzianurfi.e. sites
without regular land use) are characterized by idenable habitat changes during recent
decades.

Concerning soil texture, soils were mostly fairleg (> 0.5 m) and had a medium
or high capacity for soil moisture (available fiatdpacity usually between 140 and 220
mm, Table 8.2). With respect to nutrient content, (R, K, Mg, Ca), soils of
H. mantegazzianumites are variable but usually fair or rich, ahe tange of C/N ratios is
markedly narrow (Table 8.2; Neiland, 1986; Tiletyal, 1996; Thiele and Otte, 2006b).
These site characteristics indicate thatmantegazzianumeeds fairly high nutrient and
moisture levels for optimal growth. With respectpd values,H. mantegazzianurwas
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found in a wide range of conditions from acidicatkaline (Table 8.2). Extreme pH values
were 4.0 (Thiele and Otte, 2006b) and 8.5 (CleghGrace, 1974).

In our field study, the light supply of relevé @oivas estimated on a five-step
ordinal scale ranging from deep shade to full ligibst plots were found at open sites
with full light supply (78%), which shows thel mantegazzianumeeds high light levels.
Average Ellenberg values of vegetation relevéscetei light to semi-shade situations
(Ochsmann, 1996; Thiele and Otte, 2006b). Growtthefspecies in semi-shade is fairly
good, but it cannot grow in full shade.

8.5 Population characteristics of Heracleum mantegazzianum in relation to
plant communities and site conditions

Cover of H. mantegazzianunmn the vegetation sampled during our field studyied
between 1% and 95%. Low cover percentages were oomamnd about half of sampled
plots hadH. mantegazzianurnover of less than 20%. Nevertheless, in 31% ofpdad
plots (n = 202), and 36% of all encountered extensistands (n = 233),
H. mantegazzianunvas dominant, with cover exceeding 50%.

There was no statistically significant relationshigtween soil characteristics and
cover ofH. mantegazzianunHowever, in a few sites with low nutrient statusl impeded
drainage the cover and height bf. mantegazzianumwas conspicuously low which
suggests that poor nutrient supply and/or wetnesstrain the species. With respect to
plant communitiesH. mantegazzianurcover could take on virtually any value in ruderal
grasslands and tall-herb communities, whereas omasrconstrained to moderate or low
percentages in managed grasslands and woodland® degular land use and shading,
respectively (Fig. 8.3).

Furthermore, regular land use and shading sigmifigaeduced the abundance of
flowering individuals ofH. mantegazzianumm managed grasslands (median/maximum per
25 m2z 1.5/26,n = 36) and woodlands (0.0/%, = 19) compared to ruderal grasslands
(4.5/37,n = 53) and tall-herb communities (7.0/%45 78). In managed grasslands fruit set
was also strongly reduced because of mowing onrmgyaaf primary stems, whereas fruit
set was generally abundant in any other vegetatype, even in woodlands when
flowering occurred.

8.6 Heracleum mantegazzianum in secondary successional series

A gradient analysis (Correspondence Analysis) ofr ouegetation relevés with

H. mantegazzianumevealed a main sequence of vegetation types finamaged grassland
to ruderal grasslands to tall-herb communities &ndlly, to woodlands. Subordinately, a
parallel sequence from severely disturbed sitd¢alkderb stands to woodlands was found
(Fig. 8.4; see Thiele and Otte, 2006b for detailese two parallel sequences represented
the main gradient (first axis of the correspondeacalysis) in the vegetation data.
Towards the upper end of this gradient the agebahdoned or disturbed sites and the
proportion of C-strategy (Grimet al, 1988; Grime, 2001) among resident plant species
increased whereas grassland management declinederalg, these sequences of
vegetation types withH. mantegazzianuntan be interpreted as successional seres.
Although some sites were actually in a stable staeause of regular land-use or
maintenance, the majority of sites with. mantegazzianunwere in the process of
secondary succession following abandonment or sed&turbances. These secondary
successions mostly started from grassland swartdssdime were from bare ground after
severe disturbance (e.g., sand pits, mining orriclgaof forests). Both seres will,
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ultimately, result in forests (Kahmen, 2004) unldasd use is resumed or severe
disturbances recur.

