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Regulation of the Invasive Plant
Heracleum persicum by Private
Landowners in Tromsø, Norway

Sophie Meier, Gregory N. Taff, Jens B. Aune and Sebastian Eiter*

In the city of Tromsø in northern Norway, invasive Tromsø palm (Norwegian: Tromsøpalme; English: Persian
hogweed) is widespread. Although Tromsø palm has negative impacts on biodiversity and contains a phototoxic sap that
burns human skin, it is also considered to be a local symbol of Tromsø city and is appreciated by many inhabitants.
This study examined private landowners’ characteristics, perceptions, and landowners’ regulation of invasive Tromsø
palm on their parcels on Tromsø Island in 2012 (vegetation season: May–September) to provide information concerning
which landowner groups could be assisted by official regulation. Eleven key informants and 17 landowners were inter-
viewed. Afterward, Tromsø palm on Tromsø Island was mapped using aerial photos and street-level photos from Google
Maps®/Google Street View® and fieldwork verification. This distribution map was superimposed on a property map in
a geographic information system to produce a map showing private parcels that contained Tromsø palm and associated
neighboring parcels that did not contain Tromsø palm. Questionnaires were mailed to the 441 owners of the selected
parcels, and 199 of the returned questionnaires were analyzed. Tromsø palm was more likely to be fully regulated/absent
on a parcel that was inhabited (particularly if the owner lived on-site) and less likely to be fully regulated/absent if the
parcel was jointly managed by several households. These findings indicate that authorities could focus their management
efforts on supporting regulation efforts of those private landowners who own currently uninhabited or rented-out parcels
and landowners of parcels jointly managed by several households. Furthermore, those landowners who found regulation
measures against the plant on Tromsø Island important tended to have partly or fully regulated Tromsø palm on their
plots. This might imply that information campaigns from authorities might encourage more landowners to regulate
Tromsø palm.
Nomenclature: Tromsø palm (Norwegian: Tromsøpalme; English: Persian hogweed); Heracleum persicum Fischer/
H. laciniatum auct. scand.; non Hornem.
Key words: Hogweed, invasive plants, invasive species management, invasive species mapping, landowner plant
regulation behavior.

Globalization has moved the issue of alien and invasive
species into the focus of public and scientific attention
(McNeely 2001a). “Alien plants” include all plant species that
are nonnative to an area and brought there by humans.
“Invasive plants” are alien plants that are able to spread over a
relatively wide distance within a relatively short time period in
the area where they were introduced, e.g., seed plants that

spread more than 100m from the parent plant within less
than 50 yr (Richardson et al. 2000). The International
Union for Conservation of Nature and Natural Resources
additionally defines “invasive species” as species that negatively
impact ecosystems and/or human health and that lead to high
economic costs (McNeely et al. 2001).
The number of alien plants introduced after 1500 CE

(neophytes) has grown with the size of cities in Central
Europe (Pyšek 1998). This could be due to the fact that in
densely populated areas, seeds of alien plants can be easily
spread by displacement of soil and via car tires. Also, alien
plant species were planted in gardens from which they could
escape and grow in the wild (Hodkinson and Thompson
1997). In the city of Tromsø in northern Norway, an
invasive Heracleum species, called “Tromsøpalme” in
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Norwegian (Heracleum persicum Fischer, Heracleum
laciniatum auct. scand., non Hornem.), has spread widely
since it was introduced there in the 19th century as an
ornamental garden plant (Alm and Jensen 1993; Nilsen
1991). Population genetic analyses showed that Tromsø
palm seeds were probably brought from Iran via Great
Britain and Finland to northern Norway (Rijal et al. 2015).
Jahodová et al. (2007) found that Tromsø palm probably is
identical to H. persicum. The plant can be found in Iran,
Iraq, and Turkey (European and Mediterranean Plant Pro-
tection Organization/Organisation Européenne et Médi-
terranéenne pour la Protection des Plantes [EPPO/OEPP]
2009), and this scientific name is therefore used in
this paper.
Tromsø palm (Heracleum persicum) belongs to the family of

Apiaceae (Lid and Lid 2005). It has a 1- to 4-cm-wide hollow
stem with purple-red spots; the lower part of the stem is often
completely purple-red. The plant can grow to 1- to 4-m high
(EPPO/OEPP 2009; Often and Graff 1994). It produces

white flowers (Lid and Lid 2005) during the summer months
(Fröberg 2010). The plant is perennial, reproduces only by
seeds, and is polycarpic, which means it can produce seeds
several times in its life (EPPO/OEPP 2009; Often and Graff
1994). A single plant produces 6,000 to 8,000 seeds per season
(Alm and Often 2006).

The seeds ofH. persicum can be dispersed by car tires, wind,
and water currents. Therefore, the plant is now frequently
found in Tromsø along roads and beaches; however, it is also
abundant in the city center (Alm et al. 2006; Alm and
Often 2006), growing in gardens, neglected green areas, and
ditches (see also Figure 1). Inadequate prevention when new
roads were built might also have contributed to its spread (key
informant: Norwegian Public Road Administration [NPRA,
Norwegian: Statens vegvesen] personal communication 2012).
For many garden owners in Tromsø, Tromsø palm lost its
attractiveness as a garden plant because it was difficult to pre-
vent it from spreading throughout and beyond the garden.
Therefore, many garden owners cut down the plants and
thoughtlessly threw the plant waste (including mature seeds)
on adjacent parcels, thereby contributing to the uncontrolled
spread of the plant on Tromsø Island (key informants:
Green Warriors of Norway [GWN, Norwegian: Norges
Miljøvernforbund] and Tromsø University personal commu-
nication 2012).

