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ABSTRACT

The study is aimed at identifying pathways frequently used by non-native plant species, assessing their relative significance
and development in time. Pathways were defined following NOBANIS framework (Madsen et al., 2014). Species assessments
were based on HARMONIA scheme (Branquart, 2007). Four categories of environmental hazards were assessed plus two
additional categories summarizing impacts on health and economy. Temporal development of pathways was assessed using
cumulative per annum taxa records. To quantify the activity of investigated pathways over time an index (810) showing the
number of new species introduced during the period of 10 years was calculated. The study shows that horticulture,
landscaping and agriculture can be pointed out as pathways of concern in Iceland. A set of species of concern is also
proposed. Two plant taxa are included in A list (high risk species): Anthriscus sylvestis and Lupinus nootkatensis. Three taxa
are placed in B list (watch list): Heracleum mantegazzianum, Heracleum persicum and Pinus contorta. Results of the present
study are compared with similar studies carried out in Denmark, Scandinavia and Baltic countries. Different measures to
prevent introductions of new and potentially dangerous non-native species are also discussed including selection of good
practices that may significantly reduce the threat from non-native species used in agriculture and horticulture.
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1. Introduction unintentionally transported from their native
region to a novel environment. This process
Introduction of plant and animal species beyond  consists of two essential parts: the vector and the
their native ranges was a relatively slow human- pathway. The vector can be defined as a manner
driven process that started hundreds years ago by which a species is carried out along a pathway,
(MEYERSON & MOONEY, 2007). More recently whereas the route from the source region to the
globalization has sharply increased the frequency region of destination can be defined as the
by which non-native species are introduced into  pathway (LOCKWOOD ET AL., 2007). Previous research
new areas and changed natural biogeographical showed that vectors and pathways used by non-
patterns at an unprecedented scale (LOCKWOOD ET AL, ~ native species are far more diverse and dynamic
2007). An increasing number of studies attempt that those enabling natural colonization processes
to investigate the phenomenon of alien species (LOCKWOOD ET AL., 2007).
invasion by identification of the manners and routes Analysis of pathways and vectors is essential
by which non-native species reach their destination  in limiting contamination of vectors, monitoring
(HULME ET AL., 2008; PYSEK ET AL., 2011). This type  pathways of most dangerous pests and generic
of research is now considered as a powerful management measures (PYSEK ET AL, 2011).
instrument of alien species management and Elucidation of introduction pathways is also
biosecurity that is based on precautionary principle  crucial for developing effective biosecurity strategies
(PYSEK & RICHARDSON, 2010; RUIZ ET AL., 2003). that aim to reduce propagule pressure, likelihood
It is widely accepted that biological invasions of establishment and uncontrolled spread that
start with a few individuals intentionally or results ininvasions.
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Data on non-native plant species in Iceland
have been collected for decades (e.g. DAVIDSSON,
1967), but the first study that went beyond purely
descriptive inventories was published only recently
(WAsowiCz ET AL., 2013). The study showed that
influx of non-native plants to Iceland is increasing
through time or perhaps even accelerating
(WAsowicz ET AL., 2013) and that the need to
prioritize efforts aimed to reduce the pressure
from non-native species became essential if the
country is to mitigate some of the adverse effects
to the environment and the society. In order to
achieve that the present study was designed and
aimed at:

1) Identifying pathways frequently used by non-
native species

2) Assessing the development of pathways use
in time

3) Assessing the relative significance of pathways.

2. Materials and methods
2.1. Data sources

Data on the occurrence of non-native plant
species in Iceland were obtained from the
database of the Icelandic Institute of Natural History.
The database covers the time span between 1840
and 2014. The species set, species nomenclature
and status (casual, established, invasive) used in
the present study largely agrees with the checklist
of alien plant species in Iceland published by
WASOWICZ ET AL. (2013). After five newly registered
species were added to 336 already listed by
WaAsowICZ ET AL. (2013) a total of 341 non-native
taxa were included in the present study (282 casuals,
57 established and 2 invasive).