Along these successional seres, the coverHomantegazzianunshowed a
unimodal response (Fig. 8.5). In managed grasslém@sover oH. mantegazzianuwas
constrained by land use and in successional se&xgsg on bare ground plant cover was
generally low due to recent disturbance. The higleeser of H. mantegazzianurwas
found in young stages of succession or in sitesrevigiccession was blocked by
permanent ongoing low-intensity maintenance, sush naglected road verges and
grassland margins. With increasing successional, agger of H. mantegazzianum
declined again, whereas that of native tall hetbadsly increased. Finally, when woody
components took over, cover Bif mantegazzianurwas more and more constrained by
increasing shading.

Hence, it appears that declining cover léf mantegazzianunwith increasing
successional age is attributable to inter-speabmpetition with other tall-herbs and
woody species. However it should be borne in mived the data were single records from
different sites in different successional staged aat multitemporal observation of the
same sites. Therefore, we do not have direct evaleior native species reducing
H. mantegazzianuroover during succession at a particular site. fEtaionship between
H. mantegazzianurmoover and successional age could, on the one hmndjtributed to
less successful invasion into old successionalestag, on the other hand, to successful
invasion into young successional stages followediéglining H. mantegazzianuroover
due to competition increasing with successional age

8.7 Land-use changes as drivers of invasion

Comparison of current and historical aerial phaapéis of the 20 study areas in Germany
indicated that landscapes with mantegazzianurhave undergone considerable changes
during the last 50 years (1950s to approx. 2008 a@rea covered by agricultural land
(arable fields, managed grasslands) decreased ticattyaover this period while that
covered by forests increased (Fig. 8.6). Thereftre,predominant trend of land-cover
changes in the study areas has been abandonmagti@iltural land and development of
woodlands, which were partly planted but mostlyeleped through natural colonisation
and succession. Succession on former agricultadl ldetermined the dynamics of
habitats available for invasion b}, mantegazzianum

To determine the long-term dynamics, habitats wargked according to their
vulnerability to invasion. The affinity dfi. mantegazzianuno particular habitat types was
evaluated using the electivity ind&x used by Ivlev (1961) as a measure of selectinity
prey selection. The application of this formulag(3able 8.3) gives a range of values from
+1.0 for a very high degree of selection to -110d@omplete avoidance. Thus, high values
in our data indicate that. mantegazzianuraxhibits a strong affinity to a given habitat
type, while low values indicate that it is rarelgepent in that habitat. The ranking of
habitat types according to the electivity indexwsed thatH. mantegazzianurhas a high
affinity to completely open (i.e. tree- and shrekd) habitat types, such as abandoned
grasslands and ruderal sites, but little affinitghwwoody habitat types (>10% cover of
trees or shrubs).

Based on a conspicuous ‘gap’ in the electivity mdalues between completely
open and woody habitats, we classified habitath Witmantegazzianunmto optimal and
sub-optimal (Table 8.3). Dynamics of these two gof habitats over the last 50 years
were different. Sub-optimal habitat types accourftedthe majority of the total area of
habitats withH. mantegazzianurand exhibited a steady increase over the whol®dger
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while optimal habitats showed a unimodal trend.nfrtbe 1950s to the 1970s, the area of
optimal habitats oH. mantegazzianumose by 73.4%, but since then it has dropped back
to approximately the same level as in the 1950%otkd, the cover of habitat types suitable
for H. mantegazzianunm the study areas has been increasing, resuiting 1.5-fold
increase (Fig. 8.6).

A large proportion of optimal habitats f. mantegazzianunm the 1970s (61%)
and a substantial proportion of sub-optimal habité27%) originated from former
agricultural land (Fig. 8.7A, B). From the 1970spi@sent, 35% of optimal habitats have
become sub-optimal due to the establishment of wabahts in the course of succession
(Fig. 8.7C). Further, 38% of sub-optimal habitagsédr developed into forests (Fig. 8.7D).
These results show that the increase of optimaitdtabof H. mantegazzianurfrom the
1950s to the 1970s is mainly due to abandonmelaindf whereas the subsequent decrease
of optimal habitats is largely attributable to sedary succession. Decreasing land use has
been a post war trend in isolated and poorer ase&surope especially in mountainous
areas (Baldoclet al, 1996; MacDonalcet al, 2000). Significantly, the study areas in
Germany were mostly situated in mountainous ardesevBethe and Bolsius (1995) have
recognized that agriculture is likely or very lilkgb be reduced.