Since the end of the 1990s, officials and the key
informant of GWN have begun to worry about the ecological
impacts and the high density of Tromsø palm in Tromsø (key
informants: GWN and Troms County governor [Norwegian:
Fylkesmannen i Troms] personal communication 2012).
Tromsø palm alters cultural landscapes and changes the
species composition in the habitats it spreads into (Alm and
Jensen 1993). It has been shown on a local scale that Tromsø
palm shades out other plants (Myrås and Junttila 1981) and,
under laboratory conditions, Tromsø palm seeds constrained

Management Implications
This study identified private landowners in the city of Tromsø,

Norway who do not or only partially regulate invasive Tromsø palm
on their parcels, enabling the plant to spread to other parcels. These
landowners could be considered primary candidates for education
and support by authorities, given limited resources to control the
weed. According to the results, private landowners who own
currently uninhabited or rented-out parcels would be good
candidates to receive financial incentives or other assistance, since
the successful management of the plant demands frequent attention
and action. Furthermore, the municipality should consider
targeting landowners of recently acquired parcels and provide active
help and education regarding how to manage the plant in the first
years of ownership. Owners of jointly owned parcels were also
found to be appropriate candidates to receive plant management
assistance. At the same time, the authorities can develop priority
areas to focus Tromsø palm control efforts, such as private lands
close to public areas, to reduce potential spread onto public lands,
and high-population areas, to reduce risk for injuries.
It was shown in the study that some landowners deposit plant waste
on their plots instead of using the garbage bin or the municipal
waste-disposal site. This can lead to a further spread of the plant on
their parcels. Landowners were also found to neglect tending
specific areas on their parcels such as border areas or spaces that are
hidden or inaccessible, e.g., behind garages or on steep slopes.
Authorities might provide assistance or hold information campaigns
on regulation of Tromsø palm in neglected areas and proper
disposal of plant waste. Officials could improve landowners’ control
measures at parcel borders by encouraging coordination among
landowners and providing education in neighborhood meetings.
This study also showed that landowners who perceived Tromsø
palm as a problem on Tromsø Island and those who believed in the
necessity of regulation measures on Tromsø Island were more likely
to have no Tromsø palm or fully controlled Tromsø palm on their
property. This may imply that education and information
campaigns about the negative effects of invasive species could
motivate private landowners to take action.

Figure 1. Tromsø palm growing along the wall of a house in
Tromsø city, August 2012. (Photo: S. Meier)
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the growth of neighboring plants by producing suppressive
substances (allelopathy) (Junttila 1975). It would be espe-
cially problematic if Tromsø palm were to spread beyond
urban and human-altered areas into undeveloped natural
locations or conservation areas in and around Tromsø (Alm
and Jensen 1993). Due to its negative impacts on biodi-
versity, Tromsø palm has been registered by the Norwegian
Biodiversity Information Center (Norwegian: Artsdata-
banken) as a high-risk species on the Norwegian blacklist of
invasive species (Gederaas et al. 2012).
Aside from Tromsø palm’s impact on other plant species,

its sap contains furocoumarins (Kavli and Volden 1984)
that, in combination with UV radiation (e.g., from the sun),
lead to a phototoxic reaction that burns human skin
(photodermatitis) (Kavli et al. 1983b). The affected part of
the skin can develop blisters (Kavli et al. 1983b) followed by
high melanin production (hyperpigmentation) that can
last for several months (Kavli et al. 1983a). Children playing
outdoors and people working outside, such as gardeners, are
especially in danger of exposure to Heracleum sap (Nielsen
et al. 2005). Various Heracleum species throughout Europe
and North America (e.g., giant hogweed [Heracleum
mantegazzianum Sommier & Levier], Sosnowskyi’s
hogweed [Heracleum sosnowskyi]) present similar challenges
(EPPO/OEPP 2009; Nielsen et al. 2005).
The vigorous growth of the plant and its pervasiveness in

Tromsø are probably the reasons why the plant was called a
“palm” and named after the city (Alm 2006). Furthermore,
for some residents, the plant is a symbol of Tromsø and brings
about a sense of local identity (key informants: Tromsø Arts
Association [Norwegian: Kunstforeningen Tromsø], Troms
County governor, and Tromsø University personal commu-
nication 2012). The plant is a popular motif in works of
artists, on postcards, for decoration (Alm 2006, 2013), and
also for embroidery on a traditional folk costume of Tromsø
(“Tromsø festdrakt”), a costume which has been fabricated
since ca. 1980. Furthermore, a home for the elderly in
Tromsø is called “Heracleum” (Tromsø Municipality
[Norwegian: Tromsø kommune] 2015). In the native home
range (Iran), part of the plant is used for medication and as
food (Hemati et al. 2010), and artists from the Tromsø Arts
Association even invited locals to taste soup that included
Tromsø palm as an ingredient (Hansen 2014). The proble-
matic aspects of Tromsø palm on the one hand and its local
importance as a symbol on the other hand have generated
ambivalence toward the plant among locals (key informants:
Tromsø Arts Association, GWN, and Tromsø University
personal communication 2012); the locals in Tromsø are said
to either “love or hate” Tromsø palm (Alm 2013: 42).
The removal of Tromsø palm is time-consuming and

demands careful and persistent measures (Nielsen et al.
2005). One way to inhibit the further spread of tall invasive
Heracleum, such as Tromsø palm or H. mantegazzianum,
is to cut the umbels when they begin to flower to prevent the

plant from setting seeds (Nielsen et al. 2005). However,
while no such research has been done on H. persicum,
research with H. mantegazzianum showed that, even if
umbels are cut before seeds ripen, they are still able to
develop viable seeds (Pyšek et al. 2007a), so appropriate
disposal of the umbels is important (Pyšek et al. 2007b). To
remove invasive Tromsø palm by mowing and cutting of the
stems, it is important that the plants are treated at least three
times during the growing season (Renna 2002) for not less
than 5 yr, which exhausts the plant until it finally dies
(Nielsen et al. 2005). The plants can also be plowed or the
roots can be dug out; the latter usually kills the plant
immediately. Cattle and sheep can graze on the area when the
plants sprout at the beginning of the growing season. Finally,
herbicides are recommended. In all cases, control of the weed
can be dangerous due to the risk of coming in contact with
the phototoxic sap (see previous discussion of furocoumarins;
Nielsen et al. 2005; key informant: Tromsø Municipality
personal communication 2012).
Currently, Tromsø palm is widespread in Tromsø and