2.2. Temporal trends

The year of the first record for each species
was retrieved from the database and cumulative
number of species introduced by each pathway
was plotted against time. To quantify the activity
of investigated pathways over time we calculated
an index (610) showing the number of new
species introduced during the period of 10 years
according to the formula:

610= Sx- SX-IO

where: Sx - number of species in the year x,
Sx-10 - number of species 10 years earlier

All curves were plotted in SigmaPlot using locally
weighted regression - LOESS (CLEVELAND, 1979;
CLEVELAND & DEVLIN, 1988), with sampling proportion
of 0.1 and polynomial degree set to 1.
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2.3. Pathway categories

Categories used to describe pathways used by
non-native plant species were based on NOBANIS
framework (MADSEN ET AL., 2014) and HULME ET AL.
(2008) and focused on human activity that gives
rise to an intentional or unintentional introduction.
The following set of pathways was used:

1) Agriculture - plants for production of food for
human and/or animal consumption, including
crops, contaminants of hay, grain, fodder and
seed mixtures

2) Aquaria - plants used in garden ponds and
aquaria

3) Ballast water and sediments - plants transported
in ballast water and sediments in tanks, as
well as solid ballast, including dispersal via
shipping in general

4) Forestry - plants imported for timber and
tree production including species introduced
via tree hosts

5) Horticulture - plants used for ornamental
purpose and in gardening

6) Landscaping - plants introduced to be used
as hedge plants, binding of sands and silt,
erosion control etc.

7) Medicinal - plants imported to be used for
this purpose

8) Transport - plants imported with translocation
of machinery, goods, package material,
transported along roads by planes etc.

9) Not known - pathway of introduction cannot
be determined.

Each investigated species was assigned to one
pathway on the basis of literature data, and other
evidence (information from herbarium records,
databases, reports from field studies or personal
communications). Each pathway was then described
in a quantitative way by calculating total number
of non-native species introduced through the
pathway as well as the number of casual, established
and invasive species.

2.4. Species assessments and the scoring system

All investigated species were assessed using
an objective HARMONIA information system
(BRANQUART, 2007) in order to provide data
necessary for ranking relative significance of
pathways (see below). The method is based on
simplified environmental impact assessment
protocol guidelines - ISEIA (BRANQUART, 2007).
Environmental hazards were divided into four
areas of interest (categories) according to the
HARMONIA system: (I) dispersal potential, (II)



colonization of high conservation value habitats,
(III) adverse impact on native species and (IV)
alteration of ecosystem functions. Two other
categories were also added following MADSEN ET
AL. (2014): (V) Economic impacts and (VI) Health
impacts. Species were assessed using a scale from
1 to 3 points in each HARMONIA -category
(maximum of 12 points). Each additional category
used a scale of 1 to 3 points, allowing a maximum
of 6 points. Assessments were based on available
scientific peer-reviewed journals, books, so called
“grey sources” (reports etc.) and on-line databases
focused on non-native and invasive plant species
in Europe. Data from field surveys were also used
especially with respect to naturalization process

and habitat preferences. Fields were left blank if
no information could be retrieved from available
sources. The overall sum of points for each
species was based on the available information
and blanks were considered “0”. The total score
for each species was, therefore, a minimum score
based on available information. Criteria used to
assign values for all the assessed categories
followed MADSEN ET AL. (2014) (Table 1).

Species were allocated within different risk
categories according to their total ISEIA score
(BRANQUART, 2007): A (black list) 11-12 points, B
(watch list) 9-10 points and C 8-4 points in order
to prioritize non-native species.

