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Road verges could provide habitats for threatened grassland species, but current verge
management is suboptimal for achieving this. Altering verge management to favor
grassland species is possible but depends on stakeholder attitudes and valuation. We
describe the attitudes of 373 Finnish road verge stakeholders toward grassland-friendly
verge management and investigate the drivers underlying these attitudes. We also
assess the perceived feasibility of different grassland-friendly management alterations
and identify barriers facing their implementation. Gathered with online questionnaires,
the data for the study comprises open-ended and Likert scale questions and was
analyzed with multivariate methods and linear mixed models. According to the results,
valued verge attributes, such as perceived species-richness and safety, and personal
familiarity with biodiversity and semi-natural grasslands structure stakeholder attitudes
toward grassland-friendly management. Specific management alterations, such as
readjusted mowing schedules, are viewed with varying positivity, but insufficient
resources and compromised traffic safety are perceived to hinder their implementation.

KEYWORDS: Road verge; semi-natural grassland; attitude survey; nature
valuation; implementation barrier

1. Introduction

Anthropogenic environments may provide alternative habitats for species whose original
habitats have either disappeared or become rare (Lundholm and Richardson 2010; Gardiner
et al. 2018). An example of such are species adapted to semi-natural grasslands in Europe.
Created by centuries of traditional animal husbandry, semi-natural grasslands are habitats
of conservation concern that depend on regular moderate disturbance, such as mowing and
grazing, and host a large number of declining specialist species (Vainio et al. 2001;
Eriksson, Cousins, and Bruun 2002). Since the 19th century, reductions in semi-natural
grassland area and connectivity have caused grassland species populations to decline and
even suffer local extinctions (Fischer and St€ocklin 1996; Helm et al. 2006; Cousins et al.
2015). Several studies have suggested that road verges could, with suitable management,
mitigate this development by providing grassland species with alternative habitats (Huhta
and Rautio 2007; Jantunen et al. 2006; Auestad, Rydgren, and Austad 2011; Sk�orka et al.
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2013; Auffret and Lindgren 2020). This is because road verges are regularly mown, struc-
turally connected to one another and the remaining semi-natural grasslands (Tikka et al.
2000; Noordijk et al. 2009; Auffret and Cousins 2013) and, with an estimated road length
of over 4.8 million kilometers in the European Union (European Union Road Federation
2017), cover an immense area compared to the remaining semi-natural grasslands.

While the regular management of road verges inadvertently renders them potentially
suitable habitats for grassland species, the primary aim of current road verge construc-
tion and management is to create a traffic environment that is both safe for traffic and
easy to manage. The verges are regularly mown (in northern Europe often once or more
per season), as tall-growing vegetation in the verges may obstruct visibility, especially
along bends and at intersections (Finnish Transport Agency 2014). Upon construction,
the majority of verges are covered with either local or imported soil and seeded with
cultivars of few rapidly growing graminoids (such as Festuca rubra, Poa pratensis, or
the non-natives Lolium perenne and Festuca trachyphylla) (Finnish Transport Agency
2014). While several native grassland species occur in road verges, especially in those
characterized by old age and sandy, nutrient-poor soils (Jantunen et al. 2006), current
verge management is suboptimal for grassland species compared to the traditional man-
agement of semi-natural grasslands (Tikka et al. 2000). For example, early summer
mowing and frequent mowing over the course of the growing season hampers the seed
production of grassland plants (Jantunen et al. 2007) and reduces the species-richness of
grassland butterflies (Valtonen, Saarinen, and Jantunen 2006). The mown biomass is sel-
dom removed from roadsides (Finnish Transport Agency 2014), which prevents the
depletion of soil nutrients that is typical of semi-natural grasslands (Schaffers, Vesseur,
and S�ykora 1998) and may harm grassland seedling recruitment (Walker et al. 2004;
Loydi et al. 2013). Landscaping the verges with fertile soil and sowing them with com-
petitive grasses, in turn, prevents the colonization of grassland plants from the surround-
ing landscape (Sy�kora, Kalwij, and Keizer 2002; Auestad, Rydgren, and Austad 2016).

Accordingly, alterations to current verge management and construction practices are
often suggested in order to increase the suitability of road verges as grassland habitats. The
most common suggestions for grassland-friendly management include altering the frequency
and timing of mowing (Valtonen, Saarinen, and Jantunen 2006; Jantunen et al. 2007;
Noordijk et al. 2009) and removing the mown biomass (Parr and Way 1988; Noordijk et al.
2009; Jakobsson et al. 2018), to better mimic the management of semi-natural grasslands
(e.g. Tikka et al. 2000; Sy�kora, Kalwij, and Keizer 2002). The first is beneficial for grass-
land plant reproduction and increases the species-richness of grassland butterflies (Valtonen,
Saarinen, and Jantunen 2006; Jantunen et al. 2007), while the latter is linked to increased
overall species-richness on road verges (Parr and Way 1988; Jakobsson et al. 2018). Further
alterations to verge management suggested to favor grassland species include removing the
nutrient-rich topsoil (Sy�kora, Kalwij, and Keizer 2002; Jantunen et al. 2006), reducing the
amount of fertilizer applied (Tikka et al. 2000), communicating the value of road verges as
grassland habitats to verge stakeholders (Sy�kora, Kalwij, and Keizer 2002) and including
native grassland species in the seed mixtures used to landscape verges (Akbar, Hale, and
Headley 2003; Rydgren et al. 2010, Auestad, Rydgren, and Austad 2016).