8.8 Conclusions

Heracleum mantegazzianunvades a variety of habitat types in Europe. Whdadsides,
riverbanks, ruderal places, and woodland fringege hareviously been documented as
preferred habitats, results from our field studydarmany emphasize the importance of
abandoned grasslands as habitatd.ahantegazzianuin European landscapes.

H. mantegazzianurman occur under a wide spectrum of environmeraaditions.
However, preferred habitats are rather similarrattarized by rich resource supply and
disturbance but lack of regular management. Prinesmyironmental factors constraining
invasion ofH. mantegazzianurare regular land use and shading by trees. Fuantrer, it
appears that low soil nutrient status and/or wetigesstrain invasion.

From a phytosociological perspective, abandonedneglected semi-natural
grasslands are a major plant community type Hbfmantegazzianumalthough the
sociological centre of the species is on nitroptslotall-herb communities. Plant
communities withH. mantegazzianunform a successional gradient from grasslands, or
subordinately severely disturbed sites, to talbheommunities and woodlands. The
successional age of the sites affects the covét. ofiantegazzianumnin old successional
stages, cover is constrained by inter-specific aatitipn form other tall herbs and woody
species.

Habitats ofH. mantegazzianunm German study areas have been very dynamic
during the last 50 years. On the whole, the aredlable for invasion has increased
considerably which is mainly due to abandonmentagficultural land use. However,
optimal (i.e. open) habitats are characterized bgubstantial turnover. Abandonment
creates new habitat patches while secondary sucnesssulting in forests eliminates
habitats. Altogether it appears that abandonmelanaf use is the primary driver of habitat
dynamics and may well have enhanced invasiorHofmantegazzianunduring recent
decades.



Chapter 8 page 8

Acknowledgements

We thank M.J.W. Cock for language revision. Thedgtwas supported by the project
‘Giant Hogweed Kleracleum mategazzianjim pernicious invasive weed: developing a
sustainable strategy for alien invasive plant managnt in Europe’, funded within the
‘Energy, Environment and Sustainable Developmeogfmme’ (grant no. EVK2-CT-
2001-00128) of the European Union 5th FrameworkRrmmme.

References

Braun-Blanquet, J. (19653plant Sociology: the Study of Plant Communijtiést edn.
Hafner, London.

Baldock, D., Beaufoy, G., Brouwer, F. and Godedghal (1996)Farming at the Margins.
Abandonment or Redeployment of Agricultural LandBarope Institute for
European Environmental Policy, London, The Hague.

Bethe, F. and Bolsius, E.C.A. (199B)jarginalisation of Agricultural Land in the
Netherlands, Denmark and Germanpational Spatial Planning Agency, The
Hague.

Clegg, L.M. and Grace, J. (1974) The distributiérHeracleum mantegazzianu@omm.
et Lev.) near Edinburgiransactions of the Botanical Society Edinbudgh 223-
229.

Dierschke, H. (1984) Eimderacleum mantegazziandgestand im NSG ‘Heiliger Hain’
bei Gifhorn (Nordwestdeutschland@uexeniad, 251-254.

Ellenberg, H. (1988)Vegetation Ecology of Central Eurgpéth edn. Cambridge
University Press, Camebridge.

Grime, J.P., Hodgson, J.G. and Hunt, R. (1988) Guoatjve Plant Ecology: a Functional
Approach to Common British species. Unwin Hymamdan.

Grime, J.P. (2001) Plant Strategies, Vegetatiorcédses, and Ecosystem Properties. J.
Wiley and Sons, Chichester.

Ivlev, V.S. (1961)Experimental Ecology of the Feeding of Fish€éale University Press,
New Haven.

Kahmen, S. (2004) Plant trait responses to gragslamanagement and succession.
Dissertationes Botanicag82, 1-123.

Klauck, E.J. (1988) Das Urtico-Heracleetum mantegami. Eine neue
Pflanzengesellschaft der nitrophytischen Staudemd uSaumgesellschaften.
Tuexenia8, 263-267.

Kolbek, J., Lecjaksova, S. and Hartel, H. (1994)e Timtegration of Heracleum
mantegazzianurmto the vegetation - an example from central BoiaeBiologia
49, 41-51.

MacDonald, D., Crabtree, J.R., Wiesinger, G., Dax,Stamou, N., Fleury, P., Gutierrez
Lazpita, J. and Gibon, A. (2000) Agricultural abanthent in mountain areas of
Europe: Environmental consequences and policy respoJournal of
Environmental ManagemeB®, 47-69.