therefore it is a difficult task to regulate this plant (key infor-
mants: Tromsø Municipality and Tromsø University personal
communication 2012). At the time this study was being con-
ducted, authorities in Tromsø such as the NPRA, the Tromsø
County governor, and Tromsø Municipality had planned or
had already tried to reduce Tromsø palm in some areas. Due to
lack of staff and limited financial resources, the authorities only
regulate Tromsø palm sporadically in some specific areas in
Tromsø (key informants: GWN, NPRA, Troms County
governor, and Tromsø Municipality personal communication
2012). The municipality of Tromsø handles Tromsø palm as
part of the normal roadside mowing and as part of the main-
tenance processes in graveyards and parks (key informant:
Tromsø Municipality personal communication 2012). The
NPRA tries to inhibit Tromsø palm from spreading beyond
Tromsø city by focusing on large roads. NPRA made plans to
mow invasive plants along larger roads at a breadth of
3m several times during the growing period in future years.
Additionally, NPRA wants to obtain permission from land-
owners to remove invasive plants on private land close to the
roads when there is a risk that invasive plants may spread from
private parcels to roadsides (key informants: NPRA and Troms
County governor personal communication 2012). Overall,
official regulation measures in Tromsø have not been con-
ducted on a large scale and are often not done persistently
enough to reduce the overall amount of Tromsø palm in the
area, with the exception of some specific isolated areas (key
informants: NPRA, Troms County governor, and Tromsø
Municipality personal communication 2012).
Controlling invasive plants is especially difficult in areas

where multiple landowners are involved (Gardener et al.
2010). There are no widely applied official measures to
regulate Tromsø palm on private land; Tromsø authorities
rely on informing private landowners about health risks and
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methods of regulation. One reason for this might be that
there is no jurisdiction for the public authorities to regulate
the plant on private land. Furthermore, concern about
the plant among most officials is not sufficiently high
(key informants: Troms County governor, GWN, and
Tromsø Municipality personal communication 2012).
Management plans often do not consider that, e.g., an

invasive plant might be perceived as a useful and ornamental
garden plant by some locals and might have other positive
aspects, such as an emotional meaning or having some
economic value; therefore, support for control programs by
locals can be low (Blossey 1999; Gardener et al. 2010;
Rotherham and Lambert 2011). Management strategies
should therefore incorporate public perception of invasive
species (Aitken et al. 2009; McNeely 2001b; Qvenild et al.
2014; Rotherham and Lambert 2011; van Wilgen 2012).
Daab and Flint (2010) and Fischer and Charnley (2012)
found that among private (forest) landowers, those who said
they were bothered by invasive plants were significantly more
likely to take action against them on their properties. Addi-
tionally, Fischer and Charnley (2012) found that owners who
have their principal residences on a parcel tend to take sig-
nificantly more action against invasive plants on that parcel.
Research found that values and normative beliefs can play a
role in behavioral decisions (e.g., Ajzen and Fishbein 1977;
Homer and Kahle 1988), decisions regarding environmentally
friendly behavior (e.g., Kollmuss and Agyeman 2002), and
supporting decisions regarding wildlife management (Bright
and Manfredo 1996; Vaske and Donnelly 1999).
In this study, we investigate how private landowners’

regulation behavior is determined by the landowners’
sociodemographic and parcel characteristics and the private
landowners’ evaluation of Tromsø palm’s values and of
normative beliefs regarding how Tromsø palm should be
managed on Tromsø Island. Values describe positive or
negative feelings toward something, such as “good or bad”
or “ugly or beautiful” (Rokeach 1979:16). For this study,
the “aesthetic value” (the appearance of Tromsø palm is
evaluated as either ugly or nice) and the “symbolic value”
(whether or not Tromsø palm is perceived as an important
symbol of Tromsø) are used as defined by Kellert (1996:
14–20). A further value created for this study is the “health
value,” which addresses whether Tromsø palm is evaluated
as being good or dangerous to human health. Normative
beliefs in this study refer to whether landowners generally
considered Tromsø palm’s occurrence on Tromsø Island
as problematic and, more specifically, whether regulation of
Tromsø palm on Tromsø Island undertaken by local
institutions is seen as necessary and to what degree Tromsø
palm should be removed. Normative beliefs describe what
somebody thinks somebody else is supposed to do or not to
do (Fishbein and Ajzen 1975; Zinn et al. 1998).
The specific research issues we address are: How are

sociodemographic characteristics, parcel characteristics, values,

and normative beliefs related to private landowners’ parcels
that lead to spread of Tromsø palm, e.g., by not thoroughly
regulating Tromsø palm? This study gives insight about the
types of private parcels in an urban area that may contribute
more to the spread of Tromsø palm than others.

Materials and Methods

Study Area. The study area is Tromsø Island (Norwegian:
Tromsøya, 69.40°N, 18.56°E), which includes the city
center of Tromsø, some residential and port areas, and parks
(Figure 2). Tromsø Island was chosen as the actual study site
because it is a clearly defined area and contains the majority
of the city. Tromsø lies in the county of Troms and is the
largest town in northern Norway with 67,969 inhabitants
(year: 2012); more than half of these inhabitants (36,088)
lived on Tromsø Island (Statistics Norway 2016). Tromsø
Island is approximately 10-km long and up to 3.6-km wide
and ranges in altitude from 0 to 160m. Tromsø has a
humid subarctic climate.

Data Collection. Data were collected between June 2012
and March 2013. At first, semistructured interviews with 11
key informants in Tromsø were conducted. The first key
informants were selected from authors of literature about
Tromsø palm in Tromsø. Subsequently, key informants were
selected by snowball sampling: key informants provided
contacts to more key informant interviewees (Marshall 1996).
A main criterion for sampling was that the key informants
had worked with Tromsø palm in some way. Furthermore,
it was important to get a range of different opinions, views,
experiences, and factual knowledge concerning the plant.
The key informants were asked about different aspects of
Tromsø palm (distribution, history, biology, etc.) and how
locals perceive and regulate it. Key informants came from
authorities in Tromsø (NPRA, Troms County governor, and
Tromsø Municipality), an environmental organization
(GWN), Tromsø University, and the Tromsø Arts Association.
Furthermore, a local Tromsø palm enthusiast was interviewed.
In addition, 17 private landowners and 3 renters were inter-
viewed to gather anecdotal information. The interviews were
analyzed by identifying topics in the text through “descriptive
coding” and “initial coding” (Saldaña 2013: 87–105).

