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At the advanced stages of invasion, the control of invasive alien species (IAS) often exceeds
the capacity of the agencies responsible for it, so early detection is vital for success. This is
particularly urgent when perennial grass species become established in wetlands. Here we
present a case study on knotgrass (Paspalum distichum L.), an alien perennial grass species
first detected in Hungary in 2020, in a floodplain of the Danube River at Dunavecse. The
study aims to make predictions about the invasion behaviour of knotgrass by combining
trait-based approaches and risk assessment tools. In the place of its first detection in Hun-
gary, we compared the species richness, biomass, and seed production of the native and
the invaded vegetation. We found that knotgrass formed monodominant stands character-
ized by extremely high above-ground living biomass with a mean dry weight of 3,670 g/
m? The invaded stands were characterised by significantly lower plant diversity compared
to the non-invaded controls. The above-ground biomass was almost three times higher in
invaded plots than in native vegetation. There were no significant differences between the
seed yield of knotgrass and the dominant species of native vegetation. All three risk assess-
ment systems classified knotgrass into the highest risk category implying high possibility
of its future invasive spreading and becoming a transformer species in Hungary. There are
a lot of further potentially suitable habitats for the knotgrass connected with the already
occupied site, and the high propagule pressure and strong competitive ability also suggest
a high probability of future expansion.

Key words: biomass, diversity, invasion risk assessment, invasive alien species, perennial
grass, propagule pressure, seed production, wetland
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INTRODUCTION

The spread of invasive alien species (IAS) is recognized as a major and
increasingly relevant threat to biodiversity in the Anthropocene (Bellard et al.
2022, Poland et al. 2021). There is almost no region of the Earth without invasive
species; for example, there is one alien out of the three persistent vascular plant
species in Antarctica (Chwedorzewska et al. 2015). IAS have a negative impact
on the ecosystems, as they are one of the most important causes of species ex-
tinction, the decrease of biodiversity, and the collapse or fundamental change
of ecosystems (PySek and Hulme 2011, Vila et al. 2011, Zhang et al. 2023). More-
over, they have caused and will continue to cause enormous direct and indirect
economic damages, via decreasing agricultural production, reducing the forage
quality of pastures, causing mechanical damages to infrastructure or putting
large pressure on the health care systems (Bodey et al. 2022, Connelly et al. 2007,
Diagne et al. 2021, Pimentel et al. 2005). In the near future, the acceleration of
these processes is predicted because of climate change and increasing human
mobility, presenting new challenges for invasion ecological research and inter-
vention actions (Bullock et al. 2019, IPBES 2023, Sala et al. 2000, Valké et al. 2020).

At the advanced stages of invasion, the control of IAS might exceed the
capacity of the agencies responsible for their control. Examples of this are
mounting in Central Europe, such as in the case of Asclepias syriaca, Solidago
spp., Ailanthus altissima, Amorpha fruticosa (Mihaly and Botta-Dukat 2004). In
the case of these IAS, usually the only option is to protect the most vulner-
able native species and habitats from these rapidly spreading and aggressive
competitors. Since IAS control in the advanced stages is a challenging task
and requires substantial resources from nature conservation, prevention and
control of potential IAS in the early stages can be a more effective tool (Diagne
et al. 2021, IPBES 2023, Lodge et al. 2006, Mehta et al. 2007). Intervention at the
early stages has the lowest cost (Cuthbert et al. 2022) and the lowest adverse
impacts on the other elements of wildlife (Lodge et al. 2006, Mehta et al. 2007).
Therefore, it is important to start defensive actions against the dangerous al-
ien species immediately after their first detection in a certain region. For this
purpose, invasion risk assessment is necessary when a new population of a
potential IAS appears in a new country or biogeographical region.

