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Arbuscular mycorrhizal symbiosis of herbaceous invasive neophytes in the Czech Republic
Arbuskularni mykorhizni symbiéza bylinnych invaznich neofytt v Ceské republice

Katefina Stajerova

Faculty of Science, University of South Bohemia, BraniSovska 31, CZ-370 05 Ceské Budéjovice, Czech Republic

| have studied arbuscular mycorrhizal symbiosis of 44 herbaceous invasive neophytes occuring in the Czech
Republic. My results show that about 70% of the examined species are capable to form symbiotic
association with arbuscular mycorrhizal fungi {AMF) in the field. To my knowledge, mycorrhizal status of 23
invasive species is reported here for the first time, there are Amaranthus powellii, Bunias orientalis, Cannabis
ruderalis, Echinocystis lobata, Echinops sphaerocephalus, Galeobdolon argentatum, Geranium pyrenaicum,
Helianthus tuberosus, Heracleum mantegazzianum, Juncus tenuis, Kochia scoparia subsp. scoparia,
Lupinus polyphylius, Matricaria discoidea, Parthenocissus inserta, Persicaria polystachya, Reynoutria x
bohemica, Reynoutria japonica, Reynoulria sachalinensis, Rudbeckia laciniata, Rumex thyrsiflorus, Sedum
hispanicum, Telekia speciosa and Virga strigosa. | predicted, based on the hypothesis of Urcelay & Diaz
(2003), that the intensity of AMF in the roots of invasive species will be correlated with that of the native
dominant species of invaded plant community, but collected data did not support this hypothesis. In addition,
the effects of habitat and community characteristics on the intensity of AMF colonization of the invasive
species’ roots were tested. My results show that, at the within-species level, plants in the habitats with higher
light and temperature conditions have less colonized roots whereas intensity of mycorrhizal colonization
increases with habitat moisture. At the among-species level, invasive species occurring in the habitats with
elevated nitrogen availability have higher mycorrhizal colonization of their roots. The effect of nitrogen
availability is revealed at the among-species level and stays significant even after phylogenetic correction,

suggesting this is an evolutionary adaptation rather than a phenotypic plasticity.

Keywords: alien, arbuscular mycorrhiza, community, dominant species, habitat, light, moisture, mycorrhizal

status, nitrogen, non-native, temperature

INTRODUCTION

With the growing movement of world biota (including the man), many plant species
establish themselves far outside their native ranges. In some cases, these species
become invasive, crucially affecting native species and their communities (Drake et al.
1989, di Castri et al. 1990, Py3ek et al. 1995, Chytry et al. 2005, Radosewich et al. 2007),
often with the result of biodiversity and economic losses (Vitousek et al. 1997, Mooney &
Hobbs 2000, PySek et al. 2006, Richardson & Pysek 2006). The extent of this problem

demands thorough understanding what factors influence the process of invasion.




Although much of the work has been focused on the aboveground level, several
recent studies deal with the potential role of belowground biota, particularly the arbuscular
mycorrhizal fungi, hereinafter AMF (e.g. Marler et al. 1999, Richardson et al. 2000, Stampe
& Daehler 2003, Callaway et al. 2004a, Belnap et al. 2005, Klein et al. 2006, Wolfe &
Klironomos 2005, Koske & Gemma 2006, van der Putten et al. 2007, MacKay & Kotanen
2008).

Arbuscular mycorrhiza (hereinafter AM) is the most ancestral and the commonest
type of mycorrhizal symbiosis (e.g. Brundrett 2002), in which the fungal hyphae penetrate
the cortical cells’ wall of the host plant root. It is characterized by the typical structures of
arbuscules and vesicles formed by the aseptate, obligately symbiotic fungi of the phylum
Glomeromycota (Schufller et al. 2001). The nature of interaction between the plant and
these fungi can vary from mutualistic to parasitic form (Johnson et al. 1997), depending on
the genotype of both partners and various environmental factors (Jakobsen et al. 2002,
Klironomos 2003). AMF help plants to obtain nutrients such as phosphorus (this is
important because of its low mobility in the soil), nitrogen, potassium, and zinc from the soil
in exchange for photosynthates (organic carbon) supplied by the host plant (Smith & Read
1997, Gryndler et al. 2004). The AMF have been also shown to protect the host plants
against the attack of soil-borne pathogens (Azcon-Aguilar & Barea 1996) and to have
direct effects (positive or negative) on growth and biotic interactions of plant species (van
der Heijden et al. 1998).

It is estimated that more than 80% of terrestrial plant species, including invasive
ones, enter the symbiotic relation with mycorrhizal fungi (e.g. Wang & Qiu 2008).
Moreover, the AMF traits such as their ubiquity, cosmopolitism, and low host-plant
specificity provide a good chance for invasive plants to form mycorrhiza in the new ranges
(Richardson et al. 2000). Therefore, arbuscular mycorrhiza can be expected to have
a favorable role in the process of plant invasion. On the other hand, this role is not
probably so crucial; see Py3ek (1998), who listed Amaranthaceae, Brassicaceae,
Chenopodiaceae and Polygonaceae, generally known as non-mycorrhizal families, among

the six most invasive plant families of the world.

Invasive mycorrhizal plants cannot take any competitive advantage of mycorrhizal
symbiosis over native species, unless they utilize it in unusual way (Richardson et al.
2000). Such mechanism can determine their success and further effects on the resident
plant community as well as on ecosystem functioning (Callaway et al. 2004b). For

instance, invading plants are capable to influence the network of AMF hyphae in the soil,



common to themselves and native species as well, through the earlier root activity or

unusual amount of carbon provision (Hawkes et al. 2006).

While mycorrhizal species might be prominent among invasive plants, absence of
mycorrhizal dependence seems to be advantageous in particular cases. The African
fynbos is an example of habitat invaded by non-mycorrhizal alien species, owing to the
extremely poor soils unacceptable for most introduced plants that form associations with
AMF (Allsopp & Stock 1993, Allsopp & Holmes 2001). In temperate zone, most non-
mycorrhizal species are expected to prefer disturbed sites, where low mycorrhizal
propagule density has been found, e.g. ruderal sites or dumps (Gange et al. 1990). On the
other hand, few non-mycorrhizal invasive species are able to establish themselves in later
successional stages, too. Such species is the garlic mustard Alliaria petiolata, successful
invader of mature temperate forest in the North America. This species seems to profit from
its ability to decrease abundance and function of AMF communities in the soil, especially
through its released exudates (Roberts and Anderson 2001, Stinson et al. 2006, Burke
2008), which are expressed more in invasive genotypes in comparison to native ones
(Cipollini et al. 2005).

Based on various empirical data, such as those mentioned above and many more
from different habitat types, countries and continents, Urcelay & Diaz (2003) suggested a
simple conceptual model predicting the diversity response of natural plant communities
(with different degrees of mycorrhizal dependence and positions in the dominance
hierarchy) to AMF. Their hypothesis refers to the mycorrhizal dependence of subordinates,
as determined by the dependence of dominants. The same model could be also used to
predict the response of plant community invaded by non-native species and/or to predict
their invasive success, based on the interaction of its AM dependence and that of the
momentarily dominant native species.