However, to understand the possibilities and limits to implementing any of the
grassland-friendly management alterations described above, one must understand
the drivers behind current verge management. These include phenomena operating at
the institutional and regional scale, but also at the scale of individual road verge stake-
holders (Cook, Hall, and Larson 2012; Lucey and Barton 2011; Akbar, Hale, and
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Headley 2003; O'Sullivan et al. 2017).The former include, but are not limited to, the
amount of resources available for management planning or execution, and legislative
constraints and public attitudes concerning how road verges should be managed
(Lucey and Barton 2011; O'Sullivan et al. 2017). On the scale of individual stakehold-
ers, these phenomena include personal familiarity with the conservation value of road
verges (Lucey and Barton 2011), personal attitudes toward particular types of verge
management (Cook, Hall, and Larson 2012; O'Sullivan et al. 2017) and, most import-
antly, the ways in which different types of verge vegetation are valued (Ives and
Kendal 2014; Garrido, Elbakidze, and Angelstam 2017).

The importance of familiarity, attitudes and valuation for the implementation of
grassland-friendly management alterations lies in theories explaining human behavior.
Both the integrated behavioral model (Monta~no and Kasprzyk 2015) and the cognitive
hierarchy theory (Fulton et al. 1996; Ives and Kendal 2014) suggest that behavior is
explained by, among other things, attitudes, norms and knowledge concerning that
behavior (Monta~no and Kasprzyk 2015). Attitudes and norms, in turn, are shaped by
beliefs and values (Homer and Kahle 1988; Fulton et al. 1996; Ives and Kendal 2014).
While the definition of “values” varies greatly among disciplines, both in the degree of
abstraction and context dependence, on a very general level the concept reflects that
which is important to people (Anderson et al. 2018; Rawluk et al. 2019). In this study,
we utilize the concept of valued attributes, that is, properties associated with the object
of valuation (road verges in this case) perceived as important to individual stakehold-
ers (Kendal et al. 2015; Rawluk et al. 2019).

As hierarchical cognitions, valued attributes precede attitudes, but are preceded them-
selves by more abstract core values (Anderson et al. 2018). Although the values origin-
ally referred to in the context of cognitive hierarchy theory correspond to these abstract
core values (Homer and Kahle 1988; Fulton et al. 1996; Rawluk et al. 2019), research
has shown that the more tangible valued attributes are also useful in predicting attitudes
(Manning, Valliere, and Minteer 1999; Seymour et al. 2010). In habitat and vegetation
management, attributes such as beauty (Gobster et al. 2007), wildness or naturalness
(Fischer et al. 2020), cleanliness and evidence of deliberate caretaking (cues to care)
(Nassauer 1995), are all suggested to correlate with attitudes toward particular manage-
ment practices. On road verges, especially attributes such as traffic safety and neatness
are suggested to drive attitudes toward different types of verge management (Akbar,
Hale, and Headley 2003; Weber, Kowarik, and S€aumel 2014; Hoyle et al. 2017).

Reconciling road verge management with grassland conservation could help prevent
the further decline of grassland species populations across Europe. This, however,
depends on investigating the attitudes that road verge stakeholders hold toward altering
verge management in favor of grassland species, assessing the perceived feasibility of
the management alterations suggested in the research literature, and identifying the bar-
riers that face the implementation of these alterations. Finally, understanding how the
valuation of different types of verges and familiarity with the potential of road verges to
provide habitat for grassland species translate to attitudes toward altered verge manage-
ment would help understand why implementation barriers to grassland-friendly verge
management exist in the first place. In this case study of Finnish road verge manage-
ment, we delve into these issues by answering the following research questions:

1. Which management alterations do different road verge stakeholders find most
feasible for increasing the grassland conservation value of road verges?
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2. What are the implementation barriers facing these alterations?
3. How do attitudes toward grassland-friendly verge management vary among

stakeholders differing in their valuation of, and familiarity with, verges?

2. Methods

2.1. Stakeholder identification and data collection

We began the study by identifying relevant road verge stakeholders with expert opin-
ion (Reed et al. 2009) concerning the administration and management of roads in
Finland. We defined stakeholders as the actors responsible for the planning, implemen-
tation and execution of road verge construction and management. In Finland, munici-
pal roads are maintained by employees of municipal infrastructure departments, while
state-owned roads are maintained by private companies under contracts with regional
Centers for Economic Development, Transport and the Environment. Such companies
also maintain roads owned by private landowners under contracts with private road co-
operatives. As regional administrative bodies implementing regional management
schemes, the Centers mentioned above are steered by the national Transport
Infrastructure Agency responsible for the maintenance and development of the national
transport system. Transport and traffic safety issues, in turn, are the responsibility of
the aforementioned Centers, the Finnish Transport and Communications Agency and
The Finnish Road Safety Council. While not directly related to road verge manage-
ment or transport systems, the environmental administration at local, regional and
national scales may also be involved in the maintenance and construction of transport
systems. For example, regional and national environmental administration is consulted
upon managing road verges known to harbor endangered species.