Invasion risk assessments of newly established alien species are particu-
larly urgent in wetlands, where newly established alien species have the po-
tential to spread via hydrochory and they can rapidly colonize the entire wa-
tershed (Nilsson et al. 2010). Also particularly important for perennial grasses,
which often become dominant, transforming native communities and gen-
erally posing greater difficulties in management compared to annual herba-
ceous plants (Habenczyus et al. 2022). Guerilla-type clonal plants are among
the most successful invaders (Song et al. 2013, Wang et al. 2019).
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Here, we provide a case study about the knotgrass (Paspalum distichum L.),
which is an alien perennial grass species first detected in Hungary in 2020 by
the authors of this paper. The study aims to make predictions about the inva-
sion behaviour of knotgrass in Hungary by combining trait-based approaches
and risk assessment tools. We compared the diversity of the vegetation in native
and invaded stands, and with trait-based analyses, we compared the perfor-
mance (biomass) and reproductive success (seed yield) of the native vegetation
and the vegetation invaded by knotgrass. During the risk assessment process,
we applied three assessment protocols to make our results as robust as possi-
ble: 1) the EPPO (European and Mediterranean Plant Protection Organization)
prioritization process, whose theoretical basis follows the rules of the Interna-
tional Plant Protection Convention (IPPC) and 2) the Harmonia* (Invasive spe-
cies in Belgium). Both methods fulfil most of the criteria of the quality assur-
ance standards that could be expected from an assessment tool (Roy et al. 2018).
We also adapted the 3) Australian Weed Risk Assessment (A-WRA) system (the
weed term in the Australian literature often means alien plants), also a reliable
and complex tool, which is one of the most widely applied and tested protocols
for plants that is widely adapted globally (Kumschick and Richardson 2013,
Pheloung et al. 1999). As a result of these assessments, it is possible to classify
the focal species into risk categories (i.e., high, medium, and low risk).

To fulfil these aims we tested the following hypotheses: (i) The diversity
of the native vegetation is lower in plots invaded by knotgrass compared to
non-invaded control plots. (ii) There are higher above-ground biomass and
seed yield in the monodominant knotgrass stands compared to the native
vegetation. (iii) Based on its species characteristics, knotgrass is classified into
the highest risk category by the risk assessment systems.

METHODS
Characteristics of the focal species

Paspalum distichum is a fast-growing competitor grass characterized by a
thick canopy, effective clonal spread and seed dispersal ability. P. distichum is
a fast-growing, stoloniferous, creeping perennial usually forming dense mats
and thick canopy on the mud surface. The nodes of its shoots are capable of
rooting and its horizontal growth rate can be as fast as 15-20 cm per week
(Noda and Obayashi 1971). Besides this powerful clonal spreading ability, it is
characterized by prolific seed production and effective seed dispersal ability.
Its buoyant propagules can effectively spread with the floating water, more-
over, they are also capable of being dispersed by birds with endozoochory
(Middleton et al. 1991). As a C4 species, it prefers high temperatures and it is
sensitive to shade (CABI 2023, Mesléard ef al. 1993).
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Knotgrass is adapted to semi-aquatic environments and occurs in still or
running water, primarily on freshwater bodies e.g. wetlands, ponds, streams,
and ditches typically to the depth of one meter (De Datta et al. 1979, Hafliger
and Scholz 1980, Leithead et al. 1971). Besides these characteristics, there are
further reasons explaining its success, such as it is also used as a forage crop
(Bor 1960, Ikeda et al. 1983), and partly due to its disturbance tolerance it oc-
curs as a weed worldwide in rice fields and other types of irrigated croplands
(Fajardo and Moody 1990, Kadono 1985, Vasconcelos et al. 1998). This species
is widely distributed in tropical and subtropical areas worldwide, and it is not
entirely clear where it is actually native similarly to other plant species, which
are weeds in crops cultivated over a long time (Aguiar et al. 2005, Andelkovi¢
et al. 2016). However, it is generally accepted that its native range is situated
in America. Initially introduced as a cultivated forage plant to Europe, it had
already been under cultivation as early as 1802 in the southwest part of France
(Le Floc’h 1991). Nowadays knotgrass established in several European coun-
tries (Albania, Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia,
France, Greece, Italy, Malta, Montenegro, Portugal, Romania, Russia, Serbia,
Slovenia, Spain, Turkey, Ukraine, and the United Kingdom) (Andelkovi¢ et al.
2016, CABI 2023). Based on this known European distribution and its occur-
rence in six neighbouring countries, it was to be expected to appear also in
Hungary.