Analysis of the interviews informed the development of
a self-administered questionnaire that was subsequently
mailed to a sample of private landowners on Tromsø Island.
To maximize statistical power, an almost even number of
landowners in the sample were gathered who had the plant
on their parcels (did not regulate it sufficiently, and thus it
was visible in the field in the growing season 2012) and
private landowners who did not have the plant on their
parcels (or regulated it, so that it was not visible in the field
in the 2012 growing season).
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To obtain the sample of landowners, Tromsø palm was
mapped on Tromsø Island in ESRI ArcGIS 10. Information
about the distribution of Tromsø palm on Tromsø Island
was obtained from aerial photos from Google Maps® (year:
2007) and street photos from Google Street View® (year:
2010) (Google Earth 7. 1. 1. 2013; Google Maps 2017).
With the help of a cadastral map and an address file (from
the Norwegian Mapping Authority), all private parcels on
Tromsø Island that contained Tromsø palm were identified
and included in the sample (therefore the private parcels
with Tromsø palm represent a census on Tromsø Island).
For all parcels with Tromsø palm (case), one private

neighboring parcel without Tromsø palm (control) within
a 20-m radius was randomly selected from the parcel map to
achieve a case–control approach. The goal was to have
randomly selected control parcels located in the neighbor-
hood of the cases (Schlesselman 1982) (Figure 2). All
resulting 441 parcels were surveyed in the field (July to
September 2012), and the classification of the parcels
(regarding whether or not Tromsø palm was visible on the
parcels) was verified and corrected if necessary.
For example, if a non-TP-parcel (parcel without Tromsø

palm), classified through Google Maps®/Google Street View®,
was found in the field to be a TP-parcel (parcel with Tromsø

Figure 2. Case–control sampling of private parcels on Tromsø Island, southern area of Tromsø city (Map source: Norwegian Insti-
tute of Bioeconomy Research). Status of classification of parcels with Tromsø palm and corresponding parcels without Tromsø palm
(chosen in a 20-m radius) based on author’s classification by visual interpretation of parcels using Google Maps® and Google Street
View®. This map was used for field visits to verify the classification of the parcels.
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palm), its classification was changed to “TP-parcel.” Then, two
new neighboring non-TP-parcels were selected arbitrarily in
the field within 20m of the original and newly identified
TP-parcel. In the case of a wrongly classified TP-parcel, two
new neighboring TP-parcels needed to be chosen.
The questionnaire was developed as a brochure and

pretested on landowners during fieldwork. The questionnaire
was revised based on feedback from these tests. The
questionnaire included sections on the following five topics:
(1) parcel characteristics (if the owner vs. only a renter/renters
lived on the parcel or if it was uninhabited, the length of
ownership, the degree to which vegetation on the parcel was
tended, etc.); (2) the presence/absence of Tromsø palm on the
respondents’ parcel; (3) the degree of regulation of Tromsø
palm on the parcel, the handling of the plant material after
removal, the responsible person; (4) landowners’ evaluations of
the aesthetic, health-related, and symbolic value of Tromsø
palm (identified as important values from the interviews) and
normative beliefs regarding the regulation of Tromsø palm on
Tromsø Island; and (5) sociodemographic information about
the respondent.
The questionnaire referred to the most recent vegetation

period (May–September 2012), also corresponding to the
field observations. The respondents were asked to refer to
the whole parcel in their answers, even if they only owned
parts of a parcel and shared it with other owners. On the
cover letter of the survey, a Web link was provided to an
online version of the survey, which served as an alternative
option for the respondents. Together with a cover letter and
a prepaid return envelope, the questionnaires were mailed to
all 441 landowners of the sample parcels, with a follow-up
reminder by mail after 6 wk.
Considering undeliverable addresses (14) and respon-

dents who claimed they were not able to answer (because,
for instance, they had never been to the parcel) (3), the
effective sample size was 424. The response rate was 47%
(n = 201). Since two respondents indicated that the parcels
were partially publicly owned or company owned, 199
questionnaires were included in the analysis. Some classifi-
cations of parcels (“with” or “without” Tromsø palm) were
revised based on the landowners’ answers; for instance, if a
parcel appeared to have no Tromsø palm during field
checks, but the owner indicated Tromsø palm was present,
then that parcel was classified as a parcel with Tromsø palm.
However, if the plant had been observed on the parcel
during field checks, but the respondent indicated it was not
present, the parcel was nevertheless classified as a parcel with
Tromsø palm. In the few cases where the presence or
absence of the plant on the parcel was unproven based on
the field visits, the respondents’ answers were considered
valid. In cases in which owners did not know whether the
plant was on their parcels, the field observations were
considered valid. There was only one parcel for which the
status of Tromsø palm could not be determined.

During initial fieldwork, we found that landowners with
Tromsø palm regulated it to varying degrees. Therefore,
landowners were asked in the questionnaire to specify
how much they regulated Tromsø palm between May and
September 2012: “full regulation, no plant flowered”;
“partial regulation, at least one plant flowered (which means
the plant could still spread)”; “no regulation, the plant could
grow and spread unhindered on the parcel.” The regulation
behavior was also categorized according to the parcels’
contribution to the potential spread of Tromsø palm
(full regulation or Tromsø palm absent vs. no or partial
regulation). The term “regulation” includes all sorts of
measures that can be taken to prevent the spread of
Tromsø palm, such as cutting of stems, cutting of flowers,
digging out roots, mowing, or using an herbicide.

Statistical Analyses. Univariate, bivariate, and multivariate
analyses were conducted by using IBM SPSS Statistics v. 20.
Logistic regressions were used to determine which independent
variables (sociodemographic variables, parcel characteristics,
landowner values and normative beliefs) were associated most
strongly with the outcome variables regarding Tromsø palm
regulation. We conducted both binary and multinomial
logistic regressions to account for the two different ways to
categorize outcomes of Tromsø palm regulation on the parcels
(cf. Field 2009; Singh 2007). The binary method considered
two possible outcomes: parcels from where Tromsø palm
(1) has or (2) does not have the potential to spread to other
parcels, which included the whole dataset including parcels
with no Tromsø palm as not having the potential to spread.
The multinomial method only considered parcels where the
owners were aware of Tromsø palm’s presence on their
parcel, with three possible outcomes: Tromsø palm was (1)
not, (2) partially, or (3) fully regulated.