The first aim of my study was to evaluate the mycorrhizal status of herbaceous
invasive neophytes in the Czech Republic because this information is missing for most of
them. Indirect and limited sources are the check-list ‘'of mycorrhiza in the British flora
(Harley & Harley 1987), compilation work of Wang & Qiu (2006) and several other papers,
e.g. Fumanal et al. (2006), who studied invasive neophyte Ambrosia artemisiifolia L. and
its mycorrhizal status in France. The second aim was to compare the intensity of
mycorrhizal colonization in the roots of invasive species with that of the dominant species
of invaded plant community, and the third one was to assess which habitat characteristics

correlate with the intensity of AMF colonization in the roots of studied invasive species.




MATERIALS AND METHODS

Target species and site selection

44 herbaceous invasive neophyte species, including two lianas and excluding post-
invasive species (these used to be invasive, but now without obvious spreading) and water
macrophytes, were selected based on Pysek et al. (2002). Their roots were collected in the
years 2007 and 2008 all over the Czech Republic (see Appendix 1).

Common species have been sampled mainly in the vicinity of large cities and on the
route to the sites of less abundant species. Localities of less abundant species (e.qg.
Cannabis ruderalis) were found using Hejny & Slavik (1988, 1990, 1992), Slavik (1995,
1997, 2000), Kubat et al. (2002), Slavik & Stépankovéa (2004), Mlikovsky & Styblo (2006),
as well as based on personal advice of local botanists. Characteristics of studied sites
such as sampling date, locality name, elevation, geographic location data and habitat type

of the sampling site are summarized in Appendix 2.

Sample collection and processing

At each sampling site, roots of both the studied invasive neophyte and the dominant native
species were sampled with three replicates to assess their AMF colonization, for a total of
798 samples processed in this study. As far as possible, roots were sampled from adult
plants in the flowering stage, because AMF development in host roots depends on the host
species phenology (e.g. Smilauer 2001).

In addition, a phytosociological relevé was recorded in each locality, using a plot of
size 16 m?. Abundance and dominance of each species were estimated visually, using the
combined scale (r, +, 1-100%).

Plant species nomenclature follows Kubat et al. (2002). The term Aster novi-belgii
agg. as used in this study includes all invasive Aster species occuring in the Czech
Republic (PySek et al. 2002); there are A. lanceolatus, A. novi-belgii, A. x salignus and A.
versicolor.

Community composition recorded in phytosociological relevés was used to estimate
site characteristics (based on the Ellenberg indicator values characterizing ecological
preferences of individual species, Ellenberg 1988), community diversity (Shannon-Wiener
index) and richness, using the software Turboveg (Hennekens & Schaminée 2001,
Hennekens 2008) and JUICE (Tichy 2002, Tichy & Holt 2006).

Root samples were washed from the soil and at least ten fine roots were stained

with Chlorazol Black E using the method of Vierheilig et al. (2005) with the following



modifications: clearing 16 hours in 10% KOH at the room temperature, neutralization in
3.5% HCI for 2 minutes, staining in lactoglycerol (a mixture of lactic acid, glycerol, and
deionized water in the ratio of 14:1:1) with a pinch of Chlorazol Black E in the 90T water
bath for an hour, and destaining in lactoglycerol for several days in a fridge.

For each sample, about 10 stained root fragments, each with the length
approximately 1.5 cm, were randomly selected and mounted in destaining solution
(lactoglycerol) onto slides. Semi-permanent slides of stained roots were made, sealed with
nail polish, and later examined.

The presence of arbuscules was investigated under 200x and 400x magnification to
distinguish AMF from other, especially non-mycorrhizal fungi assemblages presented in
the root. The intensity of AMF colonization was then assessed under the 100x
magnification, by estimating the percentage of root length with AMF structures (namely
arbuscules, vesicles, and hyphae) within each visual field.

The fraction of the colonized root length was estimated for the whole root sample as
weighted average P = X;(P/*Lj)/ %jL; (similarly to Lokvencova 2007), where Pj is the
estimated infection intensity of the j-th root segment and L; is its length, expressed for
example as the number of visual fields that the j-th root spans when observed under the
100x magnification. This formula was used to estimate infection intensity of all mycorrhizal
structures: arbuscules, vesicles, as well as the total AM infection (including arbuscules,
vesicles, and hyphae together). The term “relative arbuscular (vesicular) infection” means
the relative rate of arbuscules (vesicles) in the total AM infection extent.

Each studied species was classified as mycorrhizal on the condition that arbuscules
were observed in its roots. These structures are the key features defining the AM
association (Brundrett 2004). My observations were compared mainly with two compilation
studies of Harley and Harley (1987) and Wang & Qiu (2006).

Statistical analyses
To reliably asses the presence and extent of AM symbiosis and to compare it both at the
among-species level and at the within-species level over different site conditions, each
species must be represented by multiple populations. This condition was fulfilled only by
15 of the studied invasive species (see Tab. 1), which were further used in statistical
analyses.

The sampling sites were used as independent observations in all statistical
analyses. Therefore the information obtained from the three specimens of invasive plants

or from the three specimens of corresponding native dominant species was averaged.
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Hypotheses about the relation of mycorrhizal infection of the invasive species to the
infection of the most dominant native species as well as to site factors (estimated using
Ellenberg indicator values) were tested using mixed-effect linear models with a random
effect of the populations (sites). Therefore, effects of most tested explanatory variables
could be studied at two levels: within-species (among-population) level representing the
response of invasive species to particular site conditions, and among-species level
representing differences between individual invasive species.

For each tested hypothesis, phylogenetic correction was also performed, using the
method of Desdevises et al. (2003), with the phylogenetic tree (Appendix 3) based on the
data provided by the BiolFlor database (Klotz et al. 2002).

All estimates of mycorrhizal infection (both for invasive and local dominant species)
were transformed by arcsin-transformation to decrease heterogeneity of variances.
Statistical analyses were performed with the R program, version 2.8 (R Development Core
Team 2008).
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Table 1. Summary of the AM status of the studied invasive neophytes, reported in the main literature sources and this
study. Abbreviations; H&H, Harley & Harley (1987); W&Q, Wang & Qiu (2006); KS, the present study; AMF, AMF
dependence of the studied invasive neophytes based on the definition in Wang & Qiu (2006); NO, non-mycorrhizal
species; YES, mycorrhizal species; YES/NO, both information on AM status cited therein but found in different literature

sources; ?, no information about AM status; F, facultatively mycorrhizal species - no AMF structures found at least in one

root sample; N, non-mycorrhizal species, no AMF structures found within the roots of any samples; O, abligately

mycorrhizal species, AMF structures presented in all examined samples; bold face type, invasive neophytes used in the

statistical analyses; asterisk, to my knowledge, AMF status reported for the first time.