Several adverse effects of Paspalum distichum have been already reported
on the native biota as it competes with native plants, forms monodominant
stands (Andelkovi¢ et al. 2016), and reduces fish populations (Kumar and
Mittal 1993). Knotgrass can provide optimal habitat for mosquito larvae and
therefore can increase mosquito populations (Lawler et al. 2007), which effect,
coupled with the spreading of the warm-adapted, potent virus vector mos-
quitos in Central Europe, may increase the risk of diseases (Garamszegi et al.
2023, Schaffner et al. 2013). Knotgrass can be infected by the fungus Claviceps
paspali which can cause ergotism in livestock (CABI 2023). It has also negative
economic impacts because it can cause the loss of crop yield, for example, in
rice fields, and can hamper water regulation activities (Vasconcelos et al. 1998).

Study area

We (AK. and O.K) detected the occurrence of Paspalum distichum in the
floodplain of the river Danube (GPS coordinates: 46° 55’ 4.99” N, 18° 58’ 6.50”
E) at Dunavecse on 27 September 2020, which was its first occurrence record in
Hungary. Up to our knowledge, the species has not been detected in other sites
in the country since then. The environment of the ancient floodplain had been
modified at the end of the 19th century, a small-sized clay pit with approx. 0.8 ha
area has been dug because of the construction of the river embankments during
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the river regulation. The habitat formed in this way is characterized by perma-
nent water cover for a long time. In summertime, the water depth is usually ap-
proximately 1 m, while in autumn it is typically less than 50 cm, but this largely
depends on the water level of the Danube. However, in the last four years, it
dried out in summer and early autumn for one- or two-month-long periods, be-
cause of the droughts and the incision of the Danube. Still, the water body of this
pothole is connected with the riverbed of the Danube for several months every
year. The study area has a continental climate with a mild sub-mediterranean in-
fluence, the mean annual temperature is 10.2-10.3 °C, and both the mean annual
temperature and the mean temperature in autumn are increasing nowadays as a
consequence of climate change (HungaroMet 2023). The mean annual precipita-
tion is 530-550 mm and a dry period is typical in summer.

The habitat is characterized by repeated disturbance events due to the
flash floodings, and therefore, typically covered with pioneer vegetation
formed by annual plants. The native vegetation on the nutrient-rich silty soil
of the pothole belonged to the Bidention tripartitae alliance (Borhidi 1995).
The vegetation was dominated by Persicaria dubia, and the further character-
istic species were Barbarea vulgaris, Bidens tripartita, Chenopodium rubrum, and
Persicaria lapathifolia (Table 1). The vegetation height was typically 100-120
cm. During the field surveys, we noted that approximately half of the whole
area of the pothole was invaded by Paspalum distichum, where it formed
monodominant stands. There were no notable differences in the abiotic fac-
tors (such as geomorphology, soil properties, and hydrological conditions)
between the area covered by native vegetation and the invaded area.

Sampling and data processing

We compared the species richness, above-ground biomass, and seed pro-
duction of the original native and the invaded vegetation. The vegetation sam-
pling and biomass collection were performed at the end of September 2022, at
the peak of biomass production in this habitat. In both vegetation types, we
randomly placed ten 2 x 2 m plots where the percentage cover of each vascu-
lar plant species was estimated. Besides this, we collected one above-ground
biomass sample (20 x 20 cm) from each plot (altogether 20 samples), and then,
their fresh and dry mass (after drying at 65 °C for 24 h to a constant mass)
were measured with 0.1 g accuracy. The above-ground biomass composed
of living biomass; there was no standing dead or litter layer. The numbers
of inflorescences of the dominant species were counted in one 1 x 1 m sub-
plot in each plot. Moreover, five inflorescences of the dominant species were
collected (one hundred altogether) from the plots on 2 November 2022 and
afterwards, we counted the healthy seeds per inflorescence. Based on these
data we estimated the seed production of the dominant species of the na-
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tive vegetation and also the seed production of the knotgrass. We compared
the species numbers (no. of species/4 m?), the dry weight of above-ground
biomass values (g/m?), and the seed numbers (seed number/m?) between the
native and the invaded vegetation using t-tests.