Table 1. Criteria used to assign values for categories of environmental hazards according to HARMONIA system (I-1V) and
additional categories following Madsen et al. (2014). Wording slightly edited from that of Madsen et al. (2014)

Value Description
I. Dispersal potential
1 No or little dispersal potential. No spread in the environment due to a low potential for dispersal and/or low
fecundity.
2 Medium dispersal potential. Low potential for dispersal, except when assisted by man. Medium to high fecundity.
3 High dispersal potential. High potential for dispersal and high fecundity.
II. Colonization of high conservation value habitats
1 No or little colonization. Colonization is restricted to man-made habitats.
2 Medium colonization. Colonization is usually restricted to low or medium conservation value habitats.
3 High colonization. High conservation value habitats are often colonized.
III. Adverse impacts on native species (Predation, competition, spread of disease to native species,
genetic effects etc.)
1 No or negligible impact.
2 Medium impact. Causes local changes but the effect is often reversible.
3 High impact. Causes severe local changes that often are considered irreversible.
IV. Alteration of ecosystem functions
1 No or little alteration. Negligible impact on ecosystem processes and structures.
2 Medium alteration. Moderate impact on ecosystem processes and structures that are considered reversible.
3 High alteration. Strong impact on ecosystem processes and structure that are considered irreversible.
V. Economic impacts
1 No or little impact.
2 Medium but limited impact.
3 High impact.
VI. Health impacts
1 None or merely weak symptoms that do not require treatment.
2 Medium impact. Moderate symptoms, that are easily treated and do not cause permanent damage.
3 High impact. Serious symptoms, treatment is difficult or impossible causing permanent damage or death. Highly
frequent and contact allergies are included.
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2.5. Relative significance of pathways

Relative significance of pathways was determined
using quantitative criteria (listed in order of
importance): number of introduced invasive species
by the pathway, total number of introductions
through the pathway, number of high risk (list A)
and medium risk (list B) species introduced through
the pathway, number of high risk species (evaluation
containing economical and health hazard criteria)
and the temporal development of the pathway
(quantified as value of 810 index for 2014). The final
list showing pathway priority was prepared by
sorting pathways according to the above mentioned
criteria from largest to smallest values.

3. Results

Two analysed pathways: horticulture and
agriculture had the highest number of non-native
species - 106 and 96, respectively. It was shown
that almost 60% of alien plant taxa were introduced
using these two most active pathways (Table 2).
Other pathways were significantly less productive
in terms of the total number of introductions.
Similarly, both pathways (horticulture and
agriculture) were responsible for introduction of
the highest number of casual and established
species. Ballast waters and medicinal were found
to be least frequently used: 1 and 2 non-native
taxa introduced, respectively (Table 2). Invasive
species were introduced by two pathways:
horticulture and landscaping (Table 2).

The analysis of temporal development of
pathways showed that agriculture and horticulture
were the most frequently used pathways in the

analysed time period (1840-2014) (Fig. 1a).
Other pathways showed intermediate (transport,
forestry) or low performance (remaining pathways
in terms of the total number of species
introduced (Fig. 1a). Number of introductions
through agriculture pathway was high and almost
linear between 1880 and 1970 (Fig. 1a). Significant
activity of this pathway was recorded as early as
in the last decades of the 19th century (Fig. 1b)
and was relatively high during almost all 20th
century (Fig. 1b). Activity of this pathway measured
by 810 index decreased significantly after 1980.
The sharpest and historically unprecedented
increase in activity was recorded for horticulture
pathway (Fig. 1b). This pathway became dominant
over the last two decades (1994-2014) both in
terms of the total number of species (Fig. 1a) and
activity (Fig. 1b). Generally, after a period of
decreased activity between 1980 and 2000, all
pathways showed increased activity over the first
decade of the 21st century (Fig. 1b). The activity,
however, was much lower in most cases, than the
historical maxima that were reached for most
productive pathways in the mid-20th century.
Horticulture pathway is here a notable exception.
Distribution of analysed species according to
their HARMONIA score showed that two taxa
should be included in A list (high risk): Anthriscus
sylvestris and Lupinus nootkatensis. Three taxa:
Heracleum mantegazzianum, Heracleum persicum
and Pinus contorta were placed in B list (watch
list) and 78 species were placed on C list (Table 3).
When economic and health impact were taken into
account, four taxa (Heracleum mantegazzianum,
H. persicum, Anthriscus sylvestris and Lupinus
nootkatensis) were classified as “high risk species”.