Invasive species Family H&H WE&Q KS AMF
*Amaranthus powellii Amaranthaceae ? ? NO N
Amaranthus retroflexus Amaranthaceae NO NO NO N
Ambrosia artemisiifolia Asteraceae ? YES YES F
Angelica archangelica Apiaceae YES YES YES 0
Aster novi-belgii agg. Asteraceae YES YES YES o)
Bidens frondosa Asteraceae ? YES YES F
*Bunias orientalis Brassicaceae ? ? NO N
*Cannabis ruderalis Cannabaceae ? ? YES F
Conyza canadensis Asteraceae ? YES YES 0]
Digitalis purpurea Scrophulariaceae  YES/NC  YES/NO  YES F
*Echinocystis lobata Cucurbitaceae ? ? YES F
*Echinops sphaerocephalus Asteraceae ? ? YES F
Epilobium ciliatum Onagraceae YES YES YES F
Erigeron annuus Asteraceae YES YES YES 0
*Galeobdolon argentatum Lamiaceae ? ? YES F
Galinsoga ciliata Asteraceae YES YES YES F
Galinsoga parviflora Asteraceae YES YES YES F
*Geranium pyrenaicum Geraniaceae ? ? YES F
*Helianthus tuberosus Asteraceae ? ? YES F
*Heracleurn mantegazzianum Apiaceae ? ? YES F
Impatiens glandulifera Balsaminaceae YES/NO YES/NO  YES F
Impatiens parviflora Balsaminaceae YES/INO YES/NO YES F
*Juncus tenuis Juncaceae ? ? YES F
*Kochia scoparia subsp.scoparia ~ Chenopodiaceae ? ? NO N
*Lupinus polyphylius Fabaceae ? ? NO N
*Matricaria discoidea Asteraceae ? ? YES 8]
Oenothera biennis Onagraceae YES YES YES )
*Parthenocissus inserta Vitaceae ? ? YES F
*Persicaria polystachya Polygonaceae ? ? NO N
*Reynouiria x bohemica Polygonaceae ? ? NO N
*Reynoutria faponica Polygonaceae ? ? NO N
*Reynoulria sachalinensis Polygonaceae ? ? NO N
*Rudbeckia laciniata Asteraceae ? ? YES O
Rumex alpinus Polygonaceae YES/NO YES/NO  YES F
Rumex longifolius Polygonaceae ? YES NO N
*Rumex thyrsiflorus Polygonaceae ? 2 NO N
*Sedum hispanicum Crassulaceae ? ? NO N
Sisymbrium loeselii Brassicaceae NO NC NO N
Solidago canadensis Asteraceae ? YES YES F
Solidago gigantea Asteraceae f YES YES F
*Telekia speciosa Asteraceae ? ? YES F
Veronica filiformis Scrophulariaceae YES YES YES O
Veronica persica Scrophulariaceae YES YES YES 0
*Virga strigosa Dipsacaceae ? ? YES 0]

TOTAL 15 21 44
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RESULTS

Mycorrhizal status of the studied invasive species

This study provides new records of mycorrhizal status for 29 invasive neophyte species,
when compared to the work of Harley & Harley (1987), and for 23 invasive neophyte
species in comparison to Wang & Qiu (2008): Amaranthus powellii, Bunias orientalis,
Cannabis ruderalis, Echinocystis lobata, Echinops sphaerocephalus, Galeobdolon
argentatum, Geranium pyrenaicum, Helianthus tuberosus, Heracleum mantegazzianum,
Juncus tenuis, Kochia scoparia subsp. scoparia, Lupinus polyphyllus, Matricaria discoidea,
Parthenocissus inserta, Persicaria polystachya, Reynoutria * bohemica, Reynoutria
Jjaponica, Reynoutria sachalinensis, Rudbeckia laciniata, Rumex thyrsiflorus, Sedum
hispanicum, Telekia speciosa and Virga strigosa (summarized in Tab.1). In addition,
mycorrhizal status of four invasive neophytes (Digitalis purpurea, Impatiens glandulifera, |.
parviflora and Rumex alpinus) was clarified. Different AM status was determined for one
species (Rumex longifolius) in comparison to its record in Wang & Qiu (2006), referring to
Eriksen et al. (2002).

Based on my source data and according to the classification in Wang & Qiu (2006),
10 studied invasive neophytes can be considered to be obligately mycorrhizal, 21
facultatively mycorrhizal and 13 as non-mycorrhizal. Mycorrhizal status of individual
species is listed in Tab. 1.

My results indicate that about 70 % of the examined invasive species are capable to
be mycorrhizal under field conditions. The majority of them belongs to plant family
Asteraceae. On the other hand, most of the studied invasive species of the family
Polygonaceae (second most numerous plant family in the set of studied species) have

been found non-mycorrhizal.

Hypothesis of Urcelay & Diaz (2003)
Collected data do not support the hypothesis that the extent of mycorrhizal infection of
invading plant species is correlated with that of the native species dominating the invaded
community (Tab. 2, first two rows).

| found positive correlation between the relative arbuscular and relative vesicular

infection (InvArb/InvTot and InvVes/InvTot) of invasive species’ roots (Tab. 2, the last row).
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Table 2. Relations between AMF infection extent of the native dominant species and the infection of invasive
neophytes and the relation between relative arbuscular and vesicular infection of invasive neophytes.
Abbreviations: InvArb/invToi~DomTot, correlation between total AMF infection of the dominant species and
the relative arbuscular infection of the invasive neophytes; InvArb~DomArb, effect of arbuscular infection of
the dominant species on that of the invasive neophytes; InvArb/invTot~InvVes/invTot, relation between
relative arbuscular infection and relative vesicular infection of the invasive neophytes; /nvSpec, relation at
the among-species level; InvSpec/FC, ditto, after phylogenetic correction; Within, relation at the within-
species level, A, positive correlation. The number of residual dfs is 13 at the the among-species level, 12

after phylogenetic correction and 63 at the within-species level.

InvSpec InvSpec/FC Within
InvArb/InvTot~DomTot F=1.95 (n.s.) F=0.10 {n.s.) F=0.16 (n.s.)
InvArb~DomArb F=2.02 (n.s.) F=0.06 (n.s.) F=2.70 {(n.s.)
InvArb/InvTot~InvVes/InvTot F=1.32 (n.s.) F=0.13 (n.s.) F=6.24 (0.02) A

Correlations between the intensity of AMF colonization of invasive species and the
characteristics of habitat and community

| found only one significant correlation at the among-species level — the relative arbuscular
infection in invasive species’ roots increases with the nitrogen availability in the habitat
(Tab. 3, last row) — and this relation is significant even after phylogenetic correction. At the
within-species level, | found negative correlation between the relative arbuscular infection
in invasive plant roots and the light and temperature conditions of the habitat (Tab. 3, third

and fourth rows), while moisture availability had a positive correlation (Tab. 3, fifth row).

Table 3. Effects of habitat and community characteristics on the relative arbuscular infection of invasive
neophyte species. Abbreviations: Richness, species richness of the community; Diversity, species diversity
of the community (Shannon-Wiener index); EL, Ellenberg indicator value for light conditions; ET, Ellenberg
indicator value for the temperature demands; EM, Ellenberg indicator value for moisture; ER, Ellenberg
indicator value for soil reaction; EN, Ellenberg indicator value for nitrogen availability; /nvSpec, relations at
the among-species level, InvSpec/FC, dilto, after phylogenetic correction; Within, relations at the within-
species level; A, positive correlation; ¥, negative correlation. The number of residual dfs is 11 at the

among-species level, 10 ditto, after phylogenetic correction and 51 at the within-species level.