We collected the data for the study with an online questionnaire distributed via email to
2,080 of the stakeholders described above in May-August 2018. Prior to actual data collec-
tion, we piloted and readjusted the questionnaire among administrative road verge and
environmental stakeholders. To collect data from stakeholders responsible for practical
road verge management, we distributed the questionnaire among employees of municipal
infrastructure departments and private infrastructure companies (n¼ 1,070 distributed ques-
tionnaires). To collect data from stakeholders responsible for municipal, regional and
national transport and environmental administration, we distributed the questionnaire
among employees of the Centers, Agencies and Council described above (n¼ 744 for trans-
port and 266 for environmental administration). To avoid non-response bias, we sent up to
four consecutive reminders to potential respondents in all respondent groups until either a
tentative minimum (100 responses per group) was reached or the duration of data collection
(4months) came to a close. Altogether, the 2,080 sent questionnaires amounted to 373
responses with an overall response rate of 17.9%. Practical road verge managers comprised
127 responses (11.8% response rate), transport administration 86 responses (11.5%
response rate) and environmental administration 160 responses (60.2% response rate).

2.2. Questionnaire structure

The questionnaire began by identifying whether the respondent was currently, or had
previously been, employed in tasks related to a) practical road verge management, b)
transport administration or c) environmental administration (Appendix A1,
Supplementary material). To quantify the respondents’ overall attitude toward altering
verge management to favor grassland species, we then asked the respondents how a)
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positive they are toward considering grassland species during road verge mowing and
other road management action and b) how necessary do they perceive this. The
answers were given on Likert scale sliders ranging from 0 (“Not at all positive/Not at
all necessary”) to 100 (“Very positive/Extremely necessary”).

We then asked the respondents to assess the feasibility of seven management alter-
ations aimed at increasing the suitability of road verges as habitat for grassland spe-
cies. Answers were given on a Likert scale ranging from 1 (“Entirely unfeasible”) to
5 (“Very feasible”), with the neutral option 3 (“I don’t know”). Five alterations were
identified from research literature and included:

1. Late mowing, all verges: Not mowing road verges during the blooming period of
grassland plants and timing the mowing on all verges to late summer, or

2. Late mowing, valuable verges: Locating road verges with valuable grassland
plant occurrences with surveys and timing their mowing to late summer (Tikka
et al. 2000; Valtonen, Saarinen, and Jantunen 2006; Jantunen et al. 2007)

3. Use of local soil and grassland species seeds in verge landscaping: Favoring local
soils and seeds of native grassland plants during verge construction (Sy�kora, Kalwij,
and Keizer 2002; Rydgren et al. 2010; Auestad, Rydgren, and Austad 2016)

4. Hay removal: Removing the mown hay and bushes after mowing (Parr and Way
1988; Sy�kora, Kalwij, and Keizer 2002; Jakobsson et al. 2018)

5. Stakeholder education: Enhancing stakeholder familiarity on the importance of
road verges as habitats for grassland plants and other grassland species (Sy�kora,
Kalwij, and Keizer 2002)

Two of the alterations were formulated during questionnaire planning based on the
current restoration and management efforts of semi-natural grasslands in Finland:

1. Use of volunteers: Outsourcing the management of verges with valuable grassland
plant occurrences to volunteers

2. Distributing GIS data on valuable verges: Locating road verges with valuable
grassland plant occurrences with surveys and storing them as GIS-data easily
distributed among stakeholders

Both of these are established practices in Finnish grassland conservation initiatives:
Volunteers are often recruited through local and national conservation NGOs to aid in
practical grassland restoration efforts, and the locations of the most valuable remaining
semi-natural grasslands have been surveyed in a national inventory and published as
open access data (Vainio et al. 2001). In addition to these alterations, we also included
an open-ended option for including any other grassland-friendly management altera-
tions the respondent could think of.

If the respondent indicated a low or undecided feasibility (Likert scale levels 1-3) of
a given alteration, they were presented with a multiple-choice question asking which
three implementation barriers out of eight presented they personally perceived as the
most important reasons for the low feasibility. We defined implementation barriers as
constraints related to resources, legislation, attitudes or knowledge that the respondent
explicitly perceives to prevent the adoption of management practices that would favor
grassland species. The potential barriers were partly based on literature concerning road
verge management and partly formulated during questionnaire planning, and included:
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a. Time: Stakeholders lack the time for altering verge management (Cook, Hall, and
Larson 2012)

b. Money: Stakeholders lack financial resources for altering verge management
(Akbar, Hale, and Headley 2003; Cook, Hall, and Larson 2012; O'Sullivan
et al. 2017)

c. Equipment and employees: Stakeholders lack other resources for altering verge
management (O’Sullivan et al. 2017)

d. Contracts: The present contracts between managing and administrative
stakeholders do not allow alterations to verge management (O'Sullivan et al. 2017)

e. Legislation: The present verge management adheres to legislation (Lucey and
Barton 2011)

f. Established practices: Stakeholders are reluctant to change practices considered
good (Cook, Hall, and Larson 2012)

g. Attitudes: Stakeholders have negative attitudes toward altering verge management
(Cook, Hall, and Larson 2012; O'Sullivan et al. 2017)

h. Knowledge: Stakeholders are not familiar with the role of verges as grassland
habitat (Lucey and Barton 2011)

i. Other: An open-ended question

Note that barriers f)-g) are both attitudinal barriers (sensu Homer and Kahle 1988;
Fulton et al. 1996; Ives and Kendal 2014).