For each regression type, two models were run, so four
regression models were developed: a binary logistic regres-
sion model (model I) and a multinomial logistic regression
model (model II), each including the independent variable
“frequency of tending the vegetation-covered area on
parcel”; and another binary (model III) and multinomial
regression model (model IV), each including instead the
independent variable “residence status: owners lived on the
parcels vs. only renters lived on the parcels vs. no residence
on the parcels.” Two models of both the regression types
were developed, because the variables “frequency of tending
the vegetation-covered area on the parcels” and “residence
status” could not be included in a single model, as the other
variables in the model became non-significant, likely due to
a small sample size. The models with the independent
variable “frequency of tending the vegetation-covered area”
(models I and II) showed the highest number of significant
results and therefore are primarily discussed in this paper. In
all four regression models, outliers were removed according
to Field (2009).
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Results and Discussion

Respondents’ and Parcels’ Characteristics. Tables 1
(continuous and ordinal variables), 2, and 3 (categorical
variables) summarize the sociodemographic variables of the
questionnaire respondents, the characteristics of their parcels,
and their evaluations of Tromsø palm’s values and of their
normative beliefs regarding Tromsø palm’s regulation on
Tromsø Island. As many respondents did not answer all
questions, the total number of observations was different for
each variable (max. 199, see “Data Collection”). Regarding
parcel characteristics, almost all respondents were owners of
their parcels; only one respondent was a renter (Table 2).
Therefore, “landowner” is used as a synonym for “respon-
dent” in the following sections.

Predictors for Tromsø Palm’s Status on Landowners’
Parcels. This section presents and discusses how socio-
demographic characteristics, parcel characteristics, values,
and normative beliefs were associated with Tromsø palm’s
potential to spread as seen with the binary logistic regression
analysis. Furthermore, it is shown how the variables were

associated with the regulation degree of Tromsø palm on the
landowners’ parcels (no, partial, or full regulation) in mul-
tinomial logistic regression analyses. As outlined in the
“Materials and Methods,” four models were developed, but
models I and II, which showed the highest number of sig-
nificant results, are mainly discussed here. When variables
were significant in both the binary (model I) and multi-
nomial logistic regression (model II), only the results of the
binary logistic regression are presented. The results of the
multinomial model are discussed only if variables proved to
be significant exclusively in the multinomial logistic regres-
sion. Furthermore, bivariate analyses were conducted
regarding regulation behavior and the different variables.
Only those significant results of the bivariate statistics that
were either not significant in the regressions or showed a
different direction are presented in this paper. In some cases
of bivariate statistics, the sample sizes were too small to
apply Chi-square tests.
The Nagelkerke pseudo-R2 values in the binary logistic

regression models were 0.194 for the binary model I
(n = 176) and 0.145 for the binary model III (n = 178),
while the values were 0.365 for the multinomial model II

Table 1. Studied variables (part 1): respondents’ (landowners’) sociodemographic characteristics, parcel characteristics, values, and
normative beliefs.

Variable Min Max Mean Median SD
n

(total)

Sociodemographic characteristics
Age (years) 20 93 57.16 59 14.715 194
Household income in 2011a 1 5 3.64 4.0 1.179 146
Number of persons living in respondent’s household 1 14 2.69 2.0 1.519 194
Years respondent lived in Tromsø (residence time) <1 85 40.91 40 19.317 196

Parcel characteristics
Years of parcel ownership 1 96 21.58 18.0 16.003 192
Frequency of tending the vegetation-covered area on parcels between
May and September 2012b

1 6 3.97 4.0 1.463 192

Evaluation of valuesc

Aesthetic value 1 5 3.19 3.0 1.351 195
Health value 2 5 3.62 3.0 0.766 195
Symbolic value 1 5 2.8 3 1.415 194

Evaluation of normative beliefsd

Occurrence of Tromsø palm on Tromsø Island 1 5 3.66 4.0 1.170 195
Necessity of control measures against Tromsø palm on Tromsø Island 1 5 4.25 5.0 1.020 194
a Attributes of income: 1: less than 300,000 Norwegian kroner (NOK); 2: 300,000–450,000 NOK; 3: 450,000–600,000 NOK;

4: 600,000–1,000,000 NOK; 5: more than 1,000,000 NOK.
b Attributes of frequency of tending the vegetation (e.g., cutting hedges, mowing, weeding): 1: never; 2: less than once per year;

3: once per month; 4: several times per month; 5: once per week; 6: several times per week.
c Attributes of evaluation of values: Aesthetic value (appearance of Tromsø palm), 1: ugly to 5: nice. Health value (health impact of Tromsø

palm) 1: positive impact to 5: negative impact. Symbolic value (symbolic importance of TP for Tromsø), 1: not important to 5: important.
d Attributes of evaluation of normative beliefs: occurrence of Tromsø palm on Tromsø Island: 1: do not perceive Tromsø palm as a problem

on Tromsø Island to 5: perceive Tromsø palm as a problem on Tromsø Island. Necessity of regulation measures (done by institutions) against
Tromsø palm on Tromsø Island, 1: not necessary to 5: necessary.
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(n = 120) and 0.260 for the multinomial model IV
(n = 120). These values are not too low, considering that
these variables measure human behavior. The R2 values are
somewhat higher in the multinomial models II and IV,
which means the variables in these models fit the regression
better compared with the binary models I and III. However,
this might not be related to the fact that the variables in the
multinomial models explain the outcome better compared
with the binary models, but rather that the data set used for
the multinomial models is different (a subset of the data
used for the binary models).

To summarize, parcels from which Tromsø palm does
not have the potential to spread (having no or fully regulated
Tromsø palm) compared with parcels where Tromsø palm
has the potential to spread (not or partly regulated) tend to
have the following characteristics (based on the binary
logistic regression, model I [Table 4] and model III): a more
frequently tended vegetation-covered area (only model I);
owners who live on the parcel compared with only renters or
no residents (only model III); only one household is
responsible for the parcel compared with several; more
people live in the respondent’s household (only model I);

Table 2. Studied variables (part 2): respondents’ (landowners’) sociodemographic characteristics and parcel characteristics.