InvSpec InvSpec/FC Within
Richness F=0.42 (n.s.) F=0.42 (n.s.) F=0.02 (n.s.
Diversity F=0.11 (n.s.) F=0.08 (n.s.) F=0.54 (n.s )
EL F=0.32 (n.s.) F=0.22 (n.s.) F=5.93 (0.0 )
ET F=0.04 (n.s.) F=0.73 (n.s.) F=14.79 (<10 v
EM F=1.20 (n.s.) F=0.05 (n.s.) F=4.06 (<0.05) A
ER F=0.53 {n.s.) F=0.45 (n.s.) F=0.01 (n.s.)
EN F=14.00 (<10 F=7.48 (0.02) A F=0.80 (n.s.)

13



DiscussioN

Mycorrhizal status of the studied invasive species

| assessed the mycorrhizal status of 44 invasive neophyte species in the Czech Republic.
To my knowledge, AM status of 23 invasive species (marked with asterisk in Tab. 1) have
been reported for the first time.

Mycorrhizal dependence of plant species is traditionally determined by comparing
plant growth (under experimental conditions) with and without AM symbionts (e.g. Fitter &
Nichols 1988). Therefore, field sampling can be used to identify species, which are not
fully AM dependent, but in particular cases enter into symbiotic relation with AMF anyway.
In my study, focused on a broad range of information on the AM symbiosis of multiple
plant species over wide geographical area, only the observations on presence and extent
of AM symbiosis under field conditions have been used to hint on AM dependency
(adopting the approach of Wang & Qiu 2006). Therefore, they cannot be compared with
the results based on experimental procedures.

My findings on AM status of invasive neophytes are not in conflict with the results of
two main compilation studies, Harley & Harley (1987) and Wang & Qiu (20086), with few
exceptions. | clarified the AM status of four species recorded in the earlier published study
and later cited by Wang & Qiu (2006). There are Digitalis purpurea, Impatiens glandulifera,
I. parviflora and Rumex alpinus, which had both information on AM status cited therein but
found in different literature sources.

Digitalis purpurea was twice recorded as mycorrhizal and once as non-mycorrhizal
in Harley & Harley (1987). | examined its roots from three localities and found noticeable
differences — no arbuscules have been found in the roots from the locality No. 34 and
a weak infection was recorded from the locality No. 86 while samples from the locality No.
73 had more than 20% infection. | think that the most important difference among these
localities is the different extent of disturbances - locality No. 34 is a forest margin, No. 86 is
a road margin with a steep slope about 30%, while No. 73 is a meadow with a quite steep
slope about 25%. Eriksson (2001) also found lower AMF colonization of the host plants in
more disturbed sites.

Harley & Harley (1987) also provides diverse information on AM status of two
congeners Impatiens glandulifera and /. parviflora. The last mentioned was once recorded
with absent and once with present AMF in its roots while /. parviflora was three times
recorded with present and once with absent AMF in its roots. Collected data support this

variation in AMF colonization and do not support my expectation that the response to AMF
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of these two species would be different, based on the different habitat demands (e.g. water
table) of I. glandulifera and I. parvifiora.

Rumex alpinus was in Harley & Harley (1987) three times recorded with absent and
once with observed AMF in its roots similarly to the examined specimens in this study,
which showed no or weak AMF infection in its roots. This is promoted by Bohner (2005),
who also found roots of this species colonized by AMF but he did not show any significant
differences in its response to acid, nutrient-poor and —rich soils.

Rumex longifolius, another species from the plant family Polygonaceae, was
recorded AM dependent in Wang & Qiu (2008), referring to Eriksen et al. (2002), while | did
not observe any AMF structures in the roots of this species. One explanation of no
observed AM structures in its roots is the low number of samples in my study (only three
specimens from one locality while Eriksen et al. 2002 examined ten specimens within one
locality). Nevertheless, their results also indicate weak or no AMF colonization (AMF
structures were presented only in a very few specimens, with a weak infection below 1%).

| have also compared sample processing used in the present study with that of
Eriksen et al. (2002) and | found several differences. First of all, Eriksen et al. (2002)
stained the roots with widely used trypan blue, while | used Chlorazol Black E dye.
Nevertheless, Gange et al. (1999) have shown no significant differences between these
two stains. However, my observation could be influenced by heavy pigmentation of the
roots of Rumex longifolius due to the secondary metabolites that | was not able to remove
and, therefore, arbuscules could not be clearly seen, even if present. | have tried to clear
such darkly pigmented roots by prolonged maceration in KOH (Vierheiling et al. 2005) but
with variable results, probably because of the varying age and diameter of the roots. In
contrast, Eriksen et al. (2002) bleached them with alkaline hydrogen peroxide. This
method is promoted by Vierheiling et al. (2005) who suggested it as the second step after
heating the roots in KOH, if all secondary metabolites are not removed.

Note, however, that AMF colonization depends on many factors, e.g. the host plant
species phenology (Sanders & Fitter 1992a, 1992b, Smilauer 2001, Ruotsalainen et al.
2002), AMF diversity and species composition within different habitats and communities
(Nicholson 1958) as well as their seasonal and ontogenetic variations (Jacobsen et al.
2002). Therefore, the absence of AMF in the roots of Rumex longifolius (or any other
species with low number of studied localities) could be influenced by specific habitat
conditions. Moreover, the general lack of AMF is in agreement with the fact that the

Polygonaceae family is often considered as non-mycorrhizal (Smith & Read 1997).
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| found most mycorrhizal invasive species belonging to the family Asteraceae. This
finding is partly influenced by the fact that most of the studied invasive species (14 from
the total of 44) belong to this family. This is also in accord with PySek (1998) who
considers Asteraceae among the four families most contributing by alien species to local

floras.

Hypothesis of Urcelay & Diaz (2003)

My prediction based on Urceley and Diaz hypothesis (Urcelay & Diaz 2003) that AM status
of the studied invasive species would be correlated with that of native dominants has not
been supported by collected data. This could be due to a high variability in the data set
and relatively low number of studied samples. Evolutionary inertia (sensu Harvey & Pagel,
1991) could also have substantial effect as indicated by the reduction of effect sizes after
phylogenetic correction and also by the fact that both the group of invasive plant species
with absent AM symbiosis and the group of species with higher AM infection rates are
clumped in different parts of the phylogram (see Appendix 3). On the other hand, Wolfe et
al. (2006) suggest that it is important to note that this model considers only absolute
positive or neutral effect of AMF only.

Although the collected data do not show any significant correlation between AM
symbiosis of the invasive plant and that of the community dominant (Tab. 2, first two
analyses), | can still consider four scenarios, based on the work of Urcelay & Diaz (2003),
and hypothesize what effect could have an experimental suppression of AM symbiosis
with a selective fungicide, such as the benomyl (see Fitter & Nichols 1988).

(1) When both the studied invasive species and the native dominants are non-
mycorhizal or with a low mycorrhizal dependence, AMF could hardly play an important role
in the invasion of introduced species. Consequently, suppression of AM symbiosis should
not affect the relation between the dominant and invasive species. This scenario
corresponds to early successional stages such as those found at railway and ruderal sites,
pond bottoms, and road margins - the sites most preferred by invasive species within this
study.

(2) Different situation occurs when the dominant is highly mycorrhizal, while the
invasive species is weakly mycorrhizal or non-mycorrhizal. Then the suppression of AMF
should have a negative effect on the abundance of dominant while positive effect on the

abundance of invasive species, promoting a successful invasion.
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(3) The third possibility is the non-mycorrhizal native dominant and strongly
mycorrhizal invasive species. Then, if AMF are available at the locality, they could have a
positive effect on the invasion process (especially in symbiosis with other, non-dominant
plant species). Lack of AMF at the site or their suppression with a selective fungicide
should decrease the invasion success.