To determine whether different stakeholder groups differ in the valued attributes
that they associate with different types of verge vegetation, we presented the respond-
ents with two picture collages. One depicted four road verges covered with species-
poor vegetation dominated by graminoids (hereafter "Regular verges”), and the other
depicted four road verges with species-rich vegetation dominated by herbaceous grass-
land species (hereafter "Grassland verges”) (A1 Figures 1 and 2, Supplementary
Material). The respondents were asked to freely describe the perceptions the collages
raise with a few words. The questionnaire concluded with questions concerning the
respondent’s familiarity with four different concepts relevant to the study subject: Three
questions concerned familiarity with biodiversity, three with semi-natural grasslands,
four with road verge management and nine with the potential of road verges to provide
habitat for grassland species. Each question was formulated as a statement based on
research literature and present guidelines of verge management and could be answered
with a Likert scale slider ranging from 0 (“I was unfamiliar with this”) to 100 (“I was
already familiar with this”).

2.3. Data analyses

Before the analyses, the answers describing how positive the respondents are toward
considering grassland species during road verge mowing and other road management
action and how necessary do they perceive this were averaged to form a scale of the
respondents’ overall attitude toward altering verge management to favor grassland spe-
cies (hereafter “Attitude towards altered management”). Answers to the questions con-
cerning the respondents’ familiarity with concepts of biodiversity, semi-natural
grasslands, road verge management and the potential of road verges to provide habitat
for grassland species were also averaged to form scales describing the underlying
familiarity of the respondent with each concept. The internal consistency of these
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scales was assessed by calculating Cronbach’s alpha (Cronbach 1951; Taber 2018) for
each scale. The alpha varied between 0.66 (familiarity with verge management) and
0.86 (familiarity with the potential of road verges to provide habitat for grassland spe-
cies) (Appendix A4, Supplementary material).

Open-ended answers concerning management alterations, implementation barriers,
and the perceptions reported with the picture collages were manually grouped into dis-
tinct hierarchical typologies with inductive qualitative content analysis (Cho and Lee
2014). First the alterations, barriers and perceptions were grouped into preliminary
classes of unifying themes, after which the typology of these themes was iterated by
re-classifying each answer. The typology of the alterations and barriers was entirely
data-driven. As the perceptions raised by the collages were gathered for identifying the
valued attributes the stakeholders associate with the verges, their typology was partly
based on a preliminary list of valued attributes, such as species-richness, beauty or
cues to care, compiled from nature valuation literature (Nassauer 1995; Raymond and
Brown 2006; Tyrv€ainen, M€akinen, and Schipperijn 2007; Weber, Kowarik, and
S€aumel 2014; Ives et al. 2017). Each attribute was given a positive, neutral or negative
connotation, based on the original answer. For example, answers such as “(… ) diverse
vegetation, bugs love it” were classified as positive attributes of the class Species-rich-
ness and diversity, while answers such as “(The vegetation) blocks the visibility” were
classified as negative attributes of the class Traffic safety. Neutral connotations were
applied when the positivity/negativity of the answer could not be interpreted. For a full
description of the alteration, barrier and valued attribute typologies, see Appendix A3
Tables 1–3 (Supplementary material).

We compared the attitudes toward altered management and the perceived feasibility
of individual management alterations across different stakeholder groups with pairwise
Wilcoxon rank sum tests. To determine whether the valuation of regular verges and
grassland verges differs between the stakeholder groups, we compared the main gra-
dients of variation in the valued attributes associated by the stakeholder groups with
the two verge types with principal component analyses. We then related the respond-
ents’ attitudes toward altered management to the valued attributes they associated with
regular verges and grassland verges, and to the four familiarity scales, with linear
mixed models. Only valued attributes associated by a minimum of 50 respondents
with either type of verge were included in the models to ensure a sufficient quantity of
data points. We reduced the number of predictors in the models with backward vari-
able selection based on p-values and corrected the p-values in the final models against
false discovery rate (Verhoeven, Simonsen, and McIntyre 2005). Statistical analyses
were conducted with R version 3.3.3. and the associated package’s stats (R Core Team
2019), vegan (Oksanen et al. 2019) and psych (Revelle 2019).

3. Results

3.1. Attitude toward altered management and feasibility of different management
alterations

The attitudes toward altered management were most positive among stakeholders in
environmental administration, with 95% of respondents in that group reporting to be
somewhat or very positive toward altered management and to find it somewhat or
extremely necessary. The attitudes were less positive and significantly different among
stakeholders in traffic administration and practical verge management, according to
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Wilcoxon pairwise rank sum tests. In both groups, however, over 50% of respondents
reported positive attitudes toward altered management (Figure 1).

Alterations perceived most feasible across all stakeholder groups were Stakeholder
education (alteration 5), Use of local soil and grassland species seeds in verge land-
scaping (alteration 3) and Distributing GIS data on valuable verges (alteration 7)
(Figure 2). For example, over 70% of stakeholders in all groups perceived Stakeholder
education as either somewhat or very feasible, and the same applied to Use of local
soil and grassland species seeds in verge landscaping in over 80% of stakeholders in
all groups. Alterations perceived most unfeasible, in turn, were Hay removal (alteration
4) and Use of volunteers (alteration 6). For example, less than 20% and less than 10%
of stakeholders in any group perceived Hay removal and Use of volunteers, respect-
ively, as very feasible.