Miullerova, J., PySek, P., JaroSik, V. and Perg{2005) Aerial photographs as a tool for
assessing the regional dynamics of the invasiventplspecies Heracleum
mantegazzianundournal of Applied Ecolog$2, 1042-1053.

Neiland, M.R.M., Proctor, J. and Sexton, R. (198B)ant hogweed Heracleum
mantegazzianunsomm. & Lev.) by the river Allan and part of theer Forth.
Forth Naturalist and Historiar®, 51-56.

Oberdofer, E. (1993) Suddeutsche Pflanzengeseftschdll. Wirtschaftswiesen und
Unkrautgesellschaften, 3rd edn. Fischer, Jena.



Chapter 8 page 9

Ochsmann, J. (1996MHeracleum mantegazzianui@ommier & Levier Apiaceag in
Deutschland - Untersuchungen zur Biologie, Verhregt Morphologie und
TaxonomieFeddes Repertoriurh07, 557-595.

Otte, A. and Franke, R. (1998) The ecology of theucasian herbaceous perennial
Heracleum mantegazzianunsomm. et Lev. (Giant Hogweed) in cultural
ecosystems of Central Europthytocoenologi&8, 205-232.

PySek, P. (1991Heracleum mantegazzianuim the Czech Republic: Dynamics of
spreading from the historical perspectit®lia Geobotanica & Phytotaxonomica
26, 439-454.

PysSek, P. (1994) Ecological aspects of invasionHgyacleum mantegazzianum the
Czech Republic. In: de Waal, L.C., Child, L.E., V¢a&.M. and Brock, J.H. (eds.)
Ecology and Management of Invasive Riverside PladtsWiley and Sons,
Chichester, pp. 45-54.

PysSek, P. and Pysek, A. (1995) Invasion Hgracleum mantegazzianum different
habitats in the Czech Republimurnal of Vegetation Scienée 711-718.

Sauerwein, B. (2004jeracleum mantegazzianusomm. et Lev., eine auffalligepiaceae
bracher Sdume und Versaumundehilippia 11, 281-319.

Schachtschabel, P. (1954) Das pflanzenverfliigbargnbd&um im Boden und seine
BestimmungZeitschrift fur Pflanzenerndhrung, Dingung, Boderde67, 9-23.

Schepker, H. (1998) Wahrnehmung, Ausbreitung unddsing von Neophyten - Eine
Analyse der problematischen nichteinheimischennRéiaarten in Niedersachsen.
Ibidem, Stuttgart.

Schwabe, A. and Kratochwil, A. (1991) Gewasser-®iéghde Neophyten und ihre
Beurteilung aus Naturschutz-Sicht unter besonderBericksichtigung
SudwestdeutschlanddNA Berichte4, 14-27.

Schaller, H. (1969) Die CAL-Methode, eine neue Mekh zur Bestimmung des
pflanzenverfigbaren Phosphates in Bodégitschrift fur Pflanzenernéhrung und
Bodenkundd.23, 48-63.

Thiele, J. and Otte, A. (2006a) Invasion patterfisHeracleum mantegazzianum
Germany on the regional and local scale: nativdibersity at risk? (submitted)

Thiele, J. and Otte, A. (2006b) Analysis of halsitand communities invaded by
Heracleum mantegazzianutBomm. et Lev. (Giant Hogweed) in Germany.
Phytocoenologi&6, 280-312.

Tiley, G.E.D., Dodd, F.S. and Wade, P.M. (19Byacleum mantegazzianuBommier &
Levier.Journal of Ecologyd4, 297-319.

Wade, M., Darby, E.J., Courtney, A.D. and Caffrey,M. (1997) Heracleum
mantegazzianumA problem for river managers in the Republic @ldand and the
United Kingdom. In: Brock, J.H., Wade, M., PySek,aAd Green, D. (edsPlant
invasions: Studies from North America and Europackhuys Publishers, Leiden,
pp. 139-151.

Weber, R. (1976) Zum Vorkommen véteracleum mantegazzianuBomm. et Levier im
Elstergebirge und den angrenzenden GebiebMitteilungen zur floristischen
Kartierung (Halle)2, 51-57.

Wilmanns, O. (1989)Okologische Pflanzensoziologigith edn. Quelle and Meyer,
Heidelberg.