(4) The systems where both invasive and native species are AM-dependent are
represented mainly by the late-successional communities (Janos 1980), e.g. grasslands
and mature forests. Under this scenario, suppression of AMF should have similar effect on
both the invasive and the native dominant species, and therefore no effect on their
competitive balance (if the used fungicide did not disturb specific relationship of some of

the sampled species to its pathogens).

Only the last analysis in Tab. 2 showed positive correlation between the relative
arbuscular and relative vesicular mycorrhizal infection in invasive species’ roots. This is
probably partly influenced by the fact that vesicules were quantified only if arbuscules (AM

key features) were observed in the roots.

Correlations between the intensity of AMF colonization of invasive species and the
characteristics of habitat and community

My observations revealed noticeable variability in the intensity of AMF colonization in the
roots of studied invasive neophytes over different sampling sites.

Nitrogen is one of the most limiting elements for the plant growth in terrestrial
ecosystems (Schulze et al. 2002). My results (Tab. 3, last row) show that invasive plant
species occurring in the habitats with elevated nitrogen availability have higher relative
arbuscular infection in their roots. The effect of nitrogen availability is revealed at the
among-species level, suggesting this is an evolutionary adaptation (relation stays
significant after phylogenetic correction), rather than a phenotypic plasticity. My results
contradict the findings of Chambers et al. (1980), Azcon et al. (1982) and Blanke et al.
(2005), who claim that the nitrogen fertilization (similarly to the phosphorus fertilization)
supresses the root colonization by AMF. However, according to Rillig et al. (2002), higher
nitrogen availability in the soil (as ammonium or nitrate) could have various effect (no,
positive or negative) on the intensity of AMF colonization in plant roots, with noticeable
differences among different localities. Another example was published by Egerton-
Warburton & Allen (2000), who found that nitrogen enrichment reduced hyphal and
vesicular infection of AMF and could alter AMF diversity and composition. Such
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belowground shifts in the soil communities could evoke aboveground changes in the plant
community structure (Gange et al. 1990, O'Conner et al. 2002, Urcelay & Diaz 2003,
Wolfe et al. 2006) and, further, these “nonequilibrium” communities (with reduced species
eveness, richness and diversity) could be more susceptible to the invasion by non-native
species (e.g. Rejmanek 1989, van Ruijven et al. 2003).

In addition, Sigtienza et al. (2006) showed different responses of two plant species
to nitrogen enrichment, namely increased seedling biomass of the invasive annual grass
together with decreased biomass of the native shrub. This better utilization of nitrogen by
invasive species in comparison to native ones can play a potential role in the facilitation of
introduced species in the new areas. This is promoted by Suding et al. (2004), who
revealed that Centaurea diffusa, the invasive species in the North America, is less limited
by nitrogen in comparison to other native species in grasslands.

The intensity of AMF colonization in the plant roots is also influenced by other
factors as light, temperature and water availability (Smith & Read 1997). The results of my
analyses on these specific habitat characteristics indicate that roots of invasive neophyte
species have lower relative arbuscular infection in the habitats with higher light and
temperature conditions (Tab. 3, third and fourth rows) whereas this infection is higher in
moist habitats (Tab. 3, fifth row).

Rillig et al. (2002) consider moisture and temperature as two soil characteristics
with a strong effect on mycorrhiza. The positive effect of soil moisture on the AMF root
colonization is in agreement with the results of Apple et al. (2005), who studied the
seasonal dynamics of AMF in the roots of two Mojave desert's species. They found
significant changes due to soil moisutre in proportion of all AMF structures (arbuscules,
vesicles and also hyphae). In the case of light and temperature demand, very few
published results are available to compare with my data. Those studies focus mainly on
the effect of global warming (i.e. temperature increase) on the AMF and the shifts in the
composition and function of their communities (e.g. Fitter et al. 2000, Rillig et al. 2002).

It seems to be too early to reliably assess how the success of alien plant species is
influenced by AMF in comparison to other factors (studied in more detail till today), such as
the other symbiotic association, dispersal and propagule production, and susceptibility of
native plant community to introduced species. However, the role of AMF in the invasion

process cannot be overlooked.
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SOUHRN

V ramci této studie jsem se zabyvala arbuskuldrni mykorhizni symbidzou 44 invaznich neofytd, které se
vyskytuji na uzemi Ceské republiky. Z mych vysledkl vyplyva, Ze pfiblizné 70% sledovanych druhl je
schopno tvoiit symbioticky vztah s arbuskularnimi houbami (dale AMF). Ve srovnani s dosud publikovanymi
udaji tato prace pfedklada nové informace o mykorhiznim statutu pro 23 invaznich neofytl: Amaranthus
powellii, Bunias orientalis, Cannabis ruderalis, Echinocystis lobata, Echinops sphaerocephalus, Galeobdolon
argentatum, Geranium pyrenaicum, Helianthus tuberosus, Heracleum mantegazzianum, Juncus tenuis,
Kochia scoparia subsp. scoparia, Lupinus polyphyllus, Matricaria discoidea, Parthenocissus inserta,
Persicaria polystachya, Reynoutria x bohemica, Reynoutria japonica, Reynoutria sachalinensis, Rudbeckia
laciniata, Rumex thyrsiflorus, Sedum hispanicum, Telekia speciosa a Virga strigosa. MUj pfedpoklad,
zaloZzeny na hypotéze Urcelay & Diaz (2003), Ze mira infestace AMF v kofenech invazivniho druhu bude
zavisla na rozsahu vyskytu AMF v kofenech dominantniho druhu invadovaného spolecenstva, nebyl
sebranymi daty podpofen. Déle jsem testovala viiv vlastnosti biotopu a rostlinného spoletenstva na miru
infestace AMF v kofenech invaznich neofytll. Na zakladé ziskanych vysledki lze usuzovat, e na
podil arbuskull ve své kolonizaci AMF, zatimco ve vih&ich maji podil arbuskul(l vy$&i. V dusikem bohatych
biotopech, kde se AMF houby uplatfiuji obecné méng&, maji také podil arbuskull vy3si. Viiv dostupnosti
dusiku na AMF se oproti pfededlym vztahtm k charakteristikém prostfedi objevil na mezidruhové Grovni, co?
poukazuje spiSe na evoluéni zavislost nez na fenotypovou plasticitu téchto druh(. Tento vztah zdstal

prikazny i po fylogenetické korekci.
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Appendix 3. The phylogenetic tree of all studied invasive neophytes based on the data provided by the
BiolFlor database (Klotz et al. 2002). Abbreviations of the species names are based on the first four letters of
their genera and the first four letters of the species epiteton. Colors: red, average total AM infection of the
species not higher than 1%, grey, average total AM infection of the species between 1 and 20%; green,

average total AM infection of the species at least 20%.