While the stakeholder groups differed in the average feasibility reported for each
alteration, the ranking between the feasibilities reported by each group tended to be simi-
lar. In general, stakeholders in environmental administration reported higher feasibilities
than those in traffic administration, who in turn reported higher feasibilities than stake-
holders in practical verge management. Differences between groups, however, were not
always statistically significant. For example, while the feasibility reported by stakehold-
ers in environmental administration differed significantly from the other two groups in
all but one alteration, the feasibilities reported by stakeholders in traffic administration
and practical verge management differed only in three alterations (5, Stakeholder educa-
tion, 4, Hay removal and 7, Distributing GIS data on valuable verges).

Additional alterations to verge management for favoring grassland species were
mentioned by 170 respondents (45.6%). These could be grouped into a typology of 7
major themes, including specific alterations to verge management (33 alterations),

Figure 1. Scale for the overall attitude toward altering verge management to favor grassland
species in road verge stakeholders belonging to environmental administration (E), traffic
administration (T) and practical road verge managers (P). Arches with asterisks indicate
statistically significant pair-wise differences in the average within-group attitude based on
pairwise Wilcoxon rank sum tests. Note that the scale was calculated as an average of two
separate questions, with answers given on a scale of 0 to 100. For the purpose of this plot the
scale based on the answers was grouped to five classes (0-20, 21-40, 41-60, 61-80 and 81-100).
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Figure 2. Perceived feasibility of management alterations reported by road verge stakeholders
in environmental administration (E), traffic administration (T) and practical road verge
management (P), expressed as percentages of total feasibility within each stakeholder group and
ranked according to average total feasibility across the stakeholder groups. The alterations are
1¼Late mowing, all verges, 2¼Late mowing, valuable verges, 3¼Use of local soil and
grassland species seeds in verge landscaping, 4¼Hay removal, 5¼ Stakeholder education,
6¼Use of volunteers in valuable verge management and 7¼Distributing GIS data on valuable
verges. Arches with asterisks indicate statistically significant pair-wise differences in the average
within-group feasibility based on pairwise Wilcoxon rank sum tests.

Journal of Environmental Planning and Management 9



specific alterations to road structure (3 alterations), education and attitude engineering
(4 alterations), development and projects (10 alterations), governance and costs (4
alterations), data (4 alterations) and non-native species (5 alterations). The most com-
mon additional alteration was “Increasing the efforts to eradicate and prevent the fur-
ther spread of invasive species, mostly Lupinus polyphyllus, on road verges” (n¼ 47,
12.6% respondents). This was followed by “Reaching out to stakeholders, decision
makers and the general public to increase awareness of the importance of road verges
as grassland habitat” (n¼ 22, 5.9% respondents). For a full description of all additional
management alterations, see Appendix A3 Table 1 (Supplementary material).

3.2. Most common perceived implementation barriers to management alterations

Implementation barriers mentioned most often across all grassland-friendly manage-
ment alterations were perceived lack of money (n¼ 366, 98.1% of all respondents),
lack of time (n¼ 300, 80.4% of all respondents) and lack of equipment and employees
(n¼ 258, 69.2% of all respondents) for altered management. Contractual and legisla-
tive constraints were mentioned the least often, only by 88 (23.6%) and 85 (22.8%)
respondents, respectively. As the barriers were mentioned only in connection with per-
ceived low feasibility of the alteration in question, the alterations with lowest reported
feasibilities were assigned the most implementation barriers, and vice versa. However,
as the perceived feasibility among the alterations varied, even the alterations perceived
most feasible were assigned implementation barriers by some respondents. For
example, lack of time and money were assigned to Stakeholder education by fourteen
respondents, respectively. For a full description of all implementation barriers assigned
to individual management alterations, see Appendix A2 Table 1 and Appendix A2;
Figure 1 (Supplementary material).

Additional implementation barriers to altered management were mentioned by 294
(78.8%) respondents. These could be grouped into a typology of 14 themes, including,
for example, compromises to traffic safety, management quality, and to the eradication
of non-native species. Additional barriers were assigned especially to Late-summer
mowing on all verges (alteration 1) and Use of volunteers (alteration 6). The most
common additional barriers assigned to the first of these were “General compromises
to traffic safety” (46 respondents) and “Compromises to the eradication of non-native
species” (6 respondents). The most common additional barriers assigned to Use of vol-
unteers were “Perceived lack of volunteer workforce” (55 respondents) and the
“Perceived lack of management quality and continuity of volunteer work (19). For a
description of the additional barriers assigned to management alterations, see Appendix
A3 Table 2 (Supplementary material).

3.3. Valued attributes associated with different types of verges

Altogether, 17 valued attributes could be identified with qualitative content analysis in
the open-ended answers describing perceptions of regular and grassland verges. The
most common attributes associated with grassland verges across all stakeholder groups
were positive attributes of beauty (n¼ 259, 69.4% of respondents), species-richness
(n¼ 101, 27.1%) and inspiration (n¼ 50, 13.4%) and the negative attribute of neglect
(n¼ 46, 12.3%). Valued attributes most commonly associated with regular verges were
negative attributes of beauty (n¼ 116, 31.1%), neutral attributes of cues to care
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(n¼ 68, 18.2%) and positive attributes of cleanliness (n¼ 62, 16.6%) and traffic safety
(n¼ 47, 12.6% of respondents) (Figure 3). We interpret the attribute of beauty as an
aesthetic appreciation, or lack thereof, of the verges (Weber, Kowarik, and S€aumel
2014; S€aumel, Weber, and Kowarik 2016), species-richness as perceived richness or
diversity of any group of species present on the verges, inspiration as perceived possi-
bilities for becoming inspired or uplifted, cues to care as perceived signs of caretaking,
neglect as perceived signs of abandonment and lack of care, and cleanliness as an
appreciation, or lack thereof, of neatness and tidiness of the verges (Weber, Kowarik,
and S€aumel 2014; Nassauer 1995). For a full description of the valued attributes asso-
ciated with the verges, see Appendix A3; Table 3 (Supplementary material).

