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with compost as well. Epizoochorous dispersal in the fur of mammals and in the dirt on their
feet was also reported as an important mode of long-distance dispersal (Trepl 1984). Graae
(2002), in her experiment with domestic dog in a forest, found that despite the smooth surface
of small balsam’s seeds, dispersal on the backs of animals is possible. It was proved that roe
deer and wild boar can transport the seeds of the plant (Heinken, Raudnitschka 2002).
Another possibility for spread is the creation of microhabitats that are suitable for the
germination of seeds. For instance, Piskorz, Klimko (2001) reported that soil that is rooted by
wild boars (Sus scrofa) is also intensively colonised by 1. parviflora, especially in strongly
shaded sites that were previously covered with a thick layer of leaf litter. However, these are
short-term changes that are closely related to repeated disturbances by animals. As Obidzinski
and Glogowski (2005) and Obidzinski, Kiettyk (2006) proved, zoopression, which is best
exemplified by the red fox (Vulpes vulpes) and the Eurasian badger (Meles meles), may
promote the spread of some species including therophytes. 1. parviflora did not occur in the
regions and forests that they studied — the Rogdéw District in central Poland and the center of
Bialowieza Primeval Forest, respectively. However, it can be assumed that these animals
could also facilitate the spread of small balsam.

Birds also transport seeds, which is manifested by the occurrence of I parviflora in hollows
or in crevices in the bark of living trees. Trepl (1984) reported that the dirt on the vehicles that
a reused by foresters may contain up to 22 seeds per one litre of soil that is trapped in the
tyres and other parts of a vehicle. Although some sources claim that the entire European
population is derived from a single introduction in 1830 (Coombe 1956) such a fast spread
contradicts this theory. According to Trepl (1984), individuals were brought into gardens out
of botanical curiosity and were also sown into near-natural vegetation with the aim of
“enriching” the natural flora (Trepl 1984, Tanner 2008). This method of propagation both in

case of Impatiens parviflora and other plants is no longer used.

1.2.2. Impact on native biodiversity and the nature conservancy viewpoint

Opinions about the possible impact of 1. parviflora on native and resident herbaceous
flora are diverse. Hegi (1965) stated that the species in near natural forests can displace its
native congener, I. noli-tangere. Later Sukopp (1962) disagreed because of the different
biotopic requirements of the species. Trepl’s (1984) observations showed that I. noli-tangere
is substituted by small balsam only at suboptimal, bit drier habitats and in an optimal position;
in moist habitats it retains its area and dominance. According to Falinski (1968; 1998a,b) and

Kujawa-Pawlaczyk (1991), small balsam represents a substitutive relationship under
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on these sites, which could lead to higher intraspecific competition. All of the observations in
relation to phenology and differences in morphometric traits were done on labeled
individuals. Thus, only one cohort of plants was analyzed in the present study. The model of
seasonal dynamics of one or more cohorts was elaborated on by Symonides (1988a).
Germination and seedling emergence usually take place in a short time and the development
of particular stages of the life cycle run almost simultaneously. Obviously, differences among
individuals that are derived from various microhabitats are more considerable in disturbed and
nutrient-poor microcosms such as those in the present study.

The most important finding was that in almost all of the microcosms that were studied,
with the exception of plants that were growing on dead logs under canopies plants developed
fruits, i.e. on sites without a developed layer of soil and with poor light conditions. High
fecundity is a typical attribute for annual plants and is also the optimal model of actual
strategy. Seeding fruits is the only chance to survive and therefore it is obvious that plants
allocate biomass to the generative organs even under unfavorable conditions (Symonides
1988Db).

Other important features that were not investigated in the present study are: self-
pollination, which was quite well-recognized by Vervoort ef al. (2011) and Piskorz (2005),
who studied the presence of cleistogamous flowers. Symonides (1988b) believes that
amphicarpy in annuals, i.e. the presence of both cleistogamous and chasmogamous flowers,

gives them an evolutionary advantage, especially in disturbed habitats.
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No competition was observed among plants that occur on dead logs and other types of similar
microhabitats during the vegetation season except for April, during which many of Impatiens
parviflora seedlings appeared. In some microhabitats such as dead logs and hollows, the number
and density of accompanying species was very low, which has an influence on correlation tests.
The conditions that occur in microhabitats that are associated with coarse dead wood are not
suitable for most plants that are encountered on forest floors due to a lack of moisture and
nutrients, thus species that represent a mixed S-R strategy such as I. parviflora can thrive in such

conditions.
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Based on knowledge that has been obtained about the history of invasions and the properties
of the species, several schemes can be proposed to explain the pattern of an invasion by small
balsam (Fig. 94-96).