Variable Proportion (%) n
n

(total)

Sociodemographic characteristics
Gender Male/female 50.0/50.0 96/96 192
Education With higher education (fulfilled university degree or

polytechnical high school)/without higher education
69.4/30.6 134/59 193

Permanent injuries Experienced permanent injuries (e.g., a scar from Tromsø
palm [including knowing somebody who was affected]/
had not experienced permanent injuries

19.5/80.5 38/157 195

Parcel characteristics
Respondent status Respondent was owner/renter 99.5/0.5 198/1 199
Residence status Owners (in some cases along with renters) lived on parcel/

only renters lived on parcel/no residence on parcel
83.8/9.9/6.3 160/19/12 191

Children (<10 yr) Lived/did not live on parcel 23.5/76.5 42/137 179
Households Parcel associated with one household/several households

(jointly owned)
65.8/34.2 125/65 190

Normative belief
Degree Tromsø palm should be
removed (by local authorities)
from Tromsø Island

Full removal (eradication)/partial removal (from some
areas)/no removal anywhere

33.0/64.3/2.7 60/117/5 182

Table 3. Studied variables (part 3): the outcome variables of the regression analyses.

Variable Proportion (%) n
n

(total)

Regulation behavior
Tromsø palm’s potential to spread between
May and September 2012a

Plant fully regulated or absent/plant
partly or not regulated

55.6/44.4 110/88 198

Degree Tromsø palm was regulated between
May and September 2012b

Parcel with full regulation/partial
regulation/no regulation

44.3/35.7/20.0 62/50/28 140

a This is the outcome variable of the binary logistic regression. For one parcel, the status of Tromsø palm on the parcel was not known;
therefore, the binary regression included 198 parcels instead of 199.

b This is the outcome variable of the multinomial logistic regression. These analyses included only parcels from those landowners who
knew that they had Tromsø palm on their parcels between May and September 2012. Full regulation: no plant flowered on the parcel;
partial regulation: at least one plant flowered on the parcel; no regulation: there were no measures against Tromsø palm in that period.
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Table 4. Significant variables affecting probability of potential of Tromsø palm (TP) to spread on Tromsø Island (left column) and TP being regulated partially (at least
one plant flowered on the parcels) or fully (no plant flowered on the parcels) (middle and right columns).

Outcome variable of binary logistic
regression (model I)c Outcome variables of multinomial logistic regression (model II)d

TP was fully regulated or absent on
respondent’s parcel

TP was partially regulated on
respondent’s parcel

TP was fully regulated on
respondent’s parcel

Independent variablesb B SE P-value Odds B SE P-value Odds B SE P-value Odds

Constant (model I)/intercept (model II) −4.461 0.908 0.000 0.012 −8.761 2.250 0.000 — −9.258 2.271 0.000 —
Frequency parcel’s vegetation was tended
(1: never; 6: several times per week from May to September 2012)

0.348 0.119 0.003 1.416*** 0.917 0.265 0.001 2.501*** 1.058 0.264 <0.001 2.881***

Residence status (reference: only renter(s) on parcel) 0.025
Owner(s) lived on parcel 1.138 0.652 0.081 3.121* −1.441 1.211 0.234 0.237 −0.639 1.232 0.604 0.528
No residence on parcel −0.435 0.944 0.645 0.647 −3.584 1.664 0.031 0.028** −3.356 1.694 0.048 0.035**

No. of households associated with parcel:
Several households (reference: one household)

— — — — 1.623 0.697 0.020 5.068** 0.702 0.686 0.307 2.017

One household (reference: several households) 0.831 0.357 0.020 2.294** — — — — — — — —

Length of parcel ownership — — — — 0.057 0.026 0.029 1.059** 0.037 0.026 0.147 1.038
No. of persons living in respondent’s household 0.378 0.138 0.006 1.460*** — — — — — — — —
Evaluating TP’s occurrence on Tromsø Island
(1: not perceived as problem; 5: perceived as problem)

0.486 0.151 0.001 1.626*** — — — — — — — —

Evaluating the necessity of regulating TP on Tromsø Island
(1: not necessary; 5: necessary)

— — — — 1.028 0.332 0.002 2.796*** 1.262 0.340 <0.001 3.531***

a Both models refer to the period between May and September 2012.
b Bivariate analysis showed that on parcels where TP was partially regulated, there was a higher percentage belonging to the category of not being inhabited by children

below the age of 10 compared with parcels inhabited by children. However, the inclusion of the variable “children (<10 yr) lived/did not live on the parcel with residence”
made other variables non-significant in the multinomial logistic regressions; therefore, it was left out. The variable “residence status” was run in separate binary (model III)
and multinomial (model IV) logistic regression models including all the variables except “Frequency the vegetation-covered area on the parcels was tended.”

c Nagelkerke pseudo-R2 = 0.194 (maximum: 1.0), n = 176, reference category: “Tromsø palm was partly regulated/not regulated on the parcels”; no outlier removed.
d Nagelkerke pseudo-R2 = 0.365 (maximum 1.0), n = 120, reference category: “no regulation of Tromsø palm on parcels”; two outliers removed.
*** Significant at 0.01; ** significant at 0.05; * significant at 0.1.
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and the respondent holds the normative belief that Tromsø
palm’s occurrence is a problem on Tromsø Island.
Considering only those landowners who had (and were aware

of) Tromsø palm on their parcels, full and/or partial regulation
of Tromsø palm, compared with no regulation, was associated
with those parcels (based on the multinomial logistic regression,
model II [Table 4] and model IV) that had only renters
compared with being uninhabited (only model IV), were owned
for a longer time, and the respondent holds the normative belief
that regulation measures against Tromsø palm are necessary on
Tromsø Island. In contrast to the binary logistic regression
result, the multinomial regression model II showed that parcels
shared between several households (as compared with those with
just one household) had a higher probability of having Tromsø
palm partly regulated compared with it not being regulated.
Using the same data set of landowners who had (and were aware
of) Tromsø palm on their parcels, bivariate analysis (Chi-square
test) showed that residential parcels without children (younger
than 10 yr) more often had partly regulated Tromsø palm
compared with residential parcels with children, which more
often had unregulated Tromsø palm.
The significant result that a higher frequency of regulating