Principal component analyses showed, that 40-48% of the total variation in the val-
ued attributes each stakeholder group associated with either type of verge could be
explained by the first three PCs of each respective analysis. However, the attributes
with largest loadings on these PCs differed between the groups (Table 1): Among

Figure 3. Valued attributes associated with a) regular verges and b) grassland verges by road
verge stakeholders in environmental administration (E), traffic administration (T) and practical
verge management (P), expressed as proportion of respondents in each group. Only the eight
most commonly mentioned attributes are presented (a minimum of 50 respondents associated
each presented attribute with either type of verge). Note that the total number of respondents in
each stakeholder group varies from 86 (traffic administration) to 127 (practical verge
management) and 160 (environmental administration).
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environmental administration, the valuation of grassland verges was mainly related to
positive attributes of species-richness, beauty and inspiration. Among traffic adminis-
tration and practical verge management, positive attributes of beauty were also associ-
ated with grassland verges, but so were negative attributes of neglect and especially
traffic safety. The valuation of regular verges among environmental administration was
mainly related to negative attributes of beauty, inspiration and species-richness, while
stakeholders in traffic administration and practical verge management associated them
mainly with neutral attributes of caretaking, neutral and negative attributes of beauty
and positive attributes of cleanliness (Table 1).

3.4. Linear mixed models for the attitude toward altered management

Linear mixed models identified ten statistically significant positive and seven negative
predictors for attitude toward grassland-friendly management. Among valued attributes
associated with the verges, positive predictors were positive attributes of naturalness,
species-richness and beauty associated with grassland verges, positive and negative
attributes of inspiration associated with regular verges, and neutral and negative attrib-
utes of beauty associated with regular verges. Negative predictors for the attitude were
neutral and negative attributes of neglect associated with grassland verges, negative
attributes of traffic safety, beauty and cleanliness associated with grassland verges and
neutral attribute of cleanliness associated with regular verges (Table 2a and b). As for
the familiarity scales, familiarity with biodiversity, semi-natural grasslands and the
potential of road verges as grassland habitat were all significant positive predictors for
attitude toward altered management, while familiarity with verge management was a
negative predictor for it (Table 2c).

4. Discussion

4.1. Road verge stakeholders regard altered verge management with positive
attitudes, but certain alterations are perceived more feasible than others

We found, that there is mixed support among Finnish road verge stakeholders for alter-
ing verge management to favor grassland species. Despite differing attitudes toward
altered management between administrative and managing stakeholders, over half of
the respondents in all groups were either somewhat or very positive toward altering
verge management to favor grassland species. This follows the results of Akbar, Hale,
and Headley (2003), Weber, Kowarik, and S€aumel (2014) and Fischer et al. (2018),
who all found that a large share of the general public views less managed and biodi-
verse roadsides positively. Together, the results of these studies indicate that neither
stakeholder nor public attitudes altogether constrain alterations to verge management
for increased benefit to grassland conservation and imply that other barriers are the
reason for not implementing altered verge management.

Three specific management alterations were perceived as especially feasible for
implementation, namely stakeholder education on the value of road verges as grassland
habitat, using local soils and grassland seeds in verge landscaping, and locating valu-
able verges and distributing their locations as GIS data among stakeholders. The high
feasibility of the first alteration is especially encouraging, as increased awareness of
the benefits of managing road verges as grassland habitats has been linked with posi-
tive perceptions of grassland vegetation on road verges (Lucey and Barton 2011).
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Similar results have also been found between increased awareness and the perception
of grassland vegetation in other anthropogenic habitats (Southon et al. 2017). This
indicates that education could help alleviate the negative attitudes toward altered man-
agement that remain among certain stakeholders. Education can also help disseminate
evidence-based knowledge on how, where and when road verge management should
be altered to favor grassland species, thus increasing the likelihood of successful out-
comes in such attempts (Sutherland et al. 2004).

Using local soils and seeds of native grassland species in verge landscaping, the
alteration perceived as second most feasible, has been shown to be successful for
establishing grassland vegetation on road verges: Verges landscaped with native grass-
land seeds may develop in time into communities with high similarity to actual semi-
natural grasslands (Auestad, Rydgren, and Austad 2016). If seeds of local provenance
are not available, hay transferred from nearby grasslands may also be used as material
for establishing grassland vegetation in the verges (Rydgren et al. 2010). The strength
of the third most feasible alteration (distributing GIS-data concerning the locations of
valuable verges among stakeholders) relies on the fact that only the localities of valu-
able grassland vegetation that stakeholders are aware of can be considered in verge
management planning. In Finland, data on the locations of road verges important for
biodiversity currently exists only for a limited part of the country (Myllym€aki,
Nupponen, and Nieminen 2019). Locating similar verges in a larger region would,
however, require increased survey resources and systematic field inventories utilizing,
for example, pre-existing data for red-listed species occurrences (Helldin, Wissman,
and Lennartsson 2015).