We performed the invasion risk assessment of Paspalum distichum using
three different assessment protocols (EPPO, Harmonia®, A-WRA). Up to our
knowledge, no invasion risk assessments have been performed for this spe-
cies before. We went through the EPPO protocol which uses decision trees
and considers both the spread potential and the negative impact of species
to reach the final classification (Brunel et al. 2010, EPPO 2012). We answered
the 41 questions of Harmonia* protocol (https://ias.biodiversity.be/protocols/
form/show/83077cae-c6a7-4352-bf24-a27eb00b8424) that refers to various
components of invasion covering the stages of introduction, establishment,
spread, and multiple kinds of impacts (D’hondt et al. 2015). This system oper-
ates with ordinal answers and converts them into scores. We also answered
the 49 questions of A-WRA scoring system (Pheloung et al. 1999) which uses
information on a taxon’s invasive status in other parts of the world, climate
and environmental preferences, and biological attributes. The answers to the
questions of the three assessment systems are shown in Appendix.

RESULTS

We found that in the study site, Paspalum distichum covers 0.4 ha forming
monodominant stands with extremely high biomass, with a mean fresh bio-
mass of more than 25 kg/m? (25,040 g/m?). The creeping and rooting shoots of
knotgrass formed a dense, more than 20 cm tangled mat on the mud surface. At
the end of September, Paspalum was in flowering stage and most of the seeds
ripened in the first half of November. The native vegetation was dominated by
the annual ruderal forb Persicaria dubia (mean cover of 78.9%), and the cover
of perennials was negligible (Table 1). The knotgrass altered the vegetation of
the invaded site, we detected a significantly lower species richness in invaded
plots compared to the native vegetation (|t-valuel =7.83; p <0.001; Fig. 1).

The dry weight of above-ground biomass was significantly higher in the
invaded plots (3,670 g/m?) than in the native vegetation (1,292 g/m?) (|t-val-
uel =15.36; p <0.001; Fig. 2A). There were no significant differences between
the seed yield of the dominant species of invaded plots (Paspalum distichum:
33,270.4+3,899.8 seed/m?) and the dominant species of native vegetation (Per-
sicaria dubia: 36,460.6 + 6,158.0 seed/m?) (|t-valuel = 1.55; p = 0.14; Fig. 2). We
found that the mean number of inflorescences of knotgrass was 158.4 per
square metre, while that of Persicaria dubia was 384.2. The average number of
seeds per inflorescence was 206.6 in the case of knotgrass and 94.9 in the case
of Persicaria dubia.
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Table 2
The results of the risk assessments of Paspalum distichum. For more details see Appendix
Risk assessment protocol Result
EPPO List of invasive alien plants

Priority for pest risk analysis
Harmonia+ invasion: 0.630
impact: 0.650
overall risk score: 0.410
A-WRA overall score: 32

outcome: reject

Two risk assessment systems (EPPO and A-WRA) classified knotgrass into
the highest possible risk category (Table 2; Suppl. 1). Although the Harmonia®
system does not assign categories, the values obtained in this system also indi-
cated that the knotgrass poses a high risk (Table 2; Suppl. 2) (D’hondt et al. 2015).