p

40000 #8L°0 LEE'O snqje ssjselod 0000 zLo0 LeEoo eaindind syepbiqg 98

0000 6000 LLOO suejjideo sjsolby AL0°0 SSL'0 2eego eaindind syepbiqg £/
0000 0000 0000 BUIAC BINS 0000 000°0 0000 eaindind syepbiq ¥e
6200 B8SL'0 ¢gggo eigjuojols sisosby LLO'0 9LZ0 LELO sisuapeues ezAuoD 0cL
0000 0000 0000 ajetapn wnipida G80'0 OFL'0 65270 sisuspeura ezAuod (44}
LL00 92000 €510 snujw syso.bel ¥#0'0 2200 60S°0 Sisuspeueo ezAuo) 16
€600 8020 1050 BJOLLIaS BONjORT] 6200 66L'0 2950 sisuapeues ezAuoy 69
100’0 0500 00L°0 WwinJojas} snwolg 000 S20'0 B8IEO sisuapeued ezAuoy 19
9000 #800 600 enuue eod /100 8900 9EE0 sisuspeuea ezAuog of
0000 0000 0000 ESO[NOBL BLIBOISIOH $60'0 020'0 6GE0 sisuapeueo ezAuoy 6¢
0000 0000 0000  ‘BBeasgmome wnuobAlog  $80°0 292°0 9550 sisuapeues ezAuoy 0z
0000 2S00 OLL'O BnuUe SijeLnaisp 0000 2000 2000 sijesapn siqeuued GLL
G¥0'0 €8€0 S9¥0 auuated wnijo] 0000 0000 0000 Sijejusio setung 8
0000 #000 1000 Snjefs wniayleuay Ly 0000 0000 0000 sifejusiio seiung . Zs
ZP0'0  TL000 ¥60°0 BJBJitioj0]s sijsolby 10000 Z¥0'0 €ZL0 esopuoy suapig LEL
0000 0000 0000 sujsnjed eod 800°0 9000 LLOO esopuoy suapig 601
0000 0000 0000 Bo/0/p B3N 0000 0000 0000 esopuoy suapig 14
000'0 0000 0000 eIy xa1e0 0800 OFL'0 5090 esopuol) suapig 4

0000 G000 ZLOO BJJILOJO]S SH)S0.By 1900 ¥E00 9€°0 ‘BBe 16jaq-inou t8jsy gzl
L00'0 2100 2Zv0'0  wnuiqeuues wnuoledns  SLO0 0LO0  #H0°0 "B6e ybjag-1nou te)sy 80L
0000 0000 0000 BOOIP BIIM 9000 tOE0 S/€0 eayfabueyole eajjabuy cLL
0000 0000 0000 sifeunbues euepbiq 1G60°0 1200 /BEO BIfOJlISILUB1E BISOIqUIY LOL
0000 0000 0000 °BBewnge wmpodousyy 0000 00000 0000 SNXs|j0381 snijueewWy 12
£00'0 8000 G¥00 windoyiNw wWnifoy 0000 0000 0000 Snxsjjofjal snijueieLy g9
0000 0000 0000 °BBewnge wnpodousys 0000 0000 0000 Snxajjosal snyjueIeLy e
0000 9¥F0 Z2i¥0 sijeuinbues euenbiq 000'0 0000 0000 snxsjonal snyjueuy )
0000 0000 0000 ‘BBewnge wnipodousyn 0000 0000 0000 Snxs|joljal snijueleLuy S

0000 LLO0 ZE0O epiwnd euejag 000'0 0000 0000 Hiiremad snyjueiewry 9z
0000 0000 0000 -B6ewnge wnpodouayy 0000 0000 0000 Hiremod snyjuesewy 6L
'S8 'qly  |elol saldads jueuiwog *Sap qiy  [ejol sa]129ds aAIseAu| "ON

*UOI28)Ul JB|NJISaA
'S8/ uonoajul senasngie gy (Jayielio] seydAy pue ‘ssjoisea ‘sejnasngle Buipniour) uonosjul JNY [EI0} Yejos ‘ens Buidwes sy Jo Jaquuinu ‘o suonelanalqqy
"saloads jueujwop aajeu Bulpuodselios jo suawioads 8aiy} Jo pue sapads jueld sAlseAul JO Suswioads 8aly) Jo suonealasqo ay) BuiBelaae Aq paulejqo siom

8|98} siy) ul senjea sy "sayis Bujidwes [le uiyim syeurwop aaleu Buipuodsalios gy pue saoads anISBAUl palpnis auj 4oy ANSUSIUl Y 8y} 4O 1Sl 8y ¥ xipuaddy



0000 0000 0000 snujued "Jo snWAlg 1L00 9000 '¥00 snsoJjaqn) snyjuelfaH zZelL
0000 96L°0 1920 euesbepod wnipodobay G000 tPL0 9920 snsotaqn) snyjuelsH L8
0E00 6600 6.0 8SUBAIE WNISID 9L0'0 €600 8ZE0 snsotaqn) snyjuelisH 85
0000 LvO'0 €EL°0 wnJopous wnuwiedsoinaldi  000°0 LO0O0  LDOO snsoteqn) snyjueljsH 82
0000 €000 2¥00 ereselo)b syfoeq 0000 ZLO0 6L00 snsosegn} snyjuelaH zl
¥00°0 6100 8220 suebina eisiwaLy 2000 6L00 0200 wnojeusiAd wniueian 99
L000 2le0 2veo eueibepod wnjpodobay 0000 6900 2800 wnojeusiAd wnueiag ze
0000 0000 0000 BHIY XaueD 0000 ¥LO0 ZEOO wnoreusuAd wnuesas 9

G000 8200 IvL0 elbiu ejojeg ¥L0°0 6500 2200 eJjojyinied ebosujien 62l
Z00'0 €400 ¥80°0 euelbepod wnipodobay 0000 €00°0 8000 eioyined ebosujes 9zl
0000 0000 0000 sijeuinbues euepbiq G000 ¥¥00 610 esoyined ebosules 00t
2110 1980 9250 BULIBSUE Bljuslod 00L'0 9920 89%0 esoyinied ebosules) 97
0000 000°0 0000 syeunbues euenbig 0000 LZL0 €090 eofyinued ebosulies oL
000'0 0000 0000 'B6ewnge wnpodousyy 2000 G000 LS00 ejejjo ebosuies Gzl
0000 6800 80L'0  eueibepod wnjpodobay 1000 9¥2°0 66£0 ejeio ebosuyes g0l
0000 00000 0000 eign. eueinbiads G000 PZL'0  LOE0 gjeo ebosuyes G6
0000 0000 0000 SUISAIAS SnosLLuY 60000 9900 16L°0 ejeyo ebosuyen Ge
0000 0000 0000 BO/0IP BIIU() L00'0 0800 1LZL'0 wneyusbie uojopgqoales Lzl
0000 0000 0000 BO10Ip RO 0000 9000 9200 wmepuable uojopgos(es 0Ll
¥000 2¥0'0 22L'0 s/fupseLueyo eojUoIaA Z00'0 L¥0'0  GS0°0 wmejuable uojopqos(es /8
0000 0000 0000 WwnueqIn Wwnag) 0000 0000 0000 wnejusbie uojopgqoajes) 29
0000 2000 9£0°0 suebina ejsjwspy 2000 1200 §ieo snnuue uosebug gel
2000 6000 2600 8G90Js BAINBIUBD €L0'0 8000 0ZEO snnuue uosebuz A
0000 0000 0000 suebinA ejsiuiapy /200 S1L00 8620 snnuue uossblz €0l
0000 €000 9100 enrjes obeojpapy Y00 GZL0 L0 snnuue uosabug 0L
GZ0'0 8£00 820 snefe wniayjeusyLy ZZ00 6000 500 snnuue uoiebug K%
6500 940 8690 suada. Wnjjoti | €€L'0 €400 8060 snnuue uoseblg 6¢
ZL00 6200 SELO suuated wnijoy Y00 6L00 99£°0 snnuue uosabug 6