Compared to the alterations above, late summer mowing on all or the most valu-
able verges, removing the mown biomass, and utilizing volunteer workforce in manag-
ing the most valuable verges were all perceived less feasible methods for
implementation. The most common implementation barriers perceived to face these
alterations were lack of time, money, equipment and employees, the possible compro-
mises to traffic safety and, concerning the volunteer workforce, lack of volunteers. The
prevalence of especially the first three barriers, all related to stakeholder resources,
suggests that substantial increases to stakeholder resources are required for any of
these alterations to take place on a large scale. Resource-related barriers were also
assigned to the alterations perceived on average to be the most feasible, although the
questionnaire structure rendered the number of respondents indicating any given barrier
to these alterations as small.

Despite their documented benefits to grassland species on road verges (Valtonen,
Saarinen, and Jantunen 2006; Jantunen et al. 2007; Jakobsson et al. 2018), implementing
late summer mowing would mean that a larger share of verges are mown within a
shorter period of time, and removing the mown biomass would require additional equip-
ment. Solving the low feasibility of these alterations could be attempted with regional
development projects with external funding that would pilot late summer mowing and
biomass removal and assess the actual costs and benefits it entails to stakeholders and
traffic safety. Hay removal could be further motivated by the fact that biomass collected
from road verges may be suitable for energy production (Voinov et al. 2015). On a large
scale, however, it is likely that both of these alterations could be applied only to verges
where tall verge vegetation or the mown biomass would not obstruct visibility. As for
volunteer workforce, outsourcing the management of the most valuable verges for volun-
teers could spare stakeholder resources in the short term, but requires ensuring the long-
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term commitment of the volunteers (Conrad and Hilchey 2011) and educating them both
on safe practices when working in the road environment and on the specific methods of
management that favor grassland species.

Although not included in the questionnaire, partial or mosaic-mowing could provide
a more feasible alternative, as both are suggested to provide equal benefit to grassland
insects and plants on road verges as late summer mowing, while not compromising traf-
fic safety to a similar extent (Valtonen, Saarinen, and Jantunen 2006; Noordijk et al.
2009; Auestad et al. 2010). For example, mowing only the part of the verge closest to
the road early in the summer and the part farther away later in the summer would main-
tain undisturbed vegetation on the verge for a longer period than mowing the entire
verge at once (Noordijk et al. 2009; Auestad et al. 2010). The feasibility of partial
mowing, however, depends on the physical features of the verges, such as verge width.

In addition to the pre-selected management alterations, 12.6% of the respondents
perceived eradicating and preventing the further spread of non-native species, espe-
cially Lupinus polyphyllus, as an important additional measure for favoring grassland
species on road verges. Originally imported as an ornamental from North America, L.
polyphyllus has escaped from cultivation in many European countries and is able to
outcompete plant species native to Europe in various habitats (Ramula and Pihlaja
2012). On road verges, invasion by L. polyphyllus is associated with decreases in plant
species-richness and butterfly abundance (Valtonen, Jantunen, and Saarinen 2006).
Mowing invaded verges and removing the mown biomass have been suggested as suit-
able eradication methods for the species (Valtonen, Jantunen, and Saarinen 2006),
which is encouraging, as the same methods could also favor grassland plants
(Jakobsson et al. 2018).

4.2. Valuation of road verges differs between stakeholder groups and covaries with
attitudes toward altered verge management

Stakeholder values, whether abstract core values (Homer and Kahle 1988; Fulton et al.
1996) or more tangible valued attributes (Manning, Valliere, and Minteer 1999;
Seymour et al. 2010), are important in nature management, as they may explain vari-
ation in attitudes toward particular conservation actions (Ives and Kendal 2014). We
found that the perceived beauty or ugliness, neatness or untidiness and care or neglect
of road verges broadly structure the valuation of the verges among road verge stake-
holders. This follows the previous observations that the aesthetics, perceived order and
cues to care evident in nature influence whether landscapes, and especially designed or
artificial habitats, are perceived as desirable or not (Nassauer 1995; Gobster et al
2007). In addition to the valued attributes above, especially traffic safety and manage-
ment costs are associated with the valuation of road verges and their management
(Akbar, Hale, and Headley 2003; Weber, Kowarik, and S€aumel 2014), a result also
confirmed by this study.

While stakeholders in environmental administration perceived grassland verges as
species-rich and inspiring, other stakeholder groups perceived them as neglected and
unsafe for traffic. Respondents in all groups, however, also perceived grassland verges
as beautiful. Regular verges were perceived as ugly, species-poor and uninspiring by
environmental administration, and as cared for and clean by other stakeholder groups.
These results highlight how personal contexts influence the way individuals value
nature (Zheng, Zhang, and Chen 2011; Brun et al. 2018). Similar results have been
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found by e.g. €Ozg€uner, Kendle, and Bisgrove (2007), who showed that support for nat-
uralistic, ecologically sensitive design in urban greenspaces is higher among conserva-
tion trusts than local authorities responsible for greenspace management. Awareness of
the ecological benefits of grasslands has also been shown to increase the positive atti-
tudes toward increasing the grassland cover in urban greenspaces (Southon et al.
2017). Among stakeholders related to road verge management, such awareness is most
likely highest among stakeholders in environmental administration due to their experi-
ence in environmental conservation. The awareness of safety issues related to tall-
growing vegetation in the verges, on the other hand, is most likely highest among
stakeholders in traffic administration and verge management. The result that grassland
verges were perceived as beautiful across stakeholder groups may, in turn, relate to the
observation that species-richness and floral diversity are in themselves often considered
beautiful (Junge et al. 2009; Lindemann-Matthies, Junge, and Matthies 2010).