Wisskirchen, R. and Haeupler, H. (1998tandardliste der Farn- und Blitenpflanzen
DeutschlandsUImer, Stuttgart.



Chapter 8 pagd0

Table 8.1. Composition of plant communities wileracleum mantegazzianubased on 202 vegetation
relevés from 20 study areas in Germany. Constahgjant species (% of the number of vegetationvéde
in which they were recorded) is presented for fipee$ of communities distinguished. Cover (%) aniglite
of the vegetation layers were assessed separatelH.fmantegazzianunand the remaining resident
herbaceous plant species. Height refers to the leafrcanopy of the vegetation layers. FQ = taidjfiency
of the species in the data set. Species are adam®rding to their affinity to particular commtyntypes;
those which did not exceed a constancy of 10% laastt one community type were omitted. Speciesasam
follow Wisskirchen and Haeupler (1998).

Managed Ruderal Tall-herb Woodlands  Other open FQ

grasslands grasslands communities vegetation
Number of relevés 36 53 78 19 16
Average cover (%)
Total 93.5 93.3 87.8 83.7 72.6
Heracleum mantegazzianum 16.5 44.2 48.1 23.2 16.7
Herb layer 88.5 73.1 52 39.6 64.3
Tree layer - - - 66.1 -
Average height (m)
Heracleum mantegazzianum 0.6 1.0 1.2 1.0 0.7
Herb layer 0.4 0.6 0.7 0.5 0.6
Tree layer - - - 15.1 -
Species number 24.5 22.1 14.3 16.8 221
Heracleum mantegazzianum 100 100 100 100 100 202
Grasslands
Dactylis glomerata 92 87 36 58 37 124
Holcus lanatus 78 68 12 16 32 81
Arrhenatherum elatius 58 75 22 19 81
Alopecurus pratensis 86 49 22 13 76
Ranunculus repens 75 47 19 21 43 78
Galium mollugoagg. 47 51 9 11 24 57
Taraxacum officinal@gg. 69 30 8 5 19 51
Festuca rubraagg. 31 40 3 5 24 39
Rumex acetosa 42 32 3 24 38
Anthriscus sylvestris 36 36 13 11 6 45
Phleum pratense 47 23 4 5 33
Veronica chamaedrysl. 22 36 1 5 29
Heracleum sphondylium 39 19 4 6 28
Achillea millefoliumagg 39 19 3 6 27
Agrostis stolonifera 33 21 8 16 24 36
Lathyrus pratensis 33 19 6 24 31
Festuca pratensis 47 8 21
Poa pratensis.str. 25 21 3 5 23
Trifolium repens 36 11 5 20
Angelica sylvestris 17 23 3 43 27
Bistorta officinalis 39 8 4 6 22
Plantago lanceolata 33 9 1 18
Cirsium palustre 14 21 5 32 25
Agrostis capillaris 33 8 8 5 37 29
Vicia cracca 14 19 3 19 20
Cerastium holosteoides 28 9 15
Lolium perenne 36 2 1 6 16
Leucanthemum vulgare 11 17 13 15
Trisetum flavescens 19 11 3 6 16
flavescens
Trifolium pratense 25 6 6 13
Myosotis nemorosa 19 6 16 19 16
Prunella vulgaris 14 9 1 6 12
Lotus pedunculatus 11 11 32 15
Ranunculus acriagg. 17 6 9



Anthoxanthum odoratum

Centaurea jacea
Tall-herb communities
Urtica dioica dioica
Galium aparineagg.
Poa trivialis

Aegopodium podagraria

Glechoma hederacea
Impatiens glandulifera
Symphytum officinale
Stellaria nemorum
Alliaria petiolata
Calystegia sepium
Galeopsis tetrahit
Geum urbanum
Elymus repens
Solidago gigantea
Carduus crispus
Filipendula ulmaria
Petasites hybridus
Stachys sylvatica
Cirsium oleraceum
Humulus lupulus
Phalaris arundinacea
Poa nemoralis
Moehringia trinervia
Lamium album
Woodlands

Acer pseudoplatanus
Fraxinus excelsior
Stellaria holostea
Alnus glutinosa
Festuca gigantea
Elymus caninus
Salix fragilis

Salix eleagnos

Alnus incana
Populus nigra
Companion species
Cirsium arvense
Rubus fruticosuagg.