0000 G000 0LO0 snjeje winiayjeusyLy 0000 2000 9100 wmeyio wniqopdy 9g
0000 0000 0000 supsnjed eod €100 S20'0 2600 wmeya wmqojdy (57
0000 68L°0 2020 suualed Wnijo] LO0'0 €900 6EL0 wngeyio wnigojids €e
0000 8000 S90°0 snneje wniayeualLly 0000 0LO0 8v20 snjeydsoiseyds sdouiyog €8
0000 00L0 +LLO snijeje WwntayjeusaL Ly 0000 0000 0000 snjeydaosseyds sdoujyog G5
0000 €L0°0 6200 Snijele WnisyeusyLY 8000 GLOO ZE0°0 snjeydaosoeyds sdoupog 0S
0000 9000 2500 Snjiefd WniaLjeusL Ly 000°0 €100 St20 snjeydaoJeelds sdoujyog 4
0000 0000 0000 B3/0IP 2911 0LO'0 €E£00 EV00 ejeqoj sisAsouyog PLL
"‘S9A qiy |ejo | mw_uwaw jueuiwaog "San “qiy 1ejol mm_umaw BAISEAU] "ON




_I.-. 1

Z00'0 0S00 S22 0 WNaoels(o Wwnisio 0000 Loo0 SO0O snujdie xawny 6LL
800°0 +£0'0 GBOO suejiides sysoiby 0000 2000 O0LOO snujdie xawny 68
0000 +L00 +L00 E90BUIPUILIE SlBIBYH G000 0200 6250 ejejuoe] eposqpny k4
0000 0000 0000 eueibepod wnipodobay 0000 0000 0000 sisusujjeyoes eunoufay vl
Z00'0 /000 €EL00 LWniogINt Wnjjo] 0000 0000 0000 egjuodef erpnoufey ¥9
0000 ZELO EVLO eueiBepod wnipodobay 0000 0000 0000 BIjWaY0q % eLnotfsy gLl
P¥0'0 2920 €£9%°0 sneep| snqny 0000 0000 0000 eAyoejshiod eueasiag oLl
0000 0LO'0 ZlOO BqJejiA speLajy 0000 2000 O0OLOO BL8SU] SNSSIo0UayHES 66
0000 0000 0000 B2J0Ip BIILf 0000 €500 /8070 BHOSU! SNSsIoouayLed St
120’0 ¥90°0 6210 SIpLiA elBlaS €000 2S00 9810 s|uuslq elsyjousQ 86
0000 0000 0000 esojdsa ejsdweyasaqg 20000 €100 #v0°0 SiuusIq edayjousQ 6t
0000 0000 0000 “BBessgmome wnuobAlod  $L00 500 +8L°0 B8PI0DSIP BLEILIEY 06
9Z0'0 9100 €800 enuue eod Y000 6E00 S.00 BBPI0DSIP BLEIEY S/
0LO'0 €210 §/20 Jofew obejueld €00'0 8210 L0 BOPIODSIP BLEINEN LG
9c0'0 ¢lZ0 +8.°0 Jofet obejuelq 8000 6%00 LLLO BOPIODSIP 2lRILIBYY A
1000 €200 L+00 enuue eod abL’0 L9E0 6550 BOPI0ISIP BlRILEYY 8¢
0000 6000 LLOD LURIOMYNLL LWUNHOT 0000 0000 0000 snjiAydAjod snurdng £5
LLO'0 8L20 LIE0 wnaine wnjfydorseyn 0000 0000 0000 snjiAydAjod snuidng 8f
0000 0000 0000  "Bbewnge wnpodousys 0000 00000 0000 ewedoss -dsqns euedoss emyaoy  zoL
1100 B5L0 €S20 E484ju0[0}S Sysoby 0000 0000 0000 sinue} snaunp Z6
0000 9200 I5L°0 enuue eod 0000 2800 €010 sinusj snaunp a4
0000 ZLL'0 €910 enuue eod 0000 200 +60°0 sinusj snaunp AL
L00'0 #8L0 L¥TO SHISAIAS snosuyuy 0000 8000 0S0°0 eloyied susiediy GOl
0000 Q000 0000 eueibepod wnipodobay 0000 €200 9€0°0 eJjofyined suaieduy ¥S
0000 0000 0000 BOJOIp BN 1000 9L00 8£0°0 eiojyited suspeduwy x>
Y00 200 0920 enuue eod 0000 1000 €000 ejofjirted susiedu e
0000 0000 0000 snajenAs sndios L00'0 2500 2600 ejofji/ued susieduy 8l
000'0 0000 0000 BOJOIp BOIHN 0000 8LO'0 1900 eloyinied susijediy L

0000 0000 0000 eajuebib eonjsey 0000 000'0 0000 esafiinpuelb susnedusy LLL
000'0 0000 0000 B19{UI0J0}S S|S0IBY €000 2Z£0'0 2S00 esafiinpueib susneduuy 0¢
0000 2000 +00°0 sysusjeud sninosdoyy §L00 00 1200 eiajiinpuel suspeduw| ze
0000 €600 S8L0 SHebinA ejsiuaLy 0000 0L00 1200 esajiinpuejb susnediu| Z

0000 6L00 9200 ejesawolb syfjoeqg 000 0LL'0 0020 wnuezzebajuew wnajoeiar 08
0000 0000 0000 eo/olp BN 000°0 0000 0000 wnuejzzebeajuetl wnajoeiap Ll
0000 0000 0000 BOIOIP BN 0000 08L°0 LlZDO wnuejzzebajuew wnsjoeiaL 09
0000 0000 0000 snjefs wiayleusy .ty 20000 0210 8910  wnueizzebajueiu wnajeiap ot
"Saf qQly jelol mm_uwn_m jueuiuiog "SOA ‘qly 1el1ol wm_uwn_m BAISEAU] "ON