Table 2. Pathways used by non-native plant species in Iceland. Totals and percents (in brackets) were given for each
pathway and for each group of non-native species: casuals, established and invasive taxa

Pathway Total number of species Casuals Established Invasive
Agriculture 96 (28.15) 84 (29.79) 12 (21.05)
Aquaria 3(0.88) 1(0.35) 2(3.51)
Ballast waters and sediments 1(0.29) 1(0.35)
Forestry 21 (6.16) 16 (5.67) 5(8.77)
Horticulture 106 (31.09) 81 (28.72) 24 (42.11) 1 (50.00)
Landscaping 5(1.47) 3(1.06) 1(1.75) 1 (50.00)
Medicinal 2 (0.59) 1 (0.35) 1(1.75)
Transport 43 (12.61) 39 (13.83) 4 (7.02)
Not known 64 (18.77) 56 (19.86) 8 (14.04)
Total 341 (100) 282 (100) 57 (100) 2 (100)
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Fig. 1. LOESS curves showing temporal development of pathway use (a) and activity of each pathway quantified using 810
index (b). Cumulative number of taxa was calculated on the basis of the number of per annum new taxa records for each
pathway
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Table 3. The distribution of species according to their HARMONIA score and dispersion potential score (n= 341). Non-native
species were allocated to different risk categories based on ISEIA score: 11-12 Black list, 9-10 Watch/observation list, 4-8 C list
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Table 4. The distribution of species by ‘Total sum of impacts’ and ‘Dispersion potential’ (n=2079). The “Total sum of impacts’
are the sum of scores from ‘Adverse impact on native species’, ‘Alteration of ecosystem functions’, ‘Economical effect’ and
‘Public health effects’. Blank was used when no information could be retrieved. Species receiving 14 points or more in total
sum of impact are shaded grey
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Table 5. Relative significance of pathways based on the following indicators: I- number of invasive species introduced
through the pathway, T - total number of non-native species, HR - number of high risk species, MR - number of medium risk

species, TD - temporal development (810 value calculated for the year 2014)

Pathway [ T HR MR TD
Horticulture 1 106 1 2 16
Landscaping 1 5 1 0 1
Agriculture 0 96 0 0 2
Not known 0 64 0 0 5
Transport 0 43 0 0 3
Forestry 0 21 0 1 4
Aquaria 0 3 0 0 2
Medicinal 0 2 0 0 0
Ballast waters and sediments 0 1 0 0 0

Pathways of concern were selected and ordered
on the basis of qualitative criteria (Table 5).
Horticulture pathway seemed to be of highest
concern due to the presence of invasive species
introduction, high number of total introductions
and highest activity (temporal development).
Landscaping and agriculture pathways, although
characterized by the presence of invasive species
(landscaping) or high number of total introductions,
showed only low activity in recent years (low 810
values).

4. Discussion

Knowledge on pathways in invasion process was
pointed out by different authors as an important
part of research focused on non-native and invasive
taxa (HULME, 2009; ISCC, 2013; KELLY ET AL., 2013;
NENTWIG, 2007). Identification of pathways for
many species could be, however, a challenging
task. The information available is usually very
limited and sometimes restricted only to so-called
“grey sources” or personal communications. Very
often pathways have to be deduced from very
limited evidence (such as herbarium labels, short
notes in floras etc.). The general lack of literature
on pathways of introductions for many species
has been identified as a one of the main obstacles
in research focusing on that problem (MADSEN
ET AL, 2014). Limited sources accessible for the
researcher examining pathways of non-native
taxa result often in significant percent of species
classified under “not known” pathway. In case of
the present study almost 19% of the total number
of non-native species recorded fell under this
category. Similar limitations were also encountered
by other recent studies (MADSEN ET AL. 2014;
NOBANIS, 2015).
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A scoring system was used in the present study
to rank species according to their impact on
environment and assess their relative significance
pathways. Scoring system is a convenient tool to
compare impact where the quantity, quality and
data structure varies (NENTWIG ET AL, 2010;
KUMSCHICK ET AL., 2013). It should be stressed,
however, that scoring system is no alternative to
direct studies measuring the impact of alien species
directly, but a tool to compare or rank variable
data (KUMSCHICK ET AL., 2015). Numerous studies
used scoring systems for different purposes: for
risk assessments and preparation of black lists
(GEDERAAS ET AL. 2012), species prioritization
(KUMSCHNICK ET AL., 2012) and policy development
(ESSLET AL., 2011).