Deschampsia cespitosa

Hypericum perforatum
Rubus idaeus
Vicia sepium

wow

58

17
19

14

A DNO

42
25
19
28
17
36

12
18

12
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84
53
63
37
42
32
16
21
11

32
47

11

26
47
11

32
26
21
21
16
11
11
11
11
11

37
26

11

32
19
32

13
13

19

13

13
13

19

43
32
43
32
56

137
106
141
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Table 8.2. Chemical characteristics of topsoil saesffive cores per plot, 25 cm depth) and avaddtsld
capacity of the effective root zone (AFC) from 2818ts withHeracleum mantegazzianum?20 study areas

in Germany. Medians and the 10 and 90 percentilepesented. The AFC gives the maximum amount of
plant-available water in the soil in the effectinmot zone (i.e. up to approx. 1 m depth dependingail
density and texture). P and K were extracted wiltiom-acetate-lactate solution using the CAL mdtho
(Schller, 1969) while Mg was extracted with cahichloride solution (Schachtschabel, 1954). N and C
were analysed with a CN analyser. In 2002, the pldes of topsoil samples were measured 0 Mith a
laboratory pH meter and additional drillings weomducted up to 1 m depth, if possible, to assesAHC

(n =118). Data from Thiele and Otte (2006b).

Parameter n Median 10 perc. 90 perc.
P caL (Mg/100g) 202 1.7 0.2 8.1
K caL (mg/100g) 202 8.3 4.2 21.6
N: (% SDM) 202 0.3 0.2 0.4
Mg caciz (mg/100g) 202 14.3 7.0 27.0
Corg (% SDM) 192 2.8 1.6 5.2
CIN ratio 192 9.8 8.2 16.3
PH 120 118 5.6 4.9 6.4
AFCio0t zone(Mmm) 118 168 140 220
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Table 8.3. Habitat types fdieracleum mantegazzianumapped from aerial photographs from 20 study
areas in Germany. Affinity to particular habitapég was assessed using the electivity irelex(r-p)/(r+p)
(Ivlev, 1961), wherer is the proportion of the habitat area coveredHymantegazzianurandp is the
proportion of the total area of the landscape sathfiat is covered by that habitat. High valuek ofdicate
that H. mantegazzianuraxhibits a strong affinity to a given habitat typehile low values indicate that it
tends to avoid that habitat. The value of zerodattis thaH. mantegazzianuiis present in a given habitat in
the same proportion as the habitat is represemdte landscape. Based &n habitats were ranked and

classified into optimal and sub-optimal based arpaspicuous gap between completely open habitats an
habitats containing woody components (>10% treghoub cover).

Habitat type Electivity index

Optimal habitats:
Overhead and buried cable routes 0.96

Abandoned grasslands, neglected grassland and

field margins, and tall-herb stands 0.94
Open railwaysides 0.87
Open riverbanks 0.82
Ruderal areas 0.82
Open roadsides 0.69
Sub-optimal habitats:

Afforestations 0.39
Copses 0.33
Shaded railway margins 0.33
Shaded riversides 0.32
Tree fallow 0.32
Shaded roadsides -0.17
Partly-shaded railway margins -0.52
Partly-shaded roadsides -0.61
Forest margins -0.74

Partly-shaded riversides -0.76
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[ Point-like stands
O Linear stands
O Open stands

B Dominant stands

Fig. 8.1. Frequencies of habitat types invadedHbyacleum mantegazzianum 20 study areas in Germany.
Number of stands recorded in each habitat, baséB8mecords from Germany, is shown and representat
of different stand types within habitat types iredad. Stands exceeding 25 m? in size were clagsifi®
dominant (with more than 50% cover ldf mantegazzianupand open (with less than 50% cover). Other
categories distinguished are point-like (smallent@5 m?) and linear (narrower than 1 m) standsa fFam
Thiele and Otte (2006a). ‘Open’ habitat types areially treeless and shrubless while ‘shaded’ taliypes
had more than 10% tree or shrub cover. ‘Abandomadstands’ are former agricultural grasslands whigh
currently disused. ‘Woodland margins’ are the oufer(-10) m of copses, forests, and shrubland.
‘Woodlands’ refers to the interior of copses andubland but not to forest interiors. ‘Grassland dietd
margins’ are marginal parts of grassland and aréiblds, which are not used agriculturally. ‘Tatlkb
stands’ can be found in long-abandoned sites ahdoragricultural grasslands or other long disusess.s
‘Ruderal areas’ are recently disturbed sites, saschand pits, building ground and rubbish dumpséctware