DISCUSSION

Plant traits are usually good predictors of invasion success, as they are
often associated with invasiveness (PySek and Richardson 2007). Several stud-
ies revealed positive relationships between size-related performance traits
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Fig. 1. The speciesnumber  Fig. 2. A = Dry weight of above-ground biomass of the native
of the native and invaded  and invaded vegetation (mean + SE). B =Seed yield of the dom-
vegetation detected in the inant species of native and invaded vegetation (mean + SE)

2 x 2 m plots (mean + SE)
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such as above-ground biomass and the successful invasion (see Rejmanek et
al. 2005, van Kleunen et al. 2010). Not only the existing above-ground biomass
but also the high growth rate (which is also typical for knotgrass according to
CABI 2023) increases the probability of becoming a successful invader (Theo-
harides and Dukes 2007). Large-sized species with fast growth rates can ef-
fectively acquire the available resources and outcompete the smaller plants
due to the size-asymmetric competition for light (Grace 1993, Kelemen et al.
2015). We found that the biomass of knotgrass was nearly three times higher
than that measured in the control, and comparable high values have not been
reported from temperate marshes and floodplain meadows (e.g., Balogh et al.
2021, Deak et al. 2015, Heinsoo et al. 2010, Kelemen et al. 2013). Similar above-
ground biomass values were obtained in an Indian wetland under subtropical
climate, where the Paspalum-dominated patches had a maximum biomass of
3400 g/m?, and in other vegetation types, the maximum value was 1,400 g/m?
(van der Valk et al. 1993).

Seed yield is another trait that typically also supports invasion success
(Daehler 2003, Moravcova et al. 2010). We did not detect differences between
the seed yield of the knotgrass and that of the dominant species of the native
vegetation (Persicaria dubia), and both species were characterised by high seed
production. The native annual vegetation has to re-establish every year from
the seed bank and its species are adapted to the fluctuating water regime and
the disturbance, therefore they typically produce a vast number of seeds simi-
larly to a successful invader. However, in the areas invaded by knotgrass, the
native species are not able to re-establish from the seeds because of the dense
and thick tissue of the knotgrass shoots on the surface. Although, knotgrass
still produced a high number of seeds which is particularly important for the
invasive spreading and for the successful establishment because of the mass ef-
fect (Rouget and Richardson 2003). Later, in the stabilized population of knot-
grass, the persistence traits and the competitive ability become more important
and result in the alternation of the invaded vegetation (Theoharides and Dukes
2007). Based on these considerations, our results imply that the knotgrass is
capable of invasive spreading and can become transformer species very likely.

The results of all three classifications imply that there is a high risk that
knotgrass will initiate invasive spread and become a transformer species in
Hungary. The completion of these assessments in the case of the recent estab-
lishment of a potential IAS in a certain region is important not just because
of the complex analyses of the risks but also because the implementation of
a field study is possible only in a few (in our case only one) invaded stands
at the early stages of the colonization. The risk assessments revealed that
we need to consider knotgrass as a dangerous future invader because of its
ability for effective spreading and establishment, and because of its adverse
environmental effects. In this study, one aspect of its negative effect was re-

Acta Bot. Hung. 67, 2025

Brought to you by MTA Konyvtér és Informécios Kozpont olvasok | Unauthenticated | Downloaded 02/03/26 02:38 PM UTC



370 KELEMEN, A., KISS, O. and VALKO, O.

vealed as the invasion of knotgrass decreased the diversity of the vegetation
at the invaded habitats, by competitively excluding almost all native species.
It outcompeted a set of species with insect-pollinated plants which can af-
fect negatively the pollinator assemblages. Besides this, there is a probable
adverse effect: as a result of the high productivity of knotgrass, it can increase
the sediment load, which decreases the water storage capacity of the invaded
habitats. This process is unfavourable if we would like to preserve the water
in the landscape for ecological or agricultural purposes.

The effective control of knotgrass poses a challenge for conservation.
Knotgrass is characterized by resistance to multiple herbicides, and its ability
for vegetative propagation makes its mechanical control difficult, moreover,
there are no known natural enemies suitable for biological control, which also
contributes to its success (Alcantara et al. 2016, CABI 2023). Despite this, in
theory, some chemicals might provide effective control in some cases, how-
ever, chemical control requires serious caution and is usually prohibited in
wetlands (CABI 2023). Ecological restoration methods can be effective to con-
trol and prevent its invasion, as complex riparian zones with well-established
woody vegetation may efficiently prevent the spread of IAS along the rivers
floodplains (Zelnik et al. 2015, 2020).

