











cording to the above-mentioned (see the Material and
methods section) evaluating methods, the most suitable
models for predicting each of the invasive species were
selected. For the genera Fallopia sp. and Solidago sp.
the best models were GAM, GBM, and CTA (Table 4).
Other models either strongly underestimated (ANN)
or highly overestimated (SRE) the predicted spread.
Heracleum mantegazzianum spread was best predicted

Fig. 1. The most invaded habitats in
PLA Kokofinsko by Solidago spe-
cies (S), Robinia pseudoacacia (R),
Fallopia species (F) (P = 0.0622,
F=1,901 df =38)

by the GLM and ANN models. The MAXENT model
achieved very good results for the genera Fallopia sp.
and Solidago sp., although its results for the species
Heracleum mantegazzianum were not so good.

Fig. 2 shows the predictions using six different
model techniques on the same distribution (presence/
absence) data for Fallopia sp. The most realistic pre-
diction, according visualization and statistic research,

Fig. 2. Map of prediction spread (Fallopia species). Red colour marks high likelihood of being invaded by alien species, green colour low

likelihood of being invaded by alien species.
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were GBM, GAM, and CTA. The evaluation character-
istics of GLM, ANN, and SRE were lower than those
of the other compared models. Moreover, model SRE
marked almost the whole area threatened by invasion.

DISCUSSION

One of the present study objectives was the evalua-
tion of different habitat scales for Natura 2000 habitats
and their suitability for the creation of the invasive
species spread predictive model. Scale I (20 x 20 m)
was very detailed and some habitats were different
from reality. Scale III (50 x 50 m) introduced too
much generalization. Therefore, scale I1 (30 x 30 m)
was evaluated as the most suitable for a prediction
model. The loss of information due to generalization
is relatively low (Table 2) and intersection rates of
occurrence records and actual habitats are very good.

Of the seven tested algorithms, it was concluded
that GAM, GBM, and CTA were the most suitable for
the prediction of invasive plants spread. Other models
(GLM, ANN, and SRE) yielded inaccurate results (Table
4). This can be due to the (insufficient) quality and
number of input datasets. Heracleum mantegazzianum
was detected only at 5 localities, which might have
influenced the accuracy of prediction. According to
Brych (2009), GLM, GAM, and GBM yield stable
and good results. The most accurate algorithm was
evaluated to be GBM, which corresponds to the results
of Elith et al. (2006). Leathwick et al. (2006)
and Moisen etal. (2006) concluded that GAM had
significantly better results than the other compared
models. Nehrbass etal. (2007) created a simulation
model consisting of population dynamics, neighbour-
hood dispersal, long-distance dispersal, and dynamic
landscape structure, and combined these characteristics
with the empirical field. The model included some
aspects of reality in a very crude manner, but even this
simple design can be applied to the invasion of the
other species (e.g. Rhododendron ponticum). Such a
model for a local scale can describe the relationships of
habitats and invasive species. Firstly, the Natura 2000
habitat types were not found as a significant predictor
in models based on such a dataset. The reason for this
could lie in the high abundance of the ‘mosaic’ habitat
type which combines more than one habitat type in
the dataset. After a thorough analysis and removing
the unnecessary habitat type ‘unnatural and unmapped
segment’, the Natura 2000 habitat was shown to be
an important variable for SDMs.

Chytry etal. (2008) concluded that no and/or
only few non-native plant species occur in extreme and
nutrient-poor habitats, such as bogs, moors, and alpine
grasslands. In contrast, most non-native species have
been found in regular disturbed habitats with fluctuat-
ing nutrient availability (e.g. Bimova etal.,2004).
Those habitats can be influenced by human activities
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(croplands, ruderal vegetation, hiking trails, etc).
Other habitats preferred by non-native plant species
are coastal and river areas. Despite this generalizing
summary of the occurrence of invasive species, it is
necessary to determine the ecological requirements
for each species separately. According to Walck et
al. (1999), the Solidago species can be found on the
edges of forests, along rivers, and in disturbed habitats
such as abandoned pastures, edges of roads, abandoned
fields, lawns, and urban areas. To the PLA Kokofrinsko
this species has spread from urbanized areas, where
it was mostly grown in gardens. From anthropogenic
gardens it escaped to pastures and meadows (Fig. 1).
Most localities were sunny and often composed of
Calamagrostis epigejos populations. Solidago was the
most predominant invasive plant in the mapped area
(980 localities). Robinia pseudoacacia is tolerant to
air pollution and drought and grows in sandy, saline,
and poorly drained substrates (Musil, 2005). The
populations have spread from the places where they
were dropped off around road trips and cultivated
fields. Seedlings were found close to other Robinia
trees. In the study area, the species was discovered at
266 localities and mostly in acidophilous oak forests.
All three Fallopia species have spread mostly by
vegetative form (Bailey et al., 2007). They have
a very good regenerative capacity of rhizomes and
stem parts and can be transported by land and water
(Bimova etal, 2003; Pysek et al., 2003). They
require moisture and nitrogen input (PysSek et al.,
2012a). In the mapped area, they were discovered at
107 localities and usually occupied habitats close to
urban areas, mostly road sides and hiking trails.

CONCLUSION

It may be concluded that scale II (30 x 30 m; cor-
responding to the classification unit of habitat) is the
most suitable for the prediction model. The habitat type
data of Natura 2000 mapping were evaluated as being
suitable and accurate for particular habitat types, but
not for the mixed habitat type — mosaic. Replications
of field mappings will be necessary for the absolute
verification of the results in other study arcas. The
observed occurrences of invasive plants in habitats are
very similar to those in other studies (Chytry etal.,
2008; Pysek etal., 2012). The source of spreading
is usually an urbanized area where these species are
grown as ornamental plants in the gardens. The species
were found also in atypical habitats, e.g. Fallopia x
bohemica in coniferous forests and Solidago sp. in
Calamagrostis epigejos populations.

Suitable prediction models are selected according
to data distribution, number of observations, etc. The
best solution is tested and compared to several types
of models and different predictors. A preliminary
analysis suggests that GBM and GAM are suitable
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for Solidago species, whereas GLM is suitable for
Heracleum mantegazzianum in our case study, i.e. for
species with a low abundance in the study area. Using
different model types in combination with different
species distribution data, we found that the quality
of input data, both environmental and on the species
distribution, were crucial for model accuracy.
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