in an early stage of secondary succession.
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Fig. 8.2. Relative frequencies of plant communitigth Heracleum mantegazzianuisund at 202 sites in 20
study areas in Germany. Simplified from Thiele @tte (2006b).
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Fig. 8.3. Cover oHeracleum mantegazzianui®) in different vegetation types. High cover pamages of
H. mantegazzianurin the community type ‘managed grasslands’ are tdulgeshly abandoned grasslands
classified as ‘managed grasslands’ from a phytosogical perspective. ‘Other’ community types mgpstl
included severely disturbed sites, which generaligd low plant cover and, therefore, also
H. mantegazzianuroover was low. Data from Thiele and Otte (200&)tliers are further from the upper
box level than 1.5*inter-quartile-range. For extemnthe coefficient is 3. Sample sizes: managedigirads =
36; ruderal grasslands = 53; tall-herb communiti&8; woodlands = 19; other = 16.
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Fig. 8.4. Correspondence analysis (CA) of 202 \at@gmt relevés witlHeracleum mantegazzianuitom 20
study areas in Germany. The first (x) and secohaxgs of the CA are presented. The main gradaeis (1)
represented secondary successional seres aftetatraant of grassland management or severe distgban
For definition of plant communities see section. &&ows indicate trends in the environmental viales.
‘Successional age’ was derived from multitempoeaies of aerial photographs and represents thedinoe
abandonment of land use or severe disturbance £went binary scale (before 1970s, after 1970s). ‘C
strategy’ refers to the classification of planagtgies according to Grinet al. (1988) and was calculated as
the sum of proportions of c-strategy of plant spedn the relevés. Data from Thiele and Otte (2D06b
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Fig. 8.5. Response curves Beracleum mantegazzianuand selected resident species along the main
gradient in 202 vegetation relevés from 20 studgasrin Germany. Gradients were analysed by
Correspondence analysis (CA). Response curves eacelated from cover-abundance estimates on the
modified Braun-Blanquet scale by Generalized AdditModels in CANOCO. The x-axis depicts the first
CA axis representing a successional gradient fraanaged grasslands to tall-herb stands and woodlands
Along this gradient grassland species declinedtatidherbs increased. The y-axis depicts predicteer-
abundances classes of the species. The nine clafdbe modified Braun-Blanquet scale were coded
numerically (1-9). The maximum predicted cover-atamce class dfleracleum mantegazzianugomm. et
Lev. (Her man) of ‘7' corresponds to 25-50% covébbreviations of species names: Aeg pod =
Aegopodium podagrarié., Hol lan =Holcus lanatud_., Ran rep =Ranunculus repenis., Urt dio =Urtica
dioica L. Modified from Thiele and Otte (2006b).
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—O—Managed grasslands
—+ Arable fields
——Forests

—— Sub-optimal habitats
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Fig. 8.6. Area covered by land-cover types andthebdfH. mantegazzianuraveraged over 20 study areas
of 100 ha in Germany for three dates: 1950s, 1940d,approx. 2000. For classification of optimad anb-
optimal habitats see Table 8.3.
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A. Origin of optimal habitats of the 1970s
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B. Origin of sub-optimal habitats of the 1970s
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C. Fate of optimal habitats of the 1970s
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D. Fate of sub-optimal habhitats of the 1970s

W SUB>AGRI

H SUB>FOREST
SUB>OTHER
0O SUB>OPT

0O SUB>SUB

59%

Fig. 8.7. Origin and fate of optimal and sub-opftifabitats ofHeracleum mantegazzianutimat existed in
the 1970s in 20 study areas in Germany. Habitate wapped from multitemporal time series of studiaa
for three dates: 1950s, 1970s, and approx. 2000itédsa were classified into optimal and sub-optilnased
on electivity indices (see table 8.3). Optimal hatsi are open habitat types whereas sub-optimatalsb
contain woody components (>10% tree or shrub covem@nd B: Origin of 1970s habitats, i.e. land-cove
types from which they had developed since the 1960snd D: Fate of 1970s habitats, i.e. land-ctyees
into which they have developed until approximat2000. Abbreviations of land-cover and habitat types
OPT = optimal habitats; SUB = sub-optimal habita&&RI = agricultural land (arable fields, managed
grasslands); FOREST; OTHER = all other land-coype$ which are not habitats ldf mantegazzianum