We also showed that different valued attributes associated with verges translated
into different attitudes toward altered management. Stakeholders who perceived grass-
land verges as natural, species-rich or beautiful and regular verges as ugly or uninspir-
ing were more positive toward altering verge management in favor of grassland species.
The opposite was true for stakeholders who perceived grassland verges as unsafe for
traffic, ugly, untidy or neglected. These results follow those of Weber, Kowarik, and
S€aumel (2014), who found that attributes such as aesthetics, cleanliness and order,
safety and costs influence the preference for either wild or planted road verge vegeta-
tion. Besides road verges, valued attributes have been shown to influence the perception
and preferred management type of suburban yards (Larson et al. 2010), urban parks
(€Ozg€uner, Kendle, and Bisgrove 2007) and wastelands (Brun et al. 2018). For example,
economic costs and public demand for neatness have been shown to be important con-
straints for introducing grassland vegetation into urban parks (Hoyle et al. 2017).

Understanding how different valued attributes associated with road verges lead to
positive or negative attitudes toward grassland-friendly management is important for
identifying the ways with which the ecological requirements of grassland species could
be reconciled with the non-ecological motivations for managing road verges. For
example, the negative attributes of traffic safety and neglect associated with grassland
verges indicate that the perceived compromises to traffic safety associated with grass-
land vegetation have to be solved and signs of care retained in verges managed for
grassland conservation for such verges to be perceived as acceptable among stakehold-
ers. On the other hand, positive attributes of beauty, species-richness, inspiration and
naturalness associated with grassland verges indicate that as long as such conflicts
between the valued attributes are resolved, there is support for grassland-friendly verge
management among the stakeholders.

4.3. Familiarity with the role of road verges as potential grassland habitats
increases positive attitudes toward altering verge management

We also found that stakeholders familiar with biodiversity, semi-natural grasslands and
the potential of road verges to provide alternative habitats for grassland species are
positive toward implementing management that would favor grassland species. In turn,
stakeholders familiar with practical verge management are less positive toward imple-
menting such management. These results could easily be interpreted to indicate that
simply educating stakeholders on the conservation potential of road verges could help
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alter the present verge management regimes. However, familiarity with or knowledge
concerning a given problem is but one step toward behavior that would solve it (Steg
and Vlek 2009), as behavior is the product of many other phenomena, such as social
norms, operating both within and outside an individual (Schultz 2011; Monta~no and
Kasprzyk 2015). Still, these results are encouraging, as positive attitudes toward altered
management are nonetheless an important prerequisite for considering grassland spe-
cies during verge management in the first place. The results also echo those obtained
from other anthropogenic habitats: the more familiar urban residents across Europe are
with biodiversity, the more positive they are toward managing urban greenspaces in a
biodiversity-friendly manner (Fischer et al. 2020). Educating stakeholders on the grass-
land conservation value of road verges could thus be one of many steps toward recon-
ciling road verge management with grassland conservation, especially as it was
reported as highly feasible by the stakeholders themselves, as described earlier.

5. Conclusions and implications for practice

If we are to increase the suitability of road verges as grassland habitat, the following
actions need to be in place. First, awareness of the potential of road verges as habitats
for grassland species should be increased among stakeholders in traffic administration
and practical verge management. This could increase positive attitudes toward altered
management and positive perceptions of grassland vegetation on road verges (cf.
Zheng, Zhang, and Chen 2011; Southon et al. 2017). Increasing stakeholder awareness
of road verges as grassland habitat could be helped by, for example, distributing GIS
location data for verges currently rich in grassland species among stakeholders.
Second, newly built road verges should be landscaped with local soils and seeds of
native grassland species as this would, in time, increase the cover of grassland-like
vegetation on the verges (Auestad, Rydgren, and Austad 2016). Third, large-scale
alterations to mowing schedules or removing the mown biomass from mown verges
appear to be beyond current verge management resources, both monetary and non-
monetary. Recognizing the need for increased resources could relieve the conflict
between what ecological studies call for (Tikka et al. 2000; Jakobsson et al. 2018) and
the reality of practical verge management.

Finally, the fact that road verges may be viewed through several equally justifiable
values besides grassland conservation, such as traffic safety, neatness and cues to care,
must not be forgotten in attempts to implement grassland-friendly management practi-
ces. Partial mowing (i.e. mowing a part of the verge in early summer and the rest in
late summer) could provide a solution that is both beneficial for grassland species
(Noordijk et al. 2009) and retains a safe, neat traffic environment with a cared for
appearance. Before it can be recommended on a large scale, more studies are needed
concerning the long-term ecological effects, the realized changes to perceived traffic
safety, and thus the feasibility of partial mowing of the verges, especially regarding
verges varying in their spatial features and landscape context.
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