the vegetation-covered areas is associated with having no
Tromsø palm or fully regulated Tromsø palm can also be
supported by field observations. They showed that parcels with
mown lawns and cut hedges generally had less Tromsø palm.
The almost significant finding that no Tromsø palm or fully

regulated Tromsø palm is more commonly found on parcels
inhabited by their owners, as compared with those inhabited by
renters (binary model III, reference level: “only renter(s) lived
on parcel”), was also encountered in interviews with a
landowner and a renter: one owner in the questionnaire gave
as a reason why Tromsø palm was not tended that the renter
was responsible for the vegetation on the parcel but was not
doing anything. In another case, it was found in an interview
that a renter saw the responsibility as lying with her landlord,
who did not feel responsible. Although the finding is only near
significant (P = 0.081), it could represent an effect, because the
sample size generally was small.
Furthermore, differences in parcels with and without any

resident(s) were investigated. Compared with uninhabited
parcels, plots where the owners lived tended to have
significantly more fully regulated or absent Tromsø palm (a
version of binary model III with “no residence on parcel” as
the reference level, P = 0.029, odds = 4.823). Additionally,
running the multinomial model IV (reference level: “only
renter(s) lived on parcel”), parcels where only renters lived
had significantly more partly1 (P = 0.031, odds = 35.714)
or fully2 (P = 0.048, odds = 28.571) regulated Tromsø

palm, compared with uninhabited parcels. Having a resident
on the parcel was significantly associated with tending the
vegetation-covered area more frequently in bivariate analysis
(Kruskal-Wallis test: P< 0.001, n = 190).

During field visits, it could be seen that on parcels
without residents (no buildings or empty buildings for sale),
Tromsø palm often spread unchecked. Much Tromsø palm
was found in an undeveloped area at the shore. In an
interview, the owner of this plot said she did not tend the
vegetation there because she planned to sell the parcel to
the municipality, and she did not know that Tromsø
palm was on the plot. Similarly, Fischer and Charnley
(2012) found that forest landowners who are living on their
parcels have a higher probability of regulating invasive
plants on their properties, and the authors assumed that
living on the parcels makes it easier for the landowners
to tend their properties and to regulate the growth of
invasive plants.

The binary regression (model I and III) showed that
parcels associated with just one household significantly
more often tended to have plots that were fully regulated
or had no Tromsø palm, compared with jointly owned
plots. However, the multinomial regression (model II)
showed that jointly owned parcels significantly tended
to have a higher percentage of partially regulated than
nonregulated Tromsø palm, as compared with single-
household plots.

Having jointly owned parcels could be an advantage for at
least partially regulating Tromsø palm, as there are more
people who can do some garden work, and there is often
community work on shared parcels (this is a Norwegian
custom called a dugnad), which had been indicated by one
questionnaire respondent from a jointly owned parcel.
However, one-household parcels seem to obtain better
results in regulating Tromsø palm so thoroughly that it does
not spread. Probably, on jointly owned parcels, there is a
lack of one person/family feeling the complete obligation
toward managing the parcel, because the more people are
present in a problematic situation, the less each individual
often feels responsible to solve the problem (Bell et al.
2001). Furthermore, on jointly owned parcels, landowners
might not know which part they are responsible for and
therefore regulate Tromsø palm only partially. Additionally,
jointly owned parcels could be larger than single-household
parcels and may be less easy to manage. In this context, the
effect of the parcel size on the regulation of Tromsø palm
could be examined in a further study, although Fischer and
Charnley (2012) found no impact of parcel size on the
regulation behavior of forest landowners.

The longer a parcel is owned, the significantly higher is
the probability that the plant is regulated partly or even fully
(multinomial models II and IV); a possible explanation
could be that it takes several years of consistent regulation
measures to remove H. persicum (Nielsen et al. 2005).

1As parcels where only renters lived was the reference level, the inverse of the odds
for the parcels without residence (Table 4) corresponded to the odds of the parcels
with only renters: 35.714 = 1/0.028.
228.571 = 1/0.035 (Table 4).
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Also, respondents who have owned land for a longer time
might be more interested in taking care of the land.
Bivariate analysis showed that a significantly higher

percentage of residential parcels where children (younger than
10 yr) lived were not regulated for Tromsø palm: 33.3% of
child-inhabited parcels (n = 8) vs. 13.9% for no-child parcels
(n = 14); whereas a higher percentage of (residential) parcels
where no children lived were partly regulated: 41.6% for
parcels with no children (n = 42) vs. 20.8% of parcels with
children (n = 5) (there was no difference regarding full
regulation) (Chi-square test: P = 0.041, n = 125). This result
was unexpected, as it was assumed that parents might be more
vigilant in controlling Tromsø palm to protect their children
from the phototoxic sap. The inclusion of the variable
“children’s presence or absence on the parcels” into the
regression models led to the non-significance of other included
variables, and therefore this variable was omitted.
More persons living in a household was associated with

having fully regulated or no Tromsø palm on the parcel
(binary model I). A reason might be that larger households
offer more workforce to take care of Tromsø palm. Other
sociodemographic variables (such as age, gender, income,
time period of being resident in Tromsø, education) or
having incurred injuries due to Tromsø palm were not found
to be significantly related to the potential of the Tromsø palm
to spread or to the degree of Tromsø palm regulation.
Respondents who hold the normative belief that Tromsø

palm’s occurrence on Tromsø Island is a problem were
significantly associated with owning parcels where Tromsø
palm is fully regulated or absent (binary model I and III). The
multinomial regression models II and IV showed that those
who regulated the plant at least partly or fully were
significantly associated with holding the normative belief
that regulation measures for Tromsø palm on Tromsø Island
are necessary. This is comparable to the findings of Daab and
Flint (2010) and Fischer and Charnley (2012) that being
worried about invasive species is related to landowners
regulating invasive plants on their own properties.
There was no significant association in how landowners

indicated their normative beliefs toward the degree Tromsø
palm should be removed from Tromsø Island by institutions
and the landowners’ regulation behaviors on their parcels
(however, for the Chi-square tests, the number of
respondents favoring no removal was below five, so they
were excluded from this test, and it was therefore not
possible to make a statement about these respondents).
These results might show that Tromsø palm is evaluated
differently depending on whether the question refers to the
plant that grows on the landowners’ parcels or to Tromsø
palm in general. This phenomenon was also found during
an interview with a landowner who mentioned that she had
removed the plant completely from her parcel, but at the
same time she appreciated it along the roads and the shore.
This duality of some locals’ evaluation was mentioned by all