There are a lot of further potentially suitable habitats for the knotgrass
connected with the already occupied site. The floodplain habitats are connected
by each other by seasonal flooding, which also periodically reloads the nutrient
supplies resulting in a high level of available resources (Rejmanek et al. 2013).
One of the main factors which determine the invasibility of plant communities
is the actual amount of available resources, so the floodplains are particularly
endangered by the invasion of such good competitor plants as the knotgrass
(see also Chytry ef al. 2009, Rejmanek et al. 2013). Also, floods can transport a
huge amount of the propagules of knotgrass which poses a large propagule
pressure on the yet not colonized areas. Moreover, the climate of the focal re-
gion is predicted to become warmer and thus more favourable for the knotgrass
in the future according to the climate change scenarios (Bartholy and Gelybd
2007, Dullinger et al. 2017). Because of the above-mentioned considerations,
monitoring the potentially suitable habitats for the species is an important task,
even though there have been no new populations found in recent years.
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APPENDIX
Answers to the questions of three risk assessment protocols (EPPO,
A-WRA, Harmonia+)

EPPO prioritization process

A.1. Is the plant species known to be alien in all, or a significant part, of the area under
assessment? — yes, no

A.2.1s the plant species established in at least a part of the area under assessment? —yes, no

A.3.Is the plant species known to be invasive outside the area under assessment? — yes, no

A.4. Based on ecoclimatic conditions, could the species establish in the area under
assessment? — yes, no

A.5. How high is the spread potential of the plant in the area under assessment? — low,
medium, high

A.6. How high is the potential negative impact of the plant on native species, habitats and
ecosystems in the area under assessment? — low, medium, high

A.7. How high is the potential negative impact of the plant on agriculture, horticulture or
forestry in the area under assessment? — low, medium, high

A.8. How high are the potential additional impacts (e.g. on animal and human health, on
infrastructures, on recreational activities, other trade related impacts such as market
losses)? — low, medium, high

B.1. Is the plant species internationally traded or are there other existing or potential
international pathways? — yes, no

B.2. Is the risk of introduction by these international pathways identified to be superior to
natural spread? - yes, no

B.3. Does the plant species still have a significant area suitable for further spread in the
area under assessment? — small, medium, large

A-WRA system

1.01. Is the species highly domesticated? — yes, no

1.02. Has the species become naturalised where grown? — irrelevant (only score this if you
answered yes to 1.01)

1.03. Does the species have weedy races? — irrelevant (only score this if you answered yes
to 1.01)

2.01. Species suited to Hungarian climates — 0-low, 1-intermediate, 2-high

2.02. Quality of climate match data — 0-low, 1-intermediate, 2-high

2.03. Broad climate suitability (environmental versatility) — yes, no

2.04. Native or naturalised in regions with extended dry periods — yes, no

2.05. Does the species have a history of repeated introductions outside its natural range?
- yes, no

3.01. Naturalised beyond native range —yes, no

3.02. Garden/amenity/disturbance weed — yes, no

3.03. Weed of agriculture/horticulture/forestry — yes, no

3.04. Environmental weed —yes, no

3.05. Congeneric weed - yes, no

4.01. Produces spines, thorns or burrs — yes, no

4.02. Allelopathic - yes, no
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4.03. Parasitic — yes, no

4.04. Unpalatable to grazing animals — yes, no

4.05. Toxic to animals — yes, no

4.06. Host for recognised pests and pathogens — yes, no

4.07. Causes allergies or is otherwise toxic to humans — yes, no

4.08. Creates a fire hazard in natural ecosystems — yes, no

4.09. Is a shade tolerant plant at some stage of its life cycle — yes, no
4.10. Grows on infertile soils — yes, no

4.11. Climbing or smothering growth habit — yes, no

4.12. Forms dense thickets — yes, no

5.01. Aquatic - yes, no

5.02. Grass —yes, no

5.03. Nitrogen fixing woody plant — yes, no

5.04. Geophyte —yes, no

6.01. Evidence of substantial reproductive failure in native habitat — yes, no
6.02. Produces viable seed —yes, no

6.03. Hybridises naturally — yes, no

6.04. Self-fertilisation — not known

6.05. Requires specialist pollinators — yes, no

6.06. Reproduction by vegetative propagation — yes, no

6.07. Minimum generative time (years) — 1

7.01. Propagules likely to be dispersed unintentionally —yes, no

7.02. Propagules dispersed intentionally by people - yes, no

7.03. Propagules likely to disperse as contaminants of produce —yes, no
7.04. Propagules adapted to wind dispersal - yes, no