Impatiens parviflora is found more frequently along forest paths and forest margins rather
than inside forest interiors, which has been shown by many studies. As was postulated by Klimko
and Piskorz (2003), a network of paths, roads, firebreaks, etc. — any type of artificial habitats of an
anthropogenic origin — can be used by small balsam as migration routes into a forest. These
habitats are less vegetated and have better light conditions than sites under tree canopies and
therefore there is a greater chance for the long-distance dispersal for small balsam. Forest paths are
used by forestry vehicles and equipment more frequently and therefore they are more trampled
(Trepl 1984). It can be assumed that the rate of the spread of small balsam along a forest road
network is faster than within the dense herbaceous ground flora under tree canopies (Fig. 94). The
system of roads and paths also determines the direction of spread. At the beginning of an invasion,
small balsam quickly penetrates the system of linear shaped man-made biotopes and
simultaneously penetrates along the gradient forest road-forest interior where it runs more slowly.
Generally, the patches of individuals that grow along forest roads are denser and occupy larger
areas. In some cases these populations are quite extended, as much as several hundreds of meters
long. Kujawa-Pawlaczyk (1991) called them “ditch populations”. Such populations were observed
in the Silesian Upland and more rarely in the Jurassic Upland (Chmura 2004, unpublished). When
a species enters into a non-forest habitat within a forest complex, i.e. cutting areas, forest glades,
its abundance can increase.

Such a population can be the starting point for the further spread of the plant. Such a network of
forest paths, cutting areas and forest glades creates an anthropogenic pathway for an invasion by
L parviflora, which is faster and more efficient for the spread and persistence of population. There
1s a natural pathway as well (Fig. 94). Windthrow fallen trees and coarse dead wood are present in
the natural deciduous forests in lowlands due to natural disturbances. These create canopy gaps
that facilitate an invasion by small balsam.

The rate of penetration within a forest interior is slowed down through natural pathways (Fig. 94).
A population of small balsam can only become denser, more abundant and survive longer than
several seasons only under the canopy gaps that are associated with fallen trees.

Long-distance dispersal is probably a few-fold lower and hindered. Only birds and mammals (roe

deer, wild boars) can contribute to the propagation of 1. parviflora within a forest interior.
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autochory, the distances between populations of small balsam within one forest area are relatively
long. The disturbance population can function as a source population because of a higher degree of
propagule pressure and forest interior populations tend to be a sink population type, which are
supplied by migrating individuals from disturbed sites. Klimko and Piskorz (2003) wrote that the
“ability of I parviflora to invade a continuous forest complex depends on the intra-population
characteristics”. While this is a true, it can be added that among the habitats in a given forest
complex, a local metapopulation of 1. parviflora always shows a high degree of morphological
plasticity. Indeed, its ability to spread is dependent on the characteristics of plants, which depend
on the forest complex and mosaic of habitats and microcosms that exist there. Plants differ in their
size, fecundity and phenology along the gradients of nutrients, light conditions and space, which
has been proven in many studies. Some environmental conditions are more suitable for plants of
small balsam which responds through faster growth and a modified allocation of biomass. Its
relatively high morphological plasticity, which also changes over time, as well as space are a major
drivers of species invasiveness.

The criteria that relate to the ability to become invasive and to achieve invasion success generally
belong to two categories — species invasiveness and a habitat’s invasibility (Fig. 96). The first
includes all of the biological characters that promote the spread and/or, competition, the measures
of which are generally theoretically derived from the abundance of the population on the site and
which are usually expressed in terms of cover or the degree of dominance. The ecological
background of invasibility relates to disturbance, the availability of resources (nutrients and
moisture) and interactions with resident biota (competition, mutualism and herbivory) (Richardson,
Pysek 2012). Propagule pressure in terms of intentional or unintentional introduction by humans is
sometimes considered to be a third factor.

Some factors play a role at the beginning of invasion during the naturalization phase, while other
factors influence the process of ongoing invasion (Kueffer et al. 2013). The environmental
variables and biocenotic factors that currently influence invasions of 1. parviflora are presented in
figure 96. During the first phase of an invasion, the character and number of subsequent
introductions are the most important for further spread. Close climate matching is also fundamental
for progression along the continuum in a novel environment (Richardson, Pysek 2012).

Among other pivotal issues, residence time enhances naturalization and the rate of propagation of
the species as well. Residence time and all of the elements of propagule pressure, which
encompass the quantity, quality, composition, rate and other details of the supply of propagules,
are widely acknowledged as being positively associated with the “success™ of N introduced

species (Richardson, PySek 2012). It is possible that alien species can be “forced” to be invasive
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ANL LUC LUCO RP S TFD TF
Urtica dioica 0 0 0 0 0 0 1 1
Veronica chamaedrys 0 0 0 0 0 0 1 1
Veronica officinalis 0 0 0 0 2 0 0 2
Viola reichenbachiana 0 1 0 1 2 2 2 8
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