The notion that islands are more prone to
invasion by alien species (ELTON, 1958; CARLQUIST,
1965; WIiLsON, 1965) due to lack of natural
competitors and predators, as well as due to the
fact that some ecological niches in islands may
have not been filled became a conventional
wisdom. This view, however, was challenged by
more recent studies showing that increased
susceptibility to invasions in islands ecosystems
is only poorly supported (D’ANTONIO & DUDLEY,
1995; DENSLOW, 2003; GASTON ET AL., 2003). On the
other hand, it has been shown that susceptibility
to biological invasion does not coincide with
vulnerability to the effects of invasive taxa, and
islands are more susceptible to the effects of
invaders (D’ANTONIO & DUDLEY, 1995). Invasion
susceptibility of terrestrial ecosystems in Iceland
can be further enhanced by ongoing climate
change that may facilitate establishment of new
non-native species and the spread of those that are
already present (LASSUY & LEIWS, 2013). In light of
these findings it seems that increased and targeted



prevention efforts are needed to limit the influx
of non-native species in Iceland. Identification of
main pathways of introductions greatly facilitates
planning of targeted preventions strategies.

Main pathways of introductions in Iceland are
similar to those identified in other countries. Data
published hitherto suggest that horticulture is
one of the main pathways used by non-native
plant species also in Denmark (MADSEN ET AL., 2014),
Scandinavia and Baltic countries (NOBANIS, 2015).
Agriculture, as one of the main sources of alien
plant species was also pointed out for the regions
mentioned above. Horticulture and agriculture
have been recognised as main pathways of plant
invasions worldwide (DEHENEN-SCHMUTZ ET AL.,
2004; REICHARD & WHITE, 2001). It is estimated
that ca. 80% of current invasive plants in Europe
were originally used as ornamental or agricultural
plants (HULME, 2007).

Landscaping pathway was also pointed out as
a pathway of concern. Low activity of this pathway
throughout the study period did not prevent the
introduction of the one of most invasive species
in Iceland L. nootkatensis. Species introduced
though this pathway, although relatively few, are
usually well selected for environmental matching
and other characters making them suitable to
specific Icelandic conditions. It seems that special
attention should be paid during species selection
for future use in landscaping activities.

It is evident in our study that activity of
analysed pathways shows considerable fluctuations.
The interpretation of this pattern is not easy in
terms of scientific evidence. The first major peak,
indicating influx of non-native species, is registered
around 1880-1900. This period coincides with
preparation (data collection) and subsequent
publication of the first work describing the
Icelandic flora that meets scientific standards
(STEFANSSON, 1900). This may explain relatively
high number of introductions connected with
agriculture that was predominant source of non-
native species at that time. Also first attempts of
forestry in Iceland, dating back to the beginning
of 20t century, are also well mirrored by our data.
Almost all pathways were very active between
1940 and 1970. This period of increased
introductions may be associated with good condition
of Icelandic economy at that time resulting with
increased trade and import of different commaodities.
This economic recovery was mainly due to the
influx of foreign capital into the country at that
time (SIGURDARDOTTIR ET AL., 2008). It seems also
that so called “Oil crisis”, and economic decline
connected with this event (SIGURDARDOTTIR ET AL.,
2008), resulted in sharp decrease (in 1970’s)
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and subsequent low rate of species introductions
(1980-1990). It is also evident that new wave of
introductions is now underway in Iceland. The
present influx is dominated by horticultural
species, what mirrors fairly well the transition
from agriculture-based traditional economy and
increased well-being that results i.a. with increased
consumption of goods such as ornamental plant
species. The interpretation presented here is,
however, only preliminary and has to be treated
as a working hypothesis that needs to be investigated
further.