0000 0000 0000 B9JOIP BN €L00 0FL0 LSO esobys ebuIA €6
¥00'0 0Z00 9€00 snujued "Jo snwA|g G000 €00 6v20 esobujs ebuip LG
0000 0000 0000 'B6easgnone wnuobAlod €000 9200 VELO eoysiad BojUOIaA 68
0000 0000 0000 nusA-eoids eiady 8000 0¥00 9€20 eo|siad EOJUOIOA 88
Z00'0 €0L'0 86L°0 ENnuUe eod €000 9000 8200 eo;siad BIJUCIOA 8.
0000 000 ¥LO0Q suadas eibLyAlg ¥L0'0 SE00 /220 easiad BOJUOIBA 65
0000 2L00 G200 B.134ju0f0}s sysoiby P00 1020 280 gojstad ROJUOISA A7
0S0°0 Z£00 ¥8L°0 ‘Bbe eigni eonjsa- 2200 6500 010 SILLIOYiIl BOJUOIOA 89
000 +100 1200 SLISAIAS snosuyuy €L0°0 8600 8920 £s0{03ds e))8ja 8L
1000 0S00 ZSL'0 LUNBOBIBIO WNISHD #0000 LEOD 1920 £50/09ds ejyafa ] 96
0000 0000 0000 asuajesd wniAdwelspy 90L'0 /610 8EVO esofoads enjafe ] zl
0000 2LO'0 86070 wnuiqeuLes wnuoyedny €000 +000 SZ00 esjueblb obepjjos 201
€L0'0 00S0 6950 sofebide sjjsoibeuieien 6000 1600 €650 eajuebib obepjjos ¥6
0000 9100 6100 SuISAIAs snosuyuy 2000 0L00 1EOO eajuebib obepjjos 9g
€000 LO0O'0 0£0°0 sysusjeld eod 200'0 2000 9510 esjuelib obepijos o]
LLO'0 6200 Z¥0°0 gjessiuolb siyfioeq 0000 200 6800 sisuspeuro obepiog 0zl
890°0 /6E0 6150 BOOBUIPUNIE SLIB[EYS €L0°'0 BEDD 0SE0 sisuspeueo obepijos z8
€200 ¥2L'0 ZSE0 snjjejs wniayleusyLy G000 2200 LEEO sisuapetes obepijos 6.
LE0'0 ¥L00 8520 snjefe wnisyreusy Ly L00'0 6000 22L0 sisuspeued obeplos o4
0000 0000 0000 sofabids spsoibeuele) 0000 OFL'0 9.€0 Sisuspeues obepljos \e
€000 GEO'0 9210 sofabids spsosbelueie) Z00'0 ZLO'0 0800 sisuapeued obepljos Gl
2000 1600 8¥L0 snjjeje wniayreusyLy GLO'0 200 0OPE0 sisuspetiea obepijos €

1000 2200 6E£0°0 suebina eisiwepy 0000 0000 0000 Hesao) wnuquifsis vel
0000 0000 0000 sofefiide sysoibetieje) 00070 0000 0000 1j8s90] wnuquIAsIS Y0l
0000 Z¥L'0 910 suuated wnio7] 0000 0000 0000 1jesa0] wnuquiAsis L6
0000 1000 €000 wnioyinus LWwniog 0000 0000 0000 1jesa0) wnuquiAss .9
0000 0000 0000 enuue eod 0000 0000 0000 jesao] tnuquiAsIs 8

00000 LLO'0 0OV00 ejosea snaneq 0000 0000 0000 1/9S80] tWnLqLIASIS 1%

0000 ZLO0 6100 ‘B6e eignt eomse 0000 0000 0000 wnopuedsyy Wnpag £Z
L000 00L'0 ELED ‘BBe wnyoyeiiw eoYIYOY  000°0 0000 00070 snuoyIsiALY} xeny £9
0000 9S00 1800 snyjeje winisteuaL Ly 0000 0000 0000 sruosiALy xauny £l
0000 €000 €000 ea0BUIpUNIE SLIBRLd 0000 0000 0000 snyoybuol xawny ELE
"SOA qly jejol wm_omn_w jusulwog "SaN “qly jejoL wm_omaw AAISEAU| "ON




On Thu, 13 Nov 2008, 14:33, Petr Smifauer wrofe:
Ahoj, nahodne jsem se zadival na vytistenou prvni stranku prilohy, kterou tu Majka nechala, a zaujal mne
tam termin "dwarf wall" coby "habitat type". Chapu spravne, ze jde o ohradu, branici nekontrolovane

expanzi trpasliku do zahradky? Jinak - obavam se - to asi nebude spravny termin, pokud to ovsem neni zed

vystavena z mrtvych tel trpasliku ...

On Thu, 13 Nov 2008, 15:00, Marie Smilauerova wrote:
Cau, ale ono to asi opravdu brani proniknuti trpajzliku do objektu. Je to proste nizka zidka na zahrade, bud
ohranicujici sklenik, zimni zahradu apod. a nahore pokracujici sklem, nebo asi i normalni zidka kolem

zahonu. Treba to nebrani trpajzlikum pronikat do zahrady, ale naopak jim to brani v uteku ze zahradky

(aspon tady ve stredni Evrope jsem videla vic trpasliku na zahradach a skalkach nez venku v terenu @).

On Thu, 13 Nov 2008, 20:09, Katerina Stajerova wrote:

Teda pratele, jak to sleduju, tak ta ma diplomka zacina smerovat uplne jinam @,

On Thu, 14 Nov 2008, 07:23, Petr Smilauer wrote:
Ale kdepak, trpaslici jsou urcite take invazivni druhy, ted jde jen o to zjistit, zda spolupracuji s houbami

(nebo maji alespon plisen na nozickach), ci ne ...

On Thu, 14 Nov 2008, 20:21, Katerina Stajerova wrote:

Ahoj M+P, podle nejnovejsich clanku, kiere jsem nasla na web of science, se v pripade trpasliku skutecne
jedna o invazni druhy! Navic jsou uvedeni spolecne s napr. hasivkou orlici na seznamu peti
nejnebezpecnejsich invaznich druhu v historii cele planety Zeme vubec. Co se tyce jejich vlivu na AMF, tak
o tom se zatim moc nevi. Nasla jsem pouze jednu studii zabyvajici se okrajove timto tematem (autory teto
studie jsou shodou okolnosti Cesi spolecne s Nemci), ktera vysla letos v lednu v casopisu Nature...

V teto praci autori vyuzili molekularnich metod a zjistovali genofond veskerych hub odebranych na
trpaslicich umistenych v zahradach peti zemi Evropy (jednalo se o0 CR, SR, Nemecko, Francii a Belgii).
Nejvetsi praci pry dalo urcit spravne primery, ale kdyz se to podarilo, dostali nevidane vysledky! Ukazalo se,
ze sekvence hub odebranych z evropskych populaci trpasliku maji napadnou shodu s populacemi
"trpaslicich” hub v CR, coz vedce inspirovalo k dalsimu vyzkumu. Zacali hloubkove patrat po zdroji vsech
studovanych evropskych trpasliku, tedy po miste, kde je jejich dnesni majitele koupili. Zaver byl
jednoznacny - vsichni trpaslici pochazeli z cesko-nemeckeho pohranici.

Jejich puvodnim arealem je tedy oblast zapadnich Cech, odkud se nekontrolovatelne siri dal do
celeho sveta. Biokoridory jejich sireni jsou zejmena dalnice, silnice,‘silnicky i polnacky, ktere protinaji krizem
krazem celou pevninu, proto je jejich invaze tak zakerna a nebezpecna! Navic spolecne s trpasliky cestu;ji
do novych oblasti i dalsi nepuvodni organismy jako napr. plisne (ktere mohou ulpet na nozickach trpasliku,
kdyz jeste lezi ve skladech v CR), ale i jine houby (napr. spory AMF).

No, jak je videt, vztah trpasliku a AMF je blizsi nez by se nam maohlo zdat @ Taky mam par vzorku

ze zapadnich a severnich Cech, tak bychom je mohli porovnat @..

Appendix 5. E-mail conversation (in native language) among my supervisor, her husband and me, from
November 2008.