7.05. Propagules buoyant — yes, no

7.06. Propagules bird dispersed — yes, no

7.07. Propagules dispersed by other animals (externally) — yes, no
7.08. Propagules dispersed by other animals (internally) — yes, no
8.01. Prolific seed production — yes, no

8.02. Evidence that a persistent propagule bank is formed (>1 yr) —yes, no
8.03. Well controlled by herbicides — yes, no

8.04. Tolerates or benefits from mutilation, cultivation or fire — yes, no
8.05. Effective natural enemies present in Hungary — yes, no

Harmonia+

a01. Provide the name(s) of the assessors: Andras Kelemen

a02. Provide the name of the organism under assessment: Paspalum distichum

a03. Define the area under assessment: Hungary

a04. The Organism is: alien to, and established within The Area’s wild; alien to, and pre-
sent within The Area, but not established in the wild; alien to, and absent from The
Area; native to the Area
Answer provided with a low, medium, high level of confidence.

a05. This assessment is considering potential impacts within the following domains: the
environmental domain

a06. The probability for The Organism to be introduced into The Area’s wild by natural
means is: high, medium, low
Answer provided with a low, medium, high level of confidence.
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a07. The probability for The Organism to be introduced into The Area’s wild by
unintentional human actions is: high, medium, low
Answer provided with a low, medium, high level of confidence.

a08. The probability for The Organism to be introduced into The Area’s wild by
intentional human actions is: high, medium, low
Answer provided with a low, medium, high level of confidence.

a09. The Area provides ... climate for establishment of The Organism. optimal, sub-
optimal, non-optimal
Answer provided with a low, medium, high level of confidence.

al0. The Area provides ... habitat for establishment of The Organism. optimal, sub-
optimal, non-optimal
Answer provided with a low, medium, high level of confidence.

all. The Organism’s capacity to disperse within The Area by natural means is: very high,
high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

al2. The Organism’s frequency of dispersal within The Area by human actions is: low,
medium, high
Answer provided with a low, medium, high level of confidence.

al3. The Organism has a(n) ... effect on native species, through predation, parasitism or
herbivory: inaplicable, low, medium, high
Answer provided with a low, medium, high level of confidence.

al4. The Organism has a (...) effect on native species, through competition: high, medium,
low
Answer provided with a low, medium, high level of confidence.

al5. The Organism has a(n) (...) effect on native species, through interbreeding: very high,
high, medium, low, no/very low
Answer provided with a low, medium, high level of confidence.

al6. The Organism has a (...) effect on native species, by hosting pathogens or parasites
that are harmful to them. very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

al7. The Organism has a (...) effect on ecosystem integrity, by affecting its abiotic
properties. high, medium, low
Answer provided with a low, medium, high level of confidence.

al8. The Organism has a (...) effect on ecosystem integrity, by affecting its biotic
properties. high, medium, low
Answer provided with a low, medium, high level of confidence.

al9. The Organism has a(n) (...) effect on plant targets, through herbivory or parasitism.
inapplicable, very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a20. The Organism has a(n) (...) effect on plant targets, through competition. inapplicable,
very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a2l. The Organism has a(n) (...) effect on plant targets, by interbreeding with related
organisms or with the target itself. inapplicable, very high, high, medium, low, no/

very low
Answer provided with a low, medium, high level of confidence.
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a22. The Organism has a (...) effect on plant targets, by affecting the cultivation system’s
integrity. very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a23. The Organism has a(n) (...) effect on plant targets, by hosting pathogens or parasites
that are harmful to them: inapplicable, very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a24. The Organism has a(n) (...) effect on individual animal health or animal production,
through predation or parasitism. inapplicable, very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a25. The Organism has a (...) effect on individual animal health or animal production, by
having properties that are hazardous upon contact. very high, high, medium, low,
very low
Answer provided with a low, medium, high level of confidence.