The number of international visitors to Iceland
have more than tripled since 2000 and influx of
tourists measured as total number of foreign
passengers through Keflavik airport reached
781.016 in 2013 (GUDJONSDOTTIR, 2014). When
we take into account that in January 2014 total
population of Iceland was around 325.000
(GUDJONSDOTTIR, 2014) we can easily see that this
extraordinary increase in touristic industry may
also contribute to increased introductions of new
non-native plant taxa. Increased temporary
human immigration and import of different
goods (including food and commodities
connected with developing touristic sector) may
lead to increased activity of “transport” pathway
in the future.

It seems that apart from invasion potential
also genetic effects on native species (introgression)
should be carefully assessed. Restoration activities
along roads in Iceland often involve the use of
imported species (especially grasses). Sowing of
roadsides poses threat that locally adapted native
taxa or sub-taxa will be genetically contaminated
(ELVEN ET AL., 2012). The extent of genetic
contamination from non-native seed mixtures used
in restoration activities have never been studied,
but is probably considerable (ELVEN ET AL., 2012).
The same precautionary measures should be also
applied to newly imported GMO.

The present study confirmed the general
notion that most introduced species do not pose a
risk to the environment, economy or society
(BAAGOE & WEIDEMA, 2001). It was shown, that
very few alien species were classified as high risk
or medium risk taxa. These problematic species,
although few, show extraordinary ability to establish
populations in new locations and to reproduce
and spread quickly and in uncontrollable fashion.
It should be mentioned that significant proportion
of high risk species is still only locally distributed
(e.g. Heracleum spp.), what gives a unique
opportunity to eradicate them before vast
distribution will make eradication efforts difficult
and very expensive.



5. Conclusions and recommendations

The study showed that horticulture, landscaping
and agriculture can be pointed out as pathways of
concern in Iceland and evidenced that activity
of investigated pathways shows significant
fluctuations over longer periods (decades). It can
be hypothesised that these fluctuations are
associated with economic factors. A set of species
of concern was also proposed. Two plant taxa
were included in A list (high risk species):
Anthriscus sylvestis and Lupinus nootkatensis.
Three taxa were placed in B list (watch list):
Heracleum mantegazzianum, Heracleum persicum
and Pinus contorta.

Cost-effective measures can be implemented
in order to reduce potentially dangerous
introductions including restrictions on import
and trade of different horticultural and agricultural
species. Introduction of a code of conduct for
governmental institutions, horticultural industry
and trade, as well as for those who play a role in
deciding what species are grown in particular
areas (HEYwooD & BRUNEL, 2011) could play an
important role in raising awareness on the topic
among professionals and preventing a spread and
new introductions of possible plant invaders.

It is clear that efforts should not be aimed to
prevent all introductions, to control all spread
and to eradicate all established species. They
should be rather targeted on introduced species
that are likely to cause ecological, economic or
public health problems. The assessment scheme
used in the present study could be therefore a
method of choice to objectify the process of
prioritization of non-native species and pathways
and compiling lists of taxa that are harmful and
should be eliminated. Assessments involving so
called “door knockers” (or alien species that have
the potential to establish themselves and reproduce
in Icelandic nature) should also be conducted and
based on expert knowledge.

There is a selection of good practices that may
significantly reduce the threat from non-native
species used in agriculture and horticulture
(HEYywooD & BRUNEL, 2011) such as: (i) avoiding
the use of invasive or potentially invasive plant
species in large-scale public plantings and as
ornamentals in public places, (ii) good labelling
practices (labels should include information where
non-native species should not be planted and
how to avoid their spread from gardens), (iii)
introduction of substitutes of invasive plant
species that will be available in nurseries and
garden centres (these maybe native species or
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other exotic but non-invasive species) (iv)
regulations concerning plant waste disposal and
treatment etc.
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