key informants, e.g., from Tromsø University: “People have
mixed feelings […]. Sometimes they like it and think it is a
bit impressive in a way because it is so large and they like to
take pictures of it in the winter when the dry stems are
decorative and so forth. But they do not want to have [the
plant] in their own garden.”
Contrary to some of the normative beliefs, none of the

values investigated in this study (aesthetic, health-related,
and symbolic) were significant in any of the four regression
models. The normative beliefs are more directly associated
with the topic “regulation of Tromsø palm” and therefore
might have more influence on the regulation behaviors of
landowners than general values of the plant (cf. Ajzen and
Fishbein 1977).

Additional Findings Regarding Tromsø Palm’s Spread
and Regulation. Regarding the question “How was the
plant material of Tromsø palm handled after it was
removed? (mark all answers that apply),” most respondents
(the question was answered by those who either partially or
fully regulated Tromsø palm on their parcels) indicated that
the plant waste was disposed on the parcel, either in a
compost heap (43.8%, n = 49, ntotal = 112) and/or on the
ground (32.1%, n = 36). Fewer respondents indicated that
the plant waste was taken away from the parcel and depos-
ited in the garbage/organic waste container (24.1%,
n = 27) and/or the municipal waste disposal site (10.7%,
n = 12). Leaving the plant waste on the parcel must be
regarded as unfavorable, as it can contribute to the con-
tinued spread of the plant, which has been shown in the case
of giant hogweed (Pyšek et al. 2007a).
To answer the question “How did/does Tromsø palm

end up on your parcel? (mark all answers that apply),”
37.9% (n = 53, ntotal = 140) of all respondents who had
Tromsø palm on their parcels indicated that it spread from
neighboring parcels, while 26.4% assumed it spread from
roadsides (n = 37). This shows that a number of respon-
dents felt they had to deal with a constant intrusion of plants
from adjacent areas. Field observations revealed that if
Tromsø palm existed on a parcel, it could often be found on
neighboring parcels as well. During fieldwork, it was
observed that Tromsø palm was often growing along parcel
borders—possibly because the responsibilities for these areas
were not clear—and Tromsø palm was often found in
inaccessible or steep areas on parcels. The results of the other
answer options for the question regarding how Tromsø
palm ended up on the parcel are beyond the scope of this
paper and therefore not presented here.

Implications for Tromsø Palm Management on Private
Parcels. Many landowners may leave their parcels for
vacation for several weeks during the summer months, so
there are generally fewer people available to tend the private
land at the time when Tromsø palm flowers and seeds.
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Because of this and the factors mentioned in the previous
section, help from public authorities seems necessary for
control. According to the results of this study, private
landowners who will most likely need support from autho-
rities if resources were available might be, for instance, those
who own parcels without residents. These parcels can pre-
sent problems, as the successful management of the plant
demands active and consistent control. The owners of these
parcels could receive financial incentives or active help from
authorities. Furthermore, the municipality could benefit by
targeting landowners who recently bought their parcels and
help them through education and assistance in controlling
the plant during the first years of ownership. In addition,
owners of parcels that are jointly owned are appropriate
candidates to receive active or financial help, because they
were found to have problems regulating the plant fully or
removing it. Authorities could also try to get permission
from landowners to regulate the plant on private land close
to public areas to prevent the plant from spreading onto
public land. Additionally, densely populated areas could be
the focus of regulation measures to minimize health risks.
The finding that landowners who consider the plant as

problematic on Tromsø Island also regulated the plant more
could imply that education and information campaigns
about the negative effects of invasive species could motivate
private landowners to take action. In addition, landowners
could be better informed about disposal of cut plant parts in
garbage bins or at the municipal waste disposal site to
prevent further spread, based on findings about giant
hogweed seed ripening by Pyšek et al. (2007a). Authorities
should also inform landowners about taking particular care
of border areas and hidden or inaccessible spaces in their
information campaigns and assistance programs. These
programs could be delivered through leaflets and neighbor-
hood meetings where neighbors would have the opportunity
to coordinate the regulation.
Key informants from Tromsø University and GWN did

not believe that the Tromsø palm could be eradicated from
Tromsø Island, and the key informant from Tromsø
University was concerned that measures would require a
lot of resources. Gardener et al. (2010) investigated the
success of eradication efforts against invasive plants in the
Galapagos. Based on their results, it might be difficult to
regulate the plant on private areas on Tromsø Island because
many landowners are involved. There will always be
landowners who do not voluntarily regulate Tromsø palm
rigorously enough, and there might be areas on a parcel
where the plant is more difficult to regulate. Therefore, the
plant will always find places where it can grow and from
which it can spread. Furthermore, Gardener et al. (2010)
found that if invasive plants are too widespread and well
established, eradication might no longer be possible. In such
situations, Rotherham and Lambert (2011) believe that
management of invasive species needs to be more pragmatic,

not aiming at eradicating the species but controlling it, as
invasive species management is an open-ended process. In
this way, the study might give some hints as to which private
areas the authorities could target.

Potential Bias in the Study. Selecting key informants
by snowball sampling is considered the most appropriate
method if the total study population is not known (Faugier
and Sargeant 1997), and some participants might have more
knowledge than others (Marshall 1996). However, accord-
ing to Griffiths et al. (1993), this selection method might
lead to a sample that is biased toward the worldview of those
key informants who provided the most contacts for further
informants, because potential informants not known by the
key informants had a lower likelihood of being included in
the study. To minimize this bias, care was taken to continue
to find and interview key informants until a wide range of
opinions, worldviews, and people from different professions
were included in the sample.

In 92 of 199 answered questionnaires, there were missing
answers. Seven respondents even seemed to have overlooked
whole pages of the questionnaire due to the brochure
format. Moreover, there was a small sample size for parcels
without a residence (12 of 191 respondents who answered
this question), and it was therefore difficult to get clear
results about differences between parcels with and without
residents.
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