a26. The Organism has a(n) (...) effect on individual animal health or animal production,
by hosting pathogens or parasites that are harmful to them. inapplicable, very high,
high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a27. The Organism has a(n) (...) effect on human health, through parasitism. inapplicable,
very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a28. The Organism has a (...) effect on human health, by having properties that are haz-
ardous upon contact. very high, high, medium, low, very low
Answer provided with a low, medium, high level of confidence.

a29. The Organism has a(n) (...) effect on the health of human targets, by hosting patho-
gens or parasites that are harmful to them. inapplicable, very high, high, medium,
low, very low
Answer provided with a low, medium, high level of confidence.

a30. The Organism has a (...) effect on causing damage to infrastructure. very high, high,
medium, low, very low
Answer provided with a low, medium, high level of confidence.

a3l. The Organism has a (...) effect on provisioning services. significantly negative, mod-
erately negative, neutral, significantly positive, moderately positive
Answer provided with a low, medium, high level of confidence.

a32. The Organism has a (...) effect on regulation and maintenance services. significantly
negative, moderately negative, neutral, significantly positive, moderately positive
Answer provided with a low, medium, high level of confidence.

a33. The Organism has a (...) effect on cultural services. significantly negative, moder-
ately negative, neutral, significantly positive, moderately positive
Answer provided with a low, medium, high level of confidence.

a34. INTRODUCTION - Due to climate change, the risk for The Organism to overcome
geographical barriers and -if applicable- subsequent barriers of captivity or culti-
vation will (...). decrease significantly, decrease moderately, not change, increase
moderately, increase significantly
Answer provided with a low, medium, high level of confidence.

a35. ESTABLISHMENT - Due to climate change, the likelihood for The Organism to
overcome survival & reproduction barriers will (...). decrease significantly, decrease
moderately, not change, increase moderately, increase significantly
Answer provided with a low, medium, high level of confidence.
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a36. SPREAD - Due to climate change, the risk of The Organism to overcome dispersal
barriers & (new) environmental barriers within The Area will (...). decrease signifi-
cantly, decrease moderately, not change, increase moderately, increase significantly
Answer provided with a low, medium, high level of confidence.

a37. IMPACTS: ENVIRONMENTAL TARGETS - Due to climate change, the conse-
quences of The Organism on wild animals and plants, habitats and ecosystems will
(...). decrease significantly, decrease moderately, not change, increase moderately,
increase significantly
Answer provided with a low, medium, high level of confidence.

a38. IMPACTS: PLANT TARGETS - Due to climate change, the consequences of The
Organism on cultivated plants (e.g. crops, pastures, horticultural stock) will (...).
decrease significantly, decrease moderately, not change, increase moderately,
increase significantly
Answer provided with a low, medium, high level of confidence.

a39. IMPACTS: ANIMAL TARGETS - Due to climate change, the consequences of The
Organism on domesticated animals (e.g. production animals, companion animals)
will (...). decrease significantly, decrease moderately, not change, increase moder-
ately, increase significantly
Answer provided with a low, medium, high level of confidence.

a40. IMPACTS: HUMAN TARGETS - Due to climate change, the consequences of The
Organism on humans will (...). decrease significantly, decrease moderately, not
change, increase moderately, increase significantly
Answer provided with a low, medium, high level of confidence.

a41l. IMPACTS: OTHER TARGETS - Due to climate change, the consequences of The
Organism on targets not considered in previous modules will (...). decrease signifi-
cantly, decrease moderately, not change, increase moderately, increase significantly
Answer provided with a low, medium, high level of confidence.

Comments: by decreasing the water reservoir